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Abstract: Digital puzzle worksheet (DPW) is innovative teaching material designed using open-source software such as Canva and
Liveworksheets. Subsequently, puzzle games in the form of questions can improve problem-solving skills by engaging in
metacognitive processes. This research used a case study method to describe the impact of applying the DPW to identify the
metacognition levels of students through the assignment of contextual maths problems. The source of informants was third-grade
elementary school students in West Java, Indonesia. Test instruments, observation sheets, and interviews were used, while data
analysis adopted an iterative model. Furthermore, the method and time triangulation increased confidence in the resulting
conclusions. The results showed that male students were at the metacognitive level of ‘strategic use’ and ‘aware use’ for females,
based on the characteristics of the observed metacognitive level. The most prominent feature was identifying and determining
problem-solving strategies with metacognitive awareness. The reaction of students to the DPW improved problem-solving abilities,
expanded conceptual understanding, and enhanced digital technology competence. Therefore, this experience was applied when
solving contextual mathematical problem assignments.
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Introduction

The global COVID-19 pandemic, specifically in Indonesia, justifies the establishment of a “mobile school curriculum”. The
curriculum emphasizes that problem-solving skills should be mastered as a key priority for Elementary School students
to achieve the goals of mathematics education (Kepmentdikbud, 2020; Liljedahl et al, 2016). In various nations,
particularly since 1980, the mathematics curriculum has stressed the significance of problem-solving, as identified by
the findings of previous research (Aba et al.,, 2022; Phonapichat et al., 2014; Roberts et al., 2022).

The ability of students to solve arithmetic problems is still an issue that all parties should address (Surya et al., 2017).
Data yielded evidence regarding low mathematical problem-solving abilities due to a lack of competence (Phonapichat
etal.,, 2014). Other research findings also showed a similar problem (Amin & Mariani, 2017; Kenedi et al., 2019; Lubis et
al,, 2019).

One of the causes of low mathematical problem-solving skills is a lack of experience (Aba et al., 2022). Consequently,
students lack learning capacities, skills, tactics, and metacognitive awareness. As reported in previous research,
metacognitive activities such as planning, monitoring, and evaluating in solving problems are not successfully conducted
(Abdullah et al., 2017).

Other research reported that metacognitive skills in learning mathematics are not optimal and need to be leveled up
(Anthonysamy, 2021). Several findings showed that success in solving math problems is influenced by metacognition
(Abdullah et al., 2017; Ahdhianto et al, 2020; Ozkubat & Ozmen, 2021; Ozsoy & Ataman, 2009). The students’
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metacognition is directly proportional to the mathematical problem-solving (I1zzati & Mahmudi, 2018), which involves a
thinking stage (Santoso et al, 2019). Furthermore, a good thought process will involve awareness of thinking.
Metacognition is based on meta-levels and mental actions to guide thinking processes that can predict the success of
solving practical mathematical problems (Jacobse & Harskamp, 2012; Ozcan, 2016). Other analyses confirmed this
statement in the findings of the research (Aurah et al,, 2011; Ozkubat & Ozmen, 2021; Panaoura et al., 2009; Schraw &
Dennison, 1994). Therefore, metacognition contributes to solving mathematical problems (Flavell, 1979; Schneider &
Artelt, 2010; Schraw & Dennison, 1994). The metacognitive experience of students also has a direct impact on
mathematical problem-solving performance (Ozcan & Eren Giimiis, 2019).

Solso et al. (2005) showed that metacognition is an aspect of self-monitoring with personal knowledge and plays a role
in helping students use their mental resources (Fisher, 1998). This ability can detect behavior in solving problems with
four levels of metacognition. Swartz and Chang (1998), stated that several metacognitive indicators could detect a
person’s problem-solving ability involving four levels of metacognition. First, tacit use is the result of thinking without
consciousness. Second, aware use is the result of thinking that uses awareness. Third, strategic use is the application of
thought. Fourth, reflective use is reflective thinking (Swartz & Chang, 1998).

The results showed that gender differences affected mathematics learning for Elementary School students (Valero,
2001). However, other research stated that gender differences in metacognition were not significantly different (Jaleel,
2016; Misu & Masi, 2017) due to inconsistent results.

Digital-based teaching materials need to be developed to overcome the low ability to solve mathematical problems and
train students to involve their metacognition. The digital puzzle worksheet (DPW) can be one of the innovative,
technology-based teaching materials designed using Canva and Liveworksheets. Canva is an online graphic design tool
that allows users to create social media posts, presentations, posters, videos, logos, and more. Specifically, it is used for
creating, collaborating, and communicating visually inside and outside the classroom. Furthermore, Canva for Education
is 100% free for primary and secondary teachers and students.

