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ABSTRACT

Feedback plays a crucial role in enhancing student learning outcomes. In large classes it is
instrumental in maintaining student engagement, motivation, and overall academic performance
by addressing misconceptions, and fostering deeper understanding of content amongst others. The
School of Mathematics, Statistics, and Actuarial Science at Maseno University has had challenges
with carrying out frequent formative assessments in its 20 high-enrollment introductory courses,
due to large class sizes (500 to 1000 students) and limited lecturer support, affecting student
engagement with content. In 2019, the faculty recognized the need for technological solutions to
overcome the limitations of traditional assessment called the STACK system. The STACK system
is a digital online platform with the ability to deploy grade randomized, advanced and adaptive
mathematics related questions as well as provide immediate feedback, making it a valuable tool
for large classes with diverse learning needs. However, despite its implementation, a research gap
exists regarding its effectiveness as a solution for improving student engagement, performance,
and perception in mathematics. The purpose of this study was to analyze the impact of the STACK
system on learner performance, factors affecting engagement and learner perception on its use in
mathematics at Maseno University. The research objectives were to: examine the correlation
between learner test results within the STACK system and the scores in the end-of-semester exams,
evaluate the factors affecting learner engagement with the STACK system and the end-of-semester
exams and evaluate learner perceptions regarding the use of the STACK system as a formative
assessment tool in mathematics. This study was guided by Gagne’s theory of 9 levels of learning.
This study was done at Maseno University, SMSAS. Population of the study was 4417 students
enrolled in 5 high-enrolment courses already using STACK.Purposive sampling was used to select
a single course for analysis which had 517 students enrolled. The study used STACK Quiz
Analysis Guide, Students' Score Card, Online Survey Questionnaire, Interviews, and Focus Group
Discussions (FGDs) to collect data. Cronbach's alpha (o = 0.87) was used to check the survey
questionnaire's reliability. Reliability and validity of the remaining tools were checked by experts
in the field of education. Pearson's correlation analysis revealed a significant positive relationship
between STACK scores and the end-of-semester exam (r=0.63, p < 0.01), as well as the frequency
of STACK engagement and end-of-semester exam scores (r=0.61, p < 0.01). Key factors affecting
learner engagement, are feedback, randomization, quiz availability, and peer interaction, having
both positive and negative impacts on student learning and final outcome in the course. The online
survey, interviews, and Focus Group Discussions (FGDs) revealed a generally positive perception
of the use of STACK in formative assessment in mathematics. Despite this, concerns were
expressed regarding insufficient feedback from certain STACK questions. These findings align
with Gagne's theory of learning, emphasizing the significance of formative assessment, learner
engagement, individual differences and positive perception, for effective learning. The study
recommends further investigation to explore the impact of different types of feedback on learner
cognition in undergraduate mathematics, to address the concerns raised by the students about
insufficient feedback in certain STACK questions.



TABLE OF CONTENT

DECLARATION. ..ttt e e e e e e e e e e e e e e ii
ACKNOWLEDGMENT ...ttt e e e e ssb e e e ssaeeenneeeaneaeas i
DEDICATION ..ottt ittt ettt b ettt sttt s et st e b e st e e neabe st e nenre s iv
ABSTRACT ..ottt b bt s et st e e be et e R e e b e et et e R e e b et e Rt et ettt e bt enenre e Y
TABLE OF CONTENT S . ..ottt e e e e e e vi
LIST OF ABBREVIATIONS AND ACRONYMS......oo ottt X
LIST OF TABLES ...ttt sttt sttt st e neans Xi
LIST OF FIGURES. ...ttt sttt sttt nnns Xii
LIST OF APPENDICES. ... .ot Xiii
CHAPTER ONE: INTRODUCTION ....ooiiii ettt 1
1.1 Background Of STUAY .......c.ccviiiieii ettt 1
1.2 Problem STALEMENT ........ccueiiiiiiiesiee bbbttt st besneereas 12
1.3 PUIPOSE OF the STUAY ...c.veceiiiiiciece ettt sre e 13
1.4 ODbjJectives Of the STUAY ........ccciiieieece e 13
1.5 RESEAICH QUESTIONS .....viuieeeieeie sttt bbbttt b et ene s 13
1.6 SIGNITICANCE ..ottt bbbttt b et bbb ere s 14
1.7 Limitations OF the STUAY .......ccoiiiiiiiiieee e 14
1.8 SCOPE OF thE STUAY ...t 16
1.9 ASSUMPLIONS OF the STUAY ....veeiiiieiecce et re e 17
1.10 TheoretiCal FrAMEWOIK ...........coiiiiiieieee e eneas 18
1.11 Operational definition Of tEIMS .......c.ociiiiei e 20
CHAPTER TWO: LITERATURE REVIEW.......c.ccooiiiiiieissee e 21
FZ20 11 oo [0 od o] o SRRSO PRPURRPRPRPN 21
2.2 Formative Assessment with Technology and Student Scores in the final exam................. 21
2.3 Learner Engagement with Technology in Formative ASSESSMENt. ..........ccccevvererenineninas 26
2.4 Student Perception on the use of Technology in Formative ASSeSSMeNt. ..........ccccevvrvrenne 30
CHAPTER THREE: METHODOLOGY ...ttt 34
K20 A 111 oo [ od o] APPSR 34
3.2 RESEAICH DIBSIGN. ...teiiiieiie sttt ettt et e et e s e e e e et e e b e e sae e e be e e raeereenrae e 34
B AN oT: T o S (1T | USSP PPR 34
3.4 Population Of the STUAY. ......eoieiiie e 35

Vi



3.5 Technique of sampling and the SAMPIE SIZE.........ccecviieiiiii e 36

3.6 RESEAICH INSTIUMENTS. ...oviiiiiiiiiieieee et bbbttt bbbt eneas 36
3.6.1 STACK QUIZ ANAIYSIS GUIE. ...cveiveeeieiieteeteete ettt sttt ettt e sre e sre e stesreeaesreeraeaesreenes 37
3.6.2 STUAENT SCOME CAIU.....ccuiiuiriiieieieiieiereete sttt sttt sttt et besbe st st et e s e et e st eseeseseennen 37
3.6.3 SUIVEY QUESTIONNAIIE. .....ecueevieeieieiteeiesteeteete st et e st e st e s be e s e sbeebee b e ste e s e sbeessessesreensesteessensesrnenes 37
3.6.4 StUdeNt INEIVIEW GUITE. ....ocveeeieieeieeie ettt ee et e aesteene e nesneenes 38
3.6.5 FOCUS Group DiSCUSSION GUITE. .......eecverieeeeeieeeeierie et te sttt e st et see e seesseeaeseeeneesesneenes 38

KT A 2 (=1 1= o | 125 39

BB VAlIAILY. ... ettt et re e nearean 40

3.9 Data COlIECTION PrOCEAUIE. ......cueeiieiieiete ettt ere s 41

3.10 Data analysis and PreSentation. ...........ccoereiirerieieierese et 42

3.11 Ethical CONSIABIALIONS. .....eivveiieiieiieeieeie st e eee st te ettt este e e sreeste e e e sreeneeaneenneenns 43

CHAPTER FOUR: RESULTS AND DISCUSSION .......cociiiiiiiiisisesieee e 45

o I 1o T [FTox o] TSRS S PSP PR 45

O T (o1 o ] £SO S 45

4.3 Correlation between Learner Performance in the STACK system and the End the final

L L] DT = U o SRS P TP 47

4.4 Analysis of Learner Engagement with the STACK system in Undergraduate Mathematics at

MASENO UNIVEISILY. ©.ouviiuiiiieeitecie ettt s bt sae e teessesba e ae et e s seesbeeseeneenneeneens 52

4.5 Learner Perception on the use on the use of the STACK system as a Formative Assessment

TOOI IN IMAENEIMALICS. ...ttt ettt b ereenes 60

CHAPTER FIVE: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS............ 65

T80 A 11 0o [ od 1 o] PR SR 65

5.2 SUMMANY OF TINAINGS ..ottt 65
5.2.1 Correlation between Learner Performance in STACK and the End the final written exam. .....65

5.2.2 Analysis of Learner Engagement with the STACK system in Undergraduate Mathematics at
MASENO UNIVEISIY. ..oeeeiieeieieitietesie sttt e e s e e e et e s seessesteeseestesseessesaeessassesseensessenssessesseens 66

5.3.3 Learner Perception on the use of STACK as a Formative Assessment Tool in Mathematics. ..66
5.3 CONCIUSIONS ...ttt bbbttt sb bbbt 67
5.3.1 Relationship between learner performance in STACK and the end of the semester exam........ 67

5.3.2 Analysis of Learner Engagement with the STACK system in Undergraduate Mathematics at
MASENO UNIVEISITY. .oeuveiieieiiecie ettt este e ste et e et st e s e e st e e teeste e teestaesseesasesnteenseensaeseessaesssesnsennsen 67

5.3.3 Learner Perception on the use of STACK as a Formative Assessment Tool in Mathematics. .. 68

5.4 RECOMMENUALIONS ... .o, 68

vii



5.4.1 Recommendations to the School of Mathematics on the Use of STACK.......ccoocvvvvveveeerecneen. 68

5.5 Recommendations to the STACK COMMUNILY.......cccccoeiieiiiieiiece e 70
5.6 Recommendations for FUtUre RESEAICH .........cccviiiiiiiiiie e 71
REFERENGCES.........oi ottt sttt b et s e bttt ne e s 72
APPENDICES ..ittiitiiiiieieieieieietnsasnsesasesesessssssssssssssssssssssssssssssssssssssssssssssasnsnss 89

viii



LIST OF APPENDICES

APPENDIX I: STACK QUIZ ANALYSIS GUIDE........cccooiiiiiiiee e 89
APPENDIX II: STUDENT’S SCORE CARD AT THE END OF THE SEMESTER............. 89
APPENDIX I11: STUDENT INTERVIEW GUIDE ... 90
APPENDIX IV: SURVEY QUESTIONNAIRE FOR STUDENTS ... 94
APPENDIX V: FOCUS GROUP DISCUSSION GUIDE...........ccccoiiiiiiiin 96
APPENDIX VI: CONSENT FORM ....cciiiiiiiiiiiiii e 99
APPENDIX VII: MAP OF STUDY AREA ... 101
APPENDIX VIII: SAMPLE STACK QUESTION USED........ccoooiiiiiiiiiiciieee e 102

APPENDIX IX: ETHICS APPROVAL LETTER 103



LIST OF ABBREVIATIONS AND ACRONYMS

CAS — Computer Algebra System

CAT — Continuous Assessment Test

e-Assessment- Electronic Assessment

FGDs — Focus Group Discussions

SMSAS - School of Mathematics Statistics and Actuarial Science

STACK - Systems for Teaching and Assessment using Computer Algebra Kernel



LIST OF TABLES

Table 1.1 Enroliment Statistics of Introduction Courses at SMSAS (2020-2022) .........ccevevinennnnn. 10
Table 3.4.1 Targeted Population of Study ........c.ovriviiiiii e 35
Table 3.6.1 Instrumentation as guided by the research objectives .............ccoviviiiiiiiiiiiiininn, 36
Table 3.10.1 Data Analysis and Presentation ............c.c.vviviiiiieiteriiiteiterreieeeieeieeneeeennnns 42
Table 4.2.1 Participant DemographicCs ..........oo.oiuiiiiiii i 45
Table 4.2.2 Participant Response RAtES ..........o.iuiuiiuiiiit i 46
Table 4.3.1 Correlation between STACK Performance and Final Exam Results. ........................ 47
Table 4.3.2 Correlation between STACK Quiz Attempts and Final Exam Score ........................ 49
Table 4.5.1 Summary of the positive statements on learner perception on STACK Assessment....... 60
Table 4.5.2 Summary of the negative statements on learner perception on STACK Assessment...... 61

Xi



LIST OF FIGURES

Figure 1.1. An example STACK question with feedback. ................oooiiii 1

Figure 4.3.1 Student scores in the STACK Quizzes (out of 30%) and the final exam (out of 70%) ...48
Figure 4.3.2 Frequency of attempts in STACK and the corresponding end of semester exam scores...50
Figure 4.4.1 Boxplot showing Learner engagement in different Quiz types used in the course...........53

Figure 4.4 2. Categorization of student engagement in the course using STACK and Exam data........ 55

Xii



CHAPTER ONE: INTRODUCTION

1.1 Background of study

Education technology, a transformative force in contemporary pedagogy, is reshaping the
landscape of mathematics education (Alizadehjamal, 2022). Mathematics education is a critical
aspect of academic development, fostering analytical thinking and problem-solving skills
(Acosta-Gonzaga & Walet, 2018; Fatima, 2012; Maass, Geiger, Ariza, & Goos, 2019). However,
instructing and assessing mathematics, particularly in large classrooms, poses significant
challenges (Aina, 2022; Bethell, 2016; Cardoso, 2020; Kramer, Posner, Lawrence, Browman, et
al., 2021; C. J. Sangwin, 2010). The conventional approaches to teaching and assessing
mathematical skills often struggle to address the diverse needs of students and promote active
engagement, thus affecting student perception and ability to acquire competent skills in the
subject (Kramer, Posner, Lawrence, Browman, et al., 2021; Rowlett, 2011). In high enrollment
classrooms, where the number of students presents logistical hurdles, mathematics educators
grapple with providing effective formative assessments and timely feedback. Overtime, the
integration of educational technology emerges as a promising solution, aiming to bridge the gap
between traditional pedagogical methods and the evolving needs of contemporary learners

(Alabdulaziz, 2021; Al-Hattami, 2020; Alizadehjamal, 2022; Alomran & Chia, 2018).

The landscape of mathematics education has undergone a transformative shift with the
integration of digital tools in assessment practices such as Kahoot! which introduces a gamified
dimension to assessments, turning quizzes into engaging competitions (Mdlalose, Ramaila, &
Ramnarain, 2022), Wolfram Alpha, known for its computational power and its ability to provide
step-by-step solutions (Abramovich, 2021), Maple, designed for advanced mathematics by
tackling complex problems symbolically (Jones, 2008), amongst other tools. Systems for

Teaching and Assessment which use Computer Algebra Kernel (STACK), is an education



technology online tool integrated into the Moodle learner management system, which addresses
the shortcomings of traditional assessment methods in mathematics and related subjects, by
harnessing the power of computer algebra systems (C. J. Sangwin, 2002). It not only facilitates
the generation of diverse mathematics questions but, crucially, provides instant feedback akin to
the nuanced guidance a student might receive on paper. This distinctive feature sets STACK
apart as a dynamic and rigorous tool, positioning it as a beacon in the realm of computer-aided
assessment platforms compared to other platforms like Webster, Tutor Web, Quizziz, Kahoot,
amongst others (Beliauskene & Yanuschik, 2021). The STACK system uses a distinctive grading
algorithm called "potential response trees" to grade student answers provide feedback based on
the mathematical properties of the student answer in comparison to the model answer. Figure 1.1
shows a basic STACK question with student response and feedback from STACK. This image

was taken from a course using STACK at Maseno University.
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Figure 2.1. An example STACK question with feedback.



Figure 1.1 shows the STACK’s ability to discern and appreciate the varied approaches students
may adopt in solving mathematical problems. Beyond a binary assessment of correctness,
STACK's algorithm engages with the subtleties of mathematical reasoning, through targeted
feedback on incorrect responses with misconceptions allowing for comprehensive and accurate
assessment of simple to complex mathematical problems (Bach, Stephan, 2020; Derr, 2019;

Knaut, Altieri, Bach, Strobl, & Dechant, 2022).

