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Abstract

Mathematical word problem-solving remains a significant challenge for early primary students due to the
abstract nature of linguistic information and cognitive load constraints. This study investigates the
effectiveness of the Sketching Technique in enhancing the mathematical achievement of Year 2 students,
with a specific focus on word-problem solving involving basic arithmetic operations. A quasi-experimental
research design was employed involving 60 Year 2 students from a primary school in the Northeast District
of Penang. The participants were divided into a treatment group (n=30) that used the Sketching Technique
and a control group (n=30) that followed conventional teaching methods. The research instrument was an
achievement test consisting of 10 word-problem questions, with a total score of 10 marks. The test's internal
consistency reliability was acceptable (Kuder-Richardson Formula 20 = 0.81). Data were collected using
pre-test and post-test instruments and analyzed using paired and independent-samples t-tests. Findings
revealed a significant improvement in the treatment group, with the mean score increasing markedly from
2.33 on the pre-test to 9.53 on the post-test. Conversely, the control group showed minimal improvement,
with mean scores rising from 2.30 to only 2.90. Statistical analysis confirmed a significant difference
between the two groups, with the treatment group demonstrating more consistent performance as evidenced
by a reduction in standard deviation from 1.73 to 0.51. Furthermore, the effect size (Cohen's d) was
calculated to be 5.65, indicating very large practical significance of the intervention. These results suggest
that integrating visual-based pedagogical innovations is crucial for improving numeracy outcomes and
fostering critical thinking in early primary education.
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1. INTRODUCTION

Math skills in early school years are very important, especially for solving problems
(Ozcan & Dogan, 2018; Setambah et al., 2024; Wahyuni et al., 2025). Problem-solving is a
key part of the math curriculum in Malaysia and other countries. But many primary school
students still find it hard to solve math problems. This happens because they haven't fully
mastered problem-solving skills or don't really understand them (Ekawati et al., 2026;
Harisman et al., 2026; Murtafiah et al., 2023; Suprotun & Suparman, 2019). This also
indirectly creates students who are less able to relate the mathematical knowledge they receive
to real reality, which causes students' studies and lives to be separated into two different
directions. Furthermore, mathematical problem-solving skills are a skill that is difficult for
students to master due to low exposure to mathematical questions in the form of mathematical
problems (Liu et al., 2025). As a result, students struggle to connect what they learn in math
class to real life. This creates a gap between their studies and daily experiences. Also, students
rarely get exposed to math problems, which makes it even harder for them to learn

Malaysian primary school students face numeracy problems in solving word problems
(Gholami, 2023; Wei et al., 2025). This happens when teachers not only focus too much on
the method of memorizing formulas such as the sifir box to solve Mathematics problems, but
students are also stressed on the method of memorizing formulas and algorithms (Nasution et
al., 2025). Previous research supports that students need to think mathematically to solve
problems involving basic mathematical operations in primary schools (McNeil et al., 2025).
Based on that, students not only need to master basic skills but must also be able to apply these
skills in daily life which can be referred to as problem solving. Therefore, educators need to
play arole as agents of change by understanding students' difficulties in solving word problems
and subsequently guiding them to understand and solve mathematical problems more
effectively (DeDecker et al., 2023; lilonga & Ogbonnaya, 2023; Maharani et al., 2019).

Therefore, students should be exposed to routine and non-routine problem-solving
questions in verse more regularly and in line with the application of effective and quality
teaching techniques and activities. This will ensure the effectiveness of applying these skills
in primary school students. Therefore, teaching techniques should be modified and developed
to train students to master problem-solving skills to improve their Mathematics achievement
and face real-world challenges (Nasir et al., 2021).

The selection of the Sketching Technique as the intervention in this study is grounded
in three complementary theoretical perspectives from mathematics education literature. First,
Cognitive Load Theory (Sweller, 1988) posits that novice learners, particularly Year 2
students, suffer from overload when processing both linguistic information and numerical
operations simultaneously. Sketching reduces extraneous cognitive load by externalizing
problem information into visual-spatial formats (Hegarty & Kozhevnikov, 1999). Second,
Dual Coding Theory (Paivio, 1991) provides justification, as it argues that information
processed through both verbal and visual channels enhances memory and comprehension.
Word problems inherently activate verbal coding; sketching adds the missing visual code.
Third, and most critically, Schema-Based Instruction (SBI) literature (Fuchs et al., 2004;
Jitendra et al., 2015) demonstrates that students with word problem-solving difficulties benefit
from identifying underlying problem structures (e.g., combine, compare, change) through
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visual diagrams. The Sketching Technique operationalizes SBI by guiding students to draw
concrete representations that map directly onto these semantic schemas. Unlike conventional
rote methods, this visual approach aligns with van Garderen's (2007) finding that successful
problem solvers spontaneously use drawings to organize information, while struggling solvers
do not. Thus, the Sketching Technique is not merely an engaging activity but a theoretically
justified cognitive scaffold designed to bridge the gap between text comprehension and
mathematical operation selection.