The innovative teaching material is an application that can be accessed on digital devices. It is in the form of worksheets
and is specifically designed for third-grade Elementary School students to learn about measurement concepts such as
units of length, distance, and weight. The development is an extension of previous research that has examined the
effectiveness of using digital worksheets and puzzles for learning. By providing students with these interactive and
engaging teaching materials, understanding and retention of measurement concepts can be improved
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Figure 1. Example of a Digital Puzzle Worksheet (Ramlah, 2021a, 2021b)

Several previous research studies have developed the DPW, designed to cater to the needs of students, adapt to their
characteristics, and focus on learning objectives. The worksheet developed contains reinforcement materials, systematic
activities based on learning approaches (Amelia et al., 2020; Pulungan et al., 2022; Sharma, 2022), and practice questions.
The results showed that digital worksheets could develop critical and logical thinking skills (Huang et al., 2007; Puspita
& Dewi, 2021), train mathematical problem-solving skills (Darmawan & Yuwaningsih, 2021), and literacy (Mulyasari et
al, 2022). In addition, learning using digital worksheet also makes students happy and interested in mathematics
(Pulungan et al., 2022), increasing cases of learning activity and independence (Amelia et al., 2020).



European Journal of Educational Research | 797

Research on digital worksheet further examined the DPW as teaching material innovations. Sharma (2022) and Battocchi
et al. (2010) fostered students’ ability to work together. The use of games and puzzles as learning tools can improve
spatial competence (Lin & Chen, 2016) and social attitudes (Lieban et al.,, 2018), as well as stimulate spatial intelligence
(Saroinsong et al.,, 2021). Mathematical puzzles through digital manipulatives can improve digital problem-solving
competencies (Lieban & Lavicza, 2019). Additionally, interactive puzzles increase understanding of numbers and flat
shapes in early childhood between 5-7 years (Ramlah et al.,, 2022).

The limitations of previous research on digital worksheet and puzzles have not been applied in the learning process,
developed only as needed (Mulyasari et al, 2022). The developed digital worksheet is only oriented toward
metacognitive activities (Amelia et al.,, 2020). Digital worksheet was also developed only for autistic children (Battocchi
et al,, 2010). The types of puzzles are limited to geometric for children aged 4-5, stimulating spatial intelligence to
recognize shapes and colors (Saroinsong et al., 2021). Designing math puzzle tasks by connecting concrete and abstract
ideas through physical and digital modeling only increases geometric vocabulary and understanding of transformations
(Lieban & Lavicza, 2019). The application of digital worksheet can only be used through a smartphone with a minimum
of Android 10 features (Darmawan & Yuwaningsih, 2021; Lin & Chen, 2016; Pulungan et al., 2022; Saroinsong et al.,
2021).

Based on these previous researches, there are many researches that have developed worksheets and combined them
with digital puzzles and even seen their effect on metacognition. However, it needs to be analyzed in more depth at
different levels of metacognition. Meanwhile, the pattern of metacognition level between men and women is different.
This has not been discussed and observed by previous researchers, even though this is a crucial issue. Therefore,
researchers try to fill in the gaps in previous studies by analyzing further based on the level of metacognition and gender.

Furthermore, the types of puzzles are focused on 'matching or jigsaw puzzles' and 'completion puzzles'. Researchers try
to add variation to the type of puzzles (such as word finding puzzles and crossword puzzles based on problem solving
that requires the involvement of metacognition in implementing the type of puzzles.

The problem investigated in this research is a case study found in a pilot school located in a rural area (very far from
urban areas). The availability of access to technology and information in these schools is still limited. The teachers at the
school have not used DPW, and most of them do not even know how to make and use it. Meanwhile, this DPW can be used
to identify the level of metacognition based on gender. Thus, the result of this study contributes especially to elementary
school teachers in being able to use DPW as a basis for consideration in deciding what learning approaches and media
can be used by teachers according to their level of metacognition and gender.

Based on the application of the DPW, data obtained showed the average students’ score of 7.95. The average score for
contextual math problem-solving tasks is 7.62, and the data showed that around 86.48% of students are good problem-
solvers. This provided a basis to examine, identify and describe the contribution of digital puzzles to the metacognition
of Elementary School students (Madrasah Ibtidaiyyah/MI) when solving contextual math problems. As a limitation, the
impact of the DPW teaching materials was examined in determining the level of third-grade Elementary School students
based on gender.