STACK's ability to provide personalized feedback and error recognition through its potential
response trees hold the promise of improving students' retention and transfer of mathematical
skills during practice with the randomized versions of the same problem in one sitting, resulting
in enhanced performance in the subject (Barana, Marchisio, & Sacchet, 2021). Additionally, the
system's capacity, in collaboration with the Moodle LMS, can track student engagement and
performance which in turn assists in identifying areas where students may require additional
support, enabling timely intervention to enhance learning outcomes something which is rather
challenging in a traditional assessment setting with limited resources (Beliauskene & Yanuschik,
2021). According to Gagne and Gagne's (1985) nine-step model of learning, which encompasses
gaining attention, informing learners of objectives, stimulating recall of prior knowledge,
presenting content, offering learning guidance, eliciting performance, providing feedback,
assessing performance, and enhancing retention and transfer, the importance of timely feedback
in assessments cannot be overstated. Timely feedback enables learners to pinpoint gaps in their

understanding before they escalate into substantial obstacles to learning (Gagné & Gagné, 1985).

According to Kallweit's (2019) cross-cultural analysis of various case studies on the use of
STACK, there exists a statistically significant positive correlation between student performance
in STACK and their final examination scores in comparison to paper-based assessments.

Likewise, empirical studies have revealed that the implementation of STACK in formative



assessment results is a remarkable enhancement in students' problem-solving capabilities and
exam preparation. Notably, the correlation between STACK usage and students' final
examination scores is significantly stronger in comparison to paper-based assessments (Knaut et
al., 2022; Makela et al., 2016; Tomilenko & Lazareva, 2020; Ustinova, Tomilenko, Imas,

Beliauskene, & Yanuschik, 2020; Zerva, 2020).

While extant literature underscores the positive impact of computer-assisted assessment
technologies, a critical examination of their efficacy in predicting learner performance remains
limited to the European and Asian context. Notably, diverse scholarly works challenge the
prevailing assumption that assessment technologies, particularly those reliant on computer-based
methodologies like STACK, can adequately forecast performance in subjects demanding high-
order thinking skills—a capacity traditionally associated with paper-based assessments (Kim,
Belland, & Walker, 2018; Shute & Rahimi, 2017; Smolinsky, Marx, Olafsson, & Ma, 2020). The
validation of the STACK system as a reliable and predictive assessment tool through the
correlation analysis with final exam results is imperative for institutions contemplating its
adoption or are already using it like Maseno University according to reports by Borio and
Oyengo (2019). This validation would not only instill confidence in the reliability of the STACK
system but also provides tangible evidence that investing in this technology aligns with
enhancing overall subject mastery, thereby optimizing educational resources for improved
learning outcomes. Furthermore, the study extends beyond this binary exploration by adopting a
multifaceted approach. By delving into the broader landscape of technology adoption in
classrooms, the research aims to investigate the reliability of STACK in varied learning contexts.

Acknowledging the diverse challenges and opportunities inherent in different educational



Engagement in education is a fundamental determinant of effective learning (Barana, Marchisio,
& Rabellino, 2019; Trowler & Trowler, 2010). Engagement can be measured using either
quantitative approaches such as learning analytics or qualitative approaches like interviews or
focus group discussions (Henrie, Halverson, & Graham, 2015). For teachers, the ability to assess
and ensure student engagement is paramount, as disengagement can hinder the learning process
and impede academic progress. In mathematics, engagement is not just desirable; it is a necessity
(Alizadehjamal, 2022; Bach, Stephan, 2020; Riske, Cullicott, Mirzaei, Jansen, & Middleton,
2021). Mathematics demands active cognitive involvement, regular practice with feedback to
enhance problem-solving, and critical thinking. When students are actively engaged in
mathematical tasks, they are more likely to grasp complex concepts, retain information, and
transfer their learning to related tasks that demand the acquired cognitive skills (Deng,

Benckendorff, & Gannaway, 2020).

Gagné and Gagné (1985), asserts that feedback plays a crucial role in promoting learner
engagement. However, the challenge intensifies in settings with limited resources (Aina, 2022;
Cardoso, 2020; Oyengo, Parsons, Stern, & Sangwin, 2021; C. J. Sangwin, 2002). In such
contexts, technology becomes an invaluable ally. The integration of educational technology,
exemplified by tools like STACK, becomes critical. Studies have demonstrated that in resource-
constrained environments, technology can bridge gaps, providing interactive and dynamic
cultural analysis on the use of STACK across various contexts. Notably, the significance of
STACK extends beyond mere technological integration. Drawing from Gagne's theory of
learning, which emphasizes the importance of gaining attention, informing learners of objectives,
and providing learning guidance, STACK emerges as a pivotal tool. Its capacity to offer

personalized feedback, dynamic problem-solving environments, and varied question formats



aligns seamlessly with Gagne's principles, fostering a learning atmosphere conducive to

engagement.

Bach's (2020) posits a significant number of students having invested more than three hours per
week engaging with STACK assignments, despite their full-time jobs and attending in-person
lectures. Derr's (2019) study involving 2800 students showed improved exam scores due to
engagement with STACK through formative assessments. STACK Mastery Quizzes, with

randomized questions and unlimited attempts, enhance problem-solving skills in first-year

.2021), also demonstrate the effectiveness of STACK as a key intervention for enhancing learner

engagement with feedback in mathematics, particularly in low resource settings.

While technology is being touted as a solution to promoting learner engagement, other schools

argue that key drivers of student engagement with technology include motivation, the learning
environment, the teacher's enthusiasm and involvement with the tool, as well as other factors.
Understanding and studying learner engagement with STACK transcends technological
considerations. It aligns with the broader goal of enhancing mathematics education, addressing
resource limitations, and championing Gagne's principles of effective learning. Furthermore, the
research gap that justifies the need to study factors that lead to various level/types/categories of
learner engagement with technology and their impact on final performance lies in the limited
understanding of the nuanced ways in which students interact with educational tools (J. Lee,
Park, & Davis, 2018; Riske et al., 2021; Sun et al., 2020). Existing literature on STACK has
insufficiently explored a comprehensive exploration of specific engagement categories and their
distinct contributions to overall academic achievement. Investigating these nuanced aspects can

6



provide valuable insights into the intricate relationship between engagement patterns and
academic success, addressing a crucial gap in the current understanding of the dynamics between
technology use, engagement, and learning outcomes. Therefore, the second objective of the study
sought to uncover factors affecting learner engagement with the STACK system and its impact

on their final performance.

Scholars across various disciplines all agree that students’ perceptions of mathematics encompass
a complex interplay of emotions, beliefs, and attitudes that significantly influence their
engagement and performance in the subject (Chan & Wong, 2014; Chinofunga, Chigeza, &
Taylor, 2023; Kayode & Anwana, 2023; Ogange, Agak, Okelo, & Kiprotich, 2018;
Sikurajapathi, Henderson, & Gwynllyw, 2021). Generally, these perceptions are shaped by
various factors, such as prior experiences, pedagogical approach, societal influences, and
personal aptitudes. For many students, mathematics can evoke a range of emotions, from
(2013) and Noraini et al. (2018), students often view mathematics as a challenging and
uninteresting subject, leading to a lack of motivation and interest. This perception is further
reinforced by negative experiences such as poor grades and a lack of teacher support. Positive
experiences, effective teaching strategies, and a supportive learning environment can contribute
to favorable perceptions, fostering a sense of competence and enjoyment in mathematical
pursuits. On the other hand, negative experiences, a lack of understanding, or a perception of
mathematics as overly challenging can result in feelings of frustration and disinterest. Therefore,
students' general perception of mathematics is a multifaceted phenomenon shaped by various
factors. According to (Pokharel, 2023) recognizing and understanding these perceptions are
crucial for educators to tailor their teaching approaches, create a positive learning environment,

and address challenges that may hinder students' engagement with the subject.



According to various scholarly works that have delved into the multifaceted factors influencing
the attitudes of students toward mathematics across all levels of education from primary to

tertiary level, one key theme that recurs is the prevalence of poor attitudes, emphasizing the need

technology, particularly tools like STACK, adds a new dimension to the discussion of learner
perception in mathematics (Butcher 2008; Nakamura et al. 2012; Nakamura et al.,2014; Zerva
2020). Understanding how students generally perceive mathematics sets the stage for exploring
how technology can be harnessed to positively impact these perceptions, creating a more

inclusive and effective learning experience across all cultural contexts becomes imperative.

In Africa, persistent concerns about low levels of mathematics achievement prevail, as
highlighted in the World Bank's flagship report, the World Development Report (WDR) 2018—
emphasizes a learning crisis in global education, particularly affecting low-income and
developing countries. In sub-Saharan Africa, less than 7 percent of students in late primary
school are proficient in reading, while only 14 percent demonstrate proficiency in mathematics
and the number keeps going down moving up the academic ladder. The challenges are further
underscored by regional differences, with a 2014 assessment revealing that 58 percent of grade
6 students in West and Central Africa lack sufficient proficiency in reading. Moreover, the report
identifies factors such as high enrollment, negative attitudes toward the subject, and the absence
of well-designed student assessments as contributing to the persistently low levels of

mathematics achievement in the region.

While empirical evidence indicates that the implementation of STACK may yield a beneficial
impact on students' mathematical learner perception according to Derr, (2019), it is important to

note the presence of a geographical disparity as there is a dearth of studies on the use of STACK

8



in the African context. Secondly, a contextual gap is present as there is a need to examine the
specific aspects of formative assessment with STACK that affect learner performance in
mathematics at Maseno University, where the STACK system has been in use, since 2019 when
it was first piloted in the African context, and how this informs learner perception of the use of
STACK. Finally, a methodological lacuna becomes apparent as the majority of studies
referenced in the literature review predominantly employ either qualitative or quantitative
methodologies in isolation. This underscores the imperative for more robust research methods,
specifically employing a mixed-methods approach, to comprehensively elucidate the influence

of formative assessment using STACK on learner performance.

The challenges in mathematics education in high enroliment classrooms are not unique to Kenya,;
they resonate on a global scale (Aina, 2022; Bastedo, Altbach, & Gumport, 2023; Cardoso,
2020). Across the world, educational institutions are grappling with the implications of surges in
student numbers for the quality of education, particularly in disciplines like mathematics. The
demand for effective teaching methods and technologies has become more pronounced as
institutions strive to maintain educational standards amidst increasing enrollments. Research on
these technologies need to done as well for effective data-driven decision-making, flexibility,
and resource optimization in the face of rising global competitiveness. The landscape of higher
education in Kenya has undergone a transformative shift with a notable surge in student
enrollment in universities. According to the Ministry of Education report (2021), there has been
a substantial increase in total enrollment in public universities in Kenya. Specifically, the figures
have risen from approximately 126,000 students in 2012 to surpassing 562,000 in 2020. This
surge in enrollment, while indicative of increased access to higher education, has brought forth
a set of challenges, particularly in mathematics education (Oyengo et al., 2021). Amidst this
global challenge, this study narrows its focus to Maseno University in Kenya. The rationale for

this specificity lies in the recognition that while the challenge is widespread, it manifests



uniquely in different institutional contexts. By zooming in on Maseno University, the study aims
to provide a nuanced understanding of how high enrollment impacts mathematics education in a
specific Kenyan higher education setting. This targeted approach allows for a more in-depth
analysis of the local dynamics, enabling the development of contextually relevant solutions that
can potentially contribute to the broader discourse on mathematics education in high enroliment
classrooms. Maseno University, therefore, serves as a microcosm through which we can glean

insights that have broader implications for addressing this global challenge.

Table 2.1 Enrollment Statistics of Introduction Courses at SMSAS (2020-2022).

Course code Course Name Enrollment Enrollment Enrollment
(2020) (2021) (2022)

MMA 100 Basic Mathematics 1350 1100 1000

MMA 103 Introduction to Linear Algebral 879 900 700

MMA 101 Analytical Geometry 1200 1350 1200

MMA 102 Calculus 1 1400 1301 1378

MMA 200/215  Calculus 1I 1160 907 800

MMA 303 Complex Analysis | 900 700 517

MMA 404 Complex Analysis |1 900 879 700

Note: This table shows only a sample of courses with the highest enrollment recorded at SMSAS
from the 20 high enrollment courses in the years 2020-2022 and is not an exhaustive list of all
high enrollment courses. Only 5 high enrolment courses are using STACK for assessment, see

section 3.4- Population of Study.

Maseno University provides foundational courses for undergraduate students pursuing
mathematics-related degree programs. These courses often accommodate a significant number
of students per class, as illustrated in Table 1.1. The table presents a sample of the highest
enrollment courses for the years 2020-2022, highlighting the large class sizes lecturers handle at

Maseno.
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IDEMS International (Innovations on Development, Education and the Mathematical Sciences),
a non-profit Community Interest Organization plays a leading role in promoting development
causes in education and mathematical sciences, with a particular focus on Africa (Oyengo et al.,
2021). In 2019, IDEMS launched a project in collaboration with Maseno University to
implement Computer Aided Assessment (STACK) in African universities. The selection of
Maseno University as the focal point for this study is underpinned by its unique status as the
initial pilot site for the introduction of the Systems for Teaching and Assessment using Computer
Algebra Kernel (STACK) in the African context in 2019 according to Borio and Oyengo (2019).
The subsequent study, however, distinguishes itself by placing a specific emphasis on learner
engagement, employing a nuanced approach to measure and analyze behavioral, emotional, and
cognitive engagement, extending data collection over a semester-long period for a more
comprehensive analysis of the STACK system's sustained impact on learner outcomes, and
incorporating a mixed methods research design to provide a more holistic understanding of the
intricacies surrounding the integration of the STACK system in mathematics education at

Maseno University.
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1.2 Problem Statement

Technology integration as a solution to overcome the limitations of traditional pedagogy is a
subject of diverse opinions, particularly considering the imperative to embrace it amid the
escalating student enrollment in higher learning institutions like Maseno University. In
introductory courses at Maseno, class sizes often soar between 500 to 1000 students per class in
a single course, emphasizing the need for innovative teaching methods. The adoption of the
STACK technology, piloted in five courses in 2019 with the support of IDEMS International,
remains unexplored ever since, in the context of the 20 introductory mathematics courses at

Maseno University despite its potential significance.

While proponents assert the STACK system'’s capacity to enhance teaching methods and elevate
student outcomes, skeptics stress the demand for empirical evidence to establish its reliability in
improving learner performance, engagement, and perception in mathematics, especially in low-
resource settings. This ongoing debate concerning the integration of technology in education
necessitates thorough research on STACK. Despite its promise, there is a notable absence of
comprehensive investigations with empirical evidence in Maseno and the African context at
large, where such insights are crucial for seamless upscale to be able to compete with the global
community when it comes to mathematics education, inspite of the current limited resources

within reach.

12



1.3 Purpose of the study
The purpose of this study was to analyze the impact of the STACK system on learner
performance, factors affecting engagement and learner perception on its use in mathematics at

Maseno University.

1.4 Objectives of the study

The specific objectives of the study were to:

(i) Examine the correlation between learner test results within the STACK system and the
scores in the end-of-semester exams.

(if) Evaluate the factors affecting learner engagement with the STACK system and the end-
of-semester exams.

(iii) Evaluate learner perceptions regarding the use of the STACK system as a formative

assessment tool in mathematics.

1.5 Research questions

The following questions were used to guide the researcher during the study;

(i) How does learner performance within the STACK system correlate with their scores in
end-of-semester exams at Maseno University?

(if) What are the factors affecting learner engagement with the STACK system at Maseno
University?

