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Abstract: This study explores the impact of a blended learning approach on fifth-grade stu-
dents’ conceptual and procedural knowledge of fractions. A quasi-experimental design was
implemented with 130 fifth grade students from public primary schools in socio-economically
homogeneous areas of Heraklion, Crete (control group: n = 64; experimental group: n = 66).
The intervention combined mobile-accessible HSP interactive tasks designed on e-Me learning
platform, featuring dynamic environments in Geogebra, with hands-on activities using manip-
ulatives and student-constructed models. Emphasis was placed on collaborative learning and
verbal articulation of reasoning. Wilcoxon signed-rank tests revealed significant within-group
improvements in both groups. However, the experimental group showed greater gains. Mann—
Whitney U tests confirmed that improvements in conceptual and procedural knowledge were
significantly higher in the experimental group (p = 0.003 and p = 0.008, respectively), with
moderate effect sizes. These findings suggest that the blended learning approach substantially
supports fraction learning by bridging conceptual and procedural aspects of knowledge. The
use of browser-based, open-source software proved effective in creating personalised, engaging
learning experiences. This study contributes to the growing discussion on technology-enhanced
fraction learning by presenting a flexible, learner-centered approach that empowers teachers to
design contextually responsive fraction learning experiences.

Keywords: blended learning, mobile learning, primary education, conceptual knowledge,
procedural knowledge

1 Introduction

Fractions remain one of the most complex domains in mathematics education. Students
often exhibit persistent misconceptions about the meaning of fractions (Schneider & Siegler,
2010; Siegler et al., 2013; Vamvakoussi & Vosniadou, 2010), particularly when transitioning
from whole number reasoning (Ni & Zhou, 2005; Stafylidou & Vosniadou, 2004; Siegler &
Lortie-Forgues, 2015). Research distinguishes fraction learning between two fundamental
components: conceptual knowledge, which refers to understanding the underlying structures
of fractions (part-whole, ratio, quotient, measure, operator), and procedural knowledge, which
involves the ability to carry out arithmetic operations with fractions accurately and efficiently
(Byrnes & Wasik, 1991; Hiebert & Lefevre, 1986; Lamon, 2007; Rittle-Johnson & Schneider,
2015). These two types of knowledge are highly interrelated that weaknesses in one domain
can hinder the development of the other (Byrnes & Wasik, 1991; Hecht & Vagi, 2010; Rittle-
Johnson & Alibali, 1999). For example, procedural fluency without an underlying conceptual
foundation may result in fragile, temporal learning that does not transfer to different contexts,
while conceptual understanding without procedural practice may not be translated into effective
problem solving (Rittle-Johnson et al., 2001; Star, 2005).

Responding to the need for coherence between conceptual and procedural learning, several
researchers have proposed instructional methods that promote the simultaneous development
of both knowledge types (Behr et al., 1992; Charalambous & Pitta-Pantazi, 2007; Kieren,
1993; Lamon, 2007; 2020). These include approaches grounded in constructivism, multiple
representations, and dynamic visualization (Charalambous & Pitta-Pantazi, 2007; Goodwin,
2012; Stafylidou & Vosniadou, 2004). Activities that encourage students to build their own
representations, justify their reasoning, and connect symbolic notation with real-world contexts
have been shown to foster more robust understandings of fractions (Escuder & Furner, 2011;
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Koleza, 2000; Niemi, 1996). Additionally, experiential and collaborative activities, such as
using manipulatives, drawing models, and sharing explanations during classroom discussions,
can enhance students’ conceptual depth bridging their intuitive and formal knowledge (Arcavi,
2003, 2007; Dogan & Tertemiz, 2020; Lamon, 2020; Moss, 2005; Papadakis, Alexandraki &
Zaranis, 2022; Post et al., 1993; Van de Walle et al., 2016; Wilkie & Roche, 2022; Zhang et al.,
2014).

Educational research on the blended learning approach, which combines experiential teaching
with digital tasks, has highlighted important benefits, including flexibility, engagement, active
participation and the reflective use of digital tools (Ampartzaki et al., 2024; Cleveland-Innes
& Wilton, 2018; Jailani et al., 2025; Laskaris et al., 2017; 2019; Motteram & Sharma, 2009;
Papadakis et al., 2020; Powell et al., 2015). In mathematics education, such approaches are
gaining ground as promising frameworks for promoting both engagement and deeper learning
(Ekeh et al., 2021; Fazal & Bryant, 2019; Iroko & Olaoye, 2021; Indrapangastuti et al., 2021;
Kundu et al., 2021; Latif et al., 2024; Obot, 2023; Yaghmour, 2016).

Within this blended context, mobile-supported learning environments further enhance en-
gagement and flexibility (Attard & Orlando, 2014; Goodwin, 2012; Green & Hannon, 2006;
Kalogiannakis & Papadakis, 2020; UNESCO, 2013), while promoting cooperation and team-
work among students (Clarke & Svanaes, 2014; Papadakis, 2020) as well as facilitating task
rotation (Arvanitaki & Zaranis, 2020; Attard & Curry, 2012). In contrast to studies that focus
mainly on the use of applications with specific limited features (Arvanitaki & Zaranis, 2020;
Goodwin & Highfield, 2012; Papadakis et al., 2021), access to browser-based platforms, partic-
ularly open-source software, enables teachers to create customized and personalized content,
based on the learning objectives and their students’ specific needs (Chilivumbo, 2015; Gazzawe
et al., 2022).

Building on this rationale, this study investigates the impact of a blended learning approach
that combines browser-based mobile access to digital tasks with hands-on experiential activities
to support fraction learning in primary education. The intervention aims to strengthen both
conceptual and procedural aspects of fraction knowledge through an integrated pedagogical
design that is grounded in accessibility, adaptability, and active student engagement. To address
these aim, the present study was guided by the following research questions:

(1) Did control group students show statistically significant improvement in their conceptual
and procedural fraction knowledge following traditional instruction?

(2) Did experimental group students show statistically significant improvement in their
conceptual and procedural fraction knowledge following the blended learning intervention?

(3) Did the experimental group demonstrate significantly greater improvement in conceptual
and procedural fraction knowledge compared to the control group?

2 Materials and methods

2.1 Research Design

A quasi-experimental pretest-posttest design with two groups was implemented to investigate
the impact of a blended learning approach on fifth-grade students’ fraction conceptual and
procedural knowledge. The design allowed for the comparison of learning outcomes between
the experimental group exposed to the blended intervention and the control group receiving
regular instruction. This design is widely used in educational research to evaluate instructional
interventions in authentic classroom contexts (Cohen et al., 2018; Creswell, 2016).

The intervention was designed on the basis of the blended learning method, so it combined
browser-based digital tasks accessed via tablets with hands-on experiential activities, aiming to
foster deeper and more connected fraction learning.

2.2 Participants

The study involved 130 fifth-grade students from public primary schools in socioeconom-
ically homogeneous areas of Heraklion, Crete. Participants were divided into two groups,
the experimental (n = 66) and the control (n = 64) group. Experimental group received the
blended learning intervention, while control group received traditional instruction aligned with
the official curriculum.

The study adhered to all necessary ethical guidelines for research with children. Approval
was obtained to conduct the survey in the primary schools of the Municipality of Heraklion for
the school year 2024-2025, and parental consent was obtained for all participants. Students
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Figure 1
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were informed about the study in age-appropriate language and participated voluntarily, with
the option to withdraw at any time. The data collection process followed ethical considerations,
ensuring the confidentiality and anonymity of the participants’ responses.

2.3 Intervention Materials and Procedure

The teaching intervention lasted six weeks for both the control and experimental groups and
took place during the second phase of the study, following the pretest. Both groups covered the
same fraction content aligned with the Greek curriculum. Instruction occurred during regular
class hours, taught by the students’ usual teachers to maintain authentic classroom conditions.
Thus, instructional time and core content were equivalent across groups, differing only in the
instructional method. The control group teachers followed the conventional teaching method,
while the experimental group teachers received specific training and materials to implement the
blended learning approach. To ensure consistent implementation and monitor fidelity, teachers
completed a structured checklist report at the end of each week, which covered key components
of the intervention, such as the completion of digital tasks and hands-on activities. Additionally,
teachers reported any deviations from the planned activities and any technical or other difficulties
they encountered. They also provided observations about student engagement.

The intervention was based on a blended learning approach that integrated both digital and
experiential components. Digital content was accessed through tablets that were shared among
2-3 students, ensuring equal access and collaboration (Figure 1). Digital tasks were created
using open, browser-compatible platforms, such as H5P (hosted on the e-me, the official digital
learning platform of the Greek Ministry of Education) and Geogebra. These were embedded
within an e-me blog environment as a digital organizer for structured access to the learning
content. As illustrated in Figure 2, digital activities included interactive representations of
fractional quantities (e.g., dynamic pie charts, number lines, visual models) and their associated
operations. They were designed to promote self-paced exploration, immediate feedback, and
collaboration through shared tablet use. The digital content was designed according to Mayer’s
Cognitive Theory for Multimedia Learning (2009; 2014), incorporating both basic and advanced
principles to optimize cognitive processing. For example, the Coherence Principle guided the
exclusion of extraneous content, while the Signaling Principle was applied through emphasis
using bold text, color and summaries. The Spatial Contiguity and Segmenting Principles were
addressed by placing related text and visuals close together and presenting content in manageable
segments with navigational control. According to Multimedia Principle, static and dynamic
visuals were paired with text, while a conversational tone and familiar contexts supported
Personalization and Voice Principles. Additionally, Worked Examples, Immediate Feedback,
and Multiple Representations of fractions were used to reinforce fraction understanding.

Experiential activities included manipulatives, like tangram pieces and fraction tiles (Figure
3), student-constructed models, tasks from the official math textbook and activities promoting
reasoning. A specialized "Manipulation Material Notebook’ was developed to guide and support
the implementation of experiential tasks.

xed

Collaborative Engagement on  Figure 2 Dynamic Activity in Geogebra  Figure 3 Experiential activities involving

Digital Content via tablets

manipulatives

The intervention followed the Rotation Model of blended learning (Staker & Horn, 2012),
where students engaged alternately in digital and hands-on collaborative activities within each
lesson. The two modalities were purposefully combined to reinforce learning depending on
the context. In some cases, the experiential activities with physical materials served as an
alternative to the digital ones allowing students to choose their preferred mode, fostering agency
and engagement. In other cases, hands-on activities extended the digital activities by enhancing
students’ visualization or reasoning skills.
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Particular emphasis was placed on sequencing of activities to provide students with rich,
interconnected learning experiences that highlight the conceptual structures of fractions and
their relationship to operations. Within this rationale, dynamic and constructive activities were
introduced first to establish strong conceptual foundations. These visual and constructive tasks
enabled students to grasp the underlying fraction structures before engaging with procedures,
ensuring that symbolic operations were grounded in meaningful understanding. Next, practice
problem solving tasks were presented, allowing students to apply procedures in ways that
were meaningfully connected to their prior understanding. Following these procedural tasks,
metacognitive activities involving argumentation and reflection were incorporated, encouraging
students to justify their reasoning and articulate alternative strategies. This sequence supported
the internalization of concepts and reinforced the connection between conceptual and procedural
fluency.

The intervention was guided by Kieren’s (1976; 1980) distinction into five conceptual sub-
constructs of fractions (part-whole, ratio, quotient, measure, operator) in conjunction with
the theoretical model of Behr, Lesh, Post and Silver (1983), which links the above conceptual
structures to the operations of fractions, equivalence and problem solving. In the present research
we focused on four of the above conceptual structures (part-whole, quotient, measure, operator),
as these align with the official Sth-grade mathematics curriculum and learning objectives. Also
included are the operations between fractions (addition, subtraction, multiplication, division),
concepts of equivalence and comparison of fractions, improper fractions, mixed numbers and
reduction to the fractional unit, which are teaching objectives of the fractions unit in 5th grade.

2.4 Instruments

To assess learning outcomes, the following instruments were developed by the research team:

A Fraction Conceptual Knowledge Pretest and Posttest, designed to assess knowledge of
four core conceptual structures of fractions relevant to the fifth-grade curriculum: part-whole,
quotient, measure and operator.

A Fraction Procedural Knowledge Pretest and Posttest, designed to evaluate students’ ability
to perform fraction operations (addition, subtraction, multiplication, division) and tasks involv-
ing equivalence, comparison, conversions between improper fractions and mixed numbers and
reduction to the fractional unit.

Both tests consisted of closed-ended and short-answer questions with two levels of difficulty,
basic and advanced. Each test had a total score ranging from O to 8, with points distributed
individual items and their sub-questions based on accuracy and completeness.

The tests were created using elements and principles from the Fractional Knowledge Assess-
ment (FKA) research tool, as described by Kalra, Hubbard and Matthews (2020). We also drew
on exercises and criteria proposed by other researchers working on this topic (Behr et al., 1983;
Charalambous & Pitta-Pantazi, 2007; Kieren, 1980; 1993; Lamon, 2007; 2020; Niemi, 1996).

Although a detailed item-to-sub-construct mapping is not included here, the test content was
reviewed by mathematics education experts to confirm its alignment with the constructs, the
operations and the fifth-grade curriculum objectives.

Prior to the main study, the tests were pilot tested with eight fifth-grade students (n =
8) to evaluate their structure, clarity, difficulty and timing. Feedback from this pilot led to
improvements, supporting the instruments’ validity and reliability for this age group.

3 Results

This study examines how a blended learning approach affects elementary school pupils’
comprehension of fractions, emphasizing conceptual and procedural knowledge. The interven-
tion combined digital tools and experiential learning to simultaneously strengthen conceptual
and procedural fluency in fractions. In order to create interesting and contextualized learning
opportunities, the digital component integrated interactive HSP-based activities and dynamic
environments, into an e-me blog that was accessible on mobile devices.

Prior to the main analyses, we assessed the normality of the distributions for all pre-test,
post-test and improvement scores in both domains of fraction knowledge. The Shapiro-Wilk
test showed significant deviations from normality in all cases for at least one of the two groups.
Specifically, in conceptual knowledge: pre-test (control group = 0.963, p = 0.050; experimental
group = 0.929, p = 0.001); post-test (control group = 0.936, p = 0.003; experimental group =
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0.965, p = 0.062); and improvements (control group = 0.959, p = 0.031; experimental group =
0.983, p = 0.484). Similar discrepancies were present in procedural knowledge: pretest (control
group = 0.936, p = 0.002; experimental group = 0.848, p < 0.001); posttest (control group =
0.951, p = 0.013; experimental group = 0.938, p = 0.003); and improvements (control group =
0.954, p = 0.018; experimental group = 0.956, p = 0.019).

Therefore, all subsequent analyses were conducted using non-parametric tests, the Mann-
Whitney U test and the Wilcoxon signed-rank test for between-group and within-group compar-
isons, respectively.

Before interpreting learning outcomes, we tested for group equivalence at baseline to ensure
comparability. Gender distribution between the control and experimental groups was assessed
using a chi-square test, which confirmed no statistically significant difference between the two
groups (x? = 0.280, p = 0.597 > 0.050), indicating a balanced gender distribution.

To determine equivalence in prior knowledge, Mann-Whitney U tests were conducted to
compare the groups’ pretest performance (Table 1 and 2).

Table 1 Mann-Whitney U Test for Pretest

Statistic Effect Size
15t p (Rank biserial correlation)
Conceptual knowledge pretest 1819.000 0.172 0.139
Procedural knowledge pretest 1998.500 0.596 -0.054

Table 2 Medians (and IQR) for Students Performance in the Pretests by Group

N Control Experimental
Conceptual knowledge pretest 64 1.875 (1.000) 2.250 (2.125)
Procedural knowledge pretest 66 0.750 (0.813) 0.750 (1.000)

In the conceptual domain the results indicate that the experimental group had a slightly higher
median score in conceptual knowledge (median = 2.250, IQR = 2.125) compared to control
group (median = 1.875, IQR = 1.000). However, this difference was not statistically significant
(U =1819.000, p = 0.172) and the effect size was small (r = 0.139).

In the procedural domain, both groups had the same median score of 0.750, although the
control group showed greater variability (IQR = 0.813) than the experimental group (IQR =
1.000). Again, the difference was not statistically significant (U = 1998.500, p = 0.596), with a
negligible effect size (r = -0.054).

These findings confirm that the groups were equivalent in terms of their prior knowledge
before the intervention in both conceptual and procedural fraction knowledge.

3.1 Control Group: Pretest-Posttest Comparison

To address the first research question, we examined whether control group students showed
statistically significant improvement in their conceptual and procedural fraction knowledge
following traditional instruction. Wilcoxon’s signed-rank test was conducted for each type of
knowledge comparing pretest and posttest scores.

Table 3 and Figure 4 illustrate clear improvements in both knowledge domains after instruc-
tion. Most students achieved higher posttest scores in conceptual knowledge with only 7 out 64
students (approx. 10%) showing a decline. All students improved their procedural knowledge
(Table 4). The results, presented in Table 5, indicate statistically significant improvement and a
strong effect size for both conceptual (z =-6.175, p < .001, r = 0.901) and procedural knowledge
(2=-6.957, p < .001, r = 1.000).

These results demonstrate significant gains in both conceptual and procedural knowledge in
the control group.

Table 3 Medians (and IQR) for the Control Group Students Performance

Pretest Posttest
Conceptual knowledge 1.875 (1.000) 4.000 (3.500)
Procedural knowledge 0.750 (0.813) 5.000 (3.000)
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Figure 4 Medians of Pretest and Posttest Scores for the Control Group

Table 4 Wilcoxon Signed-Rank Results for the Control Group

N Mean Rank Sum of Ranks

Negative Ranks 7 13.790 96.500
Conceptual knowledge Positive Ranks 55 33.750 1856.500
posttest-pretest Ties 2

Total 64

Negative Ranks 0 0.000 0.000
Procedural knowledge Positive Ranks 64 32.500 2080.000
posttest-pretest Ties 0

Total 64

Table S Wilcoxon Signed Rank Test Statistics and Effect Sizes

o Effect Size
Test Statistic Z P (Rank biserial correlation)
Conceptual knowledge posttest-pretest -6.175 0.000 0.901
Procedural knowledge posttest-pretest -6.957 0.000 1.000

3.2 [Experimental Group: Pretest-Posttest Comparison

To address the second research question, we examined whether experimental group stu-
dents showed statistically significant improvement in their conceptual and procedural fraction
knowledge following blended learning intervention. Wilcoxon’s signed-rank test was conducted
comparing pretest and posttest scores for each domain.

Table 6 and Figure 5 illustrate clear improvements in both conceptual and procedural knowl-
edge after instruction. Median scores increased substantially from pretest to posttest in both
domains. Notably, the interquartile range for conceptual knowledge decreased, showing more
consistent performance among students following the intervention.

Table 6 Medians (and IQR) for the Experimental Group Students Performance

Pretest Posttest
Conceptual knowledge 2.250 (2.125) 6.000 (1.440)
Procedural knowledge 0.750 (1.000) 5.750 (2.130)

As shown in Table 7, nearly all students demonstrated improvement in conceptual understand-
ing, with only 2 out of 66 students (approx. 3%) scoring lower than in pretest. In procedural
knowledge, all students improved. These gains were statistically significant with a very strong
effect size for conceptual (z = -7.028, p < .001, r = 0.995) and procedural knowledge (z =
-7.066, p < .001, r = 1.000; Table 8).
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These findings imply that the experimental group achieved significant and consistent im-
provements in both knowledge domains.

6,00

5,00

4,00

Median

3,004

2,00

1,004

Conceptual Knowledge Conceptual Knowledge Procedural Knowledge —Procedural Knowledge
Pretest Posttest Pretest Posttest

Figure 5 Medians of Pretest and Posttest Scores for the Experimental Group

Table 7 Wilcoxon Signed-Rank Results for the Experimental Group

N Mean Rank Sum of Ranks

Negative Ranks 2 3.000 6.000
Conceptual knowledge posttest-pretest P951t1ve Ranks 64 34530 2205.000

Ties 0

Total 66

Negative Ranks 0 0.000 0.000
Procedural knowledge posttest-pretest %)essmve Ranks 606 33.500 2011.000

Total 66

Table 8 Wilcoxon Signed Rank Test Statistics and Effect Sizes

Test Statistic Z p Effect Size
Conceptual knowledge posttest-pretest -7.028 0.000 Rank biserial correlation 0.995
Procedural knowledge posttest-pretest -7.066 0.000 Rank biserial correlation 1.000

3.3 Between-Group Comparison of Improvement

To address the third research question, we examined whether the improvement in each
knowledge domain differed significantly between the two groups. We calculated improvement
scores for each student by subtracting their pretest score from their posttest score. These
improvement scores were then compared between the two groups using the Mann-Whitney U
test.

As shown in Table 9 and Figure 6, in conceptual knowledge the experimental group demon-
strated greater median improvement of 3.250 (IQR = 2.250) compared to 1.750 (IQR = 3.500) for
the control group. In procedural knowledge, the experimental group had a median improvement
of 5.000 (IQR = 1.880), while the control group showed 4.250 (IQR = 3.750).

Table 9 Medians (and IQR) for Students Improvement by Group

N Control Experimental
Conceptual knowledge pretest 64 1.750 (3.500) 3.250 (2.250)
Procedural knowledge pretest 66 4.250 (3.750) 5.000 (1.880)

Mann—Whitney U tests confirmed that these differences were statistically significant (Table
10), with the experimental group outperforming the control group in both conceptual (U =
1469.000, p = .003, r = 0.304) and procedural knowledge (U = 1542.000, p = 0.008, r = 0.270).
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Group
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Median

Conceptual Knowledge Improvement Procedural Knowledge Improvement

Figure 6 Medians of Improvement

Table 10 Mann-Whitney U Test for Improvement

Statistic P Effect Size (Rank biserial correlation)
Conceptual knowledge pretest 1469.000 0.003 0.304
Procedural knowledge pretest 1542.000 0.008 0.270

These results indicate that the blended learning approach had a stronger impact on students’
improvement, particularly in conceptual understanding. The findings confirm that the experi-
mental group benefited more substantially from the intervention than the control group did from
traditional instruction alone.

4 Discussion

The present study investigated the effectiveness of a blended learning intervention on students’
conceptual and procedural knowledge of fractions, comparing it with traditional instruction.
The findings offer valuable insights into the development of both domains through innovative,
mobile-assisted educational practices.

Both the control and experimental groups demonstrated significant improvements from
pretest to posttest in conceptual and procedural aspects of knowledge, as indicated by large
effect sizes (rank biserial r ranging from 0.901 to 1.000). However, between-group comparisons
of improvement scores revealed that the experimental group showed significantly greater gains
in both domains compared to the control group. The median improvement in conceptual
knowledge for the experimental group was almost double that of the control group (3.250 vs.
1.750), with a moderate effect size (r = 0.304). Similarly, procedural knowledge improvements
were significantly higher in the experimental group (median 5.000 vs. 4.250; r = 0.270).

These results suggest that the blended instructional approach, which integrated digital, expe-
riential, and collaborative learning tasks, was more effective in promoting deep understanding
of fractional concepts than traditional methods. The significant procedural gains further support
the effectiveness of the approach in promoting not only understanding but also the ability to
apply fraction operations accurately.

The findings are particularly noteworthy in the context of fraction learning, a domain known
to be challenging in mathematics education. The use of a variety of suitable representations,
dynamic and collaborative exploration (see Figure 1 and 2), interactive activities, tangible
materials (see Figure 3), student-made models and reflective activities supported deeper con-
ceptual knowledge. These results are consistent with prior research highlighting the benefits
of representational diversity (Arcavi, 2003; Wilkie & Roche, 2022; Zhang et al., 2014) and
dynamic inquiry in mathematics education (Anat et al., 2020; Bulut et al., 2016; Nashiroh &
Zainuddin, 2023; Palaigeorgiou et al., 2019; Poon, 2018; Reimer & Moyer-Packenham, 2005;
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Thambi & Eu, 2013) and especially those with low initial performance (Moyer-Packenham et
al., 2012).

Moreover, the digital tasks included in the intervention, particularly the interactive H5P activ-
ities and real-life problem solving tasks, fostered procedural fluency. Interactive formats enabled
immediate feedback, repetitive practice and gradual scaffolding, which are key components
in procedural learning (Rittle-Johnson & Schneider, 2015). This allowed students to practice
procedures in meaningful contexts, rather than through isolated, rote exercises.

Multiple representations contributed to bridging the gap between conceptual and procedural
knowledge. For example, dynamic models demonstrated the effect of multiplying fractions on
quantities before students applied standard algorithms. This aligns with research suggesting
that procedural fluency is best supported when built on a strong conceptual foundation (Rittle-
Johnson & Schneider, 2015; Star et al., 2015). In the present study, the design of the intervention,
with a structured progression from exploration to practice, encouraged this integration.

Another important aspect of the findings is that the experimental group showed balanced
improvement in both conceptual and procedural fluency. In contrast, traditional instruction often
favors procedural gains over deep conceptual understanding (Charalambous & Pitta-Pantazi,
2007; Lamon, 2007; Ni & Zhou, 2005; Siegler et al. 2013; Stafylidou & Vosniadou, 2004; Vam-
vakoussi & Vosniadou, 2004). In this study, the blended learning group improved substantially
and simultaneously in both domains. This indicates that the instructional design successfully
integrated conceptual and procedural goals without overloading students or privileging one
domain over the other. The use of tablets contributed to this balance by enabling exploration in
dynamic environments that helped students visualize and manipulate fractions meaningfully.
Additionally, hands-on activities and collaborative exploration encouraged students to reflect
more deeply on fraction concepts while practicing operations.

In sum, the findings support the growing consensus that procedural knowledge is not isolated
from conceptual knowledge, and that well-designed instructional environments can foster both
domains in parallel (Byrnes & Wasik, 1991; Rittle-Johnson & Alibali, 1999; Rittle-Johnson
& Schneider, 2015; Rittle-Johnson et al., 2001). These findings align with existing literature
highlighting the effectiveness of the blended learning approach (Ampartzaki et al, 2024; Jailani
et al., 2025; Laskaris et al, 2017; 2019; Motteram & Sharma, 2009), both in mathematics
education (Ekeh et al., 2021; Fazal & Bryant, 2019; Iroko & Olaoye, 2021; Indrapangastuti
et al., 2021; Kundu et al., 2021; Latif et al., 2024; Obot, 2023; Yaghmour, 2016) and general
education (Cleveland-Innes & Wilton, 2018; Powell et. al., 2015).

Finally, the results contribute to broader discussions about the role of ICT and mobile
learning in education (Goodwin, 2012; Green & Hannon, 2006; Prensky, 2001; Zaranis, 2014)
and particularly in mathematics instruction (Arvanitaki & Zaranis, 2020; Attard & Curry, 2012;
Clarke & Svanaes, 2014; Fabian et al., 2016; Fiitterer et al., 2022).

4.1 Implications for Practice

The study demonstrates that mobile-supported blended instruction can be both feasible
and highly effective in real classroom settings. Importantly, the tasks were delivered through
widely available platforms, which means that the approach is accessible and scalable. This has
practical implications for teachers and schools aiming to modernize and focus their mathematics
instruction without requiring specialized hardware or software. The teaching material is created
by the teacher himself/herself within open digital platforms (e.g. HSP, Geogebra) enabling tailor
content to teaching objectives and students’ needs.

Additional important implication is the concentration of all teaching resources in a single
digital environment (such as a blog) simplifying organization, supporting continuity across
activities and allowing students to revisit materials as needed.

Moreover, the intervention was designed to be aligned with the national curriculum, which
facilitates its integration into standard teaching practice. Teachers can adopt this approach
without sacrificing curriculum coverage, while providing students with more engaging and
cognitively rich learning experiences.

Furthermore, the core elements of the blended intervention offer a flexible approach that
can be adapted to other areas of mathematics, such as geometry or measurement, as well as
subjects like science or language learning where conceptual understanding and active student
participation are essential. The approach can also be modified for younger or older age groups
by adjusting task complexity and scaffolds.
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4.2 Limitations and Future Research

Although the findings of the present study are promising, several significant limitations
should be acknowledged. First, the sample was limited to 130 5th-grade students from public
primary schools in socioeconomically homogeneous areas of Heraklion, Crete. While pretest
scores indicated baseline equivalence between groups, the limited demographic and geographic
scope may restrict generalizability. Future studies should replicate this design across more
diverse socioeconomic, cultural and educational contexts, as well as with different age groups,
to assess broader applicability.

Second, the study focused on short-term learning gains without measuring long-term retention
and transfer of fraction knowledge. Since procedural fluency often decays without ongoing
reinforcement (Hecht & Vagi, 2010; Rittle-Johnson & Schneider, 2015), incorporating a delayed
posttest or longitudinal follow-up would provide stronger evidence of the intervention’s lasting
impact.

Third, although implementation fidelity was monitored using structured weekly teacher
checklists, variations in instructional delivery and practical challenges, such as frequent tablet
charging and occasional Wi-Fi disconnections, could have affected the consistency of the
blended delivery and students’ engagement. Self-reported data, while informative, may not have
fully captured these discrepancies.

Fourth, students’ varying motivation levels were not controlled in this study, representing a
limitation that future research should consider.

Fifth, this study did not include systematic qualitative data such as student reflections or
detailed teacher observations. While informal teacher feedback suggested positive student
engagement, the lack of formal qualitative insight limits a deeper understanding of participants’
experiences and perceptions.

Future research should explore how this blended approach can be scaled or adapted for other
mathematical domains or subjects as well as in varied classroom infrastructures. It would also
be valuable to examine how different components of the intervention (e.g., dynamic tasks vs.
hands-on activities) contribute to learning outcomes, possibly through suitable experimental
designs. Including qualitative measures in future studies may further enrich understanding of
implementation processes and learner engagement. Overall, future studies should prioritize
longitudinal assessment and rigorous control of implementation fidelity to build on the promising
results reported here.

5 Conclusion

The present study explored the impact of a blended learning approach on fifth-grade students’
in both conceptual and procedural knowledge. Through a structured comparison between a
control group receiving traditional instruction and an experimental group engaging with digital
and experiential activities, the study provides evidence that the mixed method significantly
enhanced students’ learning outcomes in both domains. These findings support the conclusion
that integrating digital tools with hands-on, collaborative experiences offers added value in the
teaching and learning of fractions.

Importantly, the success of this approach is rooted in both its content and format. Emphasizing
the connection between fractional operations and their conceptual meaning emerged as a
key strength, promoting deeper understanding rather than repetitive, sterile application. The
results align with prior research emphasizing the role of multimodal learning in mathematical
comprehension. By offering students multiple pathways to engage with mathematical concepts,
the blended learning approach proved especially effective in bridging the often-observed gap
between knowing how to perform operations and understanding the principles behind them.

A key aspect of the intervention was the use of tablets, which allowed students to interact with
dynamic tasks in a direct, tactile way. The touchscreen interface supported active manipulation
of visual representations, fostering stronger engagement and deeper cognitive connections.
Furthermore, integrating mobile-friendly, open-access platforms into primary mathematics
education represents a novel and scalable pedagogical approach enabling educators to design
personalised, curriculum-aligned content that transcends the specific limitations of educational
apps.

Additionally, the adaptability of this approach to other math domains and educational contexts
remains a promising avenue. Future research might focus on how such blended designs influence
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long-term understanding and can be tailored across age groups and subjects, helping to refine
sustainable models of technology-integrated instruction.
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