Methodology

Research Design

A qualitative case study method was used to uncover research answers to describe metacognition levels based on a
gender perspective in solving contextual math problems. Furthermore, the three types of the DPW designed in canvas
contained material identity components, learning videos, sample questions, and student activities. Problem-solving
exercises were presented in puzzle games, such as jigsaws, charades, and crosswords as shown in Figure 1. The designed
DPW was then transferred into interactive exercises. Students could operate the DPW easily according to the instructions
listed.

Besides functioning as an interesting and fun teaching material, the DPW can also develop mathematical problem-solving
skills, thinking power, awareness of thinking, and digital literacy. This is because puzzle game questions are expected to
be solved from easy to difficult levels through digital devices. The advantage is that these games assist students in
continuing to train and develop their logical thinking (Huang et al., 2007).

Problems are indirectly identified when puzzles are solved, which require planning to determine the strategy or formula
used. In evaluation activities, the appropriateness of the answers given to the problem can be reconsidered, even though
the digital puzzle-solving activities are different. Some students use their awareness of thinking to solve digital puzzle
problems hierarchically. In contrast, others make decisions without thinking due to differences in awareness or
metacognition level.

One of the advantages of the DPW is that students can rework the puzzle without being limited by time. Therefore, when
solving the problems presented, thinking awareness can also be developed. The continuous application of the DPW has
implications for the awareness or level of metacognition in solving mathematical problems.
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Sample and Data Collection

The DPW was implemented in third-grade students across two elementary schools in West Java, Indonesia (Madrasah
Ibtidaiyyah/MI). Learning mathematics was carried out six times face-to-face in class and divided into three types of
DPW, namely length, distance, and weight unit material. In collecting samples and data involving researchers, teachers
and students.

The researcher has four central roles, namely as a DPW designer, an observer during the implementation of learning, an
analyzer of student DPW work results, and an observer to determine the level of students' metacognition. As a DPW
designer, the researcher does the following: 1) analyzes the situation of students' needs; 2) determine learning materials;
3) make a DPW design; 4) finalizing the creation of the DPW using the Canva application; 5) upload the DPW in the
'liveworksheets' account so that it can be accessed online. As an observer of the implementation of learning, the
researcher directly observed the process of learning mathematics using DPW. Meanwhile, as an analyzer of student DPW
work results, researchers carry out activities to analyze all student work results after solving all the problems presented
at DPW. As an observer to determine the level of students' metacognition, the researcher carried out activities including
observing students' metacognitive activities (planning, monitoring and evaluation) using observation sheets.

Teachers have two central roles, namely as validators of research instruments and executors who implement DPW. As a
research instrument validator, the teacher validates the test instruments (contextual problem-solving tasks) and
interview sheets. As an implementation of DPW, the teacher gives DPW to students as an evaluation tool for the material
that has been delivered. The DPW completion process was carried out within 30 minutes. The DPW work score can be
seen after the student has completed all the problems and ends it by clicking the 'finish' button. If the student has not
met the minimum completeness criterion score, then the student can repeat it at home. The teacher was fully responsible
for the implementation of the DPW, and was responsible for the validation results of the test instruments and interview
sheets given as they should.

Students have three central roles, namely as a solver of math puzzle problems in each DPW, completing contextual
problem-solving assignments, and providing information/data to determine students' metacognition levels. Especially
for students who provide information in determining the level of metacognition, two students are taken based on gender.

According to the various considerations, the respondents involved consisted of male and female students. They were
selected using a purposive sampling technique after considering certain criteria based on the highest total score on the
DPW and the contextual problem-solving task. In this case, the results of student scores are the main information used
to describe metacognition levels based on gender. The following is a recapitulation of worksheets and problem-solving
task scores for male, which are presented in Table 1.

Table 1. Recapitulation of Worksheet Scores and Problem-solving Tasks for Male

Respondents Gender DPW Total Score Problem-Solving Task Total Score
R3 Male 8.0 8.3
R4 Male 7.7 8.1
R5 Male 8.0 7.9
R8 Male 8.7 7.5
15 Male 9.3 9.0
R16 Male 8.0 7.5
R18 Male 7.7 7.7
R19 Male 8.0 8.2
R20 Male 8.7 8.2
R21 Male 7.3 7.7
R22 Male 8.3 8.0
R23 Male 8.3 8.0
R24 Male 6.0 7.3
R27 Male 8.0 7.7
R28 Male 8.7 8.3
R29 Male 7.0 7.7
R34 Male 7.3 7.8
R35 Male 8.3 8.1