(ili)How do learners at Maseno University perceive the use of the STACK system as a

formative assessment tool in mathematics?
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1.6 Significance

The significance of this study lies in its potential to provide insights into the use of STACK at
Maseno University to stakeholders, such as educators (lecturers), policymakers, and students.
With technology integration such as STACK being proposed as a solution. Amidst the ongoing
discourse on the efficacy of technology in education globally, there exists a critical need for
empirical evidence to substantiate its impact, especially in low-resource settings where there is

little knowledge of its use.

Educators can benefit from the study's results by gaining insights into how to optimize the use

of technology to provide regular formative assessments.

Policymakers can also benefit from the study's results by understanding how technology can be

used to improve the quality of education in high-enrollment courses.

Finally, students can benefit from the study's results by experiencing improved engagement,
performance, and change of perception in mathematics as pointed out by some of the literature
in the background. The use of digital formative assessment tools like STACK can provide
students with more opportunities to practice and receive feedback on their understanding of

course material, ultimately leading to better academic outcomes.

1.7 Limitations of the study

The following limitations were considered when going through the findings to interpret the

results correctly within the investigated context.

The study was conducted in only one university, Maseno University, which may limit the
generalization of the findings to other universities in Kenya or similar contexts. To minimize this
limitation, a large sample size of students from different departments taking mathematics courses

at SMSAS was used, to increase the diversity of the study population. Additionally, a mixed-
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methods approach was used to provide a more comprehensive understanding of the impact of

STACK, which can help to strengthen the generalizability of the study findings.

The study was constrained by limited resources, such as technical support and finances, which
restricted the number of courses that could be included in the research. As a consequence, only

one course from the population was selected for the study.

The study was conducted in a university setting where students had access to computers through
the university library and departmental computer labs, as well as internet connectivity through
the university WIFI, besides relying on their own devices like smartphones. However, the lack
of access to personal devices outside the university setting and the limited technical know-how
on the use of the STACK platform were still some of the limitations that the study encountered.
To mitigate these limitations, the researcher, in collaboration with the course lecturer provided
training sessions for the students on how to use the STACK platform effectively, including how
to input answers and interpret the generated feedback from the system. This training was done
using a dummy quiz with varied questions for them to practice on. Furthermore, when giving the
STACK assessment to the students, the lecturer deployed the assessments such that students had
a 7-day grace period to attempt the compulsory Test Quizzes which contributed to 50% of their
continuous assessment score, while the Mastery Quizzes, which made up the other 50% of the

score, were available throughout the semester.
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1.8 Scope of the study

The study analyzed the impact of the Systems for Teaching and Assessment using Computer
Algebra Kernel (STACK) on performance, learner engagement and perception in mathematics
at SMSAS, Maseno University, Kenya. The study used a mixed methods research design,

combining both quantitative and qualitative data collection methods.

The research focused on the MMA 303 Complex Analysis course at SMSAS, Maseno
University, Kenya, with a total of 517 enrolled students. Data collection was conducted over a
single semester of 10 weeks using multiple tools such as the STACK Quiz Analysis Guide,
Students' Score Card, Online Survey Questionnaire, Interview guide, and Focus Group

Discussion Guide.

Specifically, the study scrutinized the impact of STACK on key variables: such as performance
in the mathematics assignments which were deployed using the STACK system (test results) and
the final exam score. Learner engagement captured behavioral statistics such as attempts and
scores within the STACK system and how these statistical measures reflected the students'
outcome in the final exam score, while learner perception concerning the utilization of STACK
in formative assessment was comprehensively examined through interviews, focus group
discussions, and an online survey questionnaire. This approach enabled a nuanced exploration
of the intricate dynamics surrounding the implementation of STACK in the selected mathematics

course at Maseno University.
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1.9 Assumptions of the study

The first assumption made in this study is that all the STACK quizzes used in the courses were
appropriately designed for the learners in the course and aligned with the course content. This
assumption is important because it ensures that the findings of the study are valid and reliable.
If the quizzes used were too difficult or too easy for the learners, the results obtained from the

study may not be accurate.

The methodological assumption of this study is that the use of both quantitative and qualitative
methods, is appropriate for analyzing the relationship between learner performance in STACK
and end-of-semester exam scores, evaluating student engagement and learning, and establishing
learner perception of STACK as a formative assessment tool in mathematics respectively. The
assumption is that the data collected through these methods are reliable and valid, and that the

sample size is sufficient to provide meaningful insights.

17



1.10 Theoretical framework

teaching and learning in the classroom. These events include (1) gaining learners' attention, (2)
informing learners of objectives, (3) stimulating recall of prior learning, (4) presenting stimuli,
(5) providing learner guidance, (6) eliciting performance, (7) providing feedback, (8) assessing
performance, and (9) enhancing retention and transfer of knowledge. The theoretical framework
for this study was intricately woven into Gagne's Nine Events of Instruction, providing a
structured and comprehensive approach to understanding the impact of STACK on mathematics

education at Maseno University.

The introduction of the Systems for Teaching and Assessment using Computer Algebra Kernel
(STACK ) serves as the attention-grabbing element in this context. The integration of technology
in mathematics education is designed to capture learners' interest and emphasize the significance
of the upcoming learning experiences. The STACK system was used to deploy weekly
assessments with the aim of assessing learning objectives for each and every concept taught in
the course. This aligns with Gagne's emphasis on objectives measurement. The theoretical
framework, in line with Gagne's model, recognizes the importance of connecting new learning
experiences with prior knowledge. Learners engage with both the Mastery and Test Quizzes
within the STACK system, recalling and applying mathematical concepts learned previously,
fostering continuity in their learning journey. The deployment of STACK serves as the stimuli,
introducing learners to interactive and technology-enhanced mathematics assignments. This step
corresponds to Gagne's focus on presenting information to learners in a clear and engaging
manner. Learner guidance is facilitated through the structured deployment of STACK quizzes.
Learners receive guidance on using the system effectively, emphasizing the importance of clear

instructions and support, as suggested by Gagne. Learner performance is actively solicited
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through their interaction with STACK. The system prompts learners to demonstrate their
understanding of mathematical concepts, aligning with Gagne's step of eliciting observable
responses. Immediate and constructive feedback is an integral part of the STACK system. This
aligns with Gagne's principle of providing timely and informative feedback to learners, fostering
a supportive learning environment. The assessment of learner performance, both within STACK
assignments and traditional exams, corresponds to Gagne's step of formally evaluating the
outcomes of learning experiences. The overall aim of the study, in line with Gagne's model, is to
enhance the retention and transfer of mathematical knowledge. By exploring the impact of
STACK on learner performance, engagement, and perception, the study seeks insights into how

technology can contribute to sustained learning outcomes.
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1.11 Operational definition of terms

Engagement - refers to the interactive participation of learners within the STACK system, it is
quantified by the frequency of interactions within the STACK system, including the number of

attempts made by learners, time spent on each quiz, and the overall performance in the quizzes.

Feedback- This is the numerical and textual comments displayed by STACK upon submission

of students in each assignment.

Impact — refers to quantifiable indicators of engagement, such as the number of attempts, time
spent, and correctness of responses. Furthermore, it also includes feedback and comments
provided by learners within the STACK system, offering a more nuanced understanding of their

experiences and challenges.

Mathematics- these are concepts that focus on numbers, space, patterns, and new conjectures to
establish a truth by rigorous deduction from appropriately chosen axioms which are taught at
SMSAS, Maseno University.

Perception- refers to propositions learners says concerning the use of STACK system in

formative assessment.

Learner Performance — this refers to the test result scored by the student in either the STACK

Quiz or the end of semester exams, which was a written exam.

The STACK system —which is also referred to as STACK/ STACK technology, is a digital tool
with the ability to deploy high order thinking assessment, grade and give detailed feedback too.
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CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction

In this section, the literature was done thematically as per the objectives:

(i) Formative assessment with Technology and Student Performance.
(ii) Learner Engagement with Technology in Formative Assessment.

(iii)Student Perception on the use of Technology in Formative assessment.

2.2 Formative Assessment with Technology and Student Scores in the final exam

Formative assessment, a pedagogical approach focused on providing timely feedback to enhance
learning, has witnessed a transformative shift with the integration of technology (Lane et al.,
2019). Just to mention but a few, technology has substantially accelerated the feedback loop in
formative assessment. This timeliness is crucial for students, providing them with the
opportunity to address misconceptions or gaps in understanding promptly.

Technology has allowed for a diverse range of assessment modes beyond traditional paper-and-
pencil methods. Interactive simulations, virtual laboratories, and multimedia presentations
provide dynamic ways to gauge student understanding. This diversification aligns with the
recognition that students have varying learning preferences and strengths. In addition, the
integration of technology has enabled the creation of adaptive assessments that respond to
individual learning needs. Intelligent algorithms can tailor questions based on a student's
previous responses, ensuring that the assessment aligns with their current level of understanding.
Educators can track progress, identify patterns, and make informed decisions on instructional
adjustments. This data-driven approach allows for targeted interventions and the optimization of
teaching strategies. Last but not least, interactive technologies engage students actively in the
assessment process. Gamified quizzes, collaborative online activities, and interactive platforms

turn assessment into a participatory experience rather than a passive task.
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The marriage between formative assessment and technology presents a powerful synergy,
promising dynamic opportunities to personalize learning experiences, engage students actively,
and improve overall educational outcomes (Bhagat & Spector, 2017; D’Angelo, Rutstein, &
Harris, 2016; M. J. Lowe & Vespestad, 1999).Various digital tools have emerged to augment
formative assessment practices. Online quizzes, interactive simulations, and intelligent tutoring
systems like Tutor Web and Kahoot provide educators with valuable insights into student
progress, allowing for immediate intervention to address learning gaps (M. J. Lowe & Vespestad,
1999; Mdlalose et al., 2022). These tools promote active student engagement, self-assessment,
and a continuous feedback loop. While the integration of technology in formative assessment
brings substantial benefits, challenges persist. Issues related to accessibility, equity, and the need
for teacher professional development warrant careful consideration. In addition, research on
formative assessment with technology is imperative to evaluate the effectiveness of these tools,
drive pedagogical innovation, ensure feedback quality, enable customization, address scalability,
maintain global relevance, and contribute to continuous improvement in educational practices
(B. Chen, 2015; de Haan, Vrancken, & Lukszo, 2011; Facer, 2011).

Contemporary scholarships have delved into the impact of various technology-enhanced
formative assessment tools across different educational levels and subjects. The literature reveals
a nuanced understanding of how these tools impact student learning, teacher practices, and the
overall educational ecosystem. In the following sections, we will narrow the focus of the
literature review to explore formative assessment with technology on student performance,

engagement with content and perception in mathematics.

The current literature review underscores an expanding corpus of research that investigates the
efficacy of formative assessment technologies such as Kahoot! which introduces a gamified

dimension to assessments, turning quizzes into engaging competitions (Mdlalose et al., 2022),

22



Wolfram Alpha, known for its computational power and its ability to provide step-by-step
solutions (Abramovich, 2021), Maple, designed for advanced mathematics by tackling complex
problems symbolically (Jones, 2008), and the STACK system, amongst other tools, in
augmenting student performance within diverse educational contexts. Numerous scholarly works
have delved into the impact of formative assessment strategies in the realm of mathematics
education. Konert and Jansen (2018) conducted a systematic review of 44 studies and found that
formative assessment had a positive impact on learner achievement in mathematics. Nieveen and
Folmer (2019) also conducted a meta-analysis of 62 studies and found that formative assessment
improved learner achievement in mathematics. However, both studies did not focus specifically
on the use of the STACK system.

Kallweit (2019), study on the use of Moodle STACK in different European and Asian learning
institutions found a stronger correlation between student performance in Moodle STACK and
final exam results compared to paper assessments. Tomilenko and Lazareva (2020) support the
idea that Moodle STACK enables learners to practice their problem-solving skills and enhance
their learning by providing feedback, thereby preparing them effectively for exams. Similarly,
Sangwin (2015) and Zerva (2020), have underscored a positive association between the
utilization of formative assessment through STACK and students' final examination outcomes..
Mékela et al. (2016) investigated the use of STACK in providing assignments to students at
Tampere University in Finland. Mékela et al. (2016) report that almost 90% of students attribute
their improvement in the course to the use of STACK in formative assessment. Last but not
least, Faber et al. (2017) investigated the effects of digital formative assessment on student
achievement in primary school students and found a positive effect on student achievement.
Despite the growing body of research on the effectiveness of STACK, a knowledge gap and
contextual gap exists in the context of Africa regarding the correlation between STACK

performance and final exam scores in undergraduate mathematics courses. While the studies
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mentioned above provide valuable evidence of the effectiveness of STACK in enhancing student
performance, they predominantly focus on European and Asian learning institutions. The context
application of STACK is crucial, especially as an online platform, because it allows for the
adaptation of mathematical content and assessment methods to specific educational contexts.
Considering the diverse learning environments, resources, and challenges in different
institutions, tailoring the use of STACK ensures its relevance, effectiveness, and meaningful
impact on learner engagement and performance. This context-specific approach helps address
unique educational needs, making STACK a versatile tool for enhancing mathematics education
in various settings, which this study sought to uncover by first assessing its reliability when
predicting learner performance in the final exams. Focusing on African universities is essential
due to the specific educational context and challenges prevalent in the region (Bethell, 2016) .
The unique characteristics of African universities, including high enrollment in mathematics
courses and potential resource constraints, necessitate an investigation into the applicability and
impact of the STACK system in this setting. Furthermore, the empirical gap in understanding
the correlation between STACK performance and final exam scores in African universities
underscores the need for region-specific research to contribute valuable insights, address existing
gaps in the literature, and provide evidence that can inform educational practices and policies in
the African context.

Notwithstanding the positive results on the impact of STACK mentioned by prior scholarly
works, some scholars have presented a counterargument challenging the notion that assessment
technologies such as Moodle STACK are more effective than traditional paper assessments in
enhancing student learning. Beliauskene and Yanuschik (2021), de Haan, Vrancken, and Lukszo
(2011), Reich (2021), Thomas (2022), and Ustinova, Tomilenko, Imas, Beliauskene, and
Yanuschik (2020) argue that a student's academic performance is predominantly determined by

intrinsic motivation to learn, the learning environment, and the psychological well-being of
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learners, thereby disputing the school of thought that assessment technologies like Moodle

STACK are superior to traditional paper assessments in promoting student improvement.

Other scholars have also concurred with the aforementioned schools of thought (Fynn & Mashile,
2022; Guangul, Suhail, Khalit, & Khidhir, 2020; Jarrah, Alwaely, & Darawsheh, 2022;
Peytcheva-Forsyth & Aleksieva, 2021). Furthermore, the reliability of electronic versus non-
electronic evaluation methods in measuring student competency in STEM education has been a
matter of significant contention. Several scholars, including (Guangul et al., 2020; Kayode &
Anwana, 2023), have contributed to this discourse by emphasizing that the reliability of
formative assessment technologies is questionable in STEM education. This is primarily because
the nature of mathematics necessitates hands-on activities as opposed to merely tapping on
devices and the complexities involved in precisely assessing students in these fields (Maass et
al., 2019) . The scarcity of literature on the utilization of STACK in any other university within
the Kenyan context underscores a significant gap in the current academic discourse. While
discussions surrounding the efficacy of technology in education are prevalent as discussed in
impact of STACK in Kenyan universities remain unexplored. This research aims to fill this void
by providing empirical insights into the adoption and learner performance when using the
STACK system in a Kenyan university setting, thereby contributing valuable knowledge to the
existing body of literature.

Investigating the correlation between STACK performance and final exam scores in
undergraduate mathematics courses in the Kenyan context is important because it would provide
empirical evidence on the reliability of the STACK system in enhancing student performance
and assess whether it is a worthwhile investment that encourage student learning within an

institution among other intrinsic factors.
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2.3 Learner Engagement with Technology in Formative Assessment.

Although there may be some disagreement regarding its extent, educators and researchers are
increasingly recognizing student engagement as a multifaceted construct that encompasses
multiple aspects of learning activities (Lijie, Zongzhao, & Ying, 2020; Wang, Binning, Del Toro,
Qin, & Zepeda, 2021; Watt & Goos, 2017; D. Yang, Lavonen, & Niemi, 2018). However, there
is no consensus on the extent and dimensions of learner engagement in the context of educational
technology. In this study learner engagement was used to refers to the active and interactive
participation of learners with the STACK system, it is quantified by the frequency of interactions
within the STACK system, including the number of attempts made by learners, time spent on
each quiz, and the overall duration of engagement. This approach was to ensure that the concept

is effectively captured and enables meaningful analysis in the context of the STACK system.

Behavioral engagement, which refers to the observable actions and activities of learners, has

been stressed for its significance in fostering student participation and commitment to

engagement on the other hand, involves the mental effort and investment in understanding and
learning, emphasizing its importance in students' intellectual involvement and active processing
of educational content. Emotional engagement refers to learners' affective experiences, feelings,
and attitudes or perceptions as mentioned in various scholarly writings, highlighting its
connection to positive emotions and its role in influencing overall engagement levels (Codispoti,
Mazzetti, & Bradley, 2009; Ozhan & Kocadere, 2020; Sikurajapathi et al., 2021). The frequency
of interaction with educational platforms and the time spent on tasks provide valuable insights
into learners' commitment, focus, and the maintenance of a continuous and meaningful learning

experience according works of (Codispoti et al., 2009; Derr, 2019).
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Henrie, Halverson, and Graham (2015) highlight that engagement can be effectively assessed
through either quantitative or qualitative methods, providing researchers with a range of tools to

explore this complex phenomenon.

Quantitative methods often leverage learning analytics, utilizing data generated by educational
technologies and learning management systems (LMS) (Bulger, Mayer, Almeroth, & Blau, 2008;
Dickinson et al., 2021; Goodman et al., 2017; Ullah & Anwar, 2020). According to these
researchers, tracking students' interactions with online materials, time spent on tasks, frequency
of logins, and performance in assessments. Learning analytics offer a systematic and scalable
way to gather large-scale data, allowing for statistical analysis and the identification of patterns
that indicate engagement levels. This approach is particularly advantageous for researchers
aiming to conduct extensive analyses across a broad student population. However, it is essential
to note that quantitative measures might oversimplify the nuanced nature of engagement,
providing an overview rather than an in-depth understanding. On the qualitative side,
engagement can be explored through in-depth interviews and focus group discussions. These
methods delve into students' experiences, motivations, and perceptions when interacting with
education technologies (Abdool, Nirula, Bonato, Rajji, & Silver, 2017; Groccia, 2018; Halverson
& Graham, 2019). According the aforementioned scholarly works, through open-ended
questions, researchers can gather rich, context-specific insights into the various facets of
engagement. Qualitative approaches allow for a more nuanced understanding of the subjective
experiences of learners, providing depth and context to engagement patterns. However, it's
crucial to acknowledge that qualitative methods are resource-intensive and might not be easily
scalable for large-scale studies. The choice between quantitative and qualitative approaches to
measure engagement depends on the research objectives, the specific dimensions of engagement
under investigation, and the overall research design (Henrie et al., 2015). Often, a combination

of both quantitative and qualitative methods is employed to achieve a more comprehensive and
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holistic understanding of learner engagement in educational settings (Jiao, 2015). This study
used mixed methods, combining both quantitative and qualitative data to explore the nuanced of

various factors affecting learner engagement with the STACK system.

There is growing evidence that student engagement is crucial for successful learning and
teaching (Henrie et al., 2015; Trowler & Trowler, 2010). Higher levels of engagement have been
linked to better learning outcomes (Dotterer & Lowe, 2011; Lee, 2014). Conversely,
disengagement has been linked to lower academic achievement according to Nystrand and

Gamoran (1991) and is linked to poor performance.

According to Gagne's nine levels of learning, enhancing retention after teaching is widely
recognized as the most challenging level (Lijie et al., 2020; D. Yang et al., 2018). The aim of
formative assessment is to track student engagement with the content and offer continuous
feedback that both instructors and students can use to enhance their teaching and learning (Jiao,
2015). Formative assessments are particularly helpful in enabling students to identify their
strengths and weaknesses and concentrate on areas where they need to improve. Furthermore, it
assists students in developing various efficient learning strategies, as well as enhancing their self-

assessment and peer-assessment abilities.

Biggs and Tang (2007), and, Schaeffer and Konetes (2010), mentions that teacher effectiveness
is determined by their ability to encourage the students to use available learning resources to
achieve learning objectives. This might not be possible in high enrollment environments with
limited resources (Collago, 2017; Gitonga, Gatere, & Mwaura, 2016; Jiao, 2015; Witkowski &
Cornell, 2015). The main school of thought in the scholarly works of Collago (2017), Jiao (2015),
and Witkowski and Cornell (2015), is that there is passive learning in classrooms with high
student enrollment. Al-Hattami (2020), Bahati et al. (2019), Holmes (2015),Nakamura et al.

(2014),0gange et al. (2018),Weigel et al. (2019), and Zainuddin et al., (2020) on the other hand,

28



all encourage the use of technology in increasing learner engagement because it provides

teachers with more tools to support students.

Hodgson and Pang (2012) investigated the learning experience of 104 students taking statistics
in a degree program in Hong Kong, involving weekly online continuous assessments. The
findings of the study by Hodgson and Pang (ibid), revealed that learners not only showed the
regular commitment of time to tasks but also took active steps to find answers themselves with
their peers. Kramer et al. (2021) used a mixed-methods design to investigate the impact of
replacing non-electronic modes of assessment with electronic assessment on learner engagement
with content in a quantitative survey. Kramer discovered a positive deviation of 0.31 in the
number of times students spent learning Algebra. Mikes (2021) conducted a survey on 48
mathematics teachers to determine how formative assessment with STACK influenced learner
engagement. The study by Mikes (2021) discovered that teachers preferred using simpler
assessment approaches to maintain learner engagement which also makes their work easier to
monitor. In this case, we'd say the STACK assessment is comparatively simplified because it
compiles students' analytics in the course at every level in an easier-to-interpret grade book. Derr
(2019) Lowe, and Hunt (2019), and Nakamura et al. (2014), conducted a number of case studies
on mathematics students at universities in the UK and Japan, respectively, to investigate the use
of STACK in mathematics. All the scholarly works point out that students are more engaged
with STACK than with non-STACK assignments. Another gap identified in this section is a

methodological gap, which relates to the lack of knowledge on how to measure and optimize

the importance of learner engagement for successful teaching and learning, there is still a need
for research to investigate the relationship between STACK and learner engagement in

mathematics, and how this impact optimizes to enhance students’ overall learning outcomes. This
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research gap requires further empirical investigation to develop effective strategies for measuring

and optimizing learner engagement in mathematics.

In contrast to earlier assertions, other scholarly writings challenge the notion that technology
operates as a sole determinant shaping students' engagement with educational content according
to Lee et al. (2018), Riske et al. (2021), and Sun et al. (2020). Their findings suggest a more
intricate interplay of factors, asserting that student motivation, the learning environment, and
involvement are critical determinants influencing student participation within the learning space.
This critical perspective underscores the importance of delving into the intricacies of
discrepancies between students' engagement with the STACK system and their final outcomes
in end-of-semester exams. By recognizing the multifaceted nature of engagement and its
dependencies on motivational, environmental, and instructional factors, the study seeks to
provide a nuanced understanding of how these factors intersect with technology use. In doing so,
it aims to contribute valuable insights that extend beyond simplistic assumptions about the direct

impact of technology on engagement, aligning with the evolving discourse in the field.

2.4 Student Perception on the use of Technology in Formative Assessment.

In this study, learner perception was used to refer to propositions learners says concerning the
use of STACK system in formative assessment.

The investigation into learner attitudes toward technology has been significantly advanced by
varioys extensive studies (Han & Liou-Mark, 2023; Jamil, 2012; VANNATTA, BEYERBACH,
& WALSH, 2001). These scholarly writings emphasize the pivotal role played by perceived
usefulness and ease of use in cultivating positive attitudes among learners. The perceived utility

and simplicity of technology emerge as crucial factors contributing to a favorable disposition.
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(2014), explored this domain, shedding light on the influential role of learners' subjective
interpretations and evaluations of technology. These studies highlight that students' perceptions
directly impact their willingness to integrate technology into their learning experiences,
encompassing assessments of its advantages, disadvantages, and usability. To examining learner
nature of these encounters in educational contexts. Considering factors such as engagement,
satisfaction, and impact on learning outcomes, these studies recognize the intricate connection
between the effectiveness of technology in education and the quality of experiences students
undergo while interacting with it.

While the general literature on technology in education lays the foundation, specific studies on
STACK are relatively limited. Pioneering efforts by various scholarly works in the use of the
STACK system in undergraduate mathematics, have delved into initial perceptions and
experiences with STACK in specific contexts (Derr, 2019; Kallweit, n.d.; C. J. Sangwin, 2010;
Zerva, Sangwin, Jones, & Quinn, 2022). These exploratory studies serve as precursors,
unraveling the dynamics of incorporating STACK into educational practices and setting the stage
for more in-depth investigations.

Formative assessment plays a pivotal role in gauging student progress and fostering effective
learning experiences (Acee et al., 2017; Baya’a & Daher, 2009; Lim, 2019; Sikurajapathi et al.,
2021). In recent years, there has been a notable shift towards technology-enhanced formative
assessment, a transformation fueled by the rapid digitalization of education (Alabdulaziz, 2021;
Al-Hattami, 2020; Facer, 2011; Johnson, Sondergeld, & Walton, 2019). However, within this
evolving landscape, it is imperative to consider an often-overlooked aspect: student perception,
especially in low resource settings where technology integration is considered the solution to the

growing lack of resources for support.
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cultural theory provide a foundation for understanding how students construct mathematical
knowledge and the role of technology in this process. In low-resource settings, where
collaborative learning and scaffolding are essential, these theories gain added significance.
emphasis on the conditions of learning, was deemed particularly suitable for this study due to its
focus on how individuals acquire and retain knowledge, when using STACK. In the context of
understanding learner perception of STACK formative assessment in resource-constrained
environments like Africa, Gagne's theory provides a structured framework to analyze the
intricate interplay between technology, pedagogy, and learner experiences, which is vital for
effectively addressing the unique challenges and opportunities presented by low-resource
settings. The integration of technology into formative assessment has introduced both promises
and complexities to mathematics education (Al-Hattami, 2020; Baleni, 2015; Beliauskene &
Yanuschik, 2021; King, 2023; C. Sangwin, 2015b; Ustinova et al., 2020). While numerous
studies have explored the impact of technology-driven formative assessment tools in
mathematics, the majority of these investigations have concentrated on well-resourced
environments for both in Africa and outside the continent, particularly studies relevant to the
STACK community. This geographical gap becomes pronounced when considering the potential
implications of STACK-enhanced formative assessment in within the African community and
other similar context. By failing to address this gap, current literature leaves uncharted territory
in the understanding of how technologies such as STACK impacts mathematics education in
contexts with limited access to resources.

Existing research provides valuable insights into students' attitudes, preferences, and experiences
in various educational environments where technology has been integrated (Bach, Stephan,

2020; Kallweit, n.d.; M. J. Lowe & Vespestad, 1999; T. W. Lowe & Mestel, 2020; Oyengo et
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al., 2021). However, there is a dearth of literature when it comes to understanding how students
perceive the specific use of STACK technology in mathematics education, particularly in low-
resource settings. This calls for an investigation into the unique factors, challenges, and benefits
that characterize student perceptions of STACK in formative assessment within the context of
undergraduate mathematics in resource-constrained environments.

Maseno University's pioneering efforts in integrating STACK technology on a large scale have
not only set a benchmark for educational institutions across East Africa but have also opened up
(2019) and Oyeng’o et.,al (2021). This research, focusing on learner perceptions of STACK
integration, not only has the potential to enrich the educational landscape at Maseno but also
stands to influence pedagogical practices and policies throughout the East African region. By
delving into the thoughts, attitudes, and experiences of students engaging with STACK, this
study provides invaluable insights that can inform not only Maseno's ongoing efforts but also
shape the broader discourse on technology-enhanced mathematics education in resource-
constrained settings. As STACK technology continues to bridge gaps in mathematics education,
this research contributes to its effective and sustainable implementation, ultimately empowering

students and educators alike in their pursuit of mathematical excellence
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CHAPTER THREE: METHODOLOGY
3.1 Introduction.

This chapter provides a detailed description of the research design, population of the study,
sampling techniques used, data collection tools, their reliability and validity, the data collection

procedure, data analysis approach, data presentation, and ethical considerations in the study.

3.2 Research Design.

This was a sequential mixed-methods study design which combined both correlational design
and descriptive survey in it. The purpose of this approach was to complement the strengths of
both designs, thereby providing a more comprehensive and holistic understanding of the research
topic (Mujere, 2016). The first phase of data collection involved quantitative data collection and

analysis, and then followed by qualitative data collection and analysis in that sequence.

3.3 Area of Study.
This study was conducted at Maseno University, which is situated in Maseno town, located along
the Kisumu-Busia highway. The town is 25 kilometers from Kisumu, Kenya. The geographical

coordinates of Maseno University are 0.0067° South and 34.5985° East.

The selection of Maseno University as the focal point for this study is underpinned by its unique
status as the initial pilot site for the introduction of the STACK system in the African context
trailblazer in integrating innovative educational technologies to address the challenges posed by
high enrollment in mathematics courses. As the first institution to implement STACK within the
African university landscape, Maseno University provides a distinctive and crucial case study
that encapsulates the pioneering experiences, successes, and challenges associated with the initial
adoption of this technology. By concentrating on Maseno, this study aims to offer a

comprehensive and detailed analysis of the impact of STACK, thereby contributing valuable
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insights that can inform the broader adoption and implementation of similar technologies in other
Kenyan universities and beyond. Lastly, the selection of Maseno was influenced by its active use
of the Moodle systems in teaching and learning at undergraduate level (Ayere, 2022). STACK
is already built within the Moodle system, therefore, this existing familiarity with both

technologies, ensured a smooth integration into the university's educational ecosystem.

3.4 Population of the Study.

The targeted population of study comprised of 4417 students enrolled in 5 courses which were
using STACK assessments in their course work. Table 3.1 provides a summary of the student
enrollment for each of the courses as per the SMSAS 2022 data on student enrollment in high

enrollment courses.

Table 3.4.1 Targeted Population of Study

Courses that are using STACK Class size
MMA 100 (Basic Mathematics) 1000
MMA 103 (Introduction to Linear Algebra) 700
MMA 200/215 (Calculus I1) 800
MMA 303 (Complex Analysis 1) 517
MMA 404 (Complex Analysis 1) 700
Total no. Students 4417

Note: Information retrieved from the School of Mathematics, Statistics, and Actuarial Science
at Maseno University, 2021.
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3.5 Technique of sampling and the sample size.

The study targeted a population of 4,417 students enrolled in five high-enroliment courses
utilizing STACK assessments. Employing a purposive sampling technique, the research
strategically selected the MMA 303 (Complex Analysis). Several practical considerations
influenced this choice, including the accessibility of data, and logistical ease. The MMA 303
course, with an enrolment of 517 students, was deemed representative of advanced mathematical
education at Maseno University (Palinkas et al., 2015). Furthermore, not all lecturers at Maseno
University were uniformly committed to implementing the STACK system in their courses,
leading to variations in data availability across courses. In light of these considerations, the study
focused on the MMA 303 course to ensure a comprehensive and in-depth examination of learner

performance, engagement, and perception within the context of STACK assessments.

3.6 Research Instruments.

Table 3.6.1 shows the instrumentations in this research, guided by the objectives of the study.

Table 3.6.1 Instrumentation as guided by the research objectives

Obijective of study Research Tool

i) Examine the correlation between learner test STACK Quiz Analysis Guide
results within the STACK system and the scores

in the end-of-semester exams.
Student Score Card

i) Evaluate the factors affecting learner
engagement with the STACK system and the Student Score Card
end-of-semester exams. STACK Quiz Analysis Guide
Interview Guide

Focus Group Discussion Guide

iii) Evaluate learner perceptions regarding the use Interview Guide
of the STACK system as a formative assessment _ _
tool in mathematics Survey Questionnaire

Focus Group Discussion Guide
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3.6.1 STACK Quiz Analysis Guide.

Moodle tracks various statistics showing student behavior in quizzes. These statistics are; the
number of times students attempted each quiz, their test scores on the weekly quizzes, and the
length of time they attempted the quizzes (Gage, 2017). This study limited itself to the
aforementioned statistics, which were compiled using the STACK Quiz analysis guide for

correlational analysis. See Appendix 1 for more information.

3.6.2 Student Score Card.

According to Maseno University Examination Policy 2022, students must take the end-of-
semester exam, which is a written exam that accounts for 70% of the total score in the course,
according to university guidelines on assessment of undergraduates. The student score card
served primarily as a student report card, with learner test scores on the exam and all weekly

STACK Quizzes (calculated out of 30%). See appendix 2.

3.6.3 Survey Questionnaire.

The survey questionnaire consisting of ten items was used in this study to assess learner
perceptions regarding the integration of STACK in formative assessment. Each item was
evaluated on a five-point Likert scale, ranging from 1 (Strongly Disagree) to 5 (Strongly Agree).
Please refer to Appendix 4 for the specific survey items. It is worthy to mention that the
questionnaire items were adapted from a previous study conducted by Jiao (2015), which
explored learner perceptions concerning the integration of ICT in classroom assessment. It is
important to acknowledge that explicit permission for the adaptation of these items was not
sought. Nevertheless, the researcher made necessary modifications to tailor the questionnaire
towards STACK, ensuring its relevance to the study context out of respect for intellectual
property/work of the scholar. For example, one adaptation involved changing the original

questionnaire item "I prefer online submission of Assignments” to "l prefer Continuous
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Assessment Tests with STACK to non-electronic assessments i.e., paper assessment,” thus

aligning it more closely with the study's focus on STACK technology.

3.6.4 Student Interview Guide.

According to Hennink, Kaiser, and Marconi (2017), 16 to 24 interviews are needed to reach
thematic saturation in a qualitative study. In this study, the researcher reached thematic saturation
after interviewing 24 participants, randomly picked, to provide insights on the discrepancies
identified in the STACK engagement data. The choice of interview questions was derived from
the quantitative data in the online surveys, in the STACK quizzes, as well as the end of semester
examination, check appendix 3. Engagement can also be measured using both quantitative
approaches such as learning analytics as well as qualitative approaches like interviews or focus

group discussions (Henrie et al., 2015).

3.6.5 Focus Group Discussion Guide.

Focus Group Discussions (FGDs) were the last stage of data collection. This came after the
interviews, with the intention of corroborating the responses provided in the interviews, and
allow students to challenge each other’s opinions on various topics of discussions, identified to
having contributed to the quantitative data collected. See Appendix 5. The guide served as a
structured outline that guided the conversations in the FGDs, ensuring that the researcher covered

all the specific areas of interest and maintain consistency across all the 4 group discussions.

(2011), who mentioned that ensuring the number of participants in the group do not exceed 12
is very important for quality data. Furthermore, diversification of the group members was done
to ensure sufficient data collected. This study conducted 4 FGDs, with 9 participants in each
group. The breakdown of the participants has been discussed in the introduction section in

chapter 4.
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3.7 Reliability.

Reliability is critical in educational research because it enhances the trustworthiness and
dependability of the research tools (Mugenda & Mugenda, 1999).

To ensure the reliability of the study's tools, a pilot test of the online survey questionnaire was
conducted with a separate group of individuals (50 students from another course, not part of the
main sample). This pilot group represented 9.67% of the study's total sample of 517 students
enrolled in the Complex Analysis 1 course. While the pilot group came from a different course,
they were still part of the target population familiar with STACK technology. This allowed the
study to assess if the questionnaire's questions were clear and understandable to potential
respondents. As STACK was common to both courses, insights gained from the pilot group were
transferrable to the main study.

Cronbach's alpha is particularly suitable for checking the internal consistency of a questionnaire
because it checks the extent to which a set of items in the questionnaire measures the same
underlying construct. This is essential when dealing with multiple items designed to capture
multiple aspects of the same concept. In this study, the online survey questionnaire contained
several questions that were intended to measure various aspects of the same construct related to
learner perception on STACK adoption in undergraduate mathematics. Cronbach's alpha was
well-suited to evaluate how consistently these questions were measuring that targeted construct.
By calculating Cronbach's alpha coefficient, the study could determine if the questions in the
survey were internally consistent and reliable in measuring the intended construct. The computed
reliability coefficient of 0.87, as determined by applying equation 1, demonstrates a substantial
degree of internal consistency within the questionnaire items.

The decision not to pilot the other data collection tools, such as the STACK Quiz Analysis Guide,
Students' Score Card, Interview guide, and Focus Group Discussion Guide, was primarily due to

practical constraints related to time and resources. Piloting these tools would have required
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significant additional time and effort to gather feedback and assess their reliability because they
all required students to actively engage with the STACK system, analyze the performance/
grades and compare it to their final exam, then proceed with the interviews and FGDs. Reliability
in this context was determined through alternative means such as a thorough review of the tools
by subject matter experts or experienced researchers in the field. Additionally, efforts were made
to ensure clarity and coherence in the design of the tools, aligning them with the study's

objectives.

K 12Vi
R 7

Where;
o. is the reliability coefficient (0.87)
k is the number of questions in the survey (10 items)
> Vi is the sum of the variance of scores on each question (2.787)

Vt is the total variance of overall scores on the test (12.87)

Equation 3.7: Cronbach alpha reliability computation

3.8 Validity.

Both content and construct validity of the tools were strengthened through a thorough review by
subject matter experts and experienced researchers in the field, ensuring alignment with the
theoretical framework and research objectives. Mugenda and Mugenda (1999) emphasize the
importance of assessing the validity of research instruments to ensure that each item accurately

measures what it is intended to measure.
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3.9 Data collection procedure.

Formative Assessment with STACK Assignments (1st Sept - 15th Nov 2022): The data
collection process commenced with the administration of STACK assignments to students
throughout a ten-week period as part of their regular coursework. These assignments served as
formative assessment tools, aiding in monitoring student progress and offering feedback to

enhance their learning outcomes.

Informed Consent (Throughout the Study): Prior to participating in the survey, students were
presented with informed consent information. Participants were informed about the survey's
objectives and the confidentiality measures involved in handling their responses, ensuring their
voluntary participation. Electronic consent was obtained, and only students who provided

consent were included in the survey.

End-of-Semester Online Survey (30th Nov 2022): After the completion of STACK assignments,
an online survey was conducted at the end of the semester to collect data on students' perceptions

of the effectiveness of formative assessment tools in enhancing their learning outcomes.

Final Exams (1% Dec 2022): Students sat for their final exams, which provided quantitative data
on their performance in the course. Quantitative data was analyzed using descriptive statistics to

identify patterns and trends in student performance.

Interviews (28 Nov - 30th Nov 2022): The second phase of data collection involved conducting

20 interviews with students enrolled in the course.

Focus Group Discussions (28" Nov - 30th Nov 2022): Finally, four focus group discussions
(FGDs) were organized with students. Two of these FGDs were single-gender, while the other
two were mixed-gender. The purpose of these FGDs was to gain more profound insights into
students' experiences with the formative assessment tools and their perceptions of the tools'

effectiveness in enhancing their learning outcomes.
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3.10 Data analysis and presentation.

To examine the correlation between learner test results within the STACK system and the scores
in the end-of-semester exams, Correlation Analysis was done on the Student Score Card and
STACK Quiz Analysis Guide. Correlation statistics tables and scatter plots have been generated,
offering a visual and quantitative exploration of the relationships between learner test results in

the STACK system and the scores in the end-of-semester exams.

To evaluate the factors affecting learner engagement with the STACK system and the end-of-
semester exams, thematic analysis, which involved transcription, coding, and grouping of

responses from Qualitative data from the Interviews and Focus Group Discussions was done.

STACK Quiz Analysis Guide data was also subjected to Exploratory Data Analysis for further
insights into various levels/cartegories of learner engagement with STACK. Extract
presentations were created for responses from interviews and FGDs, providing insights into
factors influencing learner engagement. Box plots and scatter plots visually represented the data

gleaned from the STACK Quiz Analysis Guide.

The final objective, to evaluate learner perceptions regarding the use of the STACK system as a
formative assessment tool in mathematics was measured using a survey questionnaire with 5
point liker scale and ten items as well as Interviews and Focus Group Discussions. Descriptive
analysis/statistics were applied to the Survey Questionnaire findings, while Thematic Analysis
was employed for qualitative data from Interviews and FGDs. A detailed table, showcasing
statistics in percentages, summarized the student responses to the survey questionnaire findings.
Extract presentations from interviews and FGDs were prepared to capture nuanced learner

perceptions. The table 3.2 shows the summary of analysis and presentation used.
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Table 3.10.1 Data Analysis and Presentation

Obijective

Tool

Data Analysis method

(i) Examine the correlation between
learner test results within the STACK
system and the scores in the end-of-

semester exams.

Student Score Card
STACK Quiz Analysis
Guide

Correlation Analysis

Data presentation: Correlation
statistics tables, Correlation scatter
plots.

(ii) Evaluate the factors affecting learner
engagement with the STACK system

and the end-of-semester exams.

Quialitative data from the
Interviews and Focus

Group Discussions

Thematic Analysis. - transcription
of recordings, coding of responses
grouping similar responses.

Data presentation: Extract
presentation for responses from

both interviews and FGDs.

STACK Quiz Analysis
Guide
Student Score Card

Exploratory data analysis
Data presentation: Box plots,

scatter plot.

(iii) Evaluate learner perceptions regarding
the use of the STACK system as a
formative assessment tool in

mathematics.

Survey Questionnaire

findings

Descriptive analysis/statistics
Data presentation: Table showing
summary of statistics for each

statement, in percentages.

Quialitative data from the
Interviews and Focus

Group Discussions

Thematic Analysis.
Data presentation: Extract
presentation for responses from

both interviews and FGDs.

3.11 Ethical considerations.

According to Haines (2017), Ketefian (2015) and Pearson et al., (2015), respect for individuals

encompasses at least two ethical principles: firstly, the idea that individuals should be regarded

as self-governing agents, and secondly, that individuals with reduced autonomy should be

afforded safeguarding. Consequently, the principle of respecting individuals can be divided into
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two distinct ethical obligations: the obligation to recognize autonomy and the obligation to
provide protection for those with compromised autonomy. In this study, the following ethical

guidelines were followed:

1. Ethical clearance: Before proceeding to the field for data collection, the researcher
applied for a research permit from Maseno University Ethics Review Committee
(MUERC) through the School of Graduate Studies, see Appendix 9.

2. Informed consent: Before data collection, participants were informed about the research's
purpose and their rights, including their right to refuse or withdraw from the study at any
time. Participants were required to sign informed consent forms, indicating their
willingness to participate in the study, see Appendix 6.

3. Confidentiality: Participants' identities were kept anonymous, and all data collected were
treated with utmost confidentiality. The data were only accessible to the researchers
involved in the study. The data collected in this study were protected against unauthorized
access, alteration, or loss. All data were kept in password-protected computers, and only
authorized personnel had access to them.

4. Anonymization of data: Anonymity of participants is another important ethical
consideration that was observed in this study. The researchers ensured that the identity
of the participants was kept confidential by assigning unique codes to the participants
instead of using their real names. This was done to protect the participants from any
potential harm or stigmatization that might arise from their participation in the study.

5. Voluntary participation: Participation in this study was voluntary, and no participant was

coerced or forced to participate in the study.
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CHAPTER FOUR: RESULTS AND DISCUSSION
4.1 Introduction.

This chapter presents the response rates proportion from the data collection tools and the findings
of the study. The chapter begins with an overview of the response rates of the tools. It then
provides a detailed presentation of the findings, including the statistical analysis used for the

quantitative data and the method of analysis used for the qualitative data.

4.2 Participants.

Table 4.2.1 shows the summary of participant demographics.

Table 4.2.1 Participant Demographics

Faculty of origin No. of students Percentage out of the 514
Education 262 51.0%
Mathematics 216 42.0%
Business 26 5.0%
Physical and Biological Sciences 10 2.0%
Total 514 100%

Note. Complex Analysis 1 (MMA 303) is a core course offered to students taking mathematics

related programs from various schools within the university.
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Table 4.2.2 summarizes the number of students who participated and the success level proportion

calculated alongside.

Table 4.2.2 Participant Response Rates

Expected Observed  Success level
participants participants Proportion (%)

Students who enrolled in the course and 517 517 100.0%
interacted with STACK the entire semester

Students who sat the end of semester exams 517 514 99.4%
Online Survey Questionnaire responses. 517 350 67.7%
Interviews conducted 24 20 83.3%
Focus Group Discussions, with 9 participants 36 32 88.89%
each (4 Groups-1 male, 1 female, 2 mixed

gender)

Only 3 students did not sit for the end of semester examinations because they did not clear their
school fees. They were excluded during the analysis. Of the 24 students expected, only 20 turned
up for the interview, the remaining 4 could not make it due to unavoidable circumstances. Out
of the 36 students who were selected, only 32 participants participated in the four Focus Group

Discussions because 4 students pulled out when the FGDs began for personal reasons.

According to Mugenda and Mugenda (2003), a response rate of 60 percent or higher is generally
considered sufficient for representative and accurate research results. However, it is vital to
consider various study-specific factors like survey design and the characteristics of the target
population that can affect response rates. In this study, rigorous sampling and survey design
techniques were used to enhance participation and reduce non-response bias. As a result, the
achieved response rate not only met but exceeded the recommended threshold, affirming the

reliability and representativeness of the collected data
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4.3 Correlation between Learner Performance in STACK and the End the final
written exam.

The first objective of the study was to examine the correlation between learner performance in
STACK and the end-of-semester exam score. In response to this objective, the STACK Quiz
Analysis Guide, and the Student Score Card were used to collect data (see appendix I and II).
Pearson’s Correlation analysis was done to determine the relationship between; frequency of
attempts on the STACK assignments (both mastery and test quiz), duration each student took to
complete the weekly quizzes, the students' scores on the STACK quizzes, accounting for 30%,

and their final exam scores, which constituted 70% of their overall performance.

Table 4.3.1 Correlation between STACK Performance and Final Exam Results.

STACK scores Final Exam
Pearson Correlation 1 630"
STACK _scores  Sig. (2-tailed) .000
N 514 514
Pearson Correlation - 1
Final_Exam Sig. (2-tailed) .630
N 514 514

**_Correlation is significant at the 0.01 level (2-tailed).

Table 4.3.1 presents the relationship between learner performance in STACK and in the Final
Exams. The table displays the correlation coefficients representing the strength and direction of
the relationship between the two variables. The Pearson correlation coefficient quantifies this
relationship. The correlation coefficient between STACK scores and Final Exam is 0.63 at .01
significance level, which is a moderately strong relationship. The positive value indicates a
positive relationship, meaning that as STACK scores increase, Final Exam scores also tend to
increase. The significance value (Sig.) represents the probability of obtaining the observed
correlation coefficient by chance. In this case, the Sig. value is 0.000, which is less than 0.01.

This indicates that with a 99 percent confidence level, the correlation between STACK scores
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and Final Exam is statistically significant. The sample size (N) for both variables is 514,

indicating the number of participants or cases included in the analysis.
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Figure 4.3.1 Student scores in the STACK Quizzes (out of 30%) and the final exam (out of 70%)

In order to further support and illustrate the findings from the correlation statistic table, a scatter
plot of the data was generated, as shown in Figure 4.1. It can be observed that the data points are
clustered closely around a straight line that slopes upward from left to right. The tight clustering
of the data points suggests that as STACK scores increase, there is a consistent tendency for
Final Exam scores to also increase. This provides additional evidence to support the statistical
findings from the correlation analysis. Conversely, if the data points were scattered and spread
out with no discernible pattern, it would indicate a weak or no relationship between the variables.

However, in this case, the scatter plot confirms the presence of a clear positive relationship.
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Table 4.3.2 shows the Pearson correlation statistics for the relationship between frequency of

attempts on the STACK quizzes and final exam scores.

Table 4.3.2 Correlation between STACK Quiz Attempts and Final Exam Score

STACK attempts Final Exam Score
Pearson Correlation 1 612"
STACK _attempts  Sig. (2-tailed) .000
N 514 514
Pearson Correlation 1

Final_Exam_Score Sig. (2-tailed) . 612
N 514 514

**_Correlation is significant at the 0.01 level (2-tailed).

This table presents the relationship between the frequency of attempts on the STACK quizzes
and the scores in the Final Exams. The correlation coefficient between STACK attempts and
Final Exam Score is 0.612 at .01 level of significance. This value indicates a statistically
significant positive relationship, suggesting that as the frequency of attempts on the STACK
quizzes increases, the scores in the Final Exams also tend to increase. The significance value
(Sig.) represents the probability of obtaining the observed correlation coefficient by chance. In
this case, the Sig. value is 0.000, which is less than 0.01 indicating the correlation between
STACK attempts and Final Exam Score is statistically significant. The sample size (N) for both

variables is 514, indicating the number of participants or cases included in this analysis.

Based on this table, the findings suggests that there is a statistically significant moderate
correlation between the frequency of attempts on the STACK quizzes and the scores achieved in

the Final Exams.

Figure 4.3.2, the scatterplot depicts the correlation between the frequency of attempts on the
STACK quizzes and the corresponding scores achieved in the Final Exams. The scatterplot

visually shows how as the frequency of attempts on the quizzes increases, there is a tendency for
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the Final Exam scores to also increase. This visual representation further supports the statistical

findings presented in Table 4.3.2, highlighting the positive relationship between the two

variables.
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Figure 4.3.2 Frequency of attempts in STACK and the corresponding end of semester exam scores.

The study identified two limitations related to the measurement of the time students take with in

the quizzes in Moodle. First, Moodle's duration recording does not capture the actual time

students spend on quizzes because it only measures the time between opening and submitting a

quiz. Second, many students worked on quizzes for multiple days because of the way the STACK

Quizzes were implemented, making it challenging to interpret this data. These limitations made

it difficult to use quiz duration data meaningfully in the study's analysis since there was no

correlation of any kind between that variable and the final exam score in the course.

The quantitative analysis revealed a strong positive correlation between student performance in

the STACK quizzes and their end-of-semester exam scores. This finding is consistent with
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empirical evidence for the potential of STACK in improving student performance in

undergraduate mathematics education in Africa.

However, this research diverges from some earlier studies in the specific strength of this
relationship. While the study found a moderately positive correlation, other researchers reported
statistically stronger correlations (Knaut et al., 2022; Makeld et al., 2016; Tomilenko & Lazareva,
2020; Ustinova, Tomilenko, Imas, Beliauskene, & Yanuschik, 2020; Zerva, 2020). This
discrepancy could be attributed to the following: Firstly, the level of significance set at 0.01 in
our research was relatively narrow. Data points that would be deemed significant at a 0.05 level,
for instance, could have been left out. This decision was made to minimize the risk of Type |
errors in statistical inferencing (Lando & Mungan, 2018). However, this narrow level of
significance may have led to the exclusion of some data points that could have contributed to a

stronger correlation at .05 significance level.

Moreover, the presence of potential outliers in the data is another aspect to consider. Outliers’
data points significantly different from the majority of the data, can have a substantial impact on
correlation coefficients (Blllings & Voon, 1986; Burke, 1984). The decision not to eliminate
outliers was due to their relevance in the analysis of learner engagement with STACK, which
has been extensively discussed in the second objective. This approach acknowledges the
potential value of outliers in providing insights into learner engagement and ensures that the
analysis captures the full range of data points, including those that may deviate significantly from
the majority (Modi & Oza, 2016). Lastly, the variations in the study population, including
differences in prior exposure to technology-enhanced learning tools, could have introduced
heterogeneity into the data (Beliauskene & Yanuschik, 2021). These variations are illuminated
by the r-squared values (r 2 = 0.36), which was computed by finding the square of the correlation

statistics (Senthilnathan, 2019) .
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4.4 Analysis of Learner Engagement with the STACK system in Undergraduate
Mathematics at Maseno University.

The second objective of this study was to evaluate the factors affecting learner engagement with
the STACK system. To achieve this objective, multiple data sources were used, STACK Quiz
Analysis Guide, 20 Interviews and 4 FGDs. Descriptive statistics was done on the STACK Quiz
analysis guide to analyse learner engagement across the various quizzes. In this study learner
engagement was used to refers to the active and interactive participation of learners with the
STACK system, it is quantified by the frequency of interactions within the STACK system,
including the number of attempts made by learners, the score achieved, time spent on each quiz,

and the overall duration of engagement (Corno & Mandinach, 1983; Olivier et al., 2020).

The box plot in Figure 4.4.1 describes the variability and distribution of learner engagement,
specifically focusing on the frequency of attempts made by students across various quizzes
(Mastery and Test Quizzes, M1-M8 and T1-T8) within the STACK system. The size of the box
plot reflects the extent of participation variability within each quiz, showing how students
attempted and scored in terms of the grade achieved for each attempt. The box plots provide a
visual representation of how data is distributed, offering insights into its central tendency,
variability, and the existence of outliers. The vertical line inside the box represents the median,
indicating the skewness of the data for each quiz. The larger the box plot, the greater the spread
of the data, showing multiple attempts with varied scores achieved for each attempt. Conversely,
a smaller box indicates less variability within the data. The study identified one challenge related
to measurement of the time students take in the quizzes. Moodle could not measure the actual
time spent by the students in each quiz, it only measures the duration when the quiz was opened

and closed, therefore making it challenging to use that data meaningfully.
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Figure 4.4.1 Boxplot showing Learner engagement in different Quiz types used in the course.

The quizzes were categorized into two main types: 8 Test Quizzes (T1-T8) and 8 Mastery
Quizzes (M1-M8), both deployed on weekly basis. These quizzes assessed various content and
were designed with a restrictive format, allowing students only a single attempt within a specified
seven-day window. In contrast, the Mastery Quizzes were accessible throughout the entire
semester, enabling multiple attempts by students. The box plots visually represent the
distribution of learner engagement across different types of quizzes within the STACK system.
Notably, the box plots for Mastery Quizzes (M1-M8) exhibit a wider and more dispersed spread
compared to the corresponding Test Quizzes (T1-T8). This suggests that learner engagement in
Mastery Quizzes is more varied, with a broader range of performance outcomes.
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The wider spread in the Mastery Quiz box plots implies that students' engagement levels with
these quizzes vary significantly. This could be indicative of diverse learning strategies, levels of
understanding, or time commitments among students. The Mastery Quizzes, designed to be
accessible throughout the semester and allowing multiple attempts, seem to encourage a more
diverse range of engagement patterns. The study had a closer look at students who scored more
than the average (15/30 marks) in the overall STACK system (CAT), and within this group,
compared those who performed badly in the exam (<15/70 marks) to the average. While the
average CAT score of those students who performed poorly on the exam (20.6/30) was
comparable to the average in the entire group (21.0/30), the study observed that most of the time,
the students had only one recorded attempt per mastery quiz (median 10 mastery attempts in
total, or 1.25 per quiz), while the average student in this group had multiple attempts (median 18

mastery attempts in total, or 2.25 per quiz).

To investigate the factors influencing learner engagement with the STACK system, exploratory
data analysis was employed to classify students into three distinct categories based on their level
of engagement, as illustrated in Figure 4.4.2. Category A (High Engagement, Unsuccessful
Outcome). This group comprises students who demonstrated above-average engagement with
the STACK quizzes, yet unfortunately failed the course (62 out of the 514). Despite their high
engagement, these students faced challenges leading to an unsuccessful outcome. Category B
(Moderate Engagement, Unsuccessful Outcome). Students in this category engaged with the
STACK system but demonstrated below-average performance in the quizzes, ultimately
resulting in course failure (51 out of the 514). Their moderate engagement levels did not translate
into a successful outcome. Finally, Category C (Low Engagement, Successful Outcome). This
category includes students who obtained below-average results in the STACK quizzes but

successfully passed the course due to satisfactory performance in the final exam (257 out of 514).
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Category A (High Engagement, Unsuccessful Outcome). This group comprises of students who
demonstrated above-average engagement with the STACK quizzes, yet unfortunately failed the course

Category B (Moderate Engagement, Unsuccessful Outcome). Students in this category engaged with
the STACK system but demonstrated below-average performance in the quizzes, ultimately resulting
in course failure.

Category C (Low Engagement, Successful Outcome). This category includes students who obtained
below-average results in the STACK quizzes but successfully passed the course due to satisfactory
performance in the final exam.

Figure 4.4 2. Categorization of level of engagement in the course using STACK and Exam
data.

Note. The diagonal line in the figure corresponds to the passing grade for the course, which
was set at 40% in accordance with the university's policy for evaluating undergraduate

students.

55



Investigations into factors influencing learner engagement were derived from a combination of
qualitative data obtained through interviews and focus group discussions (FGDs). The thematic
analysis of responses gathered from 20 interviewees and participants in the four FGDs revealed
that feedback and randomization emerged as key themes influencing varied learner engagement
with the STACK system. Feedback and randomisation came out as one of the main factors
contributing to varied learner engagement with the STACK system. 15 out of 20 interviewees
and most participants in the four FGDs agreed that STACK provided immediate feedback and
randomized questions.

One interviewee remarked, "... | really like how Moodle STACK provides instant feedback on
different randomized versions of questions | did. Even when | get a question wrong, | could
immediately see where | made a mistake and how | can improve... it helped me a lot in preparing
for exams... although there were some instances when the feedback assumed some
computational steps and it would take me a moment to actually understand what was done on
the calculation...". In spite of a majority of STACK questions having good feedback, there were
instances when the feedback had technical breakdown within the coding in some key question
which was raised as an issue as to why some quizzes had diverse attempts with learners trying
their level best to make sense of the limited information, they can get their eyes on. One response
from the FGD pointed this out elaboratively,

“Well, it is true that some questions were not easy and it is because each time we attempted it the feedback
missed some steps in the explanation. For instance, when you look at the step-by-step calculation, you
get lost halfway and so many students were getting discouraged in through quizzes while a few others
kept repeating those quizzes with the hope of getting it right through guess work... ukiona kuna quizzes
watu walifail sana — Translation- When you check, you’ll find that people failed in some quizzes due to

this.”
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The second theme that came out from the qualitative analysis was availability of both types of
quizzes (Mastery and Test Quiz) with a lot of emphasis on the role of the Mastery Quiz in
supporting extensive learner engagement, through out the semester even when the test quizzes
were closed. One interviewee stated, "Although I could not do the test quiz, | found the mastery
quizzes to be really helpful in preparing for the final exam. The fact that they were available
throughout the semester meant that | could practice and improve my understanding of the course
material over time. Also, the feedback provided after each question was useful in highlighting
areas where | needed improvement.”

This was backed up by the FGD responses. One FGD participant said, "I know a few friends who
were unable to complete some of the test quizzes due to unforeseen circumstances, but they made
sure to utilize the mastery quizzes to prepare for the final exam. They were able to practice and
understand the concepts better with the instant feedback provided by the system. When the final
exam came around, they were more confident and performed well, despite their initial difficulties

with the test quizzes."

Peer interaction and collaboration came out as another strong contributor as to the diverse learner
engagement; however, this came out as an opportunity that was negatively taken advantage of by
some students, particularly those that dint pass the course despite having done so on the Continous
Assessment test, which was a sum of all the STACK Quizzes computed out of 30 marks. One
interviewee candidly shared, "You know, doing the STACK Quizzes can be quite challenging.
There are moments when you need to seek assistance from someone who's smart in the subject to
complete the assignments for you..." Another interviewee added, "l won't name names, but I'm
aware of some classmates who resorted to this (cheating). It is a risky move, but they still opted

for it." These remarks portray the likelihood that a significant number of students devised

57



strategies to exploit the opportunity and cheat instead of using the STACK system to practice with

the quizzes and learn from it.

To investigate this phenomenon, the study focused on students who scored above average on the
STACK quizzes. Those who performed poorly in the final exam (scoring 15 or fewer out of 70
marks) were compared to the overall class average. The investigation revealed that students who
scored poorly in the final exam and engaged in academic dishonesty typically had only one
recorded attempt for each mastery quiz, with a median of ten attempts in total or 1.25 attempts on
average per quiz across all the 10 mastery quizzes. On the other hand, most students in this group
tried the quizzes several times, usually around 18 times in total or about 2.25 times for each quiz.
This finding supports the “cheating theme” drawn from the interviews. It is worth noting that not
all students who didn't do well in the final exam cheated. Factors like exam-related anxiety and
inadequate preparation, as mentioned by some participants, could also have contributed to poor

exam performance.

Approximately 20% of the responses, both in interviews and FGDs, raised concerns about certain
questions lacking detailed feedback on the specific computational steps leading to the final
answer. This lack of clarity made it challenging for them to grasp the content, resulting in
repeated attempts on the quizzes. It's important to note that this criticism is not directed at the
STACK platform itself but rather at the formulation of certain questions. As one FGD participant
expressed, "The feedback from the system wasn't consistently helpful; at times, it merely restated
the guestion without offering a clear explanation of the underlying concept.” Nevertheless, this
critique regarding the system's clarity in specific questions and computational steps is a valuable
aspect to consider for platform enhancement. Additionally, three interviewees disagreed with the
majority's perspective regarding the correlation between excelling in the STACK quizzes and
failing the course. They emphasized that factors such as exam anxiety and inadequate preparation

could also contribute to poor performance in the final exam.
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Access to device and internet also came out as a contributor as to why some students did not
engage extensively with the STACK system to score their optimum grades they should have.
However this was dismissed by some students in the interview and a majority of students from
the FGDs who mentioned that motivation was also key when engaging with the STACK system,
inspite of the challenges at hand. One interviewee stated, *...some students simply completed the
tests to achieve the minimum score required in each Quiz to just to get it over with and move
on... progress..." This statement suggests that some students may have lacked intrinsic

motivation to engage with the quizzes and improve their learning outcomes.

One of the issues raised by participants in this study is the issue of technological accessibility.
Some students encountered challenges in fully engaging with the STACK system. This aligns
with findings from previous studies that highlight disparities in access to technology, which can
exacerbate educational inequalities (Corno & Mandinach, 1983; Derr, 2019; Henrie et al., 2015;
Kramer, Posner, Lawrence, Krier, et al., 2021; Olivier et al., 2020; Ozhan & Kocadere, 2020;
Riske et al., 2021; Sun et al., 2020). While smartphones are prevalent, not all students have access
to them or the necessary data bundles (Warschauer & Matuchniak, 2010). This can result in
unequal opportunities for engagement with technology-enhanced learning tools. In addition, the
study's findings identify specific areas for improvement in the design and implementation of
STACK, particularly with regards to cheating and the lack of adequate feedback in some STACL
questions which inturn affected how learners engaged. These findings inform future

developments of the STACK system, as well as other similar e-learning platforms.
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4.5 Learner Perception on the use of STACK as a Formative Assessment Tool in
Mathematics

The final objective of the study was to learner perceptions regarding the use of the STACK
system as a formative assessment tool in mathematics. The assessment of students' perceptions
was done using an online survey questionnaire, the 22 interviews, and 4 FGDs. This section starts
by presenting the quantitative findings from the survey then back them up with qualitative
analysis from the interviews and FGDs. The online survey was administered as a google form.
The Likert scale used in this survey consisted of 5 points ranging from Strongly Agree to
Strongly Disagree, with a rating of 5 for Strongly Agree and 1 for Strongly Disagree. The
proportion of student responses in each statement was calculated by taking the number of
students who selected that statement and dividing it by the total number of respondents before

multiplying it by 100%.

Table 4.5.1 Summary of the positive statements on learner perception on STACK Assessment

Positive Statements on STACK SD (%) D (%) N (%) A (%) SA (%) Mean
Assessment 1.0 2.0 3.0 4.0 5.0 X

1. | prefer Continuous Assessments
with STACK to non-electronic  12.9% 9.7% 9.1% 14.9% 534% 3.86
assessments i.e., paper assessment (45) (34) (32) (52) (187)

2. There were Adequate self-
assessment tests from the STACK
quizzes which were enough to  1.1% 0.6% 1.1% 36.6% 60.6% 455
prepare me for the Exam 4) (2 4) (128) (212)

3. Having engaged with STACK
through practice with feedback |
now feel confident with solving  2.6% 5.1% 5.4% 27.4% 59.4% 436
problems in the related content 9 (18) (29) (96) (208)
4. There was enough guidance in the
feedback to help me understand the
steps outlined in the STACK  2.6% 5.4% 5.4% 40.9% 45.7% 4.22

Quizzes 9 (29) (29) (143) (160)

5. Using STACK in assessment makes 435
the learning of mathematics more  5.4% 0.0% 8.0% 27.7%  58.9%
enjoyable and meaningful (19) (0) (28) (97) (206)

Total Mean 4.27
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Table 4.5.2 Summary of the negative statements on learner perception on STACK Assessment

SD (%) D (%) N (%) A (%) SA (%) Mean
Negative Statements on STACK 1.0 2.0 3.0 4.0 5.0 X
Assessment
6. Having used STACK for Continuous
Assessment, | still would not 40.9% 26.9% 13.7% 5.4% 13.1% 2.23
recommend its adoption over paper (143) (94) (48) (19) (46)
assessment in mathematics
7. | prefer paper assessment to STACK 48.6% 21.1% 11.4% 13.4% 5.4% 2.06
assessment in mathematics at Maseno (170) (74) (40) 47 (19)
8. STACK doesn't provide adequate 52.0% 29.7% 2.6% 10.6% 5.1% 1.87
self-assessment tests to students while (182) (104) 9) (37) (18)
preparing for the end of semester
exams
0.0% 0.0% 2.6% 38.3% 59.1% 4.57
9. There were instances when feedback (0) 0) 9) (134) (207)
was not helping me at all
40.3% 28.3% 2.9% 7.1% 21.4% 2.41
10. Given an opportunity, I would still not  (141) (99) (10) (25) (75)
prefer ~ Continuous  assignments
through STACK
Total Mean 2.63

KEY': Strongly Agree (SA)=1; Agree (A)=2; Neutral (N)=3; Disagree (D)=4; Strongly Disagree
(SD)=5

The survey results indicate that a majority of students (68.3%) preferred continuous assessments
through STACK over paper assessments, with 53.4% strongly agreeing with this preference.
During the interviews, one student mentioned the following, "I prefer continuous assessment
with STACK because it allows me to identify my mistakes early and correct them before the final
exam.", indicating that the student has a positive preference to it. The 4 Focus Group Discussions
revealed a consistent within the student body with one participant mentioning this "I personally
believe that STACK should be integrated. Before, when we didn't have it, many of us would
procrastinate until the Continuous Assessment Test (CAT) was right around the corner, and then

we'd cram everything just to pass the exam. We have realized that this approach doesn't work
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well with mathematics. Math demands consistent practice with feedback, and STACK compels

us to do that on a weekly basis, which is why we prefer it to paper assessment.”

According to the survey questionnaire analysis, a significant proportion of students (60.6%)
strongly agreed that self-assessment tests from STACK quizzes were adequate for exam
preparation, while only a small proportion (5.1%) indicated that they were not enough for exam
preparation. Student voices echoed this sentiment, as one interviewee emphasized, "STACK
forces us to practice regularly, which is important in mathematics. It is better than cramming

everything just for the sake of passing the exam."

Practicing with feedback from STACK improved students' confidence in solving problems, with
59.4% of respondents strongly agreeing with this statement. However, 97.4% found instances
when feedback from the STACK quizzes was less effective indicating a need for improvement
in this area. Qualitative insights from both the interviews and 4 FGDs underscored the positive
impact of STACK feedback, with one student from the interview expressing, "l like how STACK
gives immediate feedback, so I know if I'm doing something right or wrong. It is like having a
tutor with me all the time." Concerning the accuracy of STACK feedback, which was a key
concern that was aired out during the discussions one participant pointed out, "I think STACK
needs to improve on the feedback it provides. Sometimes it is not very helpful because it doesn't
take into account the different ways we approach a problem.” This statement highlights the
concern students had and the need to ensure formative assessments done through the STACK

system is constantly reviewed.

Only a minority of students (13.1%) recommended retaining paper assessments in mathematics,
while a majority of respondents (40.9%) strongly disagreeing with this statement. One response
from the interviews highlighted that students who preferred paper assessment to STACK, did so

because of lack of access to devices and being a lot of work. One student in the interview
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mentioned this, "STACK is good, but | have concerns about implementing it right now. Not all
students have smartphones, and this could pose a problem when it comes to completing weekly

assignments if we were to adopt it." The other response from the FGDs was as follows,

“STACK keeps students engaged all the time, which is not a bad thing. We do invest a significant
amount of time in completing STACK quizzes. Now, imagine if all our courses incorporated
STACK, that would significantly increase our workload. | guess (Speaking in swahili) hatukuja
hapa kufanya hesabu peke yake, tuko na courses zingine pia tunafanya.

English translation - After all, we didn't come here just to study mathematics; we have other
courses to attend to as well.”

Furthermore, only 5.4% of the students preferred paper assessment over STACK assessment,
with nearly half of the respondents (48.6%) strongly disagreeing with this sentiment. Regarding
the guidance provided by feedback, the majority of respondents (45.7%) found it adequate to
help them understand the computational steps in the STACK quizzes. However, a small
proportion of students (2.6%) found feedback unhelpful in this regard. Most respondents
(58.9%) reported enjoying and finding meaning in learning mathematics with STACK
assessments. One interviewee mentioned this, “ like how STACK gives immediate feedback, so

I know if I'm doing something right or wrong. It is like having a tutor with me all the time...”

There is a mixture of how learners perceive the use of technology in formative assessment
(Baya’a & Dabher, 2009; Ogange et al., 2018; Walker, Topping, & Rodrigues, 2008; X. Yang,
2013). However, this study revealed nuanced insights into students' perceptions regarding the
use of STACK in formative assessment in mathematics at Maseno University. While there are
positive aspects highlighted, on learner perception with the technology as mentioned in other

scholarly works (Beliauskene & Yanuschik, 2021; Sikurajapathi et al., 2021; Walker et al.,
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2008), negative feedback indicated areas of concern. Notably, a proportion of students expressed
reluctance to recommend the adoption of STACK over traditional paper assessments, however a
small proportion. Their responses are valid in any case one is considering to integrate STACK
system in their teaching and assessment, this should be taken into account, not all students will
prefer it. Additionally, dissatisfaction with specific aspects of the feedback system and an overall
preference for paper assessment were highlighted by a significant percentage of students
(97.4%). This shows the challenges when using technology in formative assessment as it requires

consistent review for improvement (Beliauskene & Yanuschik, 2021; Rowlett, 2011).

These findings provide valuable empirical evidence that goes beyond a binary evaluation of the
tool, offering a deeper understanding of students' perspectives. The identified concerns,
especially regarding feedback and preferences, present opportunities for improvement in the
design and implementation of STACK for continuous assessment in mathematics. This
information is crucial for shaping future research endeavors and refining practices to enhance

the effectiveness and acceptance of technology-based formative assessment tools like STACK.

The overall analysis which can be drawn from the findings in this section aligns with the body
of knowledge that there is a general positive perception on the use of STACK in formative
assessment in mathematics at Maseno ; Stephan, 2020; Knaut et al., 2022; T. W. Lowe & Mestel,

2020; Mékel& et al., 2016; Nakamura et al., 2012; Nakamura, Taniguchi, & Nakahara, 2014).
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CHAPTER FIVE: SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

5.1 Introduction

Chapter 5 of this thesis offers a summary of the study's findings, conclusions of these findings
based on the researcher's perspective, and recommendations together with suggestions for future
study. The study aimed to explore three main issues: (1) the correlation between learner
performance in STACK and the end-of-semester exam score, (2) factor affecting learner
engagement with the STACK system and (3) learners' perceptions of using STACK as a

formative assessment tool in mathematics.

5.2 Summary of findings

This study supports Gagne's theory of instructional design, which highlights the importance of
formative assessment, engagement, and feedback in improving student learning, perception, and
performance in mathematics. The study found that implementing formative assessment through
the STACK had a positive impact on student engagement and performance in mathematics,
confirming Gagne's principles in a practical setting. The following subsections provide a

summary of the outcomes of the research, organized by objective and corresponding conclusions.

5.2.1 Correlation between Learner Performance in the STACK system and the End of
semester exam scores.

The findings of the study reveal a statistically significant, positive correlation between learner
performance in STACK quizzes and their final exam scores, with the test results in the STACK
system correlating at 0.63 and frequency of attempts within the STACK system correlating at
0.612 with final exam scores, both at a 0.01 significance level. The research differs from some
earlier studies in the specific strength of the correlation, possibly influenced by the stringent

significance criterion, the inclusion of outliers for insights into engagement, and variations in the
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study population's exposure to technology-enhanced learning tools. These nuanced findings
contribute empirical evidence to the reliability of the STACK system in enhancing undergraduate
mathematics education in low resourced settings, emphasizing the need for a comprehensive
understanding of engagement factors and the impact of technology on diverse learner

populations.

5.2.2 Analysis of Learner Engagement with the STACK system in Undergraduate
Mathematics at Maseno University.

The study found that the way quizzes, especially the Mastery Quizzes available all semester,
were designed led to different levels of engagement and outcomes among students. When we
sorted students into different engagement categories, it showed diverse patterns, highlighting the
need for a careful understanding of how students interact with the system. Key factors affecting
engagement included feedback, randomization, quiz availability, and peer interaction. These
factors had both positive and negative impacts on how students approached their learning.
Instances of cheating and the need for clearer feedback in some gquestions were identified as areas
that could be improved. The study also acknowledged challenges in students' access to
technology but emphasized that motivation played a crucial role in engagement. In conclusion,
these findings provide useful insights for improving the design of technology-based learning
tools like STACK, addressing issues related to fairness, feedback clarity, and factors that

motivate students.

5.3.3 Learner Perception on the use of the STACK system as a Formative Assessment Tool
in Mathematics.

The quantitative analysis, based on survey responses, revealed a majority preference (68.3%) for
continuous assessments through STACK over traditional paper assessments. Interviews and
focus group discussions provided qualitative insights, with students expressing positive

sentiments about the tool. Some highlighted the benefits of identifying mistakes early and the
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regular practice facilitated by STACK. However, concerns were raised, with a significant portion
(97.4%) indicating instances where feedback was not effective in key questions that appeared in
the final exams. Some students were reluctant to recommend STACK over paper assessments,
citing challenges like lack of device access and increased workload. Despite these reservations,
the overall perception of STACK in formative assessment was positive, aligning with broader
literature on technology-enhanced learning tools. The study emphasizes the need for continuous
improvement in feedback mechanisms and considers diverse student preferences in the

integration of such tools in mathematics education.

5.3 Conclusions
Based on the study's results, the following conclusions can be drawn for each of the three

objectives.

5.3.1 Correlation between learner performance in the STACK system and the end of the
semester exam.

The study concludes that there exists a statistically significant, positive correlation between

learner performance in STACK quizzes and final exam scores.

5.3.2 Analysis of Learner Engagement with the STACK system in Undergraduate
Mathematics at Maseno University.

Key factors affecting engagement, are feedback, randomization, quiz availability, and peer
interaction, having both positive and negative impacts on student learning, according qualitative
data from interview responses and focus group discussions. Engagement with STACK was
crucial for students when they needed a platform for practice with feedback. Areas for

improvement, such as clearer feedback in certain questions and addressing challenges in students'
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access to technology, are identified. This study underscores the crucial role of motivation in

student engagement.

5.3.3 Learner Perception on the use of the STACK system as a Formative Assessment Tool
in Mathematics.

A majority prefer continuous assessments through STACK over traditional paper assessments.
However, concerns about the effectiveness of feedback in certain questions and reluctance to
recommend STACK over paper assessments highlight areas for improvement. The overall
positive perception aligns with broader literature on technology-enhanced learning tools,
emphasizing the need for integration in situations where traditional pedagogy poses some

limitations.

5.4 Recommendations

The study proposes the following recommendations.

5.4.1 Recommendations to the School of Mathematics on the Use of STACK as per the
objectives of the study.

(i) Given the observed statistically significant, positive correlation between learner
performance in STACK quizzes and final exam scores, the study recommends the School
of Mathematics to integrate STACK quizzes more systematically into the curriculum.
Educators should emphasize the importance of consistent engagement with STACK as it
correlates positively with exam performance and can be used to predict student final
exam score to a greater extent. Continuous monitoring and analysis of student
performance in STACK quizzes can provide valuable insights for personalized

interventions and additional support where needed.
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(ii) Considering the crucial role of engagement in student learning, it is recommended to
enhance the design of STACK quizzes to maximize positive factors such as feedback,
randomization, and peer interaction. Specifically, efforts should focus on improving the
clarity of feedback in certain questions to address identified concerns. Additionally,
measures should be taken to mitigate challenges related to students' access to technology,
ensuring equitable participation. Educators should also explore strategies to boost student
motivation, emphasizing the benefits of regular practice with immediate feedback for
improved performance.

(iii)To address concerns about the effectiveness of feedback and reluctance to recommend
STACK over paper assessments, it is recommended to conduct regular training sessions
for both educators and students on maximizing the benefits of STACK. This includes
guidance on interpreting and utilizing feedback effectively. Educational institutions
should also consider initiatives to improve access to technology for all students.
Additionally, continuous communication about the positive impact of STACK on
learning outcomes, aligned with the majority preference for continuous assessments, can
contribute to a more widespread acceptance of technology-enhanced learning tools in

mathematics education.
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5.5 Recommendations to the STACK Community.

(i) Foster Collaboration and Knowledge Sharing: Encourage collaboration among educators
using the STACK platform to share best practices, effective question formulation techniques,
and strategies for promoting student engagement. This collaborative approach can lead to the
development of high-quality assessment materials and more impactful learning experiences
for students.

(i) Invest in Professional Development: Provide training and professional development
opportunities for educators to enhance their proficiency in using the STACK platform
effectively. This can include workshops, webinars, conferences and online resources that
focus on maximizing the benefits of technology-based formative assessment.

(iii)Promote Research on Assessment Practices: Support research initiatives that investigate the
effectiveness of technology-based formative assessment tools like STACK. Research
outcomes can guide the continuous improvement of the platform and inform educators'
decision-making in implementing effective assessment strategies.

(iv)Address Accessibility and Equity Concerns: Take steps to ensure that the STACK platform
is accessible to all students, including those with disabilities or limited access to technology.
Prioritize equity in technology-based assessment to create an inclusive learning environment
for all learners. Particularly the offline version of STACK which needs to updated once to

increase access beyond internet barriers.

By implementing these recommendations, the STACK community can foster continuous
improvement, innovation, and effective use of the platform in formative assessment

practices.
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5.6 Recommendations for Future Research

(i) Conduct comparative studies between technology-based assessments like STACK and
traditional assessment methods to identify the strengths and weaknesses of each approach in
terms of student learning outcomes and engagement. This research will provide valuable
insights into the effectiveness of different assessment methods and inform decision-making
in mathematics education.

(i) Inclusive Assessment Practices: Examine the accessibility and inclusivity of technology-
based formative assessments, including STACK, to ensure that all students, including those
with diverse learning needs, can benefit from these tools.

(iii)Investigate the impact of different types of feedback provided by technology-based
assessments, such as detailed feedback, on guiding student learning and improving their
performance. This research can shed light on the optimal design and delivery of feedback
within the context of formative assessment using technology tools like STACK.

(iv)Examine the relationship between the use of technology-based assessments, student
motivation, and engagement. Investigate strategies to leverage the benefits of technology
tools like STACK to enhance student motivation and promote active engagement with
mathematics content.

(v) Investigate the Impact of Different Feedback Types: Conduct further research to explore the
impact of various feedback types on cognition in undergraduate mathematics. Understanding
the influence of feedback on student learning can lead to more effective instructional

practices.
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APPENDICES

APPENDIX I: STACK QUIZ ANALYSIS GUIDE

STUDENT ATTEMPTS ON DURATION IT HAS STUDENT SCORE
STACK TAKEN TO
COMPLETE THE
QUIZZES
MASTERY TEST QUIZ MASTERY | TEST MASTERY | TEST
WEEK QuUIZ These Quizzes are QuUIZ QUIZ QuUIZ QuUIZ
restricted to a SCORE SCORE
Frequency | single attempt and
of Attempts can only be (Highest
in the attempted within Score)
Mastery the stipulated
Quiz week
Done 1
Not Done |0
1.
2.
3.
4.
5.
6.
7.
8.
0.
TOTAL TOTAL TOTAL
SUM SCORES SCORES
IN THE IN THE
MASTERY | TEST
QuUIZZ QUIZZES
(A) (B)

APPENDIX II: STUDENT’S SCORE CARD AT THE END OF THE SEMESTER

(Mastery + Tests Quiz) out of 30 marks

Cat score/ total STACK test score

End of semester exam score
Graded out of 30 marks
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APPENDIX I11: STUDENT INTERVIEW GUIDE

Introduction

Hello and welcome. Participation in this interview is voluntary and your decision to participate,
or not participate, will not affect any services you are currently receiving from the faculty. This
is solely for research purposes. This interview should take approximately 20-30min.

The following scenarios will be investigated using the interview questions presented.

Scenarios

Interview Question for participant.

Scenario 1, where learners show an active engagement
with STACK to a point they have relatively high scores
in the CAT, and it doesn't reflect on their performance
in the exam the following question will be asked.

These students did well on the
STACK Quizzes (They had above
average performance in the CAT).
However, they did not do well/pass
the course as was expected despite
having an opportunity to use
STACK for practice the entire
semester. What might have
happened?

Scenario 2, where learners demonstrate a lack of
engagement with STACK, resulting in poor
performance on their continuous assessment tests, but
perform well on the exam, earning a passing grade in the
course. This would contribute to the body of knowledge
by explaining how they managed to pull that off despite
being provided with the opportunity to use STACK
which allows personal practice with immediate
feedback.

These students did well on the
Exam, and if only they did better on
the STACK Quizzes, they would
have passed the course. Why did
not they engage with the Quizzes?

Scenario 3, where learners show not having engaged
with STACK resulting in a dismal performance in the
continuous assessment tests and the exam which
conclusively results in failing the course. This may
provide adequate data as to why students are not
engaging with STACK and how it should be addressed.

These are students who passed the
course even though they did not do
well on  STACK. How did they
manage to pass the course?

Scenario 4, where learner engagement with STACK in
terms of how they frequently attempt the quizzes is
relatively higher than others which in turn doesn't reflect
on how they perform at the end of semester examination.
This would fill the gap of knowledge on how learners
are using feedback to learn and what are the ways of
making STACK quizzes effectively helpful in terms of
improving on feedback to help them learn.

Despite having multiple attempts in
STACK Quizzes, these students did
not seem to learn according to their
performance as we would have
expected. Can you think of any
explanations for this?
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SLIDES USED AS INTERVIEW A GUIDE

The following were used during the Interviews

Graph 1- Relationship between the Exam score and STACK scores

According to the online survey, 97 percent of
students felt that the STACK quizzes provided
adequate selfassessment tests, while 87 percent
felt confident in their problemsolving ability for the
exam, attributing it to feedback in STACK.
Furthermore, 68 percent stated that they preferred
STACK quizzes for Continuous Assessment over non
electronic assessment, such as paper Continuous
Assessment Tests.

EXMA SCORE

Question 1

Should we then advise the faculty to integrate STACK in the
Continuous Assessment of mathematics courses at Maseno?
‘Why/why not?

STACK SCORE

The trend line shows that students who scored higherin the
STACK Quizzes performed better on the Exam.

Question 2

We’ve identified 3 groups of students for whom the trend in Graph 1
didn’t seem to hold. Can you help us understand what might have
happened to each of these sets of students?
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EXMA SCORE

EXMA SCORE

Graph 2- Relationship between the Exam score and STACK scores

Graph 2- Relationship between the Exam score and STACK scores
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Group A

These students did well on the STACK
Quizzes (They had above-average test scores
in the CAT). However, they didn’t do well/pass
the course as was expected despite having an
opportunity to use STACK for practice the
entire semester. Can you think of any
explanation for this?

What might have happened?

Students who passed the Course are above this
diagonal line . Those who did not complete the
course are identified below.

Group B

These students did well on the Exam, and if
only they did better on the STACK Quizzes,
they would have passed the course.

Why didn’t they engage with the Quizzes?

Students who passed the Course are identified
above this line. Those who did not pass the
course are identified below.



Graph 2- Relationship between the Exam score and STACK scores
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These are students who passed the course even
though they didn’t do well on STACK .

How did they manage to pass the course yet they
didn’t engage with the STACK quizzes?
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Graph 3- Relationship between the number of STACK attempts and

Exam score

Despite having multiple attempts
in STACK Quizzes, these students
didn’t seem to learnaccording to
their performanceas we would
have expected. Can you think of
any explanations for this?

EXMA SCORE

FREQUENCY OF ATTEMPTS IN STACK

The trend line shows a positive
relationship between the number of
attempts in STACK and the student's
exam score.
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APPENDIX I1V: SURVEY QUESTIONNAIRE FOR STUDENTS

The purpose of this survey is to collect data on the use of STACK in Continuous Assessment at
SMSAS.

Do not provide/ indicate your details anywhere on this survey, we’d wish to maintain anonymity
to provide a safe space for learners to express themselves freely.

Gender (Select which applies)

| MALE | | FEMALE | |

In how many Mathematics courses have you used STACK?
Which faculty do you belong to?

Education
Business
Computing
Science
SMSAS

Respond to the following comments by selecting the options provided

1-Strongly Disagree, 2-Disagree, 3-Neutral, 4-Agree, 5-Strongly Agree
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Strongly
Disagree

Disagree

Neutral

Agree

Strongly
Agree

I. | prefer Continuous Assessment
Tests with STACK to non-electronic
assessments i.e., paper assessment

Ii.  There were Adequate self-
assessment tests from the STACK
quizzes which were enough to
prepare me for the Exam

iii.  Having engaged with STACK
through practice with the feedback |

now feel confident with solving

problems in the related content

iv.  Having used STACK for
Continuous Assessment, | still
would not recommend its adoption
over paper assessment in
mathematics

| prefer paper assessment to STACK
assessment in mathematics at
Maseno

Vi.

There was enough guidance in the
feedback to help me understand the
steps outlined in the STACK
Quizzes

Vii.

STACK doesn't provide adequate
self-assessment tests to students
while preparing for the end of
semester exams

viil.

Using STACK in assessment makes
the learning of mathematics more
enjoyable and meaningful

There were instances when feedback
was not helping me at all when
using STACK

X.

Given an opportunity, | would still
not prefer that Continuous
assignment given through STACK
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APPENDIX V: FOCUS GROUP DISCUSSION GUIDE

The following slides were used in the Focus Group Discussions

FOCUS GROUP DISCUSSION GUIDE
dotraduction,

We have one hour for this discussion.

There are 4 slides, each with simple questions intended to stimulate
discussion on a specific topic.

On each topic, the facilitator will ensure that each person shares their
thoughts and experience.

Differences of opinion are welcome and participants are encouraged to
respond respectfully to each other’s comments highlighting points of
disagreement with explanations justifying their position.
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EXMA SCORE

1. Value of STACK: Feedback

STACK SCORE

87% of students pointed out that feedback in

STACK gave them the confidence to carry on

practicing their skills in mathematics and that is

why we can see a strong positive correlation
between learner performance in STACK and the

Exam score.

Furthermore, from the individual interviews, 17

out of 20 students preferred STACK because of

the feedback they get when they do the
assignments.

1. Would you agree with these sentiments? If
yes, why? If no, why not?

2. What was your personal experience with
feedback? How were you using the
feedback?

3. Are there any thoughts on how to make the
feedback more helpful?

2. Potential for STACK: Integration

In individual interviews, 19 out of 20 studentssuggested that formative
assessment with STACK should be implemented more at Maseno and
the 20 wasn’t against it, but rather had a concern.

In the online survey, 68% of the responsespreferred CATs to be

through STACK.

1. Do you agree?

2. If so, how should it be implemented? If not, why not?
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EXMA SCORE

3. Challenge for STACK: Access

According to the responses, students' access to devices and internet connections
was identified as a challenge in using STACK. Here is a quote from one of the
responses in the interview:

“Some students didn’t have smartphones/ internet connections on their phones
and therefore they were unable to attempt the quizzes in time...”

1. How did you access the STACK Quizzes? What about the people you know?

2. How much were students with the difficulty of access disadvantaged in the
course?

3. What do you think students can do to help each other solve this problem of
access?

4. How big is this problem? Can you quantify how many students were
affected?

5. Did it affect male and female students differently?

4. Criticism of STACK: Cheating

Some students are clearly not learning despite
L a0 o getting high marks in STACK.
" -ii:i . Inthe interviews 17 of the 20 responses stated
go that some students who pass the CAT and fail
| the exam did so because they had others do the
St assignments for them! Some even have paid for
cpaed the service.

1. Do you agree with this statement?

2. Is this a common practice?

3. Is there resentment amongst other students
to this practice?

4. Do you feel anything can/needs to be done
to address this? If yes, what is it? If no, why
not?

CAT SCORE
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APPENDIX VI: CONSENT FORM
MASENO UNIVERSITY, MAIN CAMPUS

PRIVATE BAG

My name is Juma Zevick Otieno, Admission MED/ED/00027/019, a Master's student taking a
Master’s Degree in Education Technology at the Department of Communication, Pedagogy,
Curriculum Studies, and Technology, at Maseno University. I’'m doing research on the use of
STACK, a computer aided assessment technology being used by lecturers to help with
conducting weekly assessment tests in undergraduate mathematics courses at the school of
mathematics. I’d wish to engage you in filling an online survey questionnaire, and to also
participate in an interview together with a Focus Group Discussion afterwards. Your
participation in this will help with providing enough findings that can help future integration of
the technology to realize its impact in helping the teaching and learning of undergraduate
mathematics.

The following ethical principles will be considered when you choose to participate in this
research;

Q) Participation in this study will be entirely voluntary, with no coercion or undue
influence, and participant rights, dignity, and autonomy will be respected and
appropriately protected.

(i) No discrimination of any kind will be done to any participant based on ethnic
background, level of knowledge, response given amongst others which may arise.
Your feedback will be duly respected and recorded as given.

(iii)) ~ No names, admission number or any other identifiers of participants will be recorded
or shared to the public. All identifiers will be asked to ensure anonymity of responses
in this research.

(iv)  Other ethical principles protecting participants from any harm related to this research
will also be adhered to.

(V) In case one needs more clarification about the project, contact the course lecturer (Dr.
Michael Obiero) and me (Juma Zevick).

This is a consent form to acknowledge that you are taking part in this research willingly and
without being forced.

Kindly fill out this form if you agree to take part in this research.

I... (write your initialse.gJ.Z) ......... voluntarily agree to participate in this study.

1. 1 understand that even if | agree to participate now, | can withdraw at any time or refuse to
answer any question without any consequences of any kind.

2. | have understood the purpose of this study very well and | feel confident that it is in my
interest and that of the body of knowledge to take part in this study
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3. | understand that in any report on the results of this research my identity will remain
anonymous. This will be done by changing my name and disguising any details I’ve provided
which may reveal my identity or the identity of people | speak about.

4. 1understand that | am free to contact any of the people involved in this research i.e. School
of Education and School of Mathematics, Statistics, and Actuarial Science to seek further
clarification and information.

Participant Signature: ................ Date: ......ccooeviiniiln
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APPENDIX VII: MAP OF STUDY AREA
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APPENDIX VIII: SAMPLE STACK QUESTION USED

Blank Question

Tidy STACK question tool | Question tests & deployed variart
= w-I

(z+1)* ~

1]
[=1
w

Consider the complex function f(z) =

a) Order of the poleat 2 = —1 is

b) Res(f(z), —1) =

Question with worked out solution

Consider the complex function f(z) =
a) Order of the poleatz = —1is 3

Your last answer was interpreted as follows:

3
+ Correct answer, well done.
Marks for this submission: 0/0.
b)Res(f(2), —1)= %pi*2/2*(11/2)
Your last answer was interpreted as follows:
“.2
2%
+ Correct answer, well done.
Let a complex function be given by f(z) = % , where g(zg) # 0. The function has a pole of order n + 1 at z = zj. The residue at this pole is given by
Z—Zq,
Res(f(2), ) = Llim, . £ (z— 2)™f(2) = L Tim, ., L g(2).
sinf =2
Comparing with our function f(z) = f { 1‘}3) ,the pole at z = —1 is of order 3 so that n = 2. Applying the formula for evaluating residues, the residue at z = —1 is given by
Z

Res(1(3), ) = s, (a1 ) — 2
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