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Dissertation Abstract 

 

The main focus of this research was on formative assessment conceptualized as an instructional 

approach in the teaching and learning of mathematics. The participants involved in the study 

were the Kenyan secondary school teachers of mathematics and their students. Five studies were 

conducted under the theoretical framework of formative assessment as suggested by Black and 

Wiliam (2009). In the first study, the adapted instrument was assessed for its suitability in 

measuring Kenyan mathematics teachers‘ perceptions of formative assessment. Teachers‘ 

perceptions were rated as low to moderate on a five-point Likert scale. The second study 

assessed the relationship between teachers‘ perceived use of formative assessment strategies and 

their levels of metacognitive awareness. The study revealed a positive relationship between 

formative assessment and metacognition. The study showed that formative assessment strategies 

influence teachers‘ metacognitive regulation. Study three was an extension of study two and it 

examined teachers‘ conception and perceptions of metacognition use in mathematics classrooms. 

The findings revealed that teachers regarded themselves as highly metacognitive although they 

hardly translated the same to their teaching. The fourth study involved the development and 

validation of a test to measure students‘ proportional reasoning skills in mathematics. This test 

was later used as a tool to measure the impact of formative assessment on students‘ achievement 

which was conducted in study five. Analysis of items in the test showed that the test was suitable 

to be used for formative assessment intervention. Study five was thus experimental and aimed to 

find out the impact of formative assessment on students‘ achievement in mathematics and their 

levels of metacognitive awareness. The results showed that formative assessment can be used as 

an intervention to improve students' performance in mathematics and also improve their levels of 

metacognition. Theoretical and practical implications for each of the five studies are given. 

Suggestions for further research and recommendations are also given since formative assessment 

as an instructional approach is yet to be extensively studied in Kenya. 

 

 

 

 

 

 



8 
 

Abbreviations  

 

ADEA              Association for the Development of Education in Africa 

AMOS              Analysis of Moment Structures 

ANCOVA        Analysis of covariance  

ANOVA          Analysis of variance 

ASEI               Activity-based, Student-centered, Experiments and Improvisation  

ATCS              Assessment and teaching of 21
st
-century skills  

AVE                Average Variance Explained 

BA                   Bachelor of Arts   

BEd                 Bachelor of Education  

BSc                  Bachelor of Science  

CBA                 Competence-Based Assessment  

CBC                 Competency-Based Curriculum  

CEMASTEA   Centre for Mathematics, Science and Technology Education in Africa  

CFA                 Confirmatory Factor Analysis 

CFI                  Comparative Fit Index  

CMIN/DF        Minimum discrepancy per Degree of Freedom  

CR                   Composite Reliability  

EBSCO            Elton B. Stephens Company 

EFA                 Education for All  

ERIC               Education Resources Information Center 

HTMT             Heterotrait-Monotrait Ratio of Correlations 

NSET               In-Service Education and Training  

IST                   In-Service Teacher Training  

Jr. MAI            Junior Metacognitive Awareness Inventory 

KCPE              Kenya Certificate of Primary Education  

KCSE              Kenya Certificate of Secondary Education  

KICD               Kenya Institute of Curriculum and Development 

KMO               Kaiser-Meyer-Olkin  

KNEC             Kenya National Examinations Council 

http://www.adeanet.org/triennale-2017/


9 
 

MAIT              Metacognitive Awareness Inventory for Teachers 

MEd                Master of Education  

NCTM             National Council of Teachers of Mathematics,  

OECD             Organization for Economic Co-operation and Development 

P21                  Partnership for 21st Century Skills 

PCD                Perceived Classroom Discussion 

PD                   Professional development  

PDSI               Plan, Do, See, Improve  

PF                    Perceived Feedback  

PLI                  Perceived Learning Intentions  

PLS                 Partial Least Squares  

PPA                 Perceived Peer Assessment  

PRT                 Proportional Reasoning Test 

PSC                 Perceived Success Criteria 

PSA                 Perceived Self-Assessment  

RMSEA          Root-Mean-Square Error of Approximation 

SACMEQ       Southern African Consortium for Measuring Educational Quality 

SDG4              Sustainable Development Goal 4 

SEM                Structural Equation Modeling 

SPSS               Statistical Package for the Social Sciences  

SMASSE        Strengthening of Mathematics and Science in Secondary Education  

SRMR             Standardized Root Mean Square Residual 

TAFL-Q          Teacher Assessment For Learning Questionnaire 

TALIS             Teaching and Learning International Survey  

TLI                  Tucker-Lewis Index 

TCPD              Teacher Continuing Professional Development 

USA                United States of America 

UNESCO        United Nations Educational, Scientific and Cultural Organization  

 

 

 



10 
 

List of Tables  

Table 1: Features of Formative Assessment ................................................................................. 26 

Table 2: Studies on Learning Intentions (LI) and Success Criteria (SC) ..................................... 31 

Table 3: Studies on Appropriate Feedback ................................................................................... 33 

Table 4: Studies on Peer Assessment (PA) and Self-Assessment (SA)........................................ 35 

Table 5: Studies on a Combination of Formative Assessment (FA) Aspects ............................... 36 

Table 6: Summary of the Studies on the Five Aspects of Formative Assessment ....................... 38 

Table 7: Timeline and Empirical Studies...................................................................................... 43 

Table 8: Target Population............................................................................................................ 48 

Table 9: Study Samples ................................................................................................................ 48 

Table 10: Instruments for the Empirical Studies .......................................................................... 50 

Table 11: Factor Loadings and Communalities for 19 Items from the Original TAFL-Q ........... 60 

Table 12:Descriptive Statistics and Correlations for Emergent Study Variables ......................... 61 

Table 13:Six-Factor Model CR, AVE, and HTMT Ratio of Correlations.................................... 62 

Table 14: Sociodemographic Characteristics of Participants ....................................................... 70 

Table 15: Scales, Cronbach‘s Alphas, and Sample Items for the TAFL-Q and MAIT ................ 73 

Table 16: Descriptive Statistics and Correlations for Latent Variables ........................................ 74 

Table 17:Standardized and Unstandardized Coefficients of the Structural Model ....................... 76 

Table 18: A 24 Item Questionnaire and the Subscales ................................................................. 84 

Table 19: Descriptive Statistics of Teachers‘ Perceptions on Metacognitive Knowledge (N=213)

....................................................................................................................................................... 87 

Table 20: Descriptive Statistics of Teachers‘ Perceptions on Metacognitive Skills (N=213) ...... 87 

Table 21: Descriptive Statistics of Perceptions on Metacognitive Awareness Sub-Skills (N=213)

....................................................................................................................................................... 87 

Table 22: Descriptive statistics of Teachers‘ Perceptions Based on Background Factors ........... 88 

Table 23: Selected Problems for the Proportional Reasoning Test ............................................ 102 

Table 24: A scoring Guide .......................................................................................................... 103 

Table 25: Sample Problem and the Corresponding Scoring Guide ............................................ 104 

Table 26: Summary Statistics for the PRT Items (N=45) ........................................................... 107 

Table 27: Features of Formative Assessment ............................................................................. 111 

Table 28: Sample Demographics ................................................................................................ 113 

Table 29: Posttest Means Scores................................................................................................. 119 

Table 30: Posttest Mean Scores Based on Gender ...................................................................... 119 

Table 31: Posttest Means Scores................................................................................................. 120 

Table 32: Posttest Mean Scores Based on Gender ...................................................................... 120 

 

 

 



11 
 

List of Figures  

Figure 1: The New 2-6-6-3 Kenyan Education Structure ............................................................. 17 

Figure 2: Confirmatory Factor Analysis: Standardized Loadings and Correlations (N = 180) of 

the Latent Factors and Error Terms (E) ........................................................................................ 63 

Figure 3: Hypothetical Relationship between Formative Assessment Strategies and 

Metacognitive Skills ..................................................................................................................... 75 

Figure 4: Standardized Solutions of the Structural Model............................................................ 77 

Figure 5: A Conceptual Framework for the Proportional Reasoning Skills ............................... 100 

Figure 6: Intervention Phases...................................................................................................... 114 

 

 

 

  

 

 

 

 

 



12 
 

Chapter 1: Introduction 

1.1. Context of the Study 

Improving quality and learning is one of the central goals of the post-2015 global 

education agenda and learning measurement. The Education for All (EFA) global monitoring 

report of 2013/4 indicated that quality education in sub-Saharan Africa is lagging due to factors 

such as shortage of trained teachers despite the high rates of students‘ enrollment in schools 

(UNESCO, 2014). Report about secondary education, for instance, shows that the majority of 

sub- Saharan African countries have a high student-to-teacher ratio which exceeds 30:1. The 

report recognized the importance of teachers‘ role in solving the learning crisis and therefore 

recommended training and equipping teachers with innovative ways of teaching and learning as 

one of the ways of meeting the challenges. The commitment of the United Nations Educational, 

Scientific and Cultural Organization (UNESCO) in meeting the Sustainable Development Goal 

4 (SDG4) on quality education is reflected in the recent initiatives of the Association for the 

Development of Education in Africa (ADEA, 2017).  

The regional assessment of some of the Sub-Saharan countries done by the Southern 

African Consortium for Measuring Educational Quality (SACMEQ) revealed a worrying trend of 

only 25.0% of students attaining a basic level in mathematics education (Hungi et al., 2010). 

These worrying trends require proactive measures especially relating to quality in education. 

Studies have suggested that formative assessment has got a lot of benefits if well implemented 

(Black & Wiliam, 2009; Wiliam, 2011). Some of the benefits include empowering students to 

learn how to learn (Swaffield, 2011), and making learning visible (Black & Wiliam, 2009; 

Csíkos et al., 2012; Demetriou et al., 2011). Formative assessment is thus integral to the teaching 

and learning process and acquisition of competencies (Pepper, 2011; Voogt & Roblin, 2012).  

 

1.2. Problem Statement 

Kenya is among the countries adopting the Competency-Based Curriculum (CBC). For 

the successful implementation of the CBC in Kenya, there is a need to equip teachers with the 

skills and tools required to carry out formative assessment in classrooms. Teachers need to 

embrace instructional approaches that will enable learners to engage in lifelong learning. 

Mathematics teachers are specifically taxed with ensuring that students make sense of 

mathematics concepts and relate them to authentic situations. Teachers‘ perceptions, 

http://www.adeanet.org/triennale-2017/
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competencies, and practices are therefore crucial in determining the realization of competence-

based learning.  

The findings by the task force (Republic of Kenya, 2012) revealed that the current 

summative assessment in the Kenyan education system falls short of adequately measuring 

learners‘ abilities and teachers lack sufficient training on alternative assessments. There has been 

a continuous decline in mathematics performance in Kenyan secondary schools over the years 

despite the interventions that have been put in place (Wafubwa & Obuba, 2015). Among the 

intervention programmes being carried out in secondary schools, none has focused on formative 

assessment. 

The present study first examined mathematics teachers‘ perceptions of formative 

assessment and their levels of metacognitive awareness. Secondly, a formative assessment 

intervention study was carried out to determine the impact of formative assessment on students‘ 

achievement in mathematics and metacognition. The overall aim of the study was to assess the 

preparedness of secondary school mathematics teachers in implementing a competency-based 

curriculum and to suggest the best formative assessment practices that can be used in 

mathematics classrooms. It‘s hoped that the findings of this research will contribute knowledge 

towards the development of an assessment framework in mathematics instruction for secondary 

schools in Kenya. 

1.3. Organization of the Dissertation 

This dissertation is composed of five chapters. Chapter one gives an introduction of the 

study focusing on the context, problem statement, significance, and an outline of how the 

dissertation is structured.  

Chapter two is a review of literature on studies related to the research topic. The main 

focus was on formative assessment and the teaching and learning outcomes. The review was 

based on the theoretical framework of formative assessment by Black and Wiliam (2009). The 

five strategies of formative assessment were systematically reviewed and the results showed that 

formative assessment can improve teaching and learning. The review also pointed out the need 

for more experimental studies on the impact of formative assessment. 

Chapter three gives the aims, research questions, hypotheses, methods, and the synopsis 

of the empirical studies that are fundamental to this dissertation. Methodologies used in the 
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studies focus on design, sample and sampling procedures, data collection procedures, 

instruments, and their validations.  

Chapter four presents the five empirical studies which have been compiled from five 

separate journal articles. Study one assessed the suitability of the adapted teacher assessment for 

learning questionnaire in the Kenyan context. Study two examined the relationship between 

formative assessment and mathematics teachers‘ metacognitive regulation. Study three looked at 

teachers‘ conception and perceptions of their metacognitive awareness. Study four involved the 

construction and validation of a test to measure students‘ proportional reasoning skills in 

mathematics whereas study five examined the impact of formative assessment on students‘ 

achievement in mathematics and their metacognitive awareness. Chapter five is the final chapter 

which gives the conclusion and recommendations of the research followed by the list of 

references and appendices.  
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Chapter 2: Literature Review 

2.1. Introduction 

Educators and researchers in mathematics education have continued to address new 

challenges that emerge as a result of the evolving world. Currently, cognitive researchers in 

mathematics education are directing their attention to higher levels of mathematical thinking, 

complex problem solving, conceptual understanding, and sense-making (Edwards et al., 2011). 

Current research in the field of mathematics education is informed by sociocultural, 

constructivist, and social constructivist theories of learning which focus mainly on the problem-

solving strategies, metacognitive processes, and beliefs (Schoenfeld, 2010). Advances in 

instructional practices have implications for assessment practices. There is a need of aligning 

assessments that will support effective mathematics instruction. The assessment practices should 

thus focus on the role of the learner, peer, and the teacher (Black & Wiliam, 2009; Torrance, 

2012; Swaffield, 2011). Advances in instructional processes are also leading to changes in 

assessment practices (Mullis & Martin, 2017).   

In the Kenyan education system, assessment of students which is conducted at the end of 

primary and secondary education is mainly summative. Examinations are administered by the 

national examining board known as Kenya National Examinations Council (KNEC).  The results 

of the Kenyan Certificate of Primary Education (KCPE) are used to determine placement at 

secondary schools whereas the Kenya Certificate of Secondary Education (KCSE) examination 

is used for placement of students in universities and tertiary institutions. There are several 

practical issues affecting mathematics education in Kenya. The commonly cited problems are 

related to poor teaching methods where most classes are dominated by teachers, leaving no room 

for learners‘ creativity (Ministry of Education, 2012; Pontefract & Hardman, 2005).  

Instead of assessment being seen as part of the teaching and learning process, it is taken 

as a sieve to determine those who can move to higher education with limited space. As a result of 

competing for limited slots in the local universities, the instruction process is geared towards 

examinations as opposed to competencies applicable to life. Prerequisite knowledge is rarely 

specified before the start of a new topic. Students are therefore just taught before being made 

aware of the reasons and procedures (Ally, 2014; Ministry of Education, 2012). 
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This chapter on literature review first highlights the education structure and mathematics 

in-service teacher training needs in Kenya which is the context of the research. The concept of 

metacognition and how it is related to formative assessment is briefly discussed before reviewing 

empirical studies related to formative assessment and the learning outcomes. The chapter then 

gives a summary of the literature review followed by conclusions. 

2.2. Education Structure in Kenya 

There have been two education systems since Kenya gained independence in 1963. The 

first system established in 1963 was referred to as 7-4-2-3. This education structure was modeled 

after the British education system. The system was designed to provide 7 years of primary 

education, 4 years of lower secondary education, 2 years of upper secondary education, and a 

minimum of 3 years of University education. The second system known as 8-4-4 was launched 

in 1985 and was designed to provide 8 years of primary education, 4 years of secondary 

education, and a minimum of 4 years of university education. The emphasis was placed on 

Mathematics, English, and vocational subjects.  

The country is however gradually implementing a new system that focuses on child 

development, skills, and competencies to be learned, and the outcome at each level from early 

childhood care and development to university level (see Figure 1). The new structure (2-6-6-3) 

referred to as the Competency-Based Curriculum (CBC) comprises two years of pre-primary, six 

years of primary (3 years lower and 3 years upper), six years of secondary (3 years junior and 3 

years senior), two years minimum of middle-level colleges and 3 years minimum university 

education (KICD, 2017). 
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Figure 1  

The New 2-6-6-3 Kenyan Education Structure 

 

(Source: KICD, 2017, p. 28) 

 

The new CBC is seen as the means through which the skills and knowledge needed for 

the economic growth and development in the country will be realized (KICD, 2017). The CBC is 

a learner-centered pedagogy that focuses on the learner‘s application of the skills learned to solve 

day-to-day challenges. According to KICD, competence is defined as ―the ability to apply 

appropriate knowledge and skills to successfully perform a function‖ (p. 21). In the Kenyan 

context, every learner is expected to achieve seven core competencies which have been described 

as ―communication and collaboration; self-efficacy; critical thinking and problem-solving; 
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creativity and imagination; citizenship; digital literacy; and learning to learn‖ (KICD, 2017, p. 

21).  

The assessment of competencies is expected to be achieved through a formative 

assessment approach which is deemed to enhance learning and learning outcomes. The 

implication is that teachers need a paradigm shift from the traditional teacher-centered 

assessment to student-centered assessment approaches. According to Clark (2012), formative 

assessment can be carried out by teachers and students as part of the day-to-day activity.  

2.3. Mathematics Teachers' Beliefs about Teaching and Learning Mathematics  

Philipp (2007) defined beliefs as psychologically held understandings about the world 

that are thought to be true. Beliefs are regarded as personal, steady nevertheless far beyond an 

individual‘s awareness (Cross, 2009). Studies have suggested that teachers‘ beliefs about 

teaching and learning have a significant influence on students‘ performance and it is needful that 

these beliefs are examined (Behrmann & Souvignier, 2013; Cross, 2009; Staub & Stern, 2002; 

Turner et al., 2009). A study by Staub & Stern (2002) for instance showed that cognitive 

constructivist orientation was associated with larger achievement gains in mathematical word 

problems as compared to a direct transmission approach. On the contrary, Behrmann & 

Souvignier (2013) noted that transmissive beliefs related positively to students‘ achievement. 

Most studies however support the constructivist belief approach as being positively related to 

learning achievement (e.g., Behrmann & Souvignier, 2015; OECD, 2009; Schunk, 2012). 

Adopting the right interventions can hence influence teachers‘ beliefs towards good classroom 

practices.  

Most researchers on beliefs about the nature of teaching and learning have categorized 

beliefs based on teacher-centered and learner-centered approaches (Stipek et al., 2001; OECD, 

2009). Beliefs based on teacher-centered approaches are regarded as transmission beliefs 

whereas those based on learner-centered approaches are regarded as constructivist beliefs 

(OECD, 2009). The direct transmission beliefs view teachers as the owners of knowledge and the 

students as the passive recipients of knowledge. The teachers‘ role is hence to transmit the 

knowledge to the students in a clear and structured way. In contrast, a constructivist requires 

students‘ active engagement in the process of acquiring knowledge. Teachers who hold the 
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constructivist view emphasize understanding and problem solving as the context for knowledge 

construction (Schunk, 2012).  

According to the National Council of Teachers of Mathematics (NCTM, 2015), beliefs 

can also be unproductive or productive. The unproductive beliefs relate to the direct transmission 

approach towards learning whereas the productive beliefs relate to the constructivist perspective 

of learning. The Teaching and Learning International Survey (TALIS) report by the Organization 

for Economic Co-operation and Development (OECD, 2009) showed that countries differ in the 

strength of teachers‘ endorsement of each of the two approaches. According to the TALIS report, 

direct transmission beliefs and constructivist beliefs about learning and instruction have been 

widely used in western countries. 

Studies have also revealed that teachers‘ background factors such as gender, teaching 

experience, and professional development influence teachers‘ beliefs towards mathematics 

teaching and learning (Devine et al., 2013; OECD, 2009). In addition, OECD (2013) noted that 

teachers‘ beliefs vary across countries and schools. Studies by OECD (2009) revealed that 

female teachers are less likely than male teachers to view teaching as a direct transmission of 

knowledge and can easily embrace student-centered approaches to learning. A report by TALIS 

also postulated that teachers who take up professional development assume a variety of teaching 

approaches. Studies further suggest the need for schools to provide explicit training programs 

that target the modification of teachers‘ beliefs to provide an enabling learning atmosphere 

(OECD, 2013). 

2.4. Mathematics Teachers’ Continuing Professional Development and In-Service Teacher 

Training (IST) in Kenya  

The Teachers‘ Continuing Professional Development (TCPD) in Kenya is mainly done 

through a cascade model where some teachers are trained in a particular content who in turn train 

their colleagues on the same (Kennedy, 2005; Ono & Ferreira, 2010). Though this cascade 

system is deemed to be economical since a large number of teachers can be reached within a 

short span, it has been less productive in Kenya. One of the programmes that have been carried 

out through the cascade model is the Strengthening of Mathematics and Science in Secondary 

Education (SMASSE) which was officially launched in Kenya in 1999 on a pilot basis and was 

later expanded to cover the entire country in 2004 (Ngugi & Nyakweba, 2005). Studies on the 
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impact of SMASSE project in Kenya show that the project has failed to realize a significant 

positive impact on the teaching and learning of mathematics and science (Kiige, 2019; Mwangi 

& Mugambi, 2013; Wafubwa & Obuba, 2015). This could be because teachers passively absorb 

information from the facilitators who are seen as ‗experts‘ and in turn pass the same to their 

learners. 

The SMASSE project was born out of the need to improve the teaching, learning, and 

performance in mathematics and science subjects. The SMASSE In-Service Education and 

Training (INSET) programmes are facilitated by the Centre for Mathematics, Science and 

Technology Education in Africa (CEMASTEA) which was established in 2004 to provide 

INSET for mathematics and science teachers in Kenya and Africa. The main goal of 

CEMASTEA is to transform teaching by continuously developing competencies for effective 

curriculum delivery and improved quality of education. SMASSE programmes have since 2001 

been spread to other African countries. The strategy that CEMASTEA adopted for pedagogical 

improvement has been the Activity-based, Student-centred, Experiments and Improvisation 

(ASEI) realized through the continual improvement cycle of Plan, Do, See, and Improve (PDSI) 

(SMASSE Project, 2008).  

The CEMASTEA uses an inquiry-based approach which requires students‘ engagement 

in implementing rich problem-solving activities. This approach adopted by SMASSE project is 

meant to follow a Japanese classroom approach where students engage in the process of 

problem-solving using their strategies to solve challenging problems. This however calls for 

teachers who are well equipped to nurture students holistically. A study carried out by Inoue et 

al. (2019) revealed that the Japanese teachers modified their lesson plans on the spot to promote 

students‘ holistic development. The findings by Inoue and colleagues seem to suggest that the 

Japanese teachers are well versed on how to deal with eventualities in the course of lesson 

delivery and can therefore change their lesson plans to address any eventuality.  

One of the reasons why SMASSE programmes may have failed to realize the expected 

impact could be attributed to the centralized nature of professional development (PD) 

programmes which limits teachers‘ active involvement in knowledge construction. One unique 

aspect of Japanese teachers is that they are always involved in action research through a lesson 

study system (Doig & Groves, 2011; Fujii, 2019).  The Japanese teachers engage in PD through 

a lesson study system whose aim is to improve the effectiveness of the experiences that the 
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teachers provide to their students. While engaging actively in lesson study through collaboration 

with one another, the Japanese teachers are always learning something new. In contrast, Kenyan 

teachers passively pass what they receive from the ‗experts‘ through workshops to learners and 

therefore lack the opportunity for learning new things. 

Professional development programmes in Kenya and Africa at large are facing challenges 

since most of them have not been developed from the teachers‘ perspective. Teachers fail to 

embrace the programmes because their views are left out (Mokhele & Jita, 2010). In Botswana, 

the failure of teachers' PD programmes has been attributed to a lack of teachers‘ involvement 

(Ramatlapana, 2009). When teachers are not involved in designing the programme, they may 

lack the motivation to implement it and end up doing it as a duty. A study carried out in Kenya 

by David and Bwisa (2013) revealed that few teachers were actively involved in continuous 

professional development due to a lack of support from the work environment and limited 

opportunities for career development. Mwangi and Mugambi (2013) also observed that SMASSE 

INSET programme hardly meets the needs of teachers. Research has shown that teachers have 

their own beliefs and perceptions which play a crucial role in the success of any new reform (Ige, 

2014). 

A report by the EFA global monitoring team on TCPD in Kenya suggested the use of 

field-based models consisting of school-based training as one of the ways of raising the quality 

of teaching practices (UNESCO, 2015). Face-to-face collaboration and distance learning have 

also been suggested as ways of cushioning the flaws of the cascade system of INSET delivery 

(Kafyulilo, 2013; Republic of Kenya, 2012). To effectively utilize the field-based models, it is 

necessary to establish the unique needs that Kenyan teachers face so that a more workable and 

productive in-service programme can be designed. One of the aims of this current study is to 

establish the perceptions of secondary schools‘ mathematics teachers regarding formative 

assessment. Understanding teachers‘ perceptions will help in designing interventions meant for 

classroom improvement and consequently teachers‘ professional development.  

2.5. The Concept of Formative Assessment 

Formative assessment came into the limelight following the seminal work of Black and 

Wiliam (1998) that involved the synthesis of over 250 studies, linking assessment and learning. 

The main features identified in these studies as forming part of formative assessment included 
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sharing success criteria with learners; classroom talk and questioning; appropriate feedback; and 

peer and self-assessment. Reiterating on Black and Wiliam‘s work, Sadler (1998) defined 

formative assessment as the assessment which is intended to provide feedback on performance 

and accelerate learning. The Assessment reform group defined formative assessment (also 

referred to as assessment for learning) as involving the process of searching and clarifying 

evidence for use by learners and their teachers (Broadfoot et al., 2002).  

During the third international conference on assessment for learning, another definition of 

assessment was proposed. Formative assessment was hence defined as a practice that teachers, 

students, and peers reflect on and respond to information emanating from it to strengthen 

learning (Klenowski, 2009). In line with their earlier definition, Black and Wiliam (2009) gave 

another definition of formative assessment as: 

Practice in a classroom is formative to the extent that evidence about student achievement 

is elicited, interpreted, and used by teachers, learners, or their peers, to make decisions 

about the next steps in instruction that are likely to be better, or better founded, than the 

decisions they would have taken in the absence of the evidence that was elicited. (Black 

& Wiliam, 2009, p. 9). 

 

In all these definitions of formative assessment, the bottom line is formative assessment 

being seen as a daily classroom practice that is performed by the teacher, learners, and peers. 

Black and Wiliam‘s (2009) definition is however the one that is commonly cited in the literature 

related to formative assessment. In this definition, formative assessment is seen as a daily 

classroom exercise that is executed by three parties; teachers, students, and their peers. This 

means that formative assessment is more than teachers occasionally giving students tests or 

quizzes in preparation for a summative evaluation but it should be a daily classroom practice. 

Formative assessment in this context is supposed to show evidence of students‘ learning and 

inform the next steps of instruction. Wiliam (2011) noted that the basic idea behind formative 

assessment is that evidence of student learning is used to adjust instruction to better meet 

students‘ learning needs.  

Whereas evidence in formative assessment is used to inform teaching and learning, in 

summative assessment, the evidence is used to report on where the learning is at a particular 

point in the learning process (Black & Wiliam, 2009; Wiliam, 2011). Unlike summative 
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assessment which is used as a measurement instrument, formative assessment is designed to 

support teaching and learning continuously (Clark, 2012; Gipps, 2015). The aim of formative 

assessment is thus to keep track of how students are learning through continuous feedback which 

in turn helps in filling the learning gap. On the other hand, summative assessment evaluates how 

students have learned at the end of a course or unit based on some set standards. 

2.5.1. Models of Formative Assessment 

Formative assessment is one of the areas that have attracted researchers‘ attention as 

evidenced by several models. While there are so many models of formative assessment, this 

section only reviewed some of the recent models relevant to the current study. 

Shepard (2006) model 

Shepard's (2006) model focuses on ten characteristics of formative assessment which are 

supposed to act as a tool to guide student learning and to also guide teachers in their instructional 

practice. Shepard based her model on the earlier works of Black and Wiliam (1998) and Sadler 

(1989). The ten characteristics border on the responsibilities of both teachers and students. In this 

model, teachers‘ responsibilities include: communicating learning goals; identifying students‘ 

learning gaps; developing plans for attaining the desired goals; encouraging students to self-

monitor their learning progress; providing examples of learning goals; providing frequent 

assessment; providing feedback, and promoting metacognition. Students on the other hand are 

expected to take responsibility for their learning and engage in peer and self-assessment. 

Black and Wiliam (2009) model 

In trying to develop the theory of formative assessment, Black and William (2009) 

conceptualized formative assessment as consisting of five key strategies which can be enhanced 

through sharing success criteria with learners, classroom questioning, making comments, peer 

and self-assessment, and formative use of summative tests. The key five strategies were 

identified as clarifying and sharing learning intentions and criteria for success; engineering 

effective classroom discussions and other learning tasks; providing feedback that moves learners 

forward; activating students as instructional resources for one another and activating students as 

the owners of their learning. The five key strategies were centered on three key processes: where 
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the learner is going, where the learner is right now, and how the learner can reach the desired 

end.  

Margaret Heritage Formative Assessment (FA) Model 

According to Heritage‘s model (Heritage, 2007), there are four key elements of the 

formative assessment process: learning progressions, teacher assessment, effective feedback, and 

learner involvement. The outstanding characteristic of this model is its cyclic nature with the 

final target of closing the learning gap. According to this model, the formative assessment 

process begins with identifying the learning gap, followed by teacher assessment and effective 

feedback through learner involvement. This process is expected to reduce the learning gap 

through the learning evidence observed. 

2.5.2. Conceptual Framework for the Current Study 

The current research was informed by the above three frameworks of formative 

assessment but more specifically by Black and Wiliam's (2009) framework (see Table 1). The 

role of the three agents (teacher, peer, and learner) and five strategies of formative assessments 

in the learning process in the Black and Wiliam‘s framework are discussed as follows:  

The Three Agents  

The three agents are the teacher, peer, and learner who act as partners in the learning 

process. Formative assessment involves the teacher as the primary actor and students as partners. 

Black and William (2009) described the formative assessment process as a cycle in which a 

teacher is continually asking a series of three questions: Where are my students heading? Where 

are they right now? How can I close the gap between where they are and where I want them to 

be? The teacher‘s role involves identifying learning goals for the learners and then identifying 

where the learners are regarding those goals. The idea of closing the gap is achieved through 

timely, specific, corrective feedback; adjustments to instruction; and engaging peers in the 

support process.  

Teachers‘ roles emphasize setting clear goals, making aspects of success explicit, 

providing useful feedback, and encouraging peer and self‐reflection (Boud & Falchikov, 2007; 

Spiller, 2012). The learner has to take responsibility in the learning process by also reflecting on 

a series of questions (Where am I heading? Where am I right now? How can I close the gap 
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between where I am and where I want to be?). By so doing, learners develop self-assessment 

skills which are crucial for life-long learning (Taras, 2010; Leach, 2012). A peer as an agent in 

the learning process plays a critical role in developing judgment skills through an effective 

feedback mechanism. 

Five Key Strategies of Formative Assessment 

i) Clarifying and sharing learning intentions and criteria for success. 

This is the first strategy that involves clarifying, communicating, and understanding 

learning intentions and criteria for success with the learners. Teachers are expected to make the 

lesson objectives or intended outcome clear by ensuring the learners understand them clearly. 

According to Wiliam (2011), teachers, learners, and their peers should jointly break down this 

strategy into several criteria for success. 

ii) Engineering effective classroom discussions and other learning tasks 

The focus of this strategy is on eliciting evidence of achievement which mostly takes the 

form of questioning. This strategy revolves around the role of a teacher in finding out where the 

learners are in their learning so that the teacher can know the kind of evidence to collect 

(Wiliam, 2011). 

iii) Providing feedback that moves learners forward 

Research has shown that good feedback is among the most powerful influences on 

achievement (Hattie & Timperley, 2007; Owen, 2016). The importance of feedback is reflected 

in the seven principles of good feedback practice in learning proposed by Nicol and MacFarlane-

Dickn (2006). Apart from teachers providing feedback, learners also engage in self and peer 

feedback. Black and Wiliam (2009) suggest that teachers can effectively provide feedback by 

comment-only marking as opposed to the use of grades.  

iv) Activating learners as instructional resources for each other  

This strategy involves peer assessment whereby learners are involved in collaborative 

learning. Wiliam (2011) observed that peer assessment which is geared towards improvement 

rather than evaluation can be more productive than when learners interact directly with a teacher. 