Tables 1 and 2 show that the respondents are male, with the highest score of R15. In contrast, the female respondent
with the highest score is R6. The determination is based on the highest average score of the DPW work and contextual
math problem-solving tasks. The reason for the determination was that respondents can describe the process of solving
the problem and the process of awareness or metacognition level. Therefore, respondents can provide the information
needed under the research objectives.
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Table 2. Recapitulation of Worksheet Scores and Problem-Solving Assignments for Female

Respondents Gender DPW Total Score Problem-Solving Task Total Score
R1 Female 7.7 8.2
R2 Female 8.0 7.9
R6 Female 9.0 8.5
R7 Female 7.7 7.7
R9 Female 8.7 7.3
R10 Female 8.3 7.1
R11 Female 8.3 6.5
R12 Female 7.3 6.3
R13 Female 7.7 5.9
R14 Female 8.0 5.2
R17 Female 6.7 6.5
R25 Female 8.0 7.5
R26 Female 7.3 7.7
R30 Female 7.3 7.0
R31 Female 8.7 8.0
R32 Female 8.7 8.3
R33 Female 8.7 8.0
R36 Female 7.3 7.5
R37 Female 7.7 7.8

There are three types of instruments used, namely observation sheets on the results of DPW work, contextual
mathematical problem-solving assignments and unstructured interviews given to research respondents. The DPW work
observation sheet is used to obtain information/data on students' metacognition levels. The problem-solving task
instrument is used to reveal the problem-solving process, while unstructured interviews are used to obtain more
complete data regarding the level of students' metacognition. Data from the results of the three instruments obtained
from respondents were matched with metacognition levels and indicators (in Table 3).

The following assignments are related to contextual math problem-solving questions. These assignments consist of
materials units of length, distance, and weight.

Task 1: Mr. Asep wants to make his house fence out of bamboo. He has eight bamboo sticks measuring 200 cm for each
stick. If Pak Asep only needs 1400 cm of bamboo, how many meters of bamboo are left?

Task 2: Rasya is going to visit Uncle’s house. The distance from Rasya’s house to Uncle’s house is three times the distance
from her house to the market. If Rasya’s house is 2 km from the market, how many meters is her house to Uncle’s house?
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Figure 2. lllustration of Contextual Problem in Task 2

Task 3: Mother buys sugar at the market, and granulated sugar is stored in two plastic bags A, weighing 3 kg 250 grams,
and B, 150 grams lighter. How many grams weigh the sugar in plastic bag B?

Contextual math problem-solving assignments are given to respondents at the end of the whole mathematics learning
using the DPW. These assignments present the material, namely units of length, distance, and weight. Meanwhile, test
instruments, observation sheets, and interviews were validated by considering internal validity based on the expert
judgment of a lecturer and two home teachers. The internal validity shows that the test instruments and interview sheets
are in a good category, with a percentage of 78%, and the indicators in the metacognition level are presented in Table 3.
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Table 3. Metacognition Levels and the Indicators

Metacognition Level Indicator
Planning Monitoring Evaluation
Tacit Use - Respondents cannot show what - Respondents do not - Respondents did
data they knew (R1), relate the awareness of not evaluate the
- Respondents cannot show what various things that can answers received
data were asked (Rz), be monitored (RP1), (RE1).
- Respondents cannot express their - Respondents do not
problems clearly (R3). know the concept
errors and answers
obtained (RP2).

Aware Use - Respondents have problems - Respondents are - Respondents did
thinking of formulas and their unable to complete not evaluate the
application (S1), their responses answers received

- Respondents only disclosed part of because they were (RE1),
what was stated in writing (Sz), confused (SP1), - Respondents
- Respondents know the problem - Respondents know the evaluated their
because they can express it clearly concept errors answers but were
(S3). (formulas) and unsure of the
calculation methods written answers
but cannot render any (SE1).
correction (Sz2).

Strategic Use - Respondents know the problem - Respondents know the - Respondents did
because they can express it clearly misconceptions and not evaluate the
(S3). calculation methods answers received

- Respondents do not experience (QP1). (RE4).
difficulties and doubts in getting the - Respondents can - Respondents rated
formula and the calculation (Q1) express reasons but were not sure
- Respondents can explain most of supporting their about the results
what is written (Qz). thoughts’ results (QP2). obtained (QE1).

Adapted from Swartz and Perkins (1989).

Analyzing of Data

The analytical method used is an iterative model (Miles & Huberman, 1994). Broadly speaking, the stages of the research
are data collection, data reduction, data presentation and conclusion. Before arriving at the final stage of data analysis,
the researcher chose the validity strