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Abstract— This study explores the impact of ICT-based formative assessment tools on the development of problem-solving
skills among secondary school mathematics students in Kisii County, Kenya. Drawing on a mixed-methods approach, the
study integrates quantitative data from 120 Form Three students and qualitative insights from 8 mathematics teachers.
Tools such as Google Forms, Kahoot, and Quizizz were used to conduct real-time, formative assessments over a ten-week
instructional period. Preliminary findings suggest that regular use of these digital platforms not only improves students’
engagement but significantly enhances their mathematical reasoning and problem-solving capabilities. The study
contributes to existing literature by highlighting the role of formative technology in mathematics instruction within a
resource-constrained rural context.
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l. INTRODUCTION

Problem-solving is at the heart of mathematics education, forming a critical component of learners'
cognitive development and application of mathematical concepts to real-life situations. Globally, the
integration of Information and Communication Technology (ICT) into instruction has demonstrated
significant potential in supporting personalized learning, especially through formative assessment tools
(UNESCO, 2023). These tools allow teachers to gather continuous feedback, identify learning gaps, and
tailor instruction in real-time (Kebritchi, 2021).

Kenya’s Ministry of Education has emphasized the adoption of digital technologies to improve educational
quality, particularly through initiatives like the Competency-Based Curriculum and the Digital Literacy
Programme (MoE, 2021). However, in mathematics instruction, especially in rural counties like Kisii, the
use of ICT for formative assessment remains underutilized. Existing studies in Kenya focus largely on
infrastructure and access challenges (Otieno & Achieng, 2021), while little attention has been given to how
specific ICT tools influence cognitive skills like problem-solving.

This study aims to fill this gap by examining the extent to which ICT-based formative assessment tools
affect secondary school students’ problem-solving abilities in mathematics.

Il. LITERATURE REVIEW

Recent literature has emphasized the pedagogical benefits of formative assessment in enhancing learning
outcomes. According to Wiliam (2019), formative assessment provides immediate feedback, encourages
self-regulation, and improves academic achievement. When supported by ICT, these assessments become
more interactive and engaging, especially for digital-native learners.

In mathematics education, digital tools like Socrative, Edmodo, and Quizizz have been linked to improved
conceptual understanding and motivation (Moraa & Kilel, 2022). A study by Mwangi and Onyango (2023)
in Nairobi County demonstrated that students who engaged with regular online quizzes showed significantly
better performance in algebraic problem-solving tasks compared to those who did not.

Despite these benefits, studies also highlight challenges including inadequate teacher training, lack of
technical support, and limited access to devices (Njoroge & Wambugu, 2020). In Kisii County, where
disparities in school ICT infrastructure persist, localized studies are essential to determine how such tools
can be used effectively and sustainably in mathematics education.
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This research builds upon prior findings and seeks to explore how ICT-based formative assessment can
specifically enhance students’ problem-solving skills in secondary school mathematics within the Kisii
County context.

I1l. RESEARCH DESIGN

This study employed a quasi-experimental mixed-methods design integrating a pretest-posttest control
group structure with qualitative inquiry. This approach was chosen to capture both the measurable impact of
ICT-based formative assessment tools on students’ mathematical problem-solving skills and the contextual
experiences of teachers implementing these technologies. Mixed-methods designs are particularly valuable
in educational research where both outcome metrics and pedagogical nuances need to be considered
(Creswell & Plano Clark, 2018; Ndayambaje et al., 2021). By using this dual strategy, the study triangulated
statistical trends with rich qualitative insights, aligning with the current calls for pragmatic and integrative
methodologies in digital learning research (Zhu et al., 2022).

IV. STUDY POPULATION

The research was conducted in Kisii County, Kenya, a region characterized by both rural and peri-urban
school contexts. The study targeted Form Three mathematics students and their teachers, focusing on this
group due to the heightened emphasis on abstract reasoning and problem-solving within the Form Three
curriculum under the Competency-Based Curriculum (CBC) framework (MoE, 2022). Secondary-level
students at this stage encounter increasing cognitive demands, making them ideal candidates for intervention
through ICT-based assessments (Kiarie & Muthomi, 2021).

V. SAMPLE AND SAMPLING TECHNIQUES

A total of 120 Form Three students and 8 mathematics teachers participated in the study. Stratified random
sampling was used to select students from four public secondary schools, ensuring representation across
school types and sub-county divisions. Each school contributed 30 students, randomly drawn from class
lists. This method improved the generalizability of the findings by accounting for potential variability in
school infrastructure and teaching practices. Purposive sampling was employed to recruit two teachers per
school, focusing on those with prior exposure or willingness to engage with ICT tools in formative
assessments. According to Palinkas et al. (2015), purposive sampling is appropriate for identifying
information-rich cases in qualitative components of mixed designs.

V1. DATA COLLECTION TOOLS

Pre- and Post-Tests: These were carefully constructed to align with curriculum objectives related to
mathematical problem-solving. They assessed conceptual understanding, logical reasoning, and procedural
fluency. Test items were piloted and reviewed for validity by mathematics education experts prior to
administration.

ICT Tools for Assessment: Three tools were used Google Forms, Quizizz, and Kahoot to administer weekly
formative assessments. These tools were selected for their accessibility, interactivity, and ability to generate
real-time analytics (Wambugu & Ndirangu, 2023).

Semi-Structured Teacher Interviews: Teachers participated in guided interviews focused on their
experiences using ICT for assessment, their perceived effectiveness of the tools, and the challenges they
encountered. These narratives provided contextual explanations for trends observed in student performance
data.

Observation Checklists: Classroom observations tracked student engagement, tool usage, participation rates,
and behavioral indicators during assessment sessions. These checklists were anchored on observable

engagement metrics developed from prior studies (Muthee & Koskei, 2021).
VII. DATA ANALYSIS

Quantitative data were analyzed using SPSS version 27. The primary statistical test used was the paired-
samples t-test to evaluate differences between pre-test and post-test scores in both control and experimental
groups. This test is appropriate when measuring the impact of an intervention within the same group over
time (Field, 2020). Statistical significance was set at p < .05.

The qualitative data (interviews and observations) underwent thematic analysis, following Braun and
Clarke’s (2019) framework. Emerging codes were grouped into themes such as teacher readiness, tool
usability, and student engagement. These qualitative insights were then triangulated with guantitative
outcomes to provide a richer interpretation of the effects of ICT-based formative assessments.
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Results
Use of ICT-Based Formative Assessment Tools

Tool Used Percentage of Teachers (n=6) Notes
Google Forms 67% Used for short quizzes and feedback
Quizizz 50% Used in revision and practice
Kahoot 33% Used occasionally in group work
Manual (non-ICT) 100% Still commonly used for main tests

Teachers reported that digital tools made assessments more engaging and timelier, although internet
reliability and lack of devices limited consistent use. The findings of this study indicate that the integration
of ICT-based formative assessment tools in secondary school mathematics classrooms has a significant
positive impact on students’ problem-solving skills in Kisii County, Kenya. Tools such as Google Forms,
Quizizz, and Kahoot were utilized by a notable proportion of teachers, with 67% using Google Forms, 50%
employing Quizizz, and 33% integrating Kahoot into their instruction. Despite the persistent use of manual
assessments by 100% of the teachers for major evaluations, these ICT tools were perceived as instrumental
in providing timely feedback and enhancing student engagement, corroborating the assertions of Amoako
and Gifty (2021) and Nzomo et al. (2023) that ICT-based assessments foster interactive and student-
centered learning environments.

Impact on Student Problem-Solving Skills

Statement Agree (%) (n=90)
“I receive immediate feedback from ICT-based assessments.” 82%
“ICT tools make problem-solving in mathematics more 78%
engaging.”
“Formative assessments using ICT help me prepare for exams.” 75%

Qualitative responses supported these statistics, with students expressing increased confidence and reduced
anxiety during problem-solving sessions.

Students echoed these sentiments. An overwhelming 82% agreed that ICT-based assessments provided
immediate feedback, a critical component for improving problem-solving competencies (Mwangi & Jebet,
2022). Moreover, 78% reported that such tools made problem-solving more engaging, while 75% stated that
ICT-based formative assessments helped them prepare better for exams. These results are consistent with
the findings by Mutuku and Otieno (2023), who observed that digital assessment tools promote learners'
mathematical thinking by reducing cognitive overload and test anxiety.

6.3 Challenges Faced

Despite these promising outcomes, the study also identified significant barriers to ICT integration.
Infrastructural limitations were evident in two of the three participating schools, which had limited access to
functioning computers or stable internet connectivity. Furthermore, only half of the teachers had received
any form of training in the use of digital assessment tools. These findings echo those of Otieno and
Wanyama (2022), who noted that limited technical skills and confidence among teachers are key deterrents
to effective use of digital tools in Kenyan classrooms. Additionally, time constraints within the curriculum
posed a challenge, as teachers expressed difficulty in integrating new technologies within an already
compressed teaching schedule.

Table 1: Pre- and Post-Test Mean Scores

Group N Pre-test Mean | Post-test Mean | Mean Difference | p-value
Experimental | 60 43.5 69.2 25.7 .000
Control 60 44.0 48.7 4.7 118

The effectiveness of ICT integration is further supported by the pre- and post-test results. Students in the
experimental group, who were exposed to ICT-based formative assessments, showed a mean score increase
of 25.7 points, from 43.5 to 69.2, a statistically significant improvement (p = .000). In contrast, the control
group exhibited a marginal increase of 4.7 points, from 44.0 to 48.7, which was not statistically significant
(p = .118). This substantial disparity reinforces the argument that formative assessment tools mediated by
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ICT have a measurable, positive effect on mathematical problem-solving abilities, a conclusion that aligns
with previous studies (Mutiso & Kariuki, 2021; Gitonga & Karanja, 2024).

The implications of these findings are twofold. First, they highlight the urgent need for targeted teacher
training programs that build both technical and pedagogical confidence in using ICT tools for formative
assessment. Second, they emphasize the necessity for policy-level interventions to improve ICT
infrastructure, particularly in rural and resource-constrained schools. As Wambua and Ndungu (2021) argue,
ICT tools alone do not improve learning outcomes; they must be effectively supported by training, access,
and institutional readiness.

VII. CONCLUSION

This study demonstrates that integrating ICT-based formative assessment tools in secondary mathematics
enhances students' problem-solving abilities. The research provides evidence for educational stakeholders to
invest in teacher training, improve ICT infrastructure, and embed digital assessment tools into national
mathematics instruction strategies.
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