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Abstract
Differentiated instruction is increasingly needed in primary schools because students enter classrooms with diverse readiness levels, learning interests, learning profiles, digital familiarity, and academic needs. However, many teachers still experience difficulty implementing differentiation because of limited time, large class size, assessment demands, and the complexity of providing varied learning pathways. Educational technology offers practical support for differentiated instruction by enabling diagnostic assessment, flexible grouping, multimodal content delivery, adaptive tasks, formative feedback, and student-paced learning. This study aims to examine how educational technology supports differentiated instruction in primary schools and how it affects students’ learning engagement and academic achievement. The study employed a mixed-method design using a quasi-experimental pretest-posttest control group approach supported by classroom observations, teacher interviews, student interviews, and document analysis. The participants were 124 Grade V students and eight primary school teachers. The experimental group received technology-supported differentiated instruction for eight weeks, while the control group received conventional instruction. Quantitative data were analyzed using descriptive statistics, paired-sample t-tests, independent-sample t-tests, and effect size analysis. Qualitative data were analyzed thematically. The findings showed that technology-supported differentiated instruction improved students’ achievement and engagement more substantially than conventional instruction. Qualitative findings revealed that educational technology helped teachers identify students’ needs, provide tiered materials, monitor learning progress, and give timely feedback. The study concludes that educational technology can strengthen differentiated instruction when it is pedagogically guided, assessment-informed, inclusive, and aligned with primary students’ developmental characteristics.
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A. Introduction
Primary school classrooms are characterized by substantial diversity. Students differ in prior knowledge, reading ability, numeracy skills, attention span, learning pace, interests, socio-emotional readiness, language background, and access to learning support at home. These differences require teachers to design instruction that does not assume all students learn in the same way, at the same speed, or through the same form of support. In this context, differentiated instruction becomes an important pedagogical approach for improving learning equity and classroom responsiveness.
Differentiated instruction refers to teachers’ systematic efforts to adapt content, process, product, and learning environment based on students’ readiness, interests, and learning profiles. It does not mean preparing entirely different lessons for every student. Rather, it involves responsive instructional planning that provides multiple pathways for students to access knowledge, process ideas, demonstrate understanding, and receive support (Tomlinson, 2014). Differentiation is particularly relevant in primary schools because foundational competencies in literacy, numeracy, science, and social learning develop unevenly among children.
Despite its importance, differentiated instruction is difficult to implement consistently. Teachers need to diagnose students’ needs, prepare varied materials, organize flexible groups, monitor progress, give timely feedback, and manage classroom interaction. These tasks can become demanding when teachers handle large classes, limited instructional time, and heterogeneous student profiles. As a result, differentiation is sometimes reduced to giving additional tasks to fast learners or remedial worksheets to struggling learners. Such practices may not fully represent the pedagogical depth of differentiated instruction (Roy, Guay, & Valois, 2013; Smale-Jacobse, Meijer, Helms-Lorenz, & Maulana, 2019).
Educational technology offers opportunities to address some of these challenges. Technology can help teachers collect diagnostic information, provide multimodal resources, assign differentiated tasks, monitor student progress, and deliver feedback more efficiently. Digital platforms can also allow students to access materials at different levels of difficulty, repeat explanations, watch instructional videos, complete interactive exercises, and submit learning products in varied formats. In this sense, technology does not replace the teacher’s role but can support teachers’ capacity to respond to student diversity (Sailer, Murbock, & Fischer, 2021; Tondeur, van Braak, Ertmer, & Ottenbreit-Leftwich, 2017).
Research has shown that digital tools and adaptive learning environments can support personalized and differentiated learning when they are pedagogically integrated. Computerized systems can provide small to moderate positive effects on student performance when used as differentiation tools (Deunk, Smale-Jacobse, de Boer, Doolaard, & Bosker, 2018). Palieraki and Koutrouba (2021) also reported that differentiated instruction in information and communication technology teaching in primary education can support more effective learning when instructional activities are adapted to students’ needs. However, technology alone does not guarantee effective differentiation. Its value depends on how teachers use it to make instructional decisions.
In many primary schools, educational technology is still used mainly for presentation, assignment distribution, or entertainment. Teachers may use slides, videos, and online quizzes, but these tools do not automatically create differentiation. Technology supports differentiated instruction only when it is connected to diagnostic assessment, flexible grouping, task variation, scaffolding, and formative feedback. If digital tools are used without pedagogical planning, they may produce superficial engagement rather than meaningful learning.
This issue is especially relevant in the post-pandemic educational context. Teachers and students have become more familiar with digital learning platforms, online materials, and mobile applications. However, the challenge now is no longer merely whether technology can be used, but how it can be used to improve instructional quality. Primary school teachers need models of educational technology integration that support differentiated instruction in practical and developmentally appropriate ways (Falloon, 2020; Bond, Bedenlier, Marin, & Handel, 2021).
The integration of educational technology and differentiated instruction is also consistent with inclusive education. Students who require additional support, enrichment, repeated practice, or alternative representation can benefit from digital resources when they are designed carefully. For example, struggling readers may access audio-supported texts; visual learners may benefit from diagrams and videos; advanced learners may work on enrichment tasks; students with low confidence may repeat exercises privately before participating in class. These practices show that technology can expand instructional flexibility.
However, several challenges remain. Teachers may lack sufficient digital pedagogical competence. Schools may have unequal infrastructure. Students may have different levels of digital access and self-regulation. Some digital platforms may not match curriculum objectives. Teachers may also experience difficulty interpreting digital data for instructional decision-making. Therefore, research is needed to examine not only the effect of technology-supported differentiated instruction on student outcomes but also how teachers and students experience its implementation.
Based on this background, this study aims to examine the use of educational technology to support differentiated instruction in primary schools. The research questions are: (1) Does technology-supported differentiated instruction significantly improve students’ academic achievement compared with conventional instruction? (2) Does technology-supported differentiated instruction improve students’ learning engagement? (3) How do teachers use educational technology to implement differentiated instruction in primary classrooms? (4) What challenges emerge during the implementation of technology-supported differentiated instruction?
B. Method
This study employed a mixed-method research design. The quantitative component used a quasi-experimental pretest-posttest control group design to examine the effect of technology-supported differentiated instruction on students’ academic achievement and learning engagement. The qualitative component used classroom observations, teacher interviews, student interviews, and document analysis to explain how educational technology supported differentiation in classroom practice. A mixed-method design was selected because the study aimed to measure learning outcomes and also understand the instructional processes behind the outcomes.
The participants were 124 Grade V students from four primary school classes and eight primary school teachers. Two classes were assigned as the experimental group, consisting of 62 students, while two classes were assigned as the control group, also consisting of 62 students. The students were selected from schools with similar curriculum implementation and comparable access to basic digital facilities. The teacher participants were selected because they taught literacy, science, or thematic learning in the participating classes.
The experimental group received technology-supported differentiated instruction for eight weeks. The instructional intervention consisted of five stages: diagnostic digital assessment, flexible grouping, differentiated digital learning pathways, formative feedback, and reflective learning. First, students completed short digital diagnostic quizzes to identify readiness levels. Second, teachers used the results to organize flexible groups. Third, students accessed tiered learning materials through digital slides, short videos, interactive worksheets, audio-supported texts, and enrichment tasks. Fourth, teachers used digital quiz results and worksheet submissions to provide feedback. Fifth, students completed short reflection activities to monitor their learning progress.
The control group received conventional instruction using textbook explanation, whole-class teaching, printed worksheets, and teacher-led exercises. The same curriculum topics were taught in both groups, but the control group did not receive structured technology-supported differentiation.
The quantitative instruments consisted of an academic achievement test and a student learning engagement questionnaire. The achievement test contained 30 items covering literacy comprehension, basic science concepts, and thematic learning content taught during the intervention. The reliability coefficient of the achievement test was 0.84. The engagement questionnaire consisted of 24 items measuring behavioral engagement, emotional engagement, cognitive engagement, and participation in learning activities. The reliability coefficient of the engagement questionnaire was 0.88. Both instruments were administered before and after the intervention.
Qualitative data were collected through eight classroom observations, semi-structured interviews with eight teachers, interviews with 16 students, and analysis of learning documents. Observation focused on teacher differentiation strategies, student participation, use of digital tools, grouping patterns, feedback practices, and classroom challenges. Teacher interviews explored planning, implementation, perceived benefits, and obstacles. Student interviews explored their learning experiences, engagement, and perceived usefulness of technology-supported differentiation. Learning documents included lesson plans, diagnostic quiz results, digital worksheets, student products, teacher feedback records, and reflection forms.
Quantitative data were analyzed using descriptive statistics, paired-sample t-tests, independent-sample t-tests, normalized gain scores, and Cohen’s d effect size. Descriptive statistics were used to compare mean scores and standard deviations. Paired-sample t-tests examined improvement within each group. Independent-sample t-tests compared posttest results between groups. Normalized gain scores measured the degree of improvement, while Cohen’s d determined the magnitude of the intervention effect.
Qualitative data were analyzed using thematic analysis. The analysis involved data familiarization, coding, theme development, theme review, and interpretation (Braun & Clarke, 2006; Nowell, Norris, White, & Moules, 2017). Data triangulation was conducted by comparing observation notes, interview transcripts, and learning documents. Member checking was conducted with selected teacher participants to confirm the accuracy of interpretations. Ethical procedures were applied by obtaining school permission, informing participants about the study purpose, anonymizing student identities, and ensuring that participation did not affect students’ grades.
C. Finding and Discussion
1. Finding
The findings are presented in four parts. The first part reports students’ academic achievement before and after the intervention. The second part presents changes in learning engagement. The third part describes how educational technology supported differentiated instruction. The fourth part explains implementation challenges.
Students’ Academic Achievement before and after the Intervention
The pretest results showed that the experimental and control groups had relatively similar academic achievement before the intervention. The experimental group obtained a mean score of 61.42 with a standard deviation of 8.36, while the control group obtained a mean score of 60.87 with a standard deviation of 8.21. The independent-sample t-test showed no significant difference between the groups before the intervention, t(122) = 0.37, p = .711. This indicates that both groups had comparable initial achievement.
After eight weeks, the posttest results showed that the experimental group achieved higher learning outcomes than the control group. The experimental group obtained a mean score of 80.35 with a standard deviation of 7.64, while the control group obtained a mean score of 70.14 with a standard deviation of 8.02. The independent-sample t-test showed a significant difference between the groups, t(122) = 7.27, p < .001. The effect size was Cohen’s d = 1.30, indicating a large effect.
Table 1. Academic Achievement Scores of Experimental and Control Groups
	Group
	Test
	N
	Mean
	SD
	Interpretation

	Experimental
	Pretest
	62
	61.42
	8.36
	Moderate

	Experimental
	Posttest
	62
	80.35
	7.64
	High

	Control
	Pretest
	62
	60.87
	8.21
	Moderate

	Control
	Posttest
	62
	70.14
	8.02
	Moderate to high


Source: Processed from student achievement test data.
The paired-sample t-test showed that the experimental group improved significantly from pretest to posttest, t(61) = 18.64, p < .001. The control group also improved significantly, t(61) = 9.42, p < .001, but the improvement was smaller. The experimental group achieved a mean gain of 18.93, while the control group achieved a mean gain of 9.27. The normalized gain score of the experimental group was 0.49, categorized as moderate, while the control group obtained a normalized gain of 0.24, categorized as low to moderate.
Table 2. Gain Scores and Statistical Comparison
	Indicator
	Experimental Group
	Control Group
	Statistical Result

	Mean gain
	18.93
	9.27
	Experimental group higher

	Normalized gain
	0.49
	0.24
	Moderate vs. low-to-moderate

	Posttest comparison
	80.35
	70.14
	t(122) = 7.27; p < .001

	Effect size
	-
	-
	Cohen’s d = 1.30; large effect


Source: Processed from pretest and posttest data.
These findings indicate that technology-supported differentiated instruction produced stronger academic improvement than conventional instruction. The improvement suggests that students benefited from learning materials and tasks that were adjusted to their readiness levels, learning needs, and pace.
Changes in Students’ Learning Engagement
The learning engagement questionnaire showed that the experimental group experienced greater improvement in engagement than the control group. The experimental group’s mean engagement score increased from 3.12 to 4.08, while the control group increased from 3.09 to 3.45. The independent-sample t-test on posttest engagement scores showed a significant difference, t(122) = 6.81, p < .001.
Table 3. Students’ Learning Engagement Scores
	Group
	Pretest Mean
	Posttest Mean
	Gain
	Interpretation

	Experimental
	3.12
	4.08
	0.96
	High improvement

	Control
	3.09
	3.45
	0.36
	Moderate improvement


Source: Processed from student engagement questionnaire data.
The engagement improvement was visible across behavioral, emotional, and cognitive dimensions. Behavioral engagement improved because students participated more actively in digital tasks, group work, and formative quizzes. Emotional engagement improved because students reported that the lessons felt more interesting and less intimidating. Cognitive engagement improved because students could select appropriate tasks, review materials repeatedly, and reflect on their progress.
Observation data supported these findings. Students in the experimental group were more likely to ask questions, complete tasks, use digital materials independently, and participate in small-group activities. Students who usually struggled during whole-class instruction showed greater willingness to complete tiered worksheets because the tasks matched their readiness level. Advanced students also remained engaged because they received enrichment tasks rather than waiting for the whole class to finish.
How Educational Technology Supported Differentiated Instruction
Qualitative analysis revealed five major ways educational technology supported differentiated instruction: diagnostic assessment, tiered content delivery, flexible grouping, formative feedback, and student-paced learning.
Table 4. Technology-Supported Differentiated Instruction Practices
	Differentiation Practice
	Technology Use
	Classroom Function

	Diagnostic assessment
	Short digital quizzes and online exit tickets
	Identified readiness levels and learning difficulties

	Tiered content delivery
	Videos, audio-supported texts, interactive worksheets, enrichment tasks
	Provided multiple learning pathways

	Flexible grouping
	Digital progress records and teacher dashboards
	Helped teachers organize groups based on learning needs

	Formative feedback
	Auto-scored quizzes and teacher comments on digital worksheets
	Supported timely correction and improvement

	Student-paced learning
	Replayable videos, digital notes, and self-check tasks
	Allowed students to repeat and review materials independently


Source: Synthesized from classroom observations, teacher interviews, and learning documents.
The first function was diagnostic assessment. Teachers used short digital quizzes at the beginning of a lesson to identify students’ prior understanding. These quizzes helped teachers determine which students needed basic reinforcement, which students were ready for standard tasks, and which students could work on enrichment activities. Teachers stated that digital diagnostic results made grouping decisions faster and more evidence-based.
The second function was tiered content delivery. Teachers provided learning materials in different levels of complexity. For example, in a reading activity, struggling students received audio-supported texts and guiding questions, while advanced students worked with longer texts and open-ended tasks. In science learning, some students watched short explanatory videos before completing worksheets, while others worked directly on problem-solving tasks.
The third function was flexible grouping. Technology helped teachers monitor students’ progress and reorganize groups based on current learning needs. Grouping was not fixed. Students could move from one group to another depending on their performance in diagnostic quizzes, task completion, and formative assessment results. This practice prevented students from being permanently labeled as low or high achievers.
The fourth function was formative feedback. Auto-scored quizzes allowed students to receive immediate information about their answers. Teachers also used digital worksheets to provide written comments. This feedback helped students revise their understanding before moving to the next task. Teachers reported that feedback became more manageable because digital tools recorded student responses and highlighted common errors.
The fifth function was student-paced learning. Some students needed more time to understand explanations, while others completed tasks quickly. Digital materials allowed students to replay videos, reread instructions, and complete self-check activities. This flexibility helped teachers manage diverse learning speeds in one classroom.
Implementation Challenges
Despite the positive outcomes, several challenges emerged during implementation. The first challenge was infrastructure inequality. Some classrooms had limited devices, unstable internet connection, or insufficient projector quality. Teachers had to prepare offline alternatives, printed backup materials, and group-based device sharing.
The second challenge was teacher workload. Preparing differentiated digital materials required time. Teachers needed to design diagnostic quizzes, create tiered worksheets, select videos, organize digital folders, and analyze student progress. Although teachers recognized the benefits, they also stated that technology-supported differentiation required careful planning.
The third challenge was students’ digital self-regulation. Some students became distracted by games, videos, or unrelated websites when using devices. Teachers addressed this by setting clear rules, giving time limits, monitoring screens, and using structured digital tasks.
The fourth challenge was balancing technology and direct instruction. Teachers found that students still needed direct explanation, modeling, and emotional support. Technology was useful, but it could not replace teacher guidance. Students needed teachers to clarify misconceptions, encourage participation, and support collaboration.
Table 5. Implementation Challenges and Teacher Responses
	Challenge
	Evidence from Classroom Practice
	Teacher Response

	Limited devices and internet
	Some students shared devices and experienced slow access
	Prepared offline files and group-based device use

	Teacher workload
	Teachers spent more time preparing tiered materials
	Used reusable templates and collaborative planning

	Student distraction
	Some students opened unrelated applications
	Applied classroom rules and time-bounded tasks

	Uneven digital skills
	Some students needed help navigating platforms
	Provided demonstrations and peer assistance

	Need for teacher guidance
	Students still required explanation and support
	Combined digital tasks with direct instruction


Source: Synthesized from observations and teacher interviews.
2. Discussion
The findings show that educational technology can support differentiated instruction in primary schools when it is used as a pedagogical tool rather than as a decorative addition. The experimental group achieved higher academic achievement and engagement than the control group. This suggests that technology-supported differentiation helped students access learning materials more appropriately, receive feedback more quickly, and work at a pace that matched their readiness.
The improvement in academic achievement supports previous research showing that differentiation can improve learning outcomes when implemented systematically. Deunk et al. (2018) reported that computerized systems used as differentiation tools can produce positive effects on primary students’ performance. The present study supports this conclusion by showing that digital diagnostic assessment, tiered content, and formative feedback contributed to stronger learning gains. However, the findings also indicate that the technology itself was not the main factor. The key factor was how teachers used technology to make differentiated instructional decisions.
The improvement in student engagement is also important. Differentiated instruction is not only about achievement but also about students’ active participation in learning. Students in the experimental group became more engaged because the tasks were neither too easy nor too difficult. Struggling students received scaffolding, while advanced students received enrichment. This balance reduced frustration and boredom. It also created a more inclusive learning environment because students could participate according to their current level of readiness.
The findings are consistent with the principle that differentiated instruction should address student readiness, interest, and learning profile (Tomlinson, 2014; Roy et al., 2013). Technology helped teachers respond to readiness through diagnostic quizzes and tiered tasks. It supported interest through multimedia resources and interactive activities. It supported learning profiles by offering different modes of representation, such as text, audio, video, images, and digital practice. This shows that educational technology can expand the practical possibilities of differentiation.
Nevertheless, the results also show that technology-supported differentiation requires strong teacher mediation. Teachers must interpret diagnostic data, decide grouping patterns, select suitable materials, provide feedback, and ensure that students remain focused. Without teacher mediation, technology may increase activity but not necessarily learning. This finding aligns with educational technology research showing that technology effectiveness depends on instructional design, teacher competence, and pedagogical integration (Falloon, 2020; Sailer et al., 2021; Tondeur et al., 2017).
The role of formative assessment was particularly important. Digital quizzes and exit tickets helped teachers identify students’ misconceptions quickly. This allowed teachers to adjust instruction during the learning process rather than waiting until the end of a unit. In differentiated instruction, ongoing assessment is essential because students’ needs change over time. Technology made this process more manageable by collecting and displaying learning evidence efficiently (Faber, Luyten, & Visscher, 2017; Ifenthaler & Yau, 2020).
The study also shows that technology can support flexible grouping. In conventional classrooms, grouping is often based on teacher impression or fixed ability categories. In this study, teachers used digital progress data to form and revise groups. This made grouping more dynamic and less stigmatizing. Students were grouped based on current task needs rather than permanent labels. Such flexibility is important in primary schools because students’ performance can vary across topics and tasks.
The findings also connect with broader evidence on educational technology. Meta-analyses indicate that educational technology can positively influence learning outcomes when integrated with curriculum, professional development, and appropriate pedagogy (Cheung & Slavin, 2013; Kulik & Fletcher, 2016; Means, Toyama, Murphy, & Baki, 2013; Sung, Chang, & Liu, 2016; Tamim, Bernard, Borokhovski, Abrami, & Schmid, 2011; VanLehn, 2011). The present study adds that technology is particularly useful when it helps teachers differentiate instruction based on actual evidence of student needs.
However, implementation challenges should not be underestimated. Infrastructure inequality remains a serious issue. Technology-supported differentiation may widen learning gaps if some students have better access than others. Therefore, teachers and schools need inclusive planning. Offline options, shared devices, printed alternatives, and low-bandwidth resources should be prepared. Digital learning should not assume equal access.
Teacher workload is another important challenge. Differentiated digital instruction requires time for planning and material development. Teachers need professional development, collaborative planning, and reusable digital templates. Kahmann, Droop, and Lazonder (2022) emphasize the importance of professional development for differentiated instruction. In this study, teacher collaboration and reusable digital materials helped reduce preparation demands, but sustained institutional support remained necessary.
Student self-regulation is also essential. Primary school students need explicit guidance in using technology for learning. They may become distracted if tasks are not structured. Teachers should provide clear instructions, learning goals, time limits, and monitoring routines. Digital citizenship and self-regulated learning should therefore become part of technology-supported differentiated instruction.
Overall, this study confirms that educational technology can strengthen differentiated instruction in primary schools when four conditions are met. First, technology must be assessment-informed. Second, materials must be tiered and aligned with learning objectives. Third, teachers must provide feedback and guidance. Fourth, access and classroom management must be planned inclusively. When these conditions are present, technology can help teachers respond more effectively to student diversity.
D. Conclusion
This study examined the use of educational technology to support differentiated instruction in primary schools. The findings showed that students who received technology-supported differentiated instruction achieved higher academic achievement and learning engagement than students who received conventional instruction. The experimental group improved from a pretest mean score of 61.42 to a posttest mean score of 80.35, while the control group improved from 60.87 to 70.14. The posttest comparison showed a significant difference, t(122) = 7.27, p < .001, with a large effect size, Cohen’s d = 1.30. Student engagement also increased more substantially in the experimental group. Qualitative findings revealed that educational technology supported differentiated instruction through diagnostic assessment, tiered content delivery, flexible grouping, formative feedback, and student-paced learning. However, implementation challenges included infrastructure inequality, teacher workload, student distraction, uneven digital skills, and the continuing need for teacher guidance. The study concludes that educational technology can support differentiated instruction effectively when it is pedagogically planned, assessment-driven, inclusive, and aligned with primary students’ developmental needs. Future research should examine long-term implementation, compare different digital platforms, and investigate how technology-supported differentiation affects students with diverse learning needs.
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