The Sketch technique was introduced in the context of the study. The "sketch"
technique has been proven to improve students' ability to interpret and represent mathematical
problems, which is a critical component in solving verse problems (Ziadat, 2022). The Sketch
technique in this study refers to the method of sketching or drawing what comes to the mind
of students while reading a Mathematical verse problem Cartwright (2024). Individuals who
can visualize the thought process or situation in the question are a technique in solving using
visualization. Through visuals, individuals can also benefit from visual images available in the
form of photos, diagrams, sketches and tables in their efforts to understand the Mathematical
issue that needs to be solved. This is in line with Si and Huan (2024), which found that children
can understand arithmetic issues more completely when they can create a visual picture of the
situation in the problem. Figure 1 illustrates an example of the use of the Sketch technique
implemented by students. This technique allows students to visualize the problem, describe
the solution, and model mathematically, although it may take longer for illustrations.
Visualization through this sketch technique can make it easier for students to understand the
steps of solving problems, especially in story questions, thus increasing their ability in solving
mathematical problems (Gansemer-Topf et al., 2021; Lewis et al., 2023).

Figure 1 is an example of a sketch that was made by students to answer the basic
operations hat problem-solving questions. The application of such visualization techniques can
activate learning actively and efficiently through exploration, experimentation, and
observation (Kortemeyer, 2023). This study adapted this approach in the hope of improving
students' mathematical representation abilities, which are empirically proven to be low in
solving mathematical problems (Sartika et al., 2019). Previous research has also shown that
the use of visual learning media can improve students' abilities in solving mathematical
problems, thinking creatively, and reasoning (Hahn & Klein, 2023). This is supported by study
findings that show that visualization-based teaching can significantly improve problem-
solving skills (Lane, 2017).

In this study, the Sketch Technique was implemented through a structured four-step
procedure adapted from van Garderen (2007) and Ziadat (2022). First, students read the word
problem twice and underlined key information such as numbers and action words (e.g.,
"altogether," "left"). Second, students drew a simple sketch representing the problem situation
using basic shapes such as circles, squares, or stick figures; they were taught that artistic ability
was not required. Third, students labeled their sketches with numbers and operation symbols
to visually identify whether addition or subtraction was needed. Fourth, students wrote the
mathematical equation based on their sketch, calculated the answer, and verified their solution
against the visual representation. The technique was used across six instructional sessions (40
minutes each), with students practicing sketching on 3-4 word problems per session. The
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teacher provided scaffolding using a gradual release model: direct modeling in the first two
sessions ("I do"), guided practice with peer collaboration in the next two sessions ("We do"),
and independent sketching in the final two sessions ("You do"). This structured
implementation ensured that students in the treatment group received consistent and explicit
instruction in the use of sketching as a problem-solving strategy.
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Figure 1. Student using sketch technique

Therefore, this study focuses on the effectiveness of using sketch techniques in
improving students' mathematics achievement, especially in the context of solving word
problems (Morden-Snipper et al., 2015) for the topic of basic operations only. Previous studies
have also proven that visualization plays an important role in improving students'
understanding and performance in solving word problems. Therefore, the study aims to test
the effect of this sketch technique on the achievement of year 2 students in the aspect of
problem solving focusing on the topic of basic operations only.

2. METHOD

This study used a quasi-experimental design with a quantitative approach to identify
the relationship between independent variables and dependent variables. This design was
chosen because of its suitability in collecting descriptive and statistical data to test the
effectiveness of interventions in school settings (Chua, 2011). A total of 60 Year 2 students
were selected as respondents, of which 30 students were placed in the treatment group who
received instruction using the Sketch Technique, while the other 30 were in the control group
who were taught using the traditional method based on textbooks. To control for potential
confounding variables related to teacher competency and instructional style, the researcher
personally delivered all lessons to both the treatment and control groups. The researcher taught
both groups using an identical schedule (six sessions, 40 minutes each) and maintained
consistent levels of enthusiasm, commitment, and instructional time across both groups. The
only difference between the groups was the instructional technique employed. This design can
be illustrated in Figure 2.



IDﬁDTﬁy Volume 15, No 3, 2026, pp. 787-800 791

The intervention was conducted over three weeks with two 40-minute sessions per
week, totaling six sessions (240 minutes). The same teacher taught both groups. For the
treatment group, each session followed a four-step sketching procedure: (1) underline key
information (read) ; (2) draw simple shapes to represent the problem (sketch); (3) Label — add
numbers and identify + or -; (4) write the equation and verify with the sketch (Draw. The first
two sessions involved teacher modeling ("I do"), sessions three and four involved guided
practice ("We do"), and sessions five and six involved independent sketching ("You do"). The
control group followed the same session structure but used conventional keyword-based
instruction (e.g., "altogether" means add) without sketching.

Sample (n-60)
Year 2 Student
Cluster Sampling

\ 4 \4

Sample (n=30) Sample (n=30)
Sketch Technique Tradistional Method

Pretest (10 -Word Problem Achievement Test)

v \ 4

Intervention Intervention
Sketch Technique Tradistional Method
6 Session 40 Minutes 6 Session 40 Minutes
Each Each

Posttest (10 -Word Problem Achievement Test)

A 4

Data Analysis
Independent-t test
Paired t-test
Cohen’s d

Figure 2. Experimental process and numbers of sample

In terms of population and sample, this study was conducted at a national primary
school in the Timur Laut district, Penang. The researcher used cluster sampling to ensure that
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the selected sample truly represented the target population (Mohd Yusof, 2005). The selection
process involved determining the location and employing a cluster sampling technique, where
two intact Year 2 classes were randomly selected from the school. One randomly selected class
was assigned as the treatment group, and the other randomly selected class served as the
control group. This step was important to ensure that a fair comparison could be made between
the group that received the sketch technique and the group that used the conventional method.

The main instrument used in this study was an achievement test consisting of a pre-
test and a post-test. According to Creswell and Creswell (2018), the use of pre-test and post-
test is very appropriate in quasi-experimental studies to measure the extent to which students
have mastered a topic. The pre-test was conducted to identify the initial level of students in
solving sentence problems before the intervention, while the post-test was given after the
introduction of the Sketch Technique. Both tests were equivalent in terms of question form,
time, and scoring scheme. To establish content validity, the test items were developed based
on the Year 2 Mathematics textbook and the Malaysia Standard Curriculum and Assessment
Document (SCAD). The items were reviewed and validated by two experienced Mathematics
teachers and one content expert from the university. A pilot study was conducted with 30 Year
2 students from a different school within the same district who possessed similar
characteristics to the actual sample. The pilot test results were analyzed using the Kuder-
Richardson formula (KR-20), yielding a reliability coefficient of 0.81, indicating high internal
consistency. Therefore, the instrument was considered valid and reliable for measuring
students' mathematical achievement in word problem-solving.

To analyze the data, paired sample t-tests and independent t-tests were used to see
significant differences between the mean scores for the two groups and the mean scores of the
pre-test and post-test. The summary of the study implementation is illustrated in Figure 3.

Pretest (week 1)

(week 1) (week 2) (week 3)
Session 1-20 minutes Session 1-20 minutes Session 1-20 minutes
Session 2-20 minutes Session 2-20 minutes Session 2-20 minutes
(I do-modelling) (we do-guide) (you do-independent)
A 4
Post test (week 3)

Figure 3. Summarize of study implementation
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3. RESULTS AND DISCUSSION
3.1. Results

Data analysis was conducted to assess the effect of the Sketch Technique on the
mathematics achievement of Year 2 students. Figure 4 shows the comparison of mean scores
between the Control Group and the Treatment Group.

MEAN PRA AND POST
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Figure 4. Mean pra and post control and experiment group

An independent samples t-test was conducted to compare the pretest and posttest
scores between the control and treatment groups. For the pretest, there was no significant
difference between the control group (M = 2.30, SD = 1.60) and the treatment group (M =
2.33, SD = 1.73); t(58) = -0.077, p = 0.939, 95% CI [-0.892, 0.826]. This confirms that both
groups had homogeneous mathematical achievement levels prior to the intervention.

Following the intervention, the treatment group demonstrated a substantial increase in
achievement compared to the control group. The independent samples t-test revealed a
statistically significant difference between the control group (M = 2.90, SD = 1.27) and the
treatment group (M = 9.53, SD = 0.51); t(58) = -25.85, p < 0.001, 95% CI [-7.147, -6.119].
The mean difference of -6.633 (SE = 0.257) indicates that the treatment group scored 6.63
points higher than the control group on average. Furthermore, the standard deviation of the
treatment group decreased from 1.73 in the pretest to 0.51 in the posttest, indicating more
consistent performance and a reduction in the achievement gap among students in the
treatment group.

Paired-samples t-tests were conducted to examine the effectiveness of the intervention
within each group. For the treatment group, there was a statistically significant increase from
pre-test (M = 2.33, SD = 1.73) to post-test (M = 9.53, SD = 0.51); t(29) = -22.14, p < 0.001.
The effect size was very large, Cohen's d = 4.04. For the control group, the increase from pre-
test (M = 2.30, SD = 1.60) to post-test (M =2.90, SD = 1.27) was also statistically significant
but substantially smaller; t(29) =-2.18, p=0.037, Cohen's d = 0.40. These results confirm that
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while both groups showed improvement, the Sketch Technique produced a substantially larger
and more meaningful effect (d = 4.04) compared to conventional instruction (d = 0.40).
Several factors may explain the exceptionally large gains (pre-test 2.33 to post-test
9.53, Cohen's d = 5.65). First, the low pre-test scores created substantial room for
improvement. Second, the Sketch Technique directly addressed the cognitive bottleneck of
Year 2 students (Piaget's concrete operational stage) by externalizing abstract language into
concrete visuals, reducing working memory load. Third, the structured scaffolding (I Do, We
Do, You Do) ensured students mastered the strategy before working independently. Fourth,
the novelty of drawing likely increased student engagement and motivation compared to
conventional worksheets. Fifth, the same teacher delivered both interventions, eliminating
teacher-related confounding variables. While these gains are exceptionally large, it should be
noted that the low baseline performance and short intervention duration (three weeks) may
limit generalizability to populations with higher initial ability or longer intervention periods.

3.2. Discussion

The sharp increase in this treatment group occurred because the Sketch Technique
acted as a cognitive "bridge". Year 2 students are at the stage of concrete operational
development (Piaget, 1976), where they have difficulty processing abstract sentences. By
sketching situations (for example, drawing 3 apples plus 2 more), students can: (1) Translate
Language to Visual: Convert long sentences into an easily visible form; (2) Identify
Operations: Through sketches, students can more easily see whether they need to add or
subtract; and (3) Improve Focus: The drawing process forces students to read the question
carefully to ensure that their sketches are accurate to the requirements of the question
(Musrikah et al., 2023).

The substantial improvement in the treatment group's performance may be explained
by the cognitive scaffolding provided by the Sketching Technique. Although this study did not
directly measure cognitive processes, the reduction in standard deviation from 1.73 to 0.51
suggests that students demonstrated more consistent performance, which could indicate
improved comprehension of the problem-solving tasks. First, the technique acts as a bridge for
linguistic-to-visual decoding, where students translate abstract word problems into concrete
mental models. As seen in Figure 1, the student successfully transformed the textual phrase "3
boxes" and "6 bottles" into identifiable geometric shapes, which mitigated the linguistic
interference often associated with complex word problems. This process aligns with Cognitive
Load Theory, as the sketch serves as an external memory aid that reduces the strain on a
student's working memory. By offloading the need to mentally visualize the entire scenario,
students can allocate their remaining cognitive resources toward identifying the correct
mathematical operation, such as multiplication ($6 \times 3$), rather than struggling with text
comprehension.

Furthermore, the Sketching Technique supports students' development during the
concrete operational stage, as proposed by Piaget (1976), where learners require physical or
visual representations to process abstract concepts. The visual evidence in Figure 1
demonstrates that the student was able to explicitly model the relationship between "groups"
and "members," a fundamental component of mathematical thinking. This visual scaffolding
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not only clarifies the problem structure but also enables self-validation. The students can cross-
check their sketches against the problem's requirements to ensure accuracy before arriving at
a solution. Ultimately, the transition from traditional rote memorization to this active
visualization strategy fosters a deeper conceptual understanding, allowing students to bridge
the gap between formal mathematics and real-world application.

This study is in line with the studies by Morden-Snipper et al. (2015), and Hahn and
Klein (2023), which emphasized the importance of visualization in arithmetic. The control
group's failure to achieve high scores indicates that the "talk and chalk" approach, or simply
referring to the textbook, is no longer sufficient for complex sentence-problem-solving
questions. The Sketch Technique not only improves achievement but also appears to promote
more active student engagement during mathematics lessons, as observed anecdotally during
the intervention. However, this study did not directly measure student enjoyment or
engagement. Future research should include validated instruments to assess affective
outcomes such as motivation, attitudes toward mathematics, and perceived enjoyment.

The effectiveness of the Sketch Technique in this study can be explained through
Cognitive Load Theory. Sentence problem-solving questions in Year 2 Mathematics often
burden students' working memory because they need to read, understand language, and
calculate simultaneously. This cognitive load can be reduced through the use of visual
representations. The Sketch Technique functions as a "scaffolding" tool that allows students
to transfer information from complex text to simple sketches. When students draw question
situations, they are actually performing a decoding process that makes it easier for the brain to
process the required mathematical operations without being confused by linguistic interference
(the words in the question).

The findings of this study also answer the issue raised by Varatharaju and Setambah
(2023), and Asmara et al. (2026) regarding numeracy problems among Malaysian students.
Often, students fail not because they do not know how to count (basic operations), but because
they do not understand "what needs to be counted". The use of sketching techniques gives
confidence to students with low language literacy levels. For example, students who have
difficulty understanding the words "difference" or "remainder" can see the concept physically
through block comparison sketches or diagrams. Overall, this study provides evidence
suggesting that the use of the Sketch Technique has a positive effect on the mathematics
achievement of Year 2 students, particularly in problem-solving skills, within the context of
this study.

The significant difference between the treatment and control groups (Mean 9.53
compared to 2.90) proves that the algorithmic memorization strategy practiced in the
traditional method is no longer relevant for questions in the form of sentence problems
(Gansemer-Topf et al., 2021). The control group that only relies on textbooks and static
formulas was found to be stuck when faced with non-routine questions. On the other hand, the
Sketch Technique encourages active mathematical thinking. Students no longer wait for the
teacher to provide a solution, but instead explore solutions through their own sketches. This is
in line with Kaur and Yeap (2009) findings that students need to "think mathematically" to
succeed in this subject. An interesting finding in this study is the decrease in the Standard
Deviation (SD) value for the treatment group from 1.73 to 0.51. This decrease is very
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significant because it shows that this technique not only helps excellent students, but also helps
the weakest students to reach a level that is almost the same as their peers (performance
becomes more consistent/stable). The Sketch technique reduces "guessing" in Mathematics. If
previously students simply guessed the operation (+ or -), sketches force them to understand
the logic behind the question, thus stabilizing the achievement of the entire class.

4. CONCLUSION

Overall, this study has successfully proven that the use of Sketch Technique has a very
positive and significant impact on the achievement of Mathematics of Year 2 students,
especially in problem-solving skills. Comparison of performance between groups shows that
students exposed to the sketch technique experienced a drastic increase in mean score from
2.33 to 9.53, compared to the control group which only showed a minimal increase through
the traditional method. This finding confirms that visualization functions as an effective
cognitive bridge to help students translate abstract sentences into concrete forms that are easier
to understand. This is in line with the cognitive development level of level one students who
need visual support to process complex information and reduce the burden of working memory
when completing basic mathematical operations.

The implications of this study show that the transition from formula memorization
methods to more creative problem-solving techniques is very necessary in today's education
system. The failure of traditional methods to significantly improve achievement proves that
students need more interactive strategies to connect text language with numeracy concepts.
Therefore, educators are advised to consistently integrate sketch techniques in teaching and
learning (T&L) sessions to build confidence and critical thinking skills among students.

However, several limitations should be acknowledged. First, the researcher taught both
groups, which may have introduced bias due to greater enthusiasm for the Sketch Technique.
Second, the quasi-experimental design using intact classes without individual random
assignment limits causal inferences. Third, the study was conducted in a single school with a
sample size of 60 students, which may limit generalizability. Future research should employ
multiple instructors, blinded designs, and larger sample sizes across multiple schools. In
conclusion, the Sketch Technique not only succeeded in improving students' achievement
grades, but it is also a pedagogical innovation that is able to bridge the learning gap and provide
students with a strong mathematical foundation to face real-world challenges.
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