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ABSTRACT 
 

This study investigated the effects of writing-for-learn strategies and triangulated evaluation on students’ mathematics 

achievement, academic self-perception, and learning- engagement in south-south Nigerian teacher education colleges, key 

affective outcomes in mathematics learning. A quasi-experimental design with a non-randomized control group was 

employed. The research was structured around nine research questions and corresponding null hypotheses. The study was 

conducted in the South-South geopolitical zone of Nigeria, focusing on a population of 10,648 second-year students across 

thirteen Colleges of Education during the 2018/2019 academic session. From this population, 3,306 students at Akwa Ibom 

State College of Education were considered, with a purposive and simple random sample of 386 second-year students 

offering Basic General Mathematics IV were selected for the study. These students were assigned to either experimental or 

control groups. The experimental group was taught and assessed using writing-for-learning strategies and triangulated 

assessment tools, while the control group experienced conventional closed-ended testing methods. Four researcher-

developed instruments were used: a 25-item Mathematics Achievement Test, 40-item self-concept and interest inventories, 

a mathography, and an alternative solution worksheet. Both quantitative and qualitative data were collected and analyzed. 

Descriptive statistics (mean and standard deviation) were used to address the research questions, while inferential statistics, 

Multivariate Analysis of Covariance (MANCOVA), Multivariate Analysis of Variance (MANOVA), and Multiple 

Regression, tested the hypotheses at a 0.05 level of significance. Template analysis was employed for the qualitative data. 

Findings indicated that writing-to-learn and triangulated assessment approaches significantly enhanced students' 

mathematics achievement and affective outcomes. Female students demonstrated greater gains than males in both academic 

and affective domains. However, the interaction effect between writing-to-learn and triangulation approaches was not 

statistically significant. These findings carry meaningful implications for curriculum developers, teacher educators, 

mathematics lecturers, and students. It is recommended that mathematics educators incorporate writing-based strategies 

and performance-oriented assessments such as alternative solution worksheets, knowledge-demonstration writing tasks, and 

project-based methods throughout mathematics instruction. Such approaches may help bridge the gap between 

mathematical concepts and real-life applications, enhance retention, and change negative perceptions of mathematics. 

Moreover, pre-service mathematics teachers should receive training in these alternative assessment methods, and 

curriculum planners should embed them within revised mathematics curricula in Nigeria. 
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CHAPTER ONE 

INTRODUCTION 
 

 Background to the Study 

In academic settings, assessment represents a multifaceted process. It is a vital component in the process of teaching and 

learning. An assessment that  is not  properly done, or  do not meet the requirements and the expectations of the teachers and learners,  

may impede the process of learning.  Researchers and educators have been trying optimal ways to measure student’s knowledge, 

competences, and performances in testing to make assessment beneficial for the learners. Lecturers use various strategies to evaluate 

students' progress. An assessment system that measures students performance at different classes, or class level, based on public 

adopted standard of what is to be taught is referred to as standard - based assessment. This  assessment is designed to hold schools 
publicly accountable for enabling each student meeting these high standards. Standards are the centre piece of sustainable 

development goal (SDG), therefore a method of assessment should be employed to set this standard that will cut across the different 

class levels, for proper accountability and measures of growth of individual or group of students over time (Udofia and Uko, 2016). 

Modern educational assessment programmes are used for a variety of purposes: to Improve student learning of content standards 

through improved instruction based on the assessment results; to complement curriculum or teaching methods; to inform 

lecturers/students of their progress; to inform the public about school performance; to be used as a guide in decision making about 

students, lecturers, or schools; and to provide various data comparisons (Udofia and Uko, 2016). The information that serves these 

purposes is derived from individual tests that make up an assessment programme. The purpose of any particular assessment, 

however, is more specific, that is, its purpose is to give users an accurate description of what students know and are able to do. The 

most important characteristics of any assessment procedure is its effect on validity. 

 

Accountability is a fundamental principle in all business-driven systems, and education is no exception. As a strategic 
investment, education demands accountability to ensure quality enhancement in academic standards. Educational administrators 

across all institutional levels are responsible for justifying the utilization of resources by demonstrating tangible outcomes to 

stakeholders, including the government, parents, and the broader society. Effective accountability hinges on sound assessment 

practices, which entail both objective measurement and value judgment. With educational accountability becoming central to 

instructional reforms, assessment now plays a pivotal role in evaluating student learning. Boud and Falchikov (2006) contend that 

traditional higher education focuses more on knowledge acquisition than on active learner participation. Boud (2000) further 

cautions that some prevalent assessment methods fail to adequately prepare students for continuous learning beyond the classroom. 

 

Ogunleye and Omolayo (2016) describe assessment as the systematic collection and interpretation of data to inform decision-

making. Ezenwa-Nebife (2014) emphasizes its role in tracking students’ academic development, while Emaikwu (2014) frames it 

as a process of evaluating behavior to guide decisions related to students, curriculum, and instruction. Drawing from these 
perspectives, the researcher views assessment as a comprehensive approach that involves gathering, describing, and analyzing 

performance-related information. Integrating multiple assessment forms into a unified framework generates robust and reliable 

insights that guide decisions concerning students, teachers, institutions, and policymakers. Crucially, assessment can also serve as 

a tool to enhance instruction, promote learning, and support lifelong educational development. In many mathematics classrooms, 

pedagogical strategies emphasize rote memorization and procedural repetition rather than fostering analytical and conceptual 

thinking. Students are rarely encouraged to articulate their thought processes or engage collaboratively to deepen their mathematical 

reasoning (Inekwe, 2019). Female students, in particular, have historically underperformed in mathematics compared to their male 

counterparts. Ker (2013) reports that quality mathematics education is critical in nurturing students’ interests, values, and skills 

required for pursuing STEM-related careers. 

 

The National Council of Teachers of Mathematics (NCTM, 2000; 2013; 2014) advocates for the use of diverse and alternative 

assessment methods that provide all students with meaningful opportunities to learn and apply mathematical concepts. However, 
many students still equate learning mathematics with memorizing formulas and solving algorithms, which limits their understanding 

of the subject’s creative and practical aspects. To address these challenges, the NCTM (2014) emphasizes instructional principles 

that promote meaningful engagement. Learners should work on challenging tasks that connect prior knowledge to new concepts, 

confront misconceptions, build both conceptual and procedural knowledge, and receive timely, descriptive feedback to reflect on 

and refine their understanding. Developing metacognitive skills awareness of one’s own thinking further strengthens the learning 

process. In Nigeria’s Colleges of Education, traditional assessment primarily closed-ended, paper-based tests remains the dominant 

evaluation method. These tests often assess memory recall and organization under exam conditions, without prior knowledge of the 

questions or access to relevant materials. This overreliance on conventional testing may partly explain the prevalence of academic 

dishonesty among students. In response, educational reformers such as Creswell (2008), Evans and Swan (2014), and Swan and 

Burkhardt (2014) have called for the adoption of alternative assessment methods to better align with 21st-century learning goals. 

 
Alternative assessments including writing-to-learn strategies, like write to   demonstrate knowledge, and the performance-

based assessment tools and triangulation assessment methods such as Reciprocity with peers, that is  peer-based discussions (e.g., 

think-pair-share), and project-based evaluations   or open- time methods, which will subsequently be referred to in this study as 

alternative assessments methods are available for utilization and  have shown promise in deepening students’ understanding of 

mathematical processes. Writing-to-learn mathematics refers to using written expression to communicate mathematical ideas and 
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reasoning, including explanations, reflections, and visual representations (Quinones, 2005). This strategy enhances comprehension, 

supports personal engagement, and helps contextualize mathematics in real-life scenarios (Stonewater, 2002). Assignments such as 

essays, reports, and creative tasks fall under writing-to-demonstrate-knowledge assessments. These tasks require students to 

synthesize and explain concepts, making their learning visible. Performance-based assessments extend this further by requiring 

students to apply their knowledge through real-world tasks such as presentations or analytical reports (Nitko, 2004; Adamson & 

Darling-Hammond, 2010). 

 

Writing in mathematics classrooms has been linked to improved critical thinking, as it encourages students to analyze, apply,  
and evaluate concepts.    It is writing that uses impromptu, short, or informal writing tasks designed by the lecturer and included 

throughout the lesson to help students think through key concepts and ideas.  This process helps clarify their understanding and 

build connections between old and new knowledge (Nilson, 2003; O’Kelly, 2013; Palma, 2018). Through writing, students engage 

in problem-solving, reflection, and metacognitive inquiry, fostering deeper learning. NCTM (2009, 2014) also emphasizes that 

purposeful mathematical writing promotes clear articulation of ideas and helps students reflect on their learning. Describing how a 

problem was solved fosters conceptual clarity and strengthens mathematical reasoning. According to Pugalee (2005), reflective 

writing is central to learning mathematics, as it compels students to assess their reasoning and problem-solving approaches. 

Furthermore, writing activities give educators unique insight into students' understanding, misconceptions, and thinking patterns. 

Pugalee (2001) observed that these activities provide a valuable diagnostic tool for instructors while enhancing students’ 

metacognition. Writing helps learners process information actively, enabling them to link, explain, interpret, and plan their 

responses. 

 
In summary, integrating writing-to-learn strategies into mathematics education offers multiple benefits. It enhances 

understanding, supports metacognitive growth, fosters problem-solving skills, and enables educators to better support diverse 

learners. Such practices are crucial in developing learners' ability to think, reason, and communicate mathematically, skills essential 

for academic success and lifelong learning. Through writing activities, educators gain valuable insight into students' strengths, areas 

of difficulty, and interests. These activities also highlight the connections students make between writing, problem-solving, and 

metacognitive processes while engaging with mathematical problems (Pugalee, 2001). Writing enables students to practice critical 

academic skills such as inference, communication, organization, interpretation, and reflection. Within mathematics classrooms, 

writing serves as a vital pedagogical tool for deepening student understanding of key concepts. According to the National Council 

of Teachers of Mathematics (NCTM, 2009), engaging in mathematical writing requires learners to clearly articulate their thoughts 

and reflect meaningfully on what they have learned. Purposeful writing fosters deeper comprehension by encouraging students to 

analyze their thinking and refine their ideas. Scholars such as Pugalee (2004, 2005) emphasize that writing is a powerful medium 
through which students can learn and internalize new concepts. 

 

This study examines the cognitive and affective dimensions of learning mathematics, with a focus on problem-solving skill 

development, enhanced conceptual understanding, and the impact of writing on emotional and motivational outcomes. These 

characteristics and processes of problem solving, affective outcomes that will be discussed and analyzed  have been described and 

includes development of problem-solving skills, increasing conceptual understanding, demonstration of procedural application, 

demonstration of Mathematics reasoning, development of content connections, self-concept and interest. Self- concept has been 

recognized as a key Psychological factor of the learners which contributes significantly in the academic achievements. Every 

individual is striving either by thought or action or both to be successful, happier and better in future. It has been repeatedly 

established that the performance of students in academics is effectively regulated by their Self-Concept. Self-concept is a powerful 

internal cognition which propels one to act and sustain the action (Sarouphim and Chartouny, 2017). Failure and success also impact 

on self-concept. It is a key in the progress of one's life (Aida- Mehrad, 2016). 
 

In terms of interest, motivational psychologists, developmental psychologists, and educational psychologists have provided at 

least three perspectives on interest: personal interest as an individual disposition, interestingness as an aspect of the context, and 

interest as a psychological state (Wei, 2014; Schunk, Pintrich, and Meece,2008). The situational interest may be triggered and 

maintained by interestingness as a contextual factor (Renninger and Hidi, 2002; Schunk et al., 2008). To summarize the three 

perspectives on interest in this view, situational interest is triggered by interestingness of the academic task, and may further evolve 

into personal interest depending on opportunities and support available to the student and this process may provide valuable 

implications for effective learning and instruction (Renninger and Hidi, 2002). Nevertheless, for the study of science base courses 

including Mathematics, gender disparity is a factor considered by scholars to affect students’ achievement in school. Notably, 

research suggests that female students often acquire language skills more rapidly and proficiently than their male counterparts, with 

gender-related differences in verbal ability emerging at early developmental stages. This linguistic advantage may influence how 
female learners respond to writing-based instructional strategies in mathematics. This method aligns well with the verbal and 

reflective strengths often exhibited by female students. Given these potentials, this research seeks to explore how writing can be 

utilized not only as an instructional strategy but also as a reliable tool for assessing mathematical learning from the student’s 

perspective. 

 

Beyond the cognitive benefits, writing also supports active learning and critical reflection. Pioneering composition theorist 

Janet Emig (as cited in Reilly, 2007) described writing as a uniquely integrative process involving the coordinated activity of the 
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hand, eye, and brain. She argued that writing activates both hemispheres of the brain and provides learners with a multisensory, 

representational mode of learning. Writing externalizes information, making it accessible for review, critique, and feedback. It also 

promotes metacognition encouraging students to reflect on and refine their understanding as they revise their written responses 

(Burns, 2003). Writing-to-learn strategies, in particular, require learners to engage deeply with mathematical content. This approach 

fosters focused thinking and personal investment in learning, giving students the opportunity to explore multiple solution strategies 

and critically examine their reasoning (Palmer, 2018). By documenting their problem-solving processes, students become active 

participants in learning and develop higher-order thinking skills (Thompson et al., 2008). To effectively understand the interplay of 

cognition, metacognition, and emotion in mathematics education, students need structured support to build reflective and self-
monitoring capabilities. Writing provides such a platform. As Nilson (2003) asserts, writing-to-learn empowers students to reach a 

more personalized and profound understanding of mathematics. This study positions alternative assessment methods, particularly 

writing-based strategies, as catalysts for such transformative learning. 

 

Furthermore, triangulated assessment—an approach that incorporates multiple forms of evidence enables educators to better 

understand students’ conceptual grasp and cognitive processes. Triangulation is defined as ‘the combination of methodologies in 

the study of the same phenomenon’ (Johnson, Onwuegbuzie and Turner, 2007). Triangulation assessment method attempts to respect 

the multiple beliefs, perspectives and usefulness of both qualitative and quantitative approaches, incorporating the best of both 

worldviews (Guba and Lincoln, 2005). Creswell (2008) advances a number of strengths of Triangulation method assessment, 

strengths which render the approach appropriate for use. Firstly, quantitative and qualitative data together provide a better 

understanding of the students problem than either type by itself; secondly, one type of assessment is not enough to answer the 

questions of how well the students have learned the material to be learnt; and thirdly, from a practical perspective, multiple 
viewpoints are needed. Another aspect of triangulation method that is appealing is that one method can develop, inform and 

complement the other, and thereby mitigate the limitations associated with the primary method to bring about complete, 

comprehensive and equitable Mathematics assessment. 

 

Throughout this study, students will be regularly instructed by the lecturers to talk to each other in structured ways (i.e., think-

pair-share, turn-and-talk), to flash back at the problem, explain their mathematical thinking, and to discuss their work or their 

mathematical thinking with other students, that is “ think aloud”. This method complemented the other methods for better results. 

Triangulation methods provide greater breadth and depth, which facilitate enhanced description and deeper understanding (Johnson, 

Onwuegbuzie and Turner, 2007).The two methods used in this study corresponds to the three domain of learning, making the 

assessment complete, comprehensive and equitable. Mason (2006) asserts that the fusion of quantitative and qualitative ideas can 

create data and arguments that can form the basis for well-founded social theory.  Following the Federal Government reforms in 
education and the need to attain the Sustainable Development Goals (SDGs) and the critical targets of the National Economic 

Empowerment and Development Strategies (NEEDs), which can be summarized as value-reorientation, poverty eradication, job 

creation, wealth generation and using education to empower the people, it has become imperative that the existing curricula for 

tertiary institutions should be reviewed and re-aligned to fit the reform programme (Udofia and Uko, 2016). Such policy is believed 

to motivate the learner, lift some students higher standards, help increase the national productivity and contribute to the restoration 

of our global competitiveness. Demanding the absolute best from students, while keeping the material meaningful is one way to 

help improve work ethics. As student’s achievement and assessment are directly connected, a substantial new approach to 

assessment was called for as a major premise of this higher education reform movement. This approach indicated a transition to 

learner-centered environments with frequent feedback for learners, lecturers, and institutions to make improvements ( Huba and 

Freed, 2000). 

 

Different approaches can be used in ensuring that students can reach a deeper and more personalized approach to learning 
Mathematics, reduces cramming of facts, infuses reading culture into students, assess skill of knowing where to find information 

and assesses the highest level of educational objectives (Nilson, 2003). One of such approach which has not been properly explored 

in Nigeria is Triangulation of assessment as a method and writing to learn as assessment for learning tool. In order to ensure that 

the triangulation method used for instruction and assessment are themselves free from unfairness, the analysis of their efficacy need 

to be conducted. This is not practiced in Nigeria now. The foregoing background information therefore constitute the theoretical 

rationale to examine the effects of writing to learn Mathematics in form of writing to demonstrate learning,  performance – based 

assessment tools, triangulation assessment methods in form of reciprocity with peer, and project or opened time-based assessment 

methods on student’s academic achievement, Self-concept, and interest as affective outcome in Mathematics in Colleges of 

Education in the South-South States of Nigeria. 

 

 Statement of the Problem 
Assessment practices in Nigeria’s tertiary institutions, particularly Colleges of Education, have long been skewed toward a 

narrow focus on the cognitive domain. While lecturers are mandated to assess students across cognitive, affective, and psychomotor 

domains, actual practice typically emphasizes only the cognitive component, contributing 40% or more to terminal scores. This 

creates an incomplete and imbalanced view of student performance. Such disproportionate assessment has led to what many 

educators refer to as a “cobra effect”—a situation where attempts to solve one problem inadvertently worsen others. Over-reliance 

on traditional paper-and-pencil tests limits opportunities for creativity, encourages rote learning, and does not reflect real-life 

problem-solving situations. Consequently, students may develop negative attitudes toward learning and resort to unethical practices 
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such as examination malpractice in their pursuit of success. This lack of diversity in assessment methods has made it difficult to 

standardize learning outcomes across institutions and regions. It further undermines the goals of continuous assessment, which aims 

to holistically evaluate learners' knowledge, skills, and behaviors throughout the educational process (Carless, 2015; Herbert & 

Powell, 2016). 

 

Assessment approaches that penalize innovation, ignore higher-order thinking skills, and overlook affective development are 

out of alignment with contemporary pedagogical goals. Moreover, national policies like Nigeria’s Continuous Assessment 

Framework emphasize the need for multifaceted evaluation strategies. Yet, traditional assessments often fail to capture 
metacognitive skills, attitudes, and values  which are key indicators of long-term learning and personal development (Sinwell, 2017). 

This gap presents a critical challenge in aligning assessment practices with the desired learning outcomes of 21st-century education. 

Therefore, this study responds to the urgent need for alternative assessment methods, such as writing-to-learn and triangulated 

approaches, which promote meaningful learning, self-reflection, and critical thinking. These strategies not only make learning 

visible but also engage students as active participants in the learning process, helping to reduce performance gaps, improve self-

efficacy, and foster deeper conceptual understanding. 

 

 Purpose of the Study 

The primary  purpose of this study is to investigate the effectiveness of an integrated intervention involving writing-to-learn 

tools and triangulated assessment methods in enhancing students’ academic achievement and affective outcomes in mathematics 

education within Colleges of Education in Nigeria’s South-South region. 

 

 Specifically, the Study Aims to: 

 

 Examine differences in academic achievement and affective outcomes between students assessed using writing-to-learn tools 

and those assessed with traditional methods. 

 Determine the impact of triangulated assessment strategies (Reciprocity with peer, project-based evaluations) on student overall 

academic achievement and affective outcome of students with respect to learning Mathematics; 

 Assess the combined effect of writing and triangulation on learning outcomes. 

 Assessed how the nature of student’s individual meta-cognitive functioning (Selfconcept, interest, attitudinal change, motivation 

and value) increased academic achievement in the learning of Mathematics; 

 Assessed how the meta-cognitive functioning change (Self-concept, interest, attitudinal change, motivation and value) increased 

academic achievement in the learning of Mathematics; 
 Determine which of the triangulation assessment method (Reciprocity or project-based) is most effective for increasing academic 

achievement and affective outcome of students in the learning of Mathematics; 

 Determine which of the writing-to-learn assessment tools (writing to demonstrate knowledge or performance-based) is most 

effective for increasing academic achievement and affective outcome of students in the learning of Mathematics; 

 Assesse the interaction effect of writing to learn as an assessment tool and triangulation assessment approach as method of 

evaluating academic achievement and affective outcome of students in the learning of Mathematics; and 

 Explore gender-based differences in response to overall academic achievements and affective Outcome between students 

assessed using traditional methods and alternative assessments in the learning of Mathematics. 

 

 Research Questions 

To guide this study, the following research questions were raised. 

 

 What mean difference exist between writing- to- learn assessment tool and traditional test method in overall academic 

achievement and affective outcome of students in the learning of Mathematics? 

 What is the mean difference between triangulation approach as assessment method and traditional test method in overall 

academic achievement and affective outcome of students with respect to learning Mathematics? 

 What mean difference exist in student’s overall academic achievements and affective outcomes between the alternative 

assessment group and the traditional assessment group in Mathematics? 

 How does the nature of student’s individual meta-cognitive functioning (Self-concept, interest, attitudinal change, motivation 

and value) increased academic achievement in the learning of Mathematics? 

 How does these meta-cognitive functioning change, (Self-concept, interest, attitudinal change, motivation and value) affect 

academic achievement of students in the learning of Mathematics? 

 What is the mean difference between the assessment approach reciprocity with peer and project- based methods of evaluating 

and increase in academic achievement and affective outcome of students in the learning of Mathematics? 

 What is the mean difference between the assessment tools, writing to demonstrate knowledge and performance- based and 

increase in academic achievement and affective outcome of students in the learning of Mathematics? 

 What is the mean interaction effect of writing to learn as an assessment tool and triangulation assessment approach as method 

of evaluating academic achievement and affective outcome of students in the learning of Mathematics? 

 What is the mean difference in male and female student’s overall academic achievements and affective outcomes between the 

experimental and the control groups in the learning of Mathematics? 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3785 

 Hypotheses 

These null hypotheses were formulated to further guide this study: 

 

 There exists no significant mean difference between writing to learn assessment tool and traditional test method in overall 

academic achievement and affective outcome of students   the learning of Mathematics. 

 There is no significant mean difference   between triangulation approach as assessment method and traditional test in overall   

academic achievement and affective outcome of students in the learning of Mathematics. 

 There   exists no significant mean difference in overall academic achievements and affective outcomes between students   in the 
alternative assessment and the traditional assessment groups in Mathematics. 

 There is no significant relationship between the nature of student’s individual metacognitive functioning (Self-concept, interest, 

attitudinal change, motivation and value), and increased academic achievement in the learning of Mathematics. 

 There exists no significant relationship between the metacognitive functioning change (Self-concept, interest, attitudinal change, 

motivation and value) and increments in  academic achievement  of students in the learning of Mathematics. 

 There exists no significant  difference in the mean scores between the assessment approach reciprocity with peer and project-

based techniques of evaluation and increase in academic achievement and affective outcome of students in the learning of 

Mathematics. 

 There exists no significant in the mean  score difference between the assessment tools, writing- to-demonstrate knowledge and 

performance- based tool and increase in academic achievement and affective outcome of students in the learning of Mathematics. 

 There is no significant interaction effect of writing -to- learn  assessment tool and the triangulation assessment approach   of    
evaluating   academic achievement and   affective outcome of students in the learning of Mathematics. 

 There is no significant mean difference in males and females student’s overall academic achievements and affective outcomes 

between the experimental   group and the control group in the learning of Mathematics 

 

 Significance of the Study 

Findings of this study  hopefully, will  be beneficial  to many people through improving the poor academic achievement and 

affective outcome of Mathematics learners. These people include lecturers, students, curriculum developers, personnel of the 

ministry of education, examination bodies and the society in general. 

 

This study offers several potential contributions to educational theory and practice. For mathematics lecturers, it introduces 

evidence-based methods for improving instruction and student engagement. By understanding how students use writing to process 
mathematical concepts, lecturers can refine their teaching approaches and identify conceptual gaps in real time. Writing to learn and 

triangulated assessment methods empower mathematics educators to implement more robust and learner-centered instructional 

strategies. These approaches shift the focus from simple recall to encouraging students to demonstrate conceptual understanding, 

fostering deeper learning. This theoretical framework proves highly beneficial given the need for empirical data to support the use 

of innovative assessment tools in measuring academic performance and affective outcomes in mathematics. The findings from this 

study are expected to support mathematics lecturers in identifying effective tools that can improve students’ mathematical 

competence while addressing persistent learning challenges. Additionally, these insights will help instructors understand how 

students think, which can in turn inform and enhance instructional delivery. Importantly, the identification of which combination of 

methods or variable categories produces the strongest learning outcomes can guide educators seeking to adopt writing-to-learn and 

triangulation-based assessments. These methods also enable a holistic assessment of students, revealing their underlying abilities 

and performance across varied contexts. By establishing a framework for comparing assessment outcomes, this research promotes 

uniformity in student achievement reporting a critical need in Nigeria’s diverse and evolving education system. Recent research 
continues to highlight the value of writing-to-learn and performance-based assessment in promoting metacognition and reflective 

thinking in STEM education. 

 

From the learner's perspective, assessment serves not only as a measure of achievement but also as a platform for feedback 

and personal growth. Meaningful learning requires the integration of new knowledge into prior mental schemas, which is best 

achieved in challenging, performance-oriented environments. Writing to learn mathematics engages students in performing complex 

tasks that encourage them to connect concepts, evaluate their thinking, and reflect on how they approach learning. These 

metacognitive activities have been strongly linked to long-term knowledge retention and deeper mastery. At the student level, the 

use of writing and triangulated methods can foster reflective thinking, deepen subject understanding, and enhance motivation 

especially among female learners who often excel in linguistically oriented tasks. Writing provides students with the opportunity to 

articulate their understanding, challenge misconceptions, and personalize mathematical learning within real-life contexts. This 
findings   hopefully will help the students to remove some of the societal apathy towards Mathematics and know that their 

achievement depends on their own active participations and interest not only  on their lecturers. Thus, students will appreciate the 

need for their involvement in their Mathematics assessment and this may help them to acquire both Mathematical achievement and 

affective outcomes which may enhance capacity building and sustainable development.  In order words the students were enabled 

towards achievement of national goal for Mathematics education. 

 

This  findings  are   beneficial to students as they were assessed using divers methods, this gave opportunity to those who are 

not good with the traditional method test to do better in their assessment scores. Furthermore, writing fosters discovery learning, 
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prompting students to express what they truly understand. When students articulate mathematical ideas through writing, they engage 

in internal dialogue—translating abstract concepts into personally meaningful representations. In this study, many participants 

reported uncovering misconceptions, deepening their understanding, and relating mathematics to everyday life. Students may also 

find this research empowering, as it gives them the opportunity to exp ress their views about how they learn best thereby making 

their learning more visible and authentic. Writing, in this sense, becomes a student voice mechanism, which is increasingly valued 

in learner-centered education. 

 

This research may also inform policymakers and curriculum developers, providing evidence on the strengths and limitations 
of current assessment practices. The findings could guide reforms that align with contemporary teaching goals such as inclusive and 

formative assessment strategies and promote a culture of lifelong learning in tertiary mathematics education. Furthermore, results 

from this study may aid course designers in selecting appropriate tools that align with assessment goals and learner needs. The 

findings can serve as a model for standardizing student evaluations across diverse institutions, addressing the comparability issues 

that currently challenge Nigeria's education system. 

 

Moreover, adopting alternative assessment methods such as triangulation has the potential to reduce bias, mitigate exam-

related anxiety, and enhance students’ confidence and self-efficacy critical for equity in academic achievement. These methods 

align with the broader aim of education to advance social development, ensuring all learners have the opportunity to contribute 

meaningfully to society. This research can inform decision-makers about the limitations of current assessment frameworks and offer 

alternatives that are more inclusive, equitable, and aligned with global best practices. It advocates for moving beyond rote learning 

and embracing assessment for learning, an approach that has proven effective in cultivating metacognitive skills and long-term 
mastery. 

 

The findings hopefully will be of significant benefit to examination bodies in the sense that, scores derived through this tools 

and methods are standardized, therefore the challenge of transformation of continuous assessment scores before incorporating into  

the final assessment scores by examination bodies will be solved. These examination bodies, West African Examinations Council 

(WAEC), Joint Admissions and Matriculation Board (JAMB), National Examinations Council (NECO), and other, could effectively 

use alternative assessment tools and methods in this study, in administering their examinations. It may also helpe them to ensure 

that all students are properly and holistically examined, with parallel and equal opportunity to perform in the three domains of 

learning. With the application of this alternative assessment tools and methods in obtaining continuous assessment scores (CAS) by 

schools, the findings will hopefully provides parents, students and lecturers with clear information about the performance of 

individual student as measured by a common/equivalent or national standard. Through this approach, quality assurance will be 
guaranteed in Nigeria testing enterprise. 

 

This research fills a critical gap in the literature by providing empirical data on the use of writing-to-learn and triangulated 

assessment methods in Nigerian tertiary institutions. It contributes to ongoing scholarly discussions on innovative pedagogies and 

offers a practical framework for rethinking how learning is assessed, especially in STEM-related fields. As the labor market 

increasingly demands higher-order thinking and metacognitive skills, this study adds to the body of knowledge necessary for 

educators and curriculum designers to align assessments with real-world competencies. It also helps institutions gauge how well 

students meet academic standards and what interventions are needed to close performance gaps. Finally, the research may serve as 

a foundation for further inquiry into writing to learn, alternative assessments, and the implications for female mathematics learners, 

whose outcomes have shown consistent improvement when such strategies are applied. 

 

 Scope of the Study 
There are many alternative assessment tools and methods. This study sought to empirically investigate the use of some of these 

tools and methods in assessing the effect on students academic achievement and affective outcome in Mathematics. The approach 

involved using writing to demonstrate learning and performance- based assessment tools and reciprocity with peer, project or open-

time for the triangulation method. The  robustness in approaching  the assessment for learning and sustainable assessment approach 

of evaluation in Colleges of Education, informed the choice of these methods. The content of assessment covered basic general 

Mathematics iv topics only, which are variation, linear, simultaneous and quadratic equations and statistics. The year two topics 

was chosen because it forms part of the   basic foundations for learning any other concept in Mathematics   and Mathematics related 

courses. Also this algebra and statistics   are identified as difficult aspect of Mathematics due to their abstract nature. The items that 

were included in the test were restricted to the application, analysis, evaluation and creation level of cognitive domain of the Blooms 

revised taxonomy. This restriction is due to the level of Mathematics competence (abilities) expected of learners in the year two 

level of education as indicated in the minimum standard. 
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CHAPTER TWO 

REVIEW OF RELATED LITERATURE 
 

Some key issues in assessment literature were reviewed   in this chapter. The literature regarding   assessment practiced  in 

tertiary education  were systematically  reviewed and  presented in this section. The literature review therefore, was done under 

conceptual, theoretical and empirical frameworks and Summary of reviewed Literature. 

 

A. Conceptual Framework 

This section presents foundational perspectives related to assessment in higher education, particularly the shift from traditional 

methods to alternative assessments that emphasize learning rather than testing. It explores key ideas surrounding writing as a learning 
tool, the writing-to-learn movement, and triangulation assessment approaches. The review spelled out the purposes of assessment, 

current modes of assessments, insight into the current practice of assessments, the impact on learning outcomes, and the 

characteristics of feedback were provided. 

 

 Concept of Assessment, Students Academic Achievement and Affective Outcomes 

Educational assessment plays a critical role in facilitating feedback that informs teaching and enhances student learning. 

Assessing learners' progress yields objective evidence crucial for informed decision-making within the educational sphere. 

Specifically, in Mathematics education, assessment can significantly enhance learning and stimulate student interest in the subject. 

Modern assessment practices focus not only on evaluating performance but also on nurturing metacognition and student engagement 

(Boud, Dawson, & Bearman, 2016). To effectively evaluate the evolving educational system in Nigeria, continuous assessment has 

been instituted as a policy across all educational levels. The implementation of Continuous Assessment (CA) policies across 

educational tiers in Nigeria,  aims to measure students’ development across cognitive, affective, and psychomotor domains, 
employing diverse assessment tools to evaluate various learning components. 

 

 Definitions of Assessment 

Assessment is broadly defined as the systematic process of gathering, analyzing, and interpreting evidence to determine student 

learning and make informed educational decisions (Brookhart, 2013). Scholars emphasize that assessment should encompass a 

variety of tools and formats to ensure fair judgment and to improve teaching and learning (Carless et al., 2014). Assessment as 

learning—a formative approach—is particularly useful in mathematics education as it encourages students to evaluate their own 

understanding and thinking processes. This perspective aligns with feedback-based and learner-centered education reforms (Nicol, 

Thomson, & Breslin, 2014). According to Sadler (2005), assessment involves forming judgments about the quality and extent of 

student achievement, thereby inferring the learning that has occurred. Brown (2004) describes assessment as interpreting 

information about student performance collected through diverse methods. Taras (2005) emphasizes that assessment yields either 
comparative or numerical ratings based on specific, weighted goals. Nguon (2013) defines assessment as gathering and discussing 

information from multiple sources to understand what students know and can do, ultimately using the results to improve learning. 

Assessment encompasses the process of collecting and interpreting data to make informed judgments about a person's, object's, or 

event's quality. It involves gathering information to facilitate decision-making regarding educational outcomes (Arhin,2015). 

Assessment focuses on learning, teaching, and outcomes, providing insights to enhance both (Ezenwa-Nebife, 2014). It represents 

an interactive process between students and educators, offering feedback that informs teaching strategies and aids students in 

improving their learning and study habits (Bassey and Idaka, 2007). 

 

A robust assessment program necessitates the use of various instruments, each designed to uncover unique aspects of student 

learning outcomes and the achievement of program objectives. Assessment is an ongoing endeavor aimed at comprehending and 

enhancing student learning (Barnett, 2007). According to Reilley, (2007), it entails articulating expectations, establishing 

appropriate criteria and standards for learning quality, systematically collecting, analyzing, and interpreting evidence to gauge 
performance against these benchmarks, and utilizing the findings to document, explain, and improve performance. 

 

 The Role of Assessment in Education 

Assessment serves as an indispensable tool in educational settings, guiding teaching and learning activities. It provides accurate 

information that facilitates informed decision-making. Regardless of the teacher's proficiency, the students' intelligence, or the 

adequacy of instructional materials, the absence of effective assessment mechanisms can render teaching efforts ineffective 

(Ezenwa-Nebife, 2014). Ajuonuma (2006) highlights that assessment is a process of gathering data to inform educational decisions, 

ensuring that teaching strategies align with student needs. The definitions of assessment vary among scholars due to differing 

perspectives. However, assessments generally serve two primary purposes: summative and formative. Summative assessments aim 

to evaluate student learning at the conclusion of an instructional period, often through tests or final projects, to determine if 

educational goals have been met as defined by Taras (2005) and Brown (2004). Conversely, formative assessments are conducted 
during the learning process, providing ongoing feedback that can be used by instructors to improve their teaching and by students 

to enhance their learning as preferred by Huba and Freed (2007) and Sadler (2005). 

 

Beyond these purposes, assessment is a fundamental tool to support student learning as asserted by  Leathwood (2005) and 

Ajuonuma (2006). Boud and Falchikov (2005) and Anikweze (2005) claim that, effective assessment methods should promote and 
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foster student learning rather than merely measure it. Assessment should not only aim to fulfill immediate course objectives but also 

build a foundation for students to engage in self-assessment throughout their academic and professional lives. Boud (2000) further 

suggests that assessment should not only aim to fulfil the immediate goals of a course or program, but also build a foundation for 

students to adopt their own assessment within their academic life and for their lifetime. As literature about assessment indicates, the 

phrase ‘assessment of learning’ is equated with summative assessment while ‘assessment for learning’ equates to formative 

assessment (McDowell, Wakelin, Montgomery and King, 2011; Stiggins, 2002; Yorke, 2003). These phrases and terms will be 

interchangeably utilized in this study. 

 

 Assessment of Learning Versus Assessment for Learning 

Assessment serves multiple essential functions in education, with varying interpretations depending on its focus. Some scholars 

emphasize summative purposes, which involve evaluating students’ academic progress and certifying their achievements. Others 

highlight formative assessment, which emphasizes learning support and developmental feedback. Assessment plays a dual role in 

educational systems it can either serve as a summative measure of learning outcomes or as a formative tool that enhances the learning 

process. Scholars conceptualize assessment in different ways, reflecting divergent philosophical and pedagogical orientations. For 

instance, Carless, Salter, Yang, and Lam (2016) explain that assessment is not solely about certifying learning but also about 

providing learners with feedback that fosters continued growth and reflection. 

 

The distinction between summative and formative assessment remains critical in contemporary educational discourse. 

Summative assessment, according to Winstone & Boud (2020), typically involves the evaluation of learning at the end of an 

instructional unit and is primarily used to assign grades or determine certification. This approach emphasizes the measurement of 
student achievement and often neglects the learning process itself. Winstone and Boud (2020) assert that assessment must go beyond 

assigning grades; it should involve gathering evidence of learning to inform both teaching and continuous improvement. Summative 

assessment is typically used to certify students' knowledge at the end of instruction, but it can inadvertently limit deep learning by 

focusing excessively on grades and outcomes (Bearman, Dawson, & Boud, 2020). This high-stakes nature often discourages 

creativity and promotes surface learning strategies. Though summative assessment remains crucial for academic validation and 

progression, it must be balanced with authentic, learner-centered strategies. Braun (2014) advocates for the use of real-world tasks—

such as project-based learning, reflective journals, and portfolios—even in summative settings. These methods encourage students 

to think critically and demonstrate understanding beyond rote recall. 

 

In contrast, Boud and Molloy (2013) and Carless et al. (2016) advocate for formative assessment that supports students during 

learning. They argue that when learners are provided with actionable feedback, their ability to self-regulate and reflect improves 
significantly. Nicol (2019) reinforces this by viewing feedback not as a one-way transmission but as a core process within the 

learner's internal cognitive framework. Conversely, formative assessment is oriented toward learning improvement. Nicol (2019) 

and Boud and Molloy (2013) emphasize that feedback-rich, formative assessment strategies can significantly improve self-

regulation, motivation, and engagement. This kind of assessment focuses on identifying learning gaps and offering actionable 

feedback that supports students' progression toward mastery. A key concern with summative assessment is its potential to narrow 

learning goals. As Bearman, Dawson, and Boud (2020) argue, a high-stakes summative environment often prioritizes surface 

learning strategies over deep understanding. This is echoed in studies highlighting that students may develop test-taking skills at the 

expense of meaningful learning when emphasis is placed solely on performance metrics (Evans et al., 2020). However, researchers 

suggest that summative assessment need not be inherently detrimental if integrated with authentic, learner-centered approaches. For 

instance, Braun (2014) advocates for summative assessments that include journals, portfolios, and projects, which allow learners to 

demonstrate understanding in practical and reflective ways. 

 
The shift from assessment of learning to assessment for learning (AfL) marks a pedagogical reorientation from evaluation to 

facilitation. Black and Wiliam (2018) highlight that AfL should be embedded into classroom practices to yield real-time insights 

into student understanding. This enables educators to tailor instruction and students to adjust their learning strategies accordingly. 

Effective formative assessment provides students with timely, descriptive feedback that bridges the gap between current and desired 

performance. According to Henderson, Ryan, and Phillips (2019), feedback is only valuable if students understand and act on it—

thus, the timing, clarity, and relevance of feedback are paramount. Moreover, Carless and Boud (2018) promote the idea of "feedback 

literacy"—the ability of students to interpret and use feedback productively—as a key outcome of assessment for learning. This 

view positions students not as passive recipients of grades but as active participants in the evaluation process. Formative assessment, 

or assessment for learning (AfL), allows for ongoing feedback and learning adjustments. 

 

According to Henderson, Ryan, and Phillips (2019), timely and specific feedback encourages students to bridge gaps between 
current performance and learning goals. This feedback must be clear, relevant, and delivered in a way that encourages learners to 

take ownership of their progress. An essential aspect of AfL is the concept of feedback literacy, which refers to a student’s ability 

to interpret and use feedback effectively. Carless and Boud (2018) suggest that developing this literacy empowers learners to become 

active participants in the feedback process, ultimately leading to better academic performance. Formative assessment is increasingly 

recognized for its role in promoting deeper learning and self-regulation. Gezer et al. (2021) found that formative assessments in 

mathematics classrooms positively correlate with improved student performance, particularly among lower-achieving students. This 
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approach encourages active student participation and continuous feedback, essential for developing critical thinking and problem-

solving skills. 

 

The second objective of assessment for learning (AfL) emphasizes the enhancement of students’ learning. The primary goal 

of AfL is to provide feedback that can support and accelerate both teaching and learning. According to recent studies, formative 

assessment coupled with constructive feedback is fundamental in fostering self-regulated learning habits in students (Clark, 2015; 

Panadero et al., 2018). One of the key functions of AfL is the continuous provision of actionable feedback that closes the gap 

between a student’s current level of performance and the expected learning outcomes, rather than merely assigning grades or scores 
(Panadero & Alonso-Tapia, 2014). In line with this, several scholars emphasize that formative assessment encourages learning by 

enabling students to engage with real-time feedback derived from activities such as discussions, observations, and other classroom 

interactions (Black & Wiliam, 2018; Carless, 2015). This type of feedback is aligned with the contemporary educational model that 

places importance on the knowledge construction process. Feedback plays a crucial role when it is timely and detailed, ensuring 

students can effectively incorporate it into their future academic efforts (Evans, 2016). 

 

Moreover, AfL is now widely adopted in global education policies, signaling a transformation from assessment for ranking to 

assessment for learning. According to Willis (2014), formative assessment represents a cultural shift that prioritizes individual 

progress and deeper understanding over performance metrics. Gipps and Stobart (2016) stress that communicating learning goals 

and success criteria allows students to self-evaluate, enhancing autonomy and long-term motivation. Assessment for learning is 

broadly defined as any strategy designed to improve student learning. Chalmers et al. (2014) report that although many students still 

gravitate towards summative assessment due to its high-stakes nature, educational institutions are increasingly embedding formative 
assessment into their curricula. An illustrative case is the Organization for Economic Co-operation and Development (OECD, 2018), 

which endorses formative assessment as a tool that equips students with lifelong learning skills essential in today’s fast-changing 

knowledge economy. 

 

From an economic and pedagogical standpoint, formative assessment is tightly connected to concepts like lifelong learning 

and the knowledge society, as it promises not just immediate academic gains but long-term competence across learner populations 

(Kennedy, Fok, & Chan, 2016; Looney, 2014). Consequently, education stakeholders continue to support formative assessment 

practices. Burns (updated by Andrade & Brookhart, 2019) reiterated that assessment serves three main purposes: helping educators 

modify instruction, giving insights into student understanding, and reporting progress to stakeholders. While summative assessments 

serve only the third function, formative assessments fulfill all three, thus offering a broader educational impact. Evidence suggests 

that assessments that focus on rote learning may encourage shallow engagement, while those that require comprehension and real-
world application foster deeper learning strategies (Weurlander et al., 2018). 

 

Additionally, summative assessment data can be repurposed formatively by providing feedback that facilitates student 

improvement (Brookhart, 2017). Classroom-based formative assessment, such as writing to learn strategies, is seamlessly integrated 

into everyday learning tasks. Educators frequently provide feedback on journal entries, portfolios, quizzes, and project work. When 

this feedback highlights specific areas for improvement regardless of whether it includes grades it fosters better student performance. 

Meaningful commentary on written assessments equips students to identify their weaknesses and take action for improvement 

(Wiliam, 2020). In the context of Mathematics education, such challenges can be addressed by incorporating formative assessment 

tools like writing exercises, which not only assess learning but also support instruction. Formative assessment, therefore, functions 

as an integral part of the teaching-learning process. It supports a feedback-rich environment where students receive timely responses 

to their work, enabling them to bridge the gap between their current performance and desired learning outcomes (Andrade & 

Heritage, 2018). Feedback within AfL must be continuous and actionable, allowing learners sufficient time to reflect, revise, and 
apply suggested improvements. As Carless and Winstone (2020) emphasized, effective feedback should not just be informative but 

also feed forward—guiding students on how to improve future performance. 

 

Several scholars have stressed the importance of AfL through different lenses. Price et al. (2019) reiterated that formative 

assessment includes the use of diverse data collection strategies—like observation, discussion, and self-evaluation—to give students 

insight into their learning journey. This aligns with the standard educational model which asserts that assessment should not solely 

be a summative measurement of knowledge, but rather a tool that helps learners acquire and apply that knowledge effectively 

(Wiliam, 2016). Moreover, Boud and Molloy (2013) warned that formative assessment could lose its effectiveness if feedback is 

delayed or inconsistent. For feedback to catalyze learning, it must be embedded within the instructional timeline so students have 

the opportunity to act on it. Similarly, the OECD (2015) emphasized that teachers who implement formative assessment strategies 

are more likely to cultivate students' “learning to learn” competencies—skills critical in the rapidly evolving knowledge-based 
economy. 

 

Formative assessment is also linked to the concepts of lifelong learning and adaptability in an increasingly digital and 

information-centric society. As noted by O'Leary, Sloane, and Watson (2020), formative approaches encourage reflection, problem-

solving, and critical thinking—attributes essential for students navigating uncertain futures. Kennedy, Chan, Fok, and Yu (2014) 

also supported the implementation of formative practices, citing their effectiveness in enhancing learner engagement and conceptual 

understanding across disciplines. Burns (reinterpreted by Avargil, Herscovitz, & Dori, 2018) identified three key purposes of 
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assessment: first, to provide teachers with data for instructional modification; second, to give insights into student comprehension; 

and third, to serve as a formal record for reporting to parents or stakeholders. While summative assessment primarily addresses the 

third purpose, formative assessment addresses all three, offering a more comprehensive mechanism for improving both teaching 

and learning. 

 

Further evidence supports that the design of assessment tasks significantly impacts the depth of student learning. According to 

Weurlander et al. (2015), tasks that target factual recall may lead students to adopt surface-level learning approaches. In contrast, 

assessments requiring interpretation, application, and integration of ideas promote deeper engagement. This underscores the 
importance of designing assessment tools that encourage analytical and reflective thinking. Dunn and Mulvenon (2016) posited that 

even summative assessments can be used formatively if their results are analyzed and communicated in a way that supports 

improvement. Writing to Learn (WTL), for example, is a powerful formative assessment technique embedded into regular classroom 

activities. Through journaling, portfolios, quizzes, and performance-based tasks, students are encouraged to reflect on their learning 

while simultaneously being assessed. Lecturers who employ WTL strategies often provide personalized feedback highlighting 

student strengths and areas needing growth. This targeted guidance, when coupled with opportunities for revision, has been shown 

to significantly enhance learning outcomes (Brookhart, 2017). Importantly, the success of WTL relies on the feedback loop—not 

merely assigning a score but fostering a developmental process where students engage critically with feedback and adjust their 

learning strategies accordingly. 

 

The transformative nature of AfL lies in its ability to humanize the learning experience. Rather than viewing assessments as 

judgmental or punitive, students begin to see them as integral to their growth. As argued by Sadler (2014), feedback must be specific, 
clear, and focused on improvement, not merely evaluation. When students understand what success looks like and how to achieve 

it, their motivation and confidence increase. Furthermore, embedding formative assessment into instructional practice—especially 

through WTL in Mathematics—serves dual functions. It promotes cognitive engagement by requiring students to articulate their 

understanding in writing and it supports metacognitive development by encouraging reflection on learning processes. This makes 

WTL a valuable instructional and assessment tool, particularly in disciplines like Mathematics, where procedural knowledge often 

overshadows conceptual understanding (Braund & DeLuca, 2021). In summary, Assessment for Learning, particularly when 

executed through writing-based practices, fosters a supportive learning environment that encourages deep thinking, continuous 

improvement, and learner autonomy. The evidence strongly supports its integration into educational practice—not as a replacement 

for summative assessments, but as a complementary strategy that enhances the overall educational experience and better prepares 

students for real-world problem-solving and lifelong learning.  In conclusion, while summative assessment remains a staple in 

academic institutions due to its administrative and certification purposes, the integration of formative strategies is essential for 
promoting deeper learning and self-regulation. Educational institutions are increasingly encouraged to balance both assessment 

types to support meaningful and sustainable learning experiences. 

 

 Assessment as Learning and Learning-Oriented Assessment 

Assessment as learning empowers students to engage actively in their learning processes, fostering self-evaluation and 

autonomy. Earl (2013) conceptualizes 'assessment as learning' as students' engagement in self-assessment, enabling them to monitor 

and direct their own learning journey. This approach aligns with constructivist theories, emphasizing the role of learners in 

constructing knowledge through active participation.  Hall and Jones (2019) further elaborate that 'assessment as learning' involves 

designing assessment tasks that cultivate critical thinking and deepen students' understanding. Such tasks encourage learners to 

analyze, evaluate, and synthesize information, promoting higher-order cognitive skills essential for academic success.Boud and 

Falchikov (2015) draw from Mentkowski and Associates's philosophy, suggesting that "assessment as learning represents an attempt 

to create 'learning that lasts'." They argue that when teaching, learning, and assessment are coherently integrated throughout courses 
and programs, students achieve more meaningful and enduring learning outcomes. Building upon this, Carless (2018) introduces 

the concept of 'learning-oriented assessment' (LOA), aiming to bridge formative and summative assessments to promote productive 

student learning. According to Carless, LOA comprises three interrelated components: assessment tasks as learning tasks, student 

involvement in assessment, and the closing of feedback loops. 

 

 Assessment Tasks as Learning Tasks 

Designing assessment tasks that serve as learning opportunities is central to LOA. Carless (2018) emphasizes that tasks should 

be constructively aligned with curriculum objectives, encouraging deep learning approaches. Such alignment ensures that 

assessments not only evaluate student performance but also facilitate the development of critical skills and knowledge. Moreover, 

Keppell and Carless (2016) advocate for assessment designs that mirror real-world tasks and promote cooperative learning 

environments. This approach is evident in 'writing to learn' strategies within mathematics education, where students articulate their 
understanding through written explanations, fostering both comprehension and communication skills. 

 

 Alternative Assessment and Authentic Learning 

The evolution of assessment practices in higher education has led to the adoption of alternative assessments that emphasize 

authentic learning experiences. Wiggins (2010) argues that authentic assessments require students to perform tasks that reflect real-

world challenges, such as conducting research, engaging in debates, or collaborating on projects.  These alternative assessment 

methods, including portfolios, simulations, and problem-based learning, enhance deeper learning and foster critical thinking skills. 
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Cummings, Maddux, and Richmond (2014) highlight that such assessments encourage students to take ownership of their learning, 

promoting self-regulation and lifelong learning habits. 

 

 Student Involvement in Assessment 

Active student participation in the assessment process is a cornerstone of LOA. Carless (2018) posits that involving students 

in dialogues about assessment criteria and standards builds trust and transparency between educators and learners. This engagement 

enhances students' understanding of learning objectives and fosters a sense of responsibility for their academic progress. Orsmond, 

Merry, and Reiling (2015) support this view, noting that students who engage with assessment criteria and participate in peer 
assessments develop a deeper comprehension  of quality work. Peer feedback serves as an interactive mechanism for students to 

exchange ideas, reflect on their performance, and develop self-regulation skills. Boud (2016) introduces the concept of 'sustainable 

assessment,' emphasizing the importance of self-assessment skills that students can carry into their professional lives. By developing 

the ability to evaluate their work critically, students become autonomous learners capable of adapting to various learning contexts. 

 

 Feedback and Student Learning 

Effective feedback is integral to student learning within the LOA framework. Carless (2018) asserts that timely and 

constructive feedback enables students to 'feed forward,' applying insights to future tasks. However, Wiliam (2014) cautions that 

feedback must be actionable and lead to improved performance to be truly effective. Gibbs and Simpson (2015) add that for feedback 

to enhance learning, students must engage with it actively, reflecting on the information provided and implementing necessary 

changes. Falchikov (2016) also highlights the value of peer feedback, noting that it complements instructor feedback and fosters a 

collaborative learning environment. In summary, 'writing to learn' in mathematics exemplifies the principles of LOA by integrating 
well-designed assessment tasks, encouraging student involvement, and providing effective feedback. This approach not only 

supports current learning objectives but also equips students with skills essential for lifelong learning and professional success. 

 

 Sustainable Assessment: Preparing Learners for Lifelong Learning 

Sustainable assessment is an evolving concept in educational discourse that emphasizes the development of learners' abilities 

to assess and regulate their own learning beyond formal education settings. Originally introduced by Boud (2000), sustainable 

assessment is defined as "assessment that meets the needs of the present without compromising the ability of students to meet their 

own future learning needs." This approach shifts the focus from traditional assessment methods that prioritize grading and 

certification to practices that foster lifelong learning skills. He emphasized that traditional assessment methods often focus solely 

on immediate academic performance, neglecting the preparation of students for lifelong learning and adaptability in their 

professional lives. Boud argued for an assessment approach that fosters continuous learning beyond formal education. 
 

 Core Principles of Sustainable Assessment 

Boud and Soler (2016) revisited the concept of sustainable assessment, highlighting several key principles: 

 

 Development of Self-Assessment Skills: Encouraging students to engage in self-evaluation to foster independent learning. 

 Emphasis on Learning Processes: Focusing on the learning journey rather than solely on outcomes. 

 Integration of Feedback Mechanisms: Utilizing feedback not just for grading but as a tool for continuous improvement. 

 

These principles aim to equip students with the skills necessary for self-regulation and continuous learning, which are essential 

in adapting to the ever-changing demands of the modern world. 

 

 Challenges in Implementing Sustainable Assessment 

Despite its potential benefits, implementing sustainable assessment practices poses several challenges. Institutional policies, 

time constraints, and existing educational cultures that prioritize summative assessments over formative ones can hinder the adoption 

of sustainable assessment strategies (Carless et al., 2011). Moreover, both educators and students may require additional support 

and training to effectively engage in self-assessment and peer feedback processes. Boud (2000) concluded that to achieve sustainable 

assessment, greater attention must be given to the effects of summative assessments, seeking ways to reform them to support lifelong 

learning. 

 

 The Role of Feedback in Sustainable Assessment 

Feedback plays a crucial role in sustainable assessment by facilitating students' ability to monitor and evaluate their own 

learning. Carless et al. (2011) emphasize the importance of dialogic feedback processes that involve students in discussions about 

learning, thereby enhancing their awareness of quality performance and developing their capacity for self-regulation. Such feedback 
mechanisms not only support current learning tasks but also prepare students for future learning challenges. Sustainable assessment 

represents a paradigm shift in educational assessment practices, focusing on developing learners' capacities for lifelong learning. 

By emphasizing self-assessment, continuous feedback, and the development of evaluative judgment, sustainable assessment 

prepares students to navigate the complexities of the modern world effectively. However, realizing the full potential of sustainable 

assessment requires concerted efforts to address implementation challenges and foster a culture that values continuous learning and 

self-improvement. 
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 Affective Assessment 

In contemporary educational discourse, there is an increasing recognition of the necessity to balance the assessment of learning 

outcomes by encompassing all domains associated with behavioral changes, rather than focusing solely on cognitive achievements. 

Educators are encouraged to assess affective outcomes in learners, as this holistic approach equips students not only with academic 

competencies but also with the requisite knowledge, skills, attitudes, values, and psychosocial abilities essential for leading healthy, 

satisfying lives and maximizing the benefits of learning (Adetayo, 2014). The affective domain, integral to Bloom's taxonomy, 

emphasizes learning objectives that involve emotional responses, attitudes, and values. This domain is inherently more challenging 

to objectively analyze and assess, given that affective objectives range from simple attention to complex, internally consistent 
qualities of character and conscience (Inekwe, 2019). Despite these challenges, the educational process must address the assessment 

and measurement of students' abilities within this domain. The distinction between being "schooled" and being "educated" often 

underscores the neglect of affective development in favor of cognitive instruction. 

 

Affective learning competencies are typically articulated through instructional objectives—statements delineating the new 

capabilities learners should acquire by the end of instruction. These objectives are specific, measurable, short-term, and observable 

student behaviors. They serve as foundational tools for constructing lessons and assessments aligned with overarching course or 

lesson goals (Inekwe, 2019). While affective learning is assessed and measured in educational settings, it is seldom utilized as a 

grading criterion. Behavioral objectives within the affective domain focus on observable behaviors, facilitating their translation into 

quantitative terms. The hierarchical structure of the affective domain includes: 

 

 Receiving: Accepting, attending to, developing, recognizing. 
 Responding: Completing, complying, cooperating, discussing, examining, obeying, responding. 

 Valuing: Accepting, defending, devoting, pursuing, seeking. 

 Organization: Codifying, discriminating, displaying, ordering, organizing, systematizing, weighing. 

 Characterization: Internalizing, verifying. 

 

In assessing learning competencies within the affective domain, several focal concepts are considered: 

 

 Attitudes 

Attitudes are mental predispositions to act, expressed through evaluations of entities with varying degrees of favor or disfavor. 

Individuals possess attitudes directed toward objects, people, or institutions, often linked to mental categories. These attitudes 

comprise four components: 
 

 Cognitions: Beliefs, theories, expectations, cause-and-effect beliefs, and perceptions related to the focal point. 

 Affect: Feelings associated with the focal object, such as fear, liking, or anger. 

 Behavioral Intentions: Goals, aspirations, and expected responses toward the attitude object. 

 Evaluation: Central component involving judgments of goodness or badness toward an object. 

 

Attitudes significantly influence behavior, serving as frameworks for interpreting and responding to individuals, concepts, or 

ideas within social communities (Petrosyan et al., 2005). 

 

 Motivation 

Motivation encompasses the reasons for engaging in specific behaviors, including basic needs, goals, or ideals deemed 
desirable. It pertains to the initiation, direction, intensity, and persistence of human behavior. In educational contexts, motivation 

affects how students learn and their engagement with subject matter. It directs behavior toward particular goals and exists in two 

forms: 

 

 Intrinsic Motivation: Derives from internal satisfaction or moral significance associated with learning. 

 Extrinsic Motivation: Stems from external factors compelling a student to act. 

 

 Self-Concept 

Self-concept refers to an individual's perception of their capabilities to perform tasks or achieve goals. It encompasses beliefs 

about one's ability to execute actions required to manage prospective situations. Self-efficacy, a component of self-concept, 

influences motivation and behavior. Research indicates that overestimating one's efficacy can negatively impact motivation, while 

underestimating it may enhance the drive to study (McMunn, 2011). Teaching and learning are complementary activities occurring 
formally in schools and informally at home or within the community. Teaching involves actions by educators to help students 

acquire and retain knowledge, attitudes, and skills. Learning is associated with behavioral changes across cognitive, affective, and 

psychomotor domains. Educators play a crucial role in determining what, how, and when to teach, as well as evaluating the 

effectiveness of the teaching-learning process through classroom assessments (Erinosho & Badru, 2000). Traditional assessment 

practices in schools have predominantly utilized paper-and-pencil tests, emphasizing test results and examinations. Consequently, 

attention has been focused on assessing cognitive variables at the end of formal instruction, often through achievement tests in 

specific subject areas. However, educationists and evaluators acknowledge the importance of affective behaviors in education and 
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evaluation. Despite this, deliberate attempts to assess affective outcomes are often lacking, with the attainment of learners viewed 

as a function of their entire personality (Adetayo, 2014). 

 

Affective variables are crucial in the educational process. Students' attitudes toward learning significantly influence the extent 

of their engagement and pursuit of knowledge. Values related to truthfulness and integrity shape daily conduct, and self-esteem 

impacts nearly all aspects of student behavior. Despite their importance, few educators explicitly focus on influencing students' 

attitudes and values, and even fewer assess students' affective status systematically. Observations of students' emotional states are 

often anecdotal, lacking systematic assessment (McMunn, 2011). Students capable of producing outstanding work but who perceive 
themselves as inadequate may avoid challenges, highlighting the significance of affective variables. Specialists in assessment 

increasingly recognize affective factors as sometimes more critical than cognitive variables. Individuals with moderate intellectual 

abilities may succeed due to high motivation and diligence, while highly capable individuals may falter due to low self-worth. The 

profound impact of affective status on behavior underscores its importance in educational settings, particularly in higher education, 

where students develop motivation, resilience, self-awareness, and moral values essential for a fulfilling life (Stiggins, 2005). 

 

 School Affective Behaviours 

In educational settings, particularly within higher institutions and specifically college classrooms, it is imperative to instill 

fundamental human values. Lecturers play a crucial role in evaluating whether students exhibit these essential values and attitudes. 

Various attitudinal behaviours can be targeted through instructional strategies. Anderson and Bourke (2000) identified several 

dimensions of classroom affect that directly influence students' motivation to learn. These dimensions include attitudes, school-

related values, academic self-efficacy, interests, academic aspirations, motivation, and evaluation or assessment anxiety. 
Recognizing and evaluating these behaviours enable educators to foster environments conducive to both academic and personal 

growth. 

 

 Attitudes and School-Related Values 

Attitudes refer to individuals' predispositions to respond favorably or unfavorably towards specific ideas, objects, or persons. 

In the classroom, students' attitudes towards subjects, peers, and instructors can profoundly impact their engagement and 

achievement. Positive attitudes are often linked to increased motivation and better academic performance. 

 

School-related values, on the other hand, are the principles and beliefs that students hold regarding education and its 

significance. These values, such as the importance of honesty, responsibility, and perseverance, are integral to students' academic 

integrity and commitment. Educators play a crucial role in instilling and reinforcing these values through curriculum design and 
classroom interactions. 

 

 Academic Self-Efficacy 

Academic self-efficacy is the belief in one's capabilities to organize and execute actions required to manage prospective 

academic situations. Students with high self-efficacy are more likely to embrace challenging tasks, persist in the face of difficulties, 

and achieve higher academic success. Research indicates that self-efficacy is influenced by various factors, including past 

experiences, social persuasion, and physiological states. Educators can enhance students' self-efficacy by providing constructive 

feedback, setting achievable goals, and creating supportive learning environments. 

 

 Interests and Academic Aspirations 

Students' interests in specific subjects or activities can significantly affect their motivation and engagement levels. When 
students are interested in what they are learning, they are more likely to invest time and effort, leading to deeper understanding and 

retention of information. Academic aspirations, which refer to students' educational goals and ambitions, are closely tied to their 

interests and self-concept. Educators can nurture students' interests and aspirations by offering diverse learning opportunities and 

connecting academic content to real-world applications. 

 

 Evaluation Anxiety 

Evaluation or test anxiety is a psychological condition characterized by excessive stress and worry about academic 

assessments. High levels of evaluation anxiety can impair students' performance, reduce their confidence, and hinder their overall 

academic progress. To mitigate evaluation anxiety, educators should employ fair and transparent assessment methods, provide 

practice opportunities, and teach stress-reduction techniques. Creating a classroom atmosphere that emphasizes learning over 

competition can also alleviate anxiety. 

 

 Performance Assessment and Affective Behaviours 

Performance assessments, which require students to demonstrate their knowledge and skills through practical tasks, offer 

valuable insights into students' affective behaviours. These assessments can reveal students' problem-solving abilities, creativity, 

collaboration skills, and perseverance. By integrating performance assessments into the curriculum, educators can evaluate both 

cognitive and affective domains, leading to a more comprehensive understanding of student learning. Assessing affective behaviours 

in educational settings is essential for fostering well-rounded individuals equipped with the necessary skills and attitudes for lifelong 

learning. Educators must recognize the significance of affective domains and implement strategies to evaluate and enhance these 
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behaviours. By doing so, they contribute to the development of students who are not only academically competent but also 

emotionally intelligent and socially responsible. 

 

 Importance of Affective Outcome in Learning 

Students’ daily conduct is largely shaped by personal values such as honesty, integrity, and a healthy self-esteem, which exert 

a substantial influence on nearly every aspect of their academic and social lives. There is broad agreement among education scholars 

that students' emotional and attitudinal disposition—what is commonly referred to as their affective status—should be a critical 

concern for educators (Anderson, Graham & Thomas, 2016). Yet in practice, only a limited number of classroom instructors make 
a deliberate effort to foster or assess these affective attributes in their students. This gap is particularly noticeable among lecturers 

in higher education, who often focus exclusively on cognitive and skill-based outcomes, assuming that emotional and attitudinal 

development lies outside their educational responsibilities (Mensah, Okyere & Kuranchie, 2019). It is common for teachers to form 

observational impressions about their students' moods or behaviour, such as assuming a student may be withdrawn or anxious. 

However, it is quite rare to find educators who systematically document or assess these affective traits. According to recent research, 

comprehensive tools or procedures to assess affective states among students are still not widely utilized in most classrooms, 

especially at the tertiary level (Adeyemo & Olanrewaju, 2020). This lack of attention to affective development results in a missed 

opportunity to holistically educate students. 

 

Many capable students fail to realize their full potential not because of cognitive deficits, but because of negative self-

perceptions or a lack of motivation. For instance, a student who is highly competent in essay writing but perceives themselves as 

poor writers is unlikely to engage in writing unless compelled. In contrast, there are numerous cases of individuals who may not be 
naturally gifted but succeed due to high levels of self-motivation, resilience, and a growth mindset (Yildiz & Kula, 2015). 

Conversely, highly intelligent individuals may fail to act on their potential simply because of feelings of self-doubt or low self-

worth. These examples demonstrate that affective attributes such as motivation, perseverance, and personal values are critical 

determinants of success, not just in school but also in life. In colleges and universities, where students are expected to cultivate their 

identities and values, the significance of affective development cannot be overstated (Oduwaiye, Amadi & Lawal, 2021). 

 

 The Role of Affective Learning Outcomes 

Affective learning components such as attitudes, values, self-concept, and motivation are integral to the development of student 

behaviour and future aspirations. These variables do not operate in isolation; they interact closely with cognitive development to 

influence how learners approach and value education (Güvendir & Özkanal, 2020). Students who exhibit a positive attitude toward 

education tend to display a stronger willingness to continue learning over time. Thus, the development of positive affective 
characteristics can set the foundation for lifelong learning behaviours. Beliefs and values acquired during one’s academic life tend 

to have lasting implications. For instance, a student who internalizes the importance of health and wellness during college is more 

likely to maintain health-conscious behaviours throughout adulthood. Similarly, someone who learns to value interpersonal respect 

and community over material gain is more likely to act in socially responsible ways (Uka, 2020). 

 

In light of these long-term implications, it becomes imperative for educators, particularly in tertiary institutions, to pay close 

attention to the affective domain of learning. Lecturers must recognize that the current emotional and attitudinal state of a learner is 

not only a predictor of academic achievement but also a critical determinant of the student’s future behaviour and personal 

development (Chen, Li & Zhao, 2019). As such, incorporating affective assessment tools and intentionally designing instruction to 

address this domain is essential for a balanced and holistic educational experience. 

 

 School Affective Behaviours 

Educational institutions, particularly at the tertiary level, have a responsibility to inculcate core human values within students. 

Consequently, lecturers are expected to evaluate whether students display key affective traits and value systems essential for 

academic and personal development. Various types of attitudinal behaviour fall within the spectrum of a lecturer’s instructional 

responsibilities (Kurebwa, 2015). Anderson and Bourke (2014), along with Owolabi and Olaseinde-Williams (2017), identified 

several crucial dimensions of classroom affect: student attitudes, value systems tied to school life, academic self-efficacy, interest 

in subjects, academic goals, personal motivation, and test or assessment-related anxiety. Each of these factors plays a pivotal role 

in shaping students’ motivation to engage and learn meaningfully. 

 

Attitudes, often defined as favourable or unfavourable dispositions toward people, activities, or concepts, can shift easily, 

especially in young adults. They influence how students perceive school subjects or instructional methods. School-related values 

reflect what learners believe to be desirable or important—these may include the perceived benefits of education, belief in hard 
work, or the quality of relationships with lecturers, which encompass honesty, trust, and mutual respect (Anderson & Bourke, 2014). 

 

Values, beyond personal belief systems, function as tools for intergenerational cultural transmission. In a school context, this 

may involve beliefs such as valuing education as a key to a successful future, or appreciating integrity in academic relationships. 

Academic self-concept, on the other hand, is among the most directly school-related affective traits. It refers to a student's self-

evaluation of their potential to perform and succeed academically. According to Stiggins (2016), it is critical that lecturers help 

students link their academic efforts with their resulting success. When students perceive academic achievement as being within their 
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control, they are more inclined to invest effort and persist toward goals. This internalized sense of academic control can significantly 

improve academic outcomes. 

 

Student interests also play a crucial role in motivation. These interests are defined as preferences for specific tasks, ideas, or 

problem-solving approaches. For instance, a student might show enthusiasm for digital simulations but display disinterest in 

traditional oral interviews. Identifying such preferences enables lecturers to design instruction tailored to specific student needs. 

Academic aspiration, another vital element, refers to students’ long-term commitment to educational engagement. When students 

perceive learning as meaningful and growth-oriented, they are more likely to remain invested in their studies. Conversely, if students 
feel disengaged or unchallenged, they may choose to mentally or physically disengage from the learning process. 

 

Assessment anxiety is another critical dimension that educators must manage. Lecturers must create an environment where 

students approach assessment with confidence, rather than fear or anxiety. This includes preparing students to manage test stress 

and promoting perceptions of fairness in grading and feedback. Beyond internal assessments, students must also be prepared to 

handle high-stakes exams and academic competitions outside their institutions. Understanding and addressing the full spectrum of 

classroom affect—attitudes, motivation, values, interests, and self-concept—can help build confident learners who actively seek 

knowledge and persist in the face of academic challenges. 

 

One effective method for fostering positive affective behaviour is the use of performance-based assessments such as writing 

to learn strategies in Mathematics. This approach asks students to demonstrate mastery of concepts through applied, practical tasks 

rather than rote memorization. It integrates cognitive and affective engagement by enabling students to use prior knowledge, 
synthesize ideas, and apply what they have learned to solve real-world problems (Etsey, 2016). Through this method, students are 

not merely tested on content retention but are evaluated based on their ability to interpret, communicate, and apply concepts in 

diverse contexts. Back and Hwang (2017) argue that performance-based assessment in education not only strengthens learning 

outcomes but also encourages creativity and intellectual exploration among students. Their research showed that such assessments 

contribute to growth in students' academic achievement, cognitive engagement, creativity, and problem-solving ability. Writing to 

learn Mathematics allows for classroom dialogues guided by the teacher, which in turn help generate multiple perspectives on a 

given problem. These peer and teacher-led discussions strengthen comprehension and enrich problem-solving strategies. 

 

Furthermore, students taught using writing to learn strategies have shown increased motivation and interest in Mathematics. 

The structured, step-by-step nature of such instruction enables them to navigate problems more effectively, thereby improving their 

confidence and intrinsic interest in the subject. This method also enhances the capacity for self-reflection, allowing students to 
evaluate their learning processes and develop metacognitive skills essential for lifelong learning. In summary, school affective 

behaviours must be carefully cultivated and assessed alongside cognitive performance. This ensures a balanced, holistic educational 

approach that empowers students not just intellectually but also socially and emotionally. 

 

 Writing to Learn: Enhancing Student Achievement, Self-Concept, and Interest (Affective Outcomes) 

The Writing Across the Curriculum (WAC) initiative, which began in the late 1800s, has significantly influenced higher 

education by promoting the integration of writing into various academic disciplines. In 1989, the National Council of Teachers of 

Mathematics (NCTM) identified mathematical communication as a key goal in their Curriculum and Evaluation Standards. This 

emphasis encouraged students across all educational levels to articulate their mathematical thinking through discussion and writing, 

fostering a deeper understanding of mathematical concepts. By 2000, NCTM's Principles and Standards further reinforced the 

importance of writing in mathematics classrooms, advocating for environments where students could express and refine their 

mathematical ideas both verbally and in written form. (NCTM, 2000). This document emphasized writing in Mathematics 
classrooms so that students could test their understandings on the basis of shared knowledge. Students who engage in Mathematical 

communication (via writing, speaking, reading, and listening) have the twofold benefit of communicating to learn Mathematics and 

learning to communicate Mathematically (NCTM, 2000; Pugalee, 2004). As students mature, their Mathematics communication 

should also progress. Students at increasing developmental levels acquire increasing Mathematical abilities and knowledge; and in 

a similar manner, lecturers should build on student’s Mathematics writing abilities as they progress through school (NCTM, 2000). 

 

Writing serves as a powerful tool for learning, particularly in mathematics. Many students perceive success in mathematics as 

merely obtaining correct answers or memorizing facts (Van Dyke, Malloy and Stallings, 2014). However, writing helps them 

recognize that mathematics involves complex processes  as affirmed by Knox, (2017),and connections to real-life experiences 

(Braun, Diaz and Dykes,2015). Through writing, students can reflect on their problem-solving strategies, clarify their understanding, 

and develop a personal narrative that connects mathematical concepts to their own lives (Baxter, Woodward and Olson, 2005). This 
reflective practice enables students to identify gaps in their knowledge and fosters a deeper engagement with the subject matter. 

(Palmer, 2018). The use of writing-to-learn (WTL) strategies in mathematics has gained global attention. Unlike traditional 

assessment, WTL tasks require students to articulate, reflect, and explain their problem-solving processes. This engages students 

cognitively and emotionally, fostering deep learning (Palma, 2018; Kenney, Shoffner & Norris, 2014). WTL activities include 

reflective journals, mathographies, and problem solution narratives. These tools help learners construct knowledge actively, enhance 

mathematical reasoning, and improve affective traits such as confidence and interest (Nilson, 2014; Scherer & Gustafsson, 2015). 

Moreover, writing is beneficial for female learners, who often perform better when verbal and reflective tools are integrated into 
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STEM education (Reilly, 2007). Through writing, students clarify misconceptions and develop personal ownership of learning, 

which can be particularly transformative in abstract subjects like mathematics. 

 

Research has shown that incorporating writing into mathematics instruction benefits students, especially those who struggle 

academically (Braun, 2014 ; Cross, 2009; Madison, 2012; O’Connell et al., 2005). For instance, studies involving seventh-grade 

students have demonstrated that journal writing allows learners to explain their reasoning, explore multiple problem-solving 

strategies, and communicate their understanding in a non-threatening environment (Bruun et al., 2015). This approach not only 

enhances students' strategic competence but also provides teachers with valuable insights into their students' thought processes. 
Writing in mathematics encourages students to delve deeper into problem-solving and fosters a sense of ownership over their 

learning (O’Kelly, 2013). According to Braun (2014), by articulating their reasoning, students can develop a more profound 

understanding of mathematical concepts and see the subject as an evolving field where they can contribute new ideas. This process 

helps students reassess their knowledge, build upon existing understanding, and become more invested in their mathematical journey 

(Bangert-Drowns et al., 2011). 

 

Moreover, Baxter (2008) notes that writing offers opportunities for both students and teachers to pause and reflect on their 

thoughts. It aids in organizing knowledge, making sense of problems, and encouraging deeper thinking (Braun, 2014; Cross, 2009). 

Through writing, students can communicate their ideas clearly, consolidate their thinking, and synthesize information to form a 

coherent understanding of mathematical concepts (Peterson, 2007; Pugalee, 2004 ). This practice not only improves their 

mathematical habits but also enhances their ability to see the underlying principles and reasoning in mathematics (Braun, 2014 

;O’Connell et al., 2005).  The writing to learn Mathematics consider things that are not typically measured like metacognitive 
behaviours Pugalee, (2001), problem solving strategies Pugalee, (2004), and the long-term effects of writing in the classroom and 

how it might affect college and career readiness (Madison, 2012). Incorporating writing into mathematics instruction also supports 

vocabulary development (Bruun et al., 2015). By writing about mathematical terms, students can internalize definitions, use new 

vocabulary appropriately, and strengthen their overall proficiency in the subject (Dündar, 2016; Stonewater, 2002). Effective use of 

mathematical language enables students to communicate their thinking more precisely and engage more fully with the mathematical 

community (McCormick, 2010). 

 

According to Kenney, Shoffner and Norris (2017) and Knox (2017) states, when students express their mathematical thinking 

through writing, it provides teachers with valuable information to identify misconceptions and tailor instruction accordingly. For 

example, asking students to explain why one fraction is larger than another can reveal their understanding of fraction concepts. This 

written communication fosters meaningful dialogue between students and teachers, enhancing the learning experience (Dündar, 
2016). Teachers can utilize writing in mathematics as a diagnostic, formative, or summative assessment tool (Braun, 2014). 

Diagnostic assessments might involve students writing about their mathematical experiences, providing insights into their 

background and attitudes toward the subject. Formative assessments can include expository writing that promotes mathematical 

reasoning and helps teachers adjust instruction based on student needs (Braun, 2014; Santos and Semana, 2014). 

 

Summative assessments might require students to summarize their understanding of a concept, demonstrating their mastery of 

the material (Knox, 2017). Pugalee (2004) states that, despite the recognized benefits, writing in mathematics classrooms has not 

been widely adopted. Porter and Masingila (2000) states that some educators express concerns about the additional time required to 

read and respond to student writing. However, research like that of Kenney et al.’s (2017), indicates that with proper training and 

support, teachers can effectively integrate writing into their instruction, leading to improved student outcomes. They reported that 

pre-service lecturers in particular, have shown increased appreciation for the value of writing in mathematics after engaging in 

targeted writing activities and reflections. In conclusion, writing to learn in mathematics not only enhances students' academic 
achievement but also positively influences their self-concept and interest in the subject. By embedding writing into mathematics 

instruction, educators can support students in developing a deeper understanding of mathematical concepts, fostering a lifelong 

appreciation for the discipline. 

 

 Writing as a Mode of Learning in Mathematics 

Incorporating writing into mathematics instruction transforms the learning experience from passive reception to active 

engagement. Through writing, students can explore mathematical ideas, clarify their understanding, and make connections between 

concepts. This process not only aids in retention but also encourages students to view mathematics as a dynamic and interconnected 

discipline. By expressing their reasoning in written form, students develop a more profound comprehension of mathematical 

principles and enhance their problem-solving abilities. 

 

 Impact on Academic Achievement 

The integration of writing into mathematics education has been linked to improved academic performance. By articulating 

their thought processes, students can identify gaps in their understanding and address misconceptions. This reflective practice 

enables learners to develop more robust problem-solving strategies and fosters a deeper appreciation for the subject. Moreover, 

writing assignments in mathematics encourage students to engage with the material more thoroughly, leading to increased 

motivation and academic success. 
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 Influence on Self-Concept and Interest 

Engaging in writing activities within the mathematics classroom positively affects students' self-concept and interest in the 

subject. As students successfully communicate their mathematical reasoning, they build confidence in their abilities and develop a 

stronger sense of competence. This enhanced self-perception motivates learners to tackle more complex problems and persist in the 

face of challenges. Additionally, writing allows students to connect mathematical concepts to real-world applications, increasing 

their interest and appreciation for the subject. 

 

 Addressing Evaluation Anxiety 
Writing in mathematics serves as a valuable tool for reducing evaluation anxiety. By providing students with opportunities to 

express their understanding in a low-pressure format, educators can alleviate the stress associated with traditional assessments. This 

approach fosters a supportive learning environment where students feel comfortable exploring ideas and taking intellectual risks. 

As a result, learners are more likely to engage deeply with the material and develop a positive attitude toward mathematics. 

 

 Enhancing Vocabulary and Communication Skills 

Writing activities in mathematics classrooms contribute to the development of subject-specific vocabulary and communication 

skills. As students describe mathematical concepts and procedures in their own words, they internalize terminology and improve 

their ability to convey complex ideas clearly. This linguistic proficiency not only benefits their performance in mathematics but also 

enhances their overall academic communication skills. Furthermore, the ability to articulate mathematical reasoning is essential for 

success in collaborative problem-solving and interdisciplinary applications. 

 

 Implications for Teaching Practices 

The incorporation of writing into mathematics instruction necessitates a shift in teaching practices. Educators must design 

assignments that encourage critical thinking and provide meaningful opportunities for students to reflect on their learning. This 

includes creating prompts that require explanation of problem-solving strategies, justification of solutions, and exploration of 

mathematical concepts. Additionally, teachers should provide constructive feedback on students' written work to guide their 

development and reinforce understanding. By adopting these practices, educators can cultivate a classroom environment that values 

communication, fosters deep learning, and supports student achievement. In conclusion, Integrating writing into mathematics 

education offers numerous benefits, including enhanced academic achievement, improved self-concept, increased interest in the 

subject, reduced evaluation anxiety, and strengthened communication skills. By embracing writing as a tool for learning, educators 

can create a more engaging and effective mathematics classroom that supports the holistic development of students. This approach 

not only prepares learners for success in mathematics but also equips them with essential skills for lifelong learning and problem-
solving. 

 

 Benefits of Writing to Learn Mathematics 

Integrating writing into mathematics education has emerged as a powerful pedagogical approach that enhances students' 

understanding, reduces anxiety, and fosters a deeper engagement with mathematical concepts. This strategy, known as "writing to 

learn," encourages students to articulate their thought processes, leading to improved comprehension and communication skills. 

This essay explores the multifaceted benefits of writing in mathematics, its applications in educational settings, and its relevance in 

the workplace. 

 

 Enhancing Conceptual Understanding 

Writing in mathematics compels students to organize their thoughts and articulate their reasoning, which deepens their 
conceptual understanding. When students explain mathematical concepts in their own words, they engage in reflective thinking that 

solidifies their grasp of the subject matter. This process not only aids in internalizing complex ideas but also reveals gaps in 

understanding, allowing for targeted instruction and support (Bicer, Perihan, & Lee, 2018). 

 

 Reducing Mathematics Anxiety 

Mathematics anxiety is a common barrier to student success. Writing activities, such as journaling, provide a private and non-

threatening outlet for students to express their concerns and challenges. This reflective practice can alleviate anxiety by shifting 

focus from performance to process, enabling students to approach mathematics with increased confidence and reduced stress 

(Ramirez & Beilock, 2011). 

 

 Fostering Positive Attitudes and Engagement 
Engaging students in writing about mathematics cultivates a more positive attitude toward the subject. By encouraging personal 

expression and exploration, writing activities make mathematics more relatable and accessible. Students who may be hesitant to 

participate in verbal discussions often find their voice through written expression, leading to increased participation and a sense of 

ownership over their learning (Bicer, Perihan, & Lee, 2018). 

 

 Improving Communication Skills 

Effective communication is a critical skill in mathematics. Writing tasks require students to convey their reasoning clearly and 

logically, enhancing their ability to discuss and justify solutions. This practice not only benefits their mathematical proficiency but 
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also prepares them for collaborative problem-solving and interdisciplinary applications where clear communication is essential 

(Sumner, 2016). 

 

 Informing Instruction and Assessment 

Writing provides educators with valuable insights into students' thought processes, misconceptions, and learning progress. 

Analyzing written work allows teachers to tailor instruction to meet individual needs, address misunderstandings, and adjust 

teaching strategies accordingly. This formative assessment tool supports a more responsive and effective educational environment 

(Bicer, Perihan, & Lee, 2018). 
 

 Applications in Educational Settings 

Incorporating writing into mathematics instruction can take various forms, including journals, explanatory essays, and 

reflective prompts. These activities encourage students to connect mathematical concepts to real-life situations, fostering relevance 

and deeper understanding. For instance, students might write about how they applied mathematical reasoning to solve a practical 

problem, thereby reinforcing the applicability of mathematics beyond the classroom as confirmed by Graham, Kiuhara, & MacKay, 

(2020). 

 

 Relevance in the Workplace 

The ability to articulate mathematical reasoning is highly valued in the workplace. Employers seek individuals who can analyze 

data, interpret results, and communicate findings effectively. Writing skills in mathematics enable professionals to present complex 

information clearly, support decision-making processes, and contribute to collaborative projects across various industries (Van 
Dyke, Malloy and Stallings, 2015). Integrating writing into mathematics education offers a comprehensive approach that enhances 

learning, reduces anxiety, and prepares students for real-world applications. By fostering reflective thinking, improving 

communication skills, and providing insights for educators, writing serves as a powerful tool in cultivating mathematical proficiency 

and confidence. Embracing writing to learn in mathematics enriches the educational experience and equips students with essential 

skills for academic and professional success. 

 

 Applications of Writing to Learn Mathematics at the School Level and in the Workplace 

For nearly three decades, the use of writing across all levels of Mathematics instruction has been advocated in countries such 

as the United States by organizations like the NCTM and the Mathematical Association of America (Van Dyke, Malloy, & Stallings, 

2015). Research by Beaver and Beaver (2011) and Van Dyke et al. (2015) indicates that few students entering university from 

secondary schools are adequately prepared or accustomed to writing in Mathematics, and many at the college level perceive writing 
in Mathematics classes as irrelevant. Beyond academic settings, the ability to write Mathematically holds practical value in 

professional environments and in fostering clearer public communication (Madison, 2012). Employers frequently list writing 

proficiency as a critical qualification for job performance, yet they express concern over the poor writing skills of numerous 

employees. In 2004, it was reported that inadequate writing abilities cost U.S. businesses more than three billion dollars annually in 

training expenses (Quible & Griffin, 2007). One example of using Mathematical writing to improve public discourse includes the 

written explanation of data-based visuals. Moreover, encouraging individuals to write using numerical data may empower them to 

critically examine and challenge misleading statistical claims (Madison, 2012). 

 

It is essential that all learners develop the capacity for meaningful Mathematical communication (Baxter et al., 2005). Research 

by Baxter and colleagues on journal writing in seventh-grade Mathematics classrooms showed that writing can support struggling 

students by offering those who rarely contribute to verbal discussions an opportunity to take greater ownership of their learning 
(Baxter, 2008; Baxter et al., 2005). Often, lower-performing students are limited to routine exercises, but engaging them in 

Mathematical writing can nurture their understanding of concepts and enhance their problem-solving skills. Over time, incorporating 

writing into Mathematics instruction may assist these learners—who might otherwise disengage from the subject—in forming 

enduring Mathematical understandings (Baxter et al., 2005). 

 

Similarly, Santos and Semana (2015) examined the role of expository writing in a cohort of eighth-grade students. Their study 

focused on how students interpreted, represented, and justified their ideas in formative assessment tasks. The findings revealed that, 

with continued practice, students improved their use of justifications and representations while reducing ambiguous responses. This 

suggests that combining expository writing with constructive feedback supports the growth of Mathematical reasoning skills. Van 

Dyke et al. (2015) also found that many university students are hesitant or even resistant to writing in Mathematics, often viewing 

it negatively. However, they propose that consistent writing practice in Mathematics during middle and high school may enhance 

students’ perceptions and openness to such tasks in higher education. This is especially likely when early experiences with 
Mathematics writing are grounded in positive, conceptually rich assessments. Ultimately, both educators and learners stand to 

benefit significantly from embracing this instructional strategy (Van Dyke et al., 2015). 

 

 Effect of Writing to Learn Mathematics, Student’s Meta-Cognition and Meta-Cognitive Connections (Affective Outcome) 

Meta-cognition is broadly understood as an individual’s ability to reflect on and regulate their own thinking processes. It 

encompasses both awareness of one's cognitive strategies and the ability to control and direct them toward achieving learning goals. 

According to Paris and Paris (2001), meta-cognition involves the strategic management of one’s own learning, including planning, 
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monitoring, and evaluating cognitive efforts. Within Mathematics education, meta-cognition plays a critical role by guiding how 

students process Mathematical tasks, solve problems, and revise their understanding when misconceptions arise (Cross, 2009; Knox, 

2017). Studies have consistently shown a strong relationship between students’ meta-cognitive awareness and their academic 

success in Mathematics. For example, Pugalee (2004) notes that students who utilize meta-cognitive strategies such as self-

questioning, error analysis, and strategic planning tend to perform better in problem-solving activities. Cross (2009) and Knox 

(2017) support this view by asserting that writing to learn in Mathematics contributes significantly to a student's meta-cognitive 

development by promoting reflective thinking and enhancing conceptual clarity. Through this reflective writing process, students 

not only articulate their Mathematical reasoning but also identify gaps in understanding and restructure their cognitive frameworks 
accordingly. The National Council of Teachers of Mathematics (NCTM, 2000) emphasizes that written communication in 

Mathematics classrooms offers a crucial platform for students to clarify their thinking and reflect on what they know or still find 

difficult. Writing in Mathematics serves as an instrument for enhancing cognitive and meta-cognitive connections. It enables learners 

to analyze their thoughts, evaluate their problem-solving methods, and refine their understanding, thereby supporting deeper 

engagement with content. 

 

 Meta-Cognitive Awareness and Knowledge 

Flavell’s foundational work on meta-cognition, as cited in Palmer (2018), distinguishes between two major components: meta-

cognitive knowledge and meta-cognitive experiences. Meta-cognitive knowledge pertains to the awareness of various elements of 

learning—knowledge about oneself as a learner (person variables), the characteristics of the task (task variables), and the strategies 

suitable for solving problems (strategy variables). These categories collectively influence how a student navigates academic 

challenges. Meta-cognitive experiences, on the other hand, are emotional and cognitive responses that arise during learning. These 
experiences may include frustration when a concept is not understood or a sense of achievement when a solution is discovered. Such 

reflections often prompt learners to reassess their strategies and improve their approaches to problem-solving (Pintrich, 2002). 

Writing tasks provide a platform for these meta-cognitive experiences, allowing students to articulate their internal cognitive states, 

evaluate their learning progress, and plan subsequent actions. Flavell suggests that deliberate practice is vital for enhancing meta-

cognition, and one of the most effective forms of this practice is writing. Writing allows learners to observe and critique their 

thinking processes, which not only improves their ability to self-regulate but also nurtures empathy as they consider alternate 

viewpoints. As Palmer (2018) asserts, writing fosters both introspection and cognitive clarity, making it a vital tool in the 

development of meta-cognitive competence. 

 

 Self-Regulation and Strategic Learning 

Self-regulation is a core aspect of meta-cognition. Brown, as cited in Palmer (2018), highlights that learners who self-regulate 
are better equipped to adjust their learning strategies, manage cognitive load, and stay motivated. In Mathematics, this means being 

able to set goals, select appropriate problem-solving techniques, and evaluate the accuracy of their solutions. Pugalee (2001) points 

out that meta-cognitive beliefs, such as confidence in one’s ability to solve problems, significantly influence student outcomes. 

Successful students are not only knowledgeable but also adept at controlling how that knowledge is applied in varied contexts. 

Schoenfeld’s (2016) research expands on these ideas by introducing a triadic model of meta-cognition in Mathematics: knowledge 

of one's own thinking processes, regulatory control, and beliefs or intuitions. This model aligns with efforts to train students as 

independent thinkers who can monitor their problem-solving pathways, identify when they are off track, and persist in finding 

solutions. Writing, therefore, serves not just as a communication tool, but also as a scaffold that supports strategic decision-making 

in learning. 

 

 Meta-Cognition in Problem Solving and Learning Progress 
Lucangeli and Cornoldi, as discussed in Reilly (2007), differentiate between routine Mathematical procedures and complex 

problem-solving tasks. While the former may become automatic with practice, the latter requires high levels of cognitive flexibility 

and meta-cognitive involvement. Their findings suggest that students with stronger meta-cognitive skills are better at managing the 

demands of non-routine problems, making them more likely to succeed in Mathematics. 

 

Moreover, research shows that students who reflect on their learning through writing tend to retain concepts longer and 

understand them more deeply. Cross (2009) notes that such practices could lead to transformative learning experiences, where 

students not only improve academically but also learn to make better decisions and comprehend complex ideas more effectively.  

Writing activities encourage students to structure their thoughts, assess their problem-solving strategies, and revise their mental 

models, thereby fostering lifelong learning habits. 

 

 Writing to Learn Mathematics and Meta-Cognitive Growth 
Writing to learn Mathematics is a strategic method that promotes meta-cognitive development by encouraging students to 

articulate their thought processes and reflect on their problem-solving approaches. Carr (2010) emphasizes that significant shifts in 

Mathematical understanding require students to dismantle and rebuild their conceptual frameworks. These changes can be catalyzed 

through reflective writing, which acts as a conduit for integrating new knowledge and resolving cognitive dissonance. Carr further 

argues that the complex nature of Mathematical learning calls for increased research into how reflective practices, such as writing, 

influence students' conceptual transformations. Writing to learn offers such an avenue by prompting learners to continuously 

evaluate and adapt their thinking, thereby reinforcing the metacognitive cycle of planning, monitoring, and evaluating. In summary, 
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integrating writing into Mathematics instruction offers a dual benefit: it enhances content comprehension and nurtures the meta-

cognitive abilities necessary for lifelong learning. As students engage in writing-based reflections, they become more aware of their 

thinking patterns, more capable of regulating their cognitive strategies, and more confident in tackling complex Mathematical 

challenges. For educators, fostering these habits can lead to more engaged, autonomous, and successful learners. 

 

 Writing Strategies in the Mathematics Classroom 

In most Mathematics classrooms, instruction traditionally involves students practicing a series of exercises that reinforce the 

day's lesson. While such a structure helps solidify procedural fluency, it often does not engage students in deeper critical thinking 
or conceptual understanding. For instance, students may know how to compute the value of π as approximately 3.14, yet remain 

unaware of its derivation or significance. Similarly, they might apply the Pythagorean Theorem without understanding its geometric 

proof or fail to identify which measure of central tendency—mean, median, or mode—is most appropriate in varying contexts 

(Braun, 2014; Knox, 2017). To address this gap, educators are encouraged to go beyond conventional assessments like quizzes, 

homework, and tests by incorporating writing as a strategy in Mathematics classrooms. Through written tasks, students can provide 

detailed explanations, clarify their understanding, and refine their conceptual thinking. Writing exercises can take various forms, 

including expository reflections, analytical essays, personal narratives, or even creative expressions (Braun, 2014; Peterson, 2007). 

Such tasks not only deepen understanding but also enhance Mathematical communication. Examples of Mathematical writing 

include journal entries reflecting on daily lessons, step-by-step explanations of problem-solving processes, descriptions of abstract 

concepts in students’ own words, open-ended reflections on learning progress, and even autobiographical accounts detailing their 

journey with Mathematics (Knox, 2017). Burns (2004) further suggests assigning open-ended questions and encouraging students 

to write summaries after completing a unit. These activities help solidify learning and can prompt metacognitive insights. 
 

Additionally, creative approaches like writing Mathematical poems, especially question-and-answer formats that reflect on 

problems and their solutions, have been advocated by Peterson (2007). Burns (2004) and Wilcox and Monroe (2011) also propose 

collaborative writing activities, such as peer discussions prior to writing, shared vocabulary charts, and cooperative tasks like group-

authored projects. These interactive strategies promote active engagement and peer accountability. When students share their written 

work with peers, whether in "writing circles" or paired feedback sessions, they learn to articulate their ideas more clearly. These 

exchanges not only build confidence but also reinforce Mathematical language and discourse (McCormick, 2010). As part of a 

formative assessment approach, lecturers can use a “think-write-share” technique, where students reflect individually on a prompt, 

write their responses, and then engage in discussion (Wilcox & Monroe, 2011). This fosters a collaborative learning environment 

that emphasizes both individual responsibility and group insight. According to Burton and Morgan (2000), the nature of 

Mathematical writing can vary depending on the purpose, audience, and disciplinary conventions. Similar to writing in other 
academic genres, Mathematical writing improves with practice and structured support. The National Council of Teachers of 

Mathematics (NCTM, 2000) underscores the importance of giving students opportunities to refine their Mathematical expression as 

part of their overall development in the discipline. 

 

Stonewater (2014) emphasizes the need for clear instructional scaffolding to support Mathematical writing. For students who 

find it challenging to express Mathematical ideas, lecturers can provide checklists, modeling of effective and ineffective samples, 

and peer-assessment rubrics. These tools help students identify essential elements of strong Mathematical writing, including logical 

reasoning, clarity, and the accurate use of vocabulary. Moreover, lecturers can utilize performance-based writing tasks to assess 

learning in a more authentic context. Such tasks require students to apply Mathematical knowledge to real-world scenarios, fostering 

deeper connections between abstract concepts and practical applications (Kenney, Shoffner & Norris, 2014). Writing about problem-

solving not only strengthens students’ grasp of concepts but also enhances their ability to reason, explain, and reflect—skills that 

are vital for lifelong learning and real-world decision-making. 
 

 Mathematics Performance-Based Writing Assessment, Student Achievement, and Affective Outcomes 

Reforming assessment practices in education has become necessary at all levels, including standardized testing and classroom 

evaluations. Performance-based assessment (PBA) is considered a progressive approach as it evaluates both the learning processes 

and final outcomes of students. In line with contemporary educational ideologies, it aims to move away from traditional methods 

and emphasize real-world application, critical thinking, and student engagement through tasks like writing, behavioral observation, 

and product creation (Mislevy & Haertel, 2020). This type of assessment challenges students to tackle open-ended, complex 

problems independently and creatively (Alkharusi, 2017). Mathematics is particularly suited to performance-based writing 

assessments because it combines conceptual understanding, procedural fluency, and real-life problem solving. In Mathematics, PBA 

often involves inquiry, application of mathematical concepts, and hands-on tasks that foster deeper engagement (Wang, 2020). As 

McMillan (2018) explains, PBAs directly assess how students apply their knowledge to solve realistic tasks, which allows for 
authentic evaluation based on both task nature and context. Learners are expected to plan, construct, present original solutions, and 

justify their reasoning. According to Kunandar (2017), the goals of performance-based writing assessments include tracking student 

progress, identifying mastered and unmastered competencies, and providing actionable feedback for growth. 

 

Effective PBAs are contextually grounded, linking classroom learning to real-world applications. They also emphasize 

students' ability to apply knowledge in practical settings, develop critical thinking, and generate meaningful outcomes (Alkharusi, 

2017). Rule (2019) outlines key features of PBAs: they present real-world tasks, promote open-ended inquiry and meta-cognition, 
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involve collaborative learning, and give students agency in their learning process. Mueller (2021) emphasizes that performance-

based writing assessments should reflect tasks that students might encounter in their everyday or future professional lives. These 

assessments allow learners to use acquired knowledge to navigate authentic challenges and articulate their understanding clearly 

and thoroughly. In the context of Mathematics education, writing-based performance assessments help evaluate student competence 

in explaining real-world problems, analyzing situations, and developing strategies. Project-based writing assessments are useful for 

examining student comprehension, application, and communication skills (Hamzah & Koni, 2019). These assessments require 

students to conduct in-depth investigations into real-life topics, enabling them to apply their mathematical reasoning in various 

formats. Mini-writing projects can be implemented as part of the assessment to measure student’s procedural knowledge, conceptual 
understanding, and affective development. Such tasks aim to reveal how students relate emotionally to Mathematics and how 

motivated and confident they feel in their learning process. 

 

Alternative-Solutions Worksheets (ASWs) are an innovative tool used in PBA. They are grounded in Polya’s four-step 

problem-solving model, which includes understanding the problem, devising a plan, executing the plan, and reflecting on the result. 

The last step, “flashing back,” is often neglected but is crucial for conceptual development and self-assessment (Jacobbe, 2020). 

Encouraging students to consider alternative solutions through writing enhances their reflective thinking and problem-solving agility 

(Lee, 2018). For example, Huntley and Davis (2016) found that high school students typically begin solving Algebra problems using 

symbolic manipulation, but with guidance, they incorporate other representations like graphs and tables. Students adept at using 

multiple representations rely less on their instructors to detect and correct errors. Similarly, Hwang et al. (2017) studied Taiwanese 

students using a digital whiteboard system and found those using diverse problem-solving strategies performed better. Herman 

(2019) examined the impact of teaching multiple representations on college students’ Algebra skills. While students primarily relied 
on symbolic methods, they acknowledged the value of other representations for error checking. This finding underscores the need 

for structured teaching that encourages reflection and peer dialogue. Communities of practice—where students’ diverse approaches 

are acknowledged and discussed—can be fostered through writing-centered performance tasks (Kwon, Park, & Park, 2017). 

 

Characteristics of performance-based writing assessments include real-world relevance, higher-order thinking, concept 

application, collaborative learning, and inquiry-based exploration. These features align with current educational priorities that 

emphasize deeper learning and critical engagement. Students are encouraged to go beyond rote memorization and develop the 

capacity to transfer knowledge across contexts. As Andrade (2020) notes, PBAs foster a holistic view of student learning by 

assessing complete and meaningful performances. This approach is also beneficial for gifted education and curricula that emphasize 

analytical thinking (Moon et al., 2018). However, to ensure PBAs are effective and standardized, scoring tools such as rubrics are 

necessary. A rubric translates qualitative student performance into measurable indicators. As Demers (2019) and Perlman (2016) 
highlight, rubrics must clearly define evaluation criteria and be applied consistently to yield valid judgments. Rubrics can be analytic 

or holistic. Analytic rubrics evaluate specific components individually and combine the scores, whereas holistic rubrics assess the 

overall quality of the student’s response (Moskal, 2018). Both types are useful for evaluating the complexity and completeness of 

student responses. 

 

Instructional rubrics, in particular, help students understand expectations and guide them toward improvement. Andrade (2020) 

explains that rubrics support self-assessment and provide targeted feedback. Shepard (2021) confirms that using rubrics encourages 

reflective practice and fosters learner autonomy. Andrade’s (2020) study demonstrated that student self-assessment using rubrics 

correlated with improved academic outcomes. Ultimately, performance-based writing assessments in Mathematics do more than 

evaluate student achievement; they nurture affective qualities like motivation, confidence, and persistence. When implemented 

thoughtfully, these assessments support meaningful learning and prepare students for real-world challenges by fostering critical 

thinking, communication, and self-regulation. 
 

 Effects of Triangulation Methods of Assessment on Student’s Academic Achievement and Affective Outcome 

The concept of triangulation was first initiated in the social sciences field when Campbell and Fiske published a paper in 1952 

that discussed the application of a multi-method matrix procedure to assess the validity of measures and traits in the psychological 

repertoire (Ghrayeb, Damodaran and Vohra, 2011). The process of triangulation involves multiple entities, assessing the same 

outcomes, using different methodologies to validate the findings. Triangulation is a process of combining methodologies to 

strengthen the reliability of a design approach. When applied to alternative assessment, triangulation refers to the collection and 

comparison of data or information from three different sources (forexamplereciprocity with peer open-endedand project-based 

methods of assessment) in order to assess students academic achievement. 

 

Creswell (2009) explains that a triangulation approach in research is one where the researcher bases knowledge claims on 
pragmatic foundations. In line with this view, the central aim becomes solving practical problems. From a pragmatic standpoint, 

both qualitative and quantitative strategies are integral to deriving meaningful insights or evidence about assessment-related issues. 

Therefore, the strength of this approach lies in its ability to blend the most effective elements of both paradigms to explore complex 

problems. Consequently, in the context of this study, triangulation is applied as a technique for evaluating and enhancing the validity 

of assessments regarding students' academic performance, self-concept, and interest in Mathematics. 
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Relying solely on one form of assessment—such as paper-and-pencil tests with closed-ended questions—tends to emphasize 

only one aspect of learning while ignoring others (Smith, Teemant, & Pinnegar, 2004). This narrow focus can result in misleading 

conclusions about a student’s progress and overall learning outcomes. According to Wiggins and McTighe (2005), effective 

assessment should include a combination of strategies such as performance-based tasks (project-driven assessments), assessments 

that evaluate knowledge and skills (peer collaboration methods), and criterion-referenced tests (which may include open-ended 

formats). Triangulated assessment depends on diverse data sources and evaluation methods to confirm a finding, by showing that 

various independent measures converge or at least do not contradict each other. Despite its growing use, triangulation in assessment 

is still a relatively new methodology and therefore requires further empirical exploration and scholarly validation. 
 

One of the key advantages of triangulation in the assessment process is its potential to enhance research credibility, reduce 

bias, and expose variations in outcomes to develop more substantiated claims. According to Mathison, triangulation can be 

implemented through four major strategies: (a) data triangulation, which includes variations in time, location, and participant 

perspectives; (b) investigator triangulation, involving multiple researchers; (c) theoretical triangulation, using different theoretical 

perspectives; and (d) methodological triangulation, which combines various methods of data collection (Ghrayeb et al., 2011). 

Specifically, data triangulation involves collecting evidence from multiple sources to examine the same phenomenon. When 

multiple sources yield similar findings, it enhances the validity of the outcomes. This process may require contributions from 

different individuals, locations, or timeframes. For example, Mathison noted that evaluating student learning outcomes at various 

times throughout the day and across different seasons can demonstrate whether consistent results support the validity of the learning 

outcomes. 

 
Triangulation methods have gained significant popularity in social, behavioral, and related disciplines in recent times (De Vos 

et al., 2011). Additionally, they are now widely recognized as valid approaches in educational research (Ridenour & Newman, 

2008). In this study, the choice of a mixed-method assessment strategy is motivated by the aim to triangulate both quantitative and 

qualitative findings. This allows for a more comprehensive exploration of the issues being investigated. Creswell (2009) emphasizes 

that pragmatic knowledge claims focus primarily on addressing the research problem. Thus, using both quantitative and qualitative 

techniques enables the researcher to gain a fuller understanding of the assessment issue. As De Vos et al. (2011) contend, triangulated 

assessment designs can eliminate various forms of bias, clarify the true nature of the phenomenon under investigation, and enhance 

the validity or quality of the findings. 

 

Triangulated research design helps the researcher to attain a more nuanced understanding of a complex problem and allows 

for the examination of questions that might not be sufficiently answered through a single method (Lopez-Fernandez & Molina-
Azorin, 2011). This assessment strategy adopts a problem-focused approach to more effectively investigate the issue at hand. 

Scholars who advocate for triangulated assessments argue that the combination of multiple methods offers a more complete and 

accurate representation of the phenomenon than using either approach in isolation (Creswell, 2012; De Vos et al., 2011). In the 

present study, the researcher concurrently collects data through both peer interaction and project-based assessments. These data sets 

are then merged to interpret the overall findings. The rationale for using a concurrent mixed-method design lies in its capacity to 

offset the weaknesses of one method with the strengths of another, thereby producing a more comprehensive understanding of the 

assessment problem (Creswell, 2012). 

 

Additionally, triangulating data enhances the reliability and credibility of the study’s findings. Incorporating alternative 

assessment strategies like triangulated assessments in Mathematics education provides all students with multiple entry points to 

learning. This allows diverse learners to showcase their understanding in various ways, leading to more equitable outcomes and 

improved student engagement. When learners are assessed using multiple formats, they are challenged to engage with rigorous 
content rooted in theories such as Constructivism and Cognitivism. This approach aligns with reformed curriculum visions and 

introduces innovative classroom assessment methods. 

 

The types of challenging content involved in triangulated assessment include the understanding that intellectual skills are 

shaped within cultural and social environments, and that learning occurs within interactive, contextual settings. Learners bring prior 

knowledge and cultural backgrounds that influence their learning processes. Cognitive growth is also linked to self-awareness and 

metacognitive strategies. Deep comprehension depends on meaningful connections and promotes knowledge transfer across 

contexts. Overall cognitive performance is influenced not only by intellectual capacity but also by learners’ dispositions and sense 

of identity. 

 

In a review conducted by Muis (2004) on students’ beliefs about Mathematics, evidence suggests that learners across all 
levels—including those at the undergraduate level—often hold counterproductive beliefs. These include the view that Mathematics 

is only about finding the correct answer and that Mathematical knowledge is transmitted passively by an authority figure such as a 

teacher or textbook author. Students also tend to believe that Mathematics is not rooted in logic or reasoning and that proficiency in 

the subject is an innate trait possessed only by a select few. Furthermore, many students feel incapable of independently constructing 

Mathematical knowledge or solving problems (Muis, 2004). Changing these beliefs requires instructional strategies that directly 

challenge and replace them. Four conditions are necessary for conceptual change to occur: dissatisfaction with existing beliefs, as 
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well as clarity, plausibility, and usefulness of the new beliefs. Raising awareness of one's own beliefs is also a vital step in this 

transformation. Moreover, the type of instruction students receive often mirrors and reinforces their beliefs (Muis, 2004). 

 

Instructional and assessment models that reflect a constructivist philosophy can help shift students’ perspectives toward more 

constructive beliefs about Mathematics. According to Muis (2004), constructivist-based instruction places Mathematical content in 

real-world and meaningful settings, emphasizes collaboration and group learning, encourages active knowledge construction, 

focuses on learning processes, and allows sufficient time for conceptual development. These instructional approaches foster the 

belief that Mathematics is a method of reasoning, that Mathematical knowledge is interconnected and relevant to other academic 
and practical domains, and that it can be developed over time with effort and perseverance. Additionally, they promote the idea that 

Mathematical understanding is not an inborn talent but a skill that can be constructed by the learner. 

 

Recognizing that student beliefs influence learning outcomes, the NCTM standards recommend that, alongside evaluating 

students’ general Mathematical knowledge, their beliefs about the subject should also be assessed. Research indicates that students' 

epistemological beliefs are connected to their learning strategies and overall achievement. As such, this study adopts an assessment 

approach designed to foster belief change in the context of learning Mathematics. By participating in varied assessment methods, 

students are provided with opportunities to articulate their beliefs about learning Mathematics and reflect on how those beliefs may 

have evolved throughout the course of the intervention. 

 

Reciprocity is an interesting concept, not just for the field of communications  only but in the mathematics, sciences and our 

life itself. Aside from communication study, reciprocity can be observed in Newton’s third law of motion which states that, “to 
every action there is an equal and opposite reaction”. When a billiard ball is hit, the ball will travel in a straight line and upon hitting 

another ball, it moves due to the foece exerted on it by the first ball.When a water droplet drops into a pool of water, the impact will 

cause ripple to be spread outwards due to the gravitational force of the falling water droplet. Besides science we can also see the 

effect of reciprocity in our daily lives transactions.When one wave, smile or nod at someone, they often than not respond with the 

same or attimes different positive gestures out of goodwill. While this may sound philosophical, it seems true that almost everything 

in life has a reciprocal nature in them including educational assessment. 

 

Reciprocal Teaching was initially introduced by Palincsar in her doctoral research in 1982 (Reilly, Parsons, & Bortolot, 2014). 

The method has since been refined and widely applied, particularly within literacy instruction contexts (Department of Education 

and Early Childhood Development [DEECD], 2007, 2008). This teaching strategy was specifically designed to enhance reading 

comprehension by fostering collaborative learning among students as they engage with various texts to develop meaning and deepen 
understanding. As originally conceptualized by Palincsar and Brown, Reciprocal Teaching involves four core steps: predicting, 

clarifying, questioning, and summarizing (DEECD, 2008). 

 

The predicting phase involves learners anticipating the forthcoming content of a text. These predictions are guided by their 

prior knowledge, textual structure, headings, visuals, and contextual clues. This stage helps maintain students' engagement, as they 

are often curious to verify whether their predictions are accurate. By predicting, students are encouraged to think proactively 

(DEECD, 2007, 2008). 

 

During the clarifying phase, learners are prompted to recognize sections that they find confusing—these may include 

unfamiliar words, complex structures, or difficult concepts. Such challenges can cause students to lose the overall meaning of the 

passage. At this stage, students attempt to resolve these comprehension issues before rereading the text to regain understanding. The 

clarification step is particularly beneficial for students who have persistent comprehension difficulties, as it enables them to repair 
gaps in meaning and restore logical flow. 

 

The questioning phase offers students the chance to delve into the core meanings of the text. Learners are encouraged to 

pinpoint key ideas and formulate questions based on these insights. Successfully generating relevant questions requires students to 

identify significant information within the material, making them more actively involved in the learning process. Instead of merely 

responding to the teacher’s inquiries, students take initiative in creating and answering their own. This practice fosters self-

monitoring of comprehension and strengthens their summarizing abilities. 

 

In the summarizing stage, students synthesize and condense essential ideas from the text. Summarizing may take place across 

a sentence, paragraph, or entire passage, and it supports students in integrating and articulating critical information (DEECD, 2007, 

2008). 
 

Many students face challenges in solving Mathematical problems, particularly in identifying the appropriate operations and 

understanding the steps involved. Since Mathematical literacy significantly impacts students’ performance, improving their 

comprehension of written Mathematical problems becomes a logical and necessary step for better learning outcomes (Marzano & 

Pickering, 2005; Booker, Bond, Sparrow, & Swan, 2004; Ludwig, 2000). 
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Reciprocal Teaching is a structured instructional strategy that has been demonstrated to improve comprehension (DEECD, 

2007, 2008). It also enhances students' ability to manage complex tasks, increasing their confidence and motivation to read and learn 

(Department of Education and Training [DET], 2006). As a dialogic, evidence-based approach, Reciprocal Teaching has proven 

effective in advancing reading comprehension skills and supporting learners in tackling Mathematical word problems (Collen, 2011; 

Wessman Huber, 2011; Quirk, 2010). 

 

Alvermann, as cited in the work of Palincsar and Brown and referenced by Reilly, Parsons, and Bortolot (2014), argues that 

an adolescent’s perception of their academic competence directly influences their motivation to learn subjects like Mathematics. 
Furthermore, Alvermann contends that engaging learners in small group discussions and treating texts as tools for discovery rather 

than simply as sources of information is more effective in promoting meaningful learning experiences. 

 

Informed by these insights, the current study adapts the principles of Reciprocal Teaching into a specialized peer assessment 

strategy called the Reciprocity with Peer Assessment Method. While this approach draws from the model presented by Reilly, 

Parsons, and Bortolot, it incorporates significant modifications to suit the educational context of the study. The adapted method 

features five distinct phases: metacognitive questioning, visualizing, solving, reflecting, and connecting. 

 

This model is developed based on three interdependent components which are, metacognitive questioning, cooperative learning 

and systermatic provision of  feedback for corrective enrichment of the learners. Metacognitive questioning is seen as the vital 

component and is further divided into three types of questions, these are comprehension, connection and systematic questions. 

 
The comprehension question,  requires the learner to reflect on the type of mathematical questions they are being asked before 

solving it, what type of mathematical operations they may be required to use without concerntrating on the details and what their 

answer might look like. Once again there is a heavy emphasis on using prior knowledge, the structure of the text, headings, content 

and illustrations or diagrams. The connecting question requires the learners to focus on this task and think about the similarities and 

differences relating to task that they have completed previously. This will help them differenciate between  surface and deep 

mathematical structures of the problem. The systematic question promt the students to think about how to solve the problem as well 

as the mathematical strategies to use in solving them. 

 

During the visualization stage, the learner is required to list three groups of information. The first list contains words they are 

unfamiliar with, the second states all the facts they know, i.e. generally statements or values from the mathematical problem. The 

last list requires a higher order of mathematical thinking and asks the students to compile a list of the information they are yet to 
determine in order to successfully solve the problem. As part of this stage, learners are encouraged to work as part of a group. Group 

work provides an opportunity for students to talk and socially interact with their peers; it helps them to construct meaning and 

promotes learning and literacy.Once the learners have visualized all areas of deficit, they are encouraged to re-read the text to restore 

meaning. 

 

At the solving stage learners actually solve the problem. Learners are provided with a number of problem solving options, 

though not  directed to a specific problem solving strategy. This empowers the student to develop a solution which is pertinent to 

them as learners.  The learners are required to represent their working and solution using pictures or diagrams, numbers and words.  

The reflecting stage is completed by the individual as a self-reflection. This stage requires learners to evaluate how they contributed 

to the group task. The learner is also required to reflect on the strategies they have selected and to evaluate how they would refine 

the process if presented with a similar problem. The learner is also asked to justify their answer. To further enhance the mathematical 

understanding of all the students in the class, at the conclusion of each lesson they discuss and reflect on the mathematical solutions 
that have been offered by each group. 

 

The final component of the reciprocity with peer assessment method is connecting. Throughout the entire process learners are 

required to keep a written record of what they have completed under each of the four headings. This is the main area where the 

model deviates from the Reciprocal teaching model used in literacy. The connecting integrates reading  writing and continuously 

reinforcing the importance of linking the learnt or assessed concept to real life problem situation. connecting is also thought to lead 

to improved comprehension, understanding and retention of subject area contentand it provides an opportunity for corrective 

feedback which is necessary to help students develop (Siemon and Virgona, 2007). 

 

Reciprocity in the form of working together with peers, and working together was sometime mediated by the lecturers  in the 

class during lectures. Throughout this study, student  are regularly instructed by the lecturers to talk to each other in structured ways 
(think-pair-share, turn-and-talk), to look back at the problem, explain their mathematical thinking, and to discuss their work or their 

mathematical thinking with other students. Student reflected on reciprocity with peers in three major ways: ‘looking at work,’ 

‘talking,’ and ‘listening.’  Overall, these social interactions (reciprocity with peers) around problem solving and mathematical 

thinking, which is the cooperative component described in the written reflections, will be beneficial (helpful) to the students. 

 

The study also wants to draw attention to the directionality of the peer interactions listed above.  There are three main ways 

that the interactions occurred:  from one peer to another peer or peers (i.e., ‘talking to’ or ‘looking at’),  to one peer from another 
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peer or peers (i.e.,‘getting help from’), and  as a bi-directional interaction to/from one to/from another peer or peers (i.e., ‘sharing 

answers with peers’ and ‘discussing with peers’).  ‘Discussing solving the problem with peers then revising one’s own approach’ 

and ‘deciding if one’s own way or a peer’s way is better’ are examples that show students taking action (‘revising one’s own 

approach’) or comparing methods (ways) that resulted from interactions (i.e., talking to, listening to, seeing the work of) with peers.  

Reciprocity with peers, provides evidence for the claim that students interacted with a peer or peers while problem solving and 

thinking mathematically will increase achievement, interest, motivation and value  while problem solving in mathematics(Mayer, 

2010). 

 
Project-based method requires examinee to complete the project at their own time and submit at a specified date.  Dunn and 

Price cited in Gbore(2013) has shown that project-based method(Home work/assignment) that permit students to  complete 

assignments under preferred conditions of noise, light, design, mobility and time of the day improved student’s achievement, attitude 

and conduct.  Alonge (2004) asserted that this kind of technique of evaluation reduces stress and rote learning. 

 

An examination of the submissions of Alonge (2004) on project-based technique of evaluation reveals that the technique tend 

to move away from the attitude of rote learning which aims at merely preparing students for examinations but propels students 

understanding of the concepts of the school subjects which were taught to them.The application of triangulation techniques as a 

complementary technique to closed-ended test technique of evaluating learning in Mathematics could engendered greater academic 

achievement on the part of the students in the classroom as it could reduce tension, anxiety, fear of failure and also motivate the 

students to mentain a good reading culture and increases the hope, interest and Self-concept of studying to passing examination 

without necessarily cheating. 
 

It is therefore necessary that examiners should complement closed-ended testtechnique of assessing learning outcome with 

triangulation technique to reduce cheating behaviour, anxiety and fear of failing examination among the students.  This will 

encourage them to add value to whatever they are learning and will increase their interest to learn Mathematics. The project-based 

technique should be used intermittently to keep the students busy at home towards making them to acquire mastery of the subject 

matter and to motivate them to learn.    It is hoped that the implementation of these methods would lead to improvement in the 

reading culture of the students and subsequently great achievement in the learning of Mathematics and successful academic 

achievement as well as affective outcome. 

 

 Effect of Gender on Student’s Academic Achievement and Affective Outcome 

Nevertheless, for the study of science base courses including Mathematics, gender disparity is a factor considered by scholars 
to affect student’s performance in school. Empirical studies show that gender is a strong predictor of Mathematics achievement and 

that many differences have been reported between the achievements of boys and girls. Ngeng (2016) has observed that there are 

various opinions from psychologists about the concept of gender and its influence on academic achievement and performance. Thus 

gender issue has continued to be a relevant predicting variable in the academic achievement of learners at all levels. In specific 

terms girls are said to have advantage in a variety of verbal task than boys while boys are more successful with manipulative skills 

like solving mathematical problems. This is because to a greater extent, girls acquire language with greater speed and proficiency 

than boys and gender-related difference in verbal abilities appears very early as children began to talk. 

 

Gender according to Komolafe (2011), has been interpreted to mean different concept in different contexts. For instance, 

gender may refer to certain biological characteristics as determined biologically, for instance, differences between a female and 

male. Gender has also been described not only as being physical and biological difference between men and women or male or 

female but also their roles arising thereof. Thus gender refers to the expectations people have from someone because they are either 
male or female and this is why this research work examines gender difference as one of the factors affecting student’s performance 

in mathematics. In view of this  argument among the scholars that gender is a determinant factor in student’s achievement in 

Mathematics makes it imperative to be chosen as moderator variable or factor for this study vis-à-vis student’s academic 

achievement and affective outcome in Mathematics. 
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Fig 1 Writing to Learn and Triangulation Assessment Model 

 

B. Theoretical Framework 

The theories that gave backings to the study is reviewed. They are theory Of Andragogy by Malcom Knowles (1977) 

andConstructivism by Lev. Vygotsky (1978). 

 

 Theory of Andragogy:  

Malcolm Knowles’ Perspective Historically, education was rooted in philosophical discourse led by thinkers like Confucius, 

Plato, and Aristotle, where the emphasis was placed on inquiry and dialogue rather than direct instruction. However, according to 

Knowles (1977), by the 7th century, this educational paradigm shifted toward structured learning with emphasis on reading and 

writing skills. As education evolved, particularly by the 12th century, it gradually became distinct from religious instruction, 
focusing on student-based teaching and progressing into the pedagogical framework that continues to dominate contemporary 

education systems. Pedagogy remained unchallenged until the post-World War I period when researchers began to recognize that 

adult learners required a different approach than children. This awareness led to the development of “andragogy,” which Knowles 

(1977) defined as the "art and science of helping adults learn." Taylor and Kroth (2009) further highlight this theory’s emergence 

as a foundational framework for adult education. Eduard Lindeman, a prominent figure in adult education during the 19th century, 

advocated for education to be a social rather than institutional process. He argued for the importance of informal education alongside 

traditional models—thus emphasizing learner-directed over teacher-dominated structures (Brookfield, 2015). His ideas helped lay 

the groundwork for what Knowles would later consolidate into a coherent theoretical model. 
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Knowles (1980) proposed six central assumptions underpinning adult learning: self-concept, prior experience, readiness to 

learn, orientation to learning, motivation to learn, and the need to know. These elements differentiate adult learners from children 

and form the cornerstone of andragogical instructional design (Merriam & Bierema, 2014). Self-directedness, the first principle, 

emphasizes an adult’s natural preference for autonomy over dependency in the learning process. Conaway (2019) supports this 

view, noting that as individuals mature, they take increased responsibility for their learning. Unlike pedagogical learners, adult 

learners require learning environments that support and foster their independence while still providing structural support when 

necessary. The second assumption—learning from experience—posits that adults bring a wealth of knowledge from life and work 

which enriches the learning process. Knowles (1984) stressed that reflective learning enables adults to internalize concepts more 
deeply. Therefore, educational designs must actively integrate learners’ prior experiences to construct new knowledge. Readiness 

to learn and orientation to learning are also central. Adults are often motivated to learn when they perceive a direct relevance of the 

content to their immediate personal or professional lives (Illeris, 2018). Unlike pedagogical methods which prepare learners for 

future application, andragogy encourages learning that directly addresses current, real-world problems. 

 

The final assumptions—intrinsic motivation and the need to know—suggest that internal drivers such as self-fulfillment and 

career development are more powerful motivators for adult learners than external rewards. As Taylor and Kroth (2009) note, adults 

are more inclined to engage when they understand the value and purpose of what they are learning. Despite its strengths, andragogy 

has its critiques. Taylor and Kroth (2009) caution against assuming that all adults are self-directed or that all children are inherently 

dependent learners. The wide spectrum of ages considered “adult” also presents challenges for universal application. Furthermore, 

Conaway (2019) argues that adult learning characteristics can vary significantly, and instructional approaches must be flexible to 

accommodate these differences. A critical application of andragogy lies in the promotion of metacognitive strategies in learners. 
According to Livingston (2003), metacognition includes both self-appraisal (awareness of one’s own learning) and self-management 

(ability to regulate one’s learning activities). These are essential for learners to internalize new information and adapt their thinking 

patterns accordingly. Flavell’s metacognitive framework—dividing it into person variables, task variables, and strategy variables—

provides a useful lens for designing adult learning experiences. Person variables relate to understanding one’s learning habits, task 

variables concern understanding the complexity of the task, and strategy variables involve knowing when and how to use specific 

learning methods (Palmer, 2018). 

 

Through this framework, learners are encouraged to reflect critically on their learning processes, make informed decisions, 

and apply knowledge effectively. Holden and Yore (1996) affirm that this integration of metacognition enhances learning efficiency 

and academic performance. When aligned with andragogical principles, this fosters conceptual development, critical reasoning, and 

lifelong learning skills. Argumentation techniques, reflective writing, and collaborative learning strategies serve as effective 
methods for developing metacognitive awareness in adult learners. These methods not only promote deeper learning but also prepare 

learners for complex problem-solving in real-life situations (Livingston, 2003; Carr, 2010). The Andragogy Theory is related to this 

study of writing to learn Mathematics and Student academic achievement and affective outcome in Colleges of education. Using 

this theory to analyze the activity involved in the learners’ engagement with writing to learn assessment, the following elements can 

be mapped. 

 

This theoretical model effectively explains how various elements influence human activity, particularly in the context of 

teaching and learning. Human actions are often shaped by the tools and artefacts used in the activity—for instance, portfolios and 

performance-based writing serve as mediating tools in educational contexts. Engaging in these forms of writing facilitates 

meaningful activity that leads to specific educational outcomes. Within the context of writing-to-learn assessment strategies, five 

key process-related functions have been identified in Mathematics instruction. These include: supporting the development of 

conceptual understanding, enabling exploration of Mathematical ideas, integrating multiple representations and solution strategies, 
fostering self-directed learning, and encouraging the acquisition of problem-solving skills. 

 

These functions became evident during the intervention phase of this study. The overall activity was also influenced by the 

educational community involved—including teachers, students, and departmental heads. Teacher and peer support played a crucial 

role in guiding students from a point of limited understanding to one of greater clarity and insight. Rules established by instructors 

also shaped how students engaged with the activity. For example, students were required to complete worksheets using digital 

applets and record their observations accordingly. The curriculum imposed constraints on the topics and scope covered during class, 

while the applets themselves also set certain parameters. Rubrics used for scoring defined performance expectations and could be 

adjusted to expand the evaluation criteria. 

 

Students collaborated with both peers and lecturers in working toward shared learning goals. This collaboration reflects a 
division of labour within the learning environment. The theoretical foundation of this study draws upon andragogy, which 

encompasses both historical and context-specific dimensions of adult education. This theory helps explain the motivations behind 

context-dependent actions taken by individuals within an activity system. The central analytical unit in andragogical theory is the 

activity system—a group of people collectively engaging with a shared goal or object over time, using a variety of tools to achieve 

that objective. 
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An activity system, according to this framework, can be defined as “a sustained, goal-oriented, historically shaped, and tool-

mediated human interaction.” This concept is applicable to the present study in the following ways: 

 

 Ongoing— 

The analysis of activity systems involves understanding how they operate across time. For example, Mathematics education is 

a long-standing activity system that has evolved historically and continues into the future. It is possible to trace the trajectory of 

learning in Mathematics and predict potential future developments. 

 

 Object-Directed— 

The activities under investigation in andragogical theory are always directed toward a defined purpose. In this study, the goal 

of the school system is learning, which is pursued through instructional practices and research—particularly through writing-to-

learn strategies. 

 

 Historically Conditioned— 

All activity systems are influenced by the historical context of their development. The current assessment practices in schools 

are shaped by both institutional history and broader educational traditions. This study focuses on the integration of writing-based 

instruction and assessment, which has its roots in the historical evolution of pedagogical methods. 

 

 Dialectically Structured— 
The notion of dialectics describes interdependent relationships among the components of a system. When one component 

shifts, others are also affected, sometimes in unanticipated ways. For example, as students began to use writing as a central 

component of assessment, the roles and practices of lecturers, researchers, and students adapted in response to this shift. 

 

 Tool-Mediated— 

Human activity is invariably supported by tools, whether physical (e.g., software, lab equipment) or symbolic (e.g., language, 

Mathematics). In higher education, tools like textbooks, digital resources, and syllabi are used to facilitate learning. Writing 

assessment tools serve as mediators in the instructional process, influencing how educators assess student learning and how they 

conceptualize the learning activity itself. The use of triangulation assessment methods in this study helped structure classroom 

assessment in a way that affected both student engagement and instructional decision-making. 

 

Human interaction is central to this model. Rather than focusing solely on individual actions, the theory emphasizes how adults 
collaborate to achieve shared educational goals using tools—such as writing-to-learn strategies. In this study, various stakeholders 

including teachers, students, researchers, and administrative personnel interacted with each other and the assessment tools to 

facilitate student learning. Ultimately, Knowles’ andragogical framework promotes a learner-centered approach that, when 

integrated with metacognitive strategies, offers a robust methodology for adult education. This perspective moves instruction away 

from passive knowledge transfer toward active, engaged learning, empowering adult learners to take ownership of their educational 

experiences and adapt effectively to dynamic learning environments. 

 

 Social Constructivism: Lev Vygotsky (1978) 

Lev Vygotsky formally introduced the concept of social constructivism in 1978, though the foundations of this theory were 

laid earlier by educational theorists such as John Dewey and Jean Piaget. Dewey emphasized the importance of inquiry in education, 

while Piaget contributed key ideas like assimilation, accommodation, and the role of cognitive schemas in learning. Together, these 
foundational ideas shaped the early stages of constructivist theory by highlighting how individuals process and structure their 

learning. 

 

Vygotsky extended these ideas by arguing that social interaction plays a critical role in cognitive development. He proposed 

that higher-order thinking emerges from interactions between individuals and their social contexts. According to social constructivist 

theory, learning is not an isolated act but a collaborative process, structured around two key developmental levels: what a learner 

can do independently and what they can achieve with guided assistance. This distinction led Vygotsky to formulate the concept of 

the Zone of Proximal Development (ZPD). 

 

The ZPD refers to the potential level of understanding that learners can reach with appropriate support from a more 

knowledgeable peer or mentor. This process is often supported through scaffolding, a method of instructional support that breaks 

tasks into manageable steps tailored to the learner’s current performance level. The ZPD, within the context of this study, is 
exemplified in the transition from abstract knowledge—such as understanding vertical and horizontal asymptotes of a hyperbola—

to more concrete comprehension facilitated through alternative assessment strategies like writing-to-learn Mathematics. 

 

Learning, from a constructivist perspective, involves active engagement and personal interpretation built from prior 

experiences. This theory emphasizes the importance of deep learning, problem-solving, conceptual development, and the ability to 

recognize and utilize patterns of meaningful information. It carries significant instructional implications, particularly in designing 
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student-centered, knowledge-centered, assessment-focused, and collaborative learning environments (Yilmaz, 2011; Treagust, Duit, 

& Fraser, 2014). 

 

Unlike behaviorist theories that focus on observable responses to stimuli, constructivist learning involves active engagement 

of the learner to build new knowledge based on prior understanding and experiences. Students incorporate new ideas into their 

existing knowledge frameworks, thereby enhancing the quality and depth of Mathematics learning. Constructivism views learners 

as active constructors of meaning rather than passive recipients of information (Pritchard & Woollard, 2017). 

 
This paradigm shift has transformed instructional and assessment practices. Rather than focusing solely on rote memorization 

or content coverage, instruction grounded in constructivism prioritizes conceptual understanding. Likewise, assessment is viewed 

not as a terminal event but as a continuous, integral component of teaching that aligns with classroom objectives and real-life 

challenges. From this perspective, meaningful assessment examines the learner’s conceptual network rather than isolated facts, 

enabling students to demonstrate a deep understanding and provide ongoing evidence of their thought processes to both instructors 

and themselves (Black & Wiliam, 2018; Andrade & Heritage, 2018). Formative assessment—assessment for learning—has emerged 

as a cornerstone of constructivist pedagogical practice. This approach shifts the role of teachers and students alike. Teachers facilitate 

learning by activating prior knowledge, engaging in rich dialogue, using open-ended tasks, peer/self-assessment, and concept 

mapping. These strategies support the transfer and application of concepts in real-life contexts. Moreover, sharing learning goals 

and success criteria with students and offering timely, constructive feedback are crucial in helping learners refine their understanding 

(Wiliam, 2017). 

 
Unlike the traditional assessment paradigm, which focuses on factual recall and grading, constructivist assessment aims to 

enhance learning by involving students actively in the process. This aligns with the growing advocacy for assessment to be a 

participatory and developmental activity that contributes directly to learning. Consequently, constructivism has attracted significant 

attention for its implications for teaching and assessment practices in Mathematics education (Nieminen & Tuohilampi, 2020). This 

study adopts the cognitive constructivist theoretical lens, which focuses on internal mental processes rather than external stimulus-

response patterns. According to Piaget’s theory, learning is both an active and reflective process that involves assimilating new 

information into existing cognitive structures (schemas) and accommodating these structures to incorporate novel experiences. The 

learner, in this context, plays a central role as an agent in their own learning, using prior knowledge, deductive and inductive 

reasoning, self-monitoring, and self-regulation to build knowledge (Boekaerts & Corno, 2014). Assessment from this perspective 

serves as a means to understand what learners know, how they apply that knowledge, and whether they can transfer it to solve 

authentic, real-life problems. Assessment, therefore, is not a one-off event at the end of a lesson but a dynamic, ongoing process of 
gathering and interpreting evidence to enhance learning. Such a comprehensive approach is essential in Mathematics education, 

where higher-order thinking, procedural fluency, and real-world application are critical (Torrance, 2017). Cognitive constructivists 

advocate the use of alternative assessment methods—such as writing to learn Mathematics—that go beyond multiple-choice tests 

and capture more complex aspects of student learning. 

 

Furthermore, this theoretical orientation underscores the significance of continuous feedback and self-assessment in fostering 

learning. Self-assessment, in particular, allows learners to construct and reconstruct their knowledge in light of feedback and 

evolving understanding. Good assessment practices, therefore, emphasize conceptual learning and the application of knowledge 

rather than rote memorization. Mathematics educators are encouraged to design assessments that prompt students to create new 

Mathematical ideas, conduct investigations, analyze and interpret data, report findings, and apply skills in meaningful ways (Dreher 

& Kuntze, 2015). When considering knowledge application in non-school settings, the social constructivist perspective becomes 

particularly relevant. Writing as a tool for learning in Mathematics provides a platform for students to refine and express their 
Mathematical understanding effectively. The goal of strengthening Mathematical communication aligns with policy priorities in 

Nigeria and globally. As outlined by the National Council of Teachers of Mathematics (NCTM), communication is one of the five 

essential process standards that support the development of Mathematical proficiency (NCTM, 2014). Writing enhances the learner's 

capacity to make connections between prior and new knowledge, thereby supporting internalization and retention of concepts. 

Writing activates multiple levels of cognitive engagement—motor, sensory, and cognitive—and creates conditions that foster 

metacognitive thinking. This form of thinking encourages learners to reflect on their reasoning processes, which in turn deepens 

Mathematical understanding. As such, writing is recognized as a unique and effective medium for supporting reasoning and fostering 

deeper learning in Mathematics classrooms (Klein, 2016; Bangert-Drowns et al., 2020). 

 

C. Empirical Studies 

This section presents a synthesis of existing research on the benefits of alternative assessment practices, the implementation 
of writing-to-learn strategies, and triangulation methods of assessment, particularly in relation to students’ academic performance 

and affective outcomes in Mathematics at the tertiary education level. 

 

 Research on Alternative Assessment Practices, Academic Achievement, and Affective Outcomes in Mathematics 

Mathematics has long been recognized not only as a core academic subject but also as a critical thinking framework for 

problem-solving, scientific inquiry, and structured reasoning (Onwuachu & Nwakonobi, 2009). In contemporary times, there has 

been a paradigm shift in educational evaluation globally with growing emphasis on assessment as a tool to support learning rather 
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than merely a measure of learning. This has led to the development of assessment typologies such as “assessment for learning” 

(AfL), “assessment of learning” (AoL), and “assessment as learning” (AaL), each offering distinct contributions to educational 

development (OECD, 2015; Bennett, 2011). In Nigeria, however, empirical evidence has consistently shown that current assessment 

practices are largely summative, prioritizing end-point evaluation rather than formative feedback that supports continuous learning 

(Okon, 2020). While summative approaches dominate, research strongly supports the pedagogical power of formative and 

performance-based assessments in Mathematics and science education. For instance, a study by Dessie (2015) investigated the 

practice of AfL among science teachers in secondary schools within the East Gojjam Zone of Ethiopia. Employing a concurrent 

mixed-methods design, data were collected from 153 randomly selected science lecturers using questionnaires, interviews, and 
observations. Statistical techniques including ANOVA, MANOVA, and multiple regression were employed for analysis. The study 

revealed a minimal implementation of formative assessment due to a lack of training and technical expertise among teachers. The 

findings emphasized the need for sustained professional development to enhance lecturers' capacity for integrating AfL strategies 

into regular instructional practice, thereby promoting better student outcomes. 

 

In a related investigation into student perspectives on assessment, Fernandes, Flores, and Lima (2012) conducted a qualitative 

case study in a Portuguese university to explore the impact of project-led education (PLE) on learning and evaluation. Their research 

focused on the reflections of engineering students engaged in a PLE framework. Using open-ended survey responses and focus 

group discussions, the researchers gathered data from 40 students over multiple academic sessions. Their results indicated that 

students found formative assessment more valuable than summative evaluation. Participants emphasized that continuous feedback 

facilitated deeper learning and allowed them to connect classroom knowledge with practical, real-life scenarios—thereby supporting 

the core principles of alternative assessments (Fernandes et al., 2012). These empirical findings align with recent research which 
has highlighted the transformative potential of alternative and formative assessments in Mathematics education. Studies have 

demonstrated that when students are assessed through project work, writing-based activities, or performance-based tasks, they 

engage more deeply with content, develop better conceptual understanding, and exhibit increased motivation (Chappuis & Stiggins, 

2019; Black & Wiliam, 2018). In contrast to conventional testing methods, such practices promote analytical thinking, self-

regulation, and personal accountability, which are crucial for academic success in Mathematics. Additionally, AfL practices offer 

opportunities to address affective outcomes such as motivation, self-efficacy, and interest in Mathematics. When students receive 

timely, constructive feedback, their academic confidence improves, which in turn positively affects their engagement and 

willingness to persist in problem-solving tasks (Ajayi & Olatunji, 2017; Irons, 2016). For example, the use of descriptive feedback 

instead of numerical grades has been linked to higher student autonomy and better learning gains (Sadler, 2014). In summary, the 

reviewed studies demonstrate that assessment strategies rooted in alternative, formative, and performance-based frameworks 

significantly impact both cognitive and affective learning outcomes. The transition from summative-heavy assessment culture to a 
more balanced system that incorporates AfL and AaL requires targeted policy interventions, consistent teacher training, and 

curriculum alignment to ensure successful integration into classroom practice. 

 

 The use of Writing-to-Learn Assessment Tools and their Effects on Academic Achievement and Affective Outcomes in 

Mathematics 

The integration of writing into mathematics instruction has garnered attention as a means to enhance students' understanding 

and engagement. Writing-to-learn strategies, such as mathematical journals and explanatory writing, encourage students to articulate 

their thought processes, leading to deeper comprehension and improved problem-solving skills. Bicer et al. (2018) conducted a 

meta-analysis examining the effects of writing interventions on students' mathematical attainment. The study revealed a moderate 

positive effect size (0.42), indicating that incorporating writing into mathematics instruction can significantly enhance students' 

achievement and attitudes toward the subject.  In a study focusing on middle school students, Palma (2018) found that writing 

activities in mathematics classrooms allowed students to express their understanding more clearly, aiding teachers in identifying 
misconceptions and tailoring instruction accordingly. Similarly, Craig (2016) observed that when students wrote explanatory 

paragraphs in mathematics, they became more aware of gaps in their reasoning, prompting reflective thinking and correction of 

misunderstandings. The use of writing-to-learn strategies also positively influences students' attitudes toward mathematics. 

Engaging in writing tasks helps students develop a more positive disposition toward the subject, increasing their motivation and 

confidence. For instance, Hebert and Powell (2016) reported that fourth-grade students who received explicit instruction in writing 

mathematical explanations demonstrated improved attitudes and performance in mathematics. Sagaskie (2014) explored the impact 

of an Alternative Solution Worksheet (ASW) on ninth-grade students' problem-solving performance. The ASW encouraged students 

to generate multiple solutions and reflect on their problem-solving strategies. The study found that students using the ASW exhibited 

enhanced problem-solving abilities and demonstrated higher-order thinking skills, as outlined in Bloom's Revised Taxonomy. 

 

Authentic assessments, such as mini-projects, have also been shown to improve students' learning outcomes in mathematics. 
Fauziah et al. (2018) implemented authentic assessments in statistics learning and observed that students actively participated in the 

learning process, both inside and outside the classroom. The use of mini-projects allowed students to connect mathematical concepts 

to real-life situations, enhancing their understanding and application of statistical knowledge. Performance assessment-driven 

instruction has been linked to improved attitudes and achievement in mathematics. Arshin (2015) investigated the effects of 

performance assessment-driven instruction on senior high school students in Ghana. The study revealed that students exposed to 

performance assessments demonstrated better problem-solving abilities and increased confidence in mathematics compared to those 

taught using conventional methods. Similarly, Avis (2014) conducted a study in the West Indies to examine the impact of 
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performance assessments on students' interest and achievement in science. The findings indicated that students who participated in 

performance assessments showed significant improvements in academic performance and developed more positive attitudes toward 

the subject. These studies collectively underscore the efficacy of writing-to-learn assessment tools in enhancing both academic 

achievement and affective outcomes in mathematics education. By fostering deeper understanding, promoting reflective thinking, 

and improving attitudes toward mathematics, writing-to-learn strategies serve as valuable components of effective mathematics 

instruction. 

 

 The use of Triangulation Methods of Assessment and the Effect on Academic Achievement and Affective Outcome of Students in 
Mathematics 

Triangulation, as a research and assessment strategy, involves the use of multiple methods or data sources to investigate a 

phenomenon, ensuring credibility and comprehensiveness of results. In educational assessment, triangulation commonly integrates 

at least three assessment approaches quantitative, qualitative, and observational—offering a fuller understanding of student learning 

and behaviour. Its application addresses limitations inherent in single-method evaluations, especially in disciplines like Mathematics 

where cognitive, metacognitive, and affective dimensions coexist and influence student performance. One of the notable studies 

highlighting the effectiveness of triangulation in Mathematics education was conducted by Reilly, Parsons, and Bortolot (2014). 

Their action research adapted the reciprocal teaching model, originally developed by Palincsar and Brown for literacy,  into the 

Mathematics classroom. The study was conducted at Sunshine College in Melbourne, Australia, involving two Year Seven 

Mathematics classes controlled for variables such as ability, gender, and behaviour. One group applied the reciprocal teaching model 

(involving prediction, clarifying, solving, and summarising), while the other used conventional problem-solving strategies. Each 

group was presented with identical tasks, and their responses were evaluated using multiple methods including rubrics, observational 
data, and qualitative feedback a clear example of triangulated assessment. The results demonstrated that students in the reciprocal 

teaching group, although slower to respond, displayed greater problem comprehension, improved expression of reasoning, and 

stronger retention of conceptual knowledge. In contrast, the control group, though faster, performed with less accuracy and had 

difficulty articulating their methods. The study concluded that the triangulated reciprocal teaching model significantly enhanced 

students’ mathematical literacy and reflective thinking, thus supporting both cognitive and affective development. 

 

A research effort by Knight, Kotys-Schwartz, and Pawlas (2014) explored how engineering competencies are cultivated using 

triangulation as a strategic assessment method to measure student outcomes in a Capstone program at the University of Colorado. 

Data collection occurred at the conclusion of a team-oriented, industry-sponsored Capstone design course. The evaluation of both 

technical and professional abilities of engineering students was conducted by industry professionals and academic mentors, and 

these evaluations were cross-referenced with students’ own self-assessments. The study analyzed the congruities and discrepancies 
among the different assessments and discussed their significance in refining and evaluating the Capstone curriculum. A total of 135 

students, 9 mentors from the industry, and 10 faculty advisors engaged in the two-semester Mechanical Engineering Capstone design 

project. Student teams were formed and assigned industry-driven projects, with some being newly initiated and others continued 

from prior cohorts. Each team received ongoing guidance from both faculty and industry mentors through weekly sessions. 

Throughout the academic year, teams were expected to meet various benchmarks such as design evaluations, submission of technical 

documentation, and presentation at a final exposition. These benchmarks served as effective points for collecting diverse 

performance assessments. The initial phase of triangulation data analysis focused on identifying consistencies in evaluations 

provided by the three groups of raters. 

 

The second phase involved examining whether qualitative, open-ended feedback aligned with the numerical scores obtained. 

In the third stage of the triangulation analysis, the focus shifted to identifying discrepancies among the ratings. A reliable way to 

analyze such differences is through statistical procedures, such as the one-way ANOVA. This method was applied to compare 
ratings of Teamwork skills, particularly to assess if the 4.12 rating from industry mentors was significantly lower than those given 

by faculty and student raters. The researchers concluded that using triangulated data from multiple evaluators can offer a valuable 

approach to Capstone program assessment, providing a more holistic view of how engineering skills are developing among students. 

The study also discussed how triangulated assessments could help enhance a junior-level course. Recommendations for future 

research included the importance of gathering sufficient data to allow statistical comparisons between rater groups, improving the 

coordination of assessment focus areas across different instruments, and conducting comparative studies across various Capstone 

programs. 

 

A similar perspective was adopted in Gbore’s (2013) study in Nigeria, which examined the relative effectiveness of three 

triangulated evaluation techniques closed book, open book, and open-time testing—on students’ academic performance in Integrated 

Science (a core STEM subject). The study used a quasi-experimental, counterbalanced design, involving 300 secondary school 
students. Using data from continuous assessment records and standardized tests across a three-year period, Gbore found that while 

closed-book tests yielded the highest academic scores, the open-book method enhanced deeper conceptual engagement and reduced 

test anxiety. Importantly, combining both approaches was recommended as it promoted authentic assessment while minimizing 

examination phobia and academic dishonesty—two factors closely tied to affective outcomes. 

 

In the context of higher education, Ghrayeb, Damodaran, and Vohra (2011) at Northern Illinois University demonstrated the 

practical use of triangulation in validating learning outcomes within an engineering program. Using a design project as a case study, 
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the researchers employed three raters, open-ended surveys, and quantitative performance metrics. Triangulated data were analysed 

using ANOVA and thematic coding. The convergence of multiple feedback mechanisms revealed consistent findings across raters, 

enhancing the reliability of outcome-based assessments. The study emphasized that triangulation is crucial not only for assessing 

academic mastery but also for identifying areas of instructional improvement and promoting learner confidence and motivation. 

Further supporting the value of triangulated assessment is Nelson’s (2010) work at Austin College in Texas. This comprehensive 

study spanned four years and utilized a wide range of data sources, including national surveys (NSSE, YFCY, CIRP, CSS), 

institutional assessments, and qualitative faculty feedback. Nelson's approach involved cross-referencing national data with internal 

course evaluations and strategic planning reports, creating what he termed an “assessment helix.” This iterative model allowed for 
continuous feedback loops among students, faculty, and administration, increasing faculty engagement and institutional 

transparency in assessment processes. Importantly, triangulation here contributed to measurable gains in critical thinking, oral 

communication, and quantitative reasoning among students. In addition to performance metrics, affective outcomes were also 

significantly influenced by triangulated assessment strategies. Nelson’s study reported that students involved in multidimensional 

assessment environments developed a stronger sense of ownership, motivation, and value toward learning, aligning with 

constructivist and humanistic pedagogical frameworks. The findings align with Coats and Stevenson’s (2006) framework of 

integrating staff development, curriculum advancement, and student engagement in a triangulated structure, making assessment a 

community-oriented and human-centred practice rather than a bureaucratic requirement. 

 

Despite these promising findings, some researchers, including Thomas et al. (2005), caution that the validity of triangulated 

results still depends on the consistency of application and alignment of assessment tools with learning objectives. Furthermore, 

student preferences remain mixed; while many appreciate the feedback-rich nature of triangulated assessments, some students still 
lean methods due to their familiarity and perceived objectivity toward traditional, summative in grading. Therefore, while 

triangulated methods promote deeper engagement, metacognitive development, and holistic understanding, their effectiveness 

depends on strategic implementation, instructor training, and institutional support. In conclusion, triangulation in Mathematics 

assessment offers a balanced approach to evaluating learning by combining performance-based, reflective, and standardized tools. 

It enhances both academic achievement and affective outcomes, providing students with multiple pathways to demonstrate 

understanding while fostering a culture of feedback, reflection, and self-regulation. Its successful adoption requires intentional 

instructional design, assessment literacy among educators, and alignment with constructivist learning goals. As Mathematics 

instruction moves away from rote memorization to problem-solving and conceptual reasoning, triangulation remains a cornerstone 

for reliable, inclusive, and meaningful evaluation. 

 

 Effect of Gender on Student’s Academic Achievement and Affective Outcome with Regards to the use of Alternative Assessment 
Methods 

Gender has long been regarded as a critical variable influencing academic achievement and affective outcomes in education, 

particularly in Mathematics. Several empirical studies have explored how male and female students differ in their learning 

preferences, response to instructional strategies, and academic outcomes when exposed to alternative assessment methods such as 

writing-to-learn, triangulation, and performance-based assessments. Reilly (2007) conducted a mixed-methods study involving 293 

middle school students in Western Pennsylvania to investigate students' perceptions of writing in Mathematics. The findings 

indicated that students, especially those struggling academically (those with lower letter grades such as C, D, and F), viewed writing 

as an effective tool for enhancing their understanding. Importantly, the study revealed that female students were more favorably 

disposed toward writing-based Mathematics instruction. Writing seemed to align with their verbal learning styles, allowing them to 

reflect on concepts, articulate solutions, and build stronger cognitive links. Female students demonstrated deeper conceptual 

connections and a more positive affective disposition towards Mathematics learning through writing compared to their male 

counterparts. In a related analysis of quantitative outcomes, data presented in Table 4.21 of the referenced study showed that female 
students in the experimental group who were exposed to alternative assessment strategies (including writing-to-learn and 

triangulation) outperformed male students in both academic achievement and affective outcomes. The mean post-test score for 

females was 73.83 compared to 69.00 for males, and their affective outcome scores were also higher (72.73 vs. 71.64). This trend 

reversed in the control group where males slightly outperformed females, highlighting the positive impact of alternative assessment 

on female learners. 

 

Additionally, qualitative findings supported the view that female students made more meaningful and reflective connections 

through their writing. Their responses demonstrated a deeper engagement with the mathematical content, suggesting that writing 

enhanced metacognitive awareness and personal relevance in learning. These connections were often linked to real-world scenarios, 

future professions, and personal learning goals—factors that reinforced affective commitment to the subject. On the other hand, 

male students in the same studies appeared to demonstrate a surface-level understanding and showed less engagement with the 
reflective process fostered by alternative assessments. The implication is that while both genders benefit from innovative assessment 

techniques, female students tend to derive greater academic and emotional gains particularly in tasks that require expression, 

articulation, and introspection. 

 

Further supporting this perspective, Ngeng (2016) noted that gender remains a persistent predictor of performance in 

Mathematics. He emphasized that girls often outperform boys in verbal tasks, which aligns with the strengths required in writing-

based assessment strategies. Conversely, boys have been found to excel more in manipulative and procedural tasks, which might 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3813 

explain their comparative underperformance in writing-centered Mathematics instruction. Similarly, a study conducted using Two-

Way MANOVA confirmed that while both writing-to-learn and triangulation assessment methods significantly impacted academic 

achievement and affective outcomes, there was a significant difference between genders favoring female students in the 

experimental group. Female students exhibited more substantial improvements in academic and affective domains, possibly due to 

better engagement with writing, feedback, and self-assessment practices encouraged by the alternative methods. Finally, the 

narrative analysis of students' reflective writings indicated that female students were more consistent in using metacognitive 

strategies such as "flashback," self-monitoring, and reflective feedback. These strategies enabled them to better internalize 

mathematical concepts and problem-solving approaches, further solidifying the effectiveness of alternative assessment in addressing 
gender disparities in Mathematics learning. In summary, the review of literature and empirical evidence clearly demonstrates that 

gender plays a significant role in determining the academic and affective outcomes of students when alternative assessment methods 

are applied. While all students benefit from diverse assessment strategies, female students in particular seem to thrive under 

conditions that promote reflective thinking, verbal expression, and self-directed learning. This underscores the importance of 

adopting gender-sensitive approaches to instructional and assessment practices in Mathematics education. 

 

D. Summary of Literature Review 

The reviewed literature encompasses conceptual and theoretical frameworks, as well as empirical studies on writing as a 

learning tool in mathematics and the application of triangulation methods in assessment within Nigerian tertiary institutions. The 

focus of reviewed studies within the conceptual framework, was on types of assessment, writing to learn Mathematics and student’s 

academic achievement and affective outcome, the use of triangulation method of assessment was the benefits of using reciprocity 

with peer and project-based methods of assessing students achievement in Mathematical concepts, procedural understanding as well 
as affective outcome and gender effect.  Various tools for data collection   and  data  analysis  were  used  in  these  studies.  These 

studies highlight the effectiveness of alternative assessment methods, the role of writing in enhancing mathematical understanding, 

and the importance of triangulation in validating assessment outcomes. Additionally, gender differences in response to writing as a 

pedagogical tool are examined, emphasizing the need for inclusive instructional strategies. 

 

Furthermore,  triangulation-based  assessment and writing as a form of instructional  designs  could  help  students  improve  

their  skills  regarding  using multiple representations and translating their understanding and how much they have been able to learn 

a particular concept. This in turn will help the lecturers to plan the lesson to improve upon students learning.  The  effectiveness  of  

using  writing to learn  as both  an assessment  tools  and instructional method in  Mathematics  classrooms and the use of 

triangulation method of assessment was demonstrated  in  many  experimental  studies. The review of empirical studies obviously 

revealed that, a lot of researches has been conducted on writing to learn as an assessment tool and utilizing triangulation as methods 
of assessment is not a strange concept to measurement and evaluation research. However,  no studies as at the time of this study 

within the reach of the researcher have utilized writing to learn Mathematics as an assessment and instructional tool as well as using 

triangulation method of assessment to compare the effect on student’s academic achievement and affective outcome within and 

outside Nigerian tertiary institutions. Examination bodies such as WAEC/NECO seems not to use triangulation methods in the 

assessment of student’s academic achievement. Consequently, they use traditional method in assessing the students in the  various 

schools across the country. 

 

Most of the studies reviewed used only one form of writing while in this research, two forms which are writing to demonstrate 

knowledge and performance-based writing that cuts across assessment in the three domain of learning was used. This  created 

situations in which true, comprehensive and complete assessment of  student’s academic achievement is done in tertiary institutions 

in Nigeria. Conclusively, a dangerous precedence and loop hole in the current National Policy on Education which seems not to 

have a firm grip on the principles and practice of assessment in the three domain of learning across the country has created the 
problem of educational standard. This in turn has made examination bodies (WAEC, NECO, NABTEB, etc) to be at a cross road as 

to what the real continous assessment score of Nigerian students should be. However, the concept of using writing to learn as 

assessment tool and triangulation method of assessment which is for now a uniquely “strange” phenomenon in the Nigerian 

measurement and evaluation system might be a solution to  problem of teaching problem solving and communicating problem 

solutions through writing as discussed in the preceding review of the literature which is the gap this study wants to fill. 

 

Regardless of the problem-solving approach chosen, teaching problem solving and the subsequent sharing of ideas through 

writing  will benefit both the lecturers and the students.  The lecturers  will gains insight into student’s conceptual understanding of 

Mathematical concepts as well as any misconceptions held by students. By participating in problem-solving activities and writing 

about the results, students develop a deeper  interest,  self-concept, motivation, attitudinal change, value, meta-cognition and 

understanding of Mathematics.  Therefore, the study on the effect of writing to learn Mathematics and  triangulation evaluation 
approach on student’s academic achievement and affective outcome in Colleges of Education,  is necessary. 
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CHAPTER THREE 

METHODOLOGY 
 

The detailed description of the method that was  used in this study is presented in this chapter under the following headings: 

design of the Study,  Area of the study, population of the study, sample and sampling technique, instruments for data collection, 

validation of instrument, reliability of the instrument, experimental procedure, method of data collection, method of data analysis 

and decision rule. 

 

A. Design of the Study 

The  study employed  quasi-experimental, pretest posttest non-randomised control group design. Quasi-experiment is an 
experimental design where randomization of subjects to experimental and control groups is not possible (Nworgu, 2006). Intact 

classes were  therefore  used for the study.  The use of intact classes was necessary in order not to disrupt the normal class periods. 

The design is diagrammatically presented as shown below: 

 

 Design of the Experiment 

 

 
Fig 2 Design of the Experiment 

 

 Key: 

 

 O1 = Pretest 

 O2 = Post test 
 Xa = Treatment administered to writing to learn and triangulation  method group 

 Xb = Treatment administered to traditional method group 

 X1 = Writing to demonstrate knowledge tool 

 X2 = Performance- based tool 

 X3 = Reciprocity with peer method 

 X4= Project- based method 

 

B. Area of the Study 

The area of the study was the South-South Geopolitical Zone of Nigeria which comprises  six states, Akwa Ibom,  Bayelsa, 

Cross River, Delta, Edo, and Rivers states.  It is strategically located at the point where  the Y tail of the river Niger joins the Atlantic 

Ocean through the Gulf of Guinea.  Though a relatively small land,the South- South  is the economic mainstay of the country’s 
economy; oil. In addition to oil and gas, the region equally contributes other key resources, with potential huge investment 

opportunities in tourism and agriculture. There are one hundred and twenty three (123) recognized local government areas and a 

population of about 23,347,200 people in the area as found in 2016 National Population Census taking approximately 4% of the 

national annual growth rate into consideration. There are a total of thirteen Colleges of Education in the six states, one in Akwa 

Ibom, two in Cross River, one in Rivers, one in Bayelsa, four in Delta and four in Edo States . 

 

The South-South Zone is the third largest wetland in the world, after the Mississippi and Pantalnal (NDDC, 2013). The Zone 

covers about 70,000 square kilometers and is noted for its perculiar and difficult terrain. The whole area is traversed and criss- 

crossed by a large number of rivulets, streams, canals and creeks. The coastal line is buffed through out the year by the tides of the 

Atlantic Ocean, while the mainland is subjected by regimes of flood by the various rivers, particularly River Niger. There are about 

thirty –five (35) different ethnic groups speaking about 250 dilates across 4,500 communities, (NDDC, 2013). 

 
The South-South states are the major oil producing states in the country.  The people are mainly agrarian and are famous in 

the cultivation of agricultural crops including yam, rice, palm, cassava, rubber, cocoa, coconuts, and palm oil production, a diversity 

of aquatic resources and fertile land which supports all year round agriculture.  They also venture into art and craft fishing/ farming 

ceramics/carving and raffia making. The states are also blessed with abundant natural resource including salt deposit, precious 

stones, crude oil, vast land and forest resources. The region which forms the greater part of the Niger Delta accounts for more than 
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90% of earnings from oil and gas. It also account for oil resources of about 30 billion barrel and gas reserves of about 160 trillion 

cubit feet; (NDDC, 2013). 

 

The area is bounded in the East by Imo, Ebonyi and Abia state in the  South by Republic of Cameroon, in the  West by Ondo 

State, and in the North  by Kogi and Benue States. The climate situation is distinctly marked and influenced by two major seasons: 

rainy and dry seasons. The vegetation of the area falls within the mangrove forest enclave in the Atlantic Ocean. The relief features 

of the area is fairly even, with few knolls and valleys that makes it undulating in between. There exist a similar cultural affiliation 

in terms of dance and traditional festivals among the people of Akwa Ibom and Cross River, while the people of  Rivers, Delta, Edo 
and Bayelsa share some common cultural features.The religion is predominantly Christianity, though there are some practice of 

African traditional worships in some part of the areas and also some pockets of Moslems among the Hausa settlers. The major 

occupation of the people of the South- South is farming and fishing. 

 

C. Population of the Study 

The population of this study  consist of  (10,648) year two students in the thirteen Colleges of Education, in the South-South 

states in the 2018/2019 academic session.  The focus of the study was on three thousand three hundred and six (3,306) year two 

students in Akwa Ibom State College of Education . The choice of  year 2 students was based on the fact that they have taken a 

course on Basic General Mathematics II in their year one and stand a better chance of knowing their capabilities and can know if 

the intervention is of benefit or not. (See Appendix A pg 229). 

 

D. Sample and Sampling Technique 
The sample consisted of  (386) students, such that  198  were females and 188 males, 189 were for experimental group while 

197 were for control group.  The sample size was determined in two stages,  using simple random sampling and purposive sampling 

technique.  Purposive sampling technique was used in drawing the one out of thirteen Colleges of Education used for the study 

(Akwa Ibom State College of Education).   Then  Purposive sampling technique was use in selecting School of Art and Simple 

random sampling was used in drawing  386 year two students in the school of Art that offered Basic General Mathematics IV as a 

general course by balloting method. The choice of this group of students is based on the fact that they  have difficulty in learning 

mathematics,therefore one can really know if the intervention is effective or not. The sample was drawn from two intact classes in 

the school of art and were assigned to experimental and control groups respectively. The distribution of sample size is shown in 

Appendix Aii pg 229. 

 

E. Instruments for Data Collection 
The study utilized both qualitative and quantitative data collection  methods. Creswell and Plano-Clark (2007),states that, “by 

mixing the datasets the researcher provides a better understanding of the problem than if either dataset had been used alone”.  As 

such, multiple forms of evidence are necessary for educational stake holders to document and inform research problems.   The 

instruments that were used for data collection wereMathematics Achievement Test (MAT), writing prompts (journals,essay, 

Mathography),Mathematics interest and Self-concept inventory, Project and Alternative-Solutions Worksheets (ASWs). Students 

were asked to complete an autobiographical essay,self-concept / interest inventory adapted from mathematics self-efficacy and 

anxiety scales by May (2009), The Interest-A-Lyzer, by Renzulli (1997)  at the start of the semester and a reflective essay at the end 

of the semester.  The writing to learn Mathematics based assessment  items were developed by the researcher in line with the course 

outline for year two basic general Mathematics IV. 

 

The experimental group were required to carry out open –ended approach to problems solving, writing that summarizes a unit 

or chapter, writing that deals with a particular concept in Mathematics, expressive writings  and reflections. They also carried out a 
project in which participants were ask to form their own problem from a given problem relating it to real life problem situation and 

solved it. Write on the concept of quadratic equation, problem situation that can be solved using the concept that is application of 

the quadratic equation concept  and example of objects that have parabolic shape. The Alternative-Solutions Worksheets (ASWs), 

performance-based assessment were developed  to “encourage students to use “flash back” strategies while finding alternative 

solutions to Mathematical problems and do a “Think Aloud” to justify the solution. The ASWs have two parts, initial solution part 

that has the conventional method of solving the problem  and alternative solutions part that has the alternative method of solving 

the problem (see Apendix K, pg 319). These  sections were graded equally on a 40 point, 10 points per section, for which  an 

analyticrubric was developed as a guide for evaluation (see Apendix J, pg 318).  The control group classes were taught using 

traditional  instruction lectuer method, and assessment  grades were dependent upon tests,  take home assingments, and class-work. 

Quantitative data collection  instruments that were used for this study included the researcher developed Mathimatics Achievement 

Test  (MAT) including:  test one, mid-semester test, test three, and the final examination.  Test one and three, the mid-semester test, 
and final examination were trial tested  prior to the administration.  Multiple revisions were made to all tests based on time allowed, 

difficulty and the use of a course portfolio.  The instructional and assessment instruments for both the experimental and control 

groups  were constructed to reveal  the strength and weaknesses in students Mathematical abilities. 

 

F. Validation of Instrument 

The writing to learn Mathematics assessment items, the traditional close-ended  test items, and the lesson plans were face and 

content validated by three research experts, one from the Mathematics Department, University of Uyo and two from  Measurement 
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and Evaluation Unit  of Michael Okpara  University of Agriculture  Umudike. In addition the items in the Mathematics Achievement 

Test  were subjected to content validation. The content validation of MAT was done with strict adherence to the test blue print so 

as to ensure that the test items reflected all details on the test blue print.  They were requested to assess the content coverage; the 

suitability of the items, language used, and item arrangement in logical sequence. The items were scrutinized and those suspected 

not to be measuring what they were designed to measure were discarded or revised, while others were included. The researcher 

effected all the corrections given. This procedure guaranteed the validity of the instrument.See Appendix L pg 320. 

 

G. Reliability of the Instrument 
Prior to the commencement of the main research intervention, procedures were conducted to establish the inter-rater reliability 

of the assessment instrument. A pilot study was carried out using writing prompts administered to a sample of forty (40) second-

year students from the Department of Social Studies in one of the schools within the study area that was not included in the main 

research. The rationale for selecting this group was to ensure that the pilot did not interfere with or influence the actual study sample. 

 

For the purpose of scoring the written responses, the researcher adopted a scoring rubric originally developed by Pugalee 

(2005), which was slightly modified to suit the specific objectives of this study. This rubric was then provided to a panel of trained 

scorers to ensure uniformity and objectivity in scoring the student responses. Before the scoring exercise, the researcher conducted 

detailed orientation sessions with each member of the scoring panel on a one-on-one basis. During these sessions, the researcher 

thoroughly explained the specific elements and indicators to be observed in each writing sample, along with the criteria outlined in 

the rubric. To ensure clarity and consistency, the researcher also modeled how to score a sample response, explaining each scoring 

decision according to the rubric’s categories. 
 

Following this orientation, each panelist was provided with a student-like sample response and was required to score it 

independently. This served as a calibration activity to determine whether the panelists could apply the rubric reliably and 

consistently. This process not only reinforced the panelists’ understanding of the rubric but also enabled the researcher to identify 

any potential inconsistencies or misinterpretations before the main scoring began. 

 

After the main student writing samples were collected during the pilot phase, the researcher took responsibility for scoring all 

the student responses. In order to assess the inter-rater reliability of the scoring process, two members of the panel were randomly 

selected and provided with a sample of twenty student responses each. These samples represented approximately 50% of the total 

responses collected. The panelists independently scored the responses using the same rubric, and their scores were then compared 

with those of the researcher to evaluate the level of agreement. 
 

The assessment of inter-rater reliability was based on both exact agreement and adjacent agreement. Exact agreement refers to 

instances where the scores given by the panelists and the researcher matched precisely, while adjacent agreement accounts for slight 

variations in scoring, such as a one-point difference, which is still acceptable in qualitative scoring. The goal was to achieve at least 

85% exact agreement and 100% adjacent agreement, which are considered acceptable thresholds in educational assessment. 

 

To quantify the degree of agreement, the Agreement Rate (AR)—also known as the percentage agreement index—was 

employed, as recommended by Orwin (1994). The AR is calculated by dividing the number of items on which both scorers agree 

by the total number of items scored. The first panelist achieved an exact agreement rate of 91% and an adjacent agreement rate of 

100%, indicating a high level of scoring consistency. The second panelist recorded an exact agreement rate of 85% and an adjacent 

agreement rate of 99%. The overall agreement between the researcher and the two panelists yielded an average exact agreement of 

88% and 100% adjacent agreement, which confirmed the high reliability of the scoring process for the writing tasks. 
 

In addition to inter-rater reliability, the internal consistency of the Mathematics Achievement Test (MAT) used in the study 

was also evaluated. To determine the reliability of the instrument, the Cronbach’s Alpha (α) coefficient was calculated. According 

to Ezeh (2005), the Cronbach Alpha method is the most appropriate statistical technique for assessing the reliability of instruments 

that contain polychotomous items, as it measures the degree to which items within a test are consistent with one another. This 

method also provides estimates for the internal consistency of different subsections of the test as well as the overall reliability of the 

entire instrument. 

 

By calculating Cronbach’s Alpha, the researcher was able to determine the extent to which the various sections of the MAT 

were measuring the same underlying construct. The resulting values from this analysis supported the internal consistency of the 

MAT, validating it as a reliable instrument for assessing students’ Mathematical achievement in the study. MAT had a reliability 
coefficient of 0.83. The instruments self-concept / interest inventory was adapted from mathematics self-efficacy and anxiety scales 

by May (2009), The Interest-A-Lyzer, by Renzulli (1997) and the reliability was re-established using Cronbach Alpha and had a 

reliability of 0.83 and 0.85 respectively. 

 

H. Method of Data Collection 

The data collected for this study included  student’s journal entries, pre and post mathematics  Self-concept and interest 

inventories and Mathography (Appendix B page 230- 233 C, page 235 and D, page 226). The rationale for using these qualitative 
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data sources is that they are likely to yield evidence of student mathematical thinking and affective outcome (Merriam 2009; Mertler, 

2014).  Other data consisted of Mathematics Achievement Test,  Alternative-Solutions Worksheets (ASWs) and a performance 

rubric (Appendix I, page 316) used to assess student’s academic achievement and affective outcomes. The instruments used to 

investigate student’s affective outcomes and academic achievement in problem solving are discussed in the following sections. 

 

 Qualitative Data Collection 

Pre and Post mathematics Self-concept/ interest inventories/Mathography and Writing To Demonstrate Knowledge:  Students 

completed a mathematics Self-concept/ interest inventory, composed a Mathematical autobiography called Mathography at the 
beginning of the research period (See Appendix B  pages 230- 233 and C, page 235). The students were asked to write about 

Mathematics in various ways.  These documents were analyzed using Thematic Analysis. Thematic Analysis requires the researcher 

to focus on identifiable themes and patterns of experiences.  Specifically, Template Analysis was used to analyze the text-based 

data acquired during this study.  Template Analysis is the development of a coding “template” which condenses themes determined 

as significant within the data set by the researcher into meaningful and useful information.  In other words, it allows the researcher 

to make sense of the data. The five specific categories included in the Template Analysis Theme were; Developing problem-solving 

skills, increasing conceptual understanding, demonstrating procedural application, demonstrating reasoning and developing content 

connections. 

 

For both the pre and post Self-concept/ interest inventories, students were given a copy and encouraged to respond honestly 

and without hesitation to the 40-item inventory.  These data were used to further investigate student’s affective behaviour in the 

area of Self-concept, attitudinal change, interest, motivation and value in Mathematics. After the pre Self-concept/ interest inventory 
were collected and scored, the writing based assessment protocol  began in the WTLM classes. The performance rubric is broken 

down into the following problem-solving characteristics mentioned above  that is, understands the problem, selects a plan, carry out 

the plan,  communicates and connect the solution to real life situation.  Students  received  scores from 0-4 in each of these five 

categories.  A copy of the performance rubric (Appendix I, page 316 and J,page 318) were given to the students in the experimental 

group for  reference during work time.  Mathematics journals were collected at the end of each problem-solving work period, and 

the problem-solving responses was scored using the performance rubric.  Mathematics Journals were returned to the students at the 

beginning of each problem-solving session with the completed assessment information and lecturers feedbacks.  This method of 

data collection was used to measure student’s affects and achievement on each of the problem-solving prompts (see Apendix G and 

H, pg 312). 

 

 Performance-Based Writing 
An Alternative-Solutions Worksheet (ASW) is a tool that encourages students to come up with alternate methods for solving 

a problem that borrows from George Polya’s  four-phase problem solving model which requires students to understand the problem, 

devise a plan, carry out the plan, and look back at the completed solution, by reconsidering and reexamining the result and the path 

that led to it. Over a period of twelve weeks, the students in both groups were given two questions to solve at the end of every topic. 

Each student filled out Open-Ended questions in the ASW and  were scored. Students in the experimental group were given guidance 

to effectively “flash back” than just having the correct alternative solutions, however they were taught to problem solve reflectively, 

to share their thinking and to listen to the thinking of others in their group. The control group answered the questions as the normal 

traditional take home assignment method. 

 

Two students  were selected every week to be recorded doing a “think aloud” for the group work in the experimental group.  

Each week the researcher and the raters took field notes while the students are discussing their solutions. Lastly, two focus groups 

were conducted during the intervention. One  took place at the end of the first week of the intervention, and the other took  place 
after the posttest.  Field notes, transcriptions of the “think aloud” process and the focus groups, as well as student work were coded 

using open coding, then analytical coding. Open coding techniques was used to generate descriptive codes in which the researcher 

categorized the field notes, think-aloud transcripts, and documents into broad topic areas. For example, the researcher  identified 

recurring patterns in the student’s work like switching between adding, subtracting, multiplying, and dividing to generate more 

solutions. After identifying common practices, the researcher  looked  more specifically at what those practices were and analyzed 

them further.  While analyzing the data, connections to Bloom’s Revised Taxonomy (2001) were made. The researcher being  a 

college Mathematics teacher, provided the lens that  filtered  the way  the researcher  looked at the student’s work, and attempted to 

figure out  their struggling to solve the problems. Bloom’s Revised Taxonomy helped in understanding how they used “flash back” 

techniques.  These were scored using a scoring rubrics (see Apendix J, pg 318). The scores for the take home assignment were 

recorded for the control group students. 

 
 Quantitative Data Collection 

Quantitative data collection was the researcher developed test including:  test one, mid-semester test, test three, and the final 

exammination (see Apendix H, pg 312). The participants were  first  given the test one items as take home assignment (project type 

or open time method of evaluation) six weeks into the treatment.  The responses were collected at the end of 48 hours for scoring. 

Eight weeks after, all the participants took mid-semester test (reciprocity with peer method of evaluation). During this section, the 

participants were prevented from any form of consultation of text material, but were allowed to discuss and interact  with friends. 

Ten weeks later,  test three,( open-ended test method of evaluation),  which they were permitted to bring out their relevant materials 
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which could be of help in answering the questions, were administered. Again the participants were alsoprevented from any form of 

discussion or help from colleagues but were encouraged to consult their textbooks, journals, portfolio and ASWs. At the end of the 

thirty five minutes, the responses of the participants were collected. Twelve weeks  into the semester, examination was administered. 

The three sets of script were scored  alongside scores from writing prompts,  and ASW scored using a scoring rubrics (see Apendix 

I, page 316) were then  used for continuous assessment CAS. The CAS and the actual semester examination scores were used for 

the data analysis.  It is believed that utilizing multiple data sources can minimize threats to construct validity. With this in mind, the 

researcher analyzed student WTLM, conducted focus groups, and have student “think aloud”. These multiple data sources have 

allowed the researcher to triangulate the data. 
 

 Rubric for Assessing Problem-Solving Processes 

The researcher created and implemented an assessment rubric designed to evaluate five distinct problem-solving dimensions: 

the development of problem-solving abilities, the enhancement of conceptual understanding, the application of procedures, the 

demonstration of reasoning, and the establishment of content-related connections. Refer to Appendices I, page 316, for the complete 

coding guide. To assess a student’s growth in problem-solving abilities while working through a task, the researcher alongside a 

panel of experts looked for indicators such as whether the participant identified the task’s objective, formulated a comprehensive 

strategy that reflected full comprehension of the task elements, and executed the plan without mistakes. To assess a student’s 

progress in conceptual understanding while solving the task, the expert panel examined whether the student recognized and 

explained key ideas and provided relevant examples or illustrations with explanations where applicable. To measure the student’s 

procedural application, the panel examined whether the student selected fitting strategies and properly carried them out, and 

evaluated the appropriateness of both representations and algorithms used. 
 

To evaluate a student’s ability to make Mathematical content connections while solving problems, the researcher and expert 

team looked for evidence that Mathematical facts were correct, that all relevant concepts and ideas were appropriately 

acknowledged, and that Mathematical language was correctly employed along with meaningful links to real-life situations. When 

analyzing Mathematical reasoning, they reviewed whether the student clearly and correctly justified significant steps or processes 

and supported the validity of the answer with logical explanations. Student scores were calculated by summing the individual scores 

from all five categories and then dividing the total by 20. For example, if a student received the following ratings: 4 for problem-

solving development, 3 for conceptual understanding, 4 for procedural application, 2 for Mathematical content connections, and 3 

for Mathematical reasoning, the cumulative score would be 16. Dividing this total (16) by 20 yields 0.8, which, when multiplied by 

100, results in a score of 80 percent for that assessment. Full scoring examples and rubric details can be found in Appendices I, J, 

and K, pages 316 to 319. 
 

 Experimental Procedure 

In the selected Colleges of Education in Akwa Ibom State (AKS), two intact classes each were designated as the experimental 

and control groups, respectively. The intervention spanned a twelve-week period, equivalent to twelve class sessions for each group, 

and was conducted during the first semester of the 2018–2019 academic session. The intervention for the experimental group 

consisted of instruction and assessment through the Writing to Learn Mathematics strategy combined with the Triangulation Method 

of Assessment, while the control group received conventional instruction and was evaluated using traditional closed-ended test 

methods. 

 

Both groups underwent the intervention during their regularly scheduled Mathematics periods. At the commencement of the 

study, a Self-Concept and Interest Inventory alongside a Mathography exercise was administered to both groups as a pre-test. This 

initial administration took place concurrently in their respective classrooms. One day after the completion of the twelve-week 
treatment period, the Mathography and survey were re-administered as post-tests. The Mathography required each student to write 

a short reflective essay narrating their identity as a Mathematics learner. These narratives also explored students' cognitive 

approaches to mathematical thinking and detailed their previous experiences in Mathematics learning. 

 

Thematic analysis of these pre- and post-treatment essays was used to assess prior experience with writing-to-learn strategies 

and to establish both the equivalence of the groups at baseline and any emergent differences by the end of the intervention. Students 

in the experimental group continued to complete multiple writing assignments mid-semester. These included threaded discussions, 

journal entries, and performance-based assessments which were incorporated into a course portfolio. The “Think Aloud” strategy 

and alternate-solutions worksheet (a reflective writing tool focused on multiple solution pathways) formed a core part of their 

engagement. The “Think Aloud” assignments, administered biweekly, aimed to enhance metacognitive awareness by prompting 

students to articulate their reasoning processes, make connections between topics, identify real-world applications, and develop 
effective learning strategies. 

 

Approximately six weeks into the semester, both the experimental and control groups took their first test. This was followed 

by a formal mid-semester test. While both groups studied the same content, the control group did not engage in any reflective or 

writing-based activities during this period. At the end of the semester, both groups completed a final reflective essay assessing their 

learning trajectory and self-evaluating their achievement in Mathematics. 
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Students in the experimental group were specifically asked to reflect on their experience with the Writing to Learn Mathematics 

strategy and the triangulated assessment method. Several students offered reflections such as “Writing about how I solved the 

problems helped me understand better, especially when I had to explain it in my own words”, and “At first, it felt strange to write 

in a math class, but I started seeing how it helped me see my mistakes and fix them”. These qualitative reflections were instrumental 

in understanding how writing served as a tool for deeper conceptual engagement and personal growth in Mathematics. 

 

A third test was conducted between the mid-semester and final examinations for both groups. The experimental group also 

took a cumulative content test, during which they were allowed to refer to their course portfolios due to the integrative nature of the 
test. However, use of portfolios was not permitted for the first and third tests. The performance of both groups across all three tests 

was analyzed using inferential statistics to evaluate the impact of the intervention. 

 

To ensure academic equivalence at the beginning of the study, pre-existing differences in mathematical ability were measured 

using the pre-Mathography and pre-survey scores as covariates. Assessment items used in both pre-tests and post-tests were drawn 

from selected topics in the Year II Basic General Mathematics IV course outline. Experienced course lecturers from the participating 

institutions were recruited and trained as research assistants to assist in the delivery of instruction and administration of the 

intervention. 

 

 Control of Extraneous Variables 

To ensure the reliability and validity of the research findings, several measures were implemented to control for potential 

extraneous variables: 

 

 Experimental Bias: 

The researcher took an active role in the implementation of the intervention to eliminate inconsistencies. Specifically, the 

researcher directly administered the treatment for the experimental group and also taught the control group as a regular course 

lecturer within the institution. Scoring of all assessment instruments was conducted by the researcher in collaboration with two 

Mathematics lecturers who were not involved in the intervention delivery. This was done to ensure objectivity and avoid any form 

of experimental contamination or bias. 

 

 Lecturer Variability: 

To avoid variability in teaching quality and instructional delivery, the two research assistants selected to assist in the study 

were Mathematics educators with equivalent academic qualifications and comparable teaching experience. The researcher 
conducted standardized training sessions for both lecturers, ensuring uniform understanding and consistent implementation of the 

instructional model for both experimental and control groups. All teaching instruments including the Mathematics learning 

inventory, assessment items, Mathematics test questions, and lesson plans were prepared by the researcher to ensure consistency in 

instructional materials. 

 

 Hawthorne Effect: 

To minimize the Hawthorne effect where students alter their behavior simply because they are aware they are part of a study 

students were not informed about their participation in an experiment. Both the experimental and control group were taught during 

normal lecture periods within the existing academic timetable. The researcher, acting as the regular course lecturer, maintained a 

conventional classroom environment. Lesson content was standardized across both groups to ensure that students’ behavior and 

responses remained natural and unaffected by awareness of the study. This helped maintain the ecological validity of the findings. 
 

In summary, the implementation of the intervention was methodically structured to uphold rigorous research standards while 

minimizing potential threats to internal validity. Through standardized instruction, blinded scoring, and consistent teaching 

environments, the researcher ensured that any observed differences in outcomes could be attributed to the instructional method and 

assessment strategy, rather than extraneous influences. 

 

 Instructional Package for Mathematics 

The instructional packages designed for the Mathematics lessons consisted of structured lesson plans covering selected topics 

in the Basic General Mathematics IV syllabus. These topics included variation, linear equations, simultaneous equations, quadratic 

equations, and statistics. For the experimental group, the instruction was delivered using writing-to-learn assessment tools and 

triangulation assessment strategies, which served both instructional and evaluative purposes. Conversely, the control group was 

taught using the conventional lecture method, and their assessments were conducted using closed-ended tests. 
 

Reciprocal Teaching, a strategic approach employed in the experimental instruction, has been recognized for its structured 

design that enhances learners’ comprehension, fosters an understanding of complex mathematical concepts, and builds students’ 

confidence and motivation to engage with content. This method comprises five key phases: metacognitive questioning, visualizing, 

solving, reflecting, and connecting. 
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At the metacognitive questioning phase, students were instructed to anticipate the nature of the mathematical problems 

presented to them. They were encouraged to consider which mathematical operations they might need to apply and to predict 

possible forms of the answer, all based on their prior knowledge. To aid this, students were also directed to use text features such 

as headings, diagrams, and other contextual cues to guide their thinking. 

 

In the visualization stage, students were guided to classify information into three categories: unfamiliar terms, known facts 

derived from the problem, and information that still needed to be determined for a solution. This phase required higher-order thinking 

and often involved collaborative group work to allow learners to exchange insights. After identifying knowledge gaps, students 
were prompted to revisit the text or problem to re-establish clarity and meaning. 

 

The solving stage marked the actual problem-solving activity. At this point, learners were given access to multiple strategies 

but were not restricted to a particular method. This autonomy allowed them to choose an approach that best suited their 

understanding and problem-solving style, thereby promoting learner-centered engagement. 

 

During the reflecting stage, students engaged in personal introspection. They evaluated their own contributions to group 

discussions, assessed the appropriateness and effectiveness of the strategies they used, and considered how they might improve their 

approach in future scenarios. Additionally, students were required to justify their answers, encouraging a deeper understanding of 

the reasoning behind their solutions. 

 

The final stage, connecting, required students to keep written records of their activities and learning outcomes across the 
previous four stages. This integration of reading and writing supported the reinforcement of key concepts and facilitated the 

application of these concepts to real-world contexts. The connecting phase is especially crucial as it enhances comprehension, 

retention, and the transfer of mathematical understanding to practical situations. Furthermore, lecturers provided timely and 

constructive feedback throughout this phase, which was essential in guiding students’ development and refining their skills. 

 

Student reflected on reciprocity with peers in three major ways: ‘looking at work,’ ‘talking,’ and ‘listening.’ Each alternative 

assessment tools and methods   projected, with the lesson plan, incorporated the following strategies: 

 

 Providing conceptual, procedural understanding and affective/reflective outcomes of Mathematical concepts through clear 

direction to reduce student’s confusion. 

 Clarifying and simplifying Mathematical concepts through multiple representations for the student understanding. 

 Motivating the students interest related to task through visualization of Mathematics  concepts. 

 Demonstrated guided – discovery learning and experimentation. 

 Encouraged students project in Mathematics like manipulation of variables through alternative solution worksheet by using 

“flash back”. 

 Students have opportunity to solve problems by investigating Mathematical relations dynamically. 

 

Each of the Alternative and Traditional  lesson plans indicated among others, lesson topic,  instructional materials and 

instructional procedures. The instructional procedure showed details of the steps, content development, lecturer’s activities, 

student’s activities writing to learn, triangulation and Traditional assessment methods strategiesand skills acquired. (Appendix E 

page 237- 262 and F,page 311). 

 
I. Method of Data Analyses 

Data generated were analyzed using mean and standard deviation to answer the research questions. Multivariate Analysis of 

Covariance (MANCOVA), was used to test hypothese  1, 2, 3, 6, 7  and 9. Multivariate Analysis of  Variance (MANOVA),  was 

used to test hypotheses 8 and Multiple RegressionAnalysis  was used for hypotheses 4 and 5  to determine the relationships between 

the alternative assessment methods and the overall academic achievement  and affective outcomes of the students in mathematics,  

at 0 .05 levels of significance. The Multiple Regression Analysis (M.R.A.) was carried out in order to identify the relative 

effectiveness of the two tools and techniques of evaluating student’s achievement and affective outcomes in mathematics.  

MANCOVA is a method of data analysis that ensures comparability and equality of groups before treatment. The groups involved 

will be statistically equated on the basis of critical variable known as covariates (Udo, 2003). In this study, the groups were equated 

on the basis of pre-inventoryand Pre- Mathography scores. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 
 

The purpose of this study was to provide empirical evidence of student’s overall academic achievement  as well as their 

mathematics conceptual growth in addition to their meta-cognitive growth by using Writing to Learn Mathematics and triangulation 

assessment method.  This chapter presents the results,interpretation and analysis of data based on the nine research questions and 

null hypotheses that guided the study.   The findings for the research questions are both quantitative and qualitative in nature.  The 

results to these questions are presented in a sequential manner, quantitative then qualitative, although the data were actually collected 

simultaneously. 

 
 Research Question 1:  

What is the mean difference between writing to learn Mathematics as an assessment tool and traditional method test in overall 

academic achievement and affective outcome of students with respect to learning Mathematics? 

 

Table 1 Pretest–Posttest Achievement and Affective Outcomes of Writing-to-Learn and Traditional Methods. 

Variables N Group Pre-test Mean Post-test Mean Mean Gain SD (Pre-test) SD (Post-test) 

Achievement 189 Writing to Learn 50.84 78.76 27.92 9.97 9.71 

 197 Traditional Method 38.77 43.28 4.51 15.74 12.54 

Affective 189 Writing to Learn 47.12 71.52 24.40 4.41 3.02 

Outcome 197 Traditional Method 49.60 51.74 2.14 10.04 13.13 

 

Mean and standard deviation was used in answering the question as presented in table one.  From table 1, writing to learn 

assessment method has a mean gain score of 27.92 in academic achievement while traditional method has a mean gain score of 4.51. 

The mean gain score of writing to learn method for affective outcome was 24.40 while that of the traditional method was 2.14. This 

result shows that the writing to learn assessment method increased both academic achievement and affective outcome of students 

in learning of Mathematics. The mean of Pre- Achievement Test was ( =50.84 SD= 9.97) and Pre-Affective outcome was ( = 

47.12, SD =4.41) for Writing to learn method while the mean of Pre- Achievement Test was ( =38.77, SD=12.54) and Pre- 

Affective outcome ( =49.60, SD= 13.13) for Traditional method. The means of Writing to learn method group in Pre-Test, were 

almost the same with that of the Traditional method group, and the high standard deviation in both group shows that the groups 

were the same before treatment. 

 
 Hypothesis 1: 

There is no significant mean difference between writing to learn Mathematics as an assessment tool  and overall academic 

achievement  and affective outcome  of students with respect to learning Mathematics. 

 

Table 2 Result of MANCOVA – Tests of Between Writing-to-Learn Assessment Tool and Traditional Assessment Method 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 95,025.242 2 31,675.08 243.21 .00 

 AFFECT_POSTTEST 46,709.349 2 15,569.78 1,146.31 .00 

Intercept ACADA_POSTTEST 2,177.585 1 2,177.59 16.72 .00 

 AFFECT_POSTTEST 3,622.869 1 3,622.87 266.73 .00 

ACADA_PRETEST ACADA_POSTTEST 5,383.426 1 5,383.43 41.34 .00 

 AFFECT_POSTTEST 2.183 1 2.18 0.16 .69 

AFFECT_PRETEST ACADA_POSTTEST 130.340 1 130.34 1.01 .32 

 AFFECT_POSTTEST 385.530 1 385.53 28.38 .00 

ASSESSMENT METHOD ACADA_POSTTEST 24,301.373 1 24,301.37 186.60 .00 

 AFFECT_POSTTEST 22,608.333 1 22,608.33 1,664.51 .00 

Error ACADA_POSTTEST 49,750.143 383 130.24   

 AFFECT_POSTTEST 5,188.540 383 13.58   

Total ACADA_POSTTEST 1,446,181.000 386    

 AFFECT_POSTTEST 1,457,021.000 386    

Corrected Total ACADA_POSTTEST 144,775.381 385    

 AFFECT_POSTTEST 51,897.889 385    

a. R Squared = .656 (Adjusted R Squared = .654)b. R Squared = .900 (Adjusted R Squared =.899) 

 

The result in table 2 revealed a significant main effect was observed for assessment tools  F (1, 382) =186.60 and 1664.51, p 

< 0.00 for achievement and affective outcome respectively. To specify the direction of the effect a post hoc multiple comparison of 

post-test mean achievement and affective outcome was carried out. This is presented in table 3. 

 

X X

X

X
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Table 3 Pairwise Comparison of Writing-to-Learn and Traditional Methods 

Dependent Variable (I) Assessment Method (J) Assessment Method Mean Difference (I–J) Sig. 

Achievement Writing to Learn Traditional Method 22.70* .00 

Achievement Traditional Method Writing to Learn -22.70* .00 

Affective Outcome Writing to Learn Traditional Method 21.90* .00 

Affective Outcome Traditional Method Writing to Learn -21.90* .00 

Note. p < .05. 

 

Table four point zero three reveals that significant difference exist between the achievement scores of students assessed with 

writing to learn method and those assessed with the traditional method in favour of the writing to learn method. A significant 

difference was also observed for the affective outcome scores between the writing to learn method and traditional method in favour 

of writing to learn method. This shows that the implementation of writing to learn assessment tools increased students academic 

achievement and affective outcome  more than the traditional method of assessment. 

 
 Research Question 2:  

What is the mean difference between  triangulation approach as assessment method  and  traditional test method in overall  

academic achievement and affective outcome of students with respect to learning Mathematics? 

 

Table 4 Pretest–Posttest Achievement and Affective Outcomes of Triangulation and Traditional Methods 

Variables N Group Pre-test Mean Post-test Mean Mean Gain SD (Pre-test) SD (Post-test) 

Achievement 189 Triangulation 43.10 73.60 30.50 11.54 8.78 

 197 Traditional Method 38.77 43.28 4.51 15.74 12.54 

Affective 189 Triangulation 47.12 71.52 24.40 4.41 3.02 

Outcome 197 Traditional Method 49.60 51.74 2.14 10.04 13.13 

 

Mean and standard deviation was used in answering this question as presented in table 4.  From table 4, Triangulation  of  

assessment method has a mean gain score of 30.50 in academic achievement while traditional method has a mean gain score of 4.51. 

The mean gain score of triangulation  method for affective outcome was 24.40 while that of the traditional method was 2.14. This 

result shows that the Triangulation of   assessment method increased both academic achievement and affective outcome of students 

in learning of Mathematics. The mean of Pre- Achievement Test was ( =43.10SD= 8.78) and Pre-Affective outcome was ( = 

47.12, SD =4.41) for Triangulation method while the mean of Pre- Achievement Test was ( =38.77, SD=12.54) and Pre- Affective 

outcome ( =49.60, SD= 13.13) for Traditional method. The means of Triangulation method group in Pre-Test, were almost the 

same with that of the Traditional method group, the  high standard deviation for both methods of assessments shows that the groups 

were the same before  treatment. 

 
 Hypothesis 2: 

There is no significant mean difference between  triangulation approach as assessment method  and traditional test in overall  

academic achievement and affective outcome  of students with respect to learning Mathematics. 

 

Table 5 Result of MANCOVA – Tests of Between Triangulation Assessment and Traditional Assessment Methods. 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 92,663.638 2 30,887.88 226.42 .00 

 AFFECT_POSTTEST 46,790.443 2 15,596.81 1,166.53 .00 

Intercept ACADA_POSTTEST 2,509.287 1 2,509.29 18.39 .00 

 AFFECT_POSTTEST 3,808.134 1 3,808.13 284.82 .00 

ACADA_PRETEST ACADA_POSTTEST 3,021.821 1 3,021.82 22.15 .00 

 AFFECT_POSTTEST 83.277 1 83.28 6.23 .01 

AFFECT_PRETEST ACADA_POSTTEST 216.625 1 216.63 1.59 .21 

 AFFECT_POSTTEST 386.423 1 386.42 28.38 .00 

ASSESSMENT METHOD ACADA_POSTTEST 80,341.297 1 80,341.30 588.93 .00 

 AFFECT_POSTTEST 44,663.903 1 44,663.90 3,340.54 .00 

Error ACADA_POSTTEST 52,111.743 382 136.42   

 AFFECT_POSTTEST 5,107.446 382 13.37   

Total ACADA_POSTTEST 1,446,181.000 386    

 AFFECT_POSTTEST 1,457,021.000 386    

Corrected Total ACADA_POSTTEST 144,775.381 385    

 AFFECT_POSTTEST 51,897.889 385    

a. R Squared = .656 (Adjusted R Squared = .654)b. R Squared = .900 (Adjusted R Squared = .899) 
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The result in table 5 revealed a significant main effect was observed for assessment methods  F (1, 382) =588.93 and 3340.54, 

p < 0.00 for achievement and affective outcome respectively. To specify the direction of the effect a post hoc multiple comparison 

of post-test mean achievement and affective outcome was carried out. This is presented in table 6. 

 

Table 6 Post Hoc Multiple Comparisons of Posttest Means Achievement and Affective outcome. 

Dependent Variable (I) Assessment Method (J) Assessment Method Mean Difference (I–J) Sig. 

Achievement Writing to Learn Traditional Method 22.70* .00 

Achievement Traditional Method Writing to Learn -22.70* .00 

Affective Outcome Writing to Learn Traditional Method 21.90* .00 

Affective Outcome Traditional Method Writing to Learn -21.90* .00 

Note. p < .05. Based on observed means, the error term is Error. 

 

Table 6 reveals that significant difference exist between the achievement scores of students assessed with triangulation method 

and those assessed with the traditional method in favour of the triangulation  method. A significant difference was also observed for 
the affective outcome scores between the triangulation method and traditional method in favour of triangulation method. This shows 

that the implementation of triangulation of assessment methods increased students academic achievement and affective outcome  

more than the traditional method of assessment. 

 

 Research Question 3: 

What is the mean difference in student’s overall academic achievements, Self-concept and interest (affective outcomes) 

between the alternative assessment   group and the traditional assessment group in Mathematics? 

 

Table 7 Pretest–Posttest Achievement and Affective Outcomes of Experimental and Control Groups 

Variables N Group Pre-test Mean Post-test Mean Mean Gain SD (Pre-test) SD (Post-test) 

Achievement 189 Experimental 50.85 73.60 22.76 11.54 9.97 

 197 Control 38.82 43.27 4.51 15.77 12.57 

Affective 189 Experimental 47.12 72.73 25.61 6.47 3.02 

Outcome 197 Control 46.56 49.60 3.04 3.13 3.35 

 

Mean and standard deviation was used in answering this question as presented  in table 7.  From table 7, The  mean gain scores 

in achievement and affective outcome  (22.76/25.61) of experimental group is more than academic achievement and affective 
outcome  mean gain scores  ( 4.51/3.04) of the control group. The mean gain score of triangulation  method for affective outcome 

was 24.40 while that of the traditional method was 2.14. This result shows that the usage of Triangulation of   assessment method 

and writing to learn  increased both academic achievement and affective outcome of students in the learning of Mathematics. 

However  the experimental group students scores in achievement and affective outcome spread more ( SD= 11.54/ 9.97,6.47/ 3.02)  

before treatment and less after treatment while the control group students scores  in achievement and affective outcome spread less 

(SD =12.57 /15.77, 3.13/ 3.35) before treatment and more after treatment. 

 

 Hypothesis 3: 

There is no significant mean difference in student’s overall academic achievements, Self-concept and interest(affective 

outcomes) between the alternative assessment  group and the traditional assessment group in  Mathematics. 

 

Table 8 Result of MANCOVA – Tests of Between Experimental and Control Groups 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 93,149.846 2 31,049.95 229.75 .00 

 AFFECT_POSTTEST 46,707.585 2 15,569.20 1,145.87 .00 

Intercept ACADA_POSTTEST 2,152.425 1 2,152.43 15.93 .00 

 AFFECT_POSTTEST 3,535.926 1 3,535.93 260.24 .00 

ACADA_PRETEST ACADA_POSTTEST 3,508.030 1 3,508.03 25.96 .00 

 AFFECT_POSTTEST 0.419 1 0.42 0.03 .86 

AFFECT_PRETEST ACADA_POSTTEST 203.725 1 203.73 1.51 .22 

 AFFECT_POSTTEST 383.872 1 383.87 28.25 .00 

ASSESSMENT METHOD ACADA_POSTTEST 25,749.513 1 25,749.51 190.53 .00 

 AFFECT_POSTTEST 21,453.952 1 21,453.95 1,578.99 .00 

Error ACADA_POSTTEST 51,625.540 382 135.15   

 AFFECT_POSTTEST 5,190.300 382 13.59   

Total ACADA_POSTTEST 1,446,181.000 386    

 AFFECT_POSTTEST 1,457,021.000 386    

Corrected Total ACADA_POSTTEST 144,775.381 385    

 AFFECT_POSTTEST 51,897.889 385    

a. R Squared = .656 (Adjusted R Squared = .654) b. R Squared = .900 (Adjusted R Squared = .899) 
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The null hypothesis tested was at 0.05 level of significance. The hypothesis was tested to find out whether the difference in 

mean found in research questions is significant or not. Also the hypothesis three was used to find out the interaction effects of 

alternative assessment methods and traditional assessment method as measures of increase in academic achievement and affective 

outcome of students as measured by mean achievement and affective outcome scores in the Post-test.The result of the analysis is 

presented in Table 8. 

 

As it is seen in Table 8, there was a statistically significant mean difference between experimental  and  control group  F (1,382) 

= 19.05, P <  0.00 and F(1, 382) = 15.79 P < 0.00 in respect to post-test scores of academic achievement and affective outcome. 
This means that writing to learn mathematics and triangulation of assessment method usage increased  student academic 

achievement and affective outcome in the learning of mathematics positively. 

 

 Research Question 4:  

How does the nature of student’s individual meta-cognitive functioning  (Self-concept, interest, attitudinal change, motivation 

and value) increased academic achievement in the learning of Mathematics? 

 

Table 9 Pretest–Posttest Means of Affective Dimensions (Experimental Group) 

Variables N Pre-test    Mean Post-test Mean Mean Gain SD (Pre-test) SD (Post-test) 

Self-concept 189 46.38 70.72 24.34 4.93 3.22 

Interest 189 47.25 72.99 25.74 5.31 2.80 

Attitudinal Change 189 47.57 72.16 24.59 4.89 2.37 

Motivation 189 47.59 72.63 25.04 6.07 2.88 

Value 189 46.31 72.22 25.91 5.77 3.33 

 

To answer research question 4, a template was developed from questions asked of students on their first writing excerpt for 

the course.  All students completed a Learning Biography the first week of the course which addressed: who they are as  students, 

feelings they have toward mathematics in general, their strengths and weaknesses as  mathematics students, goals for this course, 

long term educational goals, and why the student felt he/she would be successful in the course, method of assessment used by the 
lecturers and how it has helped them to learn mathematics which was measured under Self-concept, interest, attitudinal change, 

motivation and value as sub-headings.  Data extraction initially demonstrated a fairly superficial nature of reflection.  The majority 

of the Learning Biographies did not address all of the questions asked, lacked specific detail, and lacked substantive Self-concept.  

The nature of meta-cognitive functioning was  artificial or  superficial and low level of meta-cognitive functioning .  This is revealed 

in the mean and standard deviation of the pre-test scores (46.38/47.25/47.57/47.59 and 46.31). The low level  nature of meta-

cognitive functioning improved after the intervention to high level, substantial and deeper meta-cognitive functioning. This was 

reflected in the high mean gain and well spread standard deviation of the post-test scores. 

 

 Hypothesis 4: 

There is no significant relationship between the nature of student’s individual meta-cognitive functioning (Self-concept, 

interest, attitudinal change, motivation and value), and increased academic achievement in the learning of Mathematics. 

 

Table 10 Model Summary for Regression Analysis 

Model Sum of Squares df Mean Square F Sig. R R² Adjusted R² SEM 

Regression 1,025,167.18 5 205,033.44 1,588.75 .00 0.99 0.98 0.98 11.36 

Residual 23,745.82 184 129.05       

Total 1,048,913.00 189        

 

A multiple regression was carried out to investigate whether the nature of Self-concept, interest, attitudinal change, motivation 

and value of mathematics learning could significantly predict participants’ overall academic achievement in mathematics.  The 

results of the regression indicated that the model explained 97.7% of the variance and that the model was a significant predictor of 

academic achievement, F(5,184) = 1588.75, p = .000. While Self-concept,  motivation, value and interest  contributed more 

significantly to the model (B = .67, .66, .53 and .51, p<.05), attitudinal change contributed less significantly to the model  (B = .42, 

p=.03).  The final predictive model was:   Academic achievement = 20.66 + (.67*Self-reflection) + (.51*Interest) + (.42*Attitudinal 

change) + (.66*Motivation) + (.53*Value). For  every  additional  point  achieved  on  Self-concept, Interest, Attitudinal change, 

Motivation and Value  we  can  interpret  that  the  Academic achievement  Score   increases  by  0.67,0.51, 0.42,0.66 and 0.53. 

 
Table 11 Coefficients of Predictors of Academic Achievement (Regression) 

Variable B SE Beta t Sig. 

Self-concept .67 .28 .41 2.34 .03 

Interest .51 .19 .50 2.77 .01 

Attitudinal Change .42 .19 .41 2.15 .03 

Motivation .66 .15 .32 2.33 .00 
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Value .53 .12 .32 4.32 .00 

 

Since  we  have  multiple  independent  variables  in  the  analysis  the  Beta  weights  compare  the  relative   importance  of 

 each  independent  variable  in  standardized  terms We  find  that  Self-concept  has  the  highest  impact followed by motivation, 

interest and  value  while attitudinal change had the lowest impact (beta  =  .67,.66,.53, .51 and  beta  =  .42 the lowest). 

 

 Research Question 5: 

How does meta-cognitive functioning change, (Self-concept, interest, attitudinal change, motivation and value)  effect 

academic achievement of students in the  learning of Mathematics? 

 
To demonstrate the nature of student’s individual meta-cognitive functioning and the ways in which it may have changed 

during the course of this study,answering research question five, further examination of student’s quotes from the constructs of 

changes as a learner, Self-concepts, interest and value of writing were necessary to highlight distinguishable differences and insights 

amongst the participants in the study.  These three constructs focused on the nature of student’s individual meta-cognitive 

functioning and allowed the researcher to examine how student’s individual Meta-cognitive functioning changed during the course 

of the study.   Within the changes as a learner construct, it was clear when students stated experiences that represented substantive 

changes or did not seem to experience any changes as a result of the intervention, Writing to Learn Mathematics and triangulation 

assessment method. The result in table 9 showed a mean gain of 24.34, 25.74, 24.59 and 25.91 for self –concerpt, interest, attitudinal 

change, motivation and value in the learning of mathematics. This shows that there was a substantive, high level, deeper  nature of 

meta-cognitive functioning change as students engaged in the intervention. 

 

 Hypothesis 5: 
There is no significant relationship between  the meta-cognitive functioning  changed (Self-concept, interest, attitudinal 

change, motivation and value)  and academic achievement in  the learning of  Mathematics. 

 

Multiple regressions was employed to assess how much variance  can be explained by the   student’s individual  meta-cognitive 

functioning change (by the  independent variables, Self-concept, interest, attitudinal change, motivation and value of mathematics 

learning). The result of the multiple regressions or the adjusted R square in Table 9 indicates that 98 percent of the variance in 

academic achievement  is attributed to the variance of the combination of the five independent variables (i.e. , self-concept, interest, 

attitudinal change, motivation and value of mathematics learning). Moreover, F-test was employed to determine whether the result 

is statistically significant or not. The result showed that the correlation between the dependent variable (academic achievement) and 

the combination of the five independent variable ( Self-concept, interest, attitudinal change, motivation and value of mathematics 

learning) was statistically significant at F (5,184) =1588.75, p =0.000.  The results of the regression indicated that the model 
explained 97.7% of the variance and that the model was a significant predictor of  academic achievement, F(5,184) = 1588.75, p = 

.00. While Self-concept,  motivation, value and interest  contributed more significantly to the model (B = .67, .66, .53 and .51, 

p<.05), attitudinal change contributed less significantly to the model  (B = .42, p=.03).  The final predictive model was:   Academic 

achievement = 20.66 + (.67*Self-concept) + (.51*Interest) + (.42*Attitudinal change) + (.66*Motivation) + (.53*Value).  This result 

shows that the students meta-cognitive functioning changed after the intervention, therefore hypothesis 5  which states that there is 

no significant relationship between  the meta-cognitive functioning  changed (Self-concept, interest, attitudinal change, motivation 

and value)  and academic achievement in  the learning of  Mathematics was not accepted. 

 

 Research Question 6: 

What is the  mean difference between the assessment approach reciprocity with peer and project- based  methods of evaluating 

and increase in academic achievement and affective outcome   of  students in the learning of Mathematics? 

 
Table 12 Pretest–Posttest Achievement and Affective Outcomes for Reciprocity and Project-Based Strategies 

Variables N Group Pre-test Mean Post-test Mean Mean Gain SD (Pre-test) SD (Post-test) 

Reciprocity 189 Strategy 40.26 74.42 34.16 12.50 11.77 

Project-based 189 Strategy 42.42 74.39 31.97 13.19 7.83 

Achievement 189 Combined 42.87 73.60 30.73 9.41 6.07 

Affective Outcome 189 Combined 47.12 72.22 25.91 7.34 3.33 

 

As it can be seen from table 12, Reciprocity had the highest mean gain score  34.16 followed by Project-based method 31.97 

that  had the lowest  mean gain score. But a closer look at the mean gain score shows that the difference between the methods is a 

chance event thus, the two methods achieved equally. From table 12 above also the mean for pretest  for reciprocity is 40.26 and 

project-based is 42.42 with standard deviation of 12.50 and 13.19.  Their pre-test mean scores and standard deviation  for 

achievement and affective outcome were (42.87/9.41, 47.12/7.34) respectively. This implies that at the commencement of this study, 

the subjects were at the same level in the knowledge of and affective behaviour in mathematics.     However, in the post-test as seen 

in table 12 the mean scores increased at almost the same level 74.42 and 74.39.  This shows that the use of triangulation of assessment 

method have  effect on student’s achievement and affective outcome positively and equally. 
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 Hypothesis 6: 

There is no significant mean difference between the assessment approach reciprocity with peer and project techniques of 

evaluation  and  increase in academic achievement and affective outcome  of  students in the learning of Mathematics. 

 

Table 13 Result of MANCOVA – Tests of Between Experimental and Control Groups 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 93,149.846 2 31,049.95 229.75 .00 

 AFFECT_POSTTEST 46,707.585 2 15,569.20 1,145.87 .00 

Intercept ACADA_POSTTEST 2,152.425 1 2,152.43 15.93 .00 

 AFFECT_POSTTEST 3,535.926 1 3,535.93 260.24 .00 

ACADA_PRETEST ACADA_POSTTEST 3,508.030 1 3,508.03 25.96 .00 

 AFFECT_POSTTEST 0.419 1 0.42 0.03 .86 

AFFECT_PRETEST ACADA_POSTTEST 203.725 1 203.73 1.51 .22 

 AFFECT_POSTTEST 383.872 1 383.87 28.25 .00 

ASSESSMENT METHOD ACADA_POSTTEST 25,749.513 1 25,749.51 190.53 .00 

 AFFECT_POSTTEST 21,453.952 1 21,453.95 1,578.99 .00 

Error ACADA_POSTTEST 51,625.540 382 135.15   

 AFFECT_POSTTEST 5,190.300 382 13.59   

Total ACADA_POSTTEST 1,446,181.000 386    

 AFFECT_POSTTEST 1,457,021.000 386    

Corrected Total ACADA_POSTTEST 144,775.381 385    

 AFFECT_POSTTEST 51,897.889 385    

a. R Squared = .674 (Adjusted R Squared = .669)   b. R Squared = .410 (Adjusted R Squared = .402) 

 

From table 13, a significant main effect was observed for assessment methods with respect to post-achievement and post- 

affective outcome   F(1.37) =147.15, P< 0.00 F(1,37)  = 206.21, p < 0.00.   The multivariate component of the MANCOVA revealed 
a significant effect of total triangulation assessment score,Wilks’ Lambda F(1,37) = 26.43, p<.00. That is, controlling for the 

covariates in the model, the pre-reciprocity, and project-based assessment methods on the triangulation assessment methods 

remained a significant predictor of scores on the dependent variables for the academic achievement and affective outcome. To 

specify the direction of the effect a post hoc multiple comparison of post-test mean achievement and affective outcome was carried 

out. This is presented in table 14. 

 

Table 14 Pairwise Comparison of Reciprocity and Project-Based Assessment Methods 

Dependent Variable (I) Assessment Method (J) Assessment Method Mean Difference (I–J) Sig. 

Achievement Reciprocity Project-based 12.51* .00 

Achievement Project-based Reciprocity -12.51* .00 

Affective Outcome Reciprocity Project-based 0.04 1.00 

Affective Outcome Project-based Reciprocity -0.04 1.00 

Note. p < .05, Based on observed means, the error term is Error. b. Adjustment for multiple comparisons: Bonferroni. 

 

Table 14 reveals that significant  difference  exist between  reciprocity method and project-based method in favour of 

reciprocity.  The post hoc reveal that reciprocity  methods contributed more  to the increase in academic achievement of the students 

in mathematics while project-based contributed less. Table 14 also reveals that all two assessment methods are equally effective in 
increasing affective outcome of students in the learning of mathematics. 

 

 Research Question 7: 

What is the  mean difference between  the assessment  tools,  writing to demonstrate knowledge and performance- based  and 

increase in academic achievement and affective outcome of  students in the learning of Mathematics? 

 

Table 15 Pretest–Posttest Achievement and Affective Outcomes of Writing to Demonstrate and Performance-Based Assessment 

Variables N Group 
Pre-test 

Mean 

Post-test 

Mean 

Mean 

Gain 

SD (Pre-

test) 

SD (Post-

test) 

Achievement 189 
Writing to 

Demonstrate 
48.41 78.89 30.48 10.41 9.67 

 189 Performance-based 46.68 78.04 31.36 13.83 10.39 

Achievement 

(Comb.) 
189 Overall 42.87 73.60 30.73 9.41 6.07 

Affective Outcome 189 Combined 47.12 72.22 25.91 7.34 3.33 
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As it can be seen from table 15, Performance-based tool had the highest mean gain score  31.36 and writing to demonstrate 

knowledge  tool 30.48  had the lowest  mean gain score. But a closer look at the mean gain score shows that the difference between 

the methods is a chance event thus, the two methods achieved equally. From table 15 above also the mean for pretest for writing to 

demonstrate knowledge is 48.41, and performance-based is 46.68 with standard deviation of 10.41 and 13.83.  Their pre-test mean 

scores and standard deviation for achievement and affective outcome were (42.87/9.41, 47.12/7.34) respectively.  This implies that 

at the commencement of this study, the subjects were at the same level in the knowledge of mathematics. However, in the post-test 

as seen in table 15 the mean scores increased at almost the same level 78.89 and 78.04.  This shows that the use of writing to learn 

tools to assess,  improved on student’s achievement and affective outcome positively and equally. 

 

 Hypothesis 7: 

There is no significant  mean difference between  the assessment  tools,  writing to demonstrate knowledge and performance- 

based tool and increase in academic achievement  and affective outcome of students in the learning of Mathematics. 

 

Table 16 Result of MANCOVA – Tests of Between Writing-to-Learn Assessment Tools, Academic Achievement, and Affective 

Outcome in Mathematics 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 5,788.45 3 1,447.11 16.38 .00 

 AFFECT_POSTTEST 1,990.17 3 497.54 9.97 .00 

Intercept ACADA_POSTTEST 8,190.26 1 8,190.26 92.69 .00 

 AFFECT_POSTTEST 3,898.10 1 3,898.10 78.12 .00 

ACADA_PRETEST ACADA_POSTTEST 1.10 1 1.10 0.01 .00* 

 AFFECT_POSTTEST 1,341.50 1 1,341.49 26.88 .01 

AFFECT_PRETEST ACADA_POSTTEST 47.87 1 47.87 0.54 .00* 

 AFFECT_POSTTEST 324.64 1 324.64 6.51 .00 

WDK_PRETEST ACADA_POSTTEST 4,932.31 1 4,932.31 55.82 .00 

 AFFECT_POSTTEST 8.15 1 8.15 0.16 .68 

PERFORMANCE_PRETEST ACADA_POSTTEST 11.93 1 11.93 0.23 .63 

 AFFECT_POSTTEST 0.01 1 0.01 0.00 .98 

WRITING_METHOD ACADA_POSTTEST 1,208.37 1 1,208.37 13.68 .00 

 AFFECT_POSTTEST 69.05 1 69.05 1.38 .04 

Error ACADA_POSTTEST 32,958.01 374 88.36   

 AFFECT_POSTTEST 4,305.17 374 49.91   

Total ACADA_POSTTEST 1,143,099.00 378    

 AFFECT_POSTTEST 1,940,730.00 378    

Corrected Total ACADA_POSTTEST 59,027.44 377    

 AFFECT_POSTTEST 7,298.37 377    

a. R Squared = .674 (Adjusted R Squared = .669)   b. R Squared = .410 (Adjusted R Squared = .402) 

 

From table 16, a significant main effect was observed for assessment methods with respect to post-achievement and post- 

affective outcome   F(1.37) =13.68, P< 0.00 F(1,37)  = 1.38, p < 0.04.   The multivariate component of the MANCOVA revealed a 

significant effect of total  Writing to learn assessment score, Wilks’ Lambda F(1,37) = 8.79, p<.000. That is, controlling for the 
covariates in the model, the pre-writing to demonstrate knowledge  and performance-based assessment tools on the writing to learn 

assessment methods remained a significant predictor ofscores on the dependent variables for the academic achievement and affective 

outcome. To specify the direction of the effect a post hoc multiple comparison of post-test mean achievement and affective outcome 

was carried out. This is presented in table 17. 

 

Table 17 Post Hoc  Multiple Comparisons of Posttest Means Achievement and Affective outcome. 

Dependent Variable (I) Assessment Method (J) Assessment Method Mean Difference (I–J) Sig. 

Achievement WDK Performance-based 3.560* .00 

Achievement Performance-based WDK -3.560* .00 

Affective Outcome WDK Performance-based -1.638 .08 

Affective Outcome Performance-based WDK 1.638 .08 

Note. p < .05. Based on observed means, the error term is Error. b. Adjustment for multiple comparisons: Bonferroni. 

 

Table 17 reveals that significant  difference  exist between  writing to demonstrate knowledge and performance-based tools  in 

favour of writing to demonstrate knowledge. However, the post hoc reveal that writing to demonstrate knowledge  tools contributed 

more to the increase in academic achievement of the students in mathematics while project-based contributed less. Table 17 also 

reveals that all two assessment methods are equally effective in increasing affective outcome of students in the learning of 
mathematics. 
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 Research Question 8:  

What is the mean interaction effect of writing to learn as an assessment tool   and triangulation assessment  approach as method 

of evaluating  academic achievement and affective outcome  of students in the learning of Mathematics? 

 

Table 18 Pretest–Posttest Achievement and Affective Outcomes of Writing to Demonstrate and Performance-Based Assessment 

Variables N Group 
Pre-test 

Mean 

Post-test 

Mean 

Mean 

Gain 

SD (Pre-

test) 

SD (Post-

test) 

Achievement 189 
Writing to 

Demonstrate 
48.41 78.89 30.48 10.41 9.67 

 189 Performance-based 46.68 78.04 31.36 13.83 10.39 

Achievement 

(Comb.) 
189 Overall 42.87 73.60 30.73 9.41 6.07 

Affective Outcome 189 Combined 47.12 72.22 25.91 7.34 3.33 

 
Table 18 illustrates the mean scores, standard deviation, and sample size for each independent variables and dependent 

variables. The result indicates that both writing to learn tools and triangulation methods showed minor difference in their mean 

scores. However, the observed mean score of the two groups in the overall academic achievement scores (Writing to learn= 78.47, 

Triangulation = 74.41) showed perceptible differences but was the same for affective outcome. 

 

 Hypothesis 8:  

There is no significant interaction effect of writing to learn as an assessment tool  and the triangulation assessment  approach 

as method of evaluatingacademic achievement  andaffective outcome   of  students in the learning of Mathematics. 

 

Table 19 MANCOVA Results: Tests of Between-Subjects Effects 

Source 
Dependent 

Variable 

SS (Type 

III) 
df MS F Sig. 

Partial 

Eta² 

        

Corrected Model Achievement 42,036.86 3 14,012.29 109.35 .00 .30 

 Affective Outcome 23,892.20 3 7,964.07 92.56 .00 .27 

Intercept Achievement 4,106,770.37 1 4,106,770.37 32,047.26 .00 .98 

 Affective Outcome 4,314,222.35 1 4,314,222.35 50,140.99 .00 .99 

Triangulation Method Achievement 7,615.75 1 7,615.75 147.13 .00 .60 

 Affective Outcome 2,386.42 1 2,386.42 206.21 .00 .04 

Writing Method Achievement 1,208.37 1 1,208.37 13.68 .00 .03 

 Affective Outcome 69.05 1 69.05 1.38 .04 .05 

Triangulation * Writing 
Method 

Achievement 14,310.62 3 14,012.29 109.35 .53 .62 

 Affective Outcome 14,000.42 3 7,964.07 92.56 .61 .61 

Error Achievement 96,366.77 752 128.15    

 Affective Outcome 64,703.45 752 85.04    

Total Achievement 4,245,174.00 756     

 Affective Outcome 4,402,818.00 756     

Corrected Total Achievement 138,403.63 755     

 Affective Outcome 88,595.55 755     

a. R Squared = .750 (Adjusted R Squared = .733)   b. R Squared = .093 (Adjusted R Squared = .031) 

 

A Two-way MANOVA was conducted to determine if significant  interaction effect existed between the independent variables 

of Writing to learn assessment tools and Triangulation assessment methods and the two dependent variables, academic achievement 

and affective outcome.  There was no interaction effect  existing  between the independent variables of Writing to learn assessment 

tools and Triangulation assessment methods and the two dependent variables, academic achievement and affective outcome. An 

analysis of the F statistic using the reported Wilks’s lambda values was conducted to determine the existence of a significant main 

effect for  Writing to learn assessment tools and Triangulation assessment methods (The Wilks’s lambda test  was selected to 

evaluate the variance which is not explained by the two independent variables) for this model Significant main effects were found 

for both  Writing to learn assessment tool  and Triangulation assessment method,  Wilk’s lambda = 0.51, F (3, 752) = 109.35, p = 

0.00, Partial eta squared = 0.31 for academic achievement and affective outcome as seen in Table 19. 
 

The significant multivariate effects for  Writing to learn assessment tools  and  Triangulation assessment methods indicates 

their impact on the two dependent variables.    A final analysis was required to analyze each dependent variable  for its effect on the 

respective groups of the two independent variables.  The Test of Between-Subjects Effects was used to determine statistical 
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significance between  Writing to learn assessment tools  and  Triangulation assessment methods  and each of the two dependent 

variables. 

 

Table 20 Wilks’ Lambda for the Multivariate Test Comparing Writing to Learn Tools and Triangulation Assessment Methods 

Effect Test Statistic Value F Hypothesis df Error df Sig. Partial Eta² 

Intercept Wilks’ Lambda .01 36,741.20 2.00 751.00 .00 .99 

Assessment Wilks’ Lambda .51 101.04 6.00 1502.00 .00 .29 

a. Design: Intercept + Assessment _Methods 

b. Exact statistic. 

 

Table 20 reports the findings utilized for the final analysis. For writing to learn in academic achievement (p < .00) for both 

methods.  Students in writing to learn  (M = 78.89  and  78.04, SD = 9.67, 9.64) reported higher scores on their academic achievement 
scores than  in Triangulation methods (M = 74.42, 74.39, SD = 11.77 and 7.83).  It follows that writing to learn contributed more to 

academic achievement ,but the two independent variable contribute equally to affective outcome. 

 

 Research Question 9: 

What is the  mean difference in  male and female student’s overall academic achievements and affective outcomes between 

the experimental  and the control groups in Mathematics? 

 

Table 21 Pretest–Posttest Achievement and Affective Outcomes by Gender (Experimental and Control Groups) 

Variables N Group Gender 
Pre-test 

Mean 

Post-test 

Mean 

Mean 

Gain 

SD (Pre-

test) 

SD (Post-

test) 

Achievement 98 Experimental Female 40.05 73.83 33.78 10.44 8.22 

 91 Experimental Male 40.32 69.00 28.68 9.99 10.42 

 100 Control Female 47.30 53.70 6.40 9.97 14.29 

 97 Control Male 49.34 58.87 9.53 10.69 9.06 

Affective 98 Experimental Female 47.64 72.73 25.09 9.32 7.38 

Outcome 91 Experimental Male 47.72 71.64 23.92 8.02 9.47 

 100 Control Female 47.02 51.78 4.76 13.97 15.28 

 97 Control Male 46.56 56.60 10.0   

 

As it can be seen in table 21, the mean gain scores (33.78, 25.09) in academic achievement and affective outcome of  female 

in experimental group are higher than that of their male counterpart (28.68, 23.92), while in control group the reverse is the case. 
The overall academic achievement and affective outcome  (73.82, 72.73) of female students in experimental group are higher than 

that of male (69.00,71.64, ), (58.87, 56.60) in both experimental and control group as well as that of the female (53.70,51.78) in the 

control group. Also the spread of the academic achievement and affective outcome of female was higher than that of the male before 

treatment but the reverse was the case after treatment this shows that the implementation of the alternative assessment method was 

able to  reduced  the deviation in scores of the female group from 10.44 to 8.22, while the male scores spread better than  that of the 

female 10.69 to 9.06 in the control group. 

 

 Hypothesis 9: 

There is no significant  mean difference in male and female student’s overall academic achievements and affective outcomes  

between the experimental  and the control groups in Mathematics. 

 

Table 22 Result of MANCOVA – of Male and Female Students’ Academic Achievement and Affective  
Outcome of Experimental and Control Groups in Mathematics 

Source Dependent Variable Type III Sum of Squares df Mean Square F Sig. 

Corrected Model ACADA_POSTTEST 82520.95a 5 16504.19 136.04 .00 

 AFFECT_POSTTEST 56178.10b 5 11235.62 1142.17 .00 

Intercept ACADA_POSTTEST 1420.53 1 1420.53 11.71 .00 

 AFFECT_POSTTEST 2641.94 1 2641.94 268.57 .00 

ACADA_PRETEST ACADA_POSTTEST 22657.56 1 22657.56 186.76 .00 

 AFFECT_POSTTEST 1.79 1 1.79 0.18 .69 

AFFECT_PRETEST ACADA_POSTTEST 29.13 1 29.13 0.24 .62 

 AFFECT_POSTTEST 710.67 1 710.67 72.24 .00 

GENDER ACADA_POSTTEST 2918.19 2 2918.19 24.05 .00 

 AFFECT_POSTTEST 112.49 2 112.49 11.44 .00 

GROUP ACADA_POSTTEST 61794.45 1 61794.45 509.34 .00 

 AFFECT_POSTTEST 43206.17 1 43206.17 4392.18 .00 

GENDER*GROUP ACADA_POSTTEST 4148.19 1 4148.19 34.19 .00 
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 AFFECT_POSTTEST 1093.33 1 1093.33 111.14 .00 

Error ACADA_POSTTEST 46102.30 382 89.04   

 AFFECT_POSTTEST 3738.09 382 50.62   

Total ACADA_POSTTEST 1238272.00 386    

 AFFECT_POSTTEST 1427762.00 386    

Corrected Total ACADA_POSTTEST 128623.25 385    

 AFFECT_POSTTEST 59916.19 385    

a. R Squared = .642 (Adjusted R Squared = .638)   b. R Squared = .938 (Adjusted R Squared = .937) 

 

The overall F test for the MANCOVA revealed significant group differences in the mean for the male  and female in 

experimental groups and control group for the two dependent variables: academic achievement, F(1, 380) = 13.07, p <.00; affective 

outcome, F(1,380) =53.41, p < .00.The multivariate component of the MANCOVA revealed a significant effect of academic 

achievement, Wilks’ Lambda F(5,380) = 17.79, p<.00. That is, controlling for the covariates in the model, the pre achievement and 

affective outcome remained a significant predictor of scores on the dependent variables for the male and female in experimental and 

control  groups. This result indicates that there is a signif difference among male and female students and their overall academic 

achievement and affective outcome in the learning of Mathematics. This difference was  in favour of female students of the 
experimental group. 

 

 Qualitative Findings 

In addition to the collection of quantitative data, this study incorporated a robust qualitative component, aimed at deepening 

the understanding of students’ learning processes and academic achievement in Mathematics. The qualitative data were collected 

and analyzed using a methodological approach known as template analysis. This analytic technique provides a structured framework 

that enables the researcher to systematically examine and interpret participants’ responses. It involves both inductive and deductive 

coding procedures inductive in the sense of identifying emerging themes from the data, and deductive in the application of pre-

defined codes based on the study's conceptual framework or theoretical orientation. 

 

Template analysis is particularly effective in studies that seek to explore how individuals make sense of their learning 
experiences, as it offers flexibility in code development while maintaining analytical rigor. In the context of this study, template 

analysis served as a valuable tool for making sense of students' written responses, allowing for the identification of recurring themes 

that reflect varying levels of understanding and problem-solving ability in Mathematics. 

 

The discussion of the qualitative findings is grounded in narrative illustrations, with selected excerpts from students’ written 

work used to illuminate the nature of their problem-solving approaches. These narrative examples serve as windows into the 

students’ cognitive and metacognitive strategies, offering rich, contextualized insights that complement the numerical trends 

identified in the quantitative analysis. By closely examining these written samples, the researchers was able to evaluate how students 

articulated their mathematical thinking and applied conceptual knowledge to solve problems. 

 

To effectively demonstrate how students' writings reflect their problem-solving processes and overall academic achievement, 

the researchers developed a detailed rubric comprising five key dimensions of mathematical performance. These include: (1) the 
development of problem-solving skills, (2) the enhancement of conceptual understanding, (3) the demonstration of procedural 

fluency and application, (4) the use of mathematical reasoning, and (5) the development of content connections. Each of these 

components represents a critical aspect of mathematical proficiency and provides a lens through which student progress can be 

assessed. 

 

For illustrative purposes, the study presents sample student responses corresponding to varying levels of performance as 

determined by the rubric. These samples serve to contextualize and exemplify how students perform across the spectrum of 

achievement, from developing to proficient to advanced levels. For instance, a student whose work demonstrates strong procedural 

fluency but weak conceptual connections may still achieve partial success, highlighting areas for targeted instructional support. 

 

To ensure clarity and coherence in presenting the qualitative findings, the research sub-questions were used as guiding 
structures for organizing the discussion. These sub-questions provided a framework for interpreting how students’ written responses 

aligned with the instructional goals of the intervention and how those responses reflected measurable learning outcomes. This 

approach not only aids in reader comprehension but also reinforces the connection between research objectives, data analysis, and 

the interpretation of findings. Ultimately, the integration of template analysis with rubric-based evaluation of student writing offers 

a comprehensive view of how writing-to-learn strategies reveal students' mathematical thinking. It also emphasizes the value of 

qualitative inquiry in educational research by uncovering dimensions of learning that may not be captured through traditional 

assessments alone. 

 

 Sub-Research Question 

What describes the development of problem-solving skill in student’s writings as they solve problems in mathematics? 
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To answer this question,  the researcher first looked  at examples of student work for each score using a rubric.  For Writing 

Prompt 10, see Appendix  H, page 309, students were asked to construct a pie chart from a given data.   Using the rubric, a student 

scored a four for the academic achievement of development of problem-solving  skill if the student identified the goal of the problem 

or task, developed a plan that showed an understanding of all components of the problem, and executed the plan with no errors.  A 

student scored a four for development of problem  solving skill as they solved this problem. 

 

 She Wrote:  

 
 To Construct the Pie Chart Multiply the Amount by the Number of Lecturer in Each of the Steps to Have; 

 

 ₦1,050,000 

 ₦2, 744,000 

 ₦4,830,000 

 ₦3,780,000 

 ₦2,090,000 

 

Total number of staff is 400, divide each of the values in each steps by 400 and multiply by 360  correct to the nearest degree 

to have  260, 680,1200, 940and 520. Use this to construct the pie chart. 

 

 The Mean Salary in the University is ₦ 14,494,000/400 = ₦36, 235. 
 The Mean Contribution will be  ₦36,235 x 0.5 + ₦ 500 = ₦2,311.75. 

 

She immediately started the process of constructing a pie chart.  She identified the total number of staff  and their steps.  She 

calculated the appropriate degrees that will represent the sectors for each steps.  She calculated the correct mean salary and mean 

contribution, and constructed the pie chart correctly.  She chose to describe how she solved the problem after she had completed the 

problem. A score of three on the rubric for academic achievement in the development of problem-solving skills was assigned to a 

student who successfully identified the objective of the task and demonstrated a plan indicating an understanding of the problem, 

albeit with minor execution errors. One student who earned this score provided the following response: 

 

Construction of the pie chart requires that you multiply the amount by the number of lecturer in each of the steps to have the 

degree that will form each sector of the circle. Also you should have idea of how to calculate sector of a circle. 
 

Divide each of the values in each steps by 400 which is the total number of staff  and multiply by 360 total degree that makes 

up a circle correct to the nearest degree to have  260, 680,1200, 940and 520. Use this to construct the pie chart. (b) The mean salary 

in the university is ₦ 14,494,000/400 = ₦35, 235. (c) The mean contribution will be  ₦36,235 + ₦ 500 = ₦36735.00. 

 

The student accurately identified the number of staff and their respective categories. The calculation of degrees for each salary 

category was also correctly performed, and the pie chart was properly constructed. However, the student made an error in calculating 

the mean salary and contribution, neglecting to multiply the total salary by 5%, which caused the mistake. The researcher noted this 

and asked the student about it when papers were returned. The student explained that they had forgotten the 5% salary calculation. 

The error was detected because the student provided a written explanation of the steps, allowing deeper insight into their reasoning. 

 

In contrast, a student scored a two for problem-solving skill development if they recognized the task's objective but 
misunderstood one or more aspects of the problem, indicating minimal comprehension. One such student correctly identified the 

total number of staff but failed to describe the steps for determining the degree of each sector of the pie chart, which was central to 

the task. While she identified the correct staff number, she miscalculated the angles representing the salary categories. 

 

 She Wrote:  

Divide each value by 400, which is the total staff, and multiply by 90, the number of degrees in a circle sector. 

 

Though she showed some familiarity with the task, her method and execution were flawed. She exhibited partial understanding 

but failed to construct a correct plan. 

 

A student who failed to recognize the problem's goal yet showed vague awareness of its nature and provided no coherent plan 
scored a one. A score of zero was given to responses that lacked any indication of understanding or attempt at problem resolution. 

However, no students in the study scored one or zero in the development of problem-solving skills. Out of 189 student writing 

samples, 76.3% received a score of four, 17% were assigned a score of three, and 6.7% received a score of two. 

 

 Sub-Question 2 

What describe the conceptual understanding in student’s writings as they solve problems in Mathematics? 
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To explore this question, student responses were analyzed using a rubric. Writing Prompt 1 (see Appendix H, p. 309) asked 

students to make a recommendation regarding which photocopy machine (A or B) and repair contract a department should purchase, 

given that machines are replaced every three years. The statistical concept involved was calculating the expected value of a discrete 

random variable. A score of four for conceptual understanding was awarded to students who clearly identified key concepts and 

supported their understanding with examples or illustrations.  She calculated and identified the cost of Machine A as ₦11,800 and 

the cost of machine B as ₦11,010. Her solution read: 

 

E(X) = µx = 0(.5)+1(.25)+2(.15)+3(.1) = 0.85 repairs per year.  0.85 * 3 = 2.55 repairs * ₦200 = ₦510.  10,000 + 510 = 
₦11,010.  I would recommend buying Machine B because over the three years that the machine will be in operation, it will be 

cheaper.  The expected number of repairs over the next three years is 2.55.  Therefore, with this number of repairs, the cost of 

Machine B will be  ₦11,010, and machine A will be ₦11,800.  So, the purchase of Machine B will be a better idea. 

 

I recommend Machine B because it will be less expensive over three years. The expected number of repairs is 2.55, leading to 

a total cost of ₦11,010 for Machine B and ₦11,800 for Machine A. Thus, purchasing Machine B is more cost-effective. 

 

The student used appropriate notation and terminology (e.g., "expected number of repairs") and applied statistical concepts 

correctly, demonstrating a deep understanding. 

 

A score of three was assigned to students who addressed major concepts but may have overlooked minor details or failed to 

effectively link examples to mathematical concepts. One such student calculated costs similarly but stated: 
 

I recommend buying Machine B because Machine A’s total is ₦11,800, which includes base price and a flat contract. Machine 

B’s expected cost is ₦11,010. I calculated this using probability: 10,500 + 200(3(0*.5 + 1*.25 + 2*.15 + 3*.1)). 

 

Although he employed the correct method, he did not fully explain the "expected number of repairs" or elaborate on the 

conceptual application, reducing the clarity and depth of understanding. A score of two was given when students identified major 

concepts but had flawed reasoning or ignored essential details. For example, one student identified Machine A's cost as ₦10,600 

and Machine B’s as ₦11,100 and wrote, "E(x) = 85," suggesting awareness of expected value but with incorrect application. She 

added: 

 

I would recommend buying machine B because the total cost for Machine A is ₦11,800.  This is the base price plus the flat 
repair contract for three years.  Machine B’s total expected cost is ₦11,010.  This is the base price plus the expected cost of repair 

based on a plan that charges per repair.  I found this by calculating probability.  10,500 + 200(3(0*.5+1*.25+2*.15+3*.1)). 

 

From his calculations, it is clear that he understood the primary statistical concept being used in this problem, but omitted a 

minor detail regarding expected value.  He used the phrase “expected cost.”  While his calculations demonstrated the process for 

finding the expected value, he did not discuss the expect ed number of repairs and how he applied that to the cost per repair.  He 

indicated that he found the expected cost by calculating the probability.  This was vague and did not completely convince the reader 

that he understood the statistical concept completely.  By having students write in Mathematics, it enables a teacher to better grasp 

the conceptual understanding for students of topics being learned. 

 

Using the rubric designed by the researcher, a student scored a two for the  academic achievement of conceptual understanding 

if the student identified and provided support for major concepts but may have had minor errors in logic or understanding, and minor 
details were ignored or supported with incorrect or flawed thinking.  A student scored a two for conceptual understanding as she 

solved this problem.  She identified the cost for Machine A as ₦10,600 and the cost of Machine B as  ₦11,100.  She notated, “ E(x) 

= 85.”  This notation indicated that she knew the primary concept that needed to be used to solve the problem.  Yet, she made errors 

trying to apply it to the problem.  She wrote: 

 

I would suggest that Machine B be purchased.  For one year, with no repairs, Machine B is ₦100 cheaper than Machine A.  

There is a 0.5 probability that Machine B will not need any repairs, while one repair has a probability of only  0.25.  Machine B 

would save more money. 

 

When analyzing her written explanation, it is clear that she chose to go away from the primary concept of expected value since 

she did not use the concept when drawing a conclusion about which machine to choose.  Using the rubric, a student will scored a 
one for the academic achievement of increasing conceptual understanding if the student did not correctly identify major concepts 

and the information contained errors in logic or understanding.  There were no scores of one for the example involving expected 

value.  To analyze a written sample submitted by a student that received a score of one, we will look at a different problem.  For 

Writing Prompt #8, see Appendix H, students were faced with a problem regarding the job that pays better.  The primary concepts 

involved in this problem included conditional variation in the two jobs. A student scored a one for the academic achievement  of 

increasing conceptual understanding as he solved this problem.   He wrote: 
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For the initial solution, I calculated the weekly pay for both Tantalizer’s and Tilapia’s. I got ₦15,000 and ₦17,000, 

respectively. To answer the question,  I checked it this way “Tantalizers pays you ₦900 an hour + the cost of uniforms.   Tilapia 

pays you ₦850 an hour, no uniform. Tilapia pays more.” When asked about that question during the focus group, he replied, “most 

work places require you to buy at least five uniforms in the beginning so you have some for the week and you are not coming to 

work smelly, like if it’s a required uniform, they usually have you buy at least five at a time, not just one.” 

 

If  he had added that explanation on the paper he turned in, he would have gotten more points per the rubric.   It is evident that 

he did not know the major concepts involved with the problem.  He described a significance test involving proportions while his 
actual work to solve different aspects of this problem did not include the conceptual understanding of the problem. When trying to 

solve a problem, it is essential for students to understand the primary concepts of a problem in order to develop and execute a 

strategy that will yield the solution. No study participants scored a zero for conceptual understanding.    In the 189 writing samples 

collected for the study, 57.8% of the samples were coded a four, 23.7% of the writing samples collected for the study, were coded 

a three,  13.7% of the samples  coded a two  and 4.9% of the writing samples collected for the study, were coded a one for conceptual 

understanding. 

 

 Sub-Question 3 

What describe the   demonstration of procedural understanding in student’s writings as they solve problems in Mathematics? 

 

To answer this question, students work for each score will be examined.  For Writing Prompt 3, see Appendix H, students 

encountered a problem thatthere are 14 boys and 16 girls in Mrs Uko’s class. What ratio best represent the relationship between the 
number of boys and the total number of students in Mrs Uko’s class. (a)7/15 (b) 7:10 (c) 7/9 (d) 14:16 (e)8:15. They were to give 

explanation to their  choice and analyze the question. 

 

Using the researcher designed rubric, a student scored a four for the academic achievement of  demonstration of procedural 

understanding if the student selected and executed appropriate strategies, and the representations and algorithms were appropriate.  

A student scored a four for  demonstration of procedural understanding as she solved this problem.  She identified the correct 

procedure of the problem. 

 

The correct answer is A. It’s critical to read this question carefully and it’s easy to make a careless mistake on this one. The 

question gives the number of boys (14) and the number of girls (16), but it asking for the ratio of boys and the total number of 

students (14+ 16=30). That was sneaky. The ratio can be written as fraction 14/30 or 14: 30, but having a second look none of this 
is in the options given. Therefore, I need to reduce this to its lowest term by dividing through by 2 to have 7/15 which could also be 

written as 7:15 the correct option. I observed also that option for the ratio of boys to girls is given (option C and D), and the (Option 

E).The question is not a tough one conceptually, but it’s an easy on to miss if you are not paying enough attention. 

 

She followed a step by step procedure in solving the problem. This further supports that the student selected the correct 

procedure and used appropriate algorithms. 

 

Using the designed rubric, a student scored a three for the problem-solving process of procedural understanding if the student 

selected and executed appropriate strategies, and some representations and algorithms had minor errors but did not affect the 

solution.  For Writing Prompt 3, see Appendix H, a student scored a three for the demonstration of procedural understanding as she 

solved this problem.  She wrote the number of boys, girls and total number in the class correctly, identified the appropriate steps  to 

follow, computed the ratio with no problems, and wrote a reasonable conclusion. 
 

She wrote: To find the ratio of boys to the total number in class, I need to  have the total number in the class. I then expressed 

it as a fraction and later as a ratio. None of the options had the correct answer, then I tried reducing the fraction to its lowest term 

and this gave the correct option A. 

 

She described the procedure that she took as she solved the problem.  However, she missed some important procedures during 

her process of solving the problem.  She did not discuss how she got the total number in class in step one.  This is an important 

procedural step that she bypassed. 

 

Using the rubric, a student scored a two for the academic achievement of demonstration of  procedural understanding if the 

student selected an appropriate approach, but the execution was flawed.  Also, representations and algorithms were appropriate for 
the task but were not executed properly.  For Writing Prompt 1, see Appendix H, students were asked to give a recommendation to 

a department based on overall cost as to which photocopy machine, A or B, along with its repair contract, should be purchased.  

This particular department replaces photocopy machines every three years.  The primary statistical concept involved the process of 

calculating the expected value of a discrete random variable. A student scored a two for demonstration  of procedural understanding 

as he solved this problem. 
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He wrote: (0)(.5) + (1)(.25) + (2)(.15) + (3)(.1) = .85.  Since this problem involves finding the mean of a discrete random 

variable, I used the formula mean =  x1 p1 +x2 p2.... to calculate the expected value of the repairs that machine B will amass over a 

1 year period.  With machine A, the department  supervisor would have to pay ₦10,600 a year after purchasing the repair contract.  

Although machine B is more  expensive initially, there is no repair contract.  It is ₦200 for each repair.  According to the chart, 

there is an expected value of .85 repairs per year.  This indicates that there is a fairly strong probability that no repairs will be 

necessary.  Therefore, I would recommend machine B. 

 

He understood that the primary statistical concept of this problem involved expected value.  While he chose the correct path 
to solve the problem, his execution was flawed.  After finding the expected value, he recommended Machine B.  He incorrectly 

reasons that there is strong probability that no repairs will be needed.  When she looked at the aspects of costs, he mentioned the 

costs for Machine A after the first year.  He failed to apply the concept of expected value to the context of this problem.  His lack 

of conceptual understanding seemed to affect his procedural understanding.  He failed to mention anything regarding a three-year 

plan for each machine.  He did not correctly compute three-year totals regarding each machine.  No one that participated in the study 

scored a zero for the demonstration of procedural understanding. 

 

Using the rubric, a student scored a one for the problem-solving process of procedural understanding if the student selected an 

inappropriate approach or selected the appropriate approach but could not begin implementation. Also, the representations and 

algorithms were not appropriate for the task.  A student scored a one for procedural understanding as she solved this problem.  She 

correctly identified the concept of the problem.  It was unclear where one step ended and the next step began with her work. This 

may be due to her lack of understanding regarding this problem, which further supports her lack of procedural understanding for 
this question.  In the 189 writing samples collected for the study, 79.3% of the samples were coded a four, 6.7% of the samples were 

coded a three,  9.7% of the samples were coded a two and  4.3% of the samples were coded a one for procedural understanding. 

 

 Sub-Question 4 

What describe the development of mathematical content connections in student’s writings as they solve problems in 

Mathematics? 

 

To answer this question, we will first look at examples of student work for each score.  For Writing Prompt 9, see Appendix 

H, the second most common pieces of writing submitted which showed growth in the student’s mathematical content connection 

was writing that summarized several lessons. The students who submitted a writing sample included a summary paragraph of a unit 

or chapter. For instance, one writing prompt included, asked the students to explain each of the three ways to solve systems of 
equations (see Appendix H). In response to this prompt the student explained each of the three methods and then also states which 

method was their favourite and why. The students then solved one system of equation using their favourite method. Using a rubric 

designed by Pugalee (2005), a student scored a four for the student’s development of Mathematical content connection as they 

completed a problem, the researcher and panel of experts looked for evidence that the Mathematics were accurate, all Mathematical 

concepts and ideas were accurately identified, and Mathematical terms were used appropriately and connections were made to real 

life situation.  A student scored a four for development of mathematical content as she solved this problem.  She identified the 

formula for each of the methods. She used the correct variables in the correct places and concluded the correct solution. 

 

She wrote: For graphing, you get the y on its own. Then plot the graph using the y-intercept and the slope. The solution to the 

system of equations is where the two lines intersect each other. If the lines do not intersect, they are parallel. That means there is 

no solution to the system of equations. In substitution, you get one of the variables by itself. Then plug the expression into the other 

equation and solving for one variable. Last find the other variable by plugging in the number for the variable you solved. In 
elimination, you have to get the equation in standard form. Get the coefficient of one variable to be the same by multiplying it (them). 

Add if the signs are the same, subtract if they are different. Once you have found one variable, then plug it in and find the other. 

Elimination is my favourite because I found it the easiest. Graphing is confusing because of the slope and substitution is difficult 

because I have trouble getting the variables by themselves. 

 

Her mathematics was accurate.  She substituted the given data in the correct places, enabling her to reach the appropriate 

solution. 

 

For Writing Prompt 8, see Appendix H, the second example of writing students submitted that fell into this category dealt with 

graphing quadratic functions. In the prompt  students were asked to compare two quadratic equations by writing generalizations to 

a friend. Some of the students addressed each of the points mentioned, writing paragraphs to explain each of the terms in their own 
words  Using a rubric designed by the researcher, a student scored a three for development of mathematical content connection if 

the mathematics were accurate, mathematical concepts and ideas were accurately identified, and mathematical terms were used 

appropriately and connected to real life situation, but there were minor errors.  A student scored a three for development of 

mathematical content as she solved this problem.She wrote: 

 

The role of “a” is that if “a” is positive the vertex will be the minimum of the graph and the graph will open upward. The 

minimum is the lowest point on the graph. The vertex is where the graph changes direction. If “a” is negative, the vertex will be the 
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maximum of the graph and the graph will open downward. “C” is the y-intercept. It is where the graph crosses the y-axis. In each 

of these cases, “c” is also the vertex. 

 

Many students also included a well-labeled graph to go with this explanation. Each of the parts mentioned above would be 

pointed out in the graph. So the writing activity seemed to reinforce other mathematics work by the student.She identified the correct 

mathematical concepts that were needed to solve this problem.  Her steps as she calculated the solution was flawless, except for one 

minor error.  She did not identified each of the variables on the graph. This was likely a careless error.  The researcher  circled this 

on her paper without an explanation.  When she received her paper back the next day, she explained it to be an oversight.  She said, 
“I missed that.”  She was frustrated, but it was clear  that she understood the mathematical content of the problem. 

 

Using the rubric, a student scored a two for the problem-solving process of mathematical content if the mathematics contained 

minor errors, mathematical concepts and ideas were identified but with minor errors, and there were notable errors in the use of 

mathematical terms. No student scored a two for development of mathematical content as theysolved the problem.  Using therubric, 

a student scored a one for development of mathematical content connection if the mathematics was mostly inaccurate, mathematical 

concepts and ideas are identified with several errors, and mathematical terms are used inappropriately. A student scored a one for 

problem-solving process of mathematical content as she solved this problem.  The first part of the writing prompt asked students 

which die should be chosen to win the game.  She wrote: 

 

The role of “a” is that it shows the minimum and maximum  point on the graph. The point is vertex  “C” is the y-intercept. It 

is where the graph crosses the y-axis. 
 

A correct way to have approached this problem included drawing a graph,identifying each of the variables on the graph and 

explaining what makes the vertex to be at maximum or minimum point on the graph.  This process would have led her to the 

appropriate solution to the problem.  She failed to mention any of these. The mathematical content used in her solution contained 

many errors.  No one that participated in the study scored a zero for development  of mathematical content. Going by the 189 writing 

samples collected for the study, 76.9% of the samples were coded a four,  17.2% of the samples were coded a three and 5.8% of the 

samples were coded a one for development  mathematical content connection. 

 

 Sub-Question 5 

What describe the mathematical reasoning in student’s writings as they solve problems in a statistics course? 

 
To answer this question, we will first look at examples of student work for each score. For Writing Prompt 1, see Appendix 

H, students were asked to give a recommendation to a department based on overall cost as to which photocopy machine, A or B, 

along with its repair contract, should be purchased. This particular department replaces photocopy machines every three years. The 

primary statistical concept involved the process of calculating the expected value of a discrete random variable. Using the rubric, a 

student scored a four for the student’s demonstration of Mathematical reasoning as they completed a problem, the researcher and 

panel of experts looked for evidence that the participant completely and accurately provided justification for major steps or 

processes, and defended the reasonableness of the answer with supporting reasons. A student scored a four for demonstration of 

mathematical reasoning as he solved this problem. After making a probability distribution table, he wrote: 

 

E(X) = 0(.5) + 1(.25) + 2(.15) + 3(.1) .85= expected number of repairs per year (3.85)₦200 = ₦510 in three years + ₦10,500 

Machine A: ₦11,800 in 3 years Machine B: ₦11,010 in 3 years I began by addressing machine A, and I found out that with a 

monthly repair cost of ₦50 for three years, that it would cost ₦1800. When added to the cost for the machine, it would costs ₦11,800. 
I found the expected amount of times the machine would need repairs in a year for 1 year, and then found how many in three years, 

and then costing ₦200 a repair. The repairs in three years on Machine B would be ₦510. When the repair cost is added to the cost 

of Machine B, it would costs ₦11,080. Therefore, we would choose Machine B. 

 

She made no mistakes while solving this problem. It is obvious from her explanation that she understood the basis of this 

problem as she provided key justifications for each step. Notice how she stated that she found the "expected amount of times the 

machine would need repairs" in her explanation. This statement made it clear that she understood the statistical concept in the 

context of the situation. She leads the researcher through her journey as she solved the problem and why she took each particular 

step. She left no doubt to the researcher that her mathematical reasoning was sound. 

 

For Writing Prompt 20, see Appendix H, students were asked to find the value of . Explain the steps used in solving the 
problem to support their answer and Identify the Mathematical concept(s) that they used to solve the problem and define each one. 

Using the rubric, a student scored a three for the academic achievement of demonstration of mathematical reasoning if the student 

accurately provided justification for major steps or processes but lacked clarity or detail, and defended the reasonableness of the 

answer but had minor omissions or errors in describing the approach. A student scored a three for problem-solving process of 

mathematical reasoning as he solved this problem. He wrote: 
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We must assume that, Completing the square on the first equation yields (−3)2=9−. If this equation is equivalent to (−)2=7, 

then if =3 then =2. Completing the square on the second equation yields (−3)2=11−. Since this equation is equivalent to (− )2=, 

we can see that =3 so it follows that =2 and =9. 

 

This was correct and enabled the researcher to see that he understood one of the big concepts of the problem but lacked clarity 

and justification of the reasonableness of the steps taken to solve the problem. A writing sample from a student for the previous 

prompt, Writing Prompt 20, will be used to discuss and analyze a score of two. Using the rubric, a student scored a two for the 

problem-solving process of mathematical reasoning if the student provided justification for most of the steps or processes with no 
errors, defended the reasonableness of the answer, but may not have developed supporting reasons for the answer. A student scored 

a two for problem-solving process of mathematical reasoning as she solved this problem. 

 

She wrote: The formula for finding area of the rectangle will be stated first before proceeding with the problem. I remember 

that (−1)3= (−1)(−1)(−1), which is as 3−3. 

 

On the student’s ASW worksheets, she wrote down the area formula before proceeding with the problem. The student 

"remembered" that (−1)3= (−1)(−1)(−1), but failed to "understand" how to find the product when she incorrectly simplified it as 

3−3 in both of her solutions. This student "remembered" proper exponent rules but did not "understand" the context enough to 

"apply" them and execute a solution. She did not provide justification as to how she determined the facts. 

 

For Writing Prompt #10, see Appendix H, students were asked to say which job pays more. Using the rubric, a student scored 
a one for the problem-solving process of mathematical reasoning if the student provided some justification for steps or processes 

but the response contained numerous errors and limited or no supporting evidence defending reasonableness of answer. A student 

scored a one for problem-solving process of mathematical reasoning as she solved this problem. 

 

She wrote: My opinion is that Tantalizer pay more because, Tantalizers pay ₦72,000.00 and Tilapia pay ₦68,000.00 the 

amount paid by Tantalizer is more than that of Tilapia. 

 

It was apparent that she truly did not understand this problem through her writing. She provided justification for her steps; yet, 

her justification for steps was incorrect and contained many errors. No one that participated in the study scored a zero for the 

problem-solving process of mathematical reasoning. Reviewing the 189 writing samples collected for the study, 78.7% of the 

samples were coded a four, 7.3% of the samples were coded a three, 10.3% of the samples were coded a two and 3.6% of the samples 
were coded a one for mathematical reasoning. 

 

 Sub-Question 6 

How do the student’s writings improve over time as they utilized “ Flash back in the alternative solution worksheet ASW? 

 

This study also sought to investigate the extent that students report “flash back” strategies when completing Alternative 

Solution Worksheet (ASW) activities, and the relationship between the subjects’ reported use of “flash back” strategies and their 

performance on ASW activities. Despite the fact that the participants were unable to utilize “flash back” strategies effectively at the 

beginning, several patterns emerged within the transcripts of “think alouds”, focus groups, observation notes, and the student’s 

writings. These patterns include examples of student “Flash back” within specified levels of Bloom’s Revised Taxonomy (BRT), 

student reactions to the process, affective changes, and strong and weak uses of “flash back.” 

 
The six levels of BRT provided a lens that the researcher was able to use to analyze student’s“flash back” techniques as related 

to their struggles. BRT helped in understanding how the students were using “flash back” and why they were largely effective. One 

particular example, from a student’s “think aloud” illustrates the taxonomy at work. 

 

Remembering; The lowest level of BRT is simply recalling information. The researcher observed the students doing this 

frequently throughout the process. During the “think aloud” process, one student repeated “area equals length times width” after he 

read the question as well as at other times. On student’s ASW worksheets, many students wrote down the area formula before 

proceeding with the problem. The student “remembered” that (−1)3= (−1)(−1)(−1), but failed to “understand” how to find the 

product when she incorrectly simplified it as 3−3 in both of her solutions. In  this work the student “remembered” proper exponent 

rules but did not “understand” the context enough to “apply” them and execute a solution. 

 
Understanding. The next level of BRT is explaining or interpreting ideas or concepts. For example, after the “think aloud” in 

which one student recalled the formula for area of a rectangle in the understanding phase, he noted that ; 

 

“Area of the rectangle equals 2− 11−6, and one of the sides is 5+2, so I’m going to try 5+2 in parenthesis multiplied by     
2−11−6, no we’re dividing.” 
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He even drew a figure that accurately represented the information. This student understands how each piece of the given 

information fits in the context of the problem. This shows that  the student understands the relationship between area and length to 

realize he should divide. The student also recognizes that relationship when she notates (5+2)(?)= 2−11−6. In all the above instances, 

the students understand the relationship between the expressions given, and this helped her move on to the next level of BRT to get 

a solution. 

 

Applying. The third level of BRT is using the given information to execute a solution. At this level, the researcher observed 

the students trying to do some mathematical operations to solve the problem. Some students were stuck at this point. During the 
“think aloud”, one student wavered between the applying level and the next level, analyzing. In the previous example, he realized 

he should be dividing, rather than multiplying. His process as follows. 

 

So (5+2)÷(2−11−6) that makes …no… I will multiply it. [He goes back to multiplying even though he knows he should be 

dividing.]  So 5+2 multiplied by that, is 53−552−30, then 2 times 2 which would  be 22, then 2 times −11 is −22 and then 2 times -6 

is -12. Like terms so it  would be 53−107+22−12, then that wouldn’t work because it’s  supposed to be length times width equals 

area and the area is 2−11−6, so  we will do 5+2…I don’t know if I add, divide, multiply, or subtract, yeah I can  try to subtract, 

that’s what I will do. [Again, he realizes that he should not have  multiplied. He thinks he must add, subtract, multiply, or divide, so 

he settles for  subtraction next even though he already stated he has to divide.] So I can take  2−11−6 and subtract 5+2 from that 

and that gives me 2−16−4.  No, I got to find the area I can’t factor it so I’m going to come back to this one  later. [Once again, he 

knows what he did was wrong, but he cannot figure out  how to make it right. He is using flash back here, but at the levels of  

understanding and applying.]  Question 1 again. Area equals length times width.  Let’s see, we can’t factor the 2−11−6. We can’t 
factor it, and we can’t  subtract it so how are we supposed to …So we may have to divide, no we can’t  divide. So 2−11−6=5+2 so 

we can subtract the 11 from both sides,   then we can…this looks right. So 2=16+8, then divide the 2 so it  will be =16+8 2 and that’s 

what the area is…no that’s not what the area is…no,  it’s supposed to be area equals length times width and the 5+2  has to be the 

length or the width and the 16+8 has to be something. So my  final answer will be 5+2 equals the length and then 16+8 equals the 

width  and the area is 2−11−6. 

 

At this point in the “think aloud”, the student is trying to analyze his solution (the next level of BRT), but he stopped short of 

actually doing it. 

 

Analyzing. The fourth level of BRT is breaking information into parts to explore understandings and relationships among the 

data. In mathematical problem solving, this level differs from the previous level, applying, in that students who are analyzing are 
pointedly pursuing a solution based on their understandings of the relationships in the problem rather than just randomly doing 

mathematical operations for the sake of doing something. In the example above, the student never really got to this level. He knew 

he was supposed to divide, as he stated multiple times, but since he did not figure out how to do the division, he settled for 

multiplying and subtracting.   Evaluating. The fifth level of BRT is justifying a decision or course of action. In mathematical problem 

solving, evaluating can be accomplished by explaining why one chose a certain solution method and then checking the solution 

obtained to validate it. In the prior example, the student write up expressed this when she wrote; 

 

E(X) = 0(.5) + 1(.25) + 2(.15) + 3(.1) .85= expected number of repairs per year (3*.85)*₦200 = ₦510 in three years + 

₦10,500 Machine A: ₦11,800 in 3 years Machine B: ₦11,010 in 3 years I began by addressing machine A, and I found out that 

with a monthly repair cost of ₦50 for three years, that it would cost ₦1800.  When added to the cost for the machine, it would costs 

₦11,800.  I found the expected amount of times the machine would need repairs in a year for 1 year, and then found how many in 

three years, and then costing ₦200 a repair.  The repairs in three years on Machine B would be ₦510.  When the repair cost is 
added to the cost of Machine B, it would costs ₦11,080.  Therefore, we would choose Machine B. 

 

Here“flash back” is most important, to assess the validity of a solution. 

 

Creating. The sixth and highest level of BRT is generating new ways of viewing things, or generating alternative solution 

methods, as was requested of the students during this study. Some students were largely unsuccessful at this level, but many of them 

were successful.For one example of a student problem posing, a written sample from Writing  Prompt 1, see Appendix H, will be 

used.  Students were asked to give a recommendation to a department based on overall cost as to which photocopy machine, A or 

B, along with its repair contract, should be purchased.    The primary statistical concept involved the process of calculating the 

expected value of a discrete random variable. Students were asked to pose a problem of a different context using the same statistical 

concept of the original written prompt.  A student wrote: 
 

A pet lover is considering taking his dog to two different veterinarian offices in town.  Vet office A charges a one-year 

membership fee of ₦250, while office B charges a membership fee of ₦300.  The pet lover plans to sell his dog in two years when 

he goes off to college.  A vaccination contract costs₦10 per month at office A and ₦25 per month at office B.  The distribution of 

the number of shots per year is as follows: 
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The pet lover asks you to suggest which of the two he should go with.  Which would you choose and why? 

 

After reading this student’s problem involving the statistical concept of expected value, the researcher wondered why he had 

chosen a problem involving pets.  When the response was  returned, the researcher asked him and he stated, “I love dogs I have two 

dogs, and I spend a great deal of time reading about dogs.”  He took a statistical concept and posed a problem in a context of which 

he was familiar.  It is clear that he understood the statistical concept of expected value when reading the problem that he posed.  The 

process of problem posing assisted this student by helping cultivate his mathematical thinking and further develop his creativity and 

understanding. The result showed that majority of the students  used strong flash back and were able to solve the problem successfuly 
to get the correct anwers, which reflected in their high scores in the achievement test. Few students  used weak flash back and could 

not get the correct answer, which gave rise to their low scores in the achievement test. 

 

 Effect of Writing to Learn and Triangulation Assessment Tools and Methods on Academic Achievement and Affective Outcome 

of Students in Mathematics 

To fully address the fourth and fifth research questions, a template was created based on the questions students responded to 

in their initial writing excerpt for the course. In the first week, all participants completed a Learning Biography which required them 

to reflect on who they are as students, their general feelings about mathematics, their strengths in the subject, their goals for the 

course, long-term educational aspirations, and reasons they believed they could be successful. Students were asked specifically not 

to focus on the grades they aimed to earn, but rather on “who they are” as learners. The resulting template consisted of five 

constructs: self-concept, interest, attitudinal change, motivation, and value. These constructs guided the coding of all participants’ 

responses. 
 

Initial data extraction revealed a largely superficial level of reflection. Most pre-course Learning Biographies failed to address 

all questions in detail and lacked in-depth self-assessment. To preserve anonymity, pseudonyms were assigned to all student 

responses. 

 

 Initial Template 

Under the course goals construct, students' responses were typically brief, often focused on grades, and revealed limited meta-

cognitive awareness regarding their self-concept as learners. 

 

John stated, “My goal for this class is to get a B or better. Also to learn all that will apply to an engineering job which I plan 

to do at the completion of my NCE. I want to get as much knowledge as I need to do a job in the engineering field well.” 
Regina noted, “I want to have an A or B in this course when all is over because I know I can do it. I have taken GSE and I hope I 

can still remember some of the concepts that I learned in year one to make this class a little simpler.” 

Akpan shared, “Of course I would like to receive a good grade, but I have greater goals for this class. As I mentioned before, I enjoy 

learning new material. Unfortunately, I couldn’t get my desired grade in year one, so I decided that I would take this class very 

seriously. One goal is to challenge myself to learn more in order to be successful in the career I would like to pursue.” 

 

In terms of the type of student construct, comments also lacked depth and specific insights into students’ identities as learners. 

 

Evelyn wrote, “I enjoy learning and being challenged in my education. I have a wide range of interests, finding almost any 

topic enjoyable. This, coupled with a large work ethic, has allowed me to succeed in my educational career so far.” 

Oku stated, “As a learner I am very inquisitive. I enjoy learning new things, and if I don’t get it at first I work at it until I do. My 

Grandpa always told me that a wise person tries to learn something new every day, and the person who thinks they know it all is an 
idiot.” Christina reflected, “I was a hands-on learner. If I learn at my own pace, I found that the material sticks with me.” 

 

Post-course Learning Biographies and inventory writings revealed greater depth, particularly in how students connected course 

concepts and explored their learning processes more critically. Prompts were crafted to encourage students to delve deeper into their 

learning approaches and self-reflection. 

 

Chinedu observed, “From these new realizations, I was able to understand the other quadratic functions and their graphs. 

Soon, my portfolio became more of a quick referencing tool than a visual aid. I hope that I will be able to use my knowledge of 

quadratic equations as I move on to a higher-level math.” 

 

Rose remarked, “I now realize how much quadratic equation is in our world because of writing the connections we all can 
make through the concepts of this course. Quadratic equation is everywhere, and by doing the research to find out these things it 

makes learning quadratic a little easier because we actually know we can use these concepts in the real world.” 

Daniel wrote, “I do see the connection between writing and math just like anything you learn, the more you think about what you 

need to work on, the more effort you will put into actually doing it.” 
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Based on thematic analysis of various student writings threaded discussions, three mathematical growth journal entries, and 

the end-of-semester reflective essay the refined template highlighted six key themes: Attitudinal changes as a learner, connections 

and writing, feelings about or interest in mathematics, self-concept, motivation and value of writing, and changes as a learner. 

 

The connections and writing construct uncovered multiple ways students linked mathematics to writing. They articulated 

conceptual connections, expressed deeper understanding through writing, and reflected on connections between mathematics, future 

professions, and real-life scenarios. The feelings about mathematics construct revealed strong attitudes either highly positive or 

negative towards the subject, with few reporting neutral or mixed feelings. 
 

The reflection centered on the quadratic equation, a foundational concept in the course. Students’ writings demonstrated their 

varying levels of reflection, either showcasing deep understanding through detailed connections or indicating surface-level 

understanding with minimal conceptual linkage. Students who consistently expressed meaningful connections offered richer, more 

detailed insights. For instance: 

 

Evelyn reflected, “Over the past few weeks of basic general mathematics, the quadratic equation has transitioned from 

paperwork to an applicable tool. When this semester began, I had only heard mention of quadratic equation and quite frankly, they 

made absolutely no sense. Therefore, when we carried out the project on quadratic equation and real-life problems it can be used 

to solve, I was completely bewildered. Then we were instructed to use the concept of parabola that is, the graph of quadratic 

equation to find things around us that are having that curve, and the light turned on. As I worked through problems such as this 

and found the value of it, I realized the purpose of learning mathematics. The equation contains everything necessary for finding 
the solutions to these types of problems: the variation, the simultaneous equations, statistics, and many other problems even in other 

courses. It also provides a visualization of the relationship among the other science subjects. The continuation of the work with the 

quadratic equation has led to the discovery of more and more patterns and a development in my understanding of mathematics as 

a whole. As a result of the project, my grasp on this aspect of mathematics has increased tremendously.” 

 

Belema commented, “The parabola has followed me everywhere I go, and I am still in astonishment of how it is still applicable 

through all these objects. When we first talked about the graph of quadratic equations, I thought it was just something that would 

only be used for a certain one or two things. I also thought that I knew the quadratic equation well enough, but when the first test 

came around, I was not as familiar with it as I had thought. I got really angry at myself and was determined to do better on the next 

test. I did do better, but I still messed up by switching some values around. I would say that these tests helped me to get to know 

quadratic equations and indeed mathematics better because they spurred me on to do better. Going over all the connections that 
the equation had with what we were doing was very instrumental in my understanding of mathematics and how it all goes together. 

I was really amazed at how the concept of parabola could be used for graphing wave-like data, represent complex numbers, and do 

plotting in a polar-coordinate system. I see parabola on everything around me. I still find it crazy that all these topics rely on and 

are based from a quadratic equation. In the end, our constant going over the project and its applications helped me get a grasp on 

where mathematics really comes from.” 

 

Within the value of writing construct and based on students’ comments, the researchers were able to determine if students saw 

any relevance in writing as it relates to their ability to reflect on what they had learned both between class sessions and throughout 

the semester. The intent of this study was to use writing as a tool to encourage students to engage in deeper reflection on connections 

across course concepts, and to help them realize the importance of self-concept in their learning processes. Through these written 

reflections, the study revealed aspects of students’ individual metacognitive functioning and how it may have evolved over the 

course of the study. 
 

Emen wrote, “Writing essays in a math class was definitely something new to me, but I think it was effective for various 

reasons. Writing out what was and what was not effective for me caused me to have a level of self-reflection that I had never really 

considered in other math courses. Because of the essays, I was encouraged to pinpoint what was helping me significantly, like my 

revelation about talking through concepts with others. ”Kelechi stated, “I agree that writing in mathematics helps ground the basics 

and proves what you really know in maths. I personally know that it proved that I really didn’t know as much as I thought I did, but 

that is a good thing because now I know what to fix with myself. It is one thing to do something that makes sense in your head or to 

repeat some steps someone gave you, but to actually be able to quantify the data and put it down on paper is a whole different thing. 

This requires an innate understanding of whatever you are trying to write about in order to put it in a coherent and understandable 

way.” Judith commented, “I totally agree that writing required me to reflect on what I really know and understand. Outside of not 

knowing the correct vocabulary, if I couldn’t explain a step or process, then that told me I didn’t understand it and needed to review. 
I guess it’s kind of like ‘the devil’s in the details.’” Jack stated, “Writing to reflect on what I have learned has shown me how to 

really appreciate what I have been learning. It has helped me to see how beneficial everything I have learned is because I reflect 

on everything and it forces me to take a second look at it all.” Alex said, “Yes, I suppose writing and explaining in your own words 

does make you look back and think about how much you really know on the subject. Also by doing this process it may help to learn 

a concept because you are forced to think longer and harder about the concept and see other connections to the concept.” 
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A. Major Findings 

Based on the analysis of the result presented in this chapter, the following major findings were made: 

 

 There exists significant difference  between the achievement scores of students assessed with writing to learn method and those 

assessed with the traditional method in favour of the writing to learn method. A significant difference was also observed for the 

affective outcome scores between the writing to learn method and traditional method in favour of writing to learn method. 

 There exists significant difference  between the achievement scores of students assessed with triangulation method and those 

assessed with the traditional method in favour of the triangulation  method. A significant difference was also observed for the 
affective outcome scores between the triangulation method and traditional method in favour of triangulation method. 

 There was a statistically significant mean difference between experimental  and  control group  in respect to post-test scores of 

academic achievement and affective outcome. This means that writing to learn mathematics and triangulation of assessment 

method usage increased  student academic achievement and affective outcome in the learning of mathematics positively. 

 The nature of  Self-concept, interest, attitudinal change, motivation and value in mathematics learning  were significant predictor 

of academic achievement. Also,  self-concept,  motivation, value and interest  contributed more significantly, attitudinal change 

contributed less significantly to the increase in achievement of students in mathematics. 

 There was a substantive, high level and deeper reflective  nature of meta-cognitive functioning change as students engaged in 

the intervention. 

 There exsists a significant  difference   between  reciprocity method and project-based method in favour of reciprocity.  The  

reciprocity  methods contributed more  to the increase in academic achievement of the students in mathematics while project-
based contributed less. The  two assessment methods are equally effective in increasing affective outcome of students in the 

learning of mathematics. 

 Significant  difference  exists between  writing to demonstrate knowledge and performance-based tools  in favour of writing to 

demonstrate knowledge. However, writing to demonstrate knowledge  tools contributed more to the increase in academic 

achievement of the students in mathematics while project-based contributed less. The  two assessment methods are equally 

effective in increasing affective outcome of students in the learning of mathematics. 

 There was no significant interaction effect of writing to learn as an assessment tool  and the triangulation assessment  techniques 

as method of assessing  academic achievement,  self-concept  and interest   of  students in the learning of Mathematics. But these 

two methods of assessment had significant effect on academic achievement and affective outcome of students. 

 There was a significant mean difference in male and female student’s overall academic achievements and affective outcomes 

between the experimental and the control groups in Mathematics.  This difference was in favour of female students. 

 The writing samples of students who tended to do well when providing their solutions to problems consistently scored threes 

and fours using the rubric.  These students were successfully able to demonstrate the five problem-solving processes as they 

solved problems, though students had lower scores in conceptual understanding when compared to other processes.However, 

not all students were successful in this manner. 

 Majority of the students  used strong flash back and were able to solve the problem successfuly to get the correct anwers, which 

reflected in their high scores in the achievement test. Few students  used weak flash back and could not get the correct answer, 

which gave rise to their low scores in the achievement test. 

 Majority of the  students did make significant changes to their approach to learning, and they were able to make deeperand 

meaningful conceptual connections.   It also was apparent that writing in mathematics and about mathematics encouraged 

students to reflect on what they were learning, and allowed them to make more meaningful connections about the content and 

themselves as learners and they experienced substantive changes and growth in their meta-cognitive functionig as a result of the 
intervention. 

 

B. Discussion of Findings 

Based on the analysis of the result presented in this chapter, the following major findings were discussed. 

 

 Effect of Writing to Learn Assessment Tools on Academic Achievement and Affective Outcome of Students in Mathematics 

The findings revealed that there was a significant relationship between   writing to learn Mathematics as an assessment tool  

and overall development of problem-solving skills, increasing conceptual understanding, demonstration of procedural application, 

demonstration of maths reasoning, development of content connections (academic achievement)  and self-concept and interest 

(affective outcome)  of students with respect to learning Mathematics. A significant difference exists between the achievement 

scores of students assessed with writing to learn method and those assessed with the traditional method in favour of the writing to 

learn method. A significant difference was also observed for the affective outcome scores between the writing to learn method and 
traditional method in favour of writing to learn method. 

 

The implementation of writing to learn  as alternative assessment tools increased student’s academic achievement and affective 

outcome more than the traditional method of assessment. Writing can give students more time to think, allow for multiple 

representations, and provide opportunities for students (especially quieter students) to communicate with the teacher. When students 

are stuck on a problem, they can write out their thought process and may be able to see their error and solve the problem. 

Additionally, when students recognize their confusion, it is a step toward understanding. Writing in Mathematics can also be used 

to support gifted and talented students by pushing them further. This finding is in line with the finding ofCraig (2016) who 
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investigated how writing explanatory paragraphs in Mathematics class influenced problem solving behavior in 39 calculus students 

of University of Cape Town, South Africa.  The researcher concluded that writing about problem solving in Mathematics can cause 

a reflective imbalance where students realize their reasoning is wrong or incomplete; and this in-turn, leads to a reflective process,  

which can eventually   propel the student to correct the learning deficiency. 

 

The findings agrees with the findings of Fauziah, Mardiyana and  Saputro (2018), which  was to learn the process of using 

mini project assessments on statistics learning which is conducted by lecturers and to discuss specifically the use of mini projects 

to improving student’s learning in the school of Surakarta. The result of data analysis shows that the average score of rubric of 
student mini projects result was 82 with 96% classical completeness. This study shows that the application of mini project 

assessment can improve student’s Mathematics learning outcomes. Also the findings agrees withBaxter (2008) who studied 

Mathematics writing with lower achieving 7th graders and found that writing in Mathematics increases student’s comprehension 

and performance and therefore recommended teaching writing in Mathematics thoughtfully and gradually.Students should be able 

to engage in meaningful Mathematics communication, as writing more with numbers will empowere the  misuse of data and 

statistics. This finding also agrees with the finding of Baxter, Woodward and Olson(2005). Baxter et al., studied journal writing in 

seventh grade Mathematics classes and found that writing in Mathematics can be used to support lower achieving middle school 

students because it helps students who do not typically participate in class discussions take on a more active role in their learning. 

The finding also agrees with the finding of Knox (2017) that writing in Mathematics can help these student's  develop conceptual 

understandings and problem-solving skills. He further reported that lecturers can analyze student's responses to evaluate each stage 

of the problem solving process. 

 
 Effect of Triangulation Assessment Methods on Academic Achievement and Affective Outcome of Students in Mathematics 

The findings revealed that there was a significant mean differencebetween  triangulation approach as assessment method  and 

overall development of problem-solving skills, increasing conceptual understanding, demonstration of procedural application, 

demonstration of maths reasoning, development of content connections (academic achievement) and (affective outcome)   of 

students with respect to learning Mathematics.Triangulation acknowledges these limitations but presumes that when multiple 

perspectives point to the same conclusions, the odds are that the conclusions are valid. Triangulation assessment methods make 

students to gain a more comprehensive perspective on the development of student mathematics skills. This finding is in line with 

the finding of Gbore (2013)who examined relative effectiveness of three evaluation techniques (triangulation) on academic 

performance of secondary school students in integrated science in Ondo State, Nigeria and reported a significant difference in the 

performance of students exposed to closed book, open book and open time techniques of evaluation of learning outcome in 

Integrated Science, pointing out that student’s performance in Integrated Science was better in closed book than open book and 
open time techniques while open book was better than open time technique. 

 

The triangulation method is used to validate repeatedassessments in order to arrive at a meaningful conclusion of the best 

assessment method. Data collected from several sources are analysed and statistically validated using the triangulation method. 

Triangulation method of assessment aims to validate assessment techniques so asto strengthen the observations from assessment 

methods. This finding is also in line with the finding of Nelson (2010) whose purpose of the study was to illustrate the benefits of 

two different approaches to triangulation and the findings of the study showed that the process of taking a focused question, 

examining available data and then presenting the question and the data to faculty, administration, and their Board of Trustees has 

increased very significantly the engagement of their colleagues in assessment and on closer analysis, using triangulation method 

many of the low scoring seniors had very high GPAs and some were majors or minors in the social and natural sciences. 

 

 Effect of Writing to Learn and Triangulation Assessment Tools and Methods on Academic Achievement and Affective Outcome 
of Students in Mathematics 

The findings showed that there was a significant mean difference in student’s overall academic achievements and affective 

outcomes between the alternative assessment (writing to learn mathematics and triangulation of assessment method) groups and the 

traditional assessment group in Mathematics. Students in the alternative assessment methods did significantly better than students 

in traditional assessment method. This was seen in increases in academic achievement and affective outcome of students as measured 

by mean achievement and affective outcome scores. Writing to learn mathematics and triangulation of assessment method usage 

increased student academic achievement and affective outcome in the learning of mathematics positively.Traditional paper and 

pencil test has been the dominant method of assessment practice in schools. This is because of the much emphasis on test results 

and the Nigerian educational system which is still driven by examinations. Hence much attention has been focused on the assessment 

and evaluation of cognitive variables at the end of formal instruction which is always done through the administration of an 

achievement test in the subject areas. 
 

Writing to learn Mathematics assessment make students to demonstrate that they have mastered specific skills and 

competencies by performing an activity to reveal what they are capable of doing. It offers students the opportunity to apply their 

knowledge and skills from several areas to demonstrate that they are capable of reaching a learning target and come up with their 

own solution.This finding is supported by the finding of Knox (2017) who reported in his study that writing to learn Mathematics 

assessment helped students realized that solving a Mathematics problem is about the process as it is not always just about getting 

the right answer or memorizing disjointed facts. This finding is also in line with the finding of (Cai and Brook, 2006) who found 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3842 

out in their study that with alternative assessment methods, students came up with alternate methods for solving a problem because 

alternative assessment methods made students understand the problem, devise a plan, carry out the plan, and flash back at the 

completed solution, by reconsidering and re-examining the result and the path that led to it. Similarly, the finding agrees with that 

of Lee (2009) as he found out in his study that the use of alternative assessment solutions encouraged students to flash backand went 

further to report that students need more guidance to effectively flash back than just having the answers; however they need to be 

taught to problem solve reflectively and to share their thinking and to listen to the thinking of others. 

 

 Effect of Alternative Assessment Tools and Methods on Affective Outcome of Students in Mathematics 
The findings indicated that there was a significantrelationship between the nature of student’s individual meta-cognitive 

functioning (self-concept, interest, attitudinal change, motivation and value), and increased academic achievement in the learning 

of Mathematics.Meta-cognition as a flexible cognitive strategy help students regulate and have knowledge of their own cognition 

through planning, monitoring and evaluation of their studies. Students meta-cognitive functioning changed after the intervention 

which causedsignificant relationship between the meta-cognitive functioning change (self-concept, interest, attitudinal change, 

motivation and value) and academic achievement in the learning of Mathematics. Self-concept, interest, attitudinal change, 

motivation and value of mathematics learning could significantly predict participants’ overall academic achievement in 

mathematics. 

 

These constructs focused on the nature of student’s individual meta-cognitive functioning and allowed the researcher to 

examine how student’s individual meta-cognitive functioning changed during the intervention. Meta-cognition is linked with 

increased success of students learning situationsbecause meta-cognition involves employing appropriate information and strategies 
during the problem solving process.Meta-cognitive experiences are conscious experiences that are cognitive and affective. This 

findings collaborates with that of Cross(2009) as he reported in his study that meta-cognitive processes helped students achieved 

higher scores in Mathematics, promote higher-level thinking and it is considered one of the most important factors in student 

learning. 

 

Developing meta-cognitive skills and discoursing in the classroom have been tied with students having a deeper understanding 

and increased Mathematics achievement. With meta-cognitive skills, students are able to actively monitor and consequently regulate 

and orchestrateacademic processes in relation to their cognitive properties which they exhibit, usually with the guidance of some 

concrete goals or objectives. Similarly, this findings also  agrees with  the finding of Carr (2010) who found out in his study and 

reported that meta-cognitive skills influenced student’s Mathematics ability and caused the changes that need to occur for students 

to progress in Mathematics. 
 

The findings revealed that there was a significant relationship between the meta-cognitive functioning change (self-concept, 

interest, attitudinal change, motivation and value) and academic achievement in the learning of Mathematics. A great percent of the 

variance in academic achievement was attributed to the variance of the combination of the five independent variables (self-concept, 

interest, attitudinal change, motivation and value of mathematics learning).The correlation between the dependent variable 

(academic achievement) and the combination of the five independent variables (self-concept, interest, attitudinal change, motivation 

and value of mathematics learning) was statistically significant as a result of the importance of these constructs in student’s 

performance. 

 

This findings  is supported by the finding of Pugalee (2001) who reported in his study that meta-cognition was linked with 

increased success in student’s learning situations. Meta-cognitive strategies help students to appropriately apply knowledge of their 

individual variables, knowledge of task variables and knowledge of strategy variables. These strategies make them learn effectively, 
thereby improving their academic performance. Similarly, the finding also agrees with that of Pugalee (2004) as the author found 

out and reported in his study that students who had sufficient knowledge in addition to having awareness and control of that 

knowledge were able to have high scores and success in relation to cognitive performance.   Knowledge about one's own thought 

processes, self-regulation and beliefs and intuitions are necessary in learning situations because they aid students to develop skills 

to make realistic assessments of what they can learn. This requires students to reflect on their thinking and examine the accuracy of 

their thinking as well as making sure they can determine what they know about a problem prior to attempting a solution. 

 

This findings  is also in line with that of Lucangeli and Cornoldi in Reilly(2007) as they found out that Mathematics learning 

requires different levels of meta-cognitive involvement.  Some aspects of Mathematics become automated processes over time and 

require less meta-cognitive involvement while other tasks such as problem solving demand complex and flexible thought processes.  

They further reported that assessment and teaching of meta-cognitive skills in Mathematics courses was a valuable component in 
predicting Mathematics abilities. 

 

 Interaction Effect of Writing to Learn and Triangulation Assessment Tools and Methods on Academic Achievement and Affective 

Outcome of Students in Mathematics 

The findings indicated that there was a significant mean difference between the assessment approach reciprocity with peer and 

project-based techniques of evaluation and increase in development of problem-solving skills, conceptual understanding, 

demonstration of procedural application, demonstration of maths reasoning, development of content connections (academic 
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achievement)   and self-concept and interest  (affective outcome)  of the students in the learning of Mathematics. A significant main 

effect was observed for assessment methods with respect to post-achievement and post- affective outcome. The reciprocity and 

project-based assessment methods remained a significant predictor of scores on the academic achievement and affective outcome 

of students.It is necessary to balance the assessment of learning outcomes of  learners by assessing all the domains associated with 

behavioural changes instead of assessing the cognitive achievement in the learner alone. 

 

Teachers should assess the affective outcome in learners as this will enable learners not only to acquire academic competencies 

but to be adequately equipped with knowledge, skills, attitudes, values, practical and psychosocial skills that would enable them 
live healthy and satisfying lives and derive the benefit of learning.Learning is associated with behavioural changes in the cognitive 

(mental processes), affective (attitudes and feelings) and psychomotor (coordination between brain and muscles) domains and all 

these should be assessed with appropriate assessment methods. 

 

This findings is supported by the finding of Miller and Mitchell,  in Riplinger (2008) because he reported that Mathematics 

was taught symbolically with traditional method which was used to arriveat the answer and stated further that this traditional method 

of teaching, coupled with traditional assessment methods of paper and pencil tests, led to the development of Mathematics anxiety 

in some students but that reciprocity with peer and project techniques of assessment made students to have high scores and become 

proficient in Mathematics.  Unfortunately, students with high levels of Mathematics anxiety avoid Mathematics both in schooling 

and career choices; when they do take a Mathematics course, they receive lower grades even though they may be competent. The 

finding of this study is also in line with that of Baxter, Woodward and Olson (2005) as they found that there was a strong relationship 

between interest and achievement in Mathematics and that Mathematical proficiency includes a productive disposition.  Therefore, 
a student's attitude toward Mathematics may be a more important factor than previously thought. 

 

The findings indicated that there was a significant  mean difference between  the assessment  tools such as writing to 

demonstrate knowledge and performance- based and increase in the  development of problem-solving skills, conceptual 

understanding, demonstration of procedural application, demonstration of maths reasoning, development of content connections 

(academic achievement)  and self-concept and interest  (affective outcome)  of the students in the learning of Mathematics.Writing 

to demonstrate knowledge and performance-based assessment tools of the writing to learn assessment methods remain a significant 

predictor ofscores on academic achievement and affective outcome of students.It is therefore necessary that examiners should 

complement closed-ended test technique of assessing learning outcomes with alternative technique like writing to demonstrate 

knowledge and performance-based assessment to reduce cheating behaviour, anxiety and fear of failing examination among the 

students.  This will encourage them to add value to whatever they are learning and will increase their interest to learn Mathematics. 
 

The techniques should be used intermittently to keep the students busy at home towards making them to acquire mastery of 

the subject matter and to motivate them to learn. The implementation of these methods would lead to improvement in the reading 

culture of the students and subsequently great achievement in the learning of Mathematics and successful academic achievement as 

well as affective outcomes. Triangulation involves multiple entities, assessing the same outcomes, using different methodologies to 

validate the findings. This finding is in line with the finding of Moon, Brighton, Callahan and Robinson(2005) because they found 

out in their study that with performance assessment methods, students perceive the learning process as important and related to 

skills used in the real world. Also, it is about purposeful teaching in the direction of experiences that are useful, reasonable and real, 

and in which the students was active learners and creators of knowledge and skills that are structured around meaningful contexts. 

 

Performance assessment tasks can take several forms like presentations, writing-based projects, group work, problem solving 

activities, debating, and to make choices about their learning. The finding of Arshin (2015)  on the effect of performance assessment- 
Driven instructionalso collaborates this finding as he reported that performance assessment provided opportunity for students to 

gain real and meaningful experiences for themselves, increased their interest, motivated as well as demonstrated high-level thinking 

skills.  He further reported that Mathematics performance-based writing assessment is a form of meaningful measurement of student 

learning outcomes for the sphere of attitude, skill and knowledge in Mathematics. Student’s involvement in performing the task is 

meaningful for their personal development as it helps them to construct attitude, skills and knowledge achieved through the 

completion of writing tasks which involve active and creative role of the students. 

 

The findings showed that there was no significant interaction effect of writing to learn as an assessment tool  and the 

triangulation assessment  techniques as method of evaluating development of problem-solving skills, increasing conceptual 

understanding, demonstration of procedural application, demonstration of maths reasoning, development of content connections 

(academic achievement)  and  self-concept and interest (affective outcome)   of the students in the learning of Mathematics. But 
these two methods of assessment had significant effect on academic achievement and affective outcome of students. This finding 

agrees with the finding of  Gbore(2013) which showed that triangulation method of assessment like project-based method (Home 

work/assignment) permitted students to  complete assignments under preferred conditions of noise, light, design, mobility and time 

of the day with improved student’s achievement, attitude and conduct. 

 

Similarly, the findings of Alonge (2004) is also in line with this finding as he reported that writing to learn and the triangulation 

assessment techniques reduce stress and rote learning and gave valid judgement about students obtained scores.  Both writing to 
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learn and the triangulation assessment techniques move away from the attitude of rote learning which aims at merely preparing 

students for examinations but propels students understanding of the concepts of the school subjects which are taught to them.This 

leads to inaccurate conclusions regarding student progress and students learning. The finding   also agrees with the finding of 

Wiggins and McTighe (2005) because they found out and reported that students assessed using different methods of assessments 

such as  performance task (project-based method), knowledge and skill (reciprocity with peer method) and criterion- referenced 

assessment (open-ended method) were found to have consistent scores indicating that they really assimilated the concepts taught. 

The methods rely on using multiple data sources and approaches to support a finding by showing that independent measures of 

scores agree among themselves or, at least, donot contradict themselves. 
 

 Gender Effect on Academic Achievement and Affective Outcome of Students in Mathematics 

The findings, overall, revealed significant group differences in the mean for the male and female in experimental groups and 

control group for academic achievement and affective outcome in the learning of Mathematics. This difference was in favour of 

female students. The higher scores obtained by female students might be as a result of more attitudinal changes, connections and 

writing,  feelings about or interest in mathematics, self-concept, motivation and value of writing  in female learners compared to 

their male counterparts.  The connections and writing uncovered multiple ways in which female students were able to find links 

between mathematics and writing.  Female students made conceptual connections, found deeper understanding about mathematical 

concepts due to writing about them, and were able to see connections related to writing and their future professions or writing and 

real world scenarios. 

 

The male students seemed careless about the whole experimental procedures which made them less interested in the teaching 
learning process thereby leading to their lower scores compared to the female students who were in the opposite direction.  The 

connections made by the female students through their writing showed deeper level of reflection as a result of multiple connections 

demonstrated within their writing throughout the course and a surface level understanding demonstrated by their writing in which 

the male students presented only minimal connections between the concepts in the course. The findings is in agreement with the 

finding of Reily (2007) because she found out and reported that female students assessed using writing to learn methods of 

assessments performed better than their male counterparts. The findings of the study also suggest a clear benefit to female 

mathematics students from the use of writing as a tool for learning mathematics. 

 

 Qualitative Findings 

Paralleling quantitative data collection, this study also involved the collection and interpretation of qualitative data utilizing 

an approach referred to as  template analysis, and narrative examples to illustrate problem-solving processes, utilization of flash 
back strategies and meta-cognitive functioning changes and growth. 

 

 Problem-Solving Processes that Measures the Academic Achievement 

The qualitative findings of hypotheses  one and two,  looking at student’s writing sample for each score using a rubric designed 

by the researcher on the five problem-solving processes that measure the academic achievement: development of problem-solving 

skills, increasing conceptual understanding, demonstration of procedural application, demonstration of mathematics reasoning and 

development of content connections,  revealed that the writing samples of students who tended to do well when providing their  

solutions to problems consistently scored threes and fours using the rubric.  These students were successfully able to demonstrate 

the five problem-solving processes as they solved problems over the entire duration of the study. Also students had lower scores in 

conceptual understanding when compared to other processes.  However, not all students were successful in this manner. 

 

Utilizing a method involving writing provided a complete picture of student understanding when viewing the different 
problem-solving processes and enabled the researcher to recognize that majority of the students  showed tremendous growth in their 

conceptual understanding as the study progressed.  Requiring students to write as they solved problems provided them and the 

researcher a complete picture of their understanding.  Student’s conceptual understanding of mathematical ideas was the problem-

solving process that became apparent and relevant.  Thus, the researcher was aware of student’s level of understanding and better 

assisted them with feedback that would help them be more successful.  The feedback was written comments made on student’s 

written responses to the problems that they solved.  These comments led to discussions initiated by the students to correct their 

misunderstandings. By knowing exactly where they were making mistakes and then being able to correct the mistakes led to students 

enjoying the class more. 

 

A major finding of this study is how the rich descriptions of student writing provided the researcher with a complete 

representation of student understanding. This resulted in the researcher being better equipped to help students  become more 
successful in mathematics.  The conceptual understanding of mathematical concepts for students is not always visible or easy for 

teachers to recognize when grading multiple-choice tests or short-answer tests primarily involving calculations.  The use of writing 

as a communicative tool for students enabled the researcher to better see when students truly grasp mathematical concepts.  This 

supported one of the major findings of this study that there was a significant difference between conceptual understanding and 

problem-solving ability.  Through discussions with educators, many of them believe that students have a difficult time solving 

problems in mathematics when conceptual understanding is limited.  This study shows  that students may have a limited 

understanding conceptually while still being able to solve a problem. 
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The role of writing in a mathematics classroom provided the researcher with a tool that enabled the researcher to identify 

conceptual understanding for students as they solved problems.  It is the process of writing that required students to better understand 

the concept that is being learned.  For students to sufficiently articulate mathematical concepts well in written form, they need to 

have a deeper understanding of those concepts.  The role of writing helped students realize what they know and did not know.  This 

supports the idea that teachers in mathematics classrooms should implement some form of writing.  The benefits of requiring 

students to write about their conceptual understanding regarding specific content are too significant to be ignored. Another finding  

revealed a  significant difference between using the rubric of conceptual understanding and that of problem-solving ability. These 

results suggest that students received a significantly lower score in mathematicsachievement  for  conceptual understanding 
compared to problem-solving ability.  This finding emphasizes the importance of conceptual understanding of topics for students 

and suggests that the problem-solving ability of students, will only increase as their conceptual understanding improves.  Problem 

posing is a method thatcan improve conceptual understanding for students in a mathematics course. 

 

This findings agrees with the findings of Baxter et al., (2005) who stated that  writing in Mathematics can help student’s  

develop conceptual understandings and problem-solving skills. In the long term, writing in Mathematics may even help low-level 

students who would  otherwise avoid the subject to develop long lasting Mathematical connections.Along the same lines, Santos 

and Semana (2015) studied expository writing in a group of eighth graders. The study analyzed interpretation, representation, and 

justification in student’s  formative assessments. The authors found that, with practice, eighth graders gradually increased their 

justifications and representations and decreased using vague representations. This study suggests that the combination of expository 

writing and feedback, can  promote positive development in student’sMathematical reasoning. 

 

 Use of Flash Back Strategies to Improve Problem-Solving Performance 

The hypotheses one and two  sought to investigate the extent to which students reported “flash back” strategies when 

completing the ASW’s. The researcher  used the three “think aloud” transcripts and the focus group transcripts to answer this 

question because the student’s  written work alone was not sufficient to determine when “flash back” was occurring. When looking 

at the student’s written work on the first week’s intervention questions, it did not appear they were using “flash back” strategies at 

all. It was not until the first focus group that the researcher began to understand why the students were having difficulties.  In the 

focus group, however, the students made it clear that they did understand the context but that  it was the open-ended format of the 

question that confused them.  Obviously,  correct problem identification initiates a straightforward strategy, while incorrect problem 

identification results in unproductive strategies. Thus students need to be taught how to approach open-ended questions. If open-

ended questions were used more frequently to assess them, then students would be more apt to offer thoughtful solutions from 

varying perspectives. 
 

The  relationship between the student’s reported use of “flash back” strategies and their performance on ASW activities, saw 

the most common types of “flash back” utilized were at the lowest three levels of BRT; remembering, understanding, and applying, 

and perhaps that is why their performance on the ASW activities at the beginning was poor. In addition, “flash back” at any of the 

lower three levels isconsidered weak “flash back”, and “flash back” at any of the upper three levels, analyzing, evaluating, and 

creating is considered strong “flash back’. Thus, strong “flash back” occurs in the context of higher-order thinking. Additionally, 

it’s the strong “flash back” that results in successful problem solving attempts. The majority of the  students were able to do strong 

flash back strategies, and few of them were at the lower levels of Bloom’s Revised Taxonomy, so they were not helpful in getting 

a correct solution. 

 

This finding supports the idea that using multiple solution methods leads to better performance, greater understanding, and 

improved error analysis (Hwang, Chen, Dung, and Yang, 2007; Herman, 2007; Huntley and Davis, 2008). In addition, even when 
students were using “flash back” effectively, and were not able to communicate it in writing on their papers, resulting in a low score, 

they did not put up  negative attitude towards the problem solving process.  Despite the problem solving  difficulty each week, the 

student’s attitudes toward participating in the intervention seemed to improve and they were more engaged in the class discussions 

over time, and they tried harder on the ASWs by writing more down.    Findings of this study differ from  Lee (2009), who  found 

that students who flashed back more, with respect to either degree or frequency during ASW activities, tended to improve more 

from pretest to posttest. The findings of this study indicate that only the degree of “flash back” increased ASW performance if it 

was at the upper three levels of BRT. Students who “flashed back” frequently, but only at the lower three levels of BRT did not 

perform well on the ASW activities. 

 

 Meta-Cognitive Functioning Changes and Growth 

To examine the effects of Writing to Learn Mathematics from another perspective, students utilized various writing activities 
which were to engage students in individual reflective writing as part of the course.  The intent was to explore the nature of student’s 

individual metacognitive functioning and the ways it may have changed during the course of this study.   Using  the Mathography 

all students completed the first week of the course,the template  included more specific levels that directly tied writings to conceptual 

connections and development, thoughts about changes students made as learners from the beginning to end of the course, and what 

value they saw if any in using writing to enhance self-reflection.  With these levels of coding, it allowed for a more detailed and in 

depth analysis of all student’s  writing included in the course. 
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The process of coding with template analysis uncovered that many students did make significant changes to their approach to 

learning, and they were able to make deeperand meaningful conceptual connections.   It also was apparent that writing in 

mathematics and about mathematics encouraged students to reflect on what they were learning, and allowed them to make more 

meaningful connections about the content and themselves as learners.  Within the changes as a learner construct, majority of the 

students stated they experienced substantive changes as a result of the intervention. 

 

Writing to Learn Mathematics and their comments demonstrate how some achieved a new level of sophistication as  learners.  

Within the reflection and writing construct, students examined conceptual connections tied to quadratic equation.  The student’s 
quotes  from the  coded excerpts demonstrated multiple and consistent connections pulling together various facets of the course 

which utilized the quadratic equation.  Within the value of writing construct and again based on student’s comments, the researcher 

determined that majorityof the students saw  value in writing as it related to their ability to reflect on what they had learned between 

class sessions and over the course of the semester. 

 

The intent of the study  was to use writing as an avenue to encourage students to reflect on connections across course concepts 

at a deeper level and to help students learn the importance of self-concept, interest, attitudinal change, value and motivation,   when 

it comes to their learning.  Not all of the students who were involved in the study found value in the intervention.  Few  study 

participants saw little to no value in writing and did not feel that writing in mathematics encouraged  them in any form of self-

reflection nor did it encourage connections across course concepts.  Most of their responses did not provide detail as to why and on 

the hole their comments were quite brief. It can be determined they viewed the intervention as a course requirement to be met rather 

than an opportunity to expand and enhance their approaches to learning. 
 

Based on the frequency and insights detailed within student comments, Writing to Learn Mathematics  have a profound effect 

on students as learners and demonstrated both changes and growth in meta-cognitive functioning as a direct result. The vast majority 

of students involved in the study stated in more than one construct that writing in the course had a positive effect on who they are 

as  learners.  One can also infer Writing to Learn Mathematics also improved their overall achievement in the course. The quotes 

from students indicate they realized learning is more than just a score on an examination.  They were able to look past the score and 

determine if they truly understood the concepts by recognizing they can not only “do” the mathematics but “explain it” by “making 

meaningful connections”.  The results of this study are consistent with the finding ofPalma (2018)  and a meta-analysis conducted 

by Bangert-Drowns, Hurley and Wilkinson  ( 2004) that  focused on Writing to Learn.  The meta-analysis included 48 school-based 

Writing to Learn interventions. This meta-analysis found that writing can have a positive impact on conventional measures of 

academic achievement.  Also determined in the meta-analysis which support the results of this researcher’s findings was the use of 
meta-cognitive prompts   factors that resulted in enhanced effects of the intervention Writing to Learn.  The  Meta-cognitive prompts 

which asked students to “reflect on their current knowledge, confusions, and learning process proved particularly effective”.In 

conclusion, this study revealed the nature of student’s individual metacognitive functioning at the start of the semester and 

demonstrated powerful and compelling changes which occurred during the course of this study as a result of the intervention Writing 

to Learn Mathematics. 
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 
 

This chapter deals with  a brief summary of the entire work, the conclusion drown from the findings of the study, the 

Educational implications of the studyand the recommendations based on the findings. The limitations of the study  and finally, 

suggestions for further research were  also highlighted. 

 

 Summary of the Study 

The purpose of this study was to investigate the effectiveness of using two intervention writing to learn and Triangulation 

evaluation approach on Colleges of Education  student’s academic achievement and affective outcome in Mathematics. This 
included the basic general mathematics Iv topics,  which are variation, linear equation, simultaneous equation,  quadratic equation, 

graph  and statistics , as contain in the year two course outline. In the study academic achievement and affective outcome of year 2  

students in each of these subtopics was measured through the Mathematics Achievement Test MAT survey and writing prompt. The 

following section includes a discussion of the results related to each of these achievement tests. 

 

The study investigated the effectiveness of Writing to learn and Triangulation-based assessment / instruction and Traditional 

assessment method on academic achievement and affective outcome of students. Some students were taught the sub- topics in basic 

general mathematics IV for year 2 students in South-south Zone of Nigeria. The study was guided by nine research questions and 

nine null hypotheses were formulated and tested at 0.05 level of significance. 

 

The study employed a non-randomized control group pretest-posttest quasi-experimental design. The population comprised 

10,648 year two students found in thirteen (13)  Colleges of Education, in the South-South states in the 2018/2019 academic session.  
Then was  further focused on three thousand three hundred and six (3,306) year two students in Akwa Ibom State College of 

Education. 

 

The study sampled three hundred and eighty-six (386) year 2 students from the  AKS College of Education drawn using simple 

random sampling and purposive sampling, had control and experimental groups. Two  intact classes from school of artwere taught 

topics from Basic General Mathematics IV for sixteen weeks. 

 

Data on Mathematics achievement and affective outcome were obtained using Mathematics Achievement Test (MAT), self-

concept/ interest inventory and writing prompts. The instruments and lesson plan constructed were face and content validated by 

experts in the measurement and mathematics field. The reliability of instruments was established using   percentage agreement rate 

which was found to be 88% overall exact agreement and 100% overall adjacent agreement.Mean and Standard Deviation were used 
to provide answers to the nine research questions posed while the Multivariate Analysis of Covariance (MANCOVA) was used for 

hypotheses 1,2,3,6,7 and 9, Multivariate Analysis of Variance (MANOVA)  used for hypothesis 8  and Multiple Regression Analysis 

was used to test hypotheses 4 and 5. 

 

The study showed that Alternative   assessment -based instructional group had the highest mean gain in achievement and 

affective outcome. Alternative assessment -based instructional package enhanced the academic achievement and affective outcome  

of mathematics students more than Traditional assessment  method; there was a significant effect in achievement and affective 

outcome  amongst students taught and assessed in mathematics with Writing to learn and Triangulation approach and Traditional 

assessment  method in favour of the first group. 

 

 Conclusion 

From the result obtained in the investigation into the   effectiveness  of  using  writing to learn  as both  an assessment  tools  
and instructional method in  Mathematics  classrooms and the use of triangulation method of assessment on students academic 

achievement and affective outcome in mathematics, the following conclusions are drawn.Writing to Learn and Triangulation group 

had the highest mean gain in achievement (27.92/ 30.50) and affective outcome (24.40) while the Traditional group had the least 

mean gain score (4.51) for both achievement and (2.14) for affective outcome.A significant main effect was observed for assessment 

tools  F (1, 382) =186.60 and 1664.595, p < 0.00 as well as for assessment methods  F (1, 382) =588.93 and 3340.54, p < 0.00  for 

achievement and affective outcome respectively.  This reveals that significant difference exist between the achievement scores of 

students assessed with writing to learn tools, triangulation method and those assessed with the traditional method in favour of the 

writing to learn tools and triangulation  method group. 

 

The writing to demonstrate knowledge  and performance-based assessment tools which are   Writing to Learn assessment tools 

as well as Reciprocity and Project –based assessment methods which were  used as Triangulation assessment methods had a 
pronounced differential effect on mathematics achievement and affective outcome of students. The Traditional close-ended test 

method had no pronounced effect on student’s achievement and affective outcome in mathematics. The results of the study therefore 

provides  empirical evidence that the use of Writing to learn and Triangulation assessment approach enhanced student’s achievement 

and affective outcome  in mathematics concepts taught and assessed  than the use of Traditional Closed-ended test  method. Writing 
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to learn and Triangulation of assessment tools and methods can therefore serve as a viable alternative or supplement to conventional 

Closed-ended test method of teaching and assessing  mathematics. 

 

This study attempts to remedy the lack of information concerning the use of writing to learn and triangulation method of 

assessment as a holistic approach to assessment of the students cognitive, affective and psychomotor domains of learning 

achievement. Also as a means of igniting interest , improving self-concept for learning Mathematics in students as well as being 

used as assessment for, of and assessment as learnig for the lecturers.This study is important because it provides a tool for educators 

who are searching for ways to improve the mathematics achievement and affective outcome  of female students and students who 
struggle with mathematics, because the findings revealed that female student performed better than their male counterparts.The idea 

of triangulation has been in the assessment literature for at least two decades. 

 

There are two different ways of thinking about it that have informed this study.  First, Thomas, Lightcap and Rosencranz 

(2005) address its value in assessing general education: Triangulating methods of analysis is commonly recommended to overcome 

validity problems.  The idea is a simple one; when multiple threats to validity of measures emerge, use multiple sources of data 

generated by multiple methods of analysis to meet them.  If the different methods seem to lead to similar conclusions, then the level 

of uncertainty is reduced. From this perspective, then, triangulation helps with the formal requirements for good assessment and 

evaluation.  By using multiple methods, one reduces  reliance on any single measure that may be, and usually is, inherently flawed. 

 

 Educational Implications of the Study 

The results of this study demonstrate a number of ways in which writing can be a successful mathematics-teaching/ assessment 
tool. The study also reveal that varying the method of assessing students and thereafter triangulate the result , helps lecturers to 

assessed the students in the three domains of learning as well as validate the scores allotted to the students. The present study 

provides mathematics educators with new ideas on how to use writing/ triangulation as a teaching/assessment  tool and methods. 

 

The results also give student’s positive perceptions on the value of writing in mathematics classes. In addition, the results give 

a strong indication that writing is a useful way to close the achievement gap between male and female students in mathematics. This 

study also shows that writing is a task which can help students who struggle in mathematics. Thus this study provides strong support 

for the argument that mathematics educators should make writing a regular part of their pedagogy. 

 

The curriculum planners should bear in mind the integration of writing to learn and triangulation of assessment methods when 

organizing mathematics curriculum. In this current era of high stakes testing, it is extremely important that disciplines within the 
academy support one another. Mathematics departments need to depend on English departments in order to reach the standards that 

have been set by forces beyond their control. English departments are in the same situation. All  students need to be able to write 

open-ended prompts in both arts  and sciences(mathematics). In addition to this, students also need to have met multiple anchors 

that are assessed at each  level of education. This study shows that if educators wish to effectively prepare students for these 

standardized assessments, it is important that teachers use writing and mathematics simultaneously. 

 

Increasing the use of writing, policy makers in education will be expected to utilize the information provided by this research 

as a basis for considering the best assessment/ instructional techniques to be used in mathematics teaching programmes. Therefore, 

their decision should play down on the use of Traditional (Close-ended) assessment method recommended for mathematics 

assessment and teaching. 

 

The overall implication for the government is the need to provide schools with adequate facilities, such as computers, projectors 
etc. teaching aids and models that will guide the teachers towards using writing to learn in their teaching and subsequently the 

assessment of students. Also, the materials that will be provided by the government will help both the teachers and students in 

preparing their portfolio and performance-based activities useful for mathematics teaching/ learning and proper assessment. 

 

 Recommendations 

Based on the result of this study, the following recommendations were made; 

 

 Mathematics lecturers should be encouraged to employ the use of assessment/ instructional activities such as writing to learn,, 

performance-based alternative solution worksheet, writing to demonstrate knowledge and Triangulation Reciprocity and Project-

based methods of assessment before, within and after a Mathematics lesson in order to relate Mathematics to real life. This will 

help to correct the impressions the students have about Mathematics, and help in retention of Mathematics concept taught. 

 To ensure that  Mathematics educators  are equipped with the usage of writing to learn and triangulation assessment methods, 

pre-service Mathematics educators should be trained on the use of alternative method of assessment  during their training process 

by the teacher educators. 

 Tertiary institutions, through the Ministry of Education policy makers, should organize seminars, workshops and conferences 

on the use of the Alternative assessment methods/ instructional package for serving educators, teacher educators, textbook 

writers and curriculum developers. 
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 Curriculum planers should incorporate the use of writing to learn and triangulation assessment methods/ instructional package 

in restructuring Mathematics curriculum in Nigeria. The curriculum should be restructured to reflect the basic concept of the 

Alternative assessment/ instructional package as they pertained to Mathematics teaching/learning and assessment. 

 

 Limitations of the Study 

The potential generalizability of the findings may be limited by a number of factors which could not be avoided. 

 

 Not only would a larger sample and longer duration have provided better data, but having University and Polytechnic  students 
would have enhanced a better  generalizability of the findings. 

 Furthermore, had the lecturer, other than the regular course lecturer, taught both the experimental and control groups, it would 

have added to the credibility of the findings and ruled out any potential shades of bias. 

 However,  the experiment was conducted in one state, Akwa Ibom  States in the South- South Geopolitical Zone of Nigeria, 

because some areas were inaccessibly remote for anyone from another  area. This  accounted for not finding any volunteers to 

teach the groups, hence  the  regular course lecturer ended up teaching both groups. Inspite  of  these limitations, the findings 

remains valid. 

 

 Suggestions for Further Research 

This study in itself is not exhaustive in terms of scope as there are other areas that could not be researched into under the usage 

of alternative  assessment methods. It is rather an attempt to stimulate and facilitate further research in this direction of academic 
endeavour. Based on the findings and limitations of this study, the researcher suggested the following research: 

 

 A study is suggested on the effectiveness of writing to learn and Triangulation assessment methods/ instructional package on 

the retention of mathematics concepts. 

 A study is suggested that will use students from university, polytechnic  and colleges of Educationto replicate this study. In this 

case, a larger sample and longer duration  will provid  better data and enhanced a better  generalizability of the findings. 

 This study focused on Variation, Linear equation, Quadratic equation, Simultaneous equation and Statistics topics on year II 

Basic General Mathematics, thus the results cannot be generalized to the other mathematics courses and other mathematics 

topics. Further research should be conducted at different class level and different aspect of mathematics. 

 This research was limited to one semester. Further research should be conducted to investigate long term effects of Alternative 

assessment usage on student’s achievement and affective outcome in all algebra, Geometry and calculus content areas. 

 The topics of equation are mostly related with other subjects like Sciences. Therefore, the effects of the Alternative assessment 

methods usage on Science courses should be investigated and comparison with the usage on basic general mathematics  should 

be a further research issues. 

 This study was limited to two tools , writing to demonstrate knowledge, performance –based  and  reciprocity with peer and 

project-based methods, in order to understand the effects of dynamic mathematics assessment method in depth, using other 

alternative approaches such as Flipped classroom model, Portfolio-based method, open-ended test method, Crib sheet, Frayer 

model and others  are suggested. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3850 

REFERENCES 
 

[1]. Abe, C.V. (2004).  Towards More Authentic Assessment Practices in Schools.  In J.O.Obemeata and E.U. Okwilagwe (eds.), 

A Handbook on Evaluation Research.  Pen Services Publisher, Pp. 41-50. 

[2]. Abhakorn, J (2014).  Investigating the Use of Student Portfolios to Develop Student’s Metacognition in English as a Foreign 

Language Learning. Journal of Language Teaching and Research, Vol 5 (1), pp. 46-55 

[3]. Adamson, F., and Darling-Hammond, L. (2010). Beyond Basic Skills: The Role of Performance Assessment in Achieving 

21st Century Standards of Learning. Stanford, CA: Stanford Center for Opportunity Policy in Education. 
[4]. Adebowale, O. F. and Aluo, K. A. (2008). Continuous assessment policy implementation in selected local government areas 

of Ondo State (Nigeria): Implication for successful implementation of the UBE program. KEDI Journal of Educational 

Policy 5(1), 3-18. 

[5]. Adetayo, J. O.  (2014)  Assessing the Affective Behaviours in Learners. Journal of Education and practice.  ISSN 2222-

1735 (Paper)   ISSN 2222-288X (Online) Vol.5, No.16, 2014 

[6]. Afemikhe, O. A. (2007). “Assessment and educational standard improvement: Reflections from Nigeria”. A paper presented 

at the 33rd Annual conference of the International Association for Educational Assessment  held at Baku, Azerbaijan. 

September 16th – 21st 2007. 

[7]. Aida- Mehrad. A. (2016). Mini Literature Review of Self-Concept. Journal of Educational, Health and Community 

Psychology.  5(2), 62-66. doi: 10.12928 / jehcp.v5i2.6036. 

[8]. Airasian, P. W. (2005). Classroomassessment:  Concept and application (5th Ed.) Boston: McGrawHill. 

[9]. Ajala, J.A. (2005) Evaluation in student classroom performance in Emeke, A.E. and Abe, C.V. (Eds.) Evaluation in Theory 
and |Practice, Ibadan Pen Services Ltd. 

[10]. Ajuonuma, J. O. (2006). Competence Possess by Teachers in the Assessment of Students in the Universal Basic Education 

(UBE) Programme. A paper presented on the 2nd Annual National Conference of the Department of Educational 

Foundations. Enugu State University of Science and Technology. 

[11]. Alonge, M.F. (2004) Measurement and evaluation in education and psychology 2nd edition, Ado-Ekiti, Adedayo Printing 

(Nig) Ltd. 

[12]. Al-Sadaawi, A. S. (2007).  An investigation of performance-based assessment in an investigation of performance-based 

assessment and educational consequences, educational research review, 2, 130-144. 

[13]. Alvermann, D. E. (2001). Effective Literacy Instruction for Adolescents. Executive summary and paper commissioned by 

the National Reading Conference. National Reading Conference. Chicago, IL. 

[14]. Anderson, L.W., Bourke, S.F. (2000). Assessing affective characteristics in schools. Mahwah, NJ,: Lawrence 
[15]. Andrade, H. G. (2000). Using rubric to promote thinking and learning. Educational Leadership, 57(5). 

[16]. Andrade, H. G. (2005). Teaching with rubrics. College Teaching, 53(1), 27-30. 

[17]. Anikweze, T. M. (2005, September). Assessment and the Future of School and Learning. A paper presented at the 31st 

Annual Conference of the International Association of Educational Assessment. Abuja, Nigeria 4th – 9th. answer: 

Mathematical knowledge and teaching. American Educational Research 

[18]. Arhin, A. K. (2015). The Effect of Performance Assessment-Driven Instruction on the Attitude and Achievement of Senior 

High School Students in Mathematics in Cape Coast Metropolis, Ghana. Journal of Education and Practice. ISSN 2222-

1735 (Paper) ISSN 2222-288X (Online) Vol.6, No.2, 2015. 

[19]. Ashcraft, M. (2002).  Math anxiety: personal, educational, and cognitive consequences.  Current Directions in Psychological 

Science, 11(5), 181-185. 

[20]. Avis, B. (2014).The Impact of Performance Assessment on Student’s Interest and Academic Performance in Science.    

Published Master’s   Thesis, Univerisity of the West Indies. 
[21]. Back, Sun-Geun and Hwang, Eun-Hui (2005). A quasi-experimental research on the educational value of performance 

assessment. Education Research Institute. Asia Pacific Education Review 6 (2), 179-190. 

[22]. Bangert-Drowns, R, L., Hurley, M.M., and Wilkinson, B. (2004). The effects of school-based writing to learn interventions 

on academic achievement: A meta-analysis. Review of Educational Research, 74(1), 29-58. 

[23]. Banta, T., and Associates. (2002). Building a scholarship of assessment. San Francisco: Jossey-Bass. 

[24]. Barnett, R. (2007). Assessment in higher education: An impossible mission? In D. Boud and N. Falchikov (Eds.), Rethinking 

assessment in higher education: Learning for the longer term (pp. 29-40). London: Routledge. 

[25]. Bassey, S. W and Idaka, I. E (2007). Reforming Assessment Practice in Nigerian schools: The option of Integrated Domain 

Bench Marking. University of Jos, 31st July- 3rd August. 

[26]. Baxter, J. (2008). Writing in mathematics: alternative form of discourse for academically low achieving students. 

Perspectives on Language and Literacy, 34(2), 37-40. 
[27]. Baxter, J., Woodward, J.A., and Olson, D (2005). Writing in mathematics: An alternative form of communication for 

academically low-achieving students. Learning Disabilities Research and Practice, 20(2), 119-135. 

[28]. Baxter, P. and Jack, S. (2008). Qualitative Case Study Methodology. Study Design and  Implementation for Novice 

Researcher, In Qualitative Report, 13(4): 544 – 559 

[29]. Beaver, C. and Beaver, S. (2011). The effect of peer assessment on attitudes of pre-service elementary and middle school 

teachers about writing and assessing math. Issues in the Undergraduate Mathematics Preparation of School Teachers, 5, 1-

14. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3851 

[30]. Black, P., Harrison, C., Lee, C., Marshall, B. and Wiliam, D. (2004). Working inside the black box: Assessment for learning 

in the classroom. Phi Delta Kappan, 86: 9–21. 

[31]. Booker, G., Bond, D., Sparrow, L., and Swan, S. ( 2004). Teaching Primary Mathematics. 3rd Edition, Pearson, Australia. 

[32]. Booth, W. C., Colomb, G. G., and Williams, J. M. (2008) The Craft of Research. The University of Chicago Press: Chicago. 

[33]. Burns, M. (2004). Writing in math. Educational Leadership, 62(2), 30-33. 

[34]. Boud, D. (2000). Sustainable assessment: Rethinking assessment for the learning society. Studies in Continuing Education, 

22(2), 151-167. doi: 10.1080/713695728 

[35]. Boud, D. (2009). How can practice reshape assessment? . In G. Joughin (Ed.), Assessment, learning and judgement in higher 
education (pp. 1-15). Netherlands: Springer. 

[36]. Boud, D., and Falchikov, N. (2005). Redesigning assessment for learning beyond higher education. Research and 

development in higher education, 28, 34-41. 

[37]. Boud, D., and Falchikov, N. (2006). Aligning assessment with long‐term learning. Assessment and Evaluation in Higher 

Education, 31(4), 399-413. doi: 10.1080/02602930600679050 

[38]. Braun, B. (2014). Personal, expository, critical, and creative: Using writing in mathematics courses. Primus, 24(6), 447-464. 

[39]. Brown, G. T. L. (2004). Teachers' Conceptions of Assessment: Implications for  Policy and Professional Development. 

Assessment in Education. 11(3), 301318. 

[40]. Bruun, F., Diaz, J. M., and Dykes, V. J. (2015). The language of mathematics. Teaching Children Mathematics, 21(9), 530-

536. 

[41]. Burton, L., and Morgan, C. (2000). Mathematicians writing. Journal for Research in Mathematics Education, 31(4), 429-

453. doi:10.2307/749652. 
[42]. Cai J., and Brook, M. (2006). Looking back in problem solving. Mathematics Teaching, 196, 42-45. 

[43]. Carless, D. (2005). Prospects for the implementation of assessment for learning. Assessment in Education: Principles, Policy 

and Practice, 12(1), 39-54. doi: 10.1080/0969594042000333904 

[44]. Carless, D. (2006). Differing perceptions in the feedback process. Studies in Higher Education, 31(2), 219-233. 

[45]. Carless, D. (2007). Learning-oriented assessment: conceptual bases and practical implications. Innovations in Education and 

Teaching International, 44(1), 5766. doi: 10.1080/14703290601081332 

[46]. Carless, D. (2009). Learning-oriented assessment: Principles and a project. In L. H. Meyer, S. Davidson, H. Anderson, R. 

Fletcher, P. M. Johnston and M. Rees (Eds.), Tertiary assessment and higher education student outcome: Policy, practice and 

research (pp.79-90). Wellington, New Zealand: Ako Aotearoa. 

[47]. Carless, D., Joughin, G. And Mok, M. M. C. (2006). Learning-oriented assessment: Principal and Practice. Assessment and 

Evaluation  in  Higher Education.  31(4) :395- 398. 
[48]. Carr, M. (2010). The importance of metacognition for conceptual change and strategy use in mathematics. In H. Salatas 

Walters and W. Schneider (Eds.), Metacognition, Strategy Use, and Instruction (pp. 176-197). New York, NY: The Guilford 

Press. 

[49]. Chalmers, D. (2007). A review of Australian and international quality systems and indicators of learning and teaching. 

Carrick institute for learning and teaching in higher education. ALTC Project Report. 

[50]. Cleary, T. J., and Zimmerman, B. J. (2004). Self-regulation empowerment program: a school-based program to enhance self-

regulated and self-motivated cycles of student learning., Psychology in the Schools (Vol. 41, pp. 537-550): JosseyBass, A 

Registered Trademark of Wiley Periodicals, Inc., A Wiley Company. 

[51]. Coats, M. and A. Stevenson (2006) Towards outcomes-based assessment: An unfinished story of triangulation and 

transformation. Paper presented at the Association for the Study of Evaluation and Assessment in Education in South Africa 

Conference (Johannesburg, South Africa). 

[52]. Conaway, W. (2009). Andragogy: Does one size fit all? A study to determine the applicability of andragogical principles to 
adult learners of all ages. (Doctoral dissertation). Retrieved from ProQuest Dissertations and Thesis database. (UMI 336950) 

[53]. Collen, M.H. (2011). Fifth grade children’s use of reciprocal teaching to solve word problems in mathematics (Doctoral 

thesis, State University of New York at Albany). Retrieved from ProQuest Dissertations & Theses A&I database. 

[54]. Craig, T.S. (2016). The role of expository writing in mathematical problem solving. African Journal of research in 

mathematics, science and technology education, 20(1): 57-66.  doi: 10.1080/10288457.2016.1147803. 

[55]. Cresswell J.W. (2002). Research Design: Qualitative, Quantitative and Mixed  Methods Approaches, New York. Sage 

Publication 

[56]. Cresswell, J.W. and Miller, D.L. (2000). Determining Validity in Qualitative Inquiry:  Theory into Practice. 39(3), 124-130 

[57]. Creswell, J. W. (2012). Educational Research: Planning, Conducting, and Evaluating quantitative and qualitative Research 

(4th ed.). USA: Pearson Education, Inc. 

[58]. Creswell, J.W. (2003). Research Design: Qualitative, Quantitative and Mixed  Methods Approaches (2nd edition). London 
Sage Publications. 

[59]. Creswell, J.W. (2008), Educational Research: Planning, Conducting and Evaluating  Quantitative and Qualitative Research. 

New Jersey Upper saddle River 

[60]. Creswell, J. W. & Plano Clark VL 2007. Designing and conducting mixed methods research. Thousand Oaks, CA: Sage. 

[61]. Cross, D.I. (2009). Creating optimal mathematics learning environments: Combining argumentation and writing to enhance 

achievement. International Journal of Science and Mathematics Education, 7(5), 905-930. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3852 

[62]. Cummings, R., Maddux, C. D., and Richmond, A. (2008). Curriculum-embedded performance assessment in higher 

education: maximum efficiency and minimum disruption. Assessment and Evaluation in Higher Education, 33(6), 599-605. 

doi: 10.1080/02602930701773067 

[63]. De Vos, A., Strydom, H., Fouche, C., and Delport, C. (2011). Research at Crass Roots: For the Social Science and Human 

Service Professions (4th ed.). Pretoria: Van Schailk. 

[64]. Demers, C. (2000). Beyond paper-and-pencil assessments. Science and Children, 38(2), 24. 

[65]. Desoete, A., Roeyers, H., and Buysse, A. (2001). Metacognition and mathematical problem solving in Grade 3. Journal of 

Learning Disabilities, 34(5), 435-449. 
[66]. Dessie, A. A. (2015).  Teachers’ practices of assessment for learning in science education at east Gojjam preparatory schools, 

Amhara regional state, Ethiopia.  Doctoral  dissertation. University of South Africa. 

[67]. Department of Education and Early Childhood Development (DEECD) (2008). VELS Level 4 – Reciprocal Teaching 

www.education.vic.gov.au/studentlearning/ teachingresources/english/literacy. 

[68]. Department of Education and Early Childhood Development (DEECD) (2007). More about reciprocal teaching. 

www.education.vic.gov.au/studentlearning/ teachingresources/english/literacy. 

[69]. Department of Education and Training (DET) (2006). Reciprocal Teaching, 

http://english.unitecnology.ac.nz/resources/resources/reciprocal.html 

[70]. Dündar, S. (2016). Does writing have any effect on math success? Journal of Education and Training Studies, 4 (1), 1-10. 

[71]. Dunn, K. E., and Mulvenon, S. W. (2009). A critical review of research on formative assessment: The limited scientific 

evidence of the impact of formative assessment in education. Practical Assessment, Research and Evaluation, 14(7), 1-11. 

[72]. Dunn, R.K. and Price, G.E. (2000) Learning style inventory Lawrence, Kans: Price System. 
[73]. Ecclestone, K., and Pryor, J. (2003). "Learning careers" or "assessment careers"? The impact of assessment systems on 

learning. British Educational Research Journal, 29(4), 471-488. 

[74]. Emaikwu, S.O.(2014) Issues in the assessment of effective classroom learning in Nigeria.Journal of Humanities and Social 

Science (IOSR-JHSS) 19(10) 1-8 e-ISSN: 2279-0837, P-ISSN:2279-0845. 

[75]. English, N. B., and Keshavarz, M. H.  (2002).  Assessment of achievement through portfolios and teacher-made tests.  

Educational Research, 44(3), 279-288.  Retrieved July 11, 2018, from EBSCOhost database. 

[76]. Erinosho, S.Y. and Badru, A.K. (2000).  Classroom assessment and evaluation.  In S.Y. Erinosho, A. Adesanya and B. 

Ogunyemi (eds.), Teaching Effectiveness in Nigerian Schools.  Sam Bookman Publishers, Ibadan, Nigeria.  Pp. 85-98. 

[77]. Etsey, K.A. (2005). Assessing Performance in schools: Issues and practice.Ife PsychologIA, An International Journal.5 

(3)123-135. 

[78]. Evans, S. and Swan, M. (2014). Developing student’s strategies for problem solving: the role of pre-designed “Sample 
Student Work”. Educational Designer, 2(7). 

Retrievedfrom:http://www.educationaldesigner.org/ed/volume2/issue7/article25/ 

[79]. Ezeh, D.N. (2005). Reliability and validation of tests. In B. G. Nworgu(Ed.), Educational measurement and evaluation: 

Theory and practice.Nsukka: University Trust Publishers. 

[80]. Ezenwa-Nebife, D. C. (2014) Develpoment and validation of instrument for assessing jounior secondary schools 

Mathematics classroom environments in Enugu State of Nigeria. Published Doctoral Thesis University of Nigeria Nsuka. 

[81]. Falchikov, N. (2005). Improving assessment through student involvement: Practical solutions for aiding learning in higher 

and further education. New York: NY: Routledge. 

[82]. Fauziah, D.,  Mardiyana and Saputro, D. R. S. (2018). Mathematics authentic assessment on statistics learning: the case for 

student mini projects. International Conference on Mathematics, Science and Education 2017 (ICMSE2017) IOP Publishing 

IOP Conf. Series: Journal of Physics: Conf. Series 983 (2018) 012123  doi :10.1088/1742-6596/983/1/012123 

[83]. Fernandes, S., Flores, M. A., and Lima, R. M. (2012). Student’s views of assessment in project-led engineering education: 
findings from a case study in Portugal. Assessment and Evaluation in Higher Education, 37(2), 163-178. doi: 

10.1080/02602938.2010.515015 

[84]. Gbore, L.O.(2013).  The Relative Effectiveness of Three Evaluation Techniques on Academic Performance of Secondary 

School Integrated Science Students in Ondo State, Nigeria. Journal of Education and Practice. ISSN 222-1735 (Paper) 

ISSSN 2222-288X (Online)  Vol.4, No.12, 2013 

[85]. Ghrayeb, O., Damodaran, P.  and  Vohra, P. (2011).  Art of triangulation: an effective assessment validation strategy.  Global 

Journal of Engineering Education Volume 13, Number 3, 2011. WIETE 2011. 

[86]. Gibbs, G., and Simpson, C. (2004). Conditions under which assessment supports student’s learning. Learning and Teaching 

in Higher Education, 1(1), 3-31. 

[87]. Gillespie, A., Graham, S., Kiuhara, S., and Herbert, M. (2016). High school teachers use of writing to support student’s 

learning: a national study. Reading and Writing: An Interdisciplinary Journal, 27(6), 1043-1972. 
[88]. Gipps, C. (2002). Sociocultural perspectives on assessment. In G. Wells and G. Claxton (Eds.), Learning for life in the 21 st 

century (pp. 73-83). Oxford: Blackwell. 

[89]. Goos, M., Gannaway, D., and Hughes, C. (2011). Assessment as an equity issue in higher education: comparing the 

perceptions of first year students, course coordinators, and academic leaders. The Australian Educational Researcher, 38(1), 

95-107 grade student’s problem solving performance. (Doctoral dissertation). Retrieved 

[90]. Guba, E.G and Lincoln, Y. S. (2005). Paradigmatic, controversies, contradictions and emerging co influences  (pp. 191-216). 

In N. K. Denzin and Y. S. Lincoln. The Handbook of Qualitative Research, (3rd ed.) London: sage publication. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3853 

[91]. Hall, C., and Jones, E. (2009). Assessment: A conceptual framework for education and training. Victoria Univerisity of 

Wellington, School of Education Psychology and Pedagogy. 

[92]. Hargreaves, A., Earl, L., and Schmidt, M. (2002). Perspectives on alternative assessment reform. American Educational 

Research Journal, 39(1), 69-95. 

[93]. Harlen, W. (2005). Teachers' summative practices and assessment for learning – tensions and synergies. Curriculum Journal, 

16(2), 207-223. doi: 10.1080/09585170500136093. 

[94]. Herbert, M.A., and Powell, S.R. (2016). Examining fourth grade mathematics writing: featuresoforganization, mathematics 

vocabulary, and mathematics representations. Reading and Writing: An Interdisciplinary Journal, 29(7), 1511-1537. 
[95]. Herman, M. (2007). What students choose to do and have to say about use of multiple representations in college algebra. 

Journal of Computers in Mathematics and Science Teaching, 26(1), 27-54. 

[96]. Hirvela, A., and Sweetland, Y.L. (2005). Two case studies of L2 writers’ experiences across learning-directed portfolio 

contexts. Assessing Writing, 10(3), 192-213. 

Retrieved28May2018fromhttp://edithchung.wikispaces.com/file/view/Two+case+studies+of+L2+writers%E2%80%99+ex

periences.pdf. http://dx.doi.org/10.1016/j.asw.2005.07.001 

[97]. Holden, T., and Yore, L. (1996). Relationships among prior conceptual knowledge, metacognitive awareness, metacognitive 

self-management, cognitive style, perception judgement style, attitude towards school science, self regulation and science 

achievement in grade 6-7. Students. (Eric Document Service No. ED 395-832) 

[98]. Huba, M. E. and Freed, J. E. (2007). Learner centred assessment on college campuses – shifting the focus from teaching to 

learning.  Allyn and Bacon 

[99]. Huntley, M. A. and Davis, J. D. (2008). High-school student’s approaches to solving   Algebra problems that are posed 
symbolically: Results from an interview study.  School Science and Mathematics, 108(8), 380-388. 

[100]. Hwang, W. Chen, N., Dung, J., and Yang, Y. (2007). Multiple representation skills and   creativity effects on mathematical 

problem solving using a multimedia whiteboard   system, Educational Technology & Society, 10(2), 191-212. 

[101]. Idowu, A. I., and  Esere, M. O. (2009). Assessment in Nigerian schools: A Counsellor’s Viewpoint. Edo Journal of 

Counselling, 2(1), 17-27. An Official Publication of Edo State Chapter of Counselling Association of Nigeria 

[102]. Inekwe, I. O. (2019). Mathemaphobia: The Differential Derivative. 43rd  Inaugural lecture. Michael Okpara University of 

Agriculture, Umudike Abia State, Nigeria.17th July, 2019 

[103]. Jacobbe, T. (2007). Using Polya to overcome translation difficulties. Mathematics Teacher, 101(5), 390-393. 

[104]. Johnson, B. and Christensen (2004) Educational Research: Quantitative and  Qualitative Mixed Approaches. (7th Edition) 

Boston: Pearson. 

[105]. Johnson, R. B., Onwuegbuzie, A. J., and Turner,L. A. (2007). Towards a definition of mixed method Research.  Journal of 
Mixed Methods  Research, 1, 112-133. Doi: 101525/sp.1960.8.2/03a0003 

[106]. Jonsson A. and Swingby G. (2007). The Use of Scoring rubrics: Reliability, Validity and educational consequences, 

Educational Research Review 2, 130-144. 

[107]. Joughin, G. (2008). Assessment, learning and judgement: Emerging directions. In G. Joughin (Ed.), Assessment, learning 

and judgement in higher education (p. 215221). Australia: Springer. Journal for Research in Mathematics Education, 44(2), 

340-352.  Journal, 27, 29-63. 

[108]. Kennedy, K. J., Chan, J. K. S., Fok, P. K., and Yu, W. M. (2008). Forms of assessment and their potential for enhancing 

learning: conceptual and cultural issues. Educational Research for Policy and Practice, 7(3), 197-207. 

[109]. Kenney, R., Shoffner, M., and Norris, D. (2014). Reflecting on the use of writing to promote mathematical learning: An 

examination of preservice mathematics teachers' perspectives. Teacher Educator, 49(1), 28-43. 

[110]. Ker, H.W. (2013). Trend analysis on mathematics achievement. Acomparative study using TIMSS data. Universal Journal 

ofEducational Research,1(3), 200-203. 
[111]. Keppell, M., and Carless, D. (2006). Learning oriented assessment: a technology based case study. Assessment in education, 

13(2), 179-191. 

[112]. Knight, D., Kotys-Schwartz, D. and Pawlas, G., (2010).  Triangulation: an effective assessment tool for capstone design 

program evaluation. Proc. Capstone Conference (2010) (Capstone Conference Paper 2010). 

[113]. Knight, P. (2006). The local practices of assessment. Assessment & Evaluation in Higher Education, 31(4), 435-452. doi: 

10.1080/02602930600679126 

[114]. Knight, P. (2002).  A briefing on key concepts: Formative and summative, criterion and norm-referenced assessment. 

London: LTSN Generic Centre. 

[115]. Knowles, M (1977). Adult learning processes: Pedagogy and andragogy. Religious Education, 122, 203-211. 

[116]. Knox, H. (2017). Using writing strategies in math to increase metacognitive skills for the gifted learner. Gifted Child Today, 

40(1), 43-47.  doi:http://dx.doi.org.libproxy.uwyo.edu/10.1177/ 
[117]. Kobayashi, K. (2005). What limits the encoding effect of note-taking? A meta-analytic examination. Contemporary 

Educational Psychology, 30, 242-262. 

[118]. Kuhn, D., and Dean  Jr., D. (2004). Metacognition: a bridge between cognitive psychology and educational practice. Theory 

Into Practice (Vol. 43, pp. 268273): Lawrence Erlbaum Associates 

[119]. Kunandar (2009). Guru Profesional, Implementasi Kurikulum Tingkat Satuan Pendidikan (KTSP) dan Sukses dalam 

Sertifikasi Guru (Jakarta: Rajawali Pers). 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/
http://dx.doi.org/10.1016/j.asw.2005.07.001


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3854 

[120]. Kurebwa, M. (2012). Assessment problems in Zimbabwe’s primary schools with special reference to Gweru district schools. 

Published Doctoral  Thesis Zimbabwe Open University. 

[121]. Kwon, O., Park, J., and Park, J. (2006). Cultivating divergent thinking in mathematics through an Open –Ended Approach. 

Asia Pacific Education Review, 7(1), 51-61. 

[122]. Lampert, M. (1990). When the problem is not the question and the question is not the answer: mathematical knowledge and 

teaching. American Educational Research Journal, 27, 29-63. 

[123]. Lampert, M. (2001). Teaching problems and the problems of teaching. New Haven, CT: Yale University Press. 

[124]. Ludwig, C. (2000) Literacy in the learning areas: A proposition. Literacy Learning, the Middle Years 8.1 
[125]. Leathwood, C. (2005). Assessment policy and practice in higher education: Purpose, standards and equity. Assessment and 

Evaluation in Higher Education, 30(3), 307324. 

[126]. Lee, S. (2009). The effect of instruction in alternative solutions on Taiwanese eighth- grade student’s problem solving 

performance. (Doctoral dissertation). Retrieved from DAI. (1-109-35629-3). 

[127]. Lemos, M. S. (1999). Students and rsquo; goals and self-regulation in the classroom. International Journal of Educational 

Research, 31(6), 471-485. 

[128]. Levine, T. (2002). Stability and change in curriculum evaluation. Studies In Educational Evaluation, 28(1), 1-33. 

[129]. Liu, N. F., and Carless, D. (2006). Peer feedback: the learning element of peer assessment. Teaching in Higher Education, 

11(3), 279-290. 

[130]. Livingston, J. (2003). Metacognition: an overview. (ERIC Document Reproduction Service No. ED 474 273). 

[131]. Lopez-Fernandez, O., and Molina-Azorin, J. F. (2011). The use of mixed methods research in the field of behavioural 

sciences. Qual Quant, 45, 1459-1472. 
[132]. Madison, B. (2012). If only math majors could write…Numeracy, 5 (1) 1-10 http://dx.doi.org/10.5038/1936-4660.5.1.6. 

[133]. Martin, C.L. (2015). Writing as a tool to demonstrate mathematical understanding. School Science and Mathematics, 115(6), 

302-313. 

[134]. Marzano, R.,  and Pickering, D., (2005) Building academic vocabulary: Teachers Manual. Association for Supervision and 

Curriculum Development, Virginia, USA. 

[135]. Mason, L., and Santi, M. (1994). Argumentation structure and metacognition in constructing shared knowledge at school. 

(ERIC Document Reproduction Service No. ED 371041). mathematics: Reasoning and sense making. Reston, VA: Author. 

[136]. Mason, J. (1996). Qualitative researching. London; Sage. 

[137]. May, D. K. (2009).  Mathematics Self-Efficacy and anxiety Questionnaire.A Doctoral  Dissertation Submitted to the 

Graduate Faculty of The University of Georgia,Athens, Georgia 

[138]. Merriam, S. B. (2009). Qualitative research: A guide to design and implementation.  San  Francisco: Jossey-Bass. 
[139]. Mertler, C. (2014).   Action research: Improving schools and empowering educators. Thousand Oaks, CA: Sage. 

[140]. McCormick, K. (2010). Experiencing the power of learning mathematics through writing. Issues in the Undergraduate 

Mathematics Preparation of School Teachers, 4, 1-8. 

[141]. McDowell, L., Wakelin, D., Montgomery, C., and King, S. (2011). Does assessment for learning make a difference? The 

development of a questionnaire to explore the student response. Assessment and Evaluation in Higher Education, 36(7), 

749765. 

[142]. McMillan J H (2004) Classroom Assessment: Principles and Practice for Effective Instruction (3rd Edition) (Boston: Pearson 

Education) 

[143]. McMunn N.D. and Butler, S.M. (2011). Teachers Guide to Classroom assessment:  Understanding and Using Assessment to 

improve learning. Jossey Buss. 

[144]. Meier, J. and Rishel, T. (1998). Writing in the teaching and learning of mathematics. Washington, DC: The Mathematical 

Association of America. 
[145]. Meyer, K. (2010). ‘Diving into reading’: Revisiting reciprocal teaching in the  middle years. Literacy Learning: the Middle 

Tears, 15(1), 41-52. 

[146]. Mislevy, R. J. (2004). The case for an integrated design framework for assessing science inquiry (CSE Report No. 638). Los 

Angeles: Center for Research on Evaluation Standards and Student Testing (CRESST). 

[147]. Moon, T., Brighton, C., Callahan, C., and Robinson, A. (2005). Development of authentic assessments for the middle school 

classroom. The Journal of Secondary Gifted Education, XVI(2/3), 119-133. 

[148]. Morrison, J., McDuffie, A., and Akerson, V. (2003). Preservice teachers' development and implementation of science 

performance assessment tasks. (ERIC Document Reproduction Service No. ED 478065). 

[149]. Moskal, B. M. (2003a). Developing Classroom Performance Assessments and Scoring Rubrics - Part I. ERIC Digest. 

[150]. Mueller, J.(2005) Journal of Online Learning and Teaching 1 1 

[151]. Muis, K. R. (2004). Personal epistemology and mathematics:  A critical review and synthesis of research. Review of Research 
in Education, 74(3), 317-377. 

[152]. National Council of Teachers of Mathematics (NCTM). (2000). Principals and Standards for School Mathematics. Reston, 

VA: Author. 

[153]. National Council of Teachers of Mathematics (NCTM). (2014). Principles to actions:  Ensuring mathematics success for all. 

Reston, VA: NCTM. 

[154]. National Council of Teachers of Mathematics Research Committee. (2013). New assessments for new standards:  Curriculum 

focal points. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3855 

[155]. National Council of Teachers of Mathematics. (2009). Focus in high school  Adding it up: Helping children learn 

mathematics. 

[156]. Nelson, K. H. (2010). CS97 Triangulation in Assessment  of Student Learning Outcomes.Paper presented at the Southern  

Association of Colleges and Schools Commission on Colleges Annual Meeting, Louisville, KY. 

[157]. Newstead, S. (2003). The purposes of assessment. Psychology Learning and Teaching, 3(2), 97-101. 

[158]. Nezakatgoo, B. (2011). The effects of portfolio assessment on writing of EFL students. ELT Journal, 4(2), 231-241. 

[159]. Ngeng, G. Y (2016).Meaning of achievement. Retrieved on 2 February 2010http://www.navigategroup.co.uk. 

[160]. Nguon, S. (2013).   Assessment practices in a cambodian university: through the lens of lecturers and students. Master’s 
Thesis, Victoria University of Wellington. 

[161]. Nicol, D. J., and Macfarlane-Dick, D. (2006). Formative assessment and self-regulated learning: A model and seven 

principles of good feedback practice. Studies in Higher Education, 31(2), 199-218. 

[162]. Niger Delta Development Commission(NDDC) (2003). The Journey so far. 

[163]. Port-Harcourt Corporate  Affairs Department. 

[164]. Nilson, L. B. (2003). Teaching at its best: A – based research resource for college instructors (2nd Ed.). San Francsico : 

Jossey- Ba 

[165]. Nitko A.J. (2004). Educational Assessments of Learners, Englewood Cliffs. NJ.  Prentice Hall. 

[166]. Nitko, A.J (2001). Educational Assortment of Learners (3rd Ed.). Upper Saddle River,  NJ:  Merrill Anastas Norwood, MA: 

Christopher-Gordon Publishers. 

[167]. Ntenza, S. P. (2006). Investigating forms of children's writing in grade 7 mathematics classrooms. Educational Studies in 

Mathematics, 61(3), 321-345. 
[168]. O’Connel, S.R., Baemon, C., Beyea, C., Denvir, S.S., Dowdall, L.A., Friedland, N.G.,& Ward, J.D. (2005). Aiming for 

understanding: Lessons learned about writing in mathematics. Teaching Children Mathematics, 12(4), 192-199. 

[169]. Ogunleye, A. W. and  Omolayo, O. V. (2016).   Classroom assessment in secondary schools in Nigeria.International Journal 

of Social Science  5 (1) • 1-6: March 2016 International Conference on Mathematics, Science and Education. 

[170]. Oguneye, W. (2002). Continuous Assessment: Practice and Prospects. Lagos: providence publisher. 

[171]. O'Kelley, S. K. (2013). Helping teachers connect writing to doing mathematics. SRATE Journal, 23(1), 18-23. 

[172]. Onwuachu, W. C and Nwakonobi, F. E. (2009). Student’s Evaluation of Classroom Interaction of their Biology Teachers: 

Implication for Curriculum Implementation. African Research Review.International Multi Disciplinary Journal.3 (1): 349-

361. 

[173]. Organization for Economic Cooperation and Development. (2005). Formative assessment: Improving learning in secondary 

classroom. Paris: OECD. 
[174]. Orsmond, P., Merry, S., and Reiling, K. (2002). The use of exemplars and formative feedback when using student derived 

marking criteria in peer and selfassessment. Assessment and Evaluation in Higher Education, 27(4), 309-323. doi: 

10.1080/0260293022000001337. 

[175]. Owolabi, H.O. and Olasehinde-Williams F.A.O. (2007).  An Evaluation of Affective and Psychomotor Behaviours in School 

Based Assessment.  A paper presented at National Conference on School Based Assessment Organized by the National 

Association of Educational Researchers and Evaluators at Olabisi Onabanjo University, Ago-Iwoye from 3rd to 6th 

December, 2007. Pearson Prentice Hall. 

[176]. Palmer, Kristy M., (2018). Learning Mathematics the Write Way: How does Writing in Mathematics affect Mathematics 

Learning in Middle School? (2018).SMTC Plan B Papers. 70. http://repository.uwyo.edu/smtc_plan_b/70 

[177]. Paris, S.G., and Paris, A.H. (2001). Classroom applications of research on self-regulated learning. Educational Psychologist, 

36(2), 89-101. 

[178]. Peatling, L. (2000, 4-7 December 2000). Introducing students to peer and self assessment. Paper presented at the AARE 
(Australian Association for Research in Education), Australia. perception-judgment style, attitude toward school science, 

self-regulation, and science achievement in grades 6-7 students. (ERIC Document Reproduction Service No.ED 395 832) 

[179]. Perlman, C. C. (2003). Performance Assessment: Designing Appropriate Performance Tasks and Scoring Rubrics. 

[180]. Peterson, S. S. (2007). Teaching content with the help of writing across the curriculum. Middle School Journal, 39 (2), 26-

33. 

[181]. Petrosyan, S., Khachatryan, S., Khachatryan, H.,Arakelyan, M., Aranaudyan, A.,Zohrabyan, A.  and Varrella,G.(2005). 

Integrated Social Studies Instruction, Curriculum Design and Models: An Educator’s Handbook. Yerevan: Bureau of 

Educational and Cultural Affairs. 

[182]. Pintrich, P. R. (2002). The role of meta-cognitive knowledge in learning, teaching, and assessing.  Theory into Practice, 

41(4), 219-225. 

[183]. Pinzker, V.  (2001).  Increasing the engagement and understanding of concepts in mathematics.  Unpublished doctoral 
dissertation, Saint Xavier University, Illinois.  Retrieved June 4, 2018, from EBSCOhost database. 

[184]. Polya, G. (1945). How to Solve It: A New Aspect of Mathematical Method. Princeton University Press, Princeton, NJ. 

[185]. Porter, M. K., and Masingila, J.O. (2000). Examining the effects of writing on conceptual and procedural knowledge in 

Calculus. Educational Studies in Mathematics, 42, 165-177. potential transformation of mathematics education and its 

research implications  prekindergarten through grade 8 mathematics. Reston, VA: Author. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/
http://www.navigategroup.co.uk/
http://repository.uwyo.edu/smtc_plan_b/70


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3856 

[186]. Price, M., Carroll, J., O’Donovan, B., and Rust, C. (2011). If I was going there I wouldn’t start from here: a critical 

commentary on current assessment practice. Assessment and Evaluation in Higher Education, 36(4), 479-492. doi: 

10.1080/02602930903512883. 

[187]. Pugalee, D. (2005). Writing to develop mathematical understanding. Newport, MA: Christopher Gordon Publishers. 

[188]. Pugalee, D. K. (2004). A comparison of verbal and written descriptions of student’s problem solving processes. Educational 

Studies in Mathematics, 55(1-3), 27-47. 

[189]. Pugalee, D.K. (2001) Writing, mathematics, and metacognition: Looking for connections through student’s work in 

mathematical problem solving. School Science and Mathematics, 101(5), 236-245 
[190]. Quirk, P.J. (2010). Using reciprocal teaching and learning methods to enhance comprehension in mathematics word 

problems) Master of Education thesis, Massey University, Palmerston North, New Zealand). Retrieved from 

http://mro.massey.ac.nz/handle/10179/2247. 

[191]. Quible, Z. K., and Griffin, F. (2007). Are writing deficiencies creating a lost generation of business writers? Journal of 

Education for Business, 83(1), 32-36. 

[192]. Quinones, C. ( 2005). The Effects Of Journal Writing On Student Attitudes And Performance In Problem Solving.Electronic 

Theses and Dissertations. 377. http://stars.library.ucf.edu/etd/377 

[193]. Reilly, E. M. (2007).  Writing to learn mathematics: A mixed method study. Published Doctorate  dissertation, Indiana 

University of Pennsylvania 

[194]. Reilly, Y., Parsons, J. And Bortolot , E. (2014) Reciprocal Teaching in Maths: a learning strategy that builds problem solving 

skills and improves mathematical literacy  for students. Sunshine College, Victoria.Retrived from 

http://www.aucklandmaths.org.nz/wp-content/uploads/2014/06/Reciprocal-teaching-in-Mathematics/pdf 
[195]. Renninger, K. A., and  Hidi, S. (2002). Student interest and achievement: Developmental issues raised by a case study. In A. 

Wigfield, & J. S. Eccles (Eds.), Development of achievement motivation (pp. 173-195). New York, NY: Academic Press. 

[196]. Renzulli, J. S. (1997). Interest-A-Lyzer. Mansfield Center, CT: Creative Learning Press, 1997. 

[197]. Ridenour, C. S., and Newman, I. (2008). Mixed Methods Research: Exploring the Interactive Continuum. USA: Southern 

Illinois University Press. 

[198]. Riplinger, N. (2008).  A Critical Review of Writing in the Mathematics Classroom  with Students with Learning Difficulties.  

Coursework Project EDSP9012 for  Masters of Special Education  Flinders University. 

[199]. Rule, A. C. (2006). The Components of Authentic Learning. Journal of Authentic  Learning. 3(1),1–10. 

[200]. SACS Handout for the 2010 meeting of the Commission on Colleges of the Southern Association of Colleges and Schools 

Louisville Kentucky December 2010. 

[201]. Sadler, D. R. (2005). Interpretations of criteria‐based assessment and grading in higher education. Assessment and Evaluation 
in Higher Education, 30(2), 175-194. doi: 10.1080/0260293042000264262. 

[202]. Sagaskie, E. E. (2014).  "The  Effect of Instruction in Alternative Solutions on American Ninth-Grade Algebra I Student’s 

Problem Solving Performance" (2014).Dissertations.Paper 969. 

[203]. Santos, L. and Semana, S. (2015). Developing mathematics written communication through expository writing supported by 

assessment strategies. Educational Studies In Mathematics, 88(1), 65-87. 

[204]. Schraw, G. (1998). Promoting general metacognitive awareness. Instructional Science, 26(1/2), 113-125. science in saudi 

primary schools Doctoral Thesis Victoria University Melbourne-Australia. 

[205]. Schunk, D. H., Pintrich, P. R., and Meece, J. L. (2008). Motivation in education (3rd ed.). Columbus, OH: Merrill. 

[206]. Shepard L. A. (2000). The role of classroom assessment in teaching and learning (CSE Technical Report 517). Los Angeles, 

CA: National Center for Research on Evaluation, Standards, and Student Testing, Graduate School of Education and 

Information Studies, University of California/Santa Cruz, CA: Center for Research on Education, Diversity and Excellence, 

University of California. 
Availableathttp://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.588.4254andrep=rep1andtype=pdf. Accessed 14 June 

2018 

[207]. Shepard, L. A. (2000). The Role of Assessment in a Learning Culture. Educational  Researcher, 29(7), 4–14. 

[208]. Sinwell, B. J.(2017). Formative Assessment Strategies for Mathematical Thinking: A Qualitative Action Research 

Study.(Doctoral dissertation). Retrieved fromhttp://scholarcommons.sc.edu/etd/4112. 

[209]. Siemon, D. and Virgona, J., (2007) Reflections on the middle Years Numeracy Research  Project – is it a case of too much 

too soon, for too many? Proceedings of the 25th Annual conference of the Mathematics Education Research Group of 

Australasia, pp 617 – 624 

[210]. Smith, M. E., Teemant, A. And Pinnegar, S. (2004). Principle and practice of socio-cultural assessment: Foundations for 

effective strategies for linguistically diverse classroom. Multicultural  perspective, 6, 38-46. 

[211]. So, W. W. M., and Lee, T. T. H. (2011). Influence of teachers’ perceptions of teaching and learning on the implementation 
of assessment for learning in inquiry study. Assessment in Education: Principles, Policy and Practice, 18(4), 417-432. 

[212]. Sperling, R. A., Howard, B. C., Staley, R., and DuBois, N. (2004). Metacognition and self-regulated learning constructs. 

Educational Research and Evaluation, 10(2), 117-139. 

[213]. Stiggins R., and Chappuis S. (2005). Putting Testing in Perspective. Its for Learning.  Principal Leadership (High School 

Ed). 6 (2), 16-20 

[214]. Stiggins R.J., (2008). Learner Involved Assessment for Learning (5th Ed), Upper  Saddle River, New Jersey, Pearson 

Education Inc. 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/
http://www.aucklandmaths.org.nz/wp-content/uploads/2014/06/Reciprocal-teaching-in-Mathematics/pdf


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3857 

[215]. Stiggins, R. (2004). New assessment beliefs for a new school mission. Phi Delta Kappan, 86(1), 22-27. 

[216]. Stiggins, R. J. (2001). Learner-involved classroom assessment (3rd ed.). Upper  Saddle River, NJ: Merrill/Prentice-Hall. 

[217]. Stiggins, R. J. (2002). Assessment Crisis: The Absence of Assessment for Learning.  Phi DeltaKappan, 83(10), 758–765. 

[218]. Stonewater, J. (2002). The mathematics writer's checklist: The development of a preliminary assessment tool for writing in 

mathematics. School Science and Mathematics, 102(7), 324-334.  Retrieved May  29, 2018, from Academic Research Library 

database. (Document ID: 237923191). 

[219]. Stonewater, J.K. (2000). The mathematics writer’s checklist: The development of a primary assessment tool for writing in 

mathematics. School Science and Mathematics, 102(7), 324-334. 
[220]. Sung-Eun Kim, S. E.(2005). Effects of Implementing Performance Assessments On Student Learning: Meta-Analysis Using 

Hlm . A Thesis for Doctor of Philosophy, Pennsylvania State University. 

[221]. Swan M. and Burkhardt H. (2014). A designer speaks: Designing assessment of performance in mathematics.  Educational 

Designer, 2(7). Retrieved from  http://www.educationaldesigner.org/ed/volume2/issue7/article24/ 

[222]. Taras, M. (2005). Assessment–summative and formative–some theoretical reflections. BritishJournal of Educational Studies, 

53(4), 466-478. 

[223]. Taylor, B., and Kroth, M. (2009). Andragogy’s transition into the future: meta-analysis of andragogy and its search for a 

measurable instrument. Journal of Adult Education, 38, -11.  Teacher, 101(5), 390-393. 

[224]. Thomas, B., Lightcap, T., and Rosencranz, L. (2005). Taming the hydra: A triangulation approach to assessing an    

interdisciplinary core curriculum. [Online] 

[225]. Thompson,D. R., Kersaint, G.,Richards,J. C., Hundsader,P. D. and Rubenstein, R. N. (2008). Mathematical Literacy: 

Helping Students Make Meaning in the Middle Grades through an Open-Ended Approach. Asia Pacific Education Review, 
7(1), 51-61. 

[226]. Udofia, N. A. and Uko, M.P. (2016) Vertical Scaling in Standards-Based Educational Assessment and Accountability in 

Educational Systems. IOSR Journal of Research and Method in Education   (IOSR-JRME)  e-ISSN: 2320–7388,p-ISSN: 

2320–737X Volume 6, Issue 4 Ver. I (Jul. - Aug. 2016, PP 65-75 www.iosrjournals.org DOI: 10.9790/7388-0604016575. 

[227]. Udo, A. O. (2003). Hypotheses Testing in Education: An Illustration: Joe Graph Publications, Ikot Ekpene, Akwa Ibom State 

[228]. Uno, H. B. and Koni,B. (2012). Assessment Pembelajaran (Jakarta: Bumi Aksara). 

[229]. Van Dyke, F., Malloy, E. J., and Stallings, V. (2014). An activity to encourage writing in mathematics. Canadian Journal of 

Science, Mathematics and Technology Education, 14(4), 371-387. 

[230]. Van Dyke, F., Malloy, E. J., and Stallings, V. (2015). Conceptual writing in college-level mathematics courses and its impact 

on performance and attitude. International Journal of Mathematical Education in Science and Technology, 46(2), 223-233. 

[231]. Vygotsky, L. S. (1987). Thinking and speech. In R. W. Rieber and A. S. Carton (Eds.), The  Collected Works of L. S. 
Vygotsky, Plenum Press, New York. 39-243. 

[232]. Wang, Y. H., and Liao, H. C. (2008). The application of learning portfolio assessment for students  in the technological and 

vocational education system. Asian EFL Journal, 10(2), 132154. Washington, DC: National Academy Press. 

[233]. Weigle, S. C. (2002). Assessing writing, Cambridge: Cambridge University Press. 

[234]. Wei, T.(2014). Measuring Mathematics Interest and Affect: An Item Response Theory Evaluation of the Self Description 

Questionnaire I (SDQI). A published Doctoral Dissertation, Texas University USA. 

[235]. Werth, E., and Werth, L. (2011). Effective training for millennial students. American Association for Adult and Continuing 

Education, 22(3), 12-19. 

[236]. Weurlander, M., Söderberg, M., Scheja, M., Hult, H., and Wernerson, A. (2012). Exploring formative assessment as a tool 

for learning: student’s experiences of different methods of formative assessment. Assessment and Evaluation in Higher 

Education, 37(6), 747-760. 

[237]. Wessman Huber, C. (2011). The impact of Reciprocal Teaching on mathematics problem solving for Grade 4 students 
(Doctoral thesis, Central Connecticut State University, New Britain, CT). Retrieved from  ProQuest Dissertations & Theses 

A&I database. 

[238]. Wiggins, G., and McTighe, J. (2005). Understanding by design (2nd ed.). Alexandria, VA: Association for Supervision and 

Curriculum Development. 

[239]. Wilcox, B., and Monroe, E. E. (2011). Integrating writing and mathematics. The Reading Teacher, 64(7), 521-529. 

[240]. Willis, J. (2011). Affiliation, autonomy and assessment for learning. Assessment in Education: Principles, Policy and 

Practice, 18(4), 399-415.  Yale University Press. 

[241]. Yang, Nae-Dong. (2003). “Integrating Portfolios into Strategy-based Instruction for EFL college  Students”. IRAL. 41. 293-

317. 

[242]. Yorke, M. (2003). Formative assessment in higher education: Moves towards theory and    the enhancement of pedagogic 

practice. Higher Education, 45(4), 477-501. 
[243]. Zimmerman, B. J. (1999). Commentary: toward a cyclically view of self-regulated   learning. International Journal of 

Educational Research, 31(6), 545-551. 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3858 

APPENDICES 
 

APPENDIX A I 
 

Population Distribution of the Year Two Students of the AKS Colleges of Education in the 2018/2019 Academic Session 

S C H O O L                      N O  O F  M A L E       N O  O F  F E M A L E            T O T A L  

A k w a  I b o m  S t a t e  C O E         1 , 2 8 6                            2 , 0 2 0            3 , 3 0 6 

T O T A L         1 , 2 8 6 2 , 0 2 0 3 , 3 0 6 
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APPENDIX A II 
 

Sample Size Distribution of the Groups 

N a m e  o f  D e p a r t m e n t s N o  O f  S t u d e n t             N o  O f  S t u d e n t s       T o t a l  

i n  e x p e r i m e n t a l         i n  c o n t r o l 

 

M a l e      F e m a l e   M a l e    F e m a l e 

S o c i a l  s t u d i e s 4 3 5 4        4 6 5 4       1 9 7 

 

P o l i t i c a l  s c i e n c e             4 8 4 4        5 1 4 6 1 8 9 

 

T O T A L                           9 1         9 8         9 7       1 0 0             3 8 6 
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APPENDIX A III 
 

Table of Specification for Mathematics Achievement Test 

C o n t e n t R e m e m b e r 

0 4 % 

Un d e r s ta n d 

0 8 % 

Ap p li ca tio n 

2 0 % 

Anal ys i s 

1 6 % 

Evaluation 

2 0 % 

C r e at in g 

3 2 % 

T o t a l 

V a r i a t i o n 
2 8 % 

1 1 1 1 1 2 7 

L i n e a r 

E q u a t i o n 

1 6 % 

0 0 1 1 1 1 4 

Quadrat ic Equation  

2 0 % 

0 0 1 1 1 2 5 

Simult aneous Equation 

1 2 % 

0 0 1 0 1 1 3 

S t a t i s t i c s 

2 4 % 

0 1 1 1 1 2 6 

T o t a l 1 2 5 4 5 8 2 5 
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APPENDIX B I: MATHEMATICS SELF-CONCEPT QUESTIONNAIRE 
 

This inventory is designed to help the researcher gain some insights on how effective various aspects of your Mathematics 

classes are for you as a student. You are being asked to identify the methods you feel are the best for learning Mathematics. Your 
responses will help Mathematics Lecturers improve the Mathematics curriculum in order to enhance student’s learning 

experiences.Please answer all items as completely and honestly as you can. 

 

 Demographic Information:  Please Write Legibly 

 

Name:  ________________________  

 

Email:  _____________________________ 

 

 Gender (check one) ____ Male   ____ Female 

 

 Name of institution _________________________ 

 

 Course of study: ------------------------------------ 

 

 Year of study: ________ 

 

 Department: ___________ 

 

 Semester:  ________________ 

 

 Instruction:   
Against each statement below, there are four options, tick ( ) the one that best expresses your feelings to the statement made 

on Mathematics learning.  There is no right or wrong answer. 

 

 Keys:  

 

 Strongly Agree (SA), Agree (A), Disagree (D), Strongly Disagree (SD). 

 

Mathematics Self-Concept Questionnaire 

S / N I T E M S S A A D S D 

1 M a t h e m a t i c s  i s  a  c h a l l e n g i n g  s u b j e c t  a n d  I  d i s l i k e  i t .      

2 I  w o r k  t o  t h e  b e s t  o f  m y  a b i l i t y  i n  M a t h e m a t i c s  c l a s s .      

3 M a t h e m a t i c s  a s s i g n m e n t s  h e l p s  m e  u n d e r s t a n d  M a t h e m a t i c s  c o n c e p t s  b e t t e r .     

4 I f i n d  m o s t  c o n c e p t s  t h o u g h t  i n M a t h e m a t i c s  c l a s s  d i f f i c u l t .     

5 T h e  M a t h e m a t i c s  s c o r e s  I  e a r n  r e f l e c t s  m y  e f f o r t s      

6 I believe I can understand the content in a mathematics coursebetter,if my Lecturer explains a practical application of the concept we are studying.      

7 I  a m  s u r e  I  c a n  u n d e r s t a n d   M a t h e m a t i c s .      

8 I  f e e l  c o n f i d e n t  e n o u g h  t o  a s k  q u e s t i o n s  i n  m y  m a t h e m a t i c s  c l a s s .      

9 I  g e t  n e r v o u s  w h e n  t a k i n g  a  m a t h e m a t i c s  t e s t .      

1 0 I  w o r r y  t h a t  I  w i l l  n o t  b e  a b l e  t o  c o m p l e t e  e v e r y  a s s i g n m e n t  i n  a  m a t h e m a t i c s  c o u r s e .     

1 1 I  g e t  t e n s e  w h e n  I  p r e p a r e  f o r  a  m a t h e m a t i c s  t e s t .      

1 2 I  f e e l  s t r e s s e d  w h e n  l i s t e n i n g  t o  m a t h e m a t i c s  i n s t r u c t o r s  i n  c l a s s .     

1 3 I  w o r r y  t h a t  I  w i l l  n o t  b e  a b l e  t o  u s e  m a t h e m a t i c s  i n  m y  f u t u r e  c a r e e r  w h e n  n e e d e d .     

1 4 I  f e e l  s h y  t o  a s k  t h e  l e c t u r e r s  f o r  h e l p  w h e n  I  c a n  n o t  s o l v e  a  p r o b l e m   i n  m a t h e m a t i c s .      

1 5 I  f e e l  c o n f i d e n t  s o l v i n g  M a t h e m a t i c s  p r o b l e m  w h e n  w e  a r e  i n  a  g r o u p .     

1 6 I  a m   u s u a l l y  n e r v o u s  a b o u t  t h e  n e x t  M a t h e m a t i c s  c o u r s e  I  h a v e  t o  t a k e .     

1 7 I  b e l i e v e  t h a t d o i n g  e v e n  m o r e  w r i t i n g  a c t i v i t i e s  i n  M a t h e m a t i c s  c l a s s e s  w o u l d  i m p r o v e  m y  l e a r n i n g / u n d e r s t a n d i n g .      

1 8 I  b e l i e v e  I  c a n  c o m p l e t e  a l l  o f  t h e  a s s i g n m e n t s  i n  a  m a t h e m a t i c s  c o u r s e  i f  m y  M a t h e m a t i c s  L e c t u r e r  i s  a v a i l a b l e  a n d  w i l l i n g   t o  h e l p  m e .      

1 9 I b e l i e v e  I  c a n   u n d e r s t a n d  t h e  c o n c e p t  t a u g h t  b e t t e r  w h e n   m y  L e c t u r e r  s o l v e s  m o r e  e x a m p l e s .     

2 0 I a m  c u r i o s  a b o u t  d i s c o v e r i e s  i n   M a t h e m a t i c s .      

2 1 I  e n j o y  d i s c u s s i n g  M a t h e m a t i c s  w i t h  m y  f r i e n d s .      

2 2 W h e n  I  a m  a b l e  t o  s o l v e  M a t h e m a t i c a l  p r o b l e m s ,  i t  i n c r e a s e s  m y  s e l f - e s t e e m .      

2 3 I  e n j o y  s o l v i n g  m o r e  p r o b l e m s  w h e n  t h e  r e q u i r e m e n t 

o f  e a c h  q u e s t i o n  i s  c l e a r  a n d  s t r a i g h t  f o r w a r d . 

    

2 4 M y  c r e a t i v i t y  i n  s o l v i n g  M a t h e m a t i c a l  p r o b l e m s  i n c r e a s e s  w i t h  t h e  L e c t u r e r ’ s  u s e  o f  s e v e r a l  m e t h o d s  t o  s o l v e  M a t h e m a t i c a l  p r o b l e m s .      
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2 5 T h e  u s e  o f  d i f f e r e n t  i n s t r u c t i o n a l /  a s s e s s m e n t  s t r a t e g i e s  

O f f e r s  m e  g r e a t e r  f l e x i b i l i t y  i n  s o l v i n g  M a t h e m a t i c a l  p r o b l e m s .  

    

2 6 I  be l i eve  I  can  l ea rn  m ore  m at hem at i ca l  concept s  i n  a  c l ass  t ha t  uses  wr i t i ng  ac t i vi t y  t han a  c l ass  t hat  does   not   use  wr i t i ng  ac t i v i t y .     

2 7 I   b e l i e v e  I  c a n  u n d e r s t a n d  M a t h e m a t i c s  c o n c e p t s  b e t t e r  i f  I  h a v e  t o  w r i t e  a b o u t  t h e m  a t  t h e  e n d  o f  a  u n i t .     

2 8 K n o w i n g  M a t h e m a t i c s  w i l l  g i v e  m e  a  c a r e e r  a d v a n t a g e .      

2 9 Mat hemati cs i s i mpor t ant  fo r  everyday  li fe  and  can  help  me fi nd  sol uti ons  to  everyday  probl ems .      

3 0 M a t h e m a t i c s  h e l p s  t o  d e v e l o p  t h e  m i n d  a n d  m a k e s  m e  a n  i n d e p e n d e n t  t h i n k e r .      

3 1 I  f e e l  t h a t  I  w i l l  b e  a b l e  t o  d o  w e l l  i n  f u t u r e  m a t h e m a t i c s  c o u r s e s .     

3 2 I  b e l i e v e  t h a t  o n e  w a y  I  c a n  i m p r o v e  m y  l e a r n i n g  o f  m a t h e m a t i c s  i s  b y  d o i n g  m o r e  w r i t i n g  a b o u t  m a t h e m a t i c s  c o n c e p t s .      

3 3 I  b e l i e v e  M a t h e m a t i c s  w i l l  p l a y  a  v e r y  b i g  r o l e  i n  m y  f u t u r e ?      

3 4 I  f e e l  c o n f i d e n t  w h e n  t a k i n g  a  m a t h e m a t i c s  t e s t    t h a t   I    s p e n t  m u c h  t i m e  t o  p r e p a r e  f o r .      

3 5 I  b e l i e v e  t h a t  l e a r n i n g  m a t h e m a t i c s  h a s  m u c h  r e l e v a n c e  i n  m y   l i f e .     

3 6 I  w o u l d  p r e f e r  m y  l e c t u r e r   t o  a s s e s s e s  m e  u s i n g  v a r i e t i e s  o f a s s e s s m e n t  m e t h o d s .     

3 7 I  try to solve difficult problems of mathematics myself rather than ask others,when my lecturer writes comments on my assignments.      

3 8 S o m e  o f  m y  M a t h e m a t i c s  a s s e s s m e n t s 

i n v o l v e  w r i t i n g  a c t i v i t i e s 

    

3 9 I  c o m p l e t e d  B a s i c  G e n e r a l  M a t h e m a t i c s  I I  G S T  c o u r s e   i n  m y  y e a r  o n e  i n  t h e  c o l l e g e  w i t h  v e r y  g o o d  g r a d e  a n d  t h i s  b o o s t  m y  s e l f - e s t e e m .  

 

    

4 0 C o m p l e t i n g  w r i t i n g  a s s i g n m e n t s  l i k e  J o u r n a l  E n t r i e s  o n  M a t h e m a t i c a l  c o n c e p t s ,  L e a r n i n g  L o g s  f o r  M a t h e m a t i c a l  c o n c e p t s / c o n n e c t i o n s ,  T h r e a d e d  D i s c u s s i o n s  r e l a t e d  t o  s t u d y  s k i l l s  o r  M a t h e m a t i c s  c o n c e p t s ,  E s s a y s  a b o u t  M a t h e m a t i c s  C o n c e p t s ,  N a r r a t i v e s  o f  M a t h e m a t i c a l  S t e p s   i n  M a t h e m a t i c s  c o u r s e s  m a k e s  m e  m o r e  c o n f i d e n t .      
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APPENDIX B II:  MATHEMATICS INTEREST INVENTORY 
 

S / N I T E M S S A A D S D 

1 M a t h e m a t i c s  i s  m y  f a v o u r i t e  s u b j e c t ,  a n d  I  e n j o y  M a t h e m a t i c s  c l a s s .      

2 M a t h e m a t i c s  s h o u l d  b e  a  c o m p u l s o r y  s u b j e c t .      

3 M a t h e m a t i c s  p e r i o d  m a k e s  m e  n e r v o u s .      

4 I  a m  a l w a y s  u n d e r  s t r a i n  i n  a  m a t h e m a t i c s  c l a s s .      

5 I  t r y  t o  u n d e r s t a n d  v e r y  a t t e n t i v e l y  t h e  c o n c e p t s  t a u g h t  b y  t h e  l e c t u r e r s  i n  t h e  c l a s s .      

6 I  f i n d  i t  v e r y  d i f f i c u l t  t o  s o l v e  p r o b l e m s  i n m a t h e m a t i c s .      

7 I  a m  v e r y  a f r a i d  o f  m a t h e m a t i c s  l e c t u r e r s .     

8 I  a l w a y s  g o  w e l l  p r e p a r e d  t o  m a t h e m a t i c s  c l a s s .      

9 A m  h a p p i e r  i n  a  M a t h e m a t i c s  c l a s s  t h a n  i n  a n y  o t h e r  c l a s s .      

1 0 T h e  w a y  m y  M a t h e m a t i c s  L e c t u r e r ’ s  t e a c h e s  m a k e s  m e  t o  e n j o y  m a t h e m a t i c s  b e t t e r .      

1 1 I  t h i n k  I  c a n  h a n d l e  m o r e  d i f f i c u l t  M a t h e m a t i c s  p r o b l e m s   i f  m y  L e c t u r e r  u s e s  s e v e r a l  m e t h o d s .      

1 2 M y  M a t h e m a t i c s  L e c t u r e r  u s e s  a  v a r i e t y  o f  a c t i v i t i e s  t o  h e l p  m e  l e a r n .     

1 3 I  l e a v e  m y  M a t h e m a t i c s  c l a s s  f e e l i n g  t h a t  I  

u n d e r s t o o d  t h e  l e s s o n . 

    

1 4 W r i t i n g   i n  m a t h e m a t i c s  c l a s s  h a s   g r e a t l y  c h a n g e d  t h e  w a y  I  l e a r n  M a t h e m a t i c s .      

1 5 I  f e e l  i n s e c u r e  i n  m a t h e m a t i c s  c l a s s .      

1 6 I  h a v e  g o o d  f e e l i n g  f o r  m a t h e m a t i c s .      

1 7 I  f a c e  d i f f i c u l t y  i n  d o i n g  l e n g t h y  p r o b l e m  s o l v i n g  p r o c e d u r e s    o f  m a t h e m a t i c s .     

1 8 M a t h e m a t i c s  i s  n o t  m y  f a v o u r i t e  s u b j e c t .      

1 9 M a t h e m a t i c s  i s  o f  n o  u s e  i n  o n e ’ s  l i f e .      

2 0 I  p r a c t i c e   m a t h e m a t i c s  p r o b l e m s  i n  m y  l e i s u r e  t i m e .      

2 1 I  n e v e r  w a n t  t o  b e  a b s e n t  i n  m a t h e m a t i c s  c l a s s .     

2 2 M a t h e m a t i c s  i s  a n  o b s t r u c t i o n  i n  s t u d e n t ’ s    a l l - r o u n d  d e v e l o p m e n t .      

2 3 I  w o u l d  p r e f e r  t o  r e a d  s t o r y  b o o k s  t h a n  d o i n g  m a t h e m a t i c s .      

2 4 I  t r y  t o  c o m p l e t e    m a t h e m a t i c s  p r o b l e m s   a t  h o m e   t h a t  w e r e  h a l f  d o n e  a t  s c h o o l .      

2 5 I  w o u l d  p r e f e r  t o  m e m o r i e s  s p e l l i n g s  i n  E n g l i s h  t h a n  s o l v i n g   m a t h e m a t i c s  p r o b l e m s .      

2 6 I  r e a d  t h e  c o l u m n s  c o n t a i n i n g  d a t a  i n  n e w s  p a p e r  w i t h  g r e a t  i n t e r e s t .      

2 7 I  s t u d y  m a t h e m a t i c s  t h a t  a r e  m o r e  r e l a t e d  t o  o t h e r  s u b j e c t s .      

2 8 I  try  to  solve d if f icul t   math e matics  probl e ms  by  myself  rath er  than    ask  o thers  for  he lp .      

2 9 I  w o u l d  p r e f e r  t o  t a k e  u p  a  c a r e e r  i n  m a t h e m a t i c s  i n  f u t u r e .      

3 0 I  w o u l d  n e v e r  s u g g e s t   t o  m y  f r i e n d s  t o  s t u d y   c o u r s e s .      

3 1 I  w o u l d  l i k e  t o  s o l v e  o r a l  m a t h e m a t i c s  i n  m y  l e i s u r e  t i m e .     

3 2 I  s o l v e  q u i z z e s  r e l a t e d  t o  m a t h e m a t i c s  p u b l i s h e d  i n  p a p e r s  a n d     m a g a z i n e s  w i t h  g r e a t  i n t e r e s t .      

3 3 I  b e c o m e  i r r i t a t e d  i f  a n y o n e  w a n t s  t o  l e a r n  m a t h e m a t i c s  f r o m  m e .     

3 4 I  a m  a f r a i d  o f  f a i l i n g  i n  m a t h e m a t i c s  e x a m i n a t i o n .     

3 5 M o s t  o f  m y  f r i e n d s  a r e  g o o d  i n  m a t h e m a t i c s .      

3 6 I  f i n d  m a t h e m a t i c s  p e r i o d  b o r i n g .      

3 7 I  f e e l  h a p p y ,  g e t t i n g  m o r e  m a r k s  i n  m a t h e m a t i c s  t h a n  o t h e r  s u b j e c t s .     

3 8 I  f e e l  h a p p y   w h e n  m y  m a t h e m a t i c s  l e c t u r e  i s  a r o u n d  f o r  c l a s s .      

3 9 I  f e e l  m o r e  h a r d  w o r k  c a n  m a k e  m e  a  g o o d  s t u d e n t  o f  m a t h e m a t i c s .      

4 0 I  h a v e  d i f f i c u l t y  i n  c o n c e n t r a t i n g  w h i l e  d o i n g  m a t h e m a t i c s .     
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APPENDIX C: PRE- LEARNING BIOGRAPHY(MATHOGRAPHY) 
 

The first writing assignment for the term is autobiographical (Mathography) essay titled, My Mathematics Learning Biography: 

Who Am I? 
 

 The Following Should be Addressed 

 

 Who you are as a Mathematics student 

 Feelings you have toward Mathematics in general 

 Your strengths and weaknesses as a Mathematics student 

 Your goals for this course and how you monitor your growth in mathematics learning. 

 Your long term educational goals and how you interned to achieve them. 

 Why you feel you will be successful in this course Do not write the grade you want to earn.  Write about who you are as a 

learner. 

 Write about the methods your lecturer uses to assesse you and how it has helped you to learn mathematics. 
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APPENDIX D: END OF SEMESTER ESSAY ( POST-MATHOGRAPHY) 
 

The overall theme of this essay is the growth you have experienced as a learner over this semester in this course.  Refer to in 

class activities, course projects, the opportunity to work with other students, the “Think aloud” discussions, your performance and 
your progress in the course to demonstrate that growth.  Please address the following questions. 

 

 What is your vision of a successful learner?  Do you feel that you have accomplished your goals this semester?  Explain what 

your goals were and why you feel you met or didn’t meet your goals.  I do not want to hear about the grade you expect but what 

you learned about yourself as a learner. 

 How have you changed as a learner this semester?  You were asked to “do some different things in the basic general Mathematics 

class” in this course that were intended to help you to grow as a learner.  Did you change at all in terms of how you approach 

learning Mathematics?  Why or why not? 

 Finally, do you feel that the  assessement method used by your lecturer (writing to learn Mathematics)  required you to reflect 

on what you really know, understand, and can do with respect to variation, linear, quadratic, simultaneous equations graphs and 

statistics?  Even if you did not “enjoy” the process, do you see a connection to writing and reflecting on what you have learned?  
How do you expect to use  this method (writing) in your future profession?   Please write a detailed example for this experience. 

Conclude your essay with a description of how you monitor your learning “then and now”.  The title of your essay should be 

“That Was Then, This Is Now”  It is a minimum of 2 pages double space typed with 12 point font and 1 inch margins on all 

sides.  You are required to use Times New Roman or Verdana as the font. 
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APPENDIX E I 
 

 Procedure for Writing to Learn Method of Instruction 

 
Step 1:  Introduce the writing to learn and the reciprocity  the  methods for at least two lesson periods. 

 

Step 2  Divide the class into groups taking cognizance of the student’s mathematical ability. Year one examination grade and the 

pretest scores could be used for that, and the group should have low, average and high ability forming the groups. 

 

Step 3:  Review background of related experience and state the objectives of the new lesson. Explain to the student the tools and 

how to use them to solve problems. 

 

Step 4:  Present the  learning materials in step by steps, anticipating student’s errors and areas of difficulty: 

 

Step 5:  Have students work in small groups and clarify purpose - (Virtual Manipulatives  helps students understand why they are 
doing the work and why it is important). 

 

Step 6:  Keep the students on task by providing structures. (The manipulative features provide pathways for the learners). 

 

Step 7:   Incorporate assessment and feedback: offer lecturer  led feedback and provide models of expert work with the aid of  writing 

to learn generated feedback excerpts. 

 

Step 8:   Reduce students support but gradually increase complexity and difficulty of  learning materials. (Student – centered and 

guided discovery learning or interactive learning). 

 

Step 9:  Practice consolidation - putting all the steps together and check for students mastery. (Flash back). 

 
Step 10:  Provide independent practice, through investigation of conjectures with project based problems. 

 

Step 11:  Facilitate application to new situation, (Connection to real world problem situations). 

 

Step 12:  Demonstrate how to cope with difficulties (if needed) 

 

Step13: Review major guidelines and principles for the accomplishment of the tasks. 

 

Step 14:  Invite questions and provide answers where necessary. 

 

Step 15:   Evaluate Student’s Performance. 
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APPENDIX E II PROCEDURE FOR TRADITIONAL METHOD OF INSTRUCTION 
 

Step 1: Introduce the lesson topic 

Step 2: Review briefly the previous lesson 
Step 3: State the objectives of the new lesson. 

Step 4: Teach the general concepts and principles of the topics. 

Step 5: Discuss and describe skills used in the lessons. 

Step 6: Assess the students on the spot. 
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APPENDIX E III:   LESSON PLAN FOR TRADITIONAL METHOD GROUP 
 

Subject:   Basic General Mathematics IV 

 
Class:  year  2 

 

Topic : Variation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 
 

 

 Instructional Objectives 

At the end of the lesson the students should be able to:- 
 

 Solve correctly   with ease and 75% success some  problem involving direct variation. 

 Solve  with ease and 75% success some  problem on inverse variation. 

 Solve   with ease and 75% success some  problem on joint variation. 

 Solve  correctly with ease and 75% success some  problem on partial variation. 

 

 Entry Behaviour 

 

 The Students have Known:- 

 

 Solving  equation involving fractions. 
 Change of subject of formular. 

 Solving simultaneous equation in two variables. 

 

 Instructional Material 

A chart showing solved problems on variations and reciprocal table. 

 

 Content Development 

 

 Introduction: 

The word variation is used to describe the relationship which exist among two quantities. In everyday life we come across 

relationships between quantities. These relationship can be seen in terms of varying one quantity to another. For instance if a worker 
is paid a certain rate for every hour that he works, the total wages due to him in a given period  will depend on the hours he works. 

Hence a kind of variation exist. 

 

C o n t e n t  D e v e l o p m e n t A c t i v i t i e s S t r a t e g i e s 

L e c t u r e r s S t u d e n t s 

S t e p  1 : D i r e c t  v a r i a t i o n 
Wh en th e  ra t io  of a  v ari ab l e x  to  ano th er  v ari ab l e y  is  a l wa ys  co ns ta nt , th en  x  i s sa id  t o  v ary  d ire c t ly  a s y .Su ch  r el a t ionsh ip  i s wr i tt en  a s xαy . Th is  c an  b e wr it t en  in  equ at ion  for m  a s x=  ky wh er e α is  r epl a c ed w it h  k  b ei ng th e con s tan c e of v ar i at ion . Th er efor e  k=  . 

 

E x e r ci se  1: Th e  Prob l e m and  I ts  Con te xt :  Th e  prob l e m.  The  jun ior s eco nda ry  thr e e ( JS S3) c l as s of  Ar my  Day  s e cond ary  s choo l  Ib agw a  Ab ak   is  r aff lin g  off  a turk ey  as a  mon ey ma king  pro j e ct . a)  If  th e  t urk ey co st  #2200  and  raf fl e  t i ck et s ar e  so ld  for # 1 .50  ea ch , how  ma ny t ic ke ts  wi l l h av e  to  b e so ld  f or th e c l as s to  bre ak  ev en?  b)  Cr ea t e  a  ta bl e  to  s how  how  m any t i ck et s  wi l l  ha ve  to  b e  so ld  if  th e c la ss  is  to  m ak e a  prof it  of  #20 ,000 , #50 ,000 , #100, 000 # 200,0 00 . 

2 .  Ho ck ey  j ers ey s are p ri ced at  # 5 0 each  p l us  # 1 .5 0 p er l ett er.  Ho w m u ch wi l l  Ub on g  UKOHANNSON ’S  j ers ey  co st  i f h i s l as t n am e i s  s ewn  o n t h e b ack ?  

S o l u t i o n : 

F o r m  t h e  v a r i a t i o n  e q u a t i o n  u s i n g  t h e  g i v e n  v a r i a b l e s ,  C  =  K L + 5 0 . 

S o l v e  f o r  C  a l g e b r a i c a l l y  o r  g r a p h i c a l l y ,  e l i m i n a t i o n  o r  s u b s t i t u t i o n  t o  h a v e  # 6 5 . 0 0 .  

 

T h e y  s o l v e  a l o n g 

w i t h  t h e  l e c t u r e r 

a n d  s o l v e  o t h e r s  i n  t h e i r  n o t e b o o k  f o l l o w i n g  

t h e  t e a c h e r ’ s 

e x a m p l e . 

Solu t ion : Th e  c os t of  turk ey i s #2 2000,  cos t  of o ne  r aff le  ti ck e t i s #1 .50  t her efor e  nu mb er of  t ick e t th a t # 22000  c an  buy  i s #22000 /#1 .50 wh i ch a moun t to   15 ,00 0 t ick e ts  approx i m at e ly . 1 . To  kno w th e num ber  of  t i ck e ts  th a t w il l  g ive  th e d iff er en t a mo un ts  as  prof it ,  a dd th e p rofi t  t o  th e in i ti a l a moun t  for  th e  t urke y and  d iv i de  by  a mou nt  for  t i ck e t. 

 

S e t 

i n d u c t i o n 

a n d  u s e  o f 

e x a m p l e s 

S t e p  I I :  I n v e r s e  v a r i a t i o n  

If t w o  v a r i ab l e s  x  a nd  y  a r e  su c h  th a t  wh e n  x  i n cr e a s e s  y  d e cr e a s e s  o r v i c e  v er s a , t h e  t wo  v ar i a b l e s a r e  s a i d  to  b e i nv e r s e ly  pro po r t io n a l . T h i s  is  w r it t h e n a s   x α  o r   y  α . T h e  e qu a t i on  c on n e c t i ng  x  a nd  y  i s  x  =   o r xy  = k.  

 

 

E x e r ci se  I I: Ro ck  v ie w hot e l ha s a  cu s tod ia l  s t aff of  12  em plo ye es ,  an d th ey c an  c l e an a l l of  th e ho t e l roo m s in  6  h ours . If  four  m em ber s of th e cu sto di a l s taff s ar e  no t a t work  to day ,  how  long w il l  i t  t ak e  t he  r e ma in ing  c us tod ia ns  to  cl e an  a l l of th e h ot e l r oo ms ? So lut ion :  The  to ta l  t i m e t ak en to  c om pl e t e th e job  is  inv er s ely  propo rt ion a l to  t he  nu mb er of work ers . 

1 . T h e  c o n s t a n t  o f  v a r i a t i o n ,  k ,  i s  6  x  1 2 =  7 2 .  

2 .  S i n c e  4  a r e  a b s e n , t  t h a t  l e a v e s  8  w o r k e r s  ( 1 2 - 4 = 8 ) .  

3 . Y = 7 2 : x ,  y = 7 2 / x ,  x  = 8  t h e r e f o r e  y =  7 2 / 8  = 9 h r s .  
 

 

L i s t e n  a n d 

p a r t i c i p a t e  i n 

s o l v i n g  a l o n g 

w i t h  t h e  t e a c h e r . 
T h e y  e x p a n d  t h e 

g i v e n 

e x p r e s s i o n s  i n 

t h e i r  n o t e  b o o k .  

E x p l a n a t i o n 

a n d  u s e  o f 

e x a m p l e s 

S t e p  I I I :  J o i n t  v a r i a t i o n 

W h e n  t h e  v a l u e  o f  a  q u a n t i t y  i s  p r o p o r t i o n a l  t o  t w o  o r m o r e  o t h e r  q u a n t i t i e s ,  w e  s a y  t h a t  j o i n t  v a r i a t i o n  h a s  o c c u r r e d .  T h e  q u a n t i t y  i s  s a i d  t o  v a r y  j o i n t l y  a s  t h e  t w o  o t h e r  q u a n t i t i e s .  

 

E x e r c i s e  I I I : 
Th e vo lu m e  of wood  i n  th e tr e e ( V) var i es  d ir ec t ly  a s th e h e igh t (h) and  the  s qua re  of  th e  g irt h   ( g ).  If th e  vol um e  of  th e  t re e  i s 1 44 m 3 wh en  th e  h ei ght  is  20 m and  the  g ir th  i s 1 .5 m.  Wh at  is  t he  h ei ght  of  a  tr ee  w i th  a  vo lu m e of  1000  and  gir th  of  2 m. 

S o l u t i o n : 

S o l v e  t h e  e x e r c i s e  a n d  d o  t h e  c l a s s w o r k  g i v e n  b y  t h e  l e c t u r e r  i n  t h e i r  n o t e  b o o k U s e  o f 

e x a m p l e s , 

p l a n n e d 
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1. L e t V=vo lu m e,  h =he igh t  a nd g = gir th . ( 2 .)  The  s tud en t  m ay  w an t  to  appro a ch th e  prob le m  us ing  for mu l a,  V = khg 2 (  3) . Fi ne  k  us ing  t he  kno wn v a lu es  of  3 .2 .   (4) . No w p lug  in  th e ne w v a lu es  to  g e t th e  ne w  he igh t  of 78 .12 5m .  

 

r e p e t i t i o n 

a n d 

C l o s u r e 

S t e p  I V :  P a r t i a l   v a r i a t i o n  

Par t i al  v ar ia t ion  ha s to  do  w i thqu an ti ty  or var i ab le  th at  d ep ends  on  a not her  ind ep end ent  v ar iab l e , wh ere  on e of th e ind ep end en t var i ab le  r e m ain s th e  s a me  al w ays  and th e o th er ch ang es  ac cor ding  by  the  qu an t ity  of  i nde pen den t  v ari ab l e u s ed .  

E x e r ci se  I V : 1 Th e co st  of  ma in t ai n in g a c ar  i s p ar t ly  con s tan t  and p ar t ly  var i es  as  th e  d is t anc e  t rav e l le d  in  a  g iv en mon th . The  cos t  for a  p art i cu la r mon th  i s ₦125  wh en  the  d is t an ce  tr ave l l ed  is 300k mwh i l e for  a d i st an c e o f 120 00k m,  t he  cos t  i s ₦350 . Wh a t is  th e co st  of  a  journ ey of 16 000k m and  the  d is t an ce  tr ave l l ed  if  t he  cos t  i s ₦230 . 

 

S o l u t i o n :  L e t  t h e  c o s t  b e  C a n d  d i s t a n c t  d . C = a ,  C  α  d .  C = a + d k  

₦ 1 2 5 =  a  +  3 0 0 0 k m . . ( i ) 

₦ 3 5 0 =  a + 1 2 0 0 0 k … ( i i ) 

( i i - i )  ₦ 2 2 5 = 9 0 0 0 k m 

K = 0 . 0 2 5 , s u b s t i t u t i n g  f o r  k  i n  ( i ) 

₦ 1 2 5 = a + 3 0 0 0 k m ( 0 , 0 2 5 ) 

₦ 1 2 5 = a  + 7 5 ,  a = 5 0 . 
F i n d i n g  c o s t  w h e n  d = 1 6 0 0 0 k m ,   C = a + d k  

5 0 + 1 6 0 0 0 k m ( 0 . 0 2 5 ) 

= 5 0 + 4 0 0 ,  C = ₦ 4 5 0 . 

 

 

E v a l u a t i o n E v a l u a t e s  t h e  s t u d e n t s  b y  g i v i n g  t h e m  s o m e  p r o b l e m s  o n  v a r i a t i o n  a s  e x e r c i s e a n d  a s s i g n m en t  t o  s o l v e  i n  t h e i r  n o t e  b o o k .  S o l v e  t h e  e x e r c i s e  a n d  a s s i g n m e n t  g i v e n  b y  t h e  l e c t u r e r  i n  t h e i r  n o t e  b o o k C l o s u r e 

 

 Summary 

In our lesson we have learnt that the word variation is used to describe the relationship which exist among two quantities. In 

everyday life we come across relationships between quantities. That when the ratio of a variable x to another variable y is always 

constant, then x is said to vary directly as y. If two variables x and y are such that when x increases y decreases or vice versa, the 

two variables are said to be inversely proportional. That when the value of a quantity is proportional to two or more other quantities, 

it is said to be joint variation And lastly that partial variation has to do with quantity or variable that depends on another independent 

variable, where one of the independent variable remains the same always and the otherchanges according by the quantity of 

independent variable used. 
 

 Assignment 

 

 There are 14 boys and 16 girls in Mrs Uko’s class. What ratio best represent the relationship between the number of boys and 

the total number of students in Mrs Uko’s class. (a)7/15 (b) 7:10 (c) 7/9 (d) 14:16 (e)8:15.  (1b). If the ratio of A to B is 3:4, and 

the ratio of B to C is 2:3, what is the value of A when C is 5. (a) 10 (b) 2/2 (c) 5/2 (d) 5 (e) 6. 

 The volume of wood in the tree (V) varies directly as the height (h) and inversely as the square of the girth  ( g). If the volume 

of the tree is 144m3 when the height is 20m and the girth is 1.5m. What is the height of a tree with a volume of 1000 and girth 

of 2m. 

 If 14 women  can cultivate 42 acres of land  in 18 weeks, how many weeks will it take 21 women working at the same rate to 

cultivate 52 acres of land. 
 

 Lesson Plan for Linear Equation 

 

Subject:   Basic General Mathematics IV 

 

Class:  Year  2 

 

Topic : Linear Equation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 

 

 Instructional Objectives 

At the end of the lesson the students should be able to: 

 

 Find with ease and 75% success  L.C.M of algebraic fraction. 

 Add and subtract fractions with monomial denominators with ease and 80% success. 

 Solve correctly   with ease and 80% success some  problem involving linear equation. 

 

 Entry Behaviour 

The students have known: (1) Addition and subtraction of numbers (2) multiplication and division of numbers (3) solving 
algebraic expression. 

 

 Instructional Material 

A beam balance is use to illustrate the idea of equation. 
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 Content Development 

An equation is a mathematical statement that shows equality between two expressions. Equation which arises out of practical 

problems in many ways, usually consist of more or less complicated expressions on both sides of the equation. There are different 

forms of equations, one of them being linear equation. Alinear equation is a mathematical statement that contains only term in one 

variable and constant, and the highest power of the variable is 1. 

 

C o n t e n t  D e v e l o p m e n t A c t i v i t i e s S k i l l s  E m p h a s i z e d 

L e c t u r e r s S t u d e n t s 

S t e p  I :  L o w e s t  c o m m o n  m u l t i p l e s  o f  a l g e b r a i c  e x p r e s s i o n s 

Th e  lo w e st  co m m on  mu l t ip l e  of  n u mb er  s a y  6  a nd  4  m e an s a  lo w es t  n u mb er  in  w h i ch  6  and  4  ar e  i t s  f a c tor , wh i c h c an  a l so  b e d iv id ed  b y 6  a nd  4  w i th ou t  a ny  r e m a in de r.  W e  c an  l is t  s o m e m u lt i p l e s  of  6  and  4  a s -6  =  6 ,  12 ,  18 ,  24 , 30 , 36 .  

4  =  4 ,  8 ,  1 2 ,  1 6 ,  2 0 ,  2 4 .  i t  c a n  b e  s e e n  t h a t  a m o n g s t  t h e  c o m m o n  m u l t i p l e  t h a t  1 2  i s  t h e  l e a s t . 
 

E x .  I :  F i n d  t h e  L . C . M  o f  t h e  n u m b e r  ( 1 )  9 ,  6  a n d  3  ( 2 )  x 2 ,  y  a n d  Z y . 

S o l u t i o n 

(1) 9 = 3 x 3 
6 = 3 x 2 

3 = 3 x 1 

L.C.M = 3 x 3 x 2 = 18 

 

 

 

(2) x 2  =  x  x  x 

y  =  1  x  y 

z y  =  z  x  y 

L . C . M  =  x  x  x  x  y  x  z 

=  x 2  y 2 

 

T h ey  s o l v e  al o n g  wi t h  t h e l ec t u r e r an d  s o l v e  (1 ) an d  (2 ) i n  t h ei r n o t e b o o k  fo l l o wi n g  t h e l ec t u re r ’s  ex am p l e .  S e t  I n d u c t i o n 

a n d  U s e  o f 

e x a m p l e s 

S t e p  I I :  S i m p l e  E q u a t i o n s 
Us ing diff er en t ope ra t ions ,  l in e ar equ a ti ons  a re  so lv ed  by fin ding  v a lu es  of d iff er en t v ar i ab le s wh ic h ar e th e unkno wns . W e mu s t no t e th a t equ a t ions  can  b e so lv ed by  ( a) add ing th e  s a me  nu mb er  to  bo th  s id esof  the  equ a tion .  (b) sub tr ac t ing  th e  s a m e nu mb er  fro m  bot h  sid e s of  th e equ a tio n .  (c ) mu l tip ly  bo th  s ide s of th e equ a t ion  by th e s am e  nu mb er.  (d)  d iv i de  bo th  s id es  of th e equ a t ion  by th e s am e  nu mb er.  S i mp le  equ a tion  invo lv ing bra ck e ts  can  b e so lv ed by  f irs t  re mo vin g th e br a ck e t. 

 

E X .  I I:  A li c e r e c ei ved  a ch e ck and  s he  d e cid ed  to  c ash  it  at  h er lo c a l b ank .  F or so me  r ea son , th e ban k t el l er w as  confus ed  and sw i t che d th e do l l ars  and c en ts ; th a t is ,  wh a t w as  wr i tt en  as  c en ts  on  t he  che ck  h e gav e  t o  h er  in  do l la rs , and  wh a t w as  wr i tt en  in  do l l ars  on  th e  che ck  h e g av e  to  h er  in  ce nt s.   It  w a s no t  un ti l  af t er  sh e bough t a  p i e c e o f c andy  for f iv e  c en ts  th at  sh e  no ti c ed  th e  te l l er' s  e rro r.   A t th a t po in t , she  a ctu a l ly  h ad  tw i ce  th e a moun t o f mon ey  th a t  w as  wr i t ten  on  the  ch ec k.   How  mu ch mon ey  w a s th e ch e ck m ad e out  for? 
2 .  S o l v e  4  ( 3 x  –  2 )   =   6 

S ol ut i on:  Le t  d  = nu mbe r of  do l lar s,  c = n um ber  of  c en ts .   Th e prob le m  s t at ed  tha t  100 c +  d  -  5  =  2(100d  +  c),  wh i ch  s i mp lif i es  to  98 c  - 5  = 19 9d.   Th e  fir s t ob s erv at ion   g iv es  u s th at  c = 2d + 1 .   Sol vin g si mu l ta neo us ly ,  w e  g et  d  =  31 , c =  63 . 

2 .  4  ( 3 x  –  2 )  =  6 

4  x  3 x  –  4  x  2  =  6 

1 2 x  –  8  =  6 

A d d  8  t o  b o t h  s i d e s 

1 2 x  +  8  =  6  +  8 

1 2 x  =  1 4 

D i v i d e s  b o t h  s i d e s  b y  1 2 

12x = 14 

12  12 
x  = 12/12 

 

Listen and participat e in solving along with the lecturer. They expand the given expressions in their note book.  U s e  o f  e x a m p l e s 

S t e p  I I I :  S i m p l e  E q u a t i o n  I n v o l v i n g  A l g e b r a i c  F r a c t i o n  

A s i m pl e eq u at io n in v ol vi ng  al g eb rai c fract io n can b e so lv ed as o rd in ary si m p l e equ ati on  ex cep t t h at L . C. M s ho ul d b e  us ed to  mu l ti pl y th rou g h t o cl ear th e fract i on,  i f s o wh i ch.  

 

E x .  I I I :  S o l v e  t h e  f o l l o w i n g  ( 1 )  3 / 4 x  +  ½  .  

S o l u t i o n 

1. 3/4x + ½ = 1 

S u b t r a c t  ½  f r o m  b o t h  s i d e s 
3 / 4 x  +  ½  -  ½  =  1  –  ½ 
3 / 4 x  =  ½ 

M u l t i p l y  t h r o u g h  b y  4 
3 / 4 x  x  4  =  ½  x  - 2 

3 x  =  2 

D i v i d e  t h r o u g h  b y  3 

3x = 2 
3  3 

x = 2/3 

 

Fact ori ze the al gebrai c expressions  on t he board . They also  factori ze  indi viduall yon t heir not ebook .  S t i m u l u s 

v a r i a t i o n 

E v a l u a t i o n E v al u a t es  t h e s t u d en t s  b y  g i v i n g  t h em  s o m e  p ro b l em s  o n  al g eb ra i c ex p r es s i o n  as  ex er ci s e an d  a s s i g n m en t  t o  s o l v e i n  t h ei r n o t e  b o o k .  S o l v e  t h e  e x e r c i s e  a n d  a s s i g n m e n t  g i v e n  b y  t h e  l e c t u r e r  i n  t h e i r  n o t e  b o o k  C l o s u r e 

 

 Summary: 

In our lesson we have learnt that an equation is a mathematical statement that shows equality between two expressions.  That 

a linear equation is a mathematical statement that contains only term in one variable and constant, and the highest power of the 

variable is 1. Also that  a  simple equation involving algebraic fraction can be solved as ordinary simple equation except that L.C.M 

should be  used to multiply through to clear the fraction, if so which. 

 

 Assignment: (1)  

Aman is four times as old as his son. In four years time he will bethree times as old. What are their ages now? 
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The same number is added to both the numerator and the denominator of the fraction 7/17. If the fraction then becomes 6/11, 

find the number added. 

 

 Lesson Plan For Quadratic Equation 

 

Subject:   Basic General Mathematics IV 

 

Class:  year  2 

 

Topic : Quadratic Equation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 

 

 Instructional Objectives 

 

 At the end of the lesson, the students should be able to: Solve correctly quadratic equation by factorization method  with ease 

and 85% success. 

 Solve  with ease and 70% success quadratic equation of the type (ax + b) = c where a, b, c are real numbers and x a variable. 

 Solve  quadratic equation with imaginary roots  with ease and 75% success. 

 Solve  correctly with ease and 75% success some  problem on quadratic equation by using quadratic formula. 

 

 Entry Behaviour 

The students have known: (1) Factorization of quadratic expression (2) simplification of quadratic expression. 

 

 Instructional Materials 

A flip chart showing the steps to be taken when solving quadratic by completing squares. 
 

 Content Development 

 

 Introduction:  

A quadratic equation is an equation of second degree, that is an equation in which 2 is the highest power of the unknown. 

 

C o n t e n t  D e v e l o p m e n t A c t i v i t i e s S k i l l s  E m p h a s i z e d 

T e a c h e r s S t u d e n t s 

S t e p  I :  S o l v i n g  Q u a d r a t i c  E q u a t i o n  B y  F a c t o r i z a t i o n  

Fa c tor iz a t ion  of qu adr a t ic  expr es sio ns  s i mpl y  m ea ns  sp l it t ing  up o f a nu mber  or  alg ebr a i c expr es s ions  in to  th e p ar ts  tha t  for m th e  or ig i na l  nu mb er or  expr es sio n.  We  h av e qu adr a t ic  expr es sio n wi th  coe ffi c i ent  wi thou t  c oeff i c ie nt  and th e  on e equ a ted  to  z ero . To  so lv e th e m  th e  on e w itho ut  co effi c i ent  we  f irs t  con s id er th e exp an sio n of  th e prod uc t  of 2  br a ck et s and  th e pro duc t  i s a  f ac tor  of  th e  cons t an t t er m and  th eir  s um  g iv es  th e  produ c t of th e co eff i ci en t  of x  w hi ch  i s th e  midd l e  t er m . For th e  exp re ss ion  w i th  co eff i ci en t  fin d  th e pr odu ct  o f  fi rs t t er m and  the  la s t t er m and  t he ir  f ac tor  su m  sho uld  g iv e th e m idd l e t er m,  wh i ch  i s r ep l a ced  wi th  t he  f ac tor s to  ma ke  the  expr es si on fo ur t er ms . W e g roup th e m in to  t wo s to  fin d  th e co m mon  fa c tor  of th e se  two  group s wh ic h is  the  s olu t ion . 

Ex I: (1) Suppose the area of a rectangular billboard is 2−11−6 and the length of one of its sides is 5+2. Find the value of .  

Fa c t o r i z e :  ( 2 )  4 x 2  +  1 3 x  + 9  ( 3 )  x 2  +  1 1 x  +  1 8  =  0 .  

S o l u t i o n s 

(1) T h e  f a c t o r s  a r e  − 3  a n d  5 + 2 

 (−3 )( 5 + 2 ) = 2 − 1 1− 6 . 5 = a n d  2 − 1 5 = − 1 1. F o ll o w i n g fr o m  t he  la t te r t w o e q ua t i o ns,  = 2 a n d = 1 0 .  

(2) 4x2  + 13x + 9, the produc t of 1 s t and la st te rm is  36x2 . Fac tors  tha t will give  the  produc t 36x2  and sum 13x is  14 and +9.  

 4x2 + 13x + 9  = 4x2 + 4x + 9x + 9 

4 x  ( x + 1 )  +  9 ( x  +  1 ) 

( x  +  1 )  ( 4 x  +  9 ) 
 

T h e y  s o l v e  a l o n g 

w i t h  t h e  l e c t u r e r 

a n d  s o l v e  1  a n d 

2  i n  t h e i r  n o t e 

b o o k  f o l l o w i n g 

t h e  l e c t u r e r ’ s 
e x a m p l e . 

S e t  I n d u c t i o n 

a n d  U s e  o f 

e x a m p l e s 

 

S t e p  I I :  S o l v i n g  Q u a d r a t i c  E q u a t i o n  o f  t h e  T y p e  ( a x  +  b ) 2  =  c  a n d  c o n s t r u c t i o n  w i t h  g i v e n  r o o t s . 

I f  x 2  =  1 6 ,  t h e n  x  =  +  √ 1 6  =  +  4 .  T h i s  i s  t r u e  s i n c e  ( + 4 ) 2  =  1 6  a n d  ( - 4 ) 2  =  1 6 .  W e  w i l l  u s e  t h e  a b o v e  i d e a  t o  s o l v e  e q u a t i o n s .  

 

 

 

E x .  I I I :  1 .  S o l v e  t he e q u a t i o n:  4 ( 2 − 3 ) 2 − 3 6 = 0 .  

2 . ( x  –  1 ) 2  =  4  ( 2 )  ( 2 x  –  1 ) 2  =  3 . ( x  +  1 ) 2  =  9 .  4 .  C o n s t r u c t  a  q u a d r a t i c  e q u a t i o n  g i v e n  t h a t 

T h e  r o o t s  a r e  - 5  a n d  - 2 / 9 . 

S o l u t i o n 

1. T h e  f o l l o w i n g  i s  a n  e x a m p l e  o f  a n  a l g e b r a i c  a p p r o a c h .  

4 ( 2 − 3 ) 2 − 3 6 = 0  4 ( 2 − 3 ) 2 = 3 6   ( 2 − 3 ) 2 = 9 

2 − 3 = ± 3 

= 3 ±  3 /  2 

= 3  o r  0 . 

2. ( x  –  1 ) 2  =  4 

T a k e  s q u a r e  r o o t  o f  b o t h  s i d e s  
X  –  1 =  √ 4 

X  - 1  =  +  2 

L i s t e n  a n d 

p a r t i c i p a t e  i n 

s o l v i n g  a l o n g 

w i t h  t h e  t e a c h e r . 

T h e y  e x p a n d  t h e 

g i v e n 

e x p r e s s i o n s  i n 

t h e i r  n o t e  b o o k . 

U s e  o f 

e x a m p l e s 
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  x  –  1  =  + 2  o r  x  –  1 

=  - 2 

i . e .  x  =  2  +  1  o r  x 

=  - 2  +  1 

  x  =  3  o r  - 1 

3. ( 2 x  –  1 ) 2  =  3 

T a k e  s q u a r e  r o o t  o f  b o t h  s i d e s 

2 x  –  1  =  √ 3  a d d  1  t o  b o t h  s i d e  

2 x  =  1 +  √ 3  d i v i d e  t h r o u g h  b y  2 

x  =  ½  +  √ 3 / 2 

i . e .  e i t h e r  x  =  ½  +  √ 3 / 2   o r  x  =  ½  -  √ 3 / 2 ,  √ 3  =  1 . 7 3  

S o  x  =  ½  +  1 . 7 3  o r  ½  -  1 . 7 3 / 2  =  0 . 5  +  1 . 7 3 / 2  o r  0 . 5  -  1 7 3 / 2 

  x  =  1 . 3 7  o r  0 . 3 7  ½  +  1 . 7 3 / 2  o r  ½  -  1 . 7 3 / 2  =  0 . 7 3 / 2 

1 + 1.73 = 2.73 =1.37 or 0.037 
 

S t e p  I I I :   G r a p h  o f  Q u a d r a t i c  E q u a t i o n 

Ano th er way o f solv ing qu ad rati c equ ati on is by g raphi cal m et hod. If y i s rel at ed to x, s uch th at fo r ev ery  valu e o f x, t here is a co rrespond ing v alu e o f y, th en y i s s aid to b e fractio n o f x.  

The set of values of x is called domain which contains a set of real numbers and a set of corresponding values of y called range of the function. To solve quadratic graphically the following steps are considered:  

1) Make a table of values f or t he functi on w hic h contai ns t he val ue of x and corres pondi ng to y va lues . 

2) C h o o s e  a  s u i t a b l e  s c a l e  f o r  b o t h  a x e s  i f  n o t  g i v e n . 

3) P l o t  t h e  p o i n t  o n  t h e  g r a p h . 

4) O b t a i n  t h e  r o o t s  o f  t h e  e q u a t i o n  w h i c h  i s  t h e  s o l u t i o n 

 

E x .  I :  S o l v e  t h e  q u a d r a t i c  e q u a t i o n s :  

( 1 )  x 2  +  8 x  =  0 

( 2 )  3 t 2  –  7 5 t  =  0 

 

S o l u t i o n 

1. x 2  +  8 x  =  0  f a c t o r i z e  L H S 

x  ( x  +  8 )   =  0 

x  =  0  o r  x  +  8  =  0 

x  =  - 8 

  x  =  0  o r  - 8 

 

F a c t o r i z e  t h e 

a l g e b r a i c 

e x p r e s s i o n s  1 

o n  t h e 

b o a r d . 

S t i m u l u s 

V a r i a t i o n 

E v a l u a t i o n 

 

1) F a c t o r i z e  v 2  –  6 v  –  2 7 

2) F a c t o r i z e  3 6  –  1 2 t  +  t 2 

3) S o l v e  u s i n g  f o r m u l a  2 x 2  –  4 x  –  3  =  0  

S o l v e  t h e  e x e r c i s e  a n d  

a s s i g nm e nt  g i ve n b y t he  t e a c he r  i n  t he i r  n ot e  b o o k 

C l o s u r e 

 
 Summary 

In our lesson, we have studied more about solving quadratic equation, by the formula and factor method. We also looked into 

Imaginary root of quadratic equations and the solution to quadratic equation such as (ax + b)2 = c. 

 

 Assignment 

 

 Factorize (−2)2+(−2)+3(−2)+3 completely. 

 Solve the equation (a) (2x + 1)2 = 5 

 Solve using the formula 2x2 + 15x +7 = 0 

 

 Lesson Plan for Simultaneous Linear Equations in Two Variables 

 

Subject:  Basic General Mathematics IV 

 

Class  Year 2 

 

Topic  Solution of Simultaneous Linear equations in two variables 

 

Duration: 1hour 

 

Course Code:   GSE  222 

 
 Instructional Objectives 

At the end of the lesson, the students should be able to solve simultaneous linear equation by (1) elimination method (2) 

substitution method (3) graphical method with ease and 80% success. 

 

 Entry Behaviour 

The students have known (1) linear equation in one variable and two variables (2) quadratic equation in one variable. 

 

 Instructional Material 

Chart of solved simultaneous equation by elimination, substitution and graphical methods. 
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 Content Development 

 

 Introduction: 

A linear equation is the equality of two linear expressions and a constant. It is solved simultaneously to obtain the two variables. 

There are methods of solving these equations which are elimination, substitution and graphical methods. 

 

C o n t e n t  D e v e l o p m e n t  A c t i v i t i e s S k i l l s  E m p h a s i z e d 

T e a c h e r s S t u d e n t s 

S t e p  I :  E l i m i n a t i o n  M e t h o d 

In  so lv ing  s i mu lt an eou s equ a tio n  by  el i m in at ion  me tho d,  w e  e l i min a t e on e  of  th e  t wo  v ari ab l es  i n  th e equ a t ion  b y m ak ing th e  co eff i c ien t  of th a t v ar i ab le  in  th e  t wo  equ a t ions  th e sa m e.  Us ing  th e  v ari ab l e n ow  ex pre ss ed , w e sol ve  for  on e of  th e v ar i abl e s and  us e  th e  r esu l t to  so lv e f or th e e l im in a t ed  v ar i abl e. 

 

E x .  I :  U s i n g  e l i m i n a t i o n  m e t h o d  s o l v e  t h e  f o l l o w i n g  e q u a t i o n .  

1) Em e m  bough t fiv e  t ube rs  of y a m  an d thr e e go a ts  for   ₦220  a nd Udo  bough t f if t e en  tub ers  of  y am  and  t wo  go at s for   ₦170 .  If E m e m and  Udo  p ay  th e  s a m e un i t pri c e for a tub er o f y a m and  a g oa t , f ind  the s e un i t pri c es .  

2 )  J oh n  so l v e d  t h e  e q u at i o n ,  2 2 − + = 0 ,  a n d  h e  g ot  t h e  c o r r e ct  a n s w e r:  = 3/  2 ±  √ 1 5/  2  .  F i n d  t h e  v al u e  o f  .  

S o l u t i o n :  1 )  L e t  o n e  y a m  c o s t  ₦ x  a n d  g o a t  ₦ y   5  t u b e r  o f  y a m  a n d  3 g o a t s  w i l l  b e  ( 5 x  +  3 y ) =  ₦ 2 2 0  

1 5  t u b e r  o f  y a m  a n d  2 g o a t s  w i l l  b e  ( 1 5 x  +  2 y )  =  ₦ 1 7 0  
5 x  + 3 y  = ₦ 2 2 0 … … … . . i  

1 5 x  +  2 y  = ₦ 1 7 0 … … . i i  m u l t i p l y  ( i ) b y  3 , ( i i )  b y  1 

1 5 x  +  9 y  =  ₦ 6 6 0 … … i i i 

1 5 x  +  2 y  =  ₦ 1 7 0 … … i v 

S u b t r a c t  i v  f r o m  i i i 

7 y  =  4 9 0 

Y =  7 0 ,  p u t  i n  (  i ) 

5 x  + 3 ( 7 0 )  =  ₦ 2 2 0 

5 x  +  2 1 0  =  2 2 0 

5 x  =  1 0 

X  =  2 ,  y a m =  ₦ 2  a n d  g o a t = ₦ 7 0 .  
2. Subs t itu t e e a ch va lu e  of  in t o  th e equ a ti on .        2( 3 /  2+ √15 / 2)2−(3  /2+ √15 / 2) += 0 and      2(3 /  2− √15 / 2)2 −(3  / 2− √15/  2) +=0 . If th e s eco nd equ a ti on  is  mu lt ip l ie d  by  -1  a nd th e equ a t ions  are  add ed tog e th er,  th en th e ’s  w il l  b e e li m in a te d .  Af t er a  l o t  of  s i mpl if i c at ion , th e  re m a in ing equ a t ion  i s 6 √15− √15 =0,  t hus  =6 . Sub st i tu tin g  th e v a lu e o f b    b a ck in to  one  of  the  equ at ion s g iv e s =−3 . 

 

T h e y  s o l v e  a l o n g 

w i t h  t h e  l e c t u r e r 

a n d  s o l v e  1  a n d 
2  i n  t h e i r  n o t e 

b o o k  f o l l o w i n g 

t h e  l e c t u r e r ’ s 

e x a m p l e . 

S e t 

i n d u c t i o n 

a n d  u s e  o f 
e x a m p l e s 

S t e p  I I :  S u b s t i t u t i o n  M e t h o d  

In  sub s ti tu t ion  m e thod , on e  of  th e  v ari ab l es  i s m ad e  th e  sub j e ct  of  th e  for mu l a and  i s subs t i tu t ed  for  i n  th e s eco nd equ a ti on  to  ha ve  a si ngl e  e qua t ion  i n  on e  v ari ab l e.  Th e equ a tio n  is  the n solv e  lin e ar ly  to  o b t ain  on e  va lu e  an d th is  i s us ed to  d eri ved  th e o th er  va ri ab l e. 

 

Ex. I I :1.  What is  the  leng th of  the  side  of a  rec tangle  when the  pe rime te r is  32cm and a rea  55cm 2 

2 .  S ol ve  by  su bs t i t u t i on  m et h od  t h e  fo l l o wi n g  (1 )  x  –  2 y =  4 ,  2 x  +  5 y  =  1 7  ( 2 )  4 x  -  3y  =  11 ,  2x  +  5y  =  2 5 .  

3. S ol ut i on:   L e t th e l eng th  of r e c ta ngl e  b e x c m and  wid th  b e y c m , th en i ts  p er im e t er is  2x  +2 y = 32 … (i ) and  ar e a  i s x y  =55 … i i By expr e ss ing  (i)   in  t erm s of y , w e h av e  y=16 -x pu t  t ha t  for y  in  (i i)  x(16 -x) =55  Af t er a  l o t  of  s i mp lif i c at ion , th e  re m a in ing equ a t ion  i s x 2  - 16x + 55=0 , thu s x=11  or  5 .  Su bs ti tu t ing  th e  v alu e  of x    b a ck  in to  on e of th e equ a t ions  g ive s y=11  or  5 .  Th eref ore  l engt h  of  r e ct ang l e is  11 c m a nd br e ath  is  5 cm. 

 

L i s t e n  a n d 

p a r t i c i p a t e  i n 

s o l v i n g  a l o n g 

w i t h  t h e  l e c t u r e r . 

T h e y  e x p a n d  t h e 

g i v e n 

e x p r e s s i o n s  i n 

t h e i r  n o t e  b o o k . 

E x p l a n a t i o n 

a n d  u s e  o f 

e x a m p l e s 

S t e p  I I I :  G r a p h i c a l  M e t h o d 

To  so lv e  s i m u lt a n eou s l in e a r e qu a ti on  gr a ph i c a ll y  e xpr e ss  o n  of t h e va r ia b l e in  t er m s  of  th e  o th er  in  th e t wo  eq u at i on s.  Ma k e  a t ab l e  of  v a l ue  an d p lo t t h e p o in t i n  e a ch  c a s e.  Th e  co ord in a t e  w h er e  t h e t wo  l in e s m e e t  g iv e s t h e r e qu ir ed  so lu t ion .  

 

E x .  I I I :  S o l v e  g r a p h i c a l  t h e  s i m u l t a n e o u s  e q u a t i o n  6 x  –  4 y  +  1  =  0 ,  4 x  +  3 y  –  5  =  0  w i t h  v a l u e s  o f  x  f r o m  1  t o  5 . 5  a n d  1  t o  8 ,  1 c m  t o  2  u n i t  o n  y  –  a x i s  1 c m  t o  1 u n i  o n  x  -  a x i s . 

 

L i s t e n  a n d 

p a r t i c i p a t e  i n 

s o l v i n g  a l o n g 
w i t h  t h e  l e c t u r e r . 

T h e y  s o l v e d  t h e 

G i v e n  p r o b l e m s  i n 

t h e i r  n o t e  b o o k . 

E x p l a n a t i o n 

a n d 

s t i m u l u s 
v a r i a t i o n 

S t e p  I V :  G r a p h i c a l  S o l u t i o n  o f  S i m u l t a n e o u s  O n e  L i n e a r ,  O n e  Q u a d r a t i c  a n d  A n a l y t i c a l  S o l u t i o n 
To so lv e on e  l in e ar,  on e  qu adr at i c equ a t ion  s imu l t an eous ly  fi nd  an  e xpr ess ion  for  on e v ar i ab le  in  th e l in e ar equ a ti on  and  sub s ti tu t e for  in  th e  g i ven  qu adr a ti c  i n  ord er  to  ob t a in  a  qu adr at i c equ a t ion  in  on e var i ab le .  T hen  s olv e  t he  r esu l ti ng  qu adr a t ic  equ at ion  by  any o th er  me thod  of  so lv ing  qu adr at i c. 

 

E x .  I :  W h a t  i s  t h e  v a l u e s  o f  x  a n d  y  i n  t h e  e q u a t i o n  

( 1 )  3 x + 2 y = 1 2 ,  x y + 5 y = 2 1 

( 2 )  3 x  +  y 2  =  2 2 ,  2 x -  y  =  1 0  

( 3 )  3 x  +  4 y  =  1 1 ,  x y  =  2 

S ol ut i on:  Mak e  y  th e sub j ec t  in  eqn . ( i)  y=  12 =3x /2  pu t  t ha t  in  eqn .(i i)  s i mp lif y   t o  h av e,  -3x 2  –  3x  + 18=0  so lv ing  t he  eqn w it h  subs t itu t ion  me thod ,  w e hav e  x=- 3 or  2 . Put  th at  for  x  in  eqn.( i)  and s imp l ify , y = 21/ 2  wh en x = - 3 ,  or y=3  wh en  x= 2 . 

2 . Ma ke  y  t he  su bj e ct  in  eqn .  (i)  y = 2x -10 p ut  tha t  i n  eqn .( ii)  s i mp li fy    to  h av e,  4x 2 –  37x  + 78 =0  so lv ing th e  e qn u si ng qu adr a t ic  for mu l a,  w e  h ave  x =6 o r 13 /4 . Pu t th at  for  x  in  eqn .(i)  and  s i mpl ify , y=  2  wh en x=  6 ,  or  y=-7 /2 wh en x =13 /4 . 

L i s t e n  a n d  p a r t i c i p a t e  i n  s o l v i n g  a l o n g  w i t h  t h e  l e c t u r e r  i n  t h e i r  n o t e  b o o k .  

3) Make  x  th e  sub j e ct  in  eqn .  (i i)  x=  2 /y  put  th at  in  eqn .( i) si mp l ify   to  ha ve , 4y 2 –  11y  +  6 =0 so lvin g th e eqn , w e h av e  y=2  or  3 /4 .  Pu t  th a t  for x  in  eqn .( i ii)  and s i mpl ify , x=  1  wh en y =  2 ,  or  x=  2  2 /3  w hen  y =3 / 4 . 

 

 

E v a l u a t i o n 

 

1) S o l v e  t h e  s i m u l t a n e o u s  e q u a t i o n  b y  e l i m i n a t i o n  m e t h o d  6 x  +  8 y  =  8 5 ,  4 x  –  2 y  =  - 6 .  

2) S o l v e  t h e  s i m u l t a n e o u s  e q u a t i o n  b y  s u b s t i t u t i o n  x  –  2 y   =  4 ,  2 x  +  5 y  =  1 7 . 

3) S ol v e gr ap hi c al l y  2 x –  y  =  3 , x  +  3y  =  5 .  Ta k e val ue s  of  x  f ro m  -1  t o  3 ,  u se  t h e sc al e of  1 c m  t o  re pr es ent  1  u ni t  o n  bot h  ax es . 

 

S o l v e  t h e  e x e r c i s e  a n d 

a s s i g n m e n t  g i v e n  b y  t h e  t e a c h e r  i n  t h e i r  n o t e  b o o k  

U s e  o f 

e x a m p l e s , 

p l a n n e d 

r e p e t i t i o n 
a n d 

C l o s u r e 

 

 Summary 

In our lesson, we have learnt that simultaneous equations in two variables can be solved by elimination, substitution and 

graphical methods. Appropriate steps were taken to solve the equations respectively. 

 

 Assignment 

 

 Solve by elimination method 3t – 4s = 5, 2t + 35 = 7 
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 Solve by simultaneous method 3x – 2y = 1, 2x + y = 5 

 Solve graphically x – y = 3, 2x – y = 4. Take values of x from -3 to 3 and the scale of 2cm to 2 unit on y axis and 1cm 1 unit on 

x axis. 

 

 Lesson Plan for Statistics 

 

Subject:   Basic General Mathematics 

 
Class:   Year 2 

 

Topic:   Statistics 

 

Duration: 1hour 

 

Course Code:   GSE 222 

 

 Instructional Objectives 

At the end of the lesson the students should be able to:  collect, tabulate and represent data.(2)  make a frequency distribution 

table.(3) make graphical representation of data with ease and 80% success. 

 
 Entry Behavionr 

The students have known: (1) the four basic operation on numbers (2) making of table of values and ploting of graph. 

 

 Instructional Materials 

Class register, score sheets,and students matriculation list are use as example of data, while  Graph board and graph book 

areused to illustrate graphical representation of data. 

 

 Content Development 

 

 Introduction:  

Data are any numerical facts or information which can be measured or given a numerical qualification. There are two types of 
data mostly used in statistics these are: (1) discrete data:- the data obtained by counting the number of things e.g number of students 

in the class. Discrete data do not take values inbetween two numbers. (2) continuous data:- these are data obtained by measuring 

things e.g weight, height, students performance in mathematics tes and so on. Continuous data takes values inbetween numbers. 

When data are collected, they are expected to be analysed, summerised and interpreted before they can be used for whatever for 

which they are collected.Apart from frequency distribution table, a clearer method of presenting data is the graphcal method. 

 

C o n t e n t  D e v e l o p m e n t A c t i v i t i e s S k i l l s  E m p h a s i z d 

T e a c h e r s S t u d e n t s 

S t e p  I :   T a b u l a r  p r e s e n t a t i o n  o f  d a t a  

T h e  n u m b er  of  s a m p l e  i n  a n  o b s e rv a t i o n  m a y  b e  s o  l ar g e  t h a t  b ef or e  a n y  d e du c t i o n s  a r e  m a d e  a bo u t  th e m ,  t h e  r a w  d a t a  m u s t  b e  ar r a ng e d  i n  a  t a bu l a r  f or m . 

 

E x .I:I n  th e st a t e pr om ot ion  exa m in a tio n  for  s en ior  s e cond ary  t wo (S S2) 50 s tud ent s obt a in ed th e  fo llo w ing s cor es  in  Ma th e m at i cs .  6 5     7 0    6 0   47   51   5 5   59   63   68   63   47   53   72   53   67   62   6 4   70   57    56   7 3   56   48   5 1   58   63   65   62   49   64   53   59   63   50   4 8   72   67   5 6   61   64   66   52   49   62   71   58   53   69   6 3   59 .   U sing  th e sco re s con st ruc t  ( a) a  group ed fre que ncy  ta bl e  a nd t al ly . ( b) c la s s  in t erv a l,  up per  c l as s l i mi t , c la ss  bound ary , c l as s m ark and  cu mu la t iv e fr equ en cy  t ab l e.  H in t  pr epa re  the  d a ta  u sing  s ev en  cl as s in t erv al s. 

S o l u t i o n :  F r e q u e n c y  a n d  t a l l y  t a b l e . T h e  l e a s t  m a r k  i s  4 7  a n d  t h e  g r e a t e s t  m a r k  i s  7 3 . W i d t h  o f  t h e  c l a s s  i s  7 3 - 4 7 / 7 =  3 . 7 1 =  4  a p p r ox i m a t e l y .  T h e r e f o r e  e a c h  g r o u p  s h o u l d  c o n t a i n  4  u n i t s  i n  o r d e r  t o  h a v e  s e v e n  e q u a l  c l a s s  i n t e r v a l s .  

 

 

 

Cl as s  in te rv al  T a l l y Fr equen cy 

4 7 - 50 

5 1 - 54 
5 5 - 58 

5 9 - 62 

6 3 - 64 

6 7 - 70 

7 1 - 74 

1 1 1 1  1 1 

1 1 1 1  1 1 
1 1 1 1  1 1 

1 1 1 1  1 1 1 

1 1 1 1  1 1 1 1   1 

1 1 1 1  1 

1 1 1 1 

7 

7 
7 

8 

1 1 

6 

4 

 

C l a s s  i n t e r v  Cl ass  li mi t Cl ass  boundary C l a s s  m a r k C u m 

Fr eq 

4 7 -5 0 

5 1 -5 4 

5 5 -5 8 

5 9 -6 2 

6 3 -6 6 

6 7 -7 0 

4 7 ,5 0 

5 1 ,5 4 

5 5 ,5 8 

5 9 ,6 2 

6 3 ,6 6 

6 7 ,7 0 

4 6 . 5 , 5 0 . 5 

5 0 . 5 , 5 4 . 5 

5 4 . 5 , 5 8 . 5 

5 8 . 5 , 6 2 . 5 

6 2 . 5 , 6 6 . 5 

6 6 . 5 , 7 0 . 5 

48.5 

52.5 

56.5 

60.5 

64.5 

68.5 

7 

1 4 

2 1 

2 9 

4 0 

4 6 

T h e y  s o l v e  a l o n g 

w i t h  t h e  l e c t u r e r 

a n d  s o l v e  1  a n d 

2  i n  t h e i r  n o t e 

b o o k  f o l l o w i n g 

t h e  l e c t u r e r ’ s 
e x a m p l e . 

 

S e t 

i n d u c t i o n 

a n d  u s e  o f 

e x a m p l e s 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3875 

7 1 -7 4 7 1 ,7 4 7 0 . 5 , 7 4 . 5 72.5 5 0 
 

S t e p  I I :   G r a p h i c a l  p r e s e n t a t i o n  o f  D a t a .  

T h e  g r a ph i c a l  m e t h o d  of  pr e s e n t i ng  d a t a  i s  t h e  u s e  of  m a t h e m a t i c a l  d i a g r a m s .  T h e  f e w  g r ap h i c a l m e t h o d s  to  b e  e x a m i n e d  h e r e  a r e  B a r  c h ar t  a n d  P i e  c h ar t .  

 

 

Ex.  II : Th e  consu mp t ion of f iv e bra nd of  s oft  dr ink  for a  w e ek by th e ir con su mer s in  La gos  i s a s fo l low s.  Cok e---- 4000,  s pri t e---300 0,  gu ine ss  m al t---80 00,  F an t a----5 ,500  and  p eps i--- 6 ,000 .  1) Dr aw  a b ar  c har t  re pre s ent ing  th e infor m a tio n.  2) Wh i ch  of th e  br and is  th e h igh es t  br and  con su m ed.  3) Wh a t is  the  av er age  cons ump t ion  p er d ay  to  th e n e ar es t  who l e num ber .  4) Wh a t i s th e av a erg e sof t dr ink  consu mp ti on in  a  we ek . 5)  Wh i ch o f  th e br and  of  sof t  dri nk  is  consu m ed  le ss. 

2) The  sa lary schedule for Lec ture rs  in  unive rsity of Ca laba r has five  steps. Here  are  the sa la ries  and number of Lec turers for each step.  

S t e p              S a l a r y                L e c t u r e r s 

1                 ₦ 2 5 , 0 0 0                     4 2  

2                 ₦ 2 8 , 0 0 0                     9 8  

3                 ₦ 3 5 , 0 0 0                   1 3 8  

4 ₦ 4 5 , 0 0 0                     8 4  

5 ₦ 5 5 , 0 0 0                     3 8  

(a) Co nst ru ct a pi e ch art  th at rep res en t t hi s i n fo rmati on (b) Wh at  is  th e m ean  s al ary  in  th e un iv ers ity ? c) A L ect u rer’s con t ri but io n to  th e s cho ol di st ri ct ’s ret i rem ent pl an is ₦50 0 p lu s 5 % o f h is o r h er sal ary. W h at is th e m ean cont ribu ti on ?  

 

 
2 )  S o l u t i o n :   ( a )  T o  c o n s t r u c t  t h e  p i e  c h a r t  m u l t i p l y  t h e  a m o u n t  b y  t h e  n u m b e r  o f  l e c t u r e r  i n  e a c h  o f  t h e  s t e p s  t o  h a v e ; 

1 ₦ 1 , 0 5 0 , 0 0 0 

2 ₦ 2 ,  7 4 4 , 0 0 0 

3 ₦ 4 , 8 3 0 , 0 0 0 

4 ₦ 3 , 7 8 0 , 0 0 0 

5 ₦ 2 , 0 9 0 , 0 0 0 
T ot al n u m b er o f s t aff i s 4 0 0, d i vi d e each o f t h e v al u es i n each  st ep s  b y 4 0 0 an d m u l ti p l y by  36 0  co rrect  t o t h e n eares t  d eg r ee t o h av e  2 60,  6 80, 1 2 00,  9 40 an d 5 20.  Us e th i s t o co ns t ru ct t h e p i e ch art .  

 

 

 
(a) T h e  m e a n  s a l a r y  i n  t h e  u n i v e r s i t y  i s  ₦  1 4 , 4 9 4 , 0 0 0 / 4 0 0  =  ₦ 3 6 ,  2 3 5 .  

( c )  T h e  m e a n  c o n t r i b u t i o n  w i l l  b e   ₦ 3 6 , 2 3 5  x  0 . 5  +  ₦  5 0 0  =  ₦ 2 , 3 1 1 . 7 5 . 

 

P a r t i c i p a t e  i n 

P l o t t i n g  t h e  g r a p h  o f  t h e  e q u a t i o n s  i n t o  t h e i r  g r a p h  b o o k s .  

 

 

E x p l a n a t i o n 

a n d  u s e  o f 

e x a m p l e s 

E v a l u a t i o n . In  the  drou ght  y e ar 1 988,  s t a te m en ts  w er e m ad e th a t over  h a lf of  Soko to  st a t e corn  produ c ers  d id  not  g e t b a ck  fro m th e ir co rn  crop th e  m one y th ey put  in to  se ed , f er t i li z er,  et c . Th e  fo llo w ing sho ws  th e  w e igh t of  th e b ag s of  corn  round ed  off to  the  n e are s t k i logr a m me    r e cov ere d by  the  prod uc er s.   6 2  61  65  67 54 64  55  64  67 64 68  69  75  69 6 5 74  75  60  71 7 8 59  63  66  82 6 1 77  61  58.   a .)   Pre par e  a fr equ en c y t ab l e o f th e w eig ht  us ing  cl a ss  s iz e  of  3  and  wr i t e do wn  th e  cum ul a t ive  fr equ en cy t ab l e as  w e l l as  cu mu la t iv e p er c en tag e s in  your  t ab l e.    (b .)   Ho w m any  of th e bag s ar e  b elo w 72k g ?  d . )  Wha t  p erc en t ag e of  th e b ag s is  75kg  and abo ve? 
 

 

S o l v e  t h e  e x e r c i s e  a n d 
a s s i g n m e n t  g i v e n  b y  t h e  t e a c h e r  i n  t h e i r  n o t e  b o o k 

U s e  o f 
e x a m p l e s , 

p l a n n e d 

r e p e t i t i o n 

a n d 
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C l o s u r e 

 

 Summary 

In our lesson today, we learnt that data are any numerical facts or information which can be measured or given a numerical 

qualification. That there are two types of data mostly used in statistics these are: discrete data and continuous data. That the number 

of sample in an observation may be so large that before any deductions are made about them, the raw data must be arranged in a 

tabular form. That apart from frequency distribution table, a clearer method of presenting data is the graphcal method. 

 

 Assignment 

In a college Mathematics class all the students are also taking anthropology, history, or psychology and some of the students 
are taking two or even all three of these courses.  If (i) forty students are taking anthropology, (ii) eleven students are taking history, 

(iii) twelve students are taking psychology, (iv) three students are taking all three courses, (v) six students are taking anthropology 

and history, and (vi) six students are taking psychology and anthropology. Represent the information on a pie chart. 

 

 How many students are taking only anthropology? 

 How many students are taking anthropology or history? 

 How many students are taking history and anthropology, but not psychology? 
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APPENDIX E IV 
 

 Teaching Plan For Writing To Learn Group 

 
Subject:   Basic General Mathematics IV 

 

Class:  year  2 

 

Topic : Variation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 

 

 Instructional Objectives 
At the end of the lesson the students should be able to:- 

 

 Solve correctly   with ease and 75% success some  problem involving direct variation. 

 Solve  with ease and 75% success some  problem on inverse variation. 

 Solve   with ease and 75% success some  problem on joint variation. 

 Solve  correctly with ease and 75% success some  problem on partial variation. 

 

 Entry Behaviour 

The students have known:-  

 

 Solving  Equation Involving Fractions. 

 Change of Subject of Formular.  

 Solving Simultaneous Equation in Two Variables. 

 

 Instructional Material 

A chart showing solved problems on variations and reciprocal table. 

 

 Content Development 

 

 Introduction:  

The word variation is used to describe the relationship which exist among two quantities. In everyday life we come across 

relationships between quantities. These relationship can be seen in terms of varying one quantity to another. For instance if a worker 
is paid a certain rate for every hour that he works, the total wages due to him in a given period  will depend on the hours he works. 

Hence a kind of variation exist. 

 

Content development A c t i v i t i e s Writing to learn and Reciprocity Activites   S t r a t e g i e s  a n d  S k i l l s  E m p h a s i z e d  

T e a c h e r s S t u d e n t s 

Step 1:Direct variation  

When the ratio of a vari able x to another variable y is always constant, then x is said to vary directly as y.Such relat ionship is written as xαy. This can be written in equation form as x= ky where α is replaced wi th k being the constance of variation. Therefore k= . 

 

Exercise 1: The junior secondary three (JSS3) cl ass of Army Day secondary school Ibagwa Abak  is raffling off a turkey as a moneymaking p roject. a) What type of problem is this? b If the turkey cost #2200 and raffle tick ets are sold for #1.50 each, how many tickets will have to be sold for the class to break even? b) Creat e a table to show how many tickets will have to be sold if the class  is to make a profit of #20,000, #50,000, #100,000 #200,000. 

2. Ho ck ey j ers ey s are p ri ced at  # 50 each p lu s #1. 50 p er l et t er. Ho w mu ch wil l Ubo ng  UKOH AN NSO N’S j ers ey  co st i f h is  l ast n am e i s s ewn o n th e b ack ?  

S o l u t i o n : 

Form the variation equation using the given variables, C = KL+50.  

Solve for C algebraically or graphically, elimination or substitution to have #65.00 .  

 

Solution: The lecturer guid the students on how to solve this type of problem by introducing another method of solving direct variation problem. Another method that can be used to solve direct variation problem is the triangle method. Draw an isosceles tri angle with a horizontal base and line segment connecting the midpoints of the legs.Then place each variable from the equation  into the appropriate compartment in the tri angle.The isolated variable, usally on the left side of the equation, is placed on the single top compartment and the other two is placed at the bottom of the triangle ,one in each compartment. Next, the symbol tha represent the unknown is replaced with a question sign (?), what remains in the triangle shows the known variables which will be multiplied to find the unknown variable. 

Solution: This problem is  related to the problems on the Mathematical Concept of Vari ation,   show how  an abstract concept, like variation, using some concrete materi als to visualise the concept of  direct variation. With the use of these concrete materials, we find it more meaningful to learn Mathematics,  keep our interest  and for us to practice solving open-ended problems.  

b) This problem could be approached   in many different ways. I view the cost for the turkey and I consider the amount of raffl e tickets to be sold to make profit on the cost of the turkey . 

1. I make use of unitary method for the first part and profit and lost idea for the second part.  I just figure out the cost of turkey is #22000, cost of one raffl e ticket is #1.50 therefore number of ticket that #22000 can buy is #22000/#1.50 which amount to  15,000 tick ets approximately. 1. To know the number of tickets that will give the different amounts as profit,  I add the profit to the initial amount for the turkey and divide by amount for ticket.   2. I try writing and graphing the function for each of the profits . 3. I write an equation and substitute in  the values. 

 

They choose a partner. Write  out the problem. Have one student read the problem out loud. Discuss the vocabulary and circle words they don’t understand.  Using a dictionary or partner for help,they writ e out the definitions of the vocabulary words that they don’t understand.  Identify and write what the problem is asking them to find. Explore what Mathemati cal process they should use to solve the problem.   Consider and outline what Mathematical procedures this may include. Solve the problem.  Check the answer.  Explain the answer to the partner.  Wri te out the explanation.  Explain their answer to the class. Write a similar problem on a piece of paper. 

 

 

 

 

 

The writing to learn and recip rocity  featu res that is displayed are  Cognitive Academic Language Learning Approach (CALLA) and metacognitive questioning. The CALLA and metacognitive questioning strategy provides support for students in learning content as well as learning to learn. Students read problems carefully and record what the problem is asking . Throughout the process, students are guided to a solution by asking them to solve, check and explain their work. Students are encouraged to write about what made the problem difficult, or strategies that helped them solve the problem. 

Step II: Inverse variation  

If two variables x and y are such that when x increas es y decreas es or vice vers a, the two variabl es are said to be inversely  proportional. This is writthen as  xα or   y α. The equation connecting x and y is x =  or xy = k. 

 

 

Exercise II:Rock view hotel has a custodial staff of 12 employees, and they can clean all of the hotel rooms in 6 hours. If four members of th e custodial staffs are not at work today, how long will it take the remaining custodians to clean all of the hotel rooms? (b) How did you approach this problem? 

(c) How does what we learned today apply in real life? 

The lecturer guid the student on how to solve the problem.  

 

This is a case of inverse variation so the Solution is, the total time taken to complete the job is inversely proportional to the number of workers. 

1.The constant of variation, k, is 6 x 12= 72.  

 2. S inc e 4 are  abs en,t  t hat  l e aves  8 work ers  ( 12 -4= 8). 

3.Y=72:x, y=72/x, x =8 the refore y= 72/8 =9hrs.  

I approach the problem with the view that the concept of ratios, proportions and variations which build upon each other, all involve change. Ratios are used to compare two quantities. Proportions are merely statem ents of equality involving ratios and variations involves problems written as proportions. 

 

 Lecturer models how to develop a concept map usingeveryday examples. Class develop a concept map together on a topic previously studied.   Lecturer provides a list of terms related to the inverse variation topic  and any scaffolding needed for using this strategy.Students independently develop a concept map that includes the terms provided, additional terms of their choice, and connecting phrases.  Students revisit their map periodically during the unit, adding and changing pieces as needed.  Students  write a refl ective paragraph on how their thinking has grown or changed during the unit.    Examples for “ variations” on the next page. 

 

Wr i t in g -T o -L e a rn :  M a th em at i cs  S t r a t e g y  4 :   C o n c ep t  D e fin i t i o n  M a p  

R e c i p r o c i t y ( R e f l e c t i o n ) 

Avisual  repres entation  in which sub-concepts, vocabulary terms and examples are relat ed to a main topic. 

Helps students make connections between ideas.  Provides opportunities for review. Provides a tool for reflection on changes in understanding.  Provides an opportunity to access prior knowledge. 
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Step III: Joint variation  

When the value of a quantity is proportional to two or more other quantities, we say that joint variation has occurred. The quantity is said to vary jointly as the two other quantities. 

 

 

 

E x e r c i s e  I I I : 

The volume of wood in the tree (V) varies di rectly as the height (h) and the square of the gi rth  ( g). If the volume of the tree is 144m3  when the height is 20m and the girth is 1.5m. What is the height of a tree with a volume of 1000 and girth of 2m. 

2. If 16 women working 7 hours per day can paint a mural in 48 days, how many days will it take 14 women working 12 hours a day to paint the same mural. Use  methods other than the conventional method to solve the problem. b) Analyze the problem. 

Solution: The lecturer solve the problems as seen  and guide the students to solve too.  

S o l u t i o n : 

1. Let V=volume, h=height and g= girth. (2.) The student may want to approach the problem using formula, V= khg 2 ( 3). Fine k using the known values of 3.2.  (4). Now plug in the new values to get the new height of 78.125m. 

2. Using the product rule, 1 woman paint 16x7x48= 5376days therefore 14 women will paint at 12 hours a day 5376/14x12=5376/168= 32days. b) The 3 different values are inversely proportional, that is the more women that  wo rked the less days and more hours of work in a day the less days they will take to finish the work. . Since each woman is working at the same rate, then I multiply the number of women by the number of hours a day by the number of days they worked. Then I substitude in all  the number given and solved fo r the ones not given. 

problem must be appropriate for students. Students are shown how to use blocks, or grids to work out their so lutions before writing about them. Students draw diagrams,have confidence in thei r ability to respond to the problem. Students must feel comfortable sharing their answers. The problem must be discussed with the whole class with all strategies reported. Di rections to student: 1. Read the problem. 2. Write down one possible strategy to solve the problem.  Use diagrams or pictures when possible. 3. Write down any questions you have about the problem.  By the time students have finished studying a problem like this, they have looked at it in depth from their own perspective and the perspectives of others. It allows students to untang le what is in their minds first, get it on paper, and then share their thinking with others. 

 

W r i t i n g - T o - L e a r n :  M a th e m a t i c s    S t r a t e g y 1 0 :  R e s p o n s e  J o u r n a l  

Reciprocity (solving stage). Students writ e comments and questions about what they have read (or solve a problem alone) before engaging in small-group discussions. Following a whole-group discussion, the Lecturer may assign a rel ated writing assignment. 

 

Step IV: Partial  variation  

Partial variation has to do with quantity or variable that depends on another independent variable, where one of the independent variable remains the same always and the otherchanges acco rding by the quantity of independent variable used. 

Exercise IV:1) The cost of maintaining a car is partly constant and partly varies as the distance t ravell ed in a given month.The cost for a particular month is ₦125 when the distance travell ed is300kmwhile for a distance of 12000km, the cost is ₦350. What is the cost of a journey of 16000km and the distance travelled i f the cost is ₦230 . 

(b)What is the problem about? Explain how you got your answer.  

 

Solution: Let  the cost be C and distanct  d .C=a, C α d. C=a+d k  

₦125= a + 3000km..(i)  

₦350= a+12000k…(ii)  

(ii-i) ₦225=9000km 

K=0.025,substituting for k in (i)  

₦125=a+3000km(0,025)  

₦125=a +75, a=50. 

Finding cost when d=16000km,  C=a+dk  

50+16000km(0.025)  

=50+400, C=₦450. 

(b) This is the type of variation which consist of the sum of two parts. It is made up of two constants. In partial variation any question must have two constants and its written down. In equation (i) C is partly constant and partly varies as d.  In other words the two part must have a constant a and k respectively. Since the cost of maintainance of a car is partly constant, it had no variable (C),  but the distance travelled  in a month which is the second part has a variable. Doing same for the second part, two equations are fo rmed and could be solved using any method of solving simultaneous equation in this case I used substitution method. 

 Determine the structure. Provide modelling and examplesof expectations. Practice each part with students. Show student work and work with students to ‘grade’ these samples. Use peer editing for improvement strategies. This also supports student learn ing of the concept.  Example: Paragraph One:  Problem Statement Write answers to these questions: What is the problem about?  What am I supposed to find? Paragraph Two:  Work Write-Up Explain step-by-step and in detail everything you did to arrive at each of your answers.  Think of this as a recipe fo r someone to follow.  Complete the following sentences:  First I ……  Then I….  Next I….  After that I…. Finally I … Paragraph Three:Answer. Prove that your answer is correct by referring to the Mathematics that you did.  Do NOT write that you checked it on the calculator, you did it twice, or that your friend told you it looked OK.  Complete the following sentences:  My answer is…  My answer makes sense because… etc. 

 

Writing-To-Learn: Mathemati cs Strategy 16: Structured Writing Guide, flsh back strategy and,visualization of Reciprocity method. 

A structured writing guide provides structure for students as they convey their learning in an organized manner. The writing guide includes step-by-step formatting for each paragraph as well as suggested sentence starters. This structure supports students as they learn to write about what they are l earning. 

 

Evaluation Evaluat es  t he student s by giving them some problems on vari ati on as  exerci se and assignment  t o  solve in  t hei r note book.     

 
 Lesson Plan For Linear Equation With Writing to Learn 

 

Subject:   Basic General Mathematics IV 

 

Class:  year  2 

 

Topic : Linear Equation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 

 
 Instructional Objectives 

At the end of the lesson the students should be able to: 

 

 Find with ease and 75% success  L.C.M of algebraic fraction. 

 Add and subtract fractions with monomial denominators with ease and 80% success. 

 Solve correctly   with ease and 80% success some  problem involving linear equation. 

 

 Entry Behaviour 

The students have known: (1) Addition and subtraction of numbers (2) multiplication and division of numbers (3) solving 

algebraic expression. 

 
 Instructional Material 

Writing to learn and Reciprocity methods. 

 

 Content Development 

An equation is a mathematical statement that shows equality between two expressions. Equation which arises out of practical 

problems in many ways, usually consist of more or less complicated expressions on both sides of the equation. There are different 

forms fo equations, one of them being linear equation. A linear equation is a mathematical statement that contains only terms in one 

variable and constant, and the highest power of the variable is 1. 
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Content Development A c t i v i t i e s  

 T e a c h e r s S t u d e n t s 

Step I: Lowest common multiples of algebraic  

The lowest common multiple of number say 6 and 4 means a lowest number in which 6 and 4 are its factor, which can also be divided by 6 and 4 without any remainder. We can list some multiples of 6 and 4 as -6 = 6, 12, 18, 24, 30, 36. 

4 = 4, 8, 13, 16, 20, 24. it can be seen tha t amongst the common multiple  tha t 12 the least.  

 

Ex. I: Find the L.C.M of the number (1) 9, 6 and 3 (2) x2, y and Zy.  

 

S o l u t i o n   

(1)  9 = 3 x 3 

6 = 3 x 2 

3 = 3 x 1 

L.C.M = 3 x 3 x 2 = 18 

( 2 )   x 2  =  x  x  x 

y  =  1  x  y 

z y  =  z  x  y 

L . C . M  =  x  x  x  x  y  x  z 

=  x 2  y 2 

 

 

STEP II: Simple Equations involving brackets  

Simple equation involving brackets can be solved by first removing the bracket. 

 

EX. II: Alice received a check and she decided to cash it at her local bank.  For some reason, the bank teller was confused and switched the dollars and cents; that is, what was writt en as cents on the check he gave to her in dollars, and what was written in dollars on the check he gave to her in cents.  It was not until after she bought a piece of candy for five cents that she noticed the teller's error.  At that point, she actually had twice the amount of money that was written on the check.  How much money was the check made out for?    

 2 .  S o l v e  4  ( 3 x  –  2 )   =   6  

So l u ti o n : L et d = nu m b er o f d ol l ars,  c = nu mb er o f cent s.  Th e p roblem  s t at ed th at 10 0 c + d - 5 = 2 (1 00 d + c),  which s imp li fi es to  98 c - 5  = 1 99 d.  Th e fi rst ob s erv ation  g iv es  u s t h at  c = 2d + 1.   So lv in g s imu lt an eo us ly,  we g et d = 31 , c = 63 .  

 2 .  4  ( 3 x  –  2 )  =  6 

4  x  3 x  –  4  x  2  =  6 

1 2 x  –  8  =  6 

A d d  8  t o  b o t h  s i d e s   

1 2 x  +  8  =  6  +  8 

1 2 x  =  1 4 

D i v i d e s  b o t h  s i d e s  b y  1 2 

12x = 14 

12  12 

x  = 12/12 

Method 1:   This  i s  t he case of solution of two vari abl e l inear equations;    writi ng and solving linear equations  given real  l ife sit uations .   

 At first glance, this seems like a lot of guessing and checking.  With 100 choices for dollars and 100 choices for cents, I would have to check out 10,000 possibilities.  With random guessing it soon becomes apparent that the amount of cents must be more than double the number of dollars, and the number of dollars must be less than 50.  After more t ries, I reali zed that the only way the units digit can possibly work out is if the units digit of the dollars is 1, and the units digits of the cents is 3 .  (11 - 5 = 6, and 3 doubled is 6.)  Thus, the only possibilities would be $11.23, $21.43, $31.63, or $41.83.  The only one that work s out is $31.63. 

Method 2:  Let d = number of dollars, c = number of cents.  The problem stated that 100c + d - 5 = 2(100d + c), which simplifies to 98c - 5 = 199d.  The first observation in method 1 gives us that c = 2d + 1.  Solving simultaneously, we get d = 31, c = 63. 

2 ) 1 2 x  +  8  =  6  +  8  

1 2 x  =  1 4 

D i v i d e s  b o t h  s i d e s  b y  1 2  

12x = 14 

12  12 

x  = 12/12 

x = 1 
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STEP III: Simple Equation Involving Algebraic Fraction  

A simple equation involving algebraic fraction can be solved as ordinary simple equation except that L.C.M should be  sued to  multiply through to clear the fraction, if so which  

 

E x.  I I I : So lv e th e fo llo win g (1 ) 3/4 x +  ½  2.   A s to v e cos t s ₦4 2 8.   Yo u  m ak e a ₦5 0  d o wn  p ay m en t  and  m on thly p ay m en t s o f ₦4 2 .   Ho w m an y  m o nth s wi l l it  t ak e to fi n is h p a y in g fo r t h e s tov e?   Giv e ex p lan at ion  to  y o u r an s wer .  

 

S o l u t i o n 

2. 3/4x + ½ = 1 

S u b t r a c t  ½  f r o m  b o t h  s i d e s 

3 / 4 x  +  ½  -  ½  =  1  –  ½   

3 / 4 x  =  ½ 

M u l t i p l y  t h r o u g h  b y  4 

3 / 4 x  x  4  =  ½  x  - 2 

3 x  =  2 

D i v i d e  t h r o u g h  b y  3 

3x = 2 

3  3 

x = 2/3  

 

2. SYMBOLS MEANINGS The stove costs ₦428; I paid ₦50 and will pay ₦42 per month.  Let x = the number of months I pay I made sure I understood the story and what the numbers represented.  I lab eled the variabl e. 428 = 50 + 42x I know the cost (428) has to be the same as the down payment plus the cost per month times the number of months.  42 naira/month times some months will equal naira.  There are naira on both sides of the equation. 428 = 50 +42x I know I paid the down payment so I can subtract that from both sides. -50  = -50 ,378 = 42x I subtracted the ₦50 from each side of the equation.  The equation is still equal. 378 = 42xI will pay ₦378 at ₦42 per month.  To find the number of months, I divide by 42. 378/ 42 = 42x/42.  9 = x I will pay for 9 months. Check:  Is 42(9) + 50 = 428 I can check by substituting the 9 months. 9x42 =378 and 378 + 50=428 The 9 month works. 