Wiliam further remarked that learners benefit more because they work towards a common goal 

which enhances motivation and clarity of concepts. He suggested strategies of peer assessment 

like peer evaluation of homework using the rubric created by the teacher, student feedback on 

other learners after instruction, and peers presenting their reviews to others. 
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v) Activating learners as the owners of their learning 

Wiliam (2011) suggested that Students owning their learning can only occur within other 

strategies of formative assessment which involve: Sharing learning goals; promoting the belief 

that ability is incremental rather than fixed; discouraging students from comparing themselves 

with others in terms of achievement; providing feedback that encourages learning and promoting 

learning autonomy among students.  

Table 1 

Features of Formative Assessment 

Agent The direction in which the learner 

is moving 

Current position of 

the learner 

How the learner can get to 

the desired destination 

Teacher  1. Sharing intentions for learning 

and criteria for success. 

2. Classroom 

discussion 

3. Feedback 

Peer  Understand and share learning 

intentions and criteria for success 

4. Peer assessment  

Student  Understand intentions of learning 

and criteria for success 

5. Self-assessment 

(Adopted from Wiliam & Thompson, 2008, p. 63) 

2.6. Metacognition and Formative Assessment 

Metacognition was originally defined by Flavell (1979) and Brown (1978) as the 

knowledge about and regulation of one‘s cognitive activities in the learning processes (in 

Veenman et al., 2006). Knowledge of cognition involves awareness of and knowledge about 

one‘s cognition whereas metacognitive skills involve planning, monitoring, and evaluating 

learning processes (Veenman et al., 2004; Harris et al., 2010). In the revised Bloom's taxonomy 

of educational objectives, metacognitive knowledge was included as the new and fourth category 

of knowledge dimension (Krathwohl, 2002). This underscores metacognition as crucial in the 

teaching and learning process.  

Theoretically, formative assessment has been posited to improve metacognition as 

reflected in the aforementioned models of formative assessment (e.g., Black & Wiliam, 2009; 

Shepard, 2006). Some aspects of formative assessment such as self-assessment have also been 

linked to metacognition. Andrade and Du (2007) defined self-assessment as a formative 

assessment process that enables students to reflect, evaluate and judge the quality of their work 

and their learning based on the set goals or criteria. According to Grantz and Gruber (2014), self-

assessment should assist students to become aware of their performance, analyze their 
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performance, judge their performance against predetermined criteria, and plan for future 

performance.  

Learners engaged in formative assessment are guided by three questions that point to 

where they are heading, where they are currently, and how they can get to their desired end 

(Black & William, 2009). Studies have shown that self-assessment is one of the most important 

skills that students require for future professional development and life-long learning (Taras, 

2010; Leach, 2012). Self-assessment has been shown to have positive effects on student 

performance with median effect size, Cohen‘s d between 0.40 and 0.45 (Brown & Harris, 2013). 

Self-assessment is thus a valuable classroom practice where students can evaluate their work and 

skills required for effective learning.  

While discussing the benefits of self-assessment, Leach (2012) observed that self-

assessment can enhance students‘ metacognitive engagement. Self-assessment has been regarded 

by Panadero and Alonso-Tapia (2013) as two-fold. First, it can be used as an instructional 

strategy and as a way of helping students regulate their learning. Students engage in self-

regulating processes when they engage with their work and with the work of their peers (Nicol & 

Macfarlane‐Dick, 2006; Sharma, 2016). It will be interesting to empirically find out how 

formative assessment is related to metacognition and how it can influence students‘ achievement 

in mathematics. It will also be interesting to see how formative assessment can impact students‘ 

metacognitive awareness. Research on the influence of formative assessment on metacognition is 

rare and the current study will contribute to the limited literature and form a basis for further 

research in this area. 

2.7. Role of Formative Assessment in Improving Students’ Learning Outcomes: A 

Systematic Review of Literature  

2.7.1. Introduction  

Formative assessment is part of an instructional process that involves continuous 

gathering, analyzing, and reflecting on evidence to make informed judgments and improve 

student learning (Black & Wiliam, 2009; Wiliam, 2011). Formative assessment also referred to 

as assessment for learning has gained a lot of prominence in the past few decades after the 

seminal work of Black and Wiliam (1998). There have however been a lot of controversies 

regarding the efficacy of formative assessment as reflected in several meta-analyses (e.g., Briggs 
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et al., 2012; Dunn & Mulvenon, 2009; Kingston & Nash, 2011). The benefits of formative 

assessment as reported by Black and Wiliam (1998) were critiqued by Dunn and Mulvenon 

(2009) based on methodology and the context of the study.  

Some of the methodological issues cited included the use of inadequate dependent 

measures, uncontrolled examiner expectancy, unchecked fidelity of treatment, and the use of 

inappropriate statistical units of analysis. The concept of formative assessment has also been 

faulted by some researchers. There have been claims that formative assessment practice is 

limited in terms of its scope and its utilization and hence reduced to classroom tests used for 

monitoring students‘ progress (Swaffield, 2011; Torrance, 2012). Lack of consistency in the 

definition and application of formative assessment practices was also pointed out by Dann 

(2014). According to Bennett (2011), defining formative assessment as an instrument or a 

process is an oversimplification. Despite the issues surrounding the concept and efficacy of 

formative assessment, a significant number of studies have reported the benefits of formative 

assessment (e.g., Anderson & Palm, 2017; Ozan & Kincal, 2018).  

The meta-analysis and reviews on the impact of formative assessment have mainly 

focused on achievement outcomes. There are other effects of formative assessment that are rarely 

exploited. Cauley and McMillan (2010) described formative assessment as one of the most 

powerful ways to enhance student motivation and achievement. By way of formative assessment, 

students can focus on progress through ongoing assessment, get meaningful feedback, and see 

concretely how they can improve. Moss et al. (2011) used the metaphor of a windmill to 

visualize the formative assessment process and its effects. They related the way a windmill 

intentionally harnesses the power of moving air to generate energy to the way the formative 

assessment process helps students intentionally to harness the workings of their minds to 

generate motivation to learn. Formative assessment should, therefore, be seen as 

multidimensional and a focus on only one aspect can give misleading results. 

The current review focuses on how the five strategies of formative assessment (Black & 

Wiliam, 2009) have been applied in the studies and their effects on students‘ learning outcomes. 

No study has systematically reviewed the use of these five formative assessment strategies in the 

literature. The current review is done systematically so that every aspect of formative assessment 

is given due attention. Unlike the previous reviews which have looked at formative assessment 

holistically, this review seeks to find out how each formative assessment strategy has been 
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conceptualized and used in research. The main aim of the review is to find out the aspects of 

formative assessment that have been under-researched and form a basis for future research. 

Specifically, this review was guided by the following research questions: 

1. How frequently have the formative assessment strategies been studied? 

2. What is the effect of formative assessment strategies on students‘ motivation, 

engagement, and achievement? 

2.7.2. Review Method 

Procedure  

The approach taken in this review was a stepwise process that entailed formulating 

research questions, defining search terms, selecting databases, conducting the literature search, 

formulating inclusion criteria, and applying all these to selected relevant literature, and the 

extraction of data (Popay et al., 2006). 

Databases and Search Terms 

The current thematic review synthesized the studies on the ―Role of formative assessment 

in improving students‘ motivation, engagement, and achievement in secondary schools‖. The 

studies in the context of high schools and middle schools were considered secondary schools. 

The students‘ age range was generally from 12 to 18 years. Three databases: ERIC, EBSCO, and 

ELSEVIER were used to identify the studies. Some more papers were hand-searched using the 

Google Scholar search engine. Search terms that were used included ―formative assessment or 

assessment for learning or formative feedback‖ AND (―motivation‖ OR ―engagement‖ OR 

―secondary schools‖ OR ―high school‖ OR middle school). 

Criteria for Study Inclusion  

The following criteria were used to determine whether the study would be included in 

this review: (1) the study had to be described as formative assessment or assessment for learning 

(AfL); (2) the study had to include empirical data and contain at least one of the five strategies of 

formative assessment; (3) participants belonged to secondary education set up; (4) the study must 

have been published between 2015 and 2019; (5) the study had to show the effect of formative 

assessment; (6) the study must have undergone a peer review and published in international 
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journals; and (7) the study must have been published in English. Unpublished work such as 

master thesis and conference papers were excluded from this study. 

Data Extraction, Analysis, and Coding 

The initial search identified 832 records which were further narrowed down after going 

through a quality check. Some of the considerations for the quality check were: The clarity of the 

research objective; clear research approach; clarity of the context of research; well-described 

methods and justifications; clear analysis procedure; clarity in the presentation of the results; and 

the relevance of the study. After assessing for eligibility, the final synthesis included 38 studies. 

The studies were analyzed thematically based on the strategies of formative assessment. Key 

features from the articles were appropriately coded and used in the analysis. These key features 

included (1) authors and year of publication (2) study description (3) sample characteristics (4) 

research design and instruments used and (5) main findings.  

2.7.3. Findings and Discussion 

The initial search of the databases identified 832 records and 13 more records were 

identified through the Google Scholar search engine. After removing duplicates, 544 studies 

were obtained. The second screening based on the level of the study left 105 studies. Further 

screening based on the quality check excluded 59 studies from the records leaving 46 articles for 

eligibility assessment. Further examination of the full document led to the elimination of eight 

articles that failed to fully focus on secondary education but included primary (elementary) and 

university levels. Finally, 38 articles were deemed suitable for the final analysis. Out of the 38 

articles, two (5.3%) focused on learning intentions and/or success criteria; seven (18.4%) articles 

focused on feedback; eight (22.2%) articles focused on peer and self-assessment, while 21 

(56.3%) articles focused on formative assessment as a whole. In total, the literature review 

resulted in 38 articles that were analyzed, and the results are presented in Tables 2 to 6.  

Learning Intentions (LI) and Success Criteria (SC) 

Two studies focusing on learning intentions and/or success criteria were obtained from 

the search process (Table 2). A study by Crichton and McDaid (2016) investigated teachers' and 

students' perceptions regarding the use of learning intentions and success criteria strategies 

within lessons. Crichton and McDaid's study revealed that both teachers and students recognized 
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the importance of LI and SC, especially during revision. Students however felt that these 

strategies were rarely discussed in the classrooms and teachers also expressed concerns about the 

implementation challenges. Teachers, therefore, felt the need for training on how to implement 

learning intentions and success criteria in their lessons.  

The second study by Krijgsman et al. (2019) focused on the importance of goal 

clarification and its relation to feedback. Goal clarification involves making explicit the learning 

intentions through a feedback mechanism. The study revealed that goal clarification is an 

important element of feedback and needs satisfaction. The two studies seem to suggest that the 

formative assessment strategy of sharing learning intentions and success criteria are rarely 

implemented in schools despite the suggested benefits. 

 

Table 2 

Studies on Learning Intentions (LI) and Success Criteria (SC)  

 Author Study description Sample 

characteristics 

Design and 

instruments 

Main findings 

1 Crichton and 

McDaid 

(2016) 

Teachers and 

students 

perceptions  

20 teachers and 

20 students, 

Scotland 

Qualitative LI and SC strategies 

are rarely 

implemented 

2 Krijgsman et 

al. (2019) 

Teachers‘ lesson 

variability  

570 students, 

Netherlands 

Quantitative 

 

Goal clarification 

affects process 

feedback  

 

Appropriate Feedback  

A total number of seven studies on feedback were reviewed (Table 3). All these studies 

were quantitative with two of them using a quasi-experimental approach (Cutumisu & Schwartz 

2018; Pinger et al., 2018a); two studies used a mixed design (Kyaruzi et al., 2018; 2019) while 

three used only a survey approach (Jónsson et al. 2018; Van der Kleij 2019; Vattøy & Smith 

2019).  

Whereas feedback has been seen as having the most powerful influence on achievement 

(Hattie, 2008), only two intervention studies examined the impact of feedback on students‘ 

achievement. Pinger et al.‘s (2018a) study on the effectiveness of feedback showed positive 

effects on mathematics achievement and students‘ interest. The intervention study by Cutumisu 

and Schwartz (2018) also revealed improved performance in students who engaged with critical 
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feedback. Kyaruzi et al. (2019) focused on the impact of students‘ perceptions of their 

mathematics teachers and the study revealed that feedback use predicted students‘ performance 

to a small extent. Jónsson et al.‘s (2018) and Van der Kleij‘s (2019) studies focused on the 

comparison between teachers‘ and students‘ perceptions regarding feedback. Both studies 

revealed differing perceptions between teachers and students with teachers having high 

perceptions as compared to students‘. Kyaruzi et al.‘s (2018) study indicated that teachers‘ 

perceptions of formative assessment positively predicted the quality of feedback while Vattøy 

and Smith (2019) observed that students perceive their teachers‘ feedback to be more useful 

when they are aware of learning goals.  

Analysis of studies on feedback in this review has shown that effective feedback can 

improve students‘ motivation and achievement. It is however worth noting that most studies 

focused on perceptions of teachers and students. Only two studies, one in the USA (Cutumisu & 

Schwartz, 2018) and another one in Europe (Pinger et al., 2018a) used an experimental approach 

to investigate the effect of feedback on learning outcomes. A similar observation was realized in 

the meta-analysis by Van der Kleij et al. (2015). According to Van der Kleij et al., only six 

experimental studies done between 1968 and 2012 in secondary education settings met the 

criteria for inclusion in the analysis.  
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Table 3 

Studies on Appropriate Feedback 

 Author Study description Sample Design Main findings 

1 Jónsson et al. 

(2018) 

Perception of 

teachers and 

students  

56 teachers & 

234 students, 

Iceland 

Quantitative Teachers had higher 

perceptions than 

students 

2 Kyaruzi et al. 

(2018).  

Effect of 

teachers‘ 

perceptions  

54 mathematics 

teachers, 

Tanzania  

Mixed 

method  

Teachers‘ perceptions 

predicted feedback 

quality  

3 Van der Kleij 

(2019). 

Teacher and 

student 

perceptions  

59 teachers & 

186 students, 

Australia 

Quantitative  

 

More positive 

perceptions by teachers 

than students 

4 Vattøy and 

Smith (2019) 

Students' 

perceptions of 

teachers' 

feedback  

1137 students 

(13–16 years),  

Norway 

Quantitative  

 

Students perceived 

teachers' feedback as 

more useful. 

5 Cutumisu 

and Schwartz 

(2018) 

Impact of critical 

feedback choice  

106 grade 8 

students, 

California 

Quasi-

experimental 

Improved performance 

in students  

6 Pinger et al. 

(2018a) 

The effectiveness 

of feedback  

17 teachers & 

426 students, 

Germany 

Quasi-

experimental 

Positive effects on 

maths achievement and 

interest  

7 Kyaruzi et al. 

(2019) 

Impact of 

students‘ 

perceptions  

2767 form three 

students,  

Tanzania 

Mixed-

method  

Feedback predicted 

mathematics 

performance  

 

Peer Assessment (PA) and Self-Assessment (SA)  

A total number of seven studies focused on peer assessment whereas only one focused on 

self-assessment (Table 4). Two studies were surveys on students‘ perceptions of peer assessment 

(Rotsaert et al., 2017) and teachers‘ perceptions of peer assessment (Rotsaert, Panadero, & 

Schellens, 2018). One study used a qualitative approach to study the implementation of peer 

assessment (Musfirah, 2019). The remaining five studies were experimental and sought to find 

out the effect of peer assessment and self-assessment in different learning conditions. For 

instance, Nikou and Economides (2016) looked at the impact of self-assessment on student 

motivation and achievement. Rotsaert, Panadero, Schellens, and Raes (2018) examined the 

effects of peer assessment practice on peer feedback quality; Tsivitanidou et al. (2018) studied 

reciprocal peer assessment as a learning tool; Vanderhoven et al. (2015) investigated the effect of 

anonymity in peer assessment whereas Hsia et al. (2016) examined the effects of web‐based PA 



34 
 

approach. All the interventions in these experimental studies were reported to have positive 

effects on students‘ learning outcomes. 

Peer assessment involves students giving feedback to peers‘ work which can either be 

verbal or in written form. According to Boud and Falchikov (2007), peer assessment involves 

feedback on a product or a performance, based on the criteria of excellence for that product.  

Self-assessment on the other hand is defined as a formative assessment process that enables 

students to reflect, evaluate and judge the quality of their work and their learning (Andrade & 

Du, 2007; Grantz & Gruber, 2014). Only one study (Nikou & Economides, 2016) in this review 

directly addressed the self-assessment strategy. The majority of the studies focused specifically 

on peer assessment. Most studies on self-assessment were excluded because they focused less on 

formative assessment instead most of them were geared towards self-regulated learning 

(Panadero & Alonso-Tapia, 2013). 

The current trend on the studies on peer assessment in secondary schools is quite 

encouraging since most studies are increasingly focusing on intervention programs as opposed to 

surveys. Previously, studies were focused more on universities. For instance, in Van Gennip et 

al.‘s (2010) literature review, only one study out of 15 studies focused on secondary education. 

The current study reviewed seven studies on peer-assessment out of which more than half were 

experimental. Although the survey studies revealed differing perceptions of teachers and students 

regarding peer assessment, the experimental studies showed that peer assessment can improve 

students‘ learning motivation and achievement. The majority of these studies (75.0%) were 

however carried out in Europe and only 25.0% in Asia. Evidently, from this analysis, peer 

assessment works best in online environments, and when students do it anonymously. These 

findings are supported by previous studies such as Tenório et al. (2016) and Fu et al. (2019). 
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Table 4 

Studies on Peer Assessment (PA) and Self-Assessment (SA) 

 Author Description Sample Design Main  findings 

1 Rotsaert et 

al. (2017) 

Students‘ 

perceptions of 

PA 

3680 students, 

Belgium 

Quantitative Perceptions predicted by 

trust  

2 Nikou & 

Economides 

(2016) 

SA on student 

motivation and 

achievement 

66 students, 

Europe 

Quasi-

experimental 

 

Increased learning 

achievement and 

motivation. 

3 Musfirah 

(2019) 

PA in teaching 

speaking skill  

1 high school, 

Indonesia 

Qualitative The use of PA motivates 

students  

4 Rotsaert, 

Panadero, & 

Schellens, 

(2018)  

Use of PA 

among teachers  

225 teachers, 

Belgium 

Quantitative Accuracy of PA predicts 

belief in educational 

value  

5 Rotsaert, 

Panadero, 

Schellens, & 

Raes (2018) 

Effects of PA 

practice  

36 students, 

Belgium 

Quasi-

experimental 

Peer feedback improves  

the quality of peer 

feedback 

6 Tsivitanidou 

et al (2018) 

Reciprocal PA 

as a learning 

tool in  

22 students, 

Switzerland 

Quasi-

experimental 

Reciprocal PA facilitates 

students‘ learning in 

science 

7 Vanderhovn 

et al. (2015) 

Effect of 

anonymity in 

PA 

2 teachers & 69 

students, 

Belgium 

Quasi-

experimental 

Pupils felt more positive 

towards anonymity in PA 

8 Hsia et al. 

(2016)  

Effects of web‐

based PA  

163 junior high 

students, Taiwan 

Quasi-

experimental 

Improved learning 

performance and 

motivation 

 

All the Five Strategies Combined 

After analyzing studies with specific strategies as discussed above, studies that involved a 

combination of formative assessment strategies or at least examined the effect of formative 

assessment, in general, were analyzed together as shown in Table 5. In total, 21 studies focused 

on a combination of strategies out of which five investigated either teachers‘ perceptions, 

students‘ perceptions, or both (Burner, 2016; Dobish & Meyer, 2017; Saito & Inoi, 2017; Ozan 

& Kincal, 2018;  Kippers et al., 2018; Rakoczyet al., 2019; Johnson et al., 2019). Five studies 

were experimental. Two quasi-experimental studies (Vogelzan & Admiraal, 2017; Pinger et al., 

2018b) investigated the effect of formative assessment on chemistry achievement and 

instructional quality respectively.  
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Two longitudinal experimental studies (Wylie & Lyon, 2015; Furtak et al., 2016) 

determined the quality of formative assessment implementation after teachers‘ professional 

development. Rakoczy et al. (2019) however used a cluster randomized field trial with pre-tests 

and post-tests. One study (Yin & Buck, 2019) used collaborative action research to negotiate the 

understanding of formative assessment among teachers. Two qualitative studies (Van der Nest et 

al., 2018; Beesley et al., 2018) focused on teachers‘ professional development while three studies 

(Brink & Bartz, 2017; Cisterna & Gotwals, 2018; Lyon et al., 2019) focused on the 

implementation of formative assessment. Other non-experimental but quantitative studies also 

focused on the implementation and use of formative assessment (Bulunuz et al., 2016; Saito & 

Inoi, 2017; Choi et al., 2018; Xiao & Yang, 2019).  

Table 5 

Studies on a Combination of Formative Assessment (FA) Aspects 

 Study Description Sample Design Main findings 

1 Dobish and 

Meyer (2017) 

Teachers‘ 

perceptions  

305 teachers, 

USA 

Mixed method Improved teachers‘ practice 

and students‘ learning  

2 Bulunuz et al. 

(2016) 

Use of FA 

probes  

61 students, 

Turkey 

Quantitative  Improved students' 

performance.  

3 Choi et al. 

(2018) 

Automatic 

Item 

Generation 

(AIG) 

57 students & 

their teachers, 

Korea 

Mixed-method AIG can be utilized for 

students and teachers 

4 Burner 

(2016) 

FA in English 

as a foreign 

language  

4 teachers and 

100 students, 

Norway 

Quantitative Differing teachers‘ and 

students‘ perceptions  

5 Pinger et al. 

(2018b) 

Effects of FA 

on instruction 

35 teachers & 

859 students, 

Germany 

Quasi-

experimental 

Improves achievement and 

saves instructional time. 

6 Ozan and  

Kincal (2018) 

Effects of FA 

on 

achievement 

45 students, 

Turkey 

Mixed method Increased achievement and 

better attitudes  

7 Vogelzan and 

Admiraal 

(2017) 

Effects of FA 

on 

achievement  

69 students, the 

Netherlands 

Quasi-

experimental 

Positive effect  on students‘ 

achievement  

8 Kippers et al. 

(2018) 

Teachers' view 

on assessment 

for learning  

479 teachers, the 

Netherlands 

Mixed method Lack of AfL integration into 

teacher practice 

9 Furtak et al. 

(2016) 

Teachers‘ FA  

abilities  

9 teachers, USA Longitudinal 

Experimental  

Increase in teachers abilities  

to use FA strategies 

10 Cisterna and 

Gotwals 

(2018). 

Teachers 

enactment of 

FA  

4 in-service 

science teachers, 

USA 

Qualitative  Teachers struggled with 

integrating FA practices  
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 Study Description Sample Design Main findings 

11 Yin and Buck 

(2019) 

Collaborative 

action research   

2 chemistry 

teachers, USA 

Experimental Teachers need support to 

use action research in FA 

12 Lyon et al. 

(2019) 

An integrated 

approach to 

FA  

Six teachers, 

USA 

Qualitative  Implementation depends on 

the interaction  of  FA 

practices  

13 Wylie and 

Lyon (2015) 

Breadth and 

quality of FA  

202 teachers, 

USA 

Experimental-

longitudinal 

Significant improvements in 

some aspects of FA 

14 Xiao (2017) Formative tests  3 classes, China  Qualitative tests used to a certain degree  

15 Xiao and 

Yang (2019) 

FA  and 

students‘ self-

regulation  

2 teachers, 

China 

Qualitative FA activities enhance 

students‘ self-regulation  

16 Saito and Inoi 

(2017) 

English 

Language 

teachers and 

FA  

727 teachers, 

Japan 

Quantitative Varying degrees of FA use 

among teachers 

17 Brink and 

Bartz (2017)  

Teachers‘ use 

and 

perceptions of 

FA 

3 teachers, USA Mixed method Positive impact on the use 

and perceptions of FA 

18 Van der Nest 

et al. (2018) 

Impact of FA 

activities on  

Grade 9 maths 

teachers, S. 

Africa  

Qualitative 

research  

Need for multiple 

dimensions to understand 

maths concepts  

19 Beesley et al. 

(2018) 

FA 

professional 

development  

7 schools, 47 

teachers, USA 

Qualitative Improved teachers' practice 

of FA. 

20 Rakoczy et 

al. (2019) 

FA, interest, 

and 

achievement  

26 teachers and 

18 schools, 

Germany 

Experimental The indirect effect on 

interest  

21 Johnson et al. 

(2019)  

FA in public 

school districts  

1,097 teachers 

from the USA 

Mixed method Less use of FA  strategies 

like LI, SC, and Feedback  

 

Although this review of literature aimed to find out how specific strategies of formative 

assessment were applied in research, 21 studies focused on formative assessment as a whole. The 

analysis of these studies has revealed that the impact of formative assessment is more 

pronounced when the implementation is done within the context of teachers‘ professional 

development (e.g., Wylie & Lyon, 2015; Brink & Bartz, 2017; Dobish & Meyer, 2017; Beesley 

et al., 2018). Generally, formative assessment is seen to have a positive effect on learning 

outcomes when well implemented. One outstanding fact is that most studies were focused on 

teachers‘ and students‘ attitudes. The sample sizes in the experimental studies were however 

small thus limiting the generalization of the results. A summary of all the studies based on 

different strategies is presented in Table 6. 

 

https://www.sciencedirect.com/topics/social-sciences/self-regulation
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Table 6 

Summary of the Studies on the Five Aspects of Formative Assessment 

Aspect  n  % Design  Purpose  Results  

Learning Intention 

(LI) and  

Success Criteria 

(SC) 

2 5.4 Qualitative and 

quantitative 

Teachers‘ and 

students‘ 

perceptions  

Difficulties in 

implementing the 

strategies by teachers 

Appropriate 

Feedback  

7 18.9 Qualitative, 

quantitative, 

experimental  

Effect of 

feedback use 

Increase in motivation and 

achievement 

Peer Assessment 

(PA) and Self-

Assessment (SA) 

8 18.9 Qualitative, 

quantitative, 

experimental 

Teachers‘ and 

students‘ 

perceptions 

Increased motivation; 

differing perceptions of 

teachers and students 

All the five 

strategies combined  

21 56.8 Qualitative, 

quantitative, 

experimental 

Teachers‘ and 

students‘ 

perceptions 

Enhances motivation, 

engagement, and 

achievement 

 

2.8. Summary of the Literature Review 

This chapter reviewed the literature on formative assessment and its impact on learning 

outcomes. The concept of formative assessment was reviewed starting with Black and Wiliam's 

(1998) definition. The common aspect in the various versions of the definition was the fact that 

formative assessment is a process of learning as opposed to summative assessment which acts as 

a measurement instrument. Various models were also reviewed and the striking similarity in all 

the models is the emphasis placed on the role of the teacher, learner, peer, and feedback in the 

learning process. The three agents of formative assessment (teacher, peer, and learner) were also 

explained briefly by looking at how they relate to formative assessment. The link between 

formative assessment and metacognition was briefly reviewed although empirical studies on the 

impact of formative assessment on metacognition were limited.    

The main focus of the literature review was on peer-reviewed empirical studies that have 

been done within a period of five years (2015- 2019). The review was limited to international 

peer-reviewed studies done in English and within secondary schools‘ education settings. The 

term secondary school was used to generally include studies done in middle schools and high 

schools. The aim of carrying out this review was to find out the extent to which formative 

assessment strategies have been addressed in the studies and their influence on teaching and 
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learning outcomes. The review was carried out systematically and analysis was done 

thematically based on the strategies of formative assessment described by Black and Wiliam 

(2009). An overview of the results revealed that most of the studies were done in Europe (17 

studies), followed by the USA (11 studies), Asia (6 studies), Africa (3 studies), and Australia (1 

study).   

The synthesis revealed that feedback and peer assessment strategies have significantly 

been studied in the past five years, the majority of studies having been done in 2018 and 2019. 

Only two studies addressed learning intention and success criteria making it a potential strategy 

for future inquiry. Although there is evidence from the past studies that self-assessment can 

improve students‘ performance (Brown & Harris 2013), only one study in this review met the 

criteria for inclusion. The focus of most studies on self-assessment has been its relationship with 

students‘ self-regulation (Panadero et al., 2017).  

There is a need for more clarity in the concept of self-assessment especially in the context 

of formative assessment. Seemingly, most studies have used the term self-assessment in the 

studies without a solid theoretical framework. These sentiments are also echoed in the study by 

Panadero et al., (2016) who argued that there are different conceptions of student self-assessment 

components yet they have been treated uniformly in the field of education. Self-assessment in 

this current study was conceptualized as an instructional strategy in which students engage with 

their work (Panadero & Alonso-Tapia, 2013) and how the strategy impacts students‘ 

achievement, engagement, and motivation.  

There was no specific study focusing on the use of classroom discussion and questions 

which are also the main strategies of formative assessment. Although all studies were 

quantitative, most used questionnaires to get the teachers‘ and students‘ perceptions of formative 

assessment. There is a need for more focus on experimental research so that more realistic 

conclusions on the role of formative assessment can be obtained. In the current review, only 11 

studies out of 38 were experimental. The results of these experimental studies pointed out a 

varying degree in the use of formative assessment strategies by teachers after undergoing 

professional development and a positive educational outcome for students in the treatment 

groups.  

There is a need for more research to focus on intervention studies. The studies have 

suggested that the key elements of formative assessment can increase students‘ learning 

https://www.sciencedirect.com/science/article/pii/S1747938X17300313?via%3Dihub#bib16
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outcomes if well implemented. An important observation in this review is an increase in the use 

of mixed methods unlike before where the studies on formative assessment were characterized as 

flawed due to methodological issues (Dunn & Mulvenon, 2009; Kingston &Nash. 2011).  

2.9. Conclusion and Practical Implications 

The success stories of formative assessment dating back to the work of Black and 

William (1998) have mostly been documented in western countries. There is no documented 

evidence of the implementation of formative assessment in Kenya despite its empirically proven 

positive outcomes. One of the concerns in sub-Saharan Africa and Kenya, in particular, is on 

lack of quality education which is evidenced through poor employability skills in the job markets 

(Ally, 2014). Research has shown that learning in this 21
st
 century has become more complex 

and needs a more proactive way of assessing the competencies (Boud & Falchichar, 2007). The 

ineffectiveness of traditional assessment practices to equip students for lifelong learning is 

supported by OECD (2014). The overarching need in the 21
st
 century is equipping students with 

learning how to learn and this can effectively be done by embracing classroom assessment 

practices that enhance learning transferability.  

The foregoing literature points out the need to conduct research using more efficient 

methodologies and design for more conclusive results on the impact of formative assessment on 

teaching and learning. The findings of this review have shown that formative assessment can 

improve learning outcomes especially when teachers undergo professional development. This 

implies that schools should embrace in-service training of teachers on how to effectively 

implement formative assessment. Secondly, teachers should be encouraged to use formative 

assessment strategies for better learning outcomes for their students. 
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Chapter 3: Research Aims and Methodology of the Empirical Studies 

3.1. Introduction  

This chapter discusses the overall aims of the empirical studies and the methods used in 

the studies. In line with the research aims, research questions and hypotheses are also outlined. 

While this chapter only gives a brief overview of the empirical studies, a detailed discussion of 

each empirical study is presented in chapter four. The five studies forming the empirical part of 

this dissertation are published journal articles.  

3.2. Research Aims and Structure of Empirical Studies 

Kenya is among the countries that have adopted the implementation framework for 21
st
-

century competencies through Competency-Based Curriculum (CBC). So far CBC has been 

implemented in the lower primary schools from grades one to four. Plans are still underway to 

implement the curriculum in upper primary and secondary schools. The competencies are 

expected to be realized through learner-centered teaching approaches which can enhance 

learning and learning outcomes. For this to be realized, teachers need to change their teaching 

approaches from conventional ways to student-centered approaches.  

Currently, secondary schools in Kenya are still dominated by teacher-centered teaching 

approaches with a summative evaluation of students. The CBC encourages Competence-Based 

Assessment (CBA) as opposed to summative assessment. The Kenyan curriculum framework 

defines CBA as being able to determine the potential of applying a set of related knowledge, 

skills, and abilities to successfully perform a task in a particular setting (KICD, 2017, p. 114). 

Studies have shown that formative assessment when used as an instructional approach can lead 

to many benefits which include making learning visible (Black & Wiliam, 2009; Demetriou et 

al., 2011. Formative assessment can therefore be used in the instructional process to enable 

learners to acquire competencies (Pepper, 2011; Voogt & Roblin, 2012).  

In this series of studies, formative assessment has been conceptualized as a teaching 

approach with the overall aim of assessing its effectiveness in the teaching and learning process 

in Kenyan secondary schools. This dissertation thus comprises five related empirical studies. The 

first study was a pilot study that examined the suitability of the adapted questionnaire for 

measuring mathematics teachers‘ perceptions of formative assessment. The study aimed to find 
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out if the Teacher Assessment for Learning Questionnaire (TAFL-Q) which was developed in 

the Netherlands by Pat-El et al. (2013) could be applicable in the Kenyan context. 

The second study used the validated TAFL-Q to examine the teachers‘ perceptions and 

how these perceptions are related to the teachers‘ metacognitive awareness. A review of the 

literature revealed that teachers can model students‘ metacognitive skills (Martinez, 2006; 

Tanner, 2012). Metacognition is regarded as a very important skill for enhancing 21
st
-century 

skills and competencies (Lai & Viering, 2012). In line with the context of the CBC in Kenya, 

teachers‘ metacognition is important in developing learners‘ competencies. The motivation for 

the second study was thus to find out if Kenyan mathematics teachers‘ perceptions of formative 

assessment were in any way related to their perceived metacognition. 

  The third study was informed by the results of the second study which showed that 

formative assessment predicted mathematics teachers‘ levels of metacognitive awareness. The 

aim was therefore to assess how mathematics teachers‘ perceived their levels of metacognition 

and their conception of the different facets of metacognition.  

Study four involved the development of a test to measure proportional reasoning skills in 

mathematics. The test was later used in study five which was an intervention that entailed using 

formative assessment as an instructional approach to improve students‘ achievement in 

mathematics and metacognition. The proportional reasoning test and a metacognitive awareness 

scale were used to measure the impact of the intervention.  

In summary, the studies forming part of this dissertation were carried out in the context of 

the Kenyan new competence-based curriculum. The overall aim of these studies is to equip 

teachers and curriculum developers with alternative teaching and learning approaches that can 

promote the key competencies in mathematics. Table 7 gives a summary of the empirical studies 

and the timelines. 

 

 

 

 

 

 

https://www.lifescied.org/doi/full/10.1187/cbe.12-03-0033
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Table 7  

Timeline and Empirical Studies 

Timeline Research activities Instruments Samples 

June to July 

2019 

Piloting the adapted research 

instruments in secondary 

schools   

Teacher Assessment For 

Learning questionnaire-

TAFL-Q (Pat-El et al., 

2013). 

 

Metacognitive Regulation 

Inventory for Teachers-

MAIT (Balcikanli, 2011) 

Mathematics 

teachers; 

N=180 

 

 

Mathematics 

teachers; 

N=180 

July to August 

2019 

Collecting data using the 

validated instruments. 

Examining the relationship 

between formative assessment 

and mathematics teachers‘ 

metacognitive regulation. 

TAFL-Q (Pat-El et al., 

2013). 

 

 

MAIT (Balcikanli, 2011) 

Mathematics 

teachers; 

N=213 

August 2019 Interviewing teachers on 

metacognition 

Interview Schedule 

(Researcher developed) 

Mathematics 

teachers; N=10 

January to 

March 2020 

Constructing a proportional 

reasoning test (PRT). Piloting 

the test and assessing the 

psychometric properties 

Proportional Reasoning 

Test (PRT).  

Grade 11 

students; 

N=45 

December 

2020 to 

February 2021 

Conducting a teacher training on 

formative assessment and an 

intervention study on formative 

assessment 

PRT (Wafubwa et al., 

2020). 

Junior Metacognitive 

Awareness Inventory-Jr. 

MAI (Sperling et al., 

2002) 

Grade 11 

students; 

N=164 

Mathematics 

teachers; N=4 

 

3.3. Research Questions and Hypotheses 

This section presents the research questions and the hypotheses answered in the five 

studies that form the empirical part of this dissertation. 

3.3.1. Study 1 

Study one involved the validation of the adapted teacher assessment for learning 

questionnaire in the Kenyan context. The following two main research questions and the 

corresponding hypotheses were answered. 

RQ1: What is the evidence of validity for the two-factor model of the Teacher Assessment For 

Learning questionnaire (TAFL-Q) in the Kenyan context? 
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H1: It is expected that the two-factor model of TAFL-Q will result in acceptable fit indices:  

normed chi-square (CMIN/DF) of between 1.0 and 3.0, the root-mean-square error of 

approximation (RMSEA) of ≤.080, standardized root mean square residual (SRMR) of ≤.080 

Tucker-Lewis index (TLI) of ≥.900, and the comparative fit index (CFI) of ≥.900  (Ho, 2006; 

Hooper et al., 2008; Teo, 2013). 

RQ2: What are the mathematics teachers‘ overall perceptions of formative assessment?  

H2: As measured on a 5-point Likert scale (Strongly Disagree=0; Disagree=1; Undicided=2; 

Agree=3; Strongly Agree=4), it is expected that teachers' ratings correspond with ―Agree‖ 

implying a high perception of formative assessment. 

3.3.2. Study 2 

In study two, the relationship between teachers‘ formative assessment and their 

metacognitive awareness was examined. The validated TAFL-Q and a metacognitive awareness 

inventory for teachers (MAIT) scale were used to assess the relationship. Four questions and 

corresponding hypotheses were answered in this study. 

RQ1: What is the evidence of validity and reliability for the six-factor model of the TAFL-Q? 

H3: It is expected that the scales of the six-factor model of the TAFL-Q will have Cronbach‘s 

alphas (α) of ≥ .60 and the fit indices of the measurement model will be within the acceptable 

range (CMIN/DF of between 1.0 and 3.0; RMSEA of ≤.080; SRMR of ≤.080; TLI of ≥.900; and 

CFI of ≥.900 (Ho, 2006; Hooper et al., 2008; Teo, 2013). 

RQ2: What is the evidence of validity and reliability of the MAIT scale?  

H4: It is expected that the scales of the MAIT will have Cronbach‘s alphas (α)  of ≥ .60 and the 

fit indices of the model measurement will be within the acceptable range:  CMIN/DF of between 

1.0 and 3.0; RMSEA of ≤.080; SRMR of ≤.080; TLI of ≥.900; and CFI of ≥.900  (Ho, 2006; 

Hooper et al., 2008; Teo, 2013). 

RQ3:  How does the hypothesized structural relationship among the predictor and the observed 

variables fit the data?  

H5: It is expected that the hypothesized structural TAFL-Q and MAIT model will have 

acceptable fit indices: CMIN/DF of between 1.0 and 3.0; RMSEA of ≤.080; SRMR of ≤.080; 

TLI of ≥.900; and CFI of ≥.900 (Ho, 2006; Hooper et al., 2008; Teo, 2013). 
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RQ4: How are the teachers‘ perceptions of formative assessment and their metacognitive skills 

related? 

H6: It is hypothesized that there will be a positive relationship between the teachers‘ perceptions 

of formative assessment and their metacognitive skills. 

3.3.3. Study 3 

Study three investigated the in-service mathematics teachers‘ conception and perceptions 

of metacognition by answering three main questions and three hypotheses. 

RQ1: To what extent do secondary school mathematics teachers in Kenya perceive their use of 

metacognitive knowledge and skills in teaching mathematics? 

H7: Based on a 5-point Likert scale used to rate the items (Not at All=0; Rarely=1; 

Sometimes=2; Often=3; Always=4), it is expected that the mathematics teachers‘ perceptions 

would correspond to ―Often‖ implying a high perception of their use of metacognitive 

knowledge and skills.  

RQ2: What is the effect of gender, teaching experience, and level of education on the 

metacognitive awareness of secondary school mathematics teachers in Kenya?  

H8: It is expected that the three background factors of gender, teaching experience, and level of 

education will have non-significant effects on mathematics teachers‘ metacognitive awareness. 

RQ3: What conception of metacognition do Kenyan secondary school mathematics teachers 

report? 

H9: It is expected that mathematics teachers will conceptualize metacognition in terms of 

knowledge about cognition and regulation of cognition.  

3.3.4. Study 4 

In study four, a proportional reasoning test to measure students‘ proportional reasoning 

skills on rates, ratios, and proportions was constructed and validated. In this study, two questions 

and two hypotheses were answered. 

RQ1: What is the evidence of content-related validity of the constructed proportional reasoning 

test (PRT)? 

H10: Based on the judgment by the subject matter experts, it is expected that the PRT will have 

content-related validity. 

RQ2: What is the evidence of reliability and discriminant validity of the PRT? 
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H11: It is expected that the PRT will have Cronbach‘s alphas (α) of ≥ .60, Difficulty Index (DI) 

range between 0.3 and 0.6; and Item Discrimination (ID) range between .20 and .50. This will 

imply a reliable and valid test (Ebel, 1979; Hopkins, 1998), and hence suitable for assessing 

students‘ proportional reasoning skills in mathematics.  

3.3.5. Study 5 

Study five assessed the impact of formative assessment as an instructional approach on 

students‘ mathematics achievement and their metacognitive awareness. The study addressed four 

main research questions and six hypotheses. 

RQ1: How does the teaching approach influence students‘ performance on mathematics posttest 

between the intervention and control groups? 

H12: It is expected that students exposed to formative assessment in the intervention group will 

have a higher mean score in the mathematics posttest as compared to the students in the control 

group. Studies show that formative assessment improves students‘ performance (Vogelzan & 

Admiraal, 2017; Andersson & Palm, 2017; Ozan & Kıncal, 2018).  

RQ2: How does gender influence students‘ performance on mathematics posttest? What is the 

interaction effect between gender and the type of teaching approach, and mathematics posttest? 

H13: Gender is expected to have a non-significant effect on students‘ posttest (Lindberg et al., 

2010; Louis, & Mistele, 2012). 

H14: It is expected that there will be a non-significant interaction effect between gender and the 

teaching approach, and mathematics posttest. 

RQ3: How does the teaching approach affect the students‘ ratings on their levels of 

metacognitive awareness between the intervention and the control groups after the treatment?  

H15: A significant difference in the students‘ ratings on their levels of metacognition in favor of 

the intervention group after the treatment is expected. Students in the intervention condition are 

exposed to monitoring, planning, and evaluation activities that promote metacognitive awareness 

(Kostons et al., 2012; Tanner, 2012). 

RQ4: How does gender influence students‘ metacognitive awareness after the treatment? What is 

the interaction effect between gender and the type of teaching approach, and metacognitive 

awareness posttest? 
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H16: Gender is expected to have a non-significant influence on students‘ metacognition posttest. 

Studies have shown that metacognition is gender independent (Al Shabibi, & Alkharusi, 2018; 

Siswati & Corebima, 2017). 

H17: It is expected that there will be a non-significant interaction effect between gender and the 

teaching approach, and metacognition posttest. 

3.4. Research Methodology 

3.4.1. Research design 

Since this dissertation comprises five empirical studies, different research designs were 

employed depending on the research questions. First, a descriptive survey design was used in the 

first study to validate the adapted teacher for learning assessment questionnaire in the Kenyan 

context. The second study utilized a correlational approach to examine the relationship between 

formative assessment and mathematics teachers‘ metacognitive regulation. The third study 

employed a descriptive cross-sectional survey design that utilized both questionnaires and 

personal interviews. The third study aimed to find out how mathematics teachers perceive and 

understand the concept of metacognition. 

The fourth study involved the construction and validation of an instrument for measuring 

proportional reasoning skills in mathematics. The study, therefore, employed a descriptive 

research design to show the psychometric properties of the test items. Study five applied a quasi-

experimental pretest-posttest non-equivalent group design to assess the impact of the formative 

assessment intervention on learners‘ achievement in mathematics and their levels of 

metacognition. This design involved a between-subject independent variable with two levels and 

a within-subject independent variable with two levels. This design is considered a strong quasi-

experimental approach since the researcher has control over the independent variable (Gliner et 

al., 2016).  

3.4.2. Samples  

The main research was carried out in Bungoma County which is one of the 47 counties in 

Kenya with an approximate population of 1.7 million people (Kenya National Bureau of 

Statistics, 2019).  All 47 counties have similar characteristics in terms of the curriculum and 

distribution of teaching and learning resources. Bungoma County has nine Sub-counties with 
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slightly more than 600 mathematics teachers. To enhance population validity, stratified random 

sampling was used to select mathematics teachers from the three school categories and three 

school types as shown in Table 8. 

For the intervention study, four schools were randomly selected from 159 mixed sub-

county secondary schools. After identifying the four schools, two schools were randomly 

assigned to the experimental group and two to a control group. Before the intervention study, the 

instruments were validated in a different school with a sample of 45 students. The target 

population for the intervention study was the form three (grade 11) students. This implied that a 

follow-up study could be carried out to assess the students‘ achievement during summative 

evaluation which is done at the end of secondary education (grade 12). In total, 393 teachers and 

209 students formed the research sample.  Table 9 shows the detailed composition of the samples 

and the instruments used in each study. 

 

Table 8 

Target Population 

 School category School type The approximate number 

of mathematics teachers Boys Girls Mixed Total 

1  National schools 1 1 None 2 12 

2 County schools   22 11 8 41 200 

3 Sub county schools (district) 5 35 159 199 386 

Total  28 47 167 242 598 

 

Table 9  

Study Samples 

Studies Samples Instruments 

Study 1 Mathematics teachers 

(N=180) 

TAFL-Q (Pat-El et al., 2013) 

Study 2 Mathematics teachers 

(N=213) 

TAFL-Q (Pat-El et al., 2013) and MAIT (Balcikanli, 

2011) 

Study 3 Mathematics teachers 

(N=213) 

MAIT (Balcikanli, 2011) and Interview Schedule 

(researcher-developed) 

Study 4 Grade 11 students (N=45) Proportional Reasoning Test (PRT) 

Study 5 Grade 11 students (N=164) PRT( Wafubwa et al., 2020) and Junior Metacognitive 

Awareness Inventory-Jr. MAI (Sperling et al., 2002) 
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3.4.3. Instruments for the Empirical Studies 

Five instruments were used in this series of studies out of which three were adopted and 

two were researcher-made. The first instrument used in the first and second studies was a 

Teacher Assessment For Learning Questionnaire (TAFL-Q) which was developed by Pat-El et 

al. (2013). The TAFL-Q was originally developed in the Netherlands and it was necessary to test 

its suitability in the Kenyan context. The instrument was therefore piloted on a sample of 180 

teachers and some modifications were made on it before it was used in the second study on a 

sample of 213 mathematics teachers.  

The second instrument was the Metacognitive Awareness Inventory for Teachers (MAIT) 

which was used in the second and third studies. The MAIT scale was developed by Balcikanli 

(2011) to measure teachers‘ metacognitive awareness. The MAIT scale comprises two 

dimensions each with 12 items. The first dimension measures metacognitive knowledge and it 

has three subscales each with four items. The second dimension is the metacognitive regulation 

also comprising of three subscales. The scale was first piloted on a sample of 180 teachers before 

being used for the second study with a sample of 213 teachers.   

The third instrument was the interview schedule which was developed by the researcher 

based on the two dimensions and six subscales of the MAIT scale. The schedule consisted of 

eight questions which were meant to get more insight into the themes covered in the MAIT scale. 

The questions addressed the teachers‘ conception and use of metacognition in teaching.  

The fourth instrument was a proportional reasoning test (PRT) which was developed by 

the researchers (Wafubwa et al., 2020) to measure students‘ achievement in mathematics. The 

PRT consisted of 10-word problems covering five aspects of proportional reasoning. The 

instrument was first piloted on a sample of 45 students in the fourth study before it was used in 

the fifth study on a sample of 164 students.  

The fifth instrument was the Junior Metacognitive Awareness Inventory (Jr. MAI) which 

was adopted from Sperling et al. (2002). The instrument was used to measure the young adults‘ 

metacognition and also as a tool to gauge classroom interventions. In this study, the Jr. MAI was 

used specifically to assess the impact of formative assessment intervention on students‘ 

metacognition. The instrument had 18 items that measured students‘ level of metacognition 

before and after the formative assessment intervention. A summary of the instruments used in the 

empirical studies is shown in Table 10. 
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Table 10 

Instruments for the Empirical Studies 

Instruments Number of items 

1. TAFL-Q (Pat-El et al., 2013) 28 (Appendix B) 

2. MAIT (Balcikanli, 2011) 24 (Appendix C) 

3. Interview Schedule (Researcher developed) 8 (Appendix D) 

4. PRT (Wafubwa et al., 2020) 10 (Appendix E) 

5. Jr. MAI (Sperling et al., 2002) 18 (Appendix F) 

 

3.4.4. Procedures  

Data Collection 

This line of research was conducted in two phases. The first phase involved validation of 

the instruments which was done in 2019 July and August. The authority to carry out the research 

was granted by the County director in the Ministry of Education, Science and Technology of 

Bungoma County (Appendix G). Instruments one and two were piloted on a sample of 180 

mathematics teachers. The second phase of the research was conducted in 2020 and 2021 after 

obtaining research approval from the Ethics and Review Committee from the University of 

Pwani (Appendix H) and a research permit from the National Commission for Science, 

Technology, and Innovation in Kenya (Appendix I). 

After obtaining authority to conduct the research, the mathematics teachers in the 

sampled schools were approached to fill out the questionnaires. The consent of teachers was 

sought before administering them with the questionnaires (Appendix J). The second and third 

studies used questionnaires that had already been validated in the first study. In addition to the 

MAIT questionnaire, an interview schedule was also used. The schedule was used to interview 

10 teachers from 10 randomly selected schools. The interviews were conducted in the respective 

schools with each taking approximately 30 minutes. 

The fourth study involved the development of a test that was used in the intervention 

study on measuring the impact of formative assessment. The test was administered to 45 students 

in one mixed school and the items were analyzed based on the classical test theory. The teachers 
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were given instructions on how to administer the test. The instrument was thus tested in a 

controlled classroom setup. 

The fifth study was quasi-experimental and was given to four randomly selected schools. 

The mathematics teachers in the selected schools administered the instrument before and after 

the intervention. Teachers in the experimental condition were trained on how to carry out the 

intervention. Teachers in the control classes were left out of the training on formative 

assessment. They were however given a four-week scheme on the content areas which showed 

the amount of time required for each specific content area. 

Data analysis 

Quantitative data analysis involved several approaches using Statistical Package for the 

Social Sciences (SPSS), AMOS, and Smart PLS package. Qualitative data which was collected 

through interviews was analyzed thematically. Descriptive statistics involving the mean and 

standard deviation were computed in SPSS to determine the general characteristics of the 

samples. Correlation analysis was done by computing the Pearson correlation coefficient in 

SPSS. Independent samples T-test and one-way ANOVA were used to examine the effect of 

background factors on teachers‘ perceptions of their metacognitive awareness. The Analysis of 

covariance (ANCOVA) was used to examine the impact of formative assessment on students‘ 

achievement and metacognition. The Shapiro-Wilk test assessed the normality of the data 

whereas Levene's test assessed the homogeneity of variances. 

Analysis of moment structures (AMOS) was used to conduct confirmatory factor 

analysis, Structural Equation Modeling (SEM), and path analysis. The fit indices that were used 

to assess the measurement model included the normed chi-square (CMIN/DF), the root-mean-

square error of approximation (RMSEA), standardized root mean square residual (SRMR), 

Tucker-Lewis index (TLI), and the comparative fit index (CFI). The Smart PLS package was 

used to determine composite reliability (CR), the heterotrait-monotrait (HTMT) ratio, and the 

average variance extracted (AVE). 

3.5. Summary 

Chapter three discusses the main aims of the research including the timeline of the 

empirical studies, research questions, research hypotheses, and research methods. The research 

timeline (Table 7) gives an overview of when the studies were conducted, the instruments used 
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and the sample involved. The research questions and hypotheses are presented in the order in 

which the studies were carried out. The answers to these research questions and hypotheses are 

presented in chapter four which comprises five published journal articles. Under the method 

section, a general overview of the different research designs, samples, instruments, and 

procedures used in the studies is given. The specific methodology for each study is presented in 

detail in chapter four. 

The empirical studies carried out in chapter four are informed by the gaps in the literature 

as reflected in chapter two. The literature review was carried out under the theoretical framework 

of formative assessment as defined by Black and Wiliam (2009). From the analysis of the 38 

selected studies in chapter two, it was noted that some formative assessment strategies have 

rarely been tested empirically. A case in point is the use of classroom discussions that help in 

eliciting evidence of student understanding. Other strategies that have been least used are 

learning intentions and success criteria, and the use of self-assessment as an instructional 

process.  

Researchers need to utilize these underutilized strategies for the formative assessment 

theory to remain meaningful. Another important finding was on where the studies have been 

implemented. The analysis revealed that most studies have been carried out in Europe and the 

USA with a few in Asia and only three in Africa and one in Australia. This implies that globally 

formative assessment is less embraced and therefore researchers in the affected continents can 

take up the challenge and spearhead the implementation of formative assessment. For the future 

advancement of this theory, all the five key strategies defining the formative assessment process 

must be put into perspective.  

The five studies forming the empirical part of this dissertation in chapter four were 

therefore carefully designed and conducted based on the gaps identified in the literature. More 

specifically, the studies addressed the needs of Kenyan secondary school mathematics teachers 

and students in the context of a competency-based curriculum. Whereas the literature review and 

theoretical background have already been presented in chapter two, brief literature and 

theoretical background for each empirical study in chapter four are also presented. Conclusions, 

implications, and limitations for each study are also discussed extensively. 
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Chapter 4: Empirical Studies 

4.1. Study 1: Assessing the Suitability of the Adapted Teacher Assessment for Learning 

Questionnaire in the Kenyan Context 

4.1.1. Introduction 

Mathematical competency is one of the 21
st
-century skills that have gained attention in 

the international frameworks such as the Partnership for 21
st
-century skills (P21); En gauge; 

assessment and teaching of 21
st
-century skills (ATCS); and 21

st
-century skills and competencies 

for new millennium learners (Darling-Hammond, 2012; Partnership for 21st Century Skills, 

2009). Studies have shown that countries worldwide have approved 21
st-

century competencies in 

their curriculum but they still have challenges regarding assessment (Ananiadou & Claro, 2009; 

Swaffield, 2011). As observed by Ananiadou and Claro, formative assessment is fundamental to 

the process of teaching and learning since it enhances student learning and also improves 

instruction. According to Voogt and Roblin (2012), competencies can be best obtained through 

determined pedagogical approaches like problem-based learning, formative assessment, and 

cooperative learning. Formative assessment can, therefore, assist students in applying 21
st
-

century competencies in real-life situations (Pepper, 2011).  

4.1.2. Theoretical Background  

The present study was guided by Black and Wiliam‘s (2009) formative assessment 

framework which was conceptualized as: 

Practice in a classroom is formative to the extent that evidence about student achievement is 

elicited, interpreted, and used by teachers, learners, or their peers, to make decisions about 

the next steps in instruction that are likely to be better, or better founded, than the decisions 

they would have taken in the absence of the evidence that was elicited (Black & Wiliam, 

2009, p. 9). 

In the foregoing definition, the authors related three key processes involved in instruction 

and the role of the teacher, learner, and peer to the five key strategies of formative assessment. 

The three key processes were identified as finding out where the learner is going; establishing 

the current position of the learner; and establishing how the learner will arrive at the desired 

destination. The Teacher, the learner, and the peers were referred to as agents who work in 
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collaboration to ensure teaching and learning take place smoothly. The five key strategies were 

described as follows: 

Clarifying and sharing learning intentions and criteria for success; engineering effective 

classroom discussions and other learning tasks; providing feedback that moves learners 

forward; activating students as instructional resources for each other; and activating students 

as the owners of their learning (Black & Wiliam, 2009, p.8).  

Pat-El et al. (2013) summarized these five strategies into two broad categories which 

involved monitoring and scaffolding strategies. In monitoring strategies, the focus is on making 

learning intentions clear to the students and initiating productive classroom discussions. On the 

other hand, scaffolding refers to the assistance that teachers provide to students during problem-

solving or task performance (Alibali et al., 2007). It is an interactive process where students 

construct their learning through questions and feedback from their peers and the teacher. 

 

How Teachers Perceive Formative Assessment 

Research associated with teachers‘ perception of formative assessment has mainly 

focused on teachers‘ presumptions on the function of formative assessment. Few studies have 

focused on how teachers interpret their use of formative assessment. A study carried out by 

Young and Jackman (2014) revealed that teachers generally had a high positive perception of the 

role of formative assessment. Kenney and Maeda (2016) also focused on what teachers felt was 

the purpose of assessment. Their findings suggested the need for using teachers‘ previous 

understanding to design relevant staff development interventions. A study by Amoako et al. 

(2019) revealed that a high percentage of mathematics teachers in Ghana had low knowledge of 

formative assessment. Alotaibi (2019) while studying the adoption of formative assessment in 

Saudi Arabia focused mainly on factors that may hamper the execution of formative assessment. 

One of the recent instruments that have been utilized in rating the perceptions of teachers 

regarding formative assessment is the Teacher Assessment For Learning Questionnaire (TAFL-

Q) developed by Pat-El et al. (2013). With this questionnaire, a large sample validation study 

was conducted in the Netherlands, and the TAFL-Q had good psychometric properties. Since its 

establishment, the questionnaire has been used in different contexts to measure teachers‘ views 

regarding formative assessment. For instance, the questionnaire was used by Öz (2014) in 

Turkey and Nasr et al. (2018) in Iran. The two studies revealed that teachers generally had high 
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perceptions of formative assessment and there were no significant differences regarding gender, 

years of teaching experience, and teachers‘ qualifications. On the contrary, a study by 

Sach(2012) revealed a significant relationship between perceptions and teachers‘ experience. 

Focusing on mathematics teachers, studies have revealed a remarkable correlation 

between mathematics teachers‘ perceptions and students‘ problem-solving achievement (Handal 

& Herrington, 2003). A study carried out by Morrissette (2011) revealed that formative 

assessment practices depended on teachers‘ professional culture. According to Kyaruzi et al. 

(2018), mathematics teachers‘ feedback practices are positively predicted by their perceptions of 

formative assessment. Generally, studies have shown that teachers‘ perceptions of teaching and 

learning strongly influence their way of teaching. It is therefore paramount that teachers‘ 

perceptions are gauged before being introduced to new reforms in education settings (Dekker & 

Feijs, 2005).  

 

Kenyan Context 

Students‘ assessment in Kenya has predominantly been summative with minimal use of 

formative assessment (Milligan, 2017; Ngware et al., 2014). The current summative assessment 

is however short of measuring learners‘ abilities effectively. Furthermore, teachers lack adequate 

training in assessment processes (Republic of Kenya, 2012). The persistent dismal achievement 

in mathematics and science subjects over the years has been reflected in several reports (e.g., 

KNEC, 2014; KNEC, 2017). The concern in sub-Saharan Africa and Kenya, in particular, is on 

the lack of quality education which is evidenced through poor employability skills in the job 

markets (Ally, 2014). The inability of traditional assessment practices in empowering students 

for lifelong learning is supported by OECD (2014). The overarching need of the 21
st
 century is 

thus equipping learners with relevant competencies which can effectively be done through 

classroom assessment practices that enhance learning transferability. 

Poor teaching methods are among the commonly cited problems affecting students‘ 

performance in Kenya (Ngware et al., 2014; Wafubwa & Obuba, 2015). Teacher-centered 

teaching approaches have dominated the classrooms leaving no room for learners‘ creativity. The 

pressure from the high stake examinations has made teachers teach what is tested (Sayed & 

Kanjee, 2013). The assessment has thus been conceived as a filter to determine those who can 

join universities with limited capacity (Ally, 2014). There is currently a lack of in-service 
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training of secondary school teachers regarding the implementation of formative assessment. The 

teachers conceive formative assessment through formal tests, quizzes, or homework given to 

students in the course of the instruction process and it is not clear how data from these tests, 

quizzes, or homework is used.  

Despite the current challenges facing secondary education in Kenya, the country is 

committed to the adoption of a competency-based curriculum that is in line with 21
st
-century 

skills. The competency-based curriculum implies new learning, instruction, and assessment 

approaches. Teachers will be required to carry out classroom assessment practices that will be in 

line with formative assessment strategies. The success of the competency-based curriculum will, 

therefore, require teachers who are armed with the vital skills and tools to carry out formative 

assessment in the classrooms. Teachers‘ beliefs, attitudes, competencies, and practices are 

therefore crucial in determining the realization of competence-based learning. The present study 

sought to assess the suitability of the adapted TAFL-Q in measuring mathematics teachers‘ 

perceptions of formative assessment in Kenyan secondary schools.  

4.1.3. Method  

Participants  

The sample consisted of 180 (138 males) secondary school mathematics teachers from 50 

selected public secondary schools in Bungoma County. The sample was obtained through 

stratified and simple random sampling techniques to get the best representation across the entire 

county. Out of 180 participants, 143 (79.4%) possessed a Bachelor of Education (BEd) degree; 

14 (7.8%) had either a Bachelor of Arts or Bachelor of Science (BA/BSc) degree; 21 (11.7%) 

had a master (MA) degree in fields different from education while two (1.1%) had a master‘s 

degree in education (MEd). Regarding teaching experience, 109 (60.6%) participants had up to 5 

years; 31 (17.2%) between 6 to 10 years; 22 (12.2%) between 11 to 15 years and 18 (10.0%) 

above 15 years.  

 

Adaptation of the TAFL-Q Questionnaire  

The original 28 items questionnaire had two scales; ―perceived monitoring‖ with 16 items 

and ―perceived scaffolding‖ with 12 items (Pat-El et al., 2013). All items were closed-ended and 

measured on a 5 point scale which ranged from strongly disagree (SD = 1) to strongly agree (SA 

= 5). Since the original and the adapted versions were both in English, no translation was needed, 
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instead, some phrases which seemed to be wordy were shortened while retaining the original 

meaning. For instance, the phrase ―I give my students opportunity‖ was shortened to ―I allow my 

students‖. Since the questionnaire was adapted to the mathematics teachers, the introduction part 

of the questionnaire had specific instructions allowing mathematics teachers to focus on their 

mathematics classrooms.  

 

Procedure and Data Analysis 

The researchers physically distributed the questionnaires to the sampled schools‘ 

principals who later gave the questionnaires to mathematics teachers. The first task was to assess 

the model fit in the Kenyan context by performing a confirmatory factor analysis in Amos 

Graphics 23. Statistical data analyses were conducted using IBM SPSS Statistics 25. Descriptive 

statistics were computed to show the characteristics of the sample. Factor analysis was done to 

determine the validity of the questionnaire in the Kenyan context. The Smart PLS package was 

used to determine the composite reliability (CR), the heterotrait-monotrait (HTMT) ratio, and the 

average variance extracted (AVE). The CR and AVE were used to examine the construct validity 

of the emergent scales whereas the HTMT ratio of correlations was used to assess the 

discriminant validity.  

4.1.4. Results 

Confirmatory factor analysis of the 28 items TAFL-Q 

We conducted a confirmatory factor analysis (CFA) on the two-factor model of the 

TAFL-Q (see Appendix B) to test the model fit on the Kenyan sample. Using maximum 

likelihood (ML) estimation and the standardization method, we assessed the goodness of fit of 

the measurement model using different goodness of fit indices. The indices included the normed 

chi-square (CMIN/DF), the root-mean-square error of approximation (RMSEA), standardized 

root mean square residual (SRMR), Tucker-Lewis index (TLI), and the comparative fit index 

(CFI). We also evaluated the convergent validity of the constructs by considering the composite 

reliability (CR) and average variance extracted (AVE). The following results were obtained: 

CMIN/DF = 2.643, RMSEA = .096, SRMR = .085, TLI = .653, CFI = .680 (See Appendix B1)  

According to Glynn et al. (2011), the recommended value for the normed chi-square 

(CMIN/DF) should be within the range of 1.0–3.0. The value of 2.643 is therefore within the 

recommended range. The RMSEA and the SRMR values should be below .080 and the two 
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incremental fit indices (TLI and CFI) above .900 (Hoope et al., 2008; Teo, 2013). The results of 

RMSEA and SRMR as well as of the TLI and CFI for this model are all indicative of a poor 

model fit. The composite reliability for the monitoring and scaffolding scales was .88. The AVE 

for monitoring and scaffolding scales was .32 and .39 respectively. Whereas CR for the two 

scales was above the recommended cut-off of .70 (Fornell & Larcker, 1981), the values of AVE 

were way below the cutoff point of .50.  

To improve the model fit, we used modification indices to covary error terms that had 

values more than 10 and fell within the same construct (Hermida, 2015). The resultant model 

improved a little but it could still not fit the data well (CMIN/DF = 1.884, RMSEA = .073, 

SRMR =.069, TLI = .810, CFI = .840). Further analysis of the factor loadings revealed that 

seven out of 16 factors on the monitoring scale and one factor out of 12 factors on the 

scaffolding scale had low loadings of less than .50. It was therefore imperative to reexamine the 

factor structure for the Kenyan sample. 

 

Exploratory factor analysis 

We used the precepts recommended by Williams et al. (2010) to conduct factor analysis 

on our Kenyan sample. We first checked if the data was suitable for factor analysis by computing 

a correlation matrix for the 28 items. The items correlated at least at .30 with at least one other 

item and no item correlated above .50 with other items. This verified that items shared some 

common variance. The Kaiser-Meyer-Olkin measure of sampling adequacy (KMO) was .840 and 

Bartlett‘s test of sphericity was significant (χ2 (378) = 2046.028, p < .001), suggesting that the 

data were appropriate for factor analysis. The communalities were all above .40 except for item 1 

which had a communality of .29 and was therefore not considered for factor analysis. Principal 

components analysis was used to analyze the factors since the main aim was to identify how 

factors would load in a different cultural-educational context. Factors were thus extracted by the 

use of Kaiser‘s criteria (eigenvalue > 1 rule), the Scree test, and the cumulative percent of 

variance extracted.  

The first six factors extracted based on the initial eigenvalues explained 11.0%, 9.4%, 

9.3%, 8.9%, 8.4% and 8.0% of the variance respectively. The seventh factor had an eigenvalue 

just slightly above one with an explained variance of 6.9%. Solutions for the three, four, five, six, 
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and seven factors were each examined using varimax rotations of the factor loading matrix. We 

preferred the six-factor solution which explained 54.9% of the total variance.  

Nine items were eliminated based on failing to meet the minimum criteria of not loading 

above .30 on any factor, loading less than .40 on any factor, and no cross-loading of .30 or above 

(Williams et al., 2010). Item 1 ―I encourage my students to reflect upon how they can improve 

their assignments‖ was eliminated because it failed to load above .30 on any factor. Item 3 

―While working on their assignments, I ask my students how they think they are doing‖ had 

loadings of .46 and .47 on factors 2 and 5. Items 6 ―I ask my students to indicate what went well 

and what went badly concerning their assignments‖, 7 ―I encourage students to reflect upon 

their learning processes and how to improve their learning‖ and 19 ―During my class, students 

are allowed to show what they have learned‖ also loaded on more than two factors with similar 

factor loadings between .40 and .50. Items 11 ―I give students guidance and assistance in their 

learning‖, 15 ―I discuss with my students how to utilize their strengths to improve on their 

assignment‖, 25 ―I give my students opportunities to ask questions‖ and 28 ―I can recognize 

when my students reach their learning goals‖ had low factor loadings of below .40 and were 

therefore eliminated.  

A final principal components factor analysis of the remaining 19 items was conducted 

using varimax rotations, with six factors together explaining 66.0% of the total variance. All 

items in this analysis had primary loadings of over .50. The factor loading matrix for this final 

solution is presented in Table 11. Further exploration of the factors using oblimin rotation 

yielded similar outcomes. The factors were labeled based on the formative assessment strategies 

in the model proposed by Black and Wiliam (2009). Reliability analysis of the 19 items resulted 

in a high Cronbach's Alpha of .87. For more details on item-total correlation analysis, see 

Appendix B2. 
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Table 11 

Factor Loadings and Communalities for 19 Items from the Original TAFL-Q 

 

Items 

Factors and Communalities 

PSC PPA PSA PLI PF PCD Com 

2. After a test,  I discuss the answer given with each 

student 

   .72   .61 

4. I involve my students in thinking about how they 

want to learn at school 

   .79   .73 

5. I allow my students to decide on their learning 

objectives 

   .70   .64 

8. I inform my students of their strong points 

concerning learning 

    .74  .70 

9. I inform my students of their weak points concerning 

learning 

    .66  .53 

10. I encourage my students to improve on their 

learning processes 

    .71  .69 

12. I discuss assignments with my students to help 

them understand the content better 

     .73 .71 

13. I discuss with my students the progress they have 

made 

     .75 .69 

14..After an assessment, I  inform my students on how 

to improve their weak points 

     .68 .70 

16. Together with my students, I consider ways on how 

to improve on their weak points 

  .55    .48 

17. I adjust my instructions whenever I notice that my 

students do not understand a topic 

  .74    .70 

18. I provide my students with guidance to help them 

gain an understanding of the content taught 

  .80    .78 

20. I ask questions in a way my students understand  .79     .72 

21. By asking questions during class, I  help my 

students gain an understanding of the content taught 

 .82     .77 

22. I am open to student contribution in my class  .61     .68 

23. I allow my students to ask each other questions 

during class 

.57      .48 

24. I ensure that my students know what areas they 

need to work on to improve their results 

.61      .55 

26. My students know what the evaluation criteria for 

their work are 

.75      .69 

27. I ensure that my students know what they can learn 

from their assignments 

.72      .53 

 

Note: N=180. Factor loadings below .40 are suppressed: PSC=Perceived Success Criteria; 

PPA=Perceived Peer Assessment; PSA=Perceived Self-Assessment; PLI=Perceived Learning 

Intentions PF=Perceived Feedback; PCD=Perceived Classroom Discussion; Com= 

Communalities.  
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Descriptive analyses (mean, standard deviations, and Pearson correlations) were 

calculated to ascertain teachers‘ perceptions of formative assessment (Table 12). Results 

indicated that teachers‘ level of agreement ranged from low (a mean score of between 2.0 to 2.5) 

to moderate (mean score between 2.6 and 3.5). The construct of Perceived Self-Assessment had 

the highest score (M=3.31, SD=0.66) which was rated as moderate whereas the Perceived 

Learning Intentions had the lowest score (M=2.45, SD=0.95) which was rated as low. Teachers 

also had moderate perceptions on the constructs of Perceived Feedback (M=3.07, SD=0.73), 

Perceived Classroom Discussion (M=3.14, SD=0.67), Perceived Peer Assessment (M=3.01, 

SD=0.77), and Perceived Success Criteria (M=2.81, SD=0.78).   

Bivariate correlations (see Table 12) among the emergent factors revealed low to 

moderate positive correlations between the variables. There was a weak positive correlation 

between the Perceived Learning Intentions scale and the Perceived Self-Assessment scale. This 

weak relationship was expected and it proved that the two scales measure different constructs. 

Generally the low to moderate positive correlations show that the six scales measure different 

constructs that are somehow related. 

 

Table 12 

 Descriptive Statistics and Correlations for Emergent Study Variables 

 n M SD 1 2 3 4 5 6 

1. Perceived Learning 

Intentions(PLI) 

3 2.45 0.95 -      

 2. Perceived Feedback(PF) 3 3.07 0.73 .31
**

 -     

3. Perceived Classroom   

Discussion (PCD) 

3 3.14 0.67 .35
**

 .41
**

 -    

4. Perceived Peer 

Assessment (PPA) 

3 3.01 0.77 .35
**

 .49
**

 .46
**

 -   

5. Perceived Self-

Assessment(PSA) 

3 3.31 0.66 .09 .36
**

 .39
**

 .47
**

 -  

6. Perceived Success Criteria 

(PSC) 

4 2.81 0.78 .38
**

 .34
**

 .38
**

 .47
**

 .43
**

 - 

 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

We further examined the psychometric properties of the emergent factors by looking at 

convergent validity and discriminant validity. We determined convergent validity using the 

composite reliability (CR) and the average variance extracted (AVE) as suggested by Ab Hamid 
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et al. (2017).  The AVE and CR values were computed using Smart PLS 3 software which is one 

of the most recent packages for structural equation modeling (Ringle et al., 2015). The AVE 

shows the average amount of variance explained by a construct to the overall variance of its 

indicators (Ringle et al., 2015). As reflected in Table 13, the values of AVE and CR for all the 

constructs were above the recommended threshold of .50 and .70 respectively (Fornell & 

Larcker, 1981). 

We assessed discriminant validity using the Heterotrait-Monotrait (HTMT) ratio of 

correlations which is a new method of examining discriminant validity in variance-based 

structural equation modeling. This method is deemed to be a superior alternative to the Fornell-

Larcker criterion and examination of cross-loadings approaches for determining discriminant 

validity (Henseler et al., 2015). To ascertain the discriminant validity, the value of the HTMT 

should be less than .85, and values above .85 imply the absence of discriminant validity 

(Henseler et al., 2015; Kline 2011). The values of the HTMT for this analysis ranged between 

.16 and .69, hence confirming the discriminant validity. Table 13 shows the results of the CR, 

AVE, and HTMT ratio of correlations computed using the bootstrap method.  

 

Table 13 

Six-Factor Model CR, AVE, and HTMT Ratio of Correlations 

Latent factors CR AVE 1 2 3 4 5 6 

1. Perceived Learning Intentions(PLI) .83 .63 -      

2. Perceived Feedback(PF) .82 .60 .60 -     

3. Perceived Classroom Discussion (PCD) .83 .62 .51 .45 -    

4. Perceived Peer Assessment (PPA) .85 .66 .63 .69 .50 -   

5. Perceived Self-Assessment(PSA) .87 .68 .54 .51 .16 .63 -  

6. Perceived Success Criteria (PSC) .83 .55 .54 .48 .53 .65 .58 - 

 

Note: CR=Composite Reliability; AVE=Average Variance Extracted; HTMT= Heterotrait-

Monotrait 

 

The measurement model (Figure 2) was estimated using maximum likelihood and had the 

fit indices as follows: 2(51) =116.002; p<.001; CMIN/DF = 1.92, RMSEA = .070, SRMR = 

.060, TLI = .880, CFI= .850. The value of the CMIN/DF was within the recommended range of 

1.0-3.0. The RMSEA and SRMR were also within the acceptable range of .080 and below 

(Hooper et al., 2008; Teo, 2013). Although the incremental fit indices fell marginally below .900 
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which is the generally accepted threshold, according to Ho (2006), these values are still within 

the recommended range. 

 

Figure 2 

Confirmatory Factor Analysis: Standardized Loadings and Correlations of the Latent Factors 

and Error Terms  

 

Note: PSC=Perceived Success Criteria; PPA=Perceived Peer Assessment; PSA=Perceived Self-

Assessment; PLI=Perceived Learning Intentions PF=Perceived Feedback; PCD=Perceived 

Classroom Discussion: all items (tq) are numbered in the order presented in the text; e= Error 

terms 
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4.1.5. Discussion  

  This study sought to examine whether the adapted TAFL-Q can be appropriate in 

measuring mathematics teachers‘ perceptions of formative assessment in Kenyan secondary 

schools. Since the adapted questionnaire was used in a different cultural setup from the original 

questionnaire, we first did a confirmatory factor analysis to assess if the questionnaire fits the 

Kenyan sample. The results of the two-factor model of the TAFL-Q failed to fit well with the 

Kenyan data. It was therefore necessary to carry out an exploratory factor analysis to explore the 

structural stability of the Kenyan sample. The results suggested a six-factor structure for 19 out 

of 28 items based on a principal exploratory factor analysis with varimax rotation.   

       Although no six-factor solution exists in the literature regarding TAFL-Q, the six factors 

extracted in our present study are underpinned by the formative assessment theoretical 

framework of Black and Wiliam (2009). These factors can however be reinforced through 

revising or rephrasing the items with poor primary loadings and perhaps by including other 

items. For instance, item 1 which never loaded on any factors can be replaced with a new item. 

Item 3 may probably have been misunderstood by teachers and the loadings may be higher if it 

can be revised. In the same vein, all other items (6, 7, 11, 15, 19, 25, and 28) which had low 

loadings can be revised and retained in the questionnaire.  

Descriptive statistics indicated that mathematics teachers‘ level of agreement ranged from 

low to moderate. The results suggested that teachers had average perceptions of their use of self-

assessment, feedback, classroom discussion, peer assessment, and success criteria strategies. 

They however had a low agreement on the use of learning intentions strategies. Learning 

intentions and success criteria define where the learner is going (Black & Wiliam, 2009). Even 

though the low perception of the use of learning intention strategies may seem to suggest that 

mathematics teachers rarely involve students in their academic journey, the low perception could 

have been influenced by factors such as large class sizes and heavy workload for teachers.  

One of the aspects of learning intentions criteria is involving learners in coming up with 

learning objectives. This would mean that every learner‘s opinion is considered. This may 

however be less practical in Kenyan classrooms which are characterized by large class sizes and 

a high workload for teachers. Teachers could be willing to involve students in the use of learning 

intentions but this may be practically impossible due to the aforementioned reasons. The 
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moderate perception of the other five strategies should also be interpreted cautiously since this is 

an instrument that needs to be developed further.  

The lack of in-service training of secondary school teachers on formative assessment and 

the phrasing of some items may have likely influenced the teachers‘ ratings of their perceptions. 

Teachers may lack a clear understanding of formative assessment given the fact that their 

interpretation was based on their pre-service training understanding. The findings by Crichton 

and McDaid (2016) on teachers‘ perceptions of learning intentions and success criteria strategies 

also showed that teachers agreed on the usefulness of these strategies but rarely practiced them in 

classrooms.  

 

Limitation of the present study 

The first limitation regards the sample size. Although our sample size was generally 

within the accepted range for factor analysis (de Winter et al., 2009), we still felt a sample of 

more than 200 would have been the best. This study relied only on data from a self-report 

questionnaire which may affect the validity of the results. While the data provide evidence of 

validity, future studies should consider incorporating qualitative approaches like observation and 

interviewing to give room for greater objectivity and accuracy of results. Nevertheless, the 

present results are a pointer to formative assessment practices that should be considered for 

future studies.  

 

Conclusion and implications 

From our study, we conclude that the adapted TAFL-Q questionnaire needs to be further 

developed before it can be used to rate the mathematics teachers‘ views on formative assessment 

in Kenya. The emerging six-factor structure can be further cross-validated with a different 

sample to confirm the stability of the scales.  The items that were dropped from the original 

questionnaire can be revised and added back to the scale to increase the internal consistency. 

Since the present study is part of a larger study that involves an intervention programme, the 

results of the descriptive statistics have pointed out the need for clearly defining the concept of 

formative assessment to the Kenyan mathematics teachers. Our results have also pointed out the 

need for further development of the TAFL-Q as an instrument for measuring mathematics 

teachers‘ perceptions of formative assessment in the Kenyan context.  
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4.2. Study 2: Formative Assessment as a Predictor of Mathematics Teachers’ Levels of 

Metacognitive Regulation 

4.2.1. Introduction  

The emergence of 21
st
-century competencies has come along with the challenges of 

teaching and assessment (Lai & Viering, 2012).  One of the ways that have been deemed suitable 

for teaching and assessing these competencies is by the use of formative assessment strategies 

(Griffin & Care, 2013; Shute & Becker, 2010). Studies have shown that formative assessment 

benefits both teachers and learners. Unlike summative assessment which is used as a 

measurement instrument, formative assessment is designed to support teaching and can, 

therefore, be used as a teaching tool (Clark, 2012; Gipps et al., 2015). Teachers who use 

formative assessment strategies such as classroom discussions, questioning, effective feedback, 

self-assessment, and peer assessment (Black & Wiliam, 2009) enhance student achievement.  

Formative assessment also acts as a valuable professional development opportunity for 

teachers (OECD, 2005) since teachers need to optimize their content knowledge to apply quality 

and effective formative assessment strategies (Heritage, 2007; Sadler, 2009). The main goal of 

formative assessment has been seen as promoting students‘ learning to learn skills (OECD, 

2005). Formative assessment also builds students‘ skills at peer-assessment and self-assessment 

and helps students to develop a range of effective learning strategies (Chan, 2010). When 

students actively build their understanding, they develop invaluable skills for lifelong learning.  

Formative assessments, therefore, enable students to become autonomous and self-

regulating learners. According to Vrugt and Oort (2008), self-regulation (metacognitive skills) is 

an important aspect of learning in academic performance because learners are actively engaged 

in the learning process. Shepard (2006) as well noted that formative assessment encourages 

students‘ metacognition and reflection in their learning. As teachers clarify learning intentions 

and criteria for success through feedback, students can regulate their learning and become 

partners in filling the learning gaps (Heritage, 2007).  

It is therefore important to teach students metacognitive strategies so that they construct 

their understanding through deep learning. Teachers can only teach students metacognitive 

strategies if they are metacognitive in their teaching. In other words, teachers must also become 

learners for learning to be visible (Hattie & Yates, 2013). Metacognition enables teachers to be 
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aware of their strengths and weaknesses and can, therefore, be more effective in their teaching 

(Ben-David & Orion, 2013). 

4.2.2. Theoretical Background 

Formative Assessment  

Formative assessment as a classroom practice came into the limelight following the 

seminal work of Black and Wiliam (1998) which involved the synthesis of over 250 studies, 

linking assessment and learning. Black and Wiliam (2009) after considering the main features of 

teaching and learning defined formative assessment as a classroom practice that is executed by 

both teachers and learners. According to Wiliam (2011), the basic idea behind formative 

assessment is that evidence of student learning is used to adjust instruction to better meet 

students‘ learning needs. Formative assessment is thus designed to support teaching and learning 

continuously (Clark, 2012; Gipps, et al., 2015).  

To meet students‘ learning needs, Black and Wiliam (2009) identified five key strategies 

that could be used in classrooms as involving learning intentions and criteria for success, 

classroom discussions, feedback, peer assessment, and self-assessment. Research has shown that 

formative assessment practices such as self and peer assessment have a positive impact on self-

regulated learning (Panadero & Alonso-Tapia, 2014; Panadero & Broadbent, 2018; Zimmerman 

& Schunk 2011). Generally, studies agree that formative assessment plays a role in self-regulated 

learning. Notwithstanding, some aspects of formative assessment have rarely been studied 

empirically.  

Borrowing from Black and Wiliam's (2009) framework of formative assessment, Pat-El 

et al. (2013) conceptualized formative assessment (assessment of learning) as comprising of 

monitoring and scaffolding dimensions. They viewed the monitoring dimension as consisting of 

strategies that deal with feedback and self-monitoring whereas the scaffolding dimension deals 

with instruction-related processes such as classroom questioning. As noted by Lee and Mark 

(2014), monitoring strategies entail students examining their learning progress through self-

monitoring to identify learning strengths and weaknesses. Scaffolding, on the other hand, 

involves a classroom interaction through sharing learning intentions, success criteria, and how 

success is evaluated (Pat-El et al., 2015). 

 

https://www.sciencedirect.com/science/article/pii/S0742051X16301421#bib4
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Metacognition  

Metacognition was originally defined by Flavell (1979) and Brown (1978) as the 

knowledge about and regulation of one‘s cognitive activities in the learning processes (in 

Veenman et al., 2006). Since then, metacognition has been substantively studied in the field of 

educational psychology and has been often seen as a form of executive control involving 

monitoring and self-regulation (Demetriou et al., 2011). Based on Flavell‘s definition, most 

researchers have conceptualized metacognition as consisting of two broad dimensions: 

knowledge about cognition and regulation of cognition (e.g., Lai & Viering, 2012; Veenman, 

2011; Williams & Atkins, 2009).  

Knowledge of cognition also referred to as knowledge and awareness of one‘s cognition 

is composed of declarative, procedural, and conditional knowledge (Harris et al., 2010). 

Declarative knowledge is the kind of knowledge required to accomplish a task. Procedural 

knowledge deals with how to apply learning strategies. Conditional knowledge on the other hand 

relates to knowledge of when, where, and why in applying particular procedures or strategies 

(Harris et al., 2010; Mahdavi, 2014).  

Regulation of cognition or metacognitive skills is described as an acquired repertoire of 

procedural knowledge for monitoring, guiding, and controlling one‘s learning and problem-

solving behavior (Veenman, 2011). Planning involves choosing relevant strategies and providing 

the required resources to attain the learning goals. Monitoring refers to skills necessary to 

regulate one‘s learning like self-assessment skills while evaluation refers to the process of 

judging the achievements made (Harris et al., 2010; Mahdavi, 2014).  

Metacognitive skills play a great role in guiding and controlling the execution of tasks 

(Veenman, 2011). Studies have further shown that metacognitive skills training greatly improve 

the performance of students (Kramarski & Mevarech, 2003; Mevarech & Fridkin, 2006; 

Veenman et al., 2006). Through metacognitive skills, learners are therefore able to often carry 

out self-evaluation of task performance, self-monitoring, and planning. An intervention study by 

Csíkos and Steklács (2010) focusing on planning, monitoring, and evaluation skills resulted in a 

positive achievement among the Hungarian students. Other intervention studies with similar 

outcomes include Naseri et al. (2017) and Roll et al. (2011). 
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Formative Assessment and Metacognition 

Whereas a substantial number of studies have shown that student metacognitive skills 

training leads to a positive outcome, little is known about what influences teachers‘ 

metacognition.  As much as studies strongly advocate that students should be made aware of the 

importance of metacognition through ways such as teacher‘s modeling (Martinez, 2006; Tanner, 

2012), it has also been noted that teachers lack adequate knowledge about metacognition and 

they, therefore, need to be trained on metacognitive instruction (Veenman et al., 2006). 

Enhancing awareness, improving self-knowledge, and ensuring enabling learning environments 

have been described by Schraw (1998) as some of the instructional strategies for promoting 

metacognitive awareness.  

In enhancing general awareness, Schraw (1998) pointed out the important role played by 

the teacher and other students in modeling cognitive and metacognitive skills. This implies that 

both teachers and learners work together in designing the learning intentions and success criteria. 

In the formative assessment framework by Black and Wiliam (2009), clarifying learning 

intentions and criteria for success is the first strategy that points to where the leaner is going. 

This is jointly done by the teacher, the learner, and the peer. Schraw further noted that students 

should be given a chance to regularly reflect on their drawbacks and achievements. This involves 

self and peer assessment through discussions and teacher feedback.  

According to the formative assessment framework by Black and Wiliam (2009), the 

learning gap can be filled through strategies like effective classroom discussions, feedback, peer 

assessment, and self-assessment (Braund & DeLuca, 2018). Formative assessment is hence a 

learning process that can enhance students‘ metacognitive knowledge. Theoretically, 

metacognition is seen as a multidimensional set of general skills that are crucial for developing 

21
st
-century skills and competencies (Lai & Viering, 2012). However, few empirical studies have 

investigated the relationship between formative assessment and metacognition. Baas et al. (2014) 

investigated the relationship between assessment for learning (formative assessment) and 

metacognition among elementary school students. The results showed that formative assessment 

strategies involving monitoring and scaffolding predicted the students‘ use of cognitive and 

metacognitive strategies.  

 

 

https://www.lifescied.org/doi/full/10.1187/cbe.12-03-0033
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The Current Study  

The preceding literature has illustrated how the aspects of formative assessment relate to 

metacognition especially the regulation of cognition. Limited empirical research has however 

been done to show a clear relationship between formative assessment and metacognition. This 

study aims to fill the gap regarding the limited literature by empirically examining the 

relationship between teachers‘ perceptions of formative assessment and their levels of 

metacognitive skills. We aim to show how the use of formative assessment strategies affects the 

teachers‘ metacognitive regulation in terms of planning, monitoring, and evaluating skills 

(Balcikanli, 2011). Based on the literature review, we hypothesized that the use of formative 

assessment strategies will have a positive effect on teachers‘ levels of metacognitive skills. This 

study, therefore, sought to answer the research question: ―what is the relationship between 

mathematics teachers‘ formative assessment strategy use and their levels of metacognitive 

regulation?‖  

4.2.3. Methods 

Sample 

There were two sets of samples consisting of 180 and 213 secondary school mathematics 

teachers from secondary schools in Kenya. The two samples were collected in two different 

regions. Stratified and simple random sampling techniques were employed to obtain a 

representative sample from different school categories as shown in Table 14.  

  

Table 14 

Sociodemographic Characteristics of Participants 

  Sample 1(N=180) Sample 2(N=213) 

Characteristic Description n % n % 

Gender  Male  138 76.7 157 73.7 

Female  42 23.3 56 26.3 

Teacher qualification BEd  143 79.4 166 77.9 

BA/BSc 14 7.8 19 8.9 

Diploma 21 11.7 25 11.7 

MEd 2 1.1 3 1.4 

Teaching experience  Up to 5 years 109 60.6 125 58.7 

6 to 10 years  21 17.2 41 17.2 

11 to 15 years 32 12.2 27 12.7 

Above 15 years 18 10.0 20 9.4 
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Measures  

Questionnaires were used to measure the perceptions of mathematics teachers‘ use of 

formative assessment strategies and their levels of metacognitive regulation. 

1. The teacher Assessment For Learning Questionnaire 

The teacher Assessment For Learning Questionnaire (TAFL-Q) was used to measure the 

teachers‘ perceptions of formative assessment. The TAFL-Q (see Appendix B).  was constructed 

by Pat-El et al. (2013) using a sample of secondary school teachers from the Netherlands. The 

questionnaire consisted of 28 closed-ended items divided into two scales: perceived monitoring 

(16 items) and perceived scaffolding (12 items). The items were measured on a five-point Likert 

scale.  

2. Metacognitive Awareness Inventory for Teachers  

The Metacognitive Awareness Inventory for Teachers (MAIT) scale was used to measure 

the teachers‘ level of metacognitive awareness (see Appendix C). The MAIT scale was 

constructed by Balcikanli (2011) who considered the two components of metacognition: 

metacognitive knowledge and metacognitive skills, with three scales under each component. The 

scales under metacognitive knowledge included declarative knowledge (DK), procedural 

knowledge (PK), and conditional knowledge (CK). On the other hand, the scales under 

metacognitive regulation included planning (P), monitoring (M), and evaluating (E). Each of the 

six scales was composed of four items which were measured on a five-point Likert scale. The 

present study only considered the component of metacognitive skills which had the scales of 

planning, monitoring, and evaluating.  

Data collection procedure and analysis 

After obtaining clearance from the Ministry of education, the researchers visited the 

sampled schools and physically delivered questionnaires to the teachers through the heads of 

mathematics departments. After being assured of anonymity of participation, each teacher took 

approximately 25 minutes to fill in the questionnaires. Confirmatory factor analysis was 

conducted using Amos Graphics 23 to test the model fit to the first sample (n=180). Since the 

TAFL-Q had a poor fit, exploratory factor analysis was done using IBM SPSS Statistics 25 to 

obtain a new factor structure.  

Descriptive and inferential statistics were computed to analyze the data collected. 

Descriptive statistics were computed to obtain the participants' levels of agreement regarding 
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formative assessment and metacognitive skills use. The relationship between the variables was 

measured using structural equation modeling (SEM) and analysis of moment structures (AMOS). 

4.2.4. Findings  

Measurement Model Development  

The assumptions of multivariate normality and linearity of the data from the TAFL-Q and 

MAIT were evaluated through IBM SPSS Statistics 25 based on Kline's (2011) guidelines. Using 

Cook‘s distance and box plots, no significant univariate or multivariate outliers were observed. 

The data were normally distributed without any missing data. Maximum likelihood estimation 

was therefore used in the analysis. 

 

1. The TAFL-Q analysis 

A confirmatory factor analysis (CFA) was conducted on TAFL-Q using a sample of 180 

mathematics teachers to see whether the model fits the questionnaire data of the Kenyan sample. 

The results showed a poor fit with the following fit indices: CMIN/DF = 2.643, RMSEA = .096, 

SRMR = .085, TLI = .653, CFI= .680. It was, therefore, necessary to establish a new factor 

structure for the sample. Factor analysis by principal components analysis and Varimax Kaiser 

Normalization rotation resulted in a six-factor structure consisting of 19 items from the original 

28 items. The nine items were eliminated after a careful analysis based on the guidelines 

suggested by Williams et al., 2010). 

The emergent six factors were: Perceived Learning Intentions (PLI); Perceived Feedback 

(PF); Perceived Classroom Discussion (PCD); Perceived Peer Assessment (PPA); Perceived 

Self-Assessment (PSA) and Perceived Success Criteria (PSC). These emergent factors are well 

supported by the formative assessment theoretical framework and were therefore labeled based 

on the strategies of formative assessment (Black & Wiliam, 2009).  

Using a different sample of 213 secondary school mathematics teachers, the new version 

of the TAFL-Q resulted in an improved acceptable model with the following fit indices: 

CMIN/DF = 2.009, RMSEA = .069, SRMR = .054, TLI = .862, CFI= .889. Although the values 

of the two incremental indices; TLI (.862) and CFI (.889) were slightly below the recommended 

threshold of .900, they were still within the acceptable range (Ho, 2006).  
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2. The MAIT analysis 

The MAIT consisted of six scales but CFA was conducted for three scales which 

represented the metacognitive regulation dimension because that was the area of our focus. The 

three scales of metacognitive regulation had a total of 12 items that measured planning, 

monitoring, and evaluating skills. The CFA resulted in an acceptable model on both samples that 

were used in this study. The fit indices for the first sample of 180 were: CMIN/DF = 2.275, 

RMSEA = .084, SRMR = .058, TLI = .913, CFI= .933 (See Appendix C1) while the second 

sample of 213 resulted to the following fit indices: CMIN/DF = 2.2411, RMSEA = .082, SRMR 

= .053, TLI = .917, CFI= .936. No item was therefore eliminated from the MAIT scale. The 

scales and reliabilities of the two instruments are shown in table 15. 

 

Table 15 

Scales, Cronbach’s α, and Sample Items for the TAFL-Q and MAIT 

Scale n Cronbach‘s α Sample item 

TAFL-

Q 

Perceived Learning 

Intentions (PLI) 

3 .70 After a test,  I discuss the answer given 

with each student 

Perceived  

Feedback(PF) 

3 .66 I inform my students of their strong 

points concerning learning 

Perceived Classroom 

Discussion (PCD) 

3 .68 I discuss with my students the progress 

they have made 

Perceived Peer 

Assessment (PPA 

3 .76 I adjust my instructions whenever I 

notice that my students do not 

understand a topic 

Perceived Self-

Assessment (PSA) 

3 .74 I ask questions in a way my students 

understand 

Perceived Success 

Criteria (PSC) 

4 .72 I allow my students to ask each other 

questions during class 

MAIT 

Scale 

Planning (P) 4 .77 I know what I am expected to teach 

Monitoring (M) 4 .83 I try to use teaching techniques that 

worked in the past 

Evaluating (E) 4 .87 I have a specific reason for choosing 

each teaching technique I use in class 

Note: TAFL-Q= Teacher Assessment for Learning Questionnaire; MAIT= Metacognitive 

Regulation Inventory for Teachers 
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Final Model  

All the latent variables in the TAFL-Q and MAIT were considered in the final measurement 

model with a sample of 213 mathematics teachers. The model fit for the nine latent variables in 

the measurement model resulted to an adequate model fit for the data: CMIN/DF = 1.789, 

RMSEA = .061, SRMR = .055, CFI= .879. Table 16 shows the mean, standard deviation, and 

correlations among the latent variables. Analysis of the standardized residual matrix for the 

measurement model revealed no statistically significant residual (all absolute values were less 

than two). 

 

Table 16  

Descriptive Statistics and Correlations for Latent Variables 

 Scale M SD 1 2 3 4 5 6 7 8 

1 PLI 2.45 .95 -        

2 PF 3.07 .73 .31
**

 -       

3 PCD 3.14 .67 .35
**

 .41
**

 -      

4 PPA 3.01 .77 .35
**

 .49
**

 .46
**

 -     

5 PSA 3.31 .66 .09 .36
**

 .39
**

 .47
**

 -    

6 PSC 2.81 .78 .38
**

 .34
**

 .38
**

 .47
**

 .43
**

 -   

7 Planning 2.90 .81 .32
**

 .28
**

 .20
**

 .41
**

 .23
**

 .49
**

 -  

8 Monitoring 3.05 .83 .26
**

 .34
**

 .38
**

 .46
**

 .34
**

 .47
**

 .54
**

 - 

9 Evaluation 2.67 1.05 .35
**

 .26
**

 .32
**

 .52
**

 .30
**

 .57
**

 .62
**

 .66
**

 

Note: **. Correlation is significant at the 0.01 level (2-tailed); PSC=Perceived Success Criteria; 

PPA=Perceived Peer Assessment; PSA=Perceived Self-Assessment; PLI=Perceived Learning 

Intentions PF=Perceived Feedback; PCD=Perceived Classroom Discussion 

The Structural Model  

The final analysis involved testing the hypothesized structural relationships among the 

predictor and observed variables through bootstrapping analysis. Since the TAFL-Q failed to fit 

the Kenyan data well, we had to obtain a new factor structure that slightly changed our original 

hypothetical relationship but without affecting the relationship among the emergent variables. 

The Kenyan sample resulted in a six-factor structure from the original two-factor structure. The 

first three scales (PLI, PF, and PCD) fitted so well under the monitoring dimension on the 

original scale whereas the PSA, PPA, and PSC scales fitted under the scaffolding dimension. The 

new hypothetical relationship is reflected in figure 3. The predictors of planning were 

hypothesized to be PLI, PF, PPA, and PSC; the predictors of monitoring were PLI and PF 
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through planning, PCD, PPA, and PSC. The predictors of evaluating were PCD through 

monitoring, PPA, PSA, and PSC. 

 

Figure 3 

Hypothetical Relationship between Formative Assessment Strategies and Metacognitive Skills 

 

Note: Formative assessment strategies are: PLI=Perceived Learning Intentions; PF=Perceived 

Feedback; PCD=Perceived Classroom Discussion; PPA=Perceived Peer Assessment; 

PSA=Perceived Self-Assessment; PSC=Perceived Success Criteria, while Metacognitive skills 

are: Planning, Monitoring, and Evaluating. 

 

The hypothesized structural model fitted the data (n=213) well with the following fit 

indices: 2(13) = 9.839; p =.277; CMIN/DF = 1.218, RMSEA = .032, SRMR = .012, TLI = .989, 

CFI= .998. There were no post-hoc modifications from the analysis because the indices indicated 

a good fit between the model and the observed data. Furthermore, there was no problem 

regarding the residual analysis. Table 17 and Figure 4 show the results of the estimates for the 

parameters. Regression analysis (see Table 17) revealed significant path relations in almost all 

the predictors of metacognitive regulation (planning, monitoring, and evaluating). Only two 

paths: PSA to evaluating and PF  to planning failed to show a significant effect. Results of 

squared multiple correlations (R
2
) showed that the predictors of planning explained 33.0% of its 
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variance; predictors of monitoring explained 41.0% of its variance and the predictors of 

evaluating explained 55.0% of its variance.  

 

Direct Effects 

The results show a direct positive effect of success criteria (β=.17) and peer assessment 

(β=.15) on evaluating skills; classroom discussion (β=.16) and peer assessment (β=.13) on 

monitoring skills; learning intentions (β=.13), feedback (β=.03), peer assessment (β=.19) and 

success criteria (β=.36) on planning skills. Self-assessment (β=-.06) is however negatively 

related to evaluating skills. The effects of feedback (β=.03) on planning and self-assessment (β=-

.06) on evaluating were non-significant (p>.05) as reflected in Table 17. 

Indirect Effects 

Significant mediated effects were found between PPA and monitoring through planning 

(β= .027, p< .05); PCD and evaluating through monitoring (β=.033, p<.05); PPA and evaluating 

through monitoring (β=.009 p<.01); PSC and monitoring through planning (β=.011, p<.01); PSC 

and evaluating through planning (β=.008, p<.01). 

 

Table 17  

Standardized and Unstandardized Coefficients of the Structural Model 

Outcome 
 

Predictor B SE B β t P 

Planning <--- PPA 0.17 0.06 .19 2.576 .010 

Planning <--- PLI 0.09 0.05 .13 2.034 .042 

Planning <--- PF 0.03 0.06 .03 0.504 .614 

Planning <--- PSC 0.32 0.06 .36 5.316 .000 

Monitoring <--- Planning 0.44 0.07 .38 5.964 .000 

Monitoring <--- PCD 0.16 0.07 .14 2.191 .028 

Monitoring <--- PPA 0.16 0.07 .16 2.348 .019 

Monitoring <--- PSC 0.16 0.70 .15 2.247 .025 

Evaluating <--- PSC 0.28 0.08 .17 2.755 .006 

Evaluating <--- Monitoring 0.49 0.08 .39 6.453 .000 

Evaluating <--- PSA -0.09 0.09 -.06 -1.061 .289 

Evaluating <--- Planning 0.36 0.09 .25 4.090 .000 

Evaluating <--- PPA 0.19 0.08 .15 2.467 .014 

Note. B=unstandardised beta; SE B=standard error for unstandardised beta; β =standardised beta; 

t=t-test statistic; p=probability value. 
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Figure 4 

Standardized Solutions of the Structural Model 

 

Note: Formative assessment strategies are: PLI=Perceived Learning Intentions; PF=Perceived 

Feedback; PCD=Perceived Classroom Discussion; PPA=Perceived Peer Assessment; 

PSA=Perceived Self-Assessment; PSC=Perceived Success Criteria, while Metacognitive skills 

are: Planning, Monitoring, and Evaluating. 

4.2.5. Discussion  

This study aimed to establish the relationship between mathematics teachers‘ perceptions 

of formative assessment and metacognitive regulation using the TAFL-Q and MAIT. First, the 

validity of the two questionnaires was examined in the Kenyan context. A confirmatory factor 

analysis on a sample of 180 mathematics teachers showed that the TAFL-Q had a poor fit 

whereas the MAIT had a good fit for the sample. An exploratory factor analysis of the TAFL-Q 

using the same sample resulted in a six-factor structure consisting of 19 items from the original 

28 items. The six-factor solution explained 66.0% of the total variance. The new structure was 

deemed suitable since every scale had at least three items with good reliabilities. Furthermore, 
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the new factors were still in line with the theoretical framework of formative assessment (Black 

& Wiliam, 2009).  

The new version of the TAFL-Q was subjected to a confirmatory factor analysis using a 

different sample of 213 mathematics teachers. The new structure resulted in an acceptable model 

with good fit indices. The confirmatory analysis of the three scales representing metacognitive 

regulation on the MAIT scale had good fit indices on both the first and the second samples. 

There was, therefore, no adjustment of the items on the MAIT scale. 

Although the TAFL-Q has gained popularity in different cultural contexts, some studies 

that have used this questionnaire failed to examine the contextual suitability of the instrument. 

For instance, Öz (2014) used the questionnaire to measure the perceptions of Turkish English 

teachers but failed to report on confirmatory factor analysis. Similarly, the same questionnaire 

was used in Tanzania before a confirmatory analysis of the factors (Kyaruzi et al., 2018). 

However, Nasr et al. (2018) found the questionnaire fit to measure the perceptions of Iranian 

English teachers. Due to cultural differences and different educational practices, questionnaires 

may fail to elicit similar structures across different samples (Brown et al., 2017). It is therefore 

important to examine the structure of an existing scale when dealing with a different cultural 

context.  

Several inventories have been used to conceptualize metacognition for the past four 

decades (e.g., Balcikanli, 2011; Miholic, 1994; Paris & Jacobs, 1984; Schraw & Dennison, 

1994). The most widely used and cited in the literature is the Metacognitive Awareness 

Inventory (MAI) which was developed by Schraw and Dennison (1994) to measure 

metacognitive awareness for adults. Since the focus was generally on adults, Balcikanli (2011) 

found it necessary to develop a metacognitive inventory that specifically measures teachers‘ 

metacognitive awareness. The MAIT was therefore simply a modification of the MAI to fit the 

teaching context. Although the MAIT has been less widely used, the original version (MAI) has 

proved its validity across different cultural contexts. The MAIT was found suitable for 

measuring the level of metacognitive skills among secondary school mathematics teachers in 

Kenya.  

The second part of the study involved assessing the relationship between teachers‘ 

perceptions of formative assessment and metacognitive regulation. The results showed a 

significant positive relationship between most of the factors. For instance, learning intentions 
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(PLI), success criteria (PSC), and peer assessment (PPA) significantly predicted teachers 

evaluating skills. This implies that mathematics teachers develop evaluation skills when they use 

formative assessment strategies like sharing learning intentions and success criteria with students 

and engineering them as instructional resources of one another. Self-assessment, however, had 

no significant effect on teachers evaluating skills.  

Monitoring strategies were significantly predicted by classroom discussion (PCD) and 

peer assessment (PPA). Through classroom discussion and peer assessment, students can reflect 

and monitor their learning process. Planning strategies were significantly predicted by learning 

intentions (PLI), peer assessment (PPA), and success criteria (PSC). This shows that 

mathematics teachers‘ planning strategies are enhanced when they share learning intentions and 

success criteria with students. When the planning strategies are in place, it becomes easier for 

teachers to monitor and evaluate the learning.  

It‘s worth noting that among the predictors, peer assessment and success criteria had a 

significant effect on the three outcome variables of metacognitive skills. This underscores the 

importance of these formative assessment strategies in metacognitive regulation. Overall, the 

results were in line with our hypothesized relationship except for the relationship between self-

assessment and evaluation which turned out to be negative although insignificant. 

4.2.6. Conclusion  

The current study builds on the work of Black and Wiliam (2009), Pat-El et al. (2013), 

and Balcikanli (2011) to try and conceptualize the relationship between formative assessment 

and metacognitive regulation. Unlike metacognitive regulation which has been consistently 

conceptualized and widely measured, formative assessment (assessment for learning) was first 

measured instrumentally by Pat-El et al. (2013). Furthermore, only a few studies have assessed 

the relationship between formative assessment and metacognitive regulation. The findings of our 

study show that monitoring and scaffolding dimensions as described by Pat-El et al. (2013) can 

be disintegrated into subcomponents of Learning Intentions, Feedback, Classroom Discussion, 

Peer Assessment, Self-Assessment, and Success Criteria. Our results have shown that formative 

assessment strategies predict teachers‘ levels of metacognitive regulation.  

There is a need for subsequent work to consider other variables of formative assessment 

and how they relate to metacognitive regulation. The work should also involve multiple 
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approaches to measuring the constructs of formative assessment and metacognitive regulation. 

More research is needed to test the relationship exhibited in the present study with other samples, 

especially in different cultural contexts. The findings of this study will contribute to future theory 

development and designing effective intervention programs for classroom instruction. 

4.3. Study 3: In-Service Mathematics Teachers’ Conception and Perceptions of 

Metacognition in their Teaching Experience 

4.3.1. Introduction  

Metacognition refers to being aware of one's thought processes (Merriam-Webster, 

2012). According to Flavell (1979), metacognition is the knowledge that helps one to regulate 

his/her cognitive activities in the learning processes. Metacognition has been regarded as 

consisting of two major parts namely, metacognitive knowledge and metacognitive skills (Lai & 

Viering, 2012; Veenman, 2011; Veenman et al., 2006; Williams & Atkins, 2009). Over the past 

four decades, research on metacognition and its implications to teaching and learning is 

increasingly becoming an area of focus among educational researchers. This is due to the proven 

benefits of metacognition in children‘s learning (e.g., Csíkos & Steklács, 2010; Naseri et al., 

2017; Roll et al., 2011).  

Metacognitive knowledge has widely been categorized into declarative, procedural, and 

conditional knowledge (Harris et al., 2010). Metacognitive skills or regulation of cognition have 

also been conceptualized under three components: planning, monitoring, and evaluating (Harris 

et al., 2010). Metacognitive skills generally encompass the acquired repertoire of strategic 

knowledge necessary for monitoring, directing, and managing learning activities (Veenman, 

2011). Self-monitoring, planning, and self-evaluation are therefore part of the metacognitive 

skills that can be practiced in a learning situation. According to Veenman (2011), the indicators 

of metacognitive skillfulness include planning, monitoring, note-taking, and time and resource 

management. 

Various studies have shown that the training of students in metacognitive skills greatly 

enhances their performance (e.g., Donker et al., 2014; Kramarski & Mevarech, 2003). A study 

by Veenman & Spaans (2005) on solving mathematical word problems by secondary school 

students revealed that students perform better when learning is supported by a series of 

https://www.lifescied.org/doi/full/10.1187/cbe.12-03-0033#B18
https://www.lifescied.org/doi/full/10.1187/cbe.12-03-0033#B18
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metacognitive cues. Other studies have also shown the need for metacognitive skills training in 

schools (e.g., Mevarech & Fridkin, 2006; Muijs et al., 2014). 

Teachers’ Metacognition and Academic Achievement 

Teachers are expected to prepare students to construct their knowledge. This implies that 

teachers must model their teaching to the extent that students can engage in monitoring and self-

regulating learning behaviours. Significant research on how metacognitive skills training impacts 

learners‘ academic achievement has been done (e.g., Baas et al., 2014; Hattie, 2013; Stel & 

Veenman, 2010). Some studies have also focused on pre-service teachers‘ metacognition and its 

impact on teachers‘ academic achievement.  

Whereas Hashmi et al. (2019) found a negative correlation between metacognition and 

academic achievement among the prospective teachers, other studies yielded a positive 

correlation (Abdellah, 2015; Young & Fry, 2008). Studies related to teachers‘ metacognition 

have mostly focused on pre-service teachers‘ metacognition. However, little is known about in-

service teachers‘ metacognition. It is necessary to also assess how practicing teachers are 

utilizing their metacognitive knowledge and skills in the process of teaching and learning. 

Metacognition and Background Factors (Teaching Experience, Gender, and Qualification) 

According to Young and Fry (2008), the more experienced (graduate) education students 

had higher scores of their metacognitive skills as compared to the less experienced 

(undergraduate) education students. There was however no difference regarding their scores on 

knowledge of cognition. A recent study by Kallio et al. (2020) revealed that more experienced 

teachers (more than 10 years) had a higher perception of support of their learners‘ metacognitive 

awareness than the less experienced teachers did. Stewart et al. (2007) and Jiang et al. (2016) 

also found similar results. 

Regarding gender and teachers‘ qualifications, Kallio et al. (2020) observed that women's 

perception of the support of their learners‘ metacognition was higher than men‘s perceptions, and 

teachers with masters‘ degrees were seen to provide more assistance to their learners as 

compared to bachelors‘ degree holders. However, Usher (2019) found no significant gender 

differences among the pre-service teachers. Likewise, in the study carried out by Ekici et al. 

(2019), the pre-service male and female teachers had similar perceptions of their metacognition. 

Ibrahim and Watts (2016) too observed that both men and women had similar perceptions of 
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their metacognitive skills. These studies however mainly focused on prospective teachers. It will 

be interesting to find out how gender, teachers‘ qualifications, and teaching experience affect the 

Kenyan in-service mathematics teachers‘ perceptions of metacognitive awareness. 

 

The Current Study 

Research on metacognition has mainly focused on the learners and pre-service teachers. 

Few recent studies on in-service teachers‘ metacognition have focused on preschool, primary and 

special education teachers (Kallio et al., 2020; Sulaiman et al., 2021; Thienngam et al., 2020). 

No study has however focused on mathematics teachers‘ metacognition in secondary schools. 

Studies have shown the need for training the learners in metacognition. The implication is that 

teachers must be metacognitive in their teaching so that they teach or model the same to their 

learners (Martinez, 2006; Tanner, 2012; Wilson & Bai, 2010). Teachers‘ understanding of their 

levels of metacognition can be a head start in the training of learners‘ metacognitive skills. In-

service teachers‘ metacognition is however one of the under-researched areas.  

The current study explored the levels of metacognitive awareness among practicing 

mathematics teachers in Kenya. The motivation behind this study is the fact that no study has 

been done in Kenya regarding teachers‘ metacognition despite the role it plays in students‘ 

achievement. This study will therefore form a basis for further research on metacognitive 

awareness among teachers in Kenya and how it can be utilized for the benefit of students‘ 

learning. The present study responded to the following research questions: 

1. To what extent do secondary school mathematics teachers in Kenya perceive their use of 

metacognitive knowledge and skills in teaching mathematics? 

2. Is there any effect of gender, teaching experience, and level of education on the 

metacognitive awareness of secondary school mathematics teachers in Kenya?  

3. What conception of metacognition do Kenyan secondary school mathematics teachers 

report? 

4.3.2. Methodology  

Sample  

The sample consisted of 213 (157 males) secondary school mathematics teachers from 50 

selected public secondary schools in Kenya. . The 50 schools were obtained through a stratified 

random sampling technique to include the different categories of schools (National, County, or 

https://www.lifescied.org/doi/full/10.1187/cbe.12-03-0033
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Sub-county) and different school types (boys‘, girls‘ or mixed). The sample of 213 teachers was 

then purposefully obtained by considering all mathematics teachers in the selected schools who 

taught a grade 11 class. Out of 213 participants, 166 (77.9%) had a bachelor of education (BEd) 

degree; 19 (8.9%) had either a Bachelor of Arts or Bachelor of Science (BA/BSc) degree; 25 

(11.7%) had a diploma in education while 3 (1.4%) had a Master‘s degree in education (MEd). 

Regarding teaching experience, 125 (58.7%) had an experience of up to 5 years; 41 (17.2%) an 

experience of between 6 to 10 years; 27 (12.7%) an experience between 11 to 15 years and 20 

(9.4%) with an experience above 15 years. 

Design 

The study adopted a descriptive cross-sectional survey design that utilized both 

questionnaires and personal interviews (Creswell, 2009). This method was deemed viable for the 

current study since the aim was to relate the quantitative and the qualitative findings and hence 

gain more insight into the mathematics teachers‘ perception and conception of metacognition. 

The questionnaire was used to collect the quantitative data whereas structured interviews 

acquired qualitative data. 

Instruments  

1. Questionnaire 

The self-report paper and pencil questionnaire comprised of two parts. The first part 

contained questions related to demographic characteristics and the second part consisted of 24 

items (questions) adopted from Balcikanli (2011) as shown in Table 18. The 24 items were used 

to rate the mathematics teachers‘ metacognitive awareness. The Metacognitive Awareness 

Inventory for Teachers (MAIT) scale (Balcikanli, 2011, p. 1323) was developed for measuring 

teachers‘ metacognitive awareness. In the current study, the scale was adopted for mathematics 

teachers. The teachers were clearly instructed to relate the responses to their mathematics classes 

since some mathematics teachers also taught a different second subject.  

The MAIT scale is composed of two dimensions each with 12 items. The metacognitive 

knowledge dimension has three subscales each with four items: declarative knowledge (DK), 

procedural knowledge (PK), and conditional knowledge (CK). The metacognitive regulation 

dimension included planning (P), monitoring (M), and evaluating (E) subscales each with four 

items (Balcikanli, 2011, p. 1323). Items were rated on a 5-point Likert scale ranging from ‗Not at 

All‘ (NA=0) to ‗Always‘ (A=4).  
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Table 18  

A 24 Item Questionnaire and the Subscales 

Scale Items Questions 

Declarative 

Knowledge  

(DK) 

1 I am aware of the strengths and weaknesses in my teaching 

2 I know what skills are most important to be a good teacher 

3 I know what I am expected to teach 

4 I have control over how well I teach 

Procedural 

Knowledge 

(PK) 

5 I try to use teaching techniques that worked in the past 

6 I have a specific reason for choosing each teaching technique I use in the 

class 

7 I am aware of what teaching techniques I use while I am teaching 

8 I use helpful teaching techniques automatically 

Conditional 

Knowledge 

(CK) 

9 I use my strengths to compensate for my weaknesses in my teaching 

10 I can motivate myself to teach when I need to teach 

11 I use different teaching techniques depending on the situation 

12 I know when each teaching technique I use will be most effective 

Planning (P) 13 I pace myself while I am teaching to have enough time 

14 I teach my specific goals before I start teaching 

15 I ask myself questions about the teaching materials I am going to use 

16 I organize my time to best accomplish my teaching goals 

Monitoring 

(M) 

17 I ask myself periodically if I meet my teaching goals while I am teaching 

18 I find myself assessing how useful my teaching techniques are while I am 

teaching 

19 I check regularly to what extent my students comprehend the topic while I 

am teaching 

20 I ask myself questions about how well I am doing while I am teaching 

Evaluating 

(E) 

21 I ask myself how well I have accomplished my teaching goals once I have 

finished 

22 I ask myself if I could have used different techniques after each teaching 

experience 

23 After teaching a point, I ask myself if I would use it more effectively next 

time 

24 I ask myself if I have considered all possible techniques after teaching a 

point 

 

Note. Adopted from, Metacognitive awareness inventory for teachers (MAIT), by C. Balcikanli, 

2011, Electronic Journal of Research in Educational Psychology, 9 (3), 1309–1332, 

adopted with permission. 

 

2. Interview Schedule  

Eight interview questions were developed by the researcher to get more insight into the 

themes covered by the subscales on the MAIT. The interview sample consisted of 10 teachers 

(men=7) who were selected from ten randomly selected schools. The structured questions 

focused on the teachers‘ understanding and use of metacognitive knowledge and skills in their 

teaching. The interview questions were as follows: 
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1. What would you consider as your strengths and weaknesses in teaching mathematics? 

2. What do you consider before deciding on a particular method to use in your teaching? 

3. How do you make use of your strengths and weaknesses? 

4. How often do you prepare your lesson plans? 

5. How often do you evaluate your teaching goals at the end of each lesson? 

6. How often do you question whether you are meeting your teaching objectives while 

teaching? 

7. To what extent did your teaching approach predict students‘ achievement at the end of 

term one exams? 

8. Do you consider yourself a metacognitive teacher? Briefly explain. 

 

Data Collection Procedure  

The research was conducted after obtaining ethical approval from Pwani University of 

Kenya and after getting a license from the Nation Commission for Science, Technology, and 

Innovation. The researchers visited the schools and administered the questionnaires to the 

mathematics teachers with the assistance of the heads of mathematics departments. The filling of 

each questionnaire took approximately 25 minutes to complete. The interview was conducted on 

different dates after seeking the teachers‘ consent. The lead researcher interviewed teachers 

separately after assuring them of the confidentiality of the recorded scripts. The interview took 

between 30 to 35 minutes for every teacher. 

Data Analysis 

1. Questionnaire Analysis 

The adapted MAIT scale was validated by performing a confirmatory factor analysis on a 

separate sample of 180 mathematics teachers. Different fit indices, which included CMIN/DF, 

RMSEA, SRMR, TLI, and the CFI, were used to test the model fit to the Kenyan sample.  

Confirmatory factor analysis (N = 180) of the six-factor model resulted to acceptable fit indices 

as follows: CMIN/DF = 2.275, RMSEA = .084, SRMR = .058, TLI = .913, CFI= .933 (Ho, 

2006; Schumacker & Lomax, 2004). Reliability analysis of the questionnaire was determined 

using Cronbach‘s Alpha for the different subscales and the overall scale (DK=.65; PK=.67; 

CK=.73; P=.64; M=.70; E=.86; Overall scale=.92). All the alphas were within the acceptable 
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range hence confirming that the MAIT measured precisely the underlying constructs. The 

analysis of the item-total correlations for the overall MAIT scale is presented in Appendix C2. 

2. Interview Analysis 

The thematic content analysis approach was used to scrutinize interview data by first 

identifying the common themes across the data set (Creswell, 1994). The analysis involved six 

steps as suggested by Miles and Huberman (1994): (1) Listening to the tape and transcription of 

the interview (2) Becoming familiar with the transcripts by reading them over and over (3) 

Coding (4) Summarizing the coded data (5) Data interpretation (6) confirming the findings. 

Confirmation of the findings was done by taking the transcript and the interpretation back to the 

respondents and they were asked if they agreed with the interpretation. All the participants 

agreed with the interpretation. 

4.3.3. Findings 

The findings of the present study were categorized into quantitative (descriptive, t-test, 

and ANOVA statistics) and qualitative (interview analysis). 

Descriptive Statistics 

Descriptive statistics were used to examine the perceptions of teachers regarding their 

metacognitive awareness. The analysis indicated a mean score of 3.31 for items under the 

metacognitive knowledge dimension and a mean score of 2.91 for items under the metacognitive 

skills dimension. All the items under the metacognitive knowledge dimension had a mean score 

of between 3.11 and 3.53 which corresponded to ―often‖ on the Likert scale implying 

mathematics teachers had a high perception of their metacognitive knowledge. Regarding the 

metacognitive skills dimension, the mean score range was between 2.63 and 3.13 with an 

average of 2.91 corresponding to ―often‖. Teachers had the lowest perception of Items in the 

subscale of evaluative skills (21, 22, 23, and 24) as compared to items in other subscales. 

Generally, the perceptions of mathematics teachers regarding their level of metacognition can be 

rated as positive although the perceptions regarding metacognitive knowledge were higher than 

perceptions regarding metacognitive skills. Tables 19 and 20 give a summary of the descriptive 

statistics regarding the teachers‘ perceptions of their levels of metacognitive awareness. 
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Table 19 

Descriptive Statistics of Teachers’ Perceptions on Metacognitive Knowledge (N=213) 

 Item 

1 

Item 

2 

Item 

3 

Item 

4 

Item 

5 

Item 

6 

Item 

7 

Item 

8 

Item 

9 

Item 

10 

Item 

11 

Item 

12 

Overall 

mean  

M 3.32 3.36 3.46 3.53 3.20 3.37 3.44 3.24 3.27 3.27 3.20 3.11 3.31 

SD 0.79 0.74 0.68 .75 0.83 0.78 0.74 0.85 0.78 0.88 0.92 0.83 0.45 

 

Table 20 

Descriptive Statistics of Teachers’ Perceptions on Metacognitive Skills (N=213) 

 Item 

13 

Item 

14 

Item 

15 

Item 

16 

Item 

17 

Item 

18 

Item 

19 

Item 

20 

Item 

21 

Item 

22 

Item 

23 

Item 

24 

Overall 

mean  

M 3.00 2.59 3.08 3.13 3.00 3.05 3.11 3.07 2.90 2.63 2.64 2.70 2.91 

SD 0.89 1.22 0.95 0.85 0.98 0.96 0.91 1.02 1.11 1.15 1.24 1.21 0.71 

 

Further analysis of the three subscales of metacognitive knowledge revealed that teachers 

had a higher perception of their declarative knowledge as compared to procedural knowledge 

and conditional knowledge. Regarding the subscales of metacognitive skills, teachers had a 

higher perception of their monitoring skills as compared to planning and evaluating. Table 21 

shows the descriptive results of the six subscales of the metacognitive scale. 

Table 21 

Descriptive Statistics of Perceptions on Metacognitive Awareness Sub-Skills (N=213) 

 Declarative 

knowledge 

Procedural 

knowledge 

Conditional 

knowledge 

Planning Monitoring Evaluating  

M 3.41 3.31 3.32 2.95 3.05 2.72 

SD 0.52 0.53 0.63 0.67 0.79 1.00 

 

T-Test and ANONA Results 

Independent samples T-test and one-way ANOVA were used to examine the effect of 

background factors (gender, teaching experience, and qualification) on teachers‘ perceptions of 

their metacognitive awareness. The t-test results exhibited non-significant differences in the 

means of male (M=3.31, SD=0.46) and female teachers (M=3.32, SD=0.40); t (211) =-.13, p=.90 
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for metacognitive knowledge. Similarly, no significant difference in the means of male (M=2.88, 

SD=0.73) and female teachers (M=2.98, SD=0.60); t (211) =-1.08, p=.28 for metacognitive skills 

was found. 

There was no effect of teacher qualification on teachers‘ perceptions at p=.05 for the four 

categories of teacher qualification [F (3, 209) =.56, p=.64] for metacognitive knowledge and 

metacognitive skills [F (3, 209) =.59, p=.62]. Similarly, a one-way ANOVA conducted on 

teaching experience resulted in a non-significant difference [F (3, 209) =.16, p=.92] for the four 

categories of teaching experience regarding metacognitive knowledge. There was also no 

significant difference [F (3,209) =.53, p=.66] for the four categories of teaching experience 

regarding metacognitive skills. Table 22 gives a summary of the mean and standard deviations of 

metacognitive knowledge and skills for the background factors. 

 

Table 22 

Descriptive statistics of Teachers’ Perceptions Based on Background Factors 

Background factors Metacognitive Knowledge Metacognitive Skills 

M SD M SD 

Gender Male 3.31 0.46 2.88 0.73 

Female 3.32 0.40 2.98 0.63 

Teacher 

qualification 

BEd 3.32 0.45 2.92 0.72 

BA/BSc 3.20 0.47 2.90 0.72 

Diploma 3.30 0.41 2.70 0.70 

MEd 3.53 0.53 3.05 0.55 

Teaching 

experience 

Up to 5 years 3.30 0.44 2.93 0.74 

6 to 10 years 3.31 0.47 2.85 0.69 

11 to 15 years 3.35 0.47 2.96 0.68 

Above 15 years 3.27 0.46 2.75 0.62 
 

Interview Analysis 

Ten teachers participated in the interview. The interview consisted of eight semi-

structured questions with associated probes. The interview aimed to help triangulate the research 

and hence strengthen the findings from the quantitative data. The analysis centred on the two 

major themes of metacognition and the six sub-themes that had already been established during 

the quantitative phase.  
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Theme 1: Metacognitive Knowledge  

i) Declarative knowledge   

The interview guide for questions on declarative knowledge sought to find out more 

information on teachers‘ awareness of person, task, and strategy variables. The main question 

that was asked related to teachers‘ declarative knowledge about their strengths and weaknesses: 

what would you consider as your strengths and weaknesses in teaching mathematics? This 

question aimed to find out if teachers were aware of their strengths and weaknesses. All teachers 

interviewed responded that they were aware of their strengths related to content knowledge, class 

control, giving feedback to students, and the use of different student-centred approaches in 

teaching. Regarding knowledge of their weaknesses, eight teachers admitted they have some 

weaknesses and were aware of them. Some of the weaknesses mentioned included poor time 

management and a negative attitude towards some topics. 

Teacher 1: I always have a problem with time management in almost all of my classes 

however much I try. To me, 40 minutes are never enough and I even hardly notice how 

time passes when I am teaching. I think I do much of the talking. I may need to work on 

this weakness. 

Two teachers were however skeptical about mentioning their weaknesses. One of the teachers 

(teacher 4) said: 

I enjoy teaching mathematics and I don‘t have issues with any topic. I have taught 

mathematics for over 15 years and the major challenge I have always encountered is on 

dealing with students‘ negative attitudes towards some topics. 

ii) Procedural Knowledge 

The interview guide for questions on procedural knowledge sought to gain an 

understanding of teachers‘ utilization of their procedural knowledge. The main question asked 

was: what do you consider before deciding on a particular method to use in your teaching? This 

question elicited varied responses based on teachers‘ teaching experience. One more experienced 

teacher reported that he used various methods depending on the topic and the class size. 

Teacher 2: My choice of the teaching method depends on the topic and the class size. If 

for example am teaching a topic like statistics, I just divide students into groups and give 
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them a task to work on. Some topics will require me to do a demonstration on the 

chalkboard and ask students to work individually especially if the class is large. 

One teacher (less than 5 years of teaching experience) demonstrated the use of procedural 

knowledge although he seemed to be slightly limited as compared to the more experienced 

teacher. 

Teacher 7: Mathematics is a hands-on activity and so I always prefer 

working with students in small groups. I first do a demonstration on the 

chalkboard then give them activities in groups. I don‘t want to teach 

mathematics the way I was taught (teacher-centered approach) because it 

makes students passive participants. 

iii) Conditional Knowledge 

Questions on conditional knowledge investigated teachers‘ application of their 

declarative and procedural knowledge. The main question concerned how teachers use their 

strengths and weaknesses: how do you make use of your strengths and weaknesses? Most 

teachers said that they maximize their strengths and seek assistance in their weak areas.  

Teacher 9: Whenever I come across a difficult problem, I usually ask my colleagues to 

assist or sometimes I give the challenge to my students. My students may know some 

concepts better than I do. Team teaching has worked well in my school since no one has a 

monopoly on knowledge. 

Theme 2: Metacognitive skills 

i) Planning   

The questions on planning focused on how teachers plan their teaching to attain lesson 

goals. The main question asked was: how often do you prepare your lesson plans? All the 10 

teachers admitted that they rarely prepared lesson plans although they always had an idea of 

what to teach. Regarding lesson organization, the ten teachers mentioned that they divided their 

lesson into the introduction, body, and conclusion although in most cases they hardly followed 

the plan. 

Teacher 6: I prepare the lesson plan once in a while because it‘s part of the requirements. 

It‘s rarely practical for every lesson. Like on average I have 28 lessons per week so it‘s 
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almost impossible to have an elaborate lesson plan. Besides, I may prepare and end up 

failing to follow it. 

ii) Monitoring 

The questions on monitoring focused on teachers‘ self-testing skills needed to regulate 

learning. The main question asked was: how often do you question yourself whether you are 

meeting your teaching objectives while teaching? Questions on monitoring elicited different 

responses, which included the following:  

Teacher 5: Based on my experience, with time I have known what works for me and what 

fails to work. In most cases, I assess my teaching techniques after the lesson. I can be 

able to tell if students understood the concept or if they need a remedial lesson.  

Teacher 10: Sometimes it‘s hard to check the understanding of the students during the 

lesson but after giving them some tasks, I can be able to check the understanding based 

on their responses to the tasks. 

The analysis showed that teachers generally self-test their skills after the lessons. Some of 

the reasons they pointed out as affecting their self-monitoring processes were the heavy 

workload and large class sizes. It seemed from the responses that teachers engage in self-

monitoring processes only after assessing the students‘ performance on continuous assessment 

tests. 

iii) Evaluating  

The questions on evaluating related to how teachers examine their progress as they strive 

to achieve the set goals. An example of the question asked was: how often do you evaluate your 

teaching goals at the end of each lesson? Responses to the questions relating to evaluation 

showed that this was one of the skills that teachers rarely thought about. All teachers said they 

rarely evaluate their teaching goals because in most cases they hardly prepare the lesson plan. 

Teacher 9: Once I finish teaching the first class, I am always in a hurry to attend the next 

class. I don‘t even have time to evaluate my teaching as much as I know the importance 

of doing so. During my free time, I am busy marking students' books and rarely get time 

for reflection. 
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Related to evaluation, teachers were requested to rate how their teaching approach 

predicted their students‘ achievement based on the previous end-of-term performance (Do what 

extent did your teaching approach predict students’ achievement at the end of term one exams?). 

Out of the ten teachers, seven teachers reported that they tried to do their best to employ the 

student-centered approaches in their teaching but their efforts were rarely reflected in students‘ 

performance. When they were requested to rate on a five-point scale, seven rated themselves on 

a scale of ‗1‘ which corresponded to rarely, and three rated themselves on a scale of ‗2‘ which 

corresponded to sometimes.  

The final question asked teachers whether they considered themselves as metacognitive 

teachers (Do you consider yourself a metacognitive teacher? Briefly explain!). This seemed to be 

a challenging question for the teachers as most of them exhibited little understanding of what 

metacognition was all about. The first two teachers that were interviewed considered themselves 

as metacognitive teachers but their reasons showed a lack of clear understanding of what 

metacognition involved. 

Teacher 1: I think I am a metacognitive teacher because I involve my students in active 

learning through discussions and group activities that are mainly hands-on. 

Teacher 2: I think I am a metacognitive teacher because I prepare my lessons and reflect 

on what I want to teach even though I don‘t always have a lesson plan with me in class. 

Based on the responses of the first two teachers, there was a need to explain the meaning 

of metacognition and its components to the remaining eight teachers before they were asked 

whether they considered themselves as metacognitive teachers or otherwise. All eight teachers 

said they were aware of their metacognitive knowledge (declarative, procedural, and conditional 

knowledge), and used it largely while teaching students. Regarding the regulation of cognition, 

five of them reported that they monitor and reflect on their teaching but in most cases fail to plan 

and evaluate their teaching. Three teachers felt they were less effective in utilizing their 

metacognitive skills: 

Teacher 5: I think to be a metacognitive teacher needs more than just writing down a 

lesson plan. One must be intentional and have enough time to plan and reflect on the 

lesson to be taught. As much as I would wish to plan and evaluate my teaching, I have 

little time for that. On a scale of ―1 to 5‖, I can give myself a 3. 
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Teacher 7: I sometimes reflect on the topic but sometimes fail to prepare adequately due 

to other factors like large class sizes and greater workload without any extra pay.  

4.3.4. Discussion 

Previous research findings have suggested that metacognitive skills training improve 

students‘ achievement (Baas et al. 2015; Hattie 2013; Muijs et al. 2014; Stel & Veenman, 2010). 

These findings are however based on the assumption that teachers are themselves metacognitive 

and can train students on how to use metacognitive strategies in their learning. Perhaps the 

question that researchers need to ask themselves is whether the teachers are aware of their 

metacognition. The argument paused in the present study is that one can only give out what 

he/she has. In other words, teachers can only train students on how to be metacognitive if they 

are also metacognitive. The present study thus explored the mathematics teachers‘ perceptions of 

their metacognition, the effect of background factors on metacognition, and teachers‘ conception 

of metacognition.  

Teachers’ Perceptions  

Research question one established the extent to which secondary school mathematics 

teachers in Kenya perceived their level of metacognitive knowledge and skills in teaching 

mathematics. Descriptive statistics analysis showed that mathematics teachers rated themselves 

highly regarding their level of metacognitive awareness although their rating for metacognitive 

knowledge was higher than the rating for metacognitive skills.  

The analysis thus implies that teachers have positive perceptions of their metacognitive 

awareness. Descriptive statistics results were also supported by the qualitative analysis of the 

interview where teachers reported that they were aware of their metacognitive knowledge and 

skills. Özsoy and Günindi (2011) similarly found a medium to high-level metacognitive 

awareness of the pre-service teachers. Koc and Kuvac (2016) as well found positive perceptions 

of metacognitive awareness by prospective science teachers. 

Background Factors and Teachers’ Perceptions 

The second research question examined if there was any effect of gender, teaching 

experience, and level of education on the metacognitive awareness of secondary school 

mathematics teachers in Kenya. This question was answered by conducting an independent 

samples t-test and ANOVA statistics. The outcome of the analysis showed a non-significant 
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effect of gender, teaching experience, and level of education on both the metacognitive 

knowledge and metacognitive skills of the participants.  

Previous studies although dealing with pre-service teachers also found statistically non-

significant gender differences in teachers‘ metacognitive awareness (Alci & Karatas, 2011; Ekici 

et al., 2019).  These findings show that background factors of gender, experience and level of 

education have little influence on the in-service teachers‘ perceptions of metacognition. 

Teachers’ Conception of Metacognition  

The third research question sought to get a deeper understanding of the Kenyan 

secondary school mathematics teachers‘ conception of metacognition as reported through 

interviews.  The analysis was based on the two major themes and the subthemes identified during 

the questionnaire analysis. The first theme, metacognitive knowledge which relates to person, 

task, and strategy variables (Mahdav, 2014) is divided into declarative knowledge, procedural 

knowledge, and conditional knowledge. The interview of teachers regarding their metacognitive 

knowledge revealed that teachers made use of their metacognitive knowledge. For instance, they 

were able to identify their strengths and weaknesses (declarative knowledge); used varied 

teaching approaches (procedural knowledge); and made good use of their strengths and 

weaknesses (conditional knowledge). 

The second theme analyzed teachers‘ metacognitive skills which encompass planning, 

monitoring, and evaluation. Regulation of cognition enables one to know what to do (task 

orientation), what to achieve (goal setting) and how to achieve the goal (planning). Teachers get 

involved in the regulation of cognition when they plan their teaching, monitor themselves during 

lesson delivery, and evaluate the outcome of their teaching. Analysis of teachers‘ metacognitive 

skills revealed that teachers generally had an understanding of the skills involved in the 

regulation of cognition but rarely put them to use. These results show that more effort is needed 

for teachers to translate their awareness of metacognitive regulation to their teaching.  

Teachers mentioned large class sizes, greater workload, and lack of motivation as some 

of the reasons that hindered their use of metacognitive skills. The interview analysis generally 

revealed that teachers failed to utilize their metacognitive skills fully. Earlier studies on teachers‘ 

promotion of self-regulatory strategies in classes have shown that teachers rarely supported the 

use of metacognitive skills in classrooms but instead promoted cognitive strategies (Dignath & 

Büttner, 2018; Dignath-van Ewijk et al., 2013; Spruce & Bol, 2015). 
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One interesting finding in the interview analysis was the misapprehension that some 

teachers had about the concept of metacognition. This was revealed through question eight when 

teachers were asked whether they considered themselves as metacognitive teachers and to give 

reasons why they thought so. Most of the teachers took metacognition to mean students being 

actively involved in learning and therefore the assumption was that as long as students were 

engaged in discussion and group work activities, metacognitive strategies were being utilized. 

The responses from the teachers revealed that the understanding of active learning is also 

misunderstood.  

Active learning is defined as ―anything that engages students in doing things and thinking 

about the things they are doing‖ (Bonwell & Eison, 1991, p. 19). Metacognition on the other 

hand involves students thinking about their learning process by engaging in self-regulatory 

processes like self-monitoring and self-evaluation. In other words, active learning appeals to 

cognitive processes instead of metacognitive processes. Active learning can be treated as a 

prerequisite for metacognition but it doesn‘t imply that active engagement of students in learning 

activities is being metacognitive. Teachers in most cases apply active learning pedagogies like 

engaging students in hands-on activities but little do they consider minds-on activities.  

Limitations  

The present study was conducted in the western part of Kenya and the results can 

therefore be generalized only to the schools in the western region of Kenya. Future research can 

consider replicating the same study to other regions in the country. Although triangulation using 

questionnaires and interviews was employed in the study, future studies can also incorporate the 

observation of teachers in classes to increase the validity of the results. 

4.3.5. Conclusions and Suggestions 

Research has shown that metacognition is crucial to the learning process and it 

determines learning performance to a large extent. Both quantitative and qualitative analysis of 

data in this study has revealed that mathematics teachers perceive themselves as highly 

metacognitive. These perceptions are however hardly translated into the teachers‘ actual 

classrooms. The report from the teachers‘ interview showed that teachers face challenges that 

hinder them from utilizing their metacognitive skills. There is, therefore, a need for addressing 
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the challenges so that teachers can consciously utilize their metacognitive skills and model the 

same to their students.  

This study has revealed the need for explicit training and instructing students on 

metacognitive strategies. Teachers must be made aware of the benefits of metacognition in 

students‘ learning. There is, therefore, a need of introducing metacognition as a course in the 

teachers‘ training colleges and in-service training so that teachers are equipped on how to 

integrate metacognition in their teaching. It is important to integrate metacognition in the in-

service training of teachers so that teachers will be able to model the same to the students. 

Teachers can also make use of other metacognitive strategies like mind maps and concept maps 

that will help students to consciously solve new and challenging problems. 

4.4. Study 4: Proportional Reasoning in Mathematics: Construction and Validation of a 

Test to Measure Students’ Proportional Reasoning on Rates, Ratios, and Proportions 

4.4.1. Introduction 

Proportional reasoning is generally regarded as the ability to compare objects using 

multiplicative reasoning instead of additive reasoning. According to Van de Walle and Lovin 

(2006), proportional reasoning involves a comparison of multiplicative relationships between 

quantities. Studies have revealed that most students have problems with proportional reasoning 

because they fail to differentiate between situations that call for additive reasoning and those that 

require multiplicative reasoning (Nunes & Bryant, 2009; Gläser & Riegler, 2015). Whereas 

additive reasoning originates from actions such as putting together and separating sets, 

multiplicative reasoning develops from actions such as one-to-many correspondence and sharing 

(Nunes & Bryant, 2015).  

The importance of proportional reasoning cannot be overemphasized. This kind of 

reasoning is applied across all grades and subjects. Children as early as age five already have 

some intuitions about intensive quantities which form the basis of proportional reasoning (Nunes 

et al, 2012). Although the perception of proportional reasoning is mainly on ratios, rates, and 

rational numbers, proportionality is generally applied in other areas involving measurement 

(Ayan & Isiksal-Bostan, 2019). Proportional reasoning has also been regarded as a life skill that 

is crucial for daily decision-making (Howe & Bryant, 2011). 
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Literature Review  

Proportional reasoning is a very important tool that children learn from early grades until 

high school. Although a significant number of studies have focused on promoting proportional 

reasoning in students, these studies have acknowledged the fact that proportional reasoning is 

challenging for most children (Al-Wattban, 2001; Charalambous & Pitta-Pantazi, 2007; Singh, 

2000). Research has also revealed that proportional reasoning, particularly on rational numbers, 

affects students of all ages. The following two paraphrased examples which were given to a 

sample of German university students from the science, technology, engineering, and 

mathematics (STEM) faculty on a pretest (Gläser & Riegler, 2015) prove this assertion.  

1. The diagrams below show two tins of different sizes but marked with the same scale 

on each of them. Oil is poured into the broad tin until it reaches the fourth mark. 

When the same oil is poured into the small tin as demonstrated in diagram B, it rises 

to the sixth mark. If both tins are emptied and oil is poured into the broad tin until it 

reaches the sixth mark, to what level can the oil rise if it is poured into the small 

cylinder? 

 

2. Mary and Anna started riding bikes at different times and then rode at the same 

constant rate. When Mary covered six kilometers, Anna had covered eight kilometers. 

How far will Mary be when Anna covers 12 kilometres?   

 

Question one tested students on proportional reasoning whereas question two on additive 

reasoning. With a sample of 446 students, only 47.7% answered the first question correctly, 

45.5% answered the second question correctly, and only 22.6% answered both questions 

correctly. Gläser & Riegler (2015) noted that a considerable number of students applied 

proportional reasoning to the bike problem even when they were expected to use additive 

reasoning. In this case, the students had difficulties differentiating between scalar and functional 

relations.  

Apart from Germany, these problems have also been used in other universities in the 

United States of America to identify difficulties with proportional reasoning. Nunes and Bryant 
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(2009) observed that students in primary and secondary schools use additive procedures to solve 

multiplicative reasoning problems and vice versa. When similar items were given to students on 

a post-test after an intervention, the researchers reported no change in the pattern of reasoning. 

Those students who used the additive reasoning in the pre-test also used the same reasoning in 

the post-test. The results suggested that most of the students were unable to reason 

proportionally.  

Van Dooren, et al. (2005) presented similar items to the bike ride which tested on 

additive strategy but students ended up using proportional strategies. Van De Bock and 

Verschaffel (2010) observed that students also use scalar relations in solving ratio problems. 

According to Nunes and Bryant (2015), children reason more successfully about the problem 

when they can identify two quantities related by a fixed ratio. Children also tend to use intuitive 

strategies through experimentation without necessarily being aware of the proportional 

relationships (MacDonald & Wilkins, 2016). To develop proportional reasoning, students must, 

therefore, understand functional relations which are essential for mathematical modeling in 

science. Since scalar reasoning can develop without schooling, teachers should concentrate more 

on developing functional relations in students. 

 

Theoretical Background  

Different frameworks have been used by researchers in studies related to proportional 

reasoning. Lamon (1993) conceptualized proportional reasoning under four semantic problem 

types as follows: (a) ―Well-Chunked Measures‖ which compares two extensive measures 

yielding to an intensive measure; (b) ―Part-Part-Whole‖ which involves expressing an extensive 

measure of a single subset of a whole in two or more subsets; (c) ―Associated Sets‖ where two 

sets lack a common connection and (d) ―Stretchers and Shrinkers‖ which Involve problems 

requiring scaling up (stretching) or scaling down (shrinking).  

Building on this framework, Allain (2000) developed an instrument testing on seven 

areas of proportional reasoning among the middle (secondary) school students which involved 

comparison, missing value, associated sets, part-part-whole mixture problems, comparisons, 

graphical interpretation, and Stretcher. Tjoe and de la Torre (2014) focused on the attributes of 

proportional reasoning that are relevant to the eighth-grade students (13-14 years). The attributes 
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focused on skills and concepts, fractions, ratios and proportions, and algorithms for proportional 

reasoning problems.  

 

Conceptual Framework for the Present Study 

The present study builds on the Lamon (1993) and Allain (2000) frameworks and 

conceptualizes proportional reasoning under five aspects of proportional reasoning (Figure 5). It 

is worth mentioning that these five areas are in line with the instructional objectives as stated in 

the Kenya Institute of Curriculum and instruction (KICD) for secondary mathematics. As a way 

of improving education quality and learning outcomes, the Kenyan government introduced the 

competency-based curriculum (CBC) for basic education in 2018. The CBC pays attention to 

how learners can display the ability to transfer knowledge and skills learned in the classroom 

(KICD, 2017). To measure the competencies, teachers are expected to carry out the competency-

based assessment (CBA). 

The mathematics curriculum in Kenya requires that learners are assessed on their ability 

to think critically, solve problems, and their responsiveness to authentic tasks. The test should, 

therefore, contain authentic tasks that require critical thinking. The CBA generally focuses more 

on the assessment of higher-order skills than lower-order skills. This study is part of a paradigm 

shift that moves away from assessing students for the sake of passing exams to authentic 

assessment.  

The overarching aim of this study is therefore to develop mathematics tasks on the topic 

of rates, ratios, and proportions that will assess students‘ proportional reasoning skills. The 

review of literature has shown that students at all levels have difficulties in solving problems that 

require proportional reasoning and this affects their overall achievement in mathematics. One of 

the reasons for the poor performance is that students are unable to differentiate between scalar 

and functional relations in solving rational problems. It is therefore important that classroom 

teachers design interventions that can help students develop proportional reasoning.  

The previous studies have majorly concentrated on identifying misconceptions that 

hinder students from developing proportional reasoning strategies. The studies thus intentionally 

included items that needed additive reasoning as well as multiplicative reasoning. Since the 

present instrument intends to measure the effectiveness of an intervention program, the focus is 

on items that measure multiplicative reasoning. This instrument is designed to measure the 
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impact of formative assessment on students‘ achievement on a proportional reasoning test. This 

kind of instrument is more than a conventional test meant to test students‘ knowledge. The 

intention is to tap into students‘ cognitive ability and knowledge transfer to authentic situations. 

The aim of this study is therefore to develop an instrument that will measure students‘ level of 

proportional reasoning before and after an intervention. Specifically, the study answered the 

following question: Is the mathematics achievement test on rates, ratios, and proportions a 

reliable and valid measure of students’ proportional reasoning skills? 

 

Figure 5 

A Conceptual Framework for the Proportional Reasoning Skills 

 

4.4.2. Methodology: Development Framework 

The items in the test were developed based on the phases described in the Standards for 

Psychological and Educational Testing (AERA et al., 1999) which in the case of this study were 

compressed into three phases. The first phase involved describing the intention of the test and the 

extent of the construct. The second phase involved development and evaluation, selection of the 

items, and scoring guide. The third phase involved piloting of the items, discussion of the pilot 

findings, assembly, and evaluation of the test.  

 

Phase One: Describing the Purpose of the Test and the Scope of the Construct 

The purpose of the test was to assess students‘ abilities on proportional reasoning related 

to the topic on rates, ratios, and proportions. The test comprised of word problems that relate to 

real-life situations covering five aspects of proportional reasoning:  missing value, associated 
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sets, mixtures and proportions, comparison problems, and stretcher. The overall aim of the test 

was to measure the impact of the formative assessment instruction at the pre and posttest. To 

achieve the intended aim of the test, we, therefore, expected the test to be reliable, valid, and 

manageable. 

Phase Two: Development and Evaluation of the Test Specifications 

This phase involved designing the format of the items, specifying the psychometric 

properties, considering the test duration, population composition, and the procedures for the test 

administration. The items together with a scoring guide were developed by the researchers based 

on: the sample problems in the literature (Allan, 2000; Gläser & Riegler, 2015; Tjoe & de la 

Torre, 2014); instructional objectives in the curriculum; and sample questions from the 

standardized national tests. The psychometric properties were determined by checking the 

validity and reliability of the test. The content validity was determined by a team of subject 

experts and the Item level analysis was done by computing the difficulty and discrimination 

indices. A total number of 10 items were carefully designed to reflect the instructional objectives 

as described in the Kenyan form three (grade 11) secondary mathematics coursebook and the 

different categories of proportional reasoning skills.   

The focus was on rates, ratio, and proportions which are taught in form three (Grade 11) 

according to the Kenya Institute of Curriculum Development (KICD). Since the interest of the 

test was on higher thinking skills, only questions based on application, analysis, evaluation, and 

synthesis (higher thinking skills) were considered (Haladyna & Rodriguez, 2013). A rigorous 

revision and consideration of the syllabus and previous questions were done before deciding on 

the questions for the pilot study. Table 23 shows the areas tested and the problems from each 

area. 
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Table 23 

Selected Problems for the Proportional Reasoning Test 

Type of 

problem 

Problem Source 

Comparison  1 Last week, Mary answered 24 out of 30 questions correctly in an 

exam. This week, she answered 20 out of 24 questions correctly in 

another exam. For which exam did Mary have better results? 

Explain your answer. 

2. Nafula bought 3 lollypops at 12 shillings and Atieno bought five 

lollypops at 20 shillings. Who used less amount of money? Explain 

your answer.  

Researcher made  

 

 

 

Adapted from 

(Allain, 2000) 

and modified 

Missing value 3. How many glasses of orange juice can you make with 12 cups 

of water if it takes 8 cups of water to make 14 glasses of orange 

juice? Show your work. 

4. The diagrams below (see Appendix E) show two tins of 

different sizes but are marked with the same scale on each of them. 

Oil is poured into the broad tin until it reaches the fourth mark. 

When the same oil is poured into the small tin as demonstrated in 

diagram B, it rises to the sixth mark. If both tins are emptied and 

oil is poured into the broad tin until it reaches the sixth mark, to 

what level can this oil rise if it is poured into the small cylinder? 

Researcher made 

 

 

Adapted from 

Gläser & Riegler 

( 2015) 

Associated sets  5. A group of 7 girls shares 3 chapatis equally and another group 

of 9 boys shares 4 chapatis equally. Who gets a bigger size of 

chapati, a girl or a boy? Explain your answer. 

6. Mary has the option of working in Mombasa or Nairobi. She 

discovered that the workers in Mombasa work 8 hours per day and 

receive Ksh 24000 every 15 days and those in Nairobi work 6 

hours per day and receive Ksh 20000 every 12 days. If she decides 

to work for 20 days, which job option will be best for her? Explain 

your answer.  

Adapted from 

(Allain, 2000) 

and modified  

 

Researcher made 

Mixtures and 

proportions 

7. Your father decides to give a piece of land as an inheritance to 

your three brothers Joe, Alex, and Peter in the ratio 4:5:3. Peter 

being the firstborn feels he has already accumulated enough wealth 

and therefore decides to share his portion equally with Joe and 

Alex. What will be the ratio of Joe‘s share to Alex‘s share? Show 

your work. 

8. In a mixture of 60 litres, the ratio of orange concentrate to water 

is 7:5.  If the principal of a school wants to make orange juice for 

the students in the ratio of 3:2, how many liters of water should he 

add to the mixture? Show your work. 

Researcher made 

 

 

 

 

 

Researcher made 

Stretcher  9. The figures below show two similar rectangles (see Appendix 

E). The height of the first rectangle is 6cm and the width is 8cm. 

The width of the second rectangle is 12cm. Explain how you 

would find the height of the larger rectangle. 

10. The heights of two trees taken three years ago were eight feet 

for the tree (I) and ten feet for the tree (II). When the heights were 

taken today, tree (I) was 14 feet and tree (II) was 16 feet. Which of 

the trees increased most over the past three years?   

Adapted from 

(Lamon, 1993) 

and modified 

 

Adapted from 

Allain (2000) 
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Scoring guide 

The scoring guide was created concurrently with item construction. Each item had a 

scoring guide based on the instructional objective and the response expected. Since the questions 

were open-ended, varied strategies were expected from students. The scoring guide was therefore 

flexible and accommodative of different possible strategies that students could use to solve a 

given task. As noted by Csíkos (2016), children have personal preferences as to which strategy to 

apply on a given task.  

Ratios and proportions are taught progressively since the early years of primary school. 

The students could therefore have several approaches to solving these tasks. The scoring guide 

hence gives room for consideration of a strategy that may make sense in solving a given task. All 

items had the same weight with a maximum of three points. The scoring guide (Table 24) was 

thus based on a 4 point scale ranging from 0 to 3 which was similar to the one created by Allain 

(2000). Table 25 shows a sample problem and the corresponding scoring guide. 

 

Table 24 

A scoring Guide 

Score Description 

3 

Shows understanding of the concept  (1 point) 

Applies a strategy to solve the problem (1 point) 

Obtains the correct answer or explains the answer (1 point) 

2 

Shows understanding of the concept  (1 point) 

Applies a strategy to solve the problem (1 point) 

Obtains an incorrect answer possibly due to a math error (0 point) 

1 

Possesses some understanding of the concept (1 point) 

Fails to apply a strategy to solve the problem or shows no work (0 points) 

Incomplete answer or obtained the correct answer probably by guessing(0 points) 

0 

Possesses a misconception ( 0 points) 

Applies an incorrect strategy to solve the problem or shows no work ( 0 points) 

Obtains an incorrect answer (0 points) 
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Table 25 

Sample Problem and the Corresponding Scoring Guide 

Sample problem Problem objective and 

expected students response 

Scoring guide 

Last week, Mary answered 

24 out of 30 questions 

correctly in an exam. This 

week, she answered 20 out of 

24 questions in another 

exam. On which exam did 

Mary have better results? 

Explain your answer 

 

This is a problem that tests 

students on comparison of 

ratios 

Expected response:  

Last week        This week 

24:30             20: 24  

or 

 4: 5                5:  6 

Mary had better results on 

this week‘s exam because the 

ratio is higher 

Alternatively, some students 

may just express ratios as 

fractions and compare which 

fraction is bigger. 

 Can the student express 

the problem as a ratio 

form (1 point) 

 Can the student deduce 

from the ratios which 

performance was better 

(1 point) 

 Can the student explain 

the answer? This will 

help in deducing if the 

student has an 

understanding of the 

concept or could be 

having some 

misconceptions ( 1point) 

 

Expert Review  

After the test items were constructed, a team of experts consisting of three mathematics 

graduate students, and a professor assessed the item‘s content validity. During the review 

process, the experts focused on three issues. They first compared the items with various sample 

problems found in the relevant literature and established whether they were aligned with the 

Kenyan secondary mathematics curriculum. In the second step, they checked the difficulty level 

of the items and the third step involved checking whether the questions were correctly worded 

and appropriate to the sample and study context.  

The same test was also given to two experienced mathematics teachers from two different 

secondary schools in Kenya for review. Based on a long-term teaching experience, they pointed 

out some weaknesses related to the phrasing of two questions and suggested how the questions 

could be rephrased to fit the cultural context of students. This was done jointly so the two experts 

were both in agreement regarding the test content and its alignment to the curriculum and the 

expected skills. 
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Item Revision  

Based on the reviews from the expert judgment and the two experienced secondary 

school mathematics teachers from Kenya, two questions that were both adopted from the 

previous studies were revised to fit the cultural context of the current study. One of the questions 

was a pizza question which was testing on comparison skills (A group of 7 girls shares 3 pizzas 

equally and another group of 9 boys shares 4 pizzas equally. Who gets a bigger size of the pizza, 

a girl or a boy? Explain your answer)?  Since students in Kenya rarely eat pizza, we replaced the 

pizza with ‗chapati‘ which is common in Kenya and normally refers to flatbread.  

The other question which was slightly modified was a question on missing value and 

required students to identify the number of cups of coffee that can be made using 12 cups of 

water given that eight cups of water can make 14 cups of coffee. We replaced coffee with orange 

juice since coffee is a less popular beverage in Kenya. The rest of the items were also thoroughly 

revised and some slight rephrasing was done on them. The final test consisted of 10 items 

together with the scoring rubric. Each question was given the same weight on a scale of 0 to 3.  

Phase Three: Item Administration (Piloting) 

After a thorough revision of the questions, the final version of the test was administered 

to 45 students from one mixed school. The participants consisted of 21 male students (M=1.38, 

SD=0.35) and 24 female students (M=1.27, SD=0.32). Before administering the test, students 

were provided with both oral and written instructions relating to the purpose of the test, how they 

should respond to questions, and to take the test seriously. The test was done in a controlled 

classroom under the supervision of a mathematics classroom teacher. The test duration was 60 

minutes and all students finished within the stipulated time.  

4.4.3. Pilot Findings and Discussions  

The results are presented based on the three analyses that were done: reliability, item 

difficulty, and item discrimination. 

 

Reliability  

Cronbach‘s alpha was used to determine the internal consistency of the test. The overall 

test reliability for the 10 items was .83 with a mean of 1.30 and a standard deviation of 0.38 

which was within the acceptable range (Cohen et al., 2007).  All items had item-total correlation 
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(ITC) values ranging from .32 to .67 (see Table 27) indicating that the items fitted well to the 

whole test. 

 

Item Difficulty 

Item difficulty is a measure of the percentage of students answering a test item correctly 

and it helps in determining how easy the item is (Hopkins, 1998). Item difficulty index (p-value) 

can also be used to determine the validity of test items. The difficulty index ranges from .0 to 1.0 

where the higher the p-values the greater the percentage of students answering the item correctly. 

The difficulty of each item was computed using the formula for open-ended items (Tjoe & de la 

Torre, 2014) as illustrated below: 

 

 

The difficulty index of the test items ranged from .39 to .50 which implied moderately difficult 

items (Table 27). 

Item Discrimination  

The item discrimination index was used to measure each test item to distinguish the 

performance of students.  This was done by calculating the difference in the percentage of high 

achieving students who got an item correct and the percentage of low achieving students who got 

the item correct. The discrimination index ranges from -1 to +1 where positive numbers above 

0.2 show that an item is positively discriminating. A discriminating index (D) values less than 

zero shows a negatively discriminating item which is regarded as a poor item for the test.  

Generally, based on the classical test theory item analysis (Ebel, 1979; Hopkins, 1998), 

items with an index value less than .20 are regarded as poor items and should, therefore, be 

discarded or completely revised. Items with an index value of between .20 and .29 are marginal 

items and need some revision. Items ranging between .30 and .39 are reasonably good items 

whereas those with an index above .40 are regarded as very good items. Table 26 shows the 

Where:  ~fX -the total number of points earned by all students on an item,  

n -the number of students, 

Xmin - the smallest item score possible, and  

Xmax - the highest item score possible. 
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discriminant level of items for the test in this study. The discrimination index was calculated 

using the upper (U) 27.0% and the lower (L) 27.0% of the test scores. The possible score for 

every question ranged from 0 to 3 with a maximum possible total test score of 30 and a minimum 

of 0. The following formula (Tjoe & de la Torre, 2014) was used to calculate the item 

discrimination index for every item. 

 

The item DI ranged from .17 to .44 (see Table 26). Item q8 had the lowest DI of .17 with 

a moderate level of difficulty. It is, however, important to consider that the DI should be 

interpreted based on the purpose of the test. According to Mehrens and Lehman (1991), there are 

various reasons why items can have a low DI which may unnecessarily imply a poor item. For 

instance, a typical classroom test may have a low DI simply because it is measuring a variety of 

instructional objectives. Haladyna and Rodriguez (2013) noted that item difficulty should be 

interpreted based on how the students were prepared for the test or their previous cognitive 

experiences. In the present study, the items were measuring proportional reasoning and most 

likely some students hardly understand the concept and therefore may have used a wrong 

strategy.  

Table 26  

Summary Statistics for the PRT Items (N=45) 

Note: M=mean; SD=Standard deviation; ITC=Item-total correlation; DI=Difficulty index; 

ID=Item discrimination 

Item discrimination (D) =PU−PL 

Where: PU is the difficulty indices for the Upper (U) group and  

            PL is the difficulty indices for the Lower (L) group.  

Item M SD ITC (r) DI (p) ID (D) 

q1 1.24 0.98 .32 .41 .28 

q2 1.36 0.53 .60 .45 .22 

q3 1.29 0.63 .45 .43 .36 

q4 1.27 0.54 .57 .42 .33 

q5 1.29 0.51 .65 .43 .25 

q6 1.44 0.62 .50 .48 .22 

q7 1.20 0.46 .61 .40 .25 

q8 1.20 0.46 .46 .40 .17 

q9 1.18 0.39 .66 .39 .25 

q10 1.51 0.76 .67 .50 .44 
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4.4.4. Conclusion and Future Steps 

This study aimed to construct and validate a proportional reasoning test (PRT) 

instrument. The target domain to be measured was students‘ proportional reasoning skills on 

rates, ratios, and proportions in mathematics. The items were organized hierarchically based on 

the three areas of competency which represented the proportional reasoning skills. Content-

related validity evidence was determined by a team of subject matter experts (SMEs) who 

reached a consensus regarding the items‘ level of difficulty and the accuracy of the scoring 

guide.  

All items had a higher cognitive demand since they tested on the application of skills 

learned to real-life experiences and therefore received the same weight. The item analysis 

revealed that all the items had a moderate difficulty level ranging from .39 to .61. The 

discrimination index for most items ranged from .22 to .44.  Based on experts‘ review and item-

level analysis, PRT is feasible in measuring proportional reasoning skills among the form three 

(grade 11) students in Kenya. 

This instrument was however only tested with a small sample. The future step is to test 

the instrument with a larger student population of different abilities. This will improve the 

reliability of the instrument and make it generalizable to a larger population. There is also a need 

to analyze the responses of students on each item. This will help in formulating distractors that 

can cover common misconceptions. From the common misconceptions, it will be possible to 

make closed items that can be easily computerized hence enabling automatic scoring. 

4.5. Study 5: Impact of Formative Assessment Instructional Approach on Students’ 

Mathematics Achievement and their Metacognitive Awareness 

4.5.1. Introduction  

Formative assessment is deemed to be a beneficial approach to instruction (Wiliam, 

2011). The ground-breaking investigation on the impact of formative assessment (Black & 

Wiliam, 1998) has led to more research related to formative assessment. However, various 

concerns regarding both the concept and efficacy of formative assessment have been raised by 

researchers (Bennett, 2011; Dann, 2014). Although inconsistencies in defining formative 

assessment and how it is applied have been notable concerns, increasing research on formative 

assessment is being conducted. This is reflected in the most recent review on how formative 
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assessment strategies have been employed as well as their impact on students‘ learning outcomes 

(Wafubwa, 2020). According to the review, most scholars conceptualize formative assessment in 

terms of specific strategies. Krijgsman et al. (2019) for instance focused on goal clarification and 

feedback, which constitute two strategies of formative assessment. 

Studies on feedback have revealed the powerful impact that feedback has on achievement 

(Hattie & Timperly, 2007). After conceptualizing formative assessment as formative feedback, 

Pinger et al. (2018) found that feedback embedded in instruction can enhance students‘ 

performance. Although other studies have also explored the impact of formative feedback (e.g., 

Cutumisu & Schwartz, 2018; Kyaruzi et al., 2019), only a paucity of experimental studies on the 

influence of feedback has been carried out, particularly in secondary schools (Van der Kleij et 

al., 2015). 

In most studies, formative assessment has been conceptualized as peer assessment (Hsia 

et al., 2016; Rotsaert, Panadero, & Schellens, 2018; Tsivitanidou et al., 2018; Vanderhovn et al., 

2015). In Black and Wiliam‘s framework, peer assessment strategy requires learners to be 

resourceful with each other in instructional processes. Peer assessment of given criteria can 

either be written or imparted verbally (Boud & Falchikov, 2007). According to Wiliam (2011), 

peer assessment is more productive when the focus is on improvement as opposed to evaluation. 

Empirical studies that have assessed the influence of peer assessment in different learning 

conditions have demonstrated that it enhances learning outcomes. Rotsaert, Panadero, & 

Schellens (2018) in their study involving peer assessment and feedback, showed that reciprocal 

peer assessment ensured immediate feedback. Tsivitanidoue et al. (2018) also utilized peer 

assessment as a learning tool. 

Although there are a limited number of studies conceptualizing formative assessment as 

self-assessment, especially in the secondary schools‘ context, peer assessment is closely 

associated with self-assessment. Nikou and Economides (2016) studied the effect of self-

assessment on students‘ motivation and achievement. In other studies, self-assessment has been 

conceptualized as part of self-regulation (e.g., Panadero et al., 2016; Panadero et al., 2017). 

These studies seem to suggest that the learning benefits of self-assessment can only be realized if 

students‘ are trained in self-regulation skills because it is innately difficult to acquire accurate 

self-knowledge (Dunning et al., 2004; McDonald & Boud, 2003).  
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Although most studies have examined teachers and students‘ perceptions, scholars have 

conceptualized formative assessment as a combination of five strategies (e.g., Burner, 2016; 

Dobish & Meyer, 2017; Johnson et al., 2019; Kippers et al., 2018; Ozan & Kincal, 2018; Saito & 

Inoi, 2017; Widiastuti et al., 2020). Few experimental studies related to the impact of formative 

assessment have demonstrated its positive influence on students‘ learning outcomes (e,g., 

Andersson & Palm, 2017; Vogelzan & Admiraal, 2017). A study by Pinger et al. (2018) however 

revealed no improvement in the quality of instruction. Formative assessment has also been 

conceptualized in terms of tests and/or questions given to students at regular intervals to assess 

their learning (Heritage & Heritage, 2013). In the latter study, formative assessment was 

visualized as continuous assessment tests.  

Self-assessment as a formative assessment strategy has been posited to enhance students‘ 

metacognitive awareness (Andrade, 2010; Taras, 2010) because students who participate in self-

assessment monitor their thinking processes and can assess their learning process in general. 

Metacognition has been commonly described as the knowledge related to one‘s thought 

processes as well as the regulation of cognitive activities (Flavell, 1979). Thus, metacognition 

comprises two facets: metacognitive knowledge and metacognitive regulation. According to 

Schraw and Moshman (1995), the acquisition of metacognitive awareness can be promoted by 

instructional strategies that activate students‘ self-knowledge and regulatory skills. Studies have 

shown that training students‘ metacognition influenced learning outcomes positively (Csíkos & 

Steklács, 2010; Naful et al., 2021; Naseri et al., 2017; Roll et al., 2011). One may conclude 

that self-assessment emphasizes high levels of metacognition, which influence learning styles 

and consequently learning achievement.  

The Present Study 

Formative assessment in the present study was employed as an instructional approach to 

enhance students‘ mathematics achievement on proportional reasoning skills and improve their 

metacognitive awareness. Black and Wiliam‘s (2009) framework, which envisions formative 

assessment as a classroom practice comprising five strategies, was employed as the theoretical 

framework of the study. The five strategies, which are subsequently described, are supposed to 

be utilized by the teacher, learner, and peer to identify and address learning gaps. 

The first strategy may be described as sharing learning goals and criteria for attaining 

these goals. This strategy requires learners to know in which direction they are heading. 



111 
 

Furthermore, the teacher must involve learners in understanding what success looks like. The 

second strategy is effective classroom discussions. Discussions that primarily involve 

questioning are meant to reveal students‘ comprehension. Through discussion and questioning, 

the teacher can collect evidence of students‘ learning. The third strategy involves the provision 

of the feedback given by the teacher but also involved learners and their peers. Through 

feedback, the learner can discover whether the learning goals are being attained. The teacher can 

also adjust instructional approaches to attend to students‘ needs.  

Peer assessment in which students act as each other‘s instructional resources is the fourth 

strategy. Peer assessment is beneficial because learners work in collaboration toward a common 

goal. The fifth strategy comprises self-assessment which involves activating students to own 

their learning. Self-assessment has to be incorporated in other formative assessment strategies 

(Wiliam, 2011). Black and Wiliam's (2009) framework postulate that these five strategies should 

be guided by three learning processes.  

The first process in Black and Wiliam‘s framework involves identifying the direction in 

which the learners are heading. The second process encompasses establishing their current 

position while the third process comprises knowing how the learners will reach their final 

destination. In accordance with this framework, the present study conceptualized formative 

assessment as an instructional approach that encompasses five strategies, three processes, and 

three agents, namely: teacher, student, and peer (Table 27).  

 

Table 27 

Features of Formative Assessment 

Agent  Where the learner is going Where the learner is 

right now 

How to get 

there 

Teacher  1. Intentions for learning and criteria for 

success  

2. Classroom 

discussion 

3. Feedback 

Peer  Understanding and sharing learning 

intentions and criteria for success 

4. Peer assessment  

Learner  Understanding learning intentions and 

criteria for success 

5. Self-assessment 

Note: Adopted from Wiliam and Thompson (2008) 
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Although research on formative assessment and its impact on students‘ achievement has 

extensively been done, a few studies have focused on formative assessment as integration of five 

strategies. As previously observed, most studies have focused on specific strategies and in 

particular, on feedback and peer assessment. Furthermore, research has rarely examined specific 

skills in mathematics. However, this study is novel in that proportional reasoning skills in 

mathematics and students‘ metacognition were explored. Proportional reasoning is a crucial life 

skill utilized in day-to-day decision-making (Howe & Bryant, 2011).  

Proportional reasoning in mathematics is among the areas in which students perform 

dismally in the Kenyan mathematics curriculum. It was considered that if students‘ proportional 

reasoning improved, their overall performance in mathematics would also improve and their 

metacognitive awareness would increase as well. The present study thus contributes knowledge 

to the verifiable impact of formative assessment conceptualized as an instructional approach on 

students‘ mathematics achievement and their metacognitive awareness. 

Research Questions  

In this study, the following four research questions were answered: 

1. Is there a significant difference in the students‘ performance on mathematics posttest 

between the intervention and control groups? 

2. Does gender influence students‘ performance on mathematics posttest? Is there a 

significant interaction between gender and the type of teaching approach, and 

mathematics posttest scores? 

3. Is there a significant difference in the students‘ ratings on their levels of metacognitive 

awareness between the intervention and the control groups after the treatment?  

4. Does gender influence students‘ metacognitive awareness after the treatment? Is there a 

significant interaction between gender and the type of teaching approach, and 

metacognitive awareness posttest scores? 

4.5.2. Method 

Participants  

The participants included 164 grade 11 students (84 boys) from four low achieving rural 

secondary schools in the western part of Kenya. While two of the schools were randomly 

assigned to the experimental group, the remaining two formed the control group. There were 84 
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participants in the intervention group and 80 in the control group. Whereas the four schools had 

two classes each, only one class was selected randomly to take part in the study. Table 28 shows 

the demographics of the sample. Four teachers, one from each school voluntarily participated in 

this research. The participants had similar socio-economic and cultural backgrounds. In addition, 

the four schools were classified as sub-county schools according to Kenya‘s classification of 

schools. Therefore, one may deduce that the participants had similar characteristics about their 

socio-economic background and academic performance.  

 

Table 28 

 Sample Demographics 

Group School/Class Gender n 

Control A Boys 40 

B Girls 40 

Experimental C Boys 44 

D Girls 40 

 

Design  

This study adopted a quasi-experimental pretest-posttest non-equivalent group design 

where schools were randomly assigned to either intervention group or control group. The 

intervention group consisted of 84 students whereas the control group comprised 80 students as 

reflected in Table 28. While the intervention schools were subjected to a formative assessment 

instructional approach, the control schools were taught by employing a conventional approach. 

The teachers taught the same content and matching tasks were given to the schools in both 

groups. Furthermore, both groups were given identical pretests and posttests on rates, ratios, and 

proportions. The participants also completed the Junior Metacognitive Awareness Inventory (Jr. 

MAI), which measured their levels of metacognitive awareness.  

Procedure  

This study comprised four phases (Figure 6). During the first phase, the four participating 

teachers were exposed to the proportional reasoning topic and the subtopics that they were 

expected to teach. Training sessions on formative assessment strategies and the implementation, 

therefore, were conducted with the teachers in the intervention group. On the other hand, 

teachers in the control group never received any training on formative assessment. In the second 
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phase, students in both groups completed the pretest on the Proportional Reasoning Test (PRT) 

and their levels of metacognitive awareness were measured using the Jr. MAI. The teachers were 

given instructions on how to administer the test and questionnaire.  

Phase three was an implementation phase where teaching and learning took place in both 

conditions. Fourteen 40-minute lessons were conducted to complete the intervention in four 

weeks. Whilst the teachers in the experimental group utilized the materials and tasks given 

during the training session, those in the control group employed a conventional approach in their 

teaching. The five strategies of formative assessment were implemented in the 14 lessons in the 

intervention group. In the final phase, participating students did the PRT and completed the Jr. 

MAI.  

 

Figure 6 

Intervention Phases 

 

Teacher Training and Experimental Conditions 

The four participating teachers had already been informed about the project during the 

survey study a year before and had decided to participate willingly. The training, which 

comprised workshops, was divided into two parts. During the first part, which lasted for a day, 

 

Phase 1

•Introduction to the subject specific content and tasks 

•Teacher training on formative assessment strategies

•Training on implementation

Phase 2

•Pretest on proportional reasoning test (PRT)

•Pretest on Junior Metacognitive Awareness Inventory (Jr. 
MAI) 

Phase 3

•Implementation of the strategies in the intervention group 

•Regular teaching in the control group

Phase 4

•Posttest on PRT

•Posttest on Jr. MAI
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proportional reasoning and specific areas that had to be covered under each topic were 

introduced. The teachers also discussed how they could handle the five areas of proportional 

reasoning in 14 lessons over four weeks. They agreed on a flexible four-week scheme that could 

be employed to guide them teach the topic. The time allocation was in line with the 

recommended time stipulated in the Kenyan mathematics curriculum (KICD, 2017). The second 

part of the training was conducted over two days and involved only the teachers in the 

intervention group who received training on how to implement formative assessment strategies. 

The teacher training in the intervention group was centered on five strategies of formative 

assessment as well as how the strategies could be implemented. During the training, 

implementation challenges were addressed, and the teachers agreed on a three-step flexible 

guideline to implement the strategies (Appendix A1). During the training session, teachers were 

also provided with supplementary materials on formative assessment strategies. The training 

program and specific areas that the training focused on are displayed in Appendix A2. 

In the experimental classes, the teacher first stated the rationale for each particular lesson 

and briefly engaged students in designing their success through questioning and discussion. 

Second, the teacher gave tasks to students individually which was followed by a group 

discussion. The discussion enabled students to obtain feedback from each other. Finally, the 

teacher gave feedback to individual groups to generate and share ideas in groups. These ideas 

were subsequently discussed with the whole class. The groups, which were also referred to as 

study groups, comprised four to five students with mixed abilities. The whole process involved 

the students and teachers jointly identifying and communicating the learning and performance 

goals. The participants‘ current levels of understanding were assessed and strategies and skills to 

reach goals were generated.  

Measures 

1. Proportional Reasoning Test (PRT)  

Previously, the researchers and two mathematics teachers who had considerable 

experience in teaching high school mathematics and were also national examiners developed a 

written mathematics test on proportional reasoning skills. The 10 items of PRT cover all the 

content areas on rates, ratios, and proportions, a topic covered in the Kenya secondary schools 

mathematics curriculum. The test was constructed from word problems relating to real-life 

situations and examines five aspects of proportional reasoning: missing values, associated sets, 
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mixtures and proportions, comparison problems, and stretcher (Appendix E). Two items assess 

each aspect and there is an equal distribution of marks across the 10 items.  

The content validity was determined by a team of mathematics subject experts. 

Furthermore, item-level analysis was performed by examining the difficulty and discrimination 

indices. The PRT test was piloted on a sample of 45 students and analysis of items showed the 

difficulty level ranged between .39 and .61, thus implying a moderately difficult test. All the 

items have a higher cognitive demand and therefore, require students to employ self-regulatory 

skills to solve them. Formative assessment which involves self-regulation strategies was hence 

deemed to be the best approach to enhance students‘ proportional reasoning. For the present 

sample, Cronbach‘s alpha coefficient was .72, suggesting acceptable reliability. More details on 

how the PRT was developed and validated can be found in Wafubwa et al. (2020). 

2. Junior Metacognitive Awareness Inventory (Jr. MAI)  

This inventory was constructed by Sperling et al. (2002) to assess young adults‘ 

metacognition as well as a tool to gauge classroom interventions. In this study, the adapted Jr. 

MAI (Appendix F) was employed to measure students‘ level of metacognitive awareness before 

and after a formative assessment intervention. The inventory comprised 18 items, which 

measured the knowledge and regulation dimensions of metacognition. Examples of items in the 

knowledge dimension were: ―I know when I understand something‖ and ―I can make myself 

learn when I need to‖. On the regulation dimension, examples of items were: ―I think about what 

I need to learn before I start working‖ and ―I pay attention to important information‖ (Sperling 

et al., 2002, p. 76). Items were evaluated on a 5 point scale ranging from 1 (not at all) to 5 

(always).  

The pretest and posttest questionnaires were partially completed by five and nine 

participants, respectively. Thus, the data of the 14 incomplete questionnaires were excluded from 

the analysis. The two-factor solution of principal component factor analysis was performed to 

ascertain validity. The Kaiser-Meyer-Olkin (KMO) was .652 and Bartlett‘s test value was 

significant (χ
2
 (351) = 940.316, p < .001). While 10 factors loaded on the knowledge dimension, 

eight factors loaded on the regulation dimension. Although some of the factors intended for the 

knowledge dimension following the original scale loaded on the regulation dimension and vice 

versa, our concern was to measure students‘ metacognition in general so we considered the entire 
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scale. Cronbach‘s alpha coefficient revealed that the reliability for the whole scale was .78, 

which is considered to be acceptable internal consistency. 

 

Study Variables  

There were two active independent variables in this study. Formative assessment was 

employed as a between-groups independent variable (IV) with two levels: formative assessment 

and no formative assessment. The second active IV was, change over time, which was a within-

subjects IV with two levels: pretest and posttest. Gender was utilized as an attribute IV with two 

levels: boy and girl. Pretest scores on both achievement and metacognitive awareness were 

employed as a covariate in the Analysis of covariance (ANCOVA). Two dependent variables 

were measured in this study: students‘ mathematics achievement, which was measured using 

PRT, and metacognition, which was assessed by employing the Jr. MAI.  

 

The Implementation Process 

The pretest was administered to both the experimental and control classes a week after 

the teacher training workshops. The teachers in the experimental group implemented formative 

assessment through a process of reciprocal classroom interaction that involved the teachers, 

students, and learning resources. The implementation involved a three-step guide that specified 

strategies to be used during each step (Appendix A1). In the first step, strategies that described 

learning intentions and success criteria were employed. In the second step, self-assessment, peer 

assessment, and discussion strategies were utilized. The third step involved peer assessment, 

self-assessment, and feedback strategies. The guide included all five strategies blended in the 

lessons. 

In the course of the implementation process, the lead researcher conducted a follow-up 

twice a week to ensure the implementation was being conducted as planned. However, we were 

unable to observe the teaching because of COVID 19 pandemic-related restrictions. The posttest 

was administered one month after the pretest. During the administration of both the pretest and 

posttest, the teachers were given a set of instructions to ensure test fidelity. The instructions 

included the time required to complete the test, authorized instruments, and spacing of students 

when doing the test. The scoring of the tests was conducted externally by the lead researcher and 

other two experienced teachers from a different region to that of the study. Scoring was blinded 

in that the examiners were unaware of which group the students belonged to. Once the scoring 
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was complete, the teachers were given back the students‘ scripts to provide feedback that inform 

instruction. 

 

Data Analysis. 

            In the study, students were the unit of analysis. Both the pre and posttest data obtained 

using the two research instruments were examined for parametric tests assumptions. While the 

Shapiro-Wilk test was employed to examine whether the data were normally distributed, 

Levene‘s test examined homogeneity of variance. Analysis of covariance (ANCOVA) was 

utilized in testing for significant variations in the posttest scores on achievement and 

metacognition, thus assessing the impact of formative assessment. The effect sizes were 

determined by partial Eta Squared values.  

4.5.3. Findings 

Mathematics Achievement 

The impact of formative assessment was assessed through ANCOVA. The group variable 

was formative assessment. Whereas the independent variable was the students‘ pretest mean 

score, the dependent variable was the students‘ posttest mean score. The results of the Shapiro-

Wilk test for both groups were insignificant (p > .05), thus implying a normal distribution for the 

covariate and dependent variable. Furthermore, an examination of boxplots didn‘t show any 

extreme outliers. Levene‘s test found non-significant results (p = .200) for equality of error 

variance. The homogeneity of regression slopes assumption was also examined and the effect 

was found to be non-significant (p = .335) hence, the assumption was met.  

After using pretest scores as the covariate, the ANCOVA results showed a significant 

variation in the posttest scores between the students in the intervention group and the control 

group, F(1, 159) = 6.227, p = .014, η2 = .38. The results imply that students who were taught by 

employing formative assessment strategies improved in their achievement on PRT in comparison 

to those who were taught by using conventional approaches. The adjusted means, standard errors 

(SE), means (M), and standard deviations (SD) for the posttest groups are presented in Table 29. 
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Table 29  

Posttest Means Scores 

Group n Adjusted M SE M SD 

Experimental 84 1.69 0.056 1.70 0.58 

Control 80 1.49 0.057 1.48 0.52 

 

A two-way ANCOVA was conducted to show how gender influenced the posttest scores. 

The assumptions of ANCOVA were all met. Both the Shapiro-Wilk test and Levene‘s test were 

non-significant. The results showed that gender had no significant influence on the posttest 

scores, F(1, 159) = 0.322, p = .571, η2 = .002. Furthermore, no significant interaction between 

gender and the type of teaching approach, and the mathematics posttest scores was exhibited, 

F(1, 159) = 0.347, p = .557, η2 = .002. The adjusted means, SE, means (M) and SD for the 

posttest mean scores based on gender are displayed in Table 30. The pretest mean scores were 

used as the covariate. 

 

Table 30 

Posttest Mean Scores Based on Gender 

Gender Group n Adjusted M SE M SD 

Boys Control 40 1.56 0.072 1.53 0.47 

 Experimental 44 1.68 0.066 1.70 0.57 

Girls Control 40 1.45 0.073 1.42 0.56 

 Experimental 40 1.66 0.064 1.71 0.60 

 

Metacognition 

The influence of formative assessment on students‘ metacognitive awareness was 

determined by conducting ANCOVA. After checking all the assumptions of ANCOVA, the 

results of the analysis indicated a remarkable difference in the metacognition posttest scores 

between the formative assessment and control groups, F(1, 145)= 128.260, p < .001, η2 = .469. 

The ANCOVA results revealed that metacognitive awareness rating was higher among the 

students who received instruction using formative assessment than those who were taught using 

conventional methods. In Table 31, the adjusted means, SE, means (M), and SD for the posttest 

scores while using the pretest mean scores as the covariate are shown.  
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Table 31 

Posttest Means Scores 

Group n Adjusted M SE  M SD 

Intervention  77 4.30 0.26 4.26 0.29 

Control  73 3.88 0.26 3.91 0.49 

 

A two-way ANCOVA was used to estimate the effect of gender on the posttest scores of 

metacognition. The results showed non-significant effect of gender on the posttest scores, F(1, 

145) = 1.142, p = .287, η2 = .008. In addition, no significant interaction between gender and the 

type of teaching approaches on the posttest scores was exhibited, F(1, 145) = .088, p = .767. η2 

= .001. These results suggest that both boys and girls responded in a similar way to the teaching 

method. The adjusted means, SE, means (M), and SD for the posttest mean scores based on 

gender with pretest mean scores as the covariate are displayed in Table 32. 

 

Table 32 

Posttest Mean Scores Based on Gender 

Gender Group n Adjusted M SE M SD 

Boys Control 35 3.89 0.038 3.98 0.46 

 Experimental 41 4.32 0.035 4.27 0.28 

Girls Control 38 3.86 0.037 3.85 0.51 

 Experimental 36 4.27 0.038 4.25 0.31 

 

4.5.4. Discussion  

In this research, the influence of formative assessment on students‘ mathematics 

achievement and their metacognitive awareness was explored. Four research questions guided 

the study. Research question one sought to establish if there was a significant difference in the 

posttest scores between intervention and control groups after the treatment. Results exhibited a 

significant difference between the posttest scores of the two groups with a medium effect size 

(η2 = .38) after controlling for the pretest scores. This implies that students who were exposed to 

formative assessment strategies performed better than those who were taught conventionally.  

Other studies have also demonstrated that the utilization of formative assessment 

strategies improves students‘ performance (Ozan & Kıncal, 2018; Pinger et al., 2018; Vogelzan 

& Admiraal, 2017). However, most of these studies focused only on one or two strategies of 
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formative assessment. In the current study, formative assessment was conceptualized as an 

instructional approach encompassing five strategies that are embedded in instruction. Anderson 

and Palm (2017) who also conceptualized formative assessment as a combination of strategies 

found a significant effect on students‘ achievement (Cohen‘s d = .66). The effect size they found 

was larger than that of this study. While we employed students as the unit of analysis, Anderson 

and Palm used teachers as the unit of analysis. This could be possibly the reason for the 

difference in the effect sizes.  

However, some considerations should be taken when interpreting the effect sizes related 

to formative assessment. The first consideration is on how formative assessment is 

conceptualized and the second is on how it is implemented (Bennett, 2011). Research has 

indicated that the efficacy of formative assessment has been hampered by poor implementation 

processes (Randel et al., 2016). Therefore, teachers‘ preparation and support are crucial for the 

execution of formative assessment. Although the duration for teacher training for this study was 

short, professional development can hardly be the sole determining factor for the successful 

implementation of an intervention (Johnson et al., 2019; Randel et al., 2016; Yin & Buck, 2019). 

Studies have further shown that apart from inadequate professional development, teachers fail to 

implement formative assessment because of their heavy workload and lack of motivation 

(Crichton & McDaid, 2016; Jacoby et al., 2014). Because the teachers in this study received 

external support and participated willingly in the study, we can deduce that the improvement in 

the experimental group was due to formative assessment strategies.  

The second research question was concerned with whether gender influenced 

mathematics achievement scores after the intervention and whether a significant interaction 

between gender and the type of teaching approach and the posttest scores were exhibited. The 

results revealed that after controlling for pretest scores, gender had a non-significant influence on 

the posttest scores. There was also no evident interplay between gender and the type of teaching 

approaches, and the posttest scores. The results suggest that formative assessment had a similar 

influence on the learning of both male and female students. Therefore, one may infer that the 

improvement in achievement in the intervention group was associated with the formative 

assessment instructional approach and gender had no effect on this approach. Recent studies on 

gender and achievement have also shown that gender has a non-significant influence on 

mathematics achievement (Lindberg et al., 2010; Louis & Mistele, 2012; Scheiber et al., 2015).  
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The third research question focused on whether the teaching approach had an influence 

on the students‘ posttest scores on metacognitive awareness. The results revealed that students 

who received instruction using formative assessment had a higher metacognitive rating than 

those who were taught using conventional methods. The items on Jr. MAI assessed students‘ 

metacognitive awareness, which comprised knowledge and skills dimensions. Knowledge of 

cognition involves awareness of and knowledge about one‘s cognition (Harris et al., 2010). On 

the other hand, metacognitive skills involve planning, monitoring, and evaluating learning 

processes (Veenman & Beishuizen, 2004).  

Although our literature search hardly yielded studies related to the influence of formative 

assessment on students‘ metacognition, scholars have demonstrated that formative assessment 

and metacognitive skills are related (Baas et al., 2014; Wafubwa & Csíkos, 2021). Empirical 

studies have also shown the benefits of metacognition on students‘ achievement, especially when 

students are trained to be metacognitive (Csíkos & Steklács, 2010; Roll et al., 2011; Naseri et 

al., 2017; Dafik & Rohim, 2019; Naful et al., 2021). Being metacognitive implies that one is 

conscious of his or her thought processes and can regulate cognition through processes such as 

monitoring, planning, and evaluating.  

Formative assessment strategies, in particular, self-assessment and feedback, also involve 

the self-regulation processes of monitoring, planning, and evaluating. Therefore, it is convincible 

that formative assessment strategies improved students‘ metacognition, which is reflected in the 

higher ratings on the posttest scores. Although we acknowledge that it is rare for students to have 

a true knowledge of themselves, based on their performance on the PRT, one may conclude that 

the ratings on metacognitive awareness inventory could be a reflection of what students feel 

about their metacognition. However, proportional reasoning is only one skill in mathematics. 

Therefore, the results should be elucidated only within the proportional reasoning skills context.  

The fourth research question was concerned with the influence of gender on 

metacognitive awareness posttest scores and whether there was an interaction between gender 

and the type of teaching approach and metacognitive awareness posttest scores. The results 

revealed that gender had an insignificant influence on metacognitive awareness posttest scores. 

Furthermore, no significant interaction between gender and teaching approach, and the posttest 

scores were found. Although research on gender and students' metacognition has been less 



123 
 

extensively studied, some studies have suggested that students‘ metacognition is gender 

independent (Al Shabibi & Alkharusi, 2018; Siswati & Corebima, 2017).  

4.5.5. Conclusion  

The findings of the present study indicate that formative assessment strategies based on 

students‘ needs can lead to improved learning outcomes when employed carefully. The 

formative assessment approach used in this study was planned following the challenges that 

students encountered with proportional reasoning in mathematics. Students had challenges in 

solving mathematics questions that needed the use of metacognitive strategies such as planning, 

monitoring, and evaluating. However, we may have reservations in assuming that the same 

results can be realized with other mathematics topics. Rather, it is dependent on how teachers 

conceptualize formative assessment.  

When formative assessment is conceptualized as continuous assessment tests, only some 

aspects of formative assessment strategies may be employed, which may result in an 

insignificant impact. On the contrary, if teachers view formative assessment as a classroom 

practice that can show evidence of student learning and enable them to make decisions on how to 

improve instruction, all of the five strategies will be utilized for better learning outcomes. This 

study has revealed that formative assessment strategies can improve the performance of low 

achieving students and also improve their metacognitive awareness. The results of this study can 

benefit teachers and curriculum developers in designing formative assessment intervention 

programs that can boost students‘ achievement in mathematics and improve their metacognitive 

awareness. It is recommended that future studies explore other topics in mathematics using the 

same formative assessment approaches.  

 

 

 

 

 

 



124 
 

Chapter 5: Conclusions, Implications, Recommendations, and Summary 

5.1. Conclusions and Implications 

This dissertation entails different studies related to formative assessment and the teaching 

and learning of mathematics in secondary schools in Kenya. The motivation behind this project 

was based on the current changes in the Kenyan education curriculum. Kenya is currently 

transitioning from a traditional education system to a competency-based system which requires 

new teaching and learning approaches. Formative assessment is one of the approaches that can 

be used to enhance students‘ competencies. The review of literature has however shown that the 

use of formative assessment in the teaching and learning process is rare in Africa and more 

specifically in Kenyan secondary schools.  

The current research project hence sought to fill the gap in the literature by conducting a 

series of studies using different research designs. The project was thus carried out in two phases 

and involved five studies. The first phase involved exploring the perceptions of teachers 

regarding formative assessment and their levels of metacognition. The second phase involved an 

intervention study on how formative assessment can be used to improve students‘ mathematics 

achievement and metacognition. In this experimental phase, a test for measuring achievement in 

mathematics was developed, validated, and then used in the intervention study. Based on the 

individual studies, the following conclusions can be drawn. 

5.1.1. Study 1 

           The first study involved piloting the adapted TAFL-Q to assess whether it was suitable in 

measuring Kenyan mathematics teachers‘ perceptions of formative assessment. In this study, two 

research questions and two hypotheses were answered. RQ1: ―What is the evidence of validity 

for the two-factor model of the TAFL-Q in the Kenyan context?‖ As stated in H1, it was 

hypothesized that the two-factor model of TAFL-Q will result in acceptable fit indices 

(CMIN/DF of between 1.0 and 3.0; RMSEA of ≤.08; SRMR of ≤.08; TLI of ≥.900; and CFI of 

≥.900). Confirmatory factor analysis was used to confirm the hypothesized two-factor model of 

the TAFL-Q. Contrary to the expectations (H1), the analysis resulted to a poor fit to the Kenyan 

sample (CMIN/DF = 2.643, RMSEA = .096, SRMR = .085, TLI = .653, CFI= .680).  

The factor structure was then explored using the principal components analysis with 

Varimax Kaiser Normalization rotation. Nine items were eliminated and a final analysis of the 
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remaining 19 items resulted in six factors with a total explained variance of 66%. The emergent 

factors were further assessed through convergent and discriminant validity and the results were 

valid. The six-factor model fitted well to the questionnaire data of the Kenyan sample 

(CMIN/DF = 1.92, RMSEA = .070, SRMR = .060, TLI = .880, CFI= .850). 

           The second research question (RQ2) assessed teachers‘ overall perceptions of formative 

assessment. It was expected that the teachers‘ ratings of their perceptions would correspond to 

―Agree‖ implying a high perception (H2) as measured on a 5-point Likert scale (Strongly 

Disagree=0; Disagree=1; Undecided=2; Agree=3; Strongly Agree=4). Descriptive statistics 

analysis however showed that teachers‘ perceptions ranged from low to moderate hence not 

confirming H2. Though most studies show teachers having a high perception of formative 

assessment, low to moderate perceptions in this study may be an indication that Kenyan 

mathematics teachers are less familiar with formative assessment strategies.  

Study one revealed that the adapted two-factor TAFL-Q was unfit for measuring Kenyan 

secondary school teachers‘ perceptions of formative assessment. The improved six-factor TAFL-

Q model was however used to gauge teachers‘ perceptions of formative assessment. The 

perceptions were expected to be high (H2) but the analysis showed low to moderate perceptions. 

Some of the items that were dropped from the original two-factor model of the TAFL-Q were not 

replaced in the new version of the six-factor TAFL-Q. This may have affected the internal 

consistency of the new version. The results imply the need to further develop the TAFL-Q as an 

instrument for measuring mathematics teachers‘ perceptions of formative assessment in the 

Kenyan context.   

5.1.2. Study 2 

The second study investigated the relationship between mathematics teachers‘ perceived 

use of formative assessment strategies and their levels of metacognition. The main aim of this 

study was to show how the use of formative assessment strategies affects the teachers‘ 

metacognitive regulation in terms of planning, monitoring, and evaluating skills. This study 

answered four research questions with the corresponding hypotheses. The first question (RQ1) 

was concerned with establishing the evidence of validity and reliability for the six-factor model 

of the TAFL-Q. It was expected (H3) that the scales of the six-factor model of the TAFL-Q will 

have Cronbach‘s alphas (α)  of ≥ .60 and that the fit indices of the model measurement will be 

within the acceptable range (CMIN/DF of between 1.0 and 3.0; RMSEA of ≤.080; SRMR of 
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≤.080; TLI of ≥.900; and CFI of ≥.900). As per the expectations, CFA of the six-factor model of 

the TAFL-Q indicated that all the values of the fit indices were within the recommended range 

hence confirming H3. 

The second research question (RQ2) assessed the evidence for validity and reliability of 

the MAIT scale. It was hypothesized that the scales of the MAIT will have Cronbach‘s alphas 

(α) of ≥ .60 and the fit indices of the model measurement will be within the acceptable range:  

CMIN/DF of between 1.0 and 3.0; RMSEA of ≤.08; SRMR of ≤.08; TLI of ≥.900; and CFI of 

≥.900 (H4). The structure of the MAIT was first confirmed on a sample of 180 teachers and then 

validated in the second study on a sample of 213 teachers. The results of Cronbach‘s alphas for 

all the three scales of the MAIT were all above .70 indicating high reliability. Confirmatory 

factor analysis showed the fit indices with values that were within the recommended range. 

Hypothesis two (H4) was thus confirmed. 

In the third research question (RQ3): ―How does the hypothesized structural relationship 

among the predictor and the observed variables fit the data?‖ it was expected that the 

hypothesized TAFL-Q and MAIT structural model will have acceptable fit indices: CMIN/DF of 

between 1.0 and 3.0; RMSEA of ≤.080; SRMR of ≤.080; TLI of ≥.900; and CFI of ≥.900 (H5). 

As expected, the fit indices for the measurement model were all within the recommended range 

(CMIN/DF = 1.218, RMSEA = .032, SRMR = .012, TLI = .989, CFI= .998), hence confirming 

H5.  

The fourth research question (RQ4) assessed the relationship between teachers‘ 

perceptions of formative assessment and their metacognitive skills. It was hypothesized that 

there will be a positive relationship between the teachers‘ perceptions of formative assessment 

and their metacognitive skills (H6). The relationship between the TAFL-Q and MAIT was 

modeled using structural equation modeling and path analysis in AMOS graphics software. The 

results of the model showed that teachers evaluating skills are positively predicted by learning 

intentions, success criteria, and peer assessment. Monitoring skills are positively predicted by 

classroom discussion and peer assessment. Planning skills, on the other hand, are positively 

predicted by feedback, peer assessment, and success criteria. As per the hypothesis (H6), there 

was a positive relationship between the teachers‘ perceptions of formative assessment and 

metacognition. 
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Understanding the relationship between formative assessment and metacognition can 

help teachers in modeling learning strategies and skills in the learners. More research is needed 

to test the relationship exhibited in the present study with other samples, especially in different 

cultural contexts. The findings of this study contribute to future theory development and 

designing effective intervention programs for classroom instruction.  

5.1.3. Study 3 

The third study investigated the in-service mathematics teachers‘ conception and 

perceptions of metacognition. Three research questions and corresponding hypotheses were 

answered. In the first research question (RQ1): ―To what extent do secondary school 

mathematics teachers in Kenya perceive their use of metacognitive knowledge and skills in 

teaching mathematics?‖, it was hypothesized that the mathematics teachers‘ perceptions will 

correspond to ―Often‖ on a 5-point Likert scale (Not at All=0; Rarely=1; Sometimes=2; Often=3; 

Always=4), implying a high perception of their use of metacognitive knowledge and skills (H7). 

Results from descriptive statistics indicated a mean of 3.31 for items under the dimension of 

metacognitive knowledge and a mean of 2.91 for items under the metacognitive skills dimension. 

The mean for the two dimensions corresponds to ―Often‖ on the Likert scale implying that 

teachers had high perceptions of both their metacognitive knowledge and skills. The H7 was thus 

confirmed although the teachers‘ ratings of their perception of metacognitive knowledge were 

slightly higher than metacognitive skills.  

Research question two (RQ2) assessed the effect of gender, teaching experience, and 

level of education on the metacognitive awareness of secondary school mathematics teachers in 

Kenya. It was hypothesized that the three background factors of gender, teaching experience, and 

level of education will have non-significant effects on mathematics teachers‘ metacognitive 

awareness (H8). The independent samples T-test and one-way ANOVA were used to examine 

the effect of the background factors. The t-test results exhibited non-significant differences in the 

means of male and female teachers for both metacognitive knowledge and metacognitive skills. 

The ANOVA results similarly showed non-significant effects of teachers‘ academic 

qualifications and years of teaching experience on their metacognitive knowledge and skills. The 

T-test and one-way ANOVA results thus confirmed H8. 

Research question three (RQ3), concerned the conception of metacognition that the 

Kenyan secondary school mathematics teachers reported. It was expected that mathematics 
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teachers will conceptualize metacognition in terms of knowledge about cognition and regulation 

of cognition (H9). The interview results were thematically analyzed based on the two dimensions 

of metacognition (knowledge and skills). Regarding metacognitive knowledge, the analysis 

revealed that teachers generally made use of their metacognitive knowledge. Teachers were able 

to express their declarative, procedural and conditional knowledge, which are the three facets of 

metacognitive knowledge. Analysis of teachers‘ metacognitive skills revealed that teachers 

generally had an understanding of the skills involved in the regulation of cognition but rarely put 

them to use. These results suggest that teachers should be encouraged to apply their 

metacognitive skills to classroom teaching.  

Both quantitative and qualitative analyses reveal that Kenyan secondary school 

mathematics teachers perceive themselves as metacognitive. The teachers however hardly 

implement the knowledge and skills in classrooms. This could be partly due to the challenges 

like large class sizes and lack of motivation that teachers reported. There is a need for the 

Kenyan Ministry of Education to address these challenges so that teachers can comfortably 

utilize their metacognitive skills and model the same to the learners.  

5.1.4. Study 4  

Study four involved the construction and validation of a proportional reasoning test 

(PRT) to measure students‘ proportional reasoning skills on rates, ratios, and proportions in 

mathematics. In this study, two questions and two hypotheses were answered. In RQ1, the 

evidence of content-related validity of the constructed PRT was assessed. Based on the judgment 

by the subject matter experts, it was hypothesized that the PRT will have content-related validity 

(H10). Research question two (RQ2), assessed the evidence of reliability and discriminant 

validity of the PRT. It was expected that the PRT will have Cronbach‘s alphas (α) of ≥ .60, 

Difficulty Index (DI) range between 0.3 and 0.6; and Item Discrimination (ID) range between 

.20 and .50. This will imply a reliable and valid test (H11) which is of a moderate level of 

difficulty and can discriminate the students‘ performance. 

The test items were carefully designed to reflect the aspects of proportional reasoning 

identified in the existing literature and aligned them to the instructional objectives as stated in the 

Kenya secondary mathematics curriculum. The test underwent different developmental processes 

to establish content-related validity before it was piloted. Content-related validity evidence was 

determined by a team of subject matter experts who reached a consensus regarding the items‘ 
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level of difficulty and the accuracy of the scoring guide. The results showed an acceptable 

internal consistency level (Cronbach‘s α= .83). The item analysis revealed that all the items had a 

moderate difficulty level ranging from .39 to .50. The discrimination index for most items ranged 

from .22 to .44. The findings suggest that the PRT is a valid and reliable instrument that can be 

used to measure the domain-specific skills on proportional reasoning. Both the two hypotheses 

(H10 and H11) for this study were therefore confirmed.  

5.1.5. Study 5 

           Study five examined the impact of formative assessment on secondary school students‘ 

achievement and metacognition in mathematics. A quasi-experimental pretest-posttest non-

equivalent group design was employed and formative assessment was conceptualized as an 

instructional approach comprising of five strategies. This study answered four research questions 

and six hypotheses. Research question one (RQ1) was on whether there was a significant 

difference in the students‘ performance on mathematics posttest between the control and 

intervention groups. It was hypothesized that students who were exposed to formative 

assessment in the intervention group will have a higher mean score on the mathematics posttest 

as compared to the students in the control group (H12). After controlling for pretest scores, the 

results revealed that students who were taught using formative assessment in the intervention 

group outperformed the students taught using the traditional approach in the control group hence 

confirming H1. 

Research question two (RQ2) assessed gender influence on students‘ mathematics 

posttest and the interaction effects between gender and the type of teaching approach, and 

mathematics posttest. It was expected that gender will have a non-significant effect on students‘ 

mathematics posttest (H13) and that there would be no interaction effects between gender and 

the type of teaching approach, and mathematics posttest (H14). Analysis based on gender failed 

to show any remarkable differences in mathematics posttest between the experimental and the 

control groups. There was also no significant interaction effect between gender and the type of 

teaching approach, and students‘ mathematics posttest. Both H13 and H14 were hence 

confirmed. 

Research question three (RQ3) assessed whether there was a significant difference in the 

students‘ ratings on their levels of metacognition between the intervention and control groups 

after the treatment. It was hypothesized that there will be a significant difference in the students‘ 
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posttest ratings on metacognition in favor of the intervention group (H15). After controlling for 

pretest, the results revealed that students who were taught using formative assessment in the 

intervention group had higher ratings of their metacognition than students in the control groups 

hence confirming H15. 

Research question four (RQ4) assessed how gender influenced students‘ metacognitive 

awareness after the treatment and whether there was a significant interaction between gender and 

the type of teaching approach, and metacognitive awareness posttest. It was hypothesized that 

gender will have a non-significant influence on students‘ metacognition posttest (H16) and that 

there will be no significant interaction effect between gender and the teaching approach, and 

metacognition posttest (H17). Analysis based on gender revealed non-significant influence and 

there were also no interaction effects hence confirming H16 and H17. 

5.2. Recommendations 

Since the studies comprising this project mainly involved the in-service mathematics 

teachers, the general recommendations based on the individual studies are first given and then 

followed by practical recommendations for the in-service and pre-service teachers in Kenya. 

5.2.1. General Recommendations  

The following are the recommendations based on the results of the individual studies: 

1. Based on the results of the first study, it is recommended that the six factors TAFL-Q 

that emerged on the Kenyan sample be further refined and validated in different 

cultural contexts. Due to the limited time for this project, the tool was used in its 

current state before refining it further. 

2. The second study was among the very few studies that have empirically assessed the 

relationship between formative assessment and metacognition. It is recommended that 

more studies be carried out to come up with conclusive findings. In the current case, 

the relationship was modeled using a sample of mathematics teachers in Kenya. It 

will be necessary to carry out a similar study using a sample from a different cultural 

context.  

3. In study three, the sample for the interview was small. It is recommended that future 

studies utilize a larger sample for more valid results. Furthermore, classroom 

observations can also be used to increase the validity of the results. 
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4. Study four validated the PRT on a small sample of 45 students. It is recommended 

that further studies validate the instrument with a larger sample of students to enable 

generalizing the results to a larger population.  

5. Study five assessed the impact of formative assessment based only on one topic in 

mathematics. Further research can explore other topics in mathematics using the same 

formative assessment approaches.  

5.2.2. Practical Recommendations  

These practical recommendations are given in light of the current educational reforms in 

Kenya. As mentioned before, the Kenyan education system is currently transitioning from the 

current 8-4-4 system which mainly focuses on summative evaluation to a competency-based 

curriculum (CBC) whose main focus is on formative assessment. This calls for a paradigm shift 

in the teaching approaches. This study is therefore timely and the following recommendations 

will be of value to both the curriculum developers and teachers in Kenya. 

Recommendations for the Pre-Service Teacher Training  

This study recommends that the training of pre-service teachers on formative assessment 

should be more emphasized in the teacher training colleges. Currently, formative assessment is 

generally taught as an aspect of educational assessment but more emphasis should be placed on 

the specific strategies involved in formative assessment. This will enable the pre-service teachers 

to be more prepared and better placed when they start teaching.  

From the interview analysis in study three, although teachers had some understanding of 

the concept of metacognition, they rarely applied metacognitive strategies in the classrooms. In 

this line, the introduction of metacognition at the pre-service teacher training colleges is highly 

recommended so that the prospective teachers will be able to model the same to their students 

when they start teaching. 

Recommendations for the In-Service Teachers  

The in-service teachers should be involved in designing the programmes related to 

formative assessment so that they can actively take part in the implementation process. Most of 

the professional development programmes that have taken place in Kenya have been centralized 

and only involve a few stakeholders. Involving teachers in their professional development will be 

a great motivating factor. The adoption of school-based formative assessment training 
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programmes which can be done at a school level is therefore recommended. This will encourage 

teachers‘ collaboration and hence get involved in action research.  

Based on interview results in study three, metacognition training can be incorporated into 

the already ongoing in-service teacher-training program on the Strengthening of Mathematics 

and Science in Secondary Education (SMASSE). The SMASSE project mainly focuses on 

‗hands-on‘ activities. It will be more productive if metacognition, which is a ‗minds on‘ activity, 

is incorporated into the project.  

5.3. Summary  

This research project was conducted between 2019 and 2021. The research was done in 

the context of Kenyan secondary schools and it involved mathematics teachers and grade 11 

students as the participants. The focus was on formative assessment conceptualized as an 

instructional approach in the teaching and learning process. This dissertation, which comprises 

five chapters, represents the original work stemming from dedication and hard work.  In chapter 

one, the introduction to the study is given. The focus is on the study context, problem statement, 

significance, and the structure of the dissertation. The results of the literature review on the 

themes related to the study are presented in chapter two whereas chapter three presents the aims, 

research questions, hypotheses, and methodology of the empirical studies.  

Chapter four presents a series of five empirical studies in which 15 questions and 17 

hypotheses are addressed. Study one assessed the suitability of the adapted teacher assessment 

for learning questionnaire in the Kenyan context. Study two examined the relationship between 

formative assessment and mathematics teachers‘ metacognitive regulation. Study three assessed 

teachers‘ perceptions and conception of metacognition. In study four, a test to measure students‘ 

proportional reasoning skills in mathematics was constructed and validated. Study five examined 

the impact of formative assessment on students‘ achievement in mathematics and their 

metacognitive awareness.  

These studies though related are presented as separate journal articles. The results, 

discussions, conclusions, limitations, and implications are thus given based on individual studies. 

Chapter five presents a general discussion of the results by addressing each research question and 

the corresponding hypothesis. General and practical recommendations are also given. Since no 

such research has been conducted in Kenya before, the present research forms a basis for further 
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studies on formative assessment conceptualized as an instructional approach in the teaching and 

learning process. The current research adds knowledge to the limited empirical evidence 

regarding the impact of formative assessment conceptualized as an instructional approach on 

students‘ academic achievement and metacognition in mathematics.  
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Appendices 

Appendix A1: Formative Assessment Mathematics Lesson Plan Guide for Teachers  

Topic  

Subtopic  

Duration  

Number of students  

Date  

 

RATIONALE………………………………………………………………………………………. 

……………………………………………………………………………………………………… 

…………………………………………………………………………………………………….... 

Stage  Strategy  Teaching action Purpose  

Step 1 

Where the learner is 

going (10 minutes) 

Making  

learning targets 

and standards 

for success clear  

Present the problem to the 

students. 

Use a whole class discussion to 

clarify learning intentions and 

possible strategies for solving 

the problem. 

To elicit ideas for possible 

ways of solving the 

problem 

Step 2 

Where the learner is 

right  now (15 

minutes) 

Discussions 

peer assessment 

self-assessment 

Use questions to enable students 

to determine where they are. 

Provide hints  

 

Diagnose the student's 

strengths and limitations 

inspire students to reflect 

on their work to make sure 

it makes sense 

Step 3  

How to get there  

(15minutes) 

Self-assessment  

peer-assessment 

 teacher‘s 

feedback 

Show and discuss solutions to 

the problems. 

Discuss the special features 

Show and illustrate 

different strategies 

Demonstrate how the 

problem strategies can be 

applied in authentic 

situations  
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Appendix A2: Formative Assessment Training Schedule 

 

Day Session Content 

Day 1  Session 1  Introduction  

 Different concepts of formative assessment 

 Teachers‘ conception and experiences of formative assessment 

 Session 2  The conceptual framework for the study (Black & Wiliam, 2009)-

five strategies, three agents, and three processes 

Day 2 Session 1  A detailed discussion of each strategy and how they can promote 

learning (based on research reports) 

 Discussion on how the strategies can enhance metacognition 

(research evidence) 

 Teachers views on different strategies 

 Session 2  Implementation of the strategies 

 Implementation challenges and how they can be addressed 

 Lesson plan guide 
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Appendix B: Teacher Assessment for Learning Questionnaire (TAFL-Q) 

1. I encourage my students to reflect upon how they can improve their assignments. 

2. After a test, I discuss the answers given with each student. 

3. While working on their assignments, I ask my students how they think they are doing. 

4. I involve my students in thinking about how they want to learn at school. 

5. I give my students the opportunity to decide on their learning objectives. 

6. I ask my students to indicate what went well and what went badly concerning their 

assignments. 

7. I encourage students to reflect upon their learning processes and how to improve 

8. I inform my students on their strong points concerning learning. 

9. I inform my students on their weak points concerning learning. 

10. I encourage my students to improve on their learning processes. 

11. I give students guidance and assistance in their learning. 

12. I discuss assignments with my students to help them understand the content better. 

13. I discuss with my students the progress they have made. 

14. After an assessment, I inform my students on how to improve their weak points. 

15. I discuss with my students how to utilize their strengths to improve on their 

16. Together with my students, I consider ways on how to improve on their weak points. 

17. I adjust my instruction whenever I notice that my students do not understand a topic. 

18. I provide my students with guidance to help them gain an understanding of the content 

taught. 

19. During my class, students are given the opportunity to show what they have learned. 

20. I ask questions in a way my students understand. 

21. By asking questions during class, I help my students gain an understanding of the content 

taught. 

22. I am open to student contributions in my class. 

23. I allow my students to ask each other questions during class. 

24. I ensure that my students know what areas they need to work on to improve their results. 

25. I give my students opportunities to ask questions. 

26. My students know what the evaluation criteria for their work are. 

27. I ensure that my students know what they can learn from their assignments. 

28. I can recognize when my students reach their learning goals. 

 

Note.  Adopted from, Validation of Assessment for Learning 

Questionnaires for teachers and students by Pat-El et al., 2013, British Journal of Educational 

Psychology, 83 (1), 98–113, adopted with permission. 
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Appendix B1: Confirmatory Factor Analysis for a two-Factor TAFL-Q (N=180) 
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Appendix B2: Range of the Item-Total Correlations for the 19 Items six-Factor TAFL-Q 

(N=213) 

 
Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Cronbach's Alpha if 

Item Deleted 

After a test, i discuss the answer given with 

each student 

53.3568 93.391 .399 .868 

I involve my students in thinking about how 

they want to learn at school 

53.3897 91.013 .485 .864 

I give my students the opportunity to decide 

on their learning objectives 

54.1502 92.062 .380 .870 

I inform my students on their strong points 

concerning learning 

53.1080 91.748 .567 .861 

I inform my students on their weak points 

concerning learning 

53.0798 94.545 .433 .866 

I encourage my students to improve on their 

learning processes 

52.8967 96.197 .385 .867 

I discuss assignments with my students to help 

them understand the content better 

52.8873 95.893 .412 .866 

I discuss with my students the progress they 

have made 

52.9765 95.240 .454 .865 

After an assessment, i inform my students on 

how to improve their weak points 

53.1127 91.846 .580 .860 

Together with my students, i consider ways on 

how to improve on their weak points 

53.1174 93.019 .594 .860 

I adjust my instructions whenever i notice that 

my students do not understand a topic 

53.1221 91.004 .563 .861 

I provide my students with guidance to help 

them gain an understanding of the content 

taught 

53.0610 91.907 .601 .860 

I ask questions in a way my students 

understand 

52.8779 95.994 .428 .866 

By asking questions during class, I help my 

students gain an understanding of the content 

taught 

52.7418 96.277 .450 .865 

I am open to student contribution in my class 52.7230 95.730 .440 .865 

I allow my students to ask each other 

questions during class 

53.3756 93.254 .402 .868 

I ensure that my students know what areas 

they need to work on in order to improve their 

results 

53.1408 93.037 .532 .862 

My students know what the evaluation criteria 

for their work are 

53.4789 91.109 .499 .863 

I ensure that my students know what they can 

learn from their assignments 

53.2629 91.459 .574 .860 
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Appendix C: Metacognitive Awareness Inventory for Teachers (MAIT)  

 

1. I am aware of the strengths and weaknesses in my teaching 

2. I know what skills are most important to be a good teacher 

3. I know what I am expected to teach 

4. I have control over how well I teach 

5. I try to use teaching techniques that worked in the past 

6. I have a specific reason for choosing each teaching technique I use in the class 

7. I am aware of what teaching techniques I use while I am teaching 

8. I use helpful teaching techniques automatically 

9. I use my strengths to compensate for my weaknesses in my teaching 

10. I can motivate myself to teach when I need to teach 

11. I use different teaching techniques depending on the situation 

12. I know when each teaching technique I use will be most effective 

13. I pace myself while I am teaching to have enough time 

14. I teach my specific goals before I start teaching 

15. I ask myself questions about the teaching materials I am going to use 

16. I organize my time to best accomplish my teaching goals 

17. I ask myself periodically if I meet my teaching goals while I am teaching 

18. I find myself assessing how useful my teaching techniques are while I am teaching 

19. I check regularly to what extent my students comprehend the topic while I am teaching 

20. I ask myself questions about how well I am doing while I am teaching 

21. I ask myself how well I have accomplished my teaching goals once I have finished 

22. I ask myself if I could have used different techniques after each teaching experience 

23. After teaching a point, I ask myself if I would use it more effectively next time 

24. I ask myself if I have considered all possible techniques after teaching a point 

 

Note.  Adopted from, Metacognitive awareness inventory for teachers (MAIT), by C. Balcikanli, 

2011, Electronic Journal of Research in Educational Psychology, 9 (3), 1309–1332, 

adopted with permission. 
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Appendix C1 Confirmatory Factor Analysis for MAIT (N=180) 

 

 

 

 

 

 



170 
 

Appendix C2: Range of the Item-Total Correlations for the MAIT scale (N=213) 

 
Item-Total Statistics 

 
Scale Mean if 

Item Deleted 

Scale Variance if 

Item Deleted 

Corrected Item-

Total Correlation 

Cronbach's Alpha if 

Item Deleted 

1. I am aware of the strengths and 

weaknesses in my teaching 

71.2676 146.310 .266 .900 

2. I know what skills are most important in 

order to be a good teacher 

71.2347 146.539 .278 .900 

3. I know what I am expected to teach 71.1362 147.269 .263 .900 

4. I have control over how well I teach 71.0610 144.558 .384 .898 

5. I try to use teaching techniques that 

worked in the past 

71.3944 145.315 .302 .900 

6. I have a specific reason for choosing each 

teaching technique I use in the class 

71.2207 142.475 .483 .896 

7. I am aware of what teaching techniques I 

use while I am teaching 

71.1549 144.386 .399 .898 

8. I use helpful teaching techniques 

automatically 

71.3474 142.615 .428 .897 

9. I use my strengths to compensate for my 

weaknesses in my teaching 

71.3239 142.494 .482 .896 

10. I can motivate myself to teach when I 

really need to teach 

71.3803 141.595 .459 .897 

11. I use different teaching techniques 

depending on the situation 

71.3944 139.636 .531 .895 

12. I know when each teaching technique I 

use will be most effective 

71.4789 140.911 .527 .895 

13. I pace myself while I am teaching in 

order to have enough time 

71.5869 143.253 .376 .899 

14. I teach my specific goals before I start 

teaching 

72.0000 136.311 .498 .896 

15. I ask myself questions about the teaching 

materials I am going to use 

71.5117 139.647 .511 .896 

16. I organize my time to best accomplish 

my teaching goals 

71.4648 140.373 .542 .895 

17. I ask myself periodically if I meet my 

teaching goals while I am teaching 

71.5962 135.931 .660 .892 

18. I find myself assessing how useful my 

teaching techniques are while I am teaching 

71.5634 136.398 .655 .892 

19. I check regularly to what extent my 

students comprehend the topic while I am 

teaching 

71.4789 138.194 .605 .894 

20. I ask myself questions about how well I 

am doing while I am teaching 

71.5258 136.581 .601 .893 

21. I ask myself how well I have 

accomplished my teaching goals once I have 

finished 

71.6901 133.922 .657 .892 

22. I ask myself if I could have used different 

techniques after each teaching experience 

71.9577 134.682 .599 .893 

23. After teaching a point, I ask myself if I 

would use it more effectively next time 

71.9484 132.125 .643 .892 

24. I ask myself if I have considered all 

possible techniques after teaching a point 

71.8873 134.176 .587 .894 
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Appendix D: Interview Schedule  

1. What would you consider as your strengths and weaknesses in teaching mathematics? 

2. What do you consider before deciding on a particular method to use in your teaching? 

3. How do you make use of your strengths and weaknesses? 

4. How often do you prepare your lesson plans? 

5. How often do you evaluate your teaching goals at the end of each lesson? 

6. How often do you question whether you are meeting your teaching objectives while 

teaching? 

7. To what extent did your teaching approach predict students‘ achievement at the end of 

term one exams? 

8. Do you consider yourself a metacognitive teacher? Briefly explain? 
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Appendix E: Proportional Reasoning Test-PRT (30 Marks) 

Time: 1 hour 

Instructions  

 You are required to attempt all the questions in this test 

 Read the questions carefully before attempting them 

 The marks are equally distributed (3 marks for each question)  

 Show all the work in the space provided after each question.  

 Correct procedure/ working will be awarded even if the answer is wrong 

 

1. Last week, Mary answered 24 out of 30 questions correctly in an exam. This week, she 

answered 20 out of 24 questions correctly in another exam. For which exam did Mary 

have better results? Explain your answer. 

2. Nafula bought 3 lollypops at 12 shillings and Atieno bought five lollypops at 20 shillings. 

Who used less amount of money? Explain your answer.  

3.  How many glasses of orange juice can you make with 12 cups of water if eight 8 cups of 

water can produce 14 glasses of orange juice? Show your calculations.  

4. The diagrams below show two tins of different sizes but marked with the same scale on 

each of them. Oil is poured into the broad tin until it reaches the fourth mark. When the 

same oil is poured into the small tin as demonstrated in diagram B, it rises to the sixth 

mark. If both tins are emptied and oil is poured into the broad tin until it reaches the sixth 

mark, to what level can this oil rise if it is poured into the small cylinder? 

 

5. A group of 7 girls shares 3 chapatis equally and another group of 9 boys shares 4 chapatis 

equally. Who gets a bigger size of chapati, a girl or a boy? Explain your answer. 

6. Mary has the option of working in Mombasa or Nairobi. She discovered that the workers 

in Mombasa work 8 hours per day and receive Ksh 24 000 every 15 days while those in 

Nairobi work 6 hours per day and receive Ksh 20 000 every 12 days. If Mary decides to 

work for 20 days, which job option will be best for her? Explain your answer. 
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7. Your father decides to give a piece of land as an inheritance to your three brothers Joe, Alex, and 

Peter in the ratio 4:5:3. Peter being the firstborn feels he has already accumulated enough wealth 

and therefore decides to share his portion equally with Joe and Alex. What will be the ratio of 

Joe‘s share to Alex‘s share? Show your work. 

8. In a mixture of 60 litres, the ratio of orange concentrate to water is 7:5.  If the principal of a 

school wants to make orange juice for the students in the ratio of 3:2, how many liters of water 

should he add to the mixture? Show your work. 

9. The figures below show two similar rectangles. The height of the first rectangle is 6cm 

and the width is 8cm. The width of the second rectangle is 12cm. Explain how you would 

find the height of the larger rectangle. 

 

 

10. The heights of two trees taken three years ago were eight feet for the tree (I) and ten feet 

for the tree (II). When the heights were taken today, tree (I) was 14 feet and tree (II) was 

16 feet. Which of the trees increased most over the past three years?   
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Appendix F: Junior Metacognitive Awareness Inventory (Jr. MAI) 

 Item NA R S O A 

1 I know when I understand something      

2 I can make myself learn when I need to      

3 I try to use ways of studying that has worked for me before      

4 I know what the teacher expects me to learn      

5 I learn best when I already know something about the topic      

6 I draw pictures or diagrams to help me understand while learning      

7 When I am done with my schoolwork, I ask myself if I learned what I 

wanted to learn 

     

8 I think of several ways to solve a problem and then choose the best 

one. 

     

9 I think about what I need to learn before I start working.      

10 I ask myself how well I am doing while I am learning something new.      

11 I pay attention to important information      

12 I learn more when I am interested in the topic      

13 I use my learning strengths to make up for my weaknesses      

14 I use different learning strategies depending on the task      

15 I occasionally check to make sure I‘ll get my work done on time      

16 I sometimes use learning strategies without thinking      

17 I ask myself if there was an easier way to do things after I finish a task      

18 I decide what I need to get done before I start a task      

Adapted from (Sperling et al., 2002 p.26) 
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Appendix G: Letter from the County Director of Education 
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Appendix H: Certificate of Ethical Approval 
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Appendix I: Research License
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Appendix J: Letter of Consent to Teachers  

 

Study Title: Formative Assessment and Metacognition in the Teaching and Learning of 

Mathematics In Kenyan Secondary Schools: Teachers‘ Perceptions, Students‘ Achievement, and 

Students‘ Metacognition 

Dear Teacher, 

I am a Ph.D. student at the Institute of Educational Sciences, University of Szeged, Hungary.  I 

plan to carry out the above study on formative assessment.  This study will involve secondary 

school students and teachers of Bungoma County.  The study aims to evaluate the preparedness 

of mathematics teachers in implementing competency-based assessments and to suggest the best 

formative assessment practices that can be used in mathematics classrooms. It‘s hoped that the 

findings of this study will contribute knowledge towards the development of an assessment 

framework in mathematics instruction for secondary students in Kenya. This study will be 

carried out in the context of the competence-based curriculum (2.6.3.3) in investigating 

formative assessment methods that teachers of mathematics can employ to promote the key 

competencies in mathematics.  

All data collected in this study will be kept under lock and key. Responses will be kept 

confidential, and the use of pseudonyms enforced.  After the study, students, teachers, and other 

stakeholders are entitled to free access to the published reports. 

CONSENT  

I………………………………………. agree to participate in the study.   

Signature: …………………………….. Date: ……………………………………… 

 

Thank you very much for your support and consideration. 

Ruth N Wafubwa 

Email: ruthnanje@gmail.com Cell: +254724737497/+36 204087958 
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