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Abstract. Mastery of basic arithmetic in grade one is a crucial stage in developing complex mathematical
operations. During this stage, learners begin to acquire concepts that are necessary for the foundation of
numeracy. Hence, the learners’ difficulty in attaining the basic skills of addition and subtraction must be
improved; thus, this action research was conducted to minimize learning gaps. This study utilized a one-
shot pretest-post-test quasi- experimental quantitative design to examine the effectiveness of interleaved
practice as a remedial intervention strategy for enhancing proficiency in addition and subtraction operations
among grade one pupils. Specifically, this determined 1) the level of performance of grade one learners in
the basic operations of addition and subtraction using: a. traditional blocked practice and b. interleaved
practice, 2) a significant difference in the mean scores between the learners under traditional blocked practice
and those under interleaved practice, and 3) a significant mean gain between the pretest and posttest scores
of learners between traditional blocked practice and interleaved practice. The grade one low-performing
learners were selected through their second-trimester grade in Mathematics and the keen observations and
feedback of Mathematics teachers during their class activities with the limited sample sizes of 15 for
interleaved practice and 15 for traditional blocked practice. The researcher utilized Wilcoxon’s Signed Rank
Test and Man- Whitney U-test. Results have shown a significant improvement in the performance of the
grade one pupil using both interleaved and traditional blocked strategies. Moreover, both interleaved and
traditional blocked practices show an approximate equivalency of performance in terms of improving the
skills of the learners. Thus, interleaved practice is an effective strategy to substitute the traditional blocked
practice in remediating arithmetic skills in grade school. Still, further studies are recommended to test the
long-term effect of the interleaved practice in remediating basic arithmetic operations.
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1.0 Introduction

The acquisition of fundamental arithmetic skills, particularly in grade one, is a pivotal milestone in a child's
mathematical journey. At this crucial stage, students begin to grasp the foundational concepts that will shape their
mathematical proficiency in the later years. During this time, children begin to form foundational understandings
of number concepts, operations, and mathematical relationships that will influence their future mathematical
proficiency (Nunes, Bryant, & Barros, 2012). Among these foundational skills, mastery of basic operations such as
addition and subtraction stands as a cornerstone of mathematical understanding. Mastery of these basic arithmetic
operations is essential for building a solid mathematical foundation. These skills serve as building blocks for more
complex mathematical concepts, including multiplication, division, fractions, and algebra (Ginsburg, 2009).
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It is common for students to encounter challenges in grasping these fundamental operations. Some students
may struggle with basic arithmetic concepts due to various factors such as learning differences, limited
exposure to mathematical concepts, or insufficient instructional support (Skelton et al. 2016). Addressing
these factors through targeted interventions and supportive teaching practices is crucial for promoting
mathematical understanding and reducing anxiety toward mathematics among primary school children.
Traditional teaching methods often rely on repetitive practice and drill exercises to reinforce arithmetic skills.
While these methods may benefit some students, they may not adequately address the diverse learning needs of
all students, particularly those requiring remedial intervention or support (Dunn, et.al, 1995). Thus, exploring
alternative instructional approaches that can better accommodate individual differences and promote equitable
learning outcomes for all students is a must.

As educators strive to meet the individual needs of their students, innovative teaching strategies are continuously
being explored to enhance learning outcomes. One such innovative approach is the interleaving strategy, which
diverges from traditional blocked practice by mixing different types of problems within the same practice session.
Unlike blocked practice, where students repeatedly solve the same type of problem consecutively, interleaving
exposes students to a variety of problem types in a randomized order. Research in cognitive psychology has
shown that interleaving promotes deeper learning, enhances retention, and improves the transfer of learned skills
compared to blocked practice. The study by Rohrer and Taylor (2007) provides empirical evidence from classroom
settings supporting the effectiveness of interleaved practice in promoting understanding, enhancing recognition,
and application of learned skills compared to blocked practice. These findings align with research in cognitive
psychology, which suggests that interleaving encourages more robust learning processes and facilitates greater
generalization of knowledge across different contexts.

Interleaving improves mathematics learning not only by improving discrimination between different kinds of
problems, but also by strengthening the association between each kind of problem and its corresponding strategy
(Rohrer, Dedrick, & Burgess, 2014). Another study that explores the application of interleaved practice (contextual
interference) in motor skill learning demonstrated its benefits in improving the acquisition and retention of
complex motor skills. Results replicated previous findings of contextual interference research by showing
significant outcomes of block interaction between acquisition trials, retention, and transfer. The random group
performed better on both retention and transfer than the blocked group (Goode & Magill, 1986).

In the investigation done among tertiary students, whether continuously alternating between topics during
practice or interleaved practice, results have shown the improvement of memory and the ability to solve problems
in undergraduate physics. It was concluded that in a domain that entails considerable amounts of problem-
solving, replacing conventionally arranged with interleaved homework can (despite perceptions to the contrary)
foster longer-lasting and more generalizable learning (Samani, & Pan, 2021). In the review paper Optimizing
Learning in College, perspectives on Psychological Science discusses various learning strategies, including
interleaving, and their practical applications in educational settings (Putnam, Sungkhasettee, & Roediger, 2016).
These mean that the interleaving strategy is now one of the strategies considered to help students retain what was
learned which needed more exploration.

Furthermore, interleaving is grounded in cognitive psychology theories such as interference theory and desirable
difficulties, which proposes that interspersing varied but related learning tasks leads to increased cognitive
engagement and deeper encoding of information. While the benefits of interleaving have been observed across
various educational domains, its application in teaching fundamental arithmetic to young learners remains an
area warranting exploration. Hence, this action research aims to explore the effectiveness of employing the
interleaving strategy as a remedial intervention to enhance arithmetic proficiency among grade one students in
the context of addition and subtraction. By integrating interleaving into remedial interventions, this study further
seeks to provide educators with evidence-based strategies to support students who struggle with addition and
subtraction.

Through an examination of the effects of interleaving on arithmetic proficiency, this research endeavors to
contribute valuable insights into effective teaching methodologies for early mathematics education. By
empowering educators with evidence-based practices, this study further aimed to foster a supportive learning
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environment where all students can develop a strong foundation in arithmetic skills, setting them on a path
toward mathematical success in their academic journey.

2.0 Methodology
2.1 Research Design
The research study utilized a one-shot pretest-posttest quasi-experimental quantitative design to investigate the
effectiveness of interleaved practice as a remedial intervention strategy for enhancing arithmetic proficiency in
grade one pupils. To determine the significant difference in the performance between those exposed to the
traditional blocked practice, teacher-made pre-post-tests and worksheets on the basic operations were designed.

2.2 Research Participants

All participants were grade one pupil from all sections in a private basic education Institution in Mandaue
City, Cebu, Philippines. Selected participants were identified through the learner’s second-trimester grade
in mathematics and from the feedback of the mathematics teachers. Only the low-performing pupils who did
not meet the standard grade were selected. Participants were chosen through purposive sampling technique.
Thirty pupils were selected, and each were randomly assigned between two groups. Half of the pupils were
assigned to the control group and the other half for experimental group to ensure an unbiased comparison
between instructional methods. The control group of fifteen assigned learners were taught using the
traditional blocked practice, while the experimental group of fifteen assigned learners used the interleaved
practice. The low-performing grade one pupils received remediation for twenty (20) sessions. The control
group received thirty (30) minute practice per session focusing solely on addition or subtraction operations
using the traditional blocked practice method. The experimental group received thirty (30) minute practice per
session involving mixed addition and subtraction problems utilizing the interleaved practice method through
worksheets and exit slip activities. The worksheets and exit slips were checked by three credible validators
to ensure the validity of the instruments.

2.3 Data Gathering Procedure

Upon the approval of the study and issuance of its ethical clearance from the Institutional Research
Committee of Sacred Heart School- Ateneo de Cebu, consent was sought from the Grade School
administration and parents of the selected grade one participants. With the granted consent, the selected
grade one learners were assigned to control and experimental groups. Then, learners were oriented toward
the study, its procedure, advantages, and disadvantages. After the preliminary was done and approval was
received, the selected learners took the researcher-made pretest. The pretest was the same for both the control
and experimental groups. Then, the learners underwent twenty (20) sessions of remediation using the assigned
strategy in their group. At the end of the whole remediation session, the selected pupils took the researcher-
made posttest. The pretest and posttest were the same for both groups.

2.4 Data Analysis

The pretest and posttest scores of the grade one pupils were initially analyzed by determining the mean
scores. This was done to determine the pupils’ performance before and after receiving the remediation in each
respective group. For the difference between pretest and posttest of each group, Wilcoxon’s signed rank test
was used. Then, Mann- Whitney U Test was employed to determine the significant difference between the
posttest mean score of the pupils remediated through traditional blocked practice and those that were
remediated through interleaved practice. This analysis was selected since the values do not conform to a
normal distribution. Rank biserial correlation test was also utilized to identify the effect size for both groups.

2.5 Ethical Considerations

A clearance to conduct research was requested from the grade school principals, the Institutional Research
Committee, and the data protection officer before the commencement of the study. A reply slip from a
written consent form sent to the parents explaining the nature and objectives of the study, the data needed
from the pupils, and the process of conducting it was sought. Participation in this study was invitational and
voluntary. The pupils were given an orientation on the processes of the study and the liberty to decide to be
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part of the study and to withdraw their participation anytime if they decided to do so. Furthermore, to ensure
confidentiality and to reduce research bias, a list per section was linked in codes, and questionnaire and
answer sheets were kept with utmost confidentiality and were free from any information that would identify
the research participants. The identity of the participants was concealed in all reports- written and verbal. All
the information obtained about the participants was handled and kept in confidence. Measures were taken
to ensure the confidentiality of participant data, including anonymizing data during analysis and storing of
all research-related documents. Furthermore, all raw data were deleted upon the culmination of this research
by the Data Privacy Act of 2012.

2.6 Limitations and Delimitations

The study acknowledges potential limitations, such as sample size constraints, variations in implementation
fidelity, and external factors influencing outcomes. Delimitations may include focusing exclusively on grade
one pupils, specific arithmetic skills (addition and subtraction), and instructional interventions (traditional
blocked practice and interleaved practice). By employing a rigorous research methodology, the study aims to
provide robust evidence on the effectiveness of instructional interventions for enhancing arithmetic
proficiency in grade one pupils, thereby informing educational practice and policy.

3.0 Results and Discussion

This section presents and discusses the results, and the findings based on the data gathered. Table 1 shows the
Wilcoxon Signed Rank Test result between the pretest and posttest scores of interleaved practice. Table 2
shows the Wilcoxon Signed Rank Test result between the pretest and posttest scores of Traditional blocked
practice. Table 3 shows the result Mann- Whitney U Test results to determine the significant difference
between the posttest mean score of the pupils remediated through traditional blocked practice and those that
were remediated through interleaved practice.

Table 1. Difference between the Pretest and Posttest Scores of Interleaved Practice

Test type Mean t p-value Interpretation
Pretest 5.87
-3.40 <.0001 With Significant Difference
Posttest 14.40

Note: Significant if p<0.05; Effect size= -0.88 (strong negative difference)

The results indicated a statistically significant difference between the pretest and posttest scores of pupils exposed
to interleaved practice, as reflected by a Z value of -3.4078 and a p-value of less than 0.00064. Since the p-value is
well below the 0.05 threshold, the null hypothesis of no difference was rejected. The mean scores increased from
5.87 during the pretest to 14.4 in the posttest, demonstrating a substantial improvement. Additionally, the effect
size of -0.88 suggests a strong and meaningful difference, reinforcing that interleaved practice contributed to a
significant enhancement in performance. These findings align with broader research on interleaved practice. The
study by Rohrer et al. (2020) highlights the benefits of interleaved practice in fostering deeper learning and
adaptability by forcing students to select appropriate strategies for each problem rather than relying on repetitive
patterns. Additionally, interleaving naturally incorporates the spacing and retrieval effects, both of which are
known to enhance long-term retention and problem-solving skills.

Furthermore, a meta-analysis conducted by Brunmair and Richter’s (2019) quantified the overall effectiveness of
interleaved practice across various domains. Their analysis revealed a small positive effect for mathematical tasks,
suggesting that interleaving is beneficial for procedural knowledge but may vary depending on implementation
and task design. On the other hand, Van der Haar et al. (2023) revealed that interleaved practice increased short-
term retention scores by 0.29 standard deviations but showed no significant improvement in cumulative
assessments over the academic year. The study suggests that interleaved practice may have mixed impacts
depending on the test type and retention interval. These studies collectively highlight the effectiveness of
interleaved practice in enhancing procedural knowledge, fostering flexible strategy use, and promoting long-term
retention across various age groups and mathematical domains. The present study contributes to this body of
research by providing evidence that interleaved practice can be successfully applied in early elementary education
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to remediate and enhance basic arithmetic skills. This convergence of findings emphasized the potential of
interleaved practice as a versatile and impactful instructional strategy that educators can leverage to improve
mathematical literacy and adaptability in young learners. Similarly, the time-tested traditional blocked method
has shown dependable results as shown in the table below.

Table 2. Difference between the Pretest and Posttest Scores of Traditional Blocked Practice

Test type Mean t p-value Interpretation
Pretest 6.40
-3.407 <.001 With Significant Difference
Posttest 13.40

Note: Significant if p<0.05; Effect size= -0.86 (strong negative difference)

As shown in Table 2, the findings revealed a statistically significant difference between the pretest and posttest
scores of students who engaged in traditional blocked practice, as shown by a Z value of -3.4078 and a p-value of
less than 0.00064. Since the p-value is below the 0.05 threshold, the null hypothesis was rejected. The mean scores
improved from 6.4 in the pretest to 13.4 in the posttest, indicating a substantial gain in performance. The effect
size of -0.86 further supports that this difference was strong and meaningful, suggesting that traditional blocked
practice had a significant positive impact on students' performance.

In the study, “why do people overestimate the effectiveness of blocked learning?”, it was found out that people
overestimate the effectiveness of blocked learning due to the immediate memory boost caused by blocked learning
and not due to their previously acquired habit to study in blocks. The study pointed out how evaluations for
effectiveness are not always accurate. (Krasnoff, 2023) Blocked practice has traditionally been effective for initial
skill acquisition, especially in early stages of learning like basic arithmetic (addition and subtraction) (Rohrer,
2012; Taylor & Rohrer, 2010). It allows focused repetition which can boost confidence and reinforce mastery of
procedures, especially for younger learners.

However, while blocked practice resulted in significant immediate gains, some studies caution that its benefits
may not sustain over time. Blocked practice tends to encourage rote memorization rather than flexible problem-
solving, which might limit students' ability to transfer their skills to much complex problems (Rohrer & Taylor,
2007). Thus, while effective in the short term for basic computational skills, blocked practice might be less
beneficial for promoting deeper mathematical understanding compared to more varied practice strategies like
interleaving.

In grade one, concepts are taught in traditional blocked practice. This is done to allow sufficient time for mastery
since this is the entry level were concepts are still introduced. The result of the test has highlighted the
effectiveness of the Traditional Blocked Practice. However, problems such low retention from the next level
continues to resurface. Thus, the need of another strategy for intervention.

Table 3. Difference between Posttest Scores of Interleaved and Traditional Blocked Practices

Strategy Type Posttest Mean Score U-value p-value Interpretation
Interleaved Practice 14.40
98 281 No Significant difference
Traditional blocked practice 13.40

As shown in Table 3, the results revealed that U value of 98 indicates that the difference between pretest and
posttest scores after implementing interleaved practice is not statistically significant. This suggests that
interleaved practice has comparable measurable improvement in students' basic arithmetic performance
with the traditional blocked practice. Both practices are effective in improving the skills of the learners.
Although the results showed no statistical significance, previous research conducted around the world support
the idea that somehow interleaved practice yields better results compared to traditional blocked practice.
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Herrington (2021) found that interleaved practice resulted in better delayed assessment scores compared to
blocked practice, with 75% accuracy for interleaved assignments versus 61.7% for blocked ones. Further evidence
supporting the efficacy of interleaved practice comes from a study on subtraction strategies among German third
graders, which demonstrated that interleaved instruction fostered greater adaptive use of shortcut strategies
compared to blocked practice. Nemeth et al. (2019) found that interleaved practice in elementary school
mathematics fosters flexible and adaptive use of subtraction strategies. Specifically, their results suggest that
interleaving, when paired with prompts to compare and discriminate between tasks, enhances learners' ability to
choose appropriate strategies based on task characteristics.

Braithwaite and Hall (2024) found that while explicit instruction in fraction arithmetic is effective, there is no
evidence that explaining the rationales behind mathematical procedures or interleaving practice enhances the
effects of such instruction on procedural knowledge. This suggests that explicit teaching methods alone are
sufficient for improving procedural understanding, and additional strategies like rationale explanations or
interleaved practice may not provide further benefits in this context.

However, despite the absence of statistically significant difference between the two interventions, research
articles could not help but highlight the effects of interleaved practice in comparison to the traditional blocked
practice. Schorn and Knowlton's (2021) found that interleaved practice benefits implicit sequence learning and
transfer. Participants who practiced sequences in an interleaved manner showed better retention and transfer
compared to those who practiced in a blocked manner. Even when participants were unaware of the sequences,
interleaved practice enhanced their ability to recall and apply the learned patterns.

Agarwal and Agostinelli (2020) contrast interleaved practice with blocked practice, where students practice one
concept at a time, while interleaving, which involves mixing up different types of problems, enhances long-
term learning by requiring students to discriminate between problems and select appropriate strategies. They
argued that while blocked practice may lead to higher initial performance, interleaved practice results in
better retention and understanding over time.

In this paper, the researcher proposes that interleaved practice will be used in remediating arithmetic
proficiency among grade one learners. This involves mixing different types of arithmetic problems (e.g.,
addition and subtraction) within practice sessions. Interleaved practice enhances problem- solving fluency,
retention, and adaptability by requiring students to select appropriate strategies for each problem (Rohrer et
al, 2020; Nemeth et al,, 2019). By incorporating interleaved practice into daily routines, teachers can foster a
robust understanding of arithmetic concepts and prepare students for more complex problem-solving
scenarios. This approach is supported by research demonstrating its effectiveness in improving long-term
learning outcomes across various educational contexts (Agarwal & Agostinelli, 2020). This adaptability is
crucial for grade one learners who are still developing their ability to apply learned strategies across different
types of arithmetic problems.

4.0 Conclusion

Based on the results, the pupils who were exposed to interleaved practice displayed significant improvements in
their performance levels after the intervention. It has comparable statistical effectiveness with the traditional
blocked practice as evidenced by the insignificant difference in the post-test and gain scores. Thus, the interleaved
practice is as effective when it comes to remediating a pupil’s basic arithmetic proficiency in addition and
subtraction. It can be concluded that the use of interleaved practice showed a measurable contribution towards
arithmetic proficiency on addition and subtraction and is a good alternative strategy to be implemented next
school year together with the traditional blocked practice.

As a recommendation, it is suggested to continue implementing the interleaved practice over a longer period to

allow more time for its effects to become evident. Also, ensure that the practice methods are applied consistently
across all participants to reduce variability. For future research, it is recommended that researchers utilize
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assessment tools that are sensitive enough to detect changes in students’ performance. Exploring other strategies
that would help improve intervention programs in Mathematics is also recommended.
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