 

E v a l u a t i o n Evaluates the students by given them some problems on algebraic expression as exercise and assignment to solve in their note book.  E x .  I I I :  S o l v e  t h e  f o l l o w i n g  ( 1 )  3 / 4 x  +  ½   

 

S o l u t i o n 

3. 3/4x + ½ = 1 

S u b t r a c t  ½  f r o m  b o t h  s i d e s  

3 / 4 x  +  ½  -  ½  =  1  –  ½   

3 / 4 x  =  ½ 

M u l t i p l y  t h r o u g h  b y  4 

3 / 4 x  x  4  =  ½  x  - 2 

3 x  =  2 

D i v i d e  t h r o u g h  b y  3  

3x = 2 
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3  3 

x = 2/3  

 

 

 Summary:  

In our lesson we have learnt that an equation is a mathematical statement that shows equality between two expressions.  That 
a linear equation is a mathematical statement that contains only term in one variable and constant, and the highest power of the 

variable is 1. Also that  a  simple equation involving algebraic fraction can be solved as ordinary simple equation except that L.C.M 

should be  used to multiply through to clear the fraction, if so which. 

 

 Assignment: (1)  

Aman is four times as old as his son. In four years time he will bethree times as old. What are their ages now? 

 

The same number is added to both the numerator and the denominator of the fraction 7/17. If the fraction then becomes 6/11, 

find the number added. 

 

 Week Two 
Lesson Plan For Quadratic Equation With Writing to learn and Reciprocity methods 

 

Subject:   Basic General Mathematics IV 

 

Class:  year  2 

 

Topic : Quadratic Equation 

 

Duration: 1 Hour 

 

Course Code:   GSE  222 

 
 Instructional Objectives 

 

 At the end of the lesson, the students should be able to: Solve correctly quadratic equation by factorization method  with ease 

and 85% success. 

 Solve  with ease and 70% success quadratic equation of the type (ax + b) = c where a, b, c are real numbers and x a variable. 

 Solve  quadratic equation with imaginary roots  with ease and 75% success. 

 Solve  correctly with ease and 75% success some  problem on quadratic equation by using quadratic formula. 

 
 Entry Behaviour 

The students have known: (1) Factorization of quadratic expression (2) simplification of quadratic expression. 

 

 Instructional Material 

A flip chart showing the steps to be taken when solving quadratic by completing squares. 

 

 Content Development 

 

 Introduction:  

A quadratic equation is an equation of second degree, that is an equation in which 2 is the highest power of the unknown . 
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Content development A c t i v i t i e s Writing to learn and Reciprocity Activities  S t r a t e g i e s  a n d  S k i l l s  E m p h a s i z e d 

L e c t u r e r s S t u d e n t s   

S T E P I : S o l vi n g  Qu a d ra ti c  E q u a ti o n  B y Fa cto r i za ti o n  

Factori zation of quadratic expressions simply means splitting up of a number or algebraic expressions into the parts that form the original number or expression. We have quadratic expression with coeffi cient without coeffici ent and the one equated to zero. To solve them the one without coefficient we fi rst consider the expansion of the product of 2 brackets and the product is a factor of the constant term and their sum gives the product o f the coeffi cient of x which is the middle term. For the expression with coeffi cient find the product of first t erm and the last te rm and their factor sum should give the middle term, which is replaced with the factors to make the expression four terms. We group them into twos to find the common factor of these two groups which is the solution. 

Ex I: (1) Suppose the area of a rectangular billboard is 2−11−6 and the length of one of its sides is 5+2. Find the value of . 

Factorize: (2) 4x2 + 13x +9 (3) x2 + 11x + 18 = 0. 

S o l u t i o n s 

(3) The factors are −3 and 5+2 

 (−3 )(5 +2 )=2−1 1−6. 5 = and 2−15 =−11. Fol lo wing from th e l at ter two equ ation s, =2 and =1 0.  

(4) 4x2 + 13x + 9, the product of 1 st and last term is 36x2. Factors that will give the product 36x 2 and sum 13x is 14 and +9. 

 4x2 + 13x + 9  = 4x2 + 4x + 9x + 9 

4x (x+1) + 9(x + 1) 

(x + 1) (4x + 9) 

 

They solve alongwith the lecturerand solve 3 and 4 in their notebook followingthe lecturer’s example.  

3.Since this problem is similar to quadratic equation,  I try factoring as a solution method. The unknown quantity a makes th is problem more challenging than the problems in the book.  2−11−6 5+2    

1. I draw a picture like the one shown here. One way to solve the problem is to factor.  I recognize that 5+2 is a factor and I writ e the following:(−3 )(5+2)=2−11−6 2. I understand the concept of polynomial multiplication so I know that 5= and 2−15=−11. Following from the latter two equations, =2 and =10. This is the correct answer.  

 

 Activates student’s background knowledge. Helps students monitor their comprehension of text.  Stimulates questioning and analysis of text. Helps students become aware o f connection between text and their thinking (meta -cognition).   Lecturer explains purpose for reading and taking marginal notes.  Lecturer uses “think-aloud” while modeling how to record responses to text.  Students read the text segment (or Mathematics problems), make notes,  and highlight or underline key points.  Students record short notes in margins of text as they re-read (either directly or on sticky notes).  Students discuss notes with partners and/or class.     

 

Writing-To-Learn: Mathematics Strategy 8:  Marginal Notes and Reciprocity (Connecting).  

Marginal notes and connecting are short writt en statements in which students record their int eractions with the text in the margins while they are solving problems. The connecting integrates reading  writing and continuously reinforcing the importance of linking the learnt or assessed concept to real life p roblem situation. connecting is also thought to lead to improved comprehension, understanding and retention of subject area contentand it provides an opportunity for correctiv e feedback which is necessary to help students develop. 

 

 

STEP II: Solving Quadratic Equation of the Type (ax + b) 2 = c and construction with given roots.  

 

If x2 = 16, then x = + √16 = + 4. This is true since (+4)2 = 16 and (-4)2 = 16. We will use the above idea to solve equations. 

 

 

Ex. III: 1. Solve the equation: 4(2−3)2−36=0.  

2.(x – 1)2 = 4 (2) (2x – 1)2 = 3.(x + 1) 2 = 9.  4. Construct a quadratic equation given that the roots are -5 and -2/9.Use more than one method to solve and justify the steps taken to solve the problem. 

 

S o l u t i o n 

4. The following i s an example of an algebrai c approach .  

4(2−3) 2− 36= 0 4(2−3)2= 36  (2− 3)2= 9  

 2−3=±3 

=3± 3/ 2 

=3 or 0. 

 

  

L i s t e n  a n d 

part ic ipat e in 

so lving along 

with the lecturer. 

They expand the 

g i v e n 

expressions in 

their note book. 

 

 

2. (x – 1)2 = 4 

Take square root of both sides  

X – 1= √4 

X -1 = + 2 

 x – 1 = +2 or x – 1 

 =  - 2 

i.e. x = 2 + 1 or x  
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=  - 2  +  1 

 x = 3 or -1 

5. (2x – 1)2 = 3 

Take square root of both sides  

2 x  –  1  =  √ 3  a d d  1  t o  b o t h  s i d e  

2x = 1+ √3 divide through by 2  

x = ½ + √3/2 

i.e. ei t her x  =  ½ +  √3/2  or x  =  ½ - √3/2 , √3 =  1.73 

So x = ½ + 1.73 or ½ - 1 . 73/ 2 =  0.5 +  1 . 73/ 2 or 0.5 - 17 3/2  

 x  =  1.37 or 0 .37 ½ +  1.73/2  or ½ - 1.73 /2  =  0.73 /2 

1 + 1.73 = 2.73 =1.37 or 0.037 

 

STEP III:  Graph of Quadratic Equation       

Another way of solving quadratic equation is by graphical method. If y is  related to x, such that for every value of x, there is a co rresponding value of y, then y is said to be fraction of x. 

 

The set of values of x is called domain which contains a set of real numbers and a set of corresponding values of y called range of the function.  

 

Ex. I: Solve the quadratic equations:   

(1) x2 + 8x = 0  

(2) 3t2 – 75t = 0 

 

S o l u t i o n 

4. x2 + 8x = 0 factorize LHS  

x (x + 8)  = 0 

x = 0 or x + 8 = 0 

x  =  - 8 

 x = 0 or -8 

 

Facto r ize t he 

a l g e b r a i c 

expressions 1 

o n  t h e 

b o a r d . 

To solve quadrat i c graphically  t he fol lowing s t eps  are cons idered :  

 

1) Make a table of values for the function which contains the value of x and corresponding to y values. 

2) Choose a suitable scale for both axes if not given.  

3) Plot the point on the graph. 

4) Obtain the root s  of t he equat ion which is  t he solution   

 

Students are provided  a visual prompt and  are ask  to respond with a description or explanation. The prompt can be a quote,  demonstration, photograph, or drawing.   • Students are provided with a quadratic equation and they are asked to wri te about what the graph and the table would look like.  Then they  create a point and b at the origin.Creat e a segment between the points A and B.Create the slope (tri angle) of the line. 

 

 

 

Enhance the appearance of your construction using the sylebar.  

W r i t i n g - T o - L e a r n :  M a t h e m a t i c s  S t r a t e g y  9 :   Q u ic k  W r i t e  a n d  R e c i p r o c i ty  S o l v i n g  

Quick writing asks students to independently record everything that they can think of in 3-5 minutes.  The prompt students are given can be open-ended or specific, depending on the Lecturer's purpose. This strategy can be used before, during, or after learning. It should not be a high risk, “graded” activity. 

• Surfaces student thinking, making it visibleand transparent. • Provides information for Lecturer on lingering misconceptions, i.e. formative assessment. • Helps students monitor their own learning. • Raises questions for future lessons. • Provides direction for follow -up instruction, i.e. formative assessment. 

At th e solving s tag e l earners actual ly solve the p roblem. Learners are prov ided with a number o f prob lem so lving options, though not  di rect ed to a speci fi c problem solv ing st rategy.  

Evaluation 

 

4) Factorize v2 – 6v – 27 

5) Factorize 36 – 12t + t2 

6) Solve using formula 2x2 – 4x – 3 = 0 

Solve the exercise and 

assignment given by the lecturer in their note book 

 C l o s u r e 

 
 Summary 

In our lesson, we have studied more about solving quadratic equation, by the formula and factor method. We also looked into 

Imaginary root of quadratic equations and the solution to quadratic equation such as (ax + b)2 = c. 
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 Assignment 

 

 Factorize x2 – 10x + 39, explain steps taken to solve the problem. 

 Solve the equation (a) (2x + 1)2 = 5. Give explanation. 

 Solve using the formula 2x2 + 15x +7 = 0. Was the formular method very easy for you? 

 You and your friend are having trouble graphing quadratic functions of the form y = ax2 and y = ax2 + c. Your friend asks you 

to write some generalizations to help her graph these types of equations. (a) Explain the role of a.(b)  Explain the maximum and 

minimum. (c) What is the vertex? (d) Explain the role of c. 

 Suppose 2−6+=0 and 2−6+=2 are equivalent to (−)2=7 and (−)2=, respectively. Find the value of . Explain the steps used in solving 

the problem   to support your answer. b) Identify the Mathematical concept(s) that you used to solve the problem and define each 

one. 

 

 Lesson Plan for Simultaneous Linear Equations in Two Variables 

 

Subject:   Basic General Mathematics IV 

 

Class  Year 2 

 

Topic  Solution of Simultaneous Linear equations in two variables 

 

Duration: 1hour 

 

Course Code:   GSE  222 

 

 Instructional Objectives 

At the end of the lesson, the students should be able to solve simultaneous linear equation by (1) elimination method (2) 

substitution method (3) graphical method with ease and 80% success. 

 

 Entry Behaviour 

The students have known (1) linear equation in one variable and two variables (2) quadratic equation in one variable. 

 
 Instructional Material 

Chart of solved simultaneous equation by elimination, substitution and graphical methods. 

 

 Content Development 

 

 Introduction: 

A linear equation is the equality of two linear expressions and a constant. It is solved simultaneously to obtain the two variables. 

There are methods of solving these equations which are elimination, substitution and graphical methods. 

 

Content development A c t i v i t i e s Writing to learn  and Reciprocity Activities  S t r a t e g i e s  a n d  S k i l l s  E m p h a s i z e d 

T e a c h e r s S t u d e n t s 

STEP I: Elimination Method  

In  so lv ing  s i mu lt an eou s equ a tio n  by  el i m in at ion  me tho d,  w e  e l i min a t e on e  of  th e  t wo  v ari ab l es  i n  th e equ a t ion  b y m ak ing th e  co eff i c ien t  of th a t v ar i ab le  in  th e  t wo  equ a t ions  th e sa m e.  Us ing  th e  v ari ab l e n ow  ex pre ss ed , w e sol ve  for  on e of  th e v ar i abl e s and  us e  th e  r esu l t to  so lv e f or th e e l im in a t ed  v ar i abl e. 

 

Ex. I: Using elimination method solve the following equation.  

1) Em e m  bough t fiv e  t ube rs  of y a m  an d thr e e go a ts  for   ₦220  a nd Udo  bough t f if t e en  tub ers  of  y am  and  t wo  go at s for   ₦170 .  If E m e m and  Udo  p ay  th e  s a m e un i t pri c e for a  tu ber  of  y am  and  a  go a t,  f ind  th es e  un it  pr i ce s.  G iv e  e xpl an a ti on  on  e ach  of  the  s t eps  ta ken  to  so lv e th e p robl e m . 

2) Joh n s olv ed  th e equ a tio n ,  2 2− +=0 ,  an d h e  go t th e corr e c t ans w er : =3/  2 ± √15/  2  .  F ind  the  v a lu e of  .   (a)  u se  mor e th an  on e m et hod to  so lv e.  b)  Wr it e  a  le t t er to  E de t  th a t  w as  abs en t fr om  cl a ss  to day  exp l ain in g  th e prob l e m th a t y ou co mp l et ed .  In c lud e th e ev ery  c om pon ent s o f th e pr obl e m  in  your  l et t er . 
 

S ol u tio n : 1 )  L et on e y am  co st  ₦x and  g o at  ₦y  5 t u b er o f y am  an d 3g o ats  wil l b e (5x +  3 y )= ₦2 2 0  

15 tuber of yam and 2goats will be (15x + 2y) = ₦170 

5x +3y =₦220………..i 

15x + 2y =₦170…….ii multiply (i)by 3,(ii) by 1  

15x + 9y = ₦660……iii  

15x + 2y = ₦170……iv 

Subtract iv from ii i 

7 y  =  4 9 0 

Y =  7 0 ,  p u t  i n  (  i ) 

5x  +3(70)  =  ₦22 0 

5 x  +  2 1 0  =  2 2 0 

5 x  =  1 0 
X = 2, yam= ₦2 and goat=₦70.  

5. Subs t itu t e e a ch va lu e  of  in t o  th e equ a ti on .        2( 3 /  2+ √15 / 2) 2−(3  /2+ √15 / 2) += 0 and      2(3 / 2− √15/  2) 2 −(3  /2 −√1 5/  2) +=0 . If  th e se cond  equ a tio n  is  mul t ip l ied  by  -1  and  th e equ a ti ons  a re  add ed tog e th er,  the n th e ’ s w il l  be  e li m in at ed . Af t er a  lo t  of s im pl if i ca t ion , th e r e m a inin g equ a ti on  is  6√ 15− √15=0 ,  th us  =6 . Subs t i tu t ing  th e v a lu e of  b    b ac k in to  o ne  of  th e  equ at ion s g iv es  = −3 . 

 

T h e y s o l ve  a l on g 

w i t h  t h e  l e c t u r e r 

a n d  s o l v e  1  a n d 
2  i n  t h e i r  n o t e 

b o o k  f o l l o w i n g 

t h e  t e a c h e r ’ s 

e x a m p l e . 

Aft er  sub s ti tu t ing  in  t he  two  v al ue s o f , i  hav e  to  choo s e ho w and  w hen  to  s im pl ify , and  i rou nd or  k e ep th e  ex a c t v a lu es  t hr oughou t .  A  pos s ib l e  so lu t ion  pa th  fo llo ws .  1 .  Sub s ti tu t e e a ch v a lu e of   in to  the  equ a tion .     2( 3 /  2 +√15 / 2) 2−(3  /2+ √15 / 2) += 0 and      2(3 /  2− √15 / 2) 2 −(3  /2 −√ 15/  2) +=0 .   G e tt ing  th i s f ar ,  I  th en   not i c e i  ha ve  a sys t em  of  equ at ion s to  so lv e.  Th is  sy st e m l end s i ts e lf to  th e  e l i m ina t ion / lin e ar  co mb in a ti on  m e thod . If  the  s e cond  equ at ion  is  m ul t ip li ed  by  -1  and  the  equ a tion s ar e  a dded  tog e ther ,  th en  the  ’ s wi l l be  el i m in at ed . Af ter  a lo t of si mp l if ic a t ion ,  th e r e m ain ing  equ at ion  is  6√15 −√1 5=0 , thu s =6 . Subs t itu t ing  t he  v a lue  of   b a ck  in to  on e of th e equ a t ions  g ive s = −3 . 

• Le c tur er en cour ag es  s tud en t  to  ‘prov e’  by  us ing  e xa mp l es . • L ec tu r er  mod el s mor e  a bs tr ac t  proof  us ing  r ea l  wor ld  s i tu at ion s.  • S tud en ts  pra c t ic e  ‘proof’  fro m  a  p ers ona l  po int  of  v ie w.   • L e ct urer  mod e ls  a  v ar ie ty  of  typ e s of  ‘proo f’.  •  S tud en ts  pra c t ic e  by  cr e a ti ng  and  cri t iqu ing  e a ch  oth er’ s work . 

 

W r i t i n g - T o - L e a r n :  M a t h e m a t i c s  S t r a t e g y 1 5 :   A r g u m e n t a t i o n  a n d   R e c i p r o c i t y  ( R e f l e c t i o n ) 

Wh en wr i ting -to  d e mons tr a te-  kno w led ge  s tud en ts  sh ow  wh a t th ey  ha ve  le arn ed  by  syn th es i z ing infor m a t ion and  exp la in ing  or app ly ing  the ir  und ers t and ing  of con c ep ts  a nd id e as . In  argu m en ta t ion , a c l ai m  is  de ve lop ed  a nd pr ove n u sin g log i ca l  r ea son ing and  ex a mpl e s.  In  Ma t he m a ti c s th is  can  b e a s si mp l e a s exp l ain ing  w hy 2  +  3  =  3  +  2  or  mor e co mp l ex invo lv ing  g eo me tr i c p roofs  invo lvi ng congr uen t  fi gu res  or  a lg ebr a ic  proof s su ch a s th a t th e squ ar e roo t  of 2  is  irra t ion a l. 

• D e ep ens   st ude nt’ s  und er st and ing  of   th e con t en t.  • Pro mo t es  cr i t ic a l th ink ing , an a ly ti c a l sk i l ls , and  log ic a l re as oni ng.  •  Pr ep ar es  s tud en ts  for  po st  s choo l  Ma th em a t ic s exp er i en ce s.  •  Pro vid e s ev id enc e  of  wh a t a  s tud en t kno ws  and  c an  appl y  abou t  a  sp e c ifi c  are a  of con t en t. 
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STEP II: Substitution Method 

In  sub s ti tu t ion  m e thod , on e  of  th e  v ari ab l es  i s m ad e  th e  sub j e ct  of  th e  for mu l a and  i s subs t i tu t ed  for  i n  th e s eco nd equ a ti on  to  ha ve  a si ngl e  e qua t ion  i n  on e  v ari ab l e.  Th e equ a tio n  is  the n solv e  lin e ar ly  to  ob t ain  on e  va lu e  an d th is  i s us ed to  d eri ved  th e o th er  va ri ab l e. 

 

Ex. II:1. W h at  i s th e l eng t h o f t h e s i d e o f a rect an g l e wh en  t h e p eri m et er i s 3 2 cm  and  area 5 5 cm 2  

2. Sol v e b y su bs ti tut ion  m etho d t h e fo llo win g (1 ) x – 2y = 4, 2x + 5y = 17 (2 ) 4x - 3y =  11 , 2x  + 5y  = 25 .  

6. S ol ut i on:   L e t th e l eng th  of r e c ta ngl e  b e x c m and  wid th  b e y c m , th en i ts  p er im e t er is  2x  +2 y = 32 … (i ) and  ar e a  i s x y  =55 … i i By  expr es sin g ( i)   in  t er ms  of  y ,  we  h av e y =16-x  pu t th a t for  y  i n  ( i i) x( 16 -x)= 55 Af ter  a lo t of si mp l if ic a t ion ,  th e r e m ain ing  equ at ion  is  x 2  -  16x  +  55 =0,  thus  x =11 or 5 . Sub st i tu ting  th e v a lu e of  x    b ac k in to  one  of  t he  equ at ion s g iv es  y =11 or 5 . Th er efor e  l eng th  of  re c t ang le  is  11 cm  a nd br e ath  is  5 cm. 

 

L i s t e n  a n d 

p a r t i c i p a t e  i n 

s o l v i n g  a l o n g 

w i t h  t h e  t e a c h e r . 

T h e y  e x p a n d  t h e 

g i v e n 

e x p r e s s i o n s  i n 

t h e i r  n o t e  b o o k . 

Create Slider m -1 with the default settings for slides.  

 

Create Slider b-1 with the default settings for sliders.  

 

Create the linear equation line 1  

 

Create slider  m -2 using the default settings for slider 

 

Create linear equation line 2.  
Create the dynamic text 1.  

Create the dynamic text 2.  

E x p l a n a t i o n 

a n d  u s e  o f 

e x a m p l e s 

STEP III: Graphical Method  

To so lv e si mu l t ane ous  l in e ar equ a t ion  g rap hi c a lly  expr es s on  of  t he  v ar iab l e  in  te rm s o f th e o th er  in  th e tw o equ a tio ns . Ma ke  a t ab le  of  v alu e  a nd p lo t  th e  po in t in  e a ch c as e . Th e  co ordi na t e wh er e th e t wo l in es  m e e t g iv es  th e r equ ir ed  so lu tio n . 

 

 

Step I V: Grap hica l Sol utio n of Sim ul tan eous On e Li nea r, On e Qua dra ti c and Analy ti cal Sol utio n  
To so lv e on e  l in e ar,  on e  qu adr at i c equ a t ion  s imu l t an eous ly  fi nd  an  e xpr ess ion  for  on e v ar i ab le  in  th e l in e ar equ a ti on  and  sub s ti tu t e for  in  th e  g i ven  qu adr a ti c  i n  ord er  to  ob t a in  a  qu adr at i c equ a t ion  in  on e var i ab le .  T hen  s olv e  t he  r esu l ti ng  qu adr a t ic  equ at ion  by  any o th er  me thod  of  so lv ing  qu adr at i c. 

 

E x . II I:  So lv e gr aph i c al  the  s i mu l tan eou s equ a t ion  6x –  4y  +  1  =  0 ,  4x  +  3y –  5  =  0  w i th  v a lu es  of x  fro m  1  to  5 .5  and  1  to  8 , 1 c m to  2  un it  on  y  –  ax is  1c m  to  1u ni  on  x  -  ax is. 

 

 

 

 

Ex. I: What is the values of x and y in the equation  

(1) 3x+2y=12, xy+5y=21 

(2) 3x + y2 = 22, 2x- y = 10 

(3) 3x + 4y = 11, xy = 2 

S ol ut i on:  Mak e  y  th e sub j ec t  in  eqn . ( i)  y=  12 =3x /2  pu t  t ha t  in  eqn .(i i)  s i mp lif y   t o  h av e,  -3x 2  –  3x  + 18=0  so lv ing  t he  eqn w it h  subs t itu t ion  me thod ,  w e hav e  x=- 3 or  2 . Put  th at  for  x  in  eqn.( i)  and s imp l ify , y = 21/ 2  wh en x = - 3 ,  or y=3  wh en  x= 2 . 

2 . Ma ke  y  t he  su bj e ct  in  eqn .  (i)  y = 2x -10 p ut  tha t  i n  eqn .( ii)  s i mp li fy    to  h av e,  4x 2 –  37x  + 78 =0  so lv ing th e  e qn u si ng qu adr a t ic  for mu l a,  w e  h ave  x =6 o r 13 /4 . Pu t th at  for  x  in  eqn .(i)  and  s i mpl ify , y=  2  wh en x=  6 ,  or  y= -7 /2 wh en x =13 /4 . 

F a c t o r i z e  t h e 

a l g e b r a i c 

e x p r e s s i o n s  1 

o n  t h e 

b o a r d . 

Ex. I: What is the values of x and y in the equation  

(1) 3x+2y=12, xy+5y=21 

(2) 3x + y2 = 22, 2x- y = 10 

(3) 3x + 4y = 11, xy = 2 

S ol ut i on:  Mak e  y  th e sub j ec t  in  eqn . ( i)  y=  12 =3x /2  pu t  t ha t  in  eqn .(i i)  s i mp lif y   t o  h av e,  -3x 2  –  3x  + 18=0  so lv ing  t he  eqn w it h  subs t itu t ion  me thod ,  w e hav e  x=- 3 or  2 . Put  th at  for  x  in  eqn.( i)  and s imp l ify , y = 21/ 2  wh en x = - 3 ,  or y=3  wh en  x= 2 . 

2 . Ma ke  y  t he  su bj e ct  in  eqn .  (i)  y = 2x -10 p ut  tha t  i n  eqn .( ii)  s i mp li fy    to  h av e,  4x 2 –  37x  + 78 =0  so lv ing th e  e qn u si ng qu adr a t ic  for mu l a,  w e  h ave  x =6 o r 13 /4 . Pu t th at  for  x  in  eqn .(i)  and  s i mpl ify , y=  2  wh en x=  6 ,  or  y= -7 /2 wh en x =13 /4 . 

Construct the int ersectionPointA of both lines , line 1 and line 2  

Define x coordinate = x (A).  

Define y coordinate  = y(A).  

Create the dynamic text 3.  

Create the dynamic text 4.  

Fixed the text  and sliders so  they can’t be moved accident ally.  

E x p l a n a t i o n 

a n d 

s t i m u l u s 

v a r i a t i o n 

E v a l u a t i o n 

 

 Solve the exercise and 
assignment given by the teacher in their note boo k  

 U s e  o f 
e x a m p l e s , 

p l a n n e d 

r e p e t i t i o n 

a n d 

C l o s u r e 

 4) Sol ve t he si m ult aneous  equati on by elimi nati on m et hod 6x +  8y =  85, 4x  – 2y =  -6 .  

5) Solve the simultaneous equation by substitution x – 2y  = 4, 2x + 5y = 17.  

6) Sol v e g rap hi cal ly  2 x – y  = 3, x + 3 y = 5. T ak e v al u es  o f x fro m -1 to  3 , u s e th e s cal e o f 1 cm to  rep res ent 1 un i t o n bo t h ax es.  

 

   

 

 Summary 

In our lesson, we have learnt that simultaneous equations in two variables can be solved by elimination, substitution and 

graphical methods. Appropriate steps were taken to solve the equations respectively. 

 

 Assignment 

 

 Suppose 2−6+=0 and 2−6+=2 are equivalent to (−)2=7 and (−)2=, respectively. Find the value of . Explain the steps used in solving 

the problem   to support your answer. b) Identify the Mathematical concept(s) that you used to solve the problem and define each 

one. 

 Write a paragraph (9-10 complete sentences) explaining each of the three ways to solve systems of equations. The three ways 

are: graphing, substitution, and elimination. Use your book and notes to help you. In your paragraph state which method you 

prefer and why. Then select one of the three problems below and solve it using your preferred method.  Bonus: Solve the other 

two problems using each of the other two methods. 

 
y = 3x + 5         2. 9x + 4y = -17                3. 5x –7y = -21 

 

2y – 6x = 4        12y = -3x – 3x                   14y – 5y = 22 

 

 Lesson Plan for Statistics 

 

Subject:   Basic General Mathematics 

 

Class:   Year 2 

 

Topic:   Statistics 

 
Duration: 1hour 
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Course Code:   GSE 222 

 

 Instructional Objectives 

At the end of the lesson the students should be able to:  collect, tabulate and represent data.(2)  make a frequency distribution 

table.(3) make graphical representation of data with ease and 80% success. 

 

 Entry Behavionr 

The students have known: (1) the four basic operation on numbers (2) making of table of values and ploting of graph. 
 

 Instructional Materials 

Class register, score sheets,and students matriculation list are use as example of data, while  Graph board and graph book 

areused to illustrate graphical representation of data. 

 

 Content Development 

 

 Introduction:  

Data are any numerical facts or information which can be measured or given a numerical qualification. There are two types of 

data mostly used in statistics these are: (1) discrete data:- the data obtained by counting the number of things e.g number of students 

in the class. Discrete data do not take values inbetween two numbers. (2) continuous data:- these are data obtained by measuring 

things e.g weight, height, students performance in mathematics test and so on. Continuous data takes values inbetween numbers. 
When data are collected, they are expected to be analysed, summerised and interpreted before they can be used for whatever for 

which they are collected. Apart from frequency distribution table, a clearer method of presenting data is the graphcal method. 

 

Content dev elopm ent A c t i v i t i e s Writi ng to lea rn and R eciprocity   Activities  Strategy and Skills Emphasized  

T e a c h e r s S t u d e n t s 

Ste p I:   T a bu l a r p re s ent at i o n of  d a t a 

Th e nu mb er  of  s a mpl e  in  an  obs erv a t ion  m ay  be  s o  l arg e th a t b efor e  an y d edu c ti ons  ar e  ma de  abou t th e m,  the  r aw  d a ta  mus t  be  arr ang ed in  a t abu lar  for m. 

 

 

E x e r ci se  1: .  In  t he  s t a te  pro mo t ion ex a m ina t ion  for  s en ior s eco ndar y  tw o ( SS2)  50 stud en t s ob t a ine d th e fo l lo wing  s cor e s in  Ma th em a t ic s.   65     70    60   47   51   55   5 9   63   68   63   47   53   72   53   67   62   64   70   57    56   73   56   48   51   5 8   63   65   62   49   64   53   59   63   50   48   72   67   56   6 1   64   66   52   49   62   71   58   53   69   63   59 .  (a ) Us ing  th e se  s cor es  as  exa mp l e wh er e n e c es sary ,  ex pl a in  wh a t d a t a co ll e c ti on  i s a l l abou t and  why i t i s i mpor ta nt . (b)  Us ing  t he  s cor es  d is cu ss  t abu l ar repr e se nt a ti on  of  d a ta  und er  t he  fo l low ing  sub - he ad ing s Fre que ncy  ta bl e  a nd t al ly , c l ass  in ter v a l , c la ss  li m i t,  cl as s bound ary , c la ss  mar k and  c um ul a t ive  fr equ en cy t ab l e.  H in t p rep ar e  th e  d at a  us ing  s ev en c l as s in te rva l s . 

 

 

 

 

(.i)  To dra w  th e  b ar ch a t I  s e t x - ax i s to  rep re se nt  the  br and  of  sof t drin ks  an d y - ax is  to  r epr e sen t  t he  nu mb er of bo t t le s co n su m ed by  cons um er s.  2  uni t  on  th e  y - axi s rep re se nt  2000  bo t tl es  of  sof t  dr inks . Th e  b ars  ar e  dr awn  to  corr e spond  to  th e nu mb er  of bot t l es  on  th e  y - axi s. 

ii ) T o k no w th e hig h est  b ran d o f so ft d ri nk co nsu m ed  I l ook ed at th e b ar chat an d reali s ed th at m al t h as t h e lo ng est b ar,  th is m ean th at malt is th e hig h est  con su m ed brand .  

ii i)  To c a lcu l a te  th e av er ag e con su mpt ion  in  a  da y i c a lc ul a t ed  th e av er ag e con su mp tio n for  a w eek  by  add ing a l l th e bo t t le s con su m ed and  d iv ide  it  by  the  5  br and o f soft  dr ink s.  The  ans w er is  5 ,300 bot t l es  a  we ek . 7  d ays  m ake  a w ee k s o  to  know  th e av er ag e con sum pt ion  for  a  d ay , I  d iv i de  5 ,300 by 7  d ays  to  h av e  757bo t tl e s a  day . 

iv) The average soft drink consumption in a week is calculated as 4000+3000+8000+6000+5500= 26,500/5=5,300 bottles.  

v) The  low e st  br an  con su m ed is  s pri t . Th is  is  know n sin c e i t ha s th e  shor t es t bar .  Ap ar t fr om  th e an a lys is  don e her e , th is   b ar  ch art  c an  b e  us ed  to  kno w th e  av er ag e  produ c tio n  and  supp l i es  th e  co mpa ny c an m ak e.  Th e h igh e st  produ c t ion  o r supp ly  c an  be  kno wn by f ind ing  the  v a lue  of  the  h igh es t  re c t ang le. 

Solution: (1)  Frequency and tally table.  

The leas t mark is 47 and th e great est m ark is 73. Width of the class is 73 -47/7= 3.71= 4 approxim at ely. Therefore each g roup should contain 4 units in ord er to h ave s even equ al class int ervals.  

Class int erval T a l l y Fr equen cy 

47-50 

51-54 

55-58 
59-62 

63-64 

67-70 

71-74 

1 1 1 1  1 1 

1 1 1 1  1 1 

1 1 1 1  1 1 
1 1 1 1  1 1 1 

1111 1111  1 

1 1 1 1  1 

1 1 1 1 

7 

7 

7 
8 

1 1 

6 

4 

 

Solu t ion :  D a t a ar e any  nu m eri c a l f a c ts  or infor m a t ion wh ic h c an be  me a sur ed or  g iv en a  nu m eri c a l qu a l if ic a ti on .   D at a  col l e ct ion  invo lv e th e g a th er ing o f th es e   fa c ts   inf orm a t ion for th e  pur pos e  of  m ak ing  us efu l  inf er en c es , t ak ing de c is ion  and g iv ing  couns e l ing  wh er e n e c ess ary . W i thou t th e  co l l ec t ion  of da t a a l l th es e  w i ll  no t b e  pos s ib l e . For  in s tan c e , p erfor m an c e of  th e stud en t s in  th e  e xa m in at ion  c an b e  known  fro m th e abov e  d at a . Th e  h i ghe s t sco re  in  th e ex a m in at ion  can  b e s ee n and  m any  o th er info rm a t ion w il l  b e po ss ib l e wi th  t he  co ll e c ted  d a ta . Th er e  ar e  t wo  ty pe s o f d a ta  mos t ly  us ed  in  s t a ti st i cs  th es e ar e : (1)  d is cr e te  d a ta :-  t he  d a ta  ob t ain ed  by  c ount ing  th e nu mb er  of  th ing s e .g  n um ber  of  s tud en ts  i n  th e c l ass . D is cr et e  d at a  do  no t t ake  v a lue s in - be t we en  t wo  nu mb ers . (2 ) con t inuous  d a ta :-  t he s e ar e d a t a o bt ain ed  by  me a suri ng th ings  e.g  we igh t , h e igh t,  s tud en ts  p erfor m anc e  in  m a the m a t ic s t es t  an d s o  on .  Con tin uous  d at a  t ak e s v a lu es  in -be t we en  nu mb ers . Wh en  d a ta  are  co ll e c ted ,  th ey  ar e exp e ct ed  to  b e  a na ly z ed,  su m m ar iz ed  and in t erpr e ted  b efor e  th ey  can  b e us ed for wh at ev er  for wh i ch th ey  ar e  col l e ct ed . 

 

b) The  nu mb er  of s am pl e  in  an  obs erv a tion  m ay b e  so  lar ge  th at  b efor e any  d edu ct ion s ar e  m ad e  a bout  th e m,  th e  r aw  d at a  mus t b e  arra nge d in  a  ta bul ar  for m.  For in st an c e,  the  r e cord  abo ve  sh ows  th e sco re s o f s om e  s tud en ts  in  th e N at ion a l d ip lo m a ex a m ina t ion .  Fr om  th e d a t a i t cou ld  be  ob ser ved  th at  th e d a ta  is   d i scr e t e b e c aus e  i t  i s ob t a in ed by  coun t ing.  Th e l ea s t sco re  is  47  and  th e h igh es t  s cor e i s 73 . In  or der  to  su m m ar i zed  th e d a t a wi thou t  d is tor tin g  th e infor m a ti on th a t is  b ei ng g iv en , th e da t a m ay  b e pr es en t ed  in  a t abu l ar for m  ca l l ed  fr equ en cy  d is tr ibut ion  ta bl e .  Fr equ en cy  t ab l e sho ws th e  nu mb er of  ti m e s a par t i cul ar  ev ent  o c curs  i n  a g iv en  d at a  or  inf or ma t ion . I t sho ws  a t  a  g l an ce  the  nu mb er  of t i me  e ach  ev ent  app e ars . Th e t ab l e u su al ly  c ons is t  of thr e e co lu mn  fir s t co lu mn con t a ins  ea ch  of th e  e ven t  a s g iv en in  the  d a ta  arr ang ed in  a s ce ndi ng ord er . In  th e da t a arr ang e m ent  mus t  s t art  wi th  47 and  end  w i th  73 .  T he  s e cond  c olu mn  h as  the  ta l ly  wh i ch i s a s trok e m ad e to  r epr es en t th e n um ber  of  t i m es  t he  ev ent  o c curs  or  ap pe ar s,  t h i s is  to  m ak e cou nt ing  ea sy .  Th e th ird  co lu mn  is  ob ta in ed  by add ing  the  nu mb er  of s trok es  in  th e t al ly  col um n tog e ther  and  i ts  c al l ed  th e  fr equ enc y co lu mn.  Wh en th e  nu mb er of  en tri e s in  th e g iv en  da t a  i s l arg e,  the  cons tru c t ion  o f fr equ en cy  di s trib ut ion  tab l e m ay  b e d iff i cu lt , hen c e ,  th er e  w i ll  b e n e ed  t o  gro up th e d a t a.  To d o th is , th e fo l lo wi ng p ar a m et er  mus t be  ex am in ed . C l as s in t erv al :-  t h i s is  th e nu mb er  of group  th a t a  p ar ti cu l ar d a t a is  cl a ss if ied  and  shou ld  h ave  equ a l un i ts  of  th e  d at a  th a t  i s an a ly zed .  Th e  l e as t  mar k  is  47  a nd th e g re a t es t m ark  i s 73 . W id th  o f th e c l ass  is  73 -47 /7 = 3 .71 = 4  a pproxi m a te ly . Th er efor e e a ch group  shou ld  c ont a in  4  u ni ts  in  o rder  to  hav e  s ev en  eq ua l  c l as s in t erv al s.  C la ss  li m i t:-  th e end  nu mb er in  the  cl a ss  in t erv a l ar e c a ll ed  the  c la ss  l i m it  47  and 5 0 ar e th e  lo w er and  upp er  c l as s l i mi ts .  Cl a ss  bound ar y  i nc lud e  a l l w ei ght s b e t we en  t he  low er  a nd up per  cl a ss  l i m it s 46 .5  and 50.5  and ar e  ve ry  u s eful  mos t ly  wh en  d ea l ing  w i th  m e asur es  of  l oc a t ion .  C l ass  m ark is  th e c en tre  or  m id -p oin t  of any  c la ss  i n t erv a l and  is  got t en  by add ing  low er  and u pper  c la ss  l i m it  and  di v id ing  by  t wo  (47+ 50/ 2=50) . Cu mu l at iv e  fre que ncy  s how s th e cu mu l at iv e  fr equ enc y of  ea ch  of  th e  c l as s es  go tt en  by  add ing  fr equ en cy of c la ss  b efor e i t.  I t c an  be  u sed  to  p lo t  th e  gr aph  of cu mu l at iv e  fre que ncy  curv e or og iv e. 

 

 

Class interv Class limit Class boundary Class mark  C u m 

Fr eq 

47-50 

51-54 
55-58 

59-62 

63-66 

67-70 

71-74 

47,50 

51,54 
55,58 

59,62 

63,66 

67,70 

71,74 

46.5,50.5 

50.5,54.5 
54.5,58.5 

58.5,62.5 

62.5,66.5 

66.5,70.5 

70.5,74.5 

48.5 

52.5 
56.5 

60.5 

64.5 

68.5 

72.5 

7 

1 4 
2 1 

2 9 

4 0 

4 6 

5 0 

 

 

 

Stud en ts  fo l low  a T e mpl a t e,  tha t  is d iv id ed  i n to  four  sq uar e s.  The  c entr e  of  th e   squ ar e  h as  Con ce pt  Of  s t a ti s ti c a l inf er enc e s:  sq uar e  on e h a s De fin i t ion  ( in  ow n words)   th e  s tud en t d ef ind  the  con c ept  in  th e ir o wn  word s.  S qua re  twoh a s ch ar ac t er is t ic s h er e  th e  c har a c te ri st i cs  of  t abu l ar  an d gr aph i c al  r epr es en ta t ion  of da t a ar e  l is t ed  ou t.  T he  th i rd  squ are  h as  ex am p l es  of  t he  ta bul ar  and g rap hi c a l r epr es en t at ion .  T he l as t  squ ar e ha s n on - exa mp l es  of  th e  r epr es en ta t ions .  Wi th  th i s th e s tud ent s c an  now  bu i ld  up  th e ans w ers  to  th e que s tio ns. 

 

 

 

Wr it ing- To- L e arn : Ma th e m a ti cs  Str a t egy 5 :  Con c ep t De ve lop m en t R e c ipro ci ty( V isu a li z a ti on ) 

Stud en ts  u se  a v ar i et y  of  me tho ds  an d mod es  (or a l,  v isu a l,  wr i t ten ) to  de ve lop  a p ers ona l , in -d ep th  und ers t and ing  of k ey  Ma th e ma t i ca l  c onc ep ts  and  t er ms .  Th e   mod e l   is  a str a t egy de si gne d to  he lp  s tud en ts  und ers t and  c o nc ep ts .  Th i s str a t egy us es  a gr aph i c o rga ni z er to  h el p  stud en t s und er st and  a con c ep t u s ing d ef in i tion s,  ch ar ac t er is ti c s,  exa mp l es  and n on- ex amp l es  to  c l ari fy  m e ani ng . 

Ste p II:   G r a ph i c al  p r es e nt at i on  of  D at a. 

Th e gr aph i c al  m eth od of  pr es en t ing  da t a i s th e u s e of  m ath e m a ti c a l d i agr a ms .  T he  f ew  gr aph ic a l   m et hods  to  b e  e xa m in ed her e  are  B ar ch ar t  and  Pi e  ch ar t. 

 

E x e r ci se  I I: Th e con su mt ion  of  fi ve  br and  of sof t dr ink  for  a we ek  by  th e ir  c onsu m ers  in  L agos  is  as  fo l lo ws . C oke ----4000 , spr it e--- 3000,  gu in es s m a lt-- -8000 , Fa nt a----5 ,500  and pep s i---6 , 000.  1)  Dr a w a bar  ch art  r epr es en t ing  th e  inf orm a t ion . 2)  Wh ich  of  the  br and  i s th e  h i ghe s t br and  consu m ed . 3) Wh a t  i s th e av er ag e con su mt ion  p er  da y to  th e  n ear e st  wh ol e  nu mb er.  4)  W ha t  i s th e  av a erg e sof t d rin k  cons u m tio n  in  a  w e ek . 5)  Wh ic h of  the  br and  of  sof t drin k  is  consu m ed  l e ss . Giv e  exp lan a t ion  in  ea ch  ca s e ho w you g ot  the  ans w er to  th e  prob l e m and  j us ti fy  th e an sw ers  too . 

The  sa la ry schedule  for Lec ture rs  in  un ive rsi ty of  Ca laba r has fi ve  steps. He re  a re  the  sa la rie s  and number o f Lec ture rs  for each step.  

S te p                 S a la ry                Lec tu re r s  

L i s t e n  a n d 

 

p a r t i c i p a t e  i n 

 Explanation 

a n d use  o f 

e x a m p l e s 
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 1                 #25 , 000                    4 2  

2                 #28 , 000                    9 8  

3                 #35, 000                   13 8  

4                 #45 , 000                    8 4  

a) # 5 5 , 0 0 0                     3 8 

a) Con s truc t  a p i e ch ar t th a t r epr es en t  th i s infor m a tio n (b)  Wh at  is  t he  m ean  s a l ary  in  the  un iv ers i ty ? c)  A  Le c tur er’s  con tri bu t ion  to  th e s choo l d i str i c t’s  r et ir e me nt  p la n  is  #500  p lus  5 %  of h i s or  h er  s al ary .  W ha t  i s th e  m e an  co ntr ibu t ion ?  d)  Wri t e an  art i c le  for  your  loc a l ne wsp ap er  us ing  t he  infor m at ion  fro m  th e  prob l e m and  i t s so lu t ion s.   No te :  S t eps  i nvo lve  y e ars  of exp er i en ce. 

 
 

 
 

 
 

s o l v i n g  a l o n g 

w i t h  t h e  t e a c h e r . 

They expand thegivenexpressions intheir note book.  

S o l u t i o n :  ( 1 ) 

 

Evaluation . In  the  drou ght  y e ar 1 988,  s t a te m en ts  w er e m ad e th a t over  h a lf of  Soko to  st a t e corn  produ c ers  d id  not  g e t b a ck  fro m th e ir co rn  crop th e  m one y th ey put  in to  se ed , f er t i li z er,  et c . Th e  fo llo w ing sho ws  th e  w e igh t of  th e b ag s of  corn  round ed  off to  the  n e are s t k i logr a m me    r e cov ere d by  the  prod uc er s.   6 2  61  65  67 54 64  55  64  67 64 68  69  75  69 6 5 74  75  60  71 7 8 59  63  66  82 6 1 77  61  58.   a .)   Pre par e  a fr equ en c y t ab l e o f th e w eig ht  us ing  cl a ss  s iz e  of  3  and  wr i t e do wn  th e  cum ul a t ive  fr equ en cy t ab l e as  w e l l as  cu mu la t iv e p er c en tag e s in  your  t ab l e.    (b .)  Wh at  is  t he  s t at i st i c al  con ce pt  in  th is  prob l e m and  why  do  w e  us e  c l as s si z e and  wha t  d et er m in es  th e  appropr i at e  c l as s s iz e  to  b e us ed.  ( c.)   Ho w m any  of  th e  b ags  ar e  b el ow  72kg ?  d .)  Wh at  p er ce nt ag e of th e bag s i s 75k g and  a bov e? 
 

Solve the exercise andassignment given by the teacher in their note book   Use ofexamples, 
Plannedrepetition 

And ending 

 

 Summary 

In our lesson today, we learnt that data are any numerical facts or information which can be measured or given a numerical 

qualification. That there are two types of data mostly used in statistics these are: discrete data and continuous data. That the number 

of sample in an observation may be so large that before any deductions are made about them, the raw data must be arranged in a 

tabular form. That apart from frequency distribution table, a clearer method of presenting data is the graphcal method. 

 

 Assignment 

In a college Mathematics class all the students are also taking anthropology, history, or psychology and some of the students 

are taking two or even all three of these courses.  If (i) forty students are taking anthropology, (ii) eleven students are taking history, 
(iii) twelve students are taking psychology, (iv) three students are taking all three courses, (v) six students are taking anthropology 

and history, and (vi) six students are taking psychology and anthropology. Represent the information on a pie chart. 

 

 How many students are taking only anthropology? 

 How many students are taking anthropology or history? 

 How many students are taking history and anthropology, but not psychology? 
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APPENDIX F :  POSSIBLE WRITING PROMPTS FOR MATHEMATICS IV 
 

 Procedural: 

• Explain variation and how to calculate direct variation using unitary method. • Explain the distributive property to a friend 
who missed this class. • Explain how to construct a pie chart.  Use diagrams to help your explanation. • What is an algebraic 

expression?  When are they useful? • How do you create a table of values for a simultaneous equation? 

 

 Conceptual: 

• What would happen if a joint variation has only one constant of variation in a given problem? What is wrong with this? • 

Explain to your best friend why 4a + 5b = 9ab is incorrect. Draw a picture if necessary. • Why should we plot the graph of 

simultaneous equation for solution?   Is it a useful method? • How does what we learned today apply in real life? • Jim and Shola 

solved quadratic equation problem of today’s class in different ways.  Which method would you use and why?  • Sally solved today’s 

problem in this way- _______.  What is wrong with her procedure?  What is a correct way to solve it? • When is ‘guess and check’ 

a useful problem-solving method?  When is it not? • How are ratios and fractions related?  How are they different? 

 
 Affective/ Reflective: 

• What was difficult to understand today? • What did you learn today? • What questions do you have about yesterday’s 

homework? About today’s lesson?  • When I think of proportion, I feel. 

 

• My favourite memory of my Mathematics career is… • My Mathematitude (attitude about Mathematics) is… because… • 

Should students be permitted to use calculators in class?  Why or why not? • Write a poem about variations.  Use the terms direct, 

joint, inverse partial. • What is easier to understand: ratios, fractions or proportions? Why? • How did you prepare for today’s test?  

How do you feel you did? • What could you do to improve your marks in this course? • How would you describe your Mathematics 

experience in this course so far? • What can I do to help you better understand today’s lesson? 
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APPENDIX G AND H: TEST AND EXAMINATION QUESTIONS 
 

 A department supervisor is considering purchasing one of two comparable photocopy machines, A or B.  Machine A costs 

#10,000, and machine B costs #10,500.  This department replaces photocopy machines every three years.  The repair contract 
for machine A costs #50 per month and covers an unlimited number of repairs.  The repair contract for machine B costs #200 

per repair.  Based on past performance, the distribution of the number of repairs needed over any one-year period for machine B 

is shown below. 

 

N u m b e r  o f  R e p a i r s  0 1 2 3 

P r o b a b i l i t y 0 . 5 0 . 2 5 0 . 1 5 0 . 1 

 

 You are asked to give a recommendation based on overall cost as to which machine, A or B, along with its repair contract, should 

be purchased.  What would your recommendation be?  Give a statistical justification to support your recommendation. 

 Write a letter to a fictitious person that was absent from class today explaining the problem that you completed.  Include the 

following components in your letter, the name of the type pf question given, the importance of learning this type of problems, 

steps taken to solve the problem and your discoveries. 

 

 Which of the following two jobs gets better pay?  (Job 1) At Tantalizers’s, you will be paid #9.00 per hour and will be expected 
to work 20 hours per week. You are required to buy a uniform for #30.  (Job 2) At Tilapia resort, you will be paid #8.50 per hour 

and will be expected to work 20 hours per week. There is no required special attire. 

 There are 14 boys and 16 girls in Mrs Uko’s class. What ratio best represent the relationship between the number of boys and 

the total number of students in Mrs Uko’s class. (a)7/15 (b) 7:10 (c) 7/9 (d) 14:16 (e)8:15. Give explanation to your choice and 

analyze the question. 3b. If the ratio of A to B is 3:4, and the ratio of B to C is 2:3, what is the value of A when C is 5. Give 

analysis of why you chose the option you chose. (a) 10 (b) 2/2 (c) 5/2 (d) 5 (e) 6. 

 The volume of wood in the tree (V) varies directly as the height (h) and the square of the girth  ( g). If the volume of the tree is 

144m3 when the height is 20m and the girth is 1.5m. What is the height of a tree with a volume of 1000 and girth of 2m. Credit 

will be given for using more than one method to solve the problem. 

 The Apostolic church Abak Usung Atai is having a fundraising for the church building. The church decided to print appeal card 

in form of raffle tickets. The number of tickets Eno can buy is inversely proportional to the cost of the tickets, she can afford 15 
tickets that cost #500.00 each. How many tickets can Eno buy if each cost #300.00 each. Considerations will be given to those 

that can tackle the problem with alternative methods. 

 If 14 women  can cultivate 42 acres of land  in 18 weeks, how many weeks will it take 21 women working at the same rate to 

cultivate 52 acres of land.  Use  methods other than the conventional method to solve the problem. 

 The amount of money raised at Topfaith schools fundraising is directly proportional to the number of persons that attended the 

function. Last year when the same function was held, the amount of money raised for 100 attendees was #25,000. How much 

money will be raised this year if  1000 people attend the function. Use more than one method to solve the problem. 

 The cost of attending a fair consist of a fixed gate fee of #100 and a charge for riding rides which is proportional to the number 

of rides ridden. If the cost of attending the fair is #240 when 7 rides are ridden, find the cost of riding 10 rides. Use more than 

one method to solve the problem. 

 The cost of a conference party for a group of participants is partly constant and partly varies  inversely as the number of 
participants. If the cost is #850.00 when there are 17 participants and #550.00 when there are 11 participants, find the cost when 

there are 20 participants. Explain  every step taken to solve the problem to a friend who was absent from the class to his or her 

perfect understanding of the problem. 

 The salary schedule for Lecturers in a university of Calabar has five steps. Here are the salaries and number of Lecturers for each 

step. 

 

Step Salary Lecturers 

1. #25,000 42 

2. #28,000 98 

3. #35,000 138 

4. #45,000 84 

5. #55,000 38 

 

 Construct a pie chart that represent this information (b) What is the mean salary in the university? c) A Lecturer’s contribution 

to the school district’s retirement plan is #500 plus 5% of his or her salary. What is the mean contribution?  d) Write an article 

for your local newspaper using the information from the problem and its solutions.  Note: Steps involve years of experience. 

 

 In the drought year 1988, statements were made that over half of Sokoto state corn producers did not get back from their corn 
crop the money they put into seed, fertilizer, etc. The following shows the weight of the bags of corn rounded off to the nearest 

kilogramme   recovered the producers.  62 61 65 67 54 64 55 64 67 64 68 69 75 69 65 74 75 60 71 78 59 63 66 82 61 77 61 58.  
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a.)  Prepare a frequency table of the weight using class size of 3 and write down the cumulative frequency table as well as 

cumulative percentages in your table.   (b.)  What is the statistical concept in this problem and why do we use class size and what 

determines the appropriate class size to be used. (c.)  How many of the bags are below 72kg?  d.)  What percentage of the bags 

is 75kg and above? 

 A man is four times as old as his son. Infour years time, he will be three times as old.  (a) What is their ages now.  Describe how 

you solved this problem, step by step. (b)Give explanations to  what infoemed you to take each step. 

 In a college Mathematics class all the students are also taking anthropology, history, or psychology and some of the students are 

taking two or even all three of these courses.  If (i) forty students are taking anthropology, (ii) eleven students are taking history, 
(iii) twelve students are taking psychology, (iv) three students are taking all three courses, (v) six students are taking anthropology 

and history, and (vi) six students are taking psychology and anthropology. 

 

 How many students are taking only anthropology? b) How many students are taking anthropology or history? c) How many 

students are taking history and anthropology, but not psychology? (d) Represent the data on a bar chart. 

 

 Solve the equations 2x+ 4y=42, 6x – 4y =30. (a) Which method is suitable for solving the problem. (b)  Give explanation to each 

steps you take to solve the problem. 

 The sum of two numbers is 8, their product is 15.a) find the number b) explain how you would go about solving the problem and 

state what mathematical concept it represent. 

 In Danik Institute of Management, 50 students obtain the following scores in the Diploma Examination.  65    70   60  47  51  55  
59  63  68  63  47  53  72  53  67  62  64  70  57   56  73  56  48  51  58  63  65  62  49  64  53  59  63  50  48  72  67  56  61  64  

66  52  49  62  71  58  53  69  63  59. (a) Using these scores as example where necessary, explain what data collection is all about 

and why it is important. (b) Using the scores discuss tabular representation of data under the following sub-headings Frequency 

table and tally, class interval, class limit, class boundary, class mark and cumulative frequency table. Hint prepare the data using 

seven class intervals. 

 A stove costs ₦428.  You make a ₦50 down payment and monthly payments of ₦42.   How many months will it take to finish 

paying for the stove?   Give explanation to your answer. 

 John solved the equation, 22−+=0, and he got the correct answer: =3/ 2± √15/ 2 . Find the value of . (a) use more than one method 

to solve. b) Write a letter to a Edet that was absent from class today explaining the problem that you completed.  Include  every 

components of the problem in your letter. 

 Solve the equation: 4(2−3)2−36=0. Using more than one method. 

 Suppose 2−6+=0 and 2−6+=2 are equivalent to (−)2=7 and (−)2=, respectively. Find the value of . Explain the steps used in solving 

the problem   to support your answer. b) Identify the Mathematical concept(s) that you used to solve the problem and define each 

one. 

 Write a paragraph (9-10 complete sentences) explaining each of the three ways to solve systems of equations. The three ways 

are: graphing, substitution, and elimination. Use your book and notes to help you. In your paragraph state which method you 

prefer and why. Then select one of the three problems below and solve it using your preferred method.  Bonus: Solve the other 

two problems using each of the other two methods. 

 

1.2y = 3x + 5,2y – 6x = 4 2. 9x + 4y = -17, 12y = -3x – 3x 3. 5x –7y = -21, 14y – 5y = 22. 

 

 You and your friend are having trouble graphing quadratic functions of the form y = ax2 and y = ax2+ c. Your friend asks you to 

write some generalizations to help her graph these types of equations. (a) Explain the role of a.(b)  Explain the maximum and 
minimum. (c) What is the vertex? (d) Explain the role of c. 

 Alice received a check and she decided to cash it at her local bank.  For some reason, the bank teller was confused and switched 

the dollars and cents; that is, what was written as cents on the check he gave to her in dollars, and what was written in dollars on 

the check he gave to her in cents.  It was not until after she bought a piece of candy for five cents that she noticed the teller's 

error.  At that point, she actually had twice the amount of money that was written on the check.  How much money was the check 

made out for?  Explain your thinking and your answer(s).  Also, explain why you believe there is only one possible answer, or 

why you believe there is more than one possible answer. 

 The consumtion of five brand of soft drink for a week by their consumers in Lagos is as follows. Coke----4000, sprite---3000, 

guiness malt---8000, Fanta----5,500 and pepsi---6,000. 1) Draw a bar chart representing the information. 2) Which of the brand 

is the highest brand consumed. 3)What is the average consumtion per day to the nearest whole number. 4) What is the avaerge 

soft drink consumtion in a week. 5) Which of the brand of soft drink is consumed less. Give explanation in each case how you 
got the answer to the problem and justify the answers too. 

 What is the quadratic equation in x whose roots are -3/2 and 7. Use more than one method to solve and justify the steps taken to 

solve the problem. 
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APPENDIX I:SCORING RUBRIC FOR PROBLEM-SOLVING PROCESSES 

 

Level Problem-Solving skills  I n c r e a s i n g 

Conceptual Understanding  

D e mon s tr a t i n g 

Procedural Application 

 

Developing Content connection  

 

Demonstrating 

Mathematical Reasoning  

 

4 Iden t ifi e s th e go a l  of th e prob le m  or  t as k .   D eve lop s a  p lan  th at  sh ows  an  und ers t and ing  o f a ll  co mpon en ts  of th e prob le m .  P l an  i s ex e cu ted  wi th  no erro rs. 

 

Id en t if i e s a nd  pr ov id e s  inf or m a t ion  ab ou t  m a jor  co n c ep t s ; su pp l i es  ex a m p l es  o r  i l l us tr a t i on s w i th  ex p l an a t ion s  wh en  ap prop r i a t e.  

 

 

S e l e c t s  a n d  e x e c u t e s  a p p r o p r i a t e  s t r a t e g i e s .  R e p r e s e n t a t i o n s  a n d  a l g o r i t h m s  a r e  a p p r o p r i a t e . 

 

T h e  Ma t h e m a t i c s  i s  a c c u r a t e .   A l l  Ma t h e m a t i c a l  c o n c e p t s  a n d i d e a s  a r e  a c c u r a t e l y  i d en t i f i e d .  Ma t h e m a t i c a l  t e r m s  a r e  u s e d  a pp r o pr i a t e l y . 

 

Co mp l et e ly  a nd a c cura t e ly  p rov ide s ju st if i ca t ion  for  m a jor  s t eps  or proc e ss es . D ef ends  r ea son ab len e ss  of an sw er  w i th  suppor t ing  re as ons. 

 

3 Iden t ifi e s th e go a l  of th e prob le m  or  t as k .   D eve lop s a  p lan  th at  sh ows  an  und ers t and ing o f th e pr obl e m  bu t m ay con t a in  m inor  errors  in  ex e cu ting  th e p l an . 

 

Iden t ifi e s and  prov id es  in for ma t ion  a bout  m ajo r con c ep ts but  m ay o m i t m inor  d et a i ls .  May  us e  ex a mp l es  or i l lus tr at ion s wh en app ropr ia t e but  m ay no t  effe c t iv ely  r e la t e th e m to  Ma th e ma t i ca l  c onc ep ts. 

 

Se l e ct s and  exe cu t es  appropr i at e  s tr at eg i es . R epr e se nt a t ions  a nd a lgor i thm s m ay  h av e m inor  err ors  bu t do  no t aff e c t th e so lu tion .  

 

Th e Ma th e m a ti cs  is  a c cur a te .   Ma th e m at i c al  con c ept s and  id ea s ar e a c cur at e ly  id en t if ied .  Ma th em a t ic a l t er ms  are  u sed  appropr i a te ly , b ut  the re  m ay b e  mino r error s. 

 

Ac cur a te ly  prov id es  jus t ifi c a ti on  for  m aj or st ep s or  pro c es se s b ut  la ck s c la ri ty  or de t a il . D ef ends  r ea son ab le ne ss  of an sw er  bu t m ay hav e  mi nor o m is s ions  or err ors  in  d es cr ib ing  app roa ch . 

 

2 Iden t ifi e s th e go a l  of th e prob le m  or  t as k  bu t  mi si n t erpr e ts  on e o r mor e of th e co mpon en ts  of  the  prob l e m.   P la n  ind i ca t es  mi ni m a l und er st and ing  of  prob l e m. 

 

Iden t ifi e s and  prov id es  supp ort  for  ma jor  con cep t s bu t  may  h av e m inor  errors  in  log i c or  und er st and ing .  Min or d e t ai ls  ar e ig nor ed  or  suppor t ed  w i th  in corr e ct  or  f la w ed th ink ing . 

 

Se l e ct s appro pri a t e appro a ch , bu t  e xe cu t ion i s f l aw ed .  R epr es en ta t ion s and  a lgor i th ms  m ay b e  a ppropr i at e  for th e  t as k  bu t  a r e  no t ex e cu te d  prop er ly . 

 

Th e Ma th e m a ti cs  con t ain s m inor  errors . Ma t he m a ti c a l con c ep ts  a nd id e as  ar e  i den t if ie d  bu t  w i th  m inor  er rors . Th er e  ar e  no ta bl e  er rors  i n  th e u s e of  Ma th e ma t i ca l  t er m s. 

 

Prov ide s ju st if i ca t ion  for  mo s t of  th e st ep s or  pro c es se s w ith  no  errors . D ef ends  r ea son ab len e ss  of an sw er  bu t m ay not  d ev el o p suppor t ing  re as ons. 

 

 

L e v e l Problem-Solving skills  I n c r e a s i n g 

Conceptual Understanding  

D e m o n s t r a t i n g 

Procedural Application 

 

Developing Content connection  

 

D e m o n s t r a t i n g 

Mathematical Reasoning 

 

1 Doe s n ot  id ent ify  the  go a l of  th e pr obl e m  or t ask  bu t re spons e  sho ws  so m e  e vid en c e o f und er st and ing  th e g en er al  n a tur e of  th e prob l e m.   Do es  no t dev e lop  a  p l an . 

 

Do es n ot co rrectl y id ent ify m ajo r con cepts and in fo rm ati on cont ain s erro rs in log ic or und erst andi ng.  

 

Se l e ct s an  i nap propr ia t e appr oa ch  or  s el e c ts  t he  appropr i a te  appro a ch bu t  can not  b eg in  i mp l em en t at ion .  Re pre s ent a t ions  and a lgor i th ms  a re  no t appr opri a t e fo r th e t ask . Th e Ma th e m a ti cs  con t ain s m inor  errors . Ma t he m a ti c a l con c ep ts  a nd id e as  ar e  i den t if ie d  bu t  w i th  m inor  errors . Th er e  ar e  no ta bl e  er rors  i n  th e u s e of  Ma th e ma t i ca l  t er m s. 

 

Prov ide s so m e jus t if ic a t ion  f or st ep s or  pro c es se s but  con ta in s nu m erou s erro rs.  L im i t ed  o r no  su ppor tin g  ev id enc e  d ef endi ng r e aso nab l en es s of  ans w er. 
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APPENDIX J : ASW SCORING RUBRIC 
 

Each attempted problem solving approach to the problem presented on an ASW, the pre and post tests will be scored as 

follows. A total score will be computed by adding up points of each attempted problem solving approach. 
 

 4 Points 

Student utilizes a correct problem solving approach, and has a correct solution. 

 

 3 Points 

Student utilizes a correct problem solving approach, but a little incompleteness or a few errors. 

 

 2 Points 

Student utilizes a correct problem solving approach but solves the problem with some incompleteness or some errors. 

 

 1 Point 
Student minimally understands the problem. It seems the students is aware of a correct problem solving approach, but a correct 

approach is not pursued at all. 

 

 0 Points 

Student utilizes a wrong problem solving approaches or incorrectly indentifies the problem to be solved. This student does not 

understand the problem. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/25jul241
http://www.ijisrt.com/


Volume 10, Issue 7, July – 2025                                              International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                                             https://doi.org/10.38124/ijisrt/25jul241 

 

IJISRT25JUL241                                                              www.ijisrt.com                                                                                          3893 

APPENDIX K: SAMPLE OF THE ALTERNATIVE-SOLUTION WORKSHEET 
 

P r o b l e m 

I n i t i a l  S o l u t i o n : 

 

A l t e r n a t i v e  S o l u t i o n s :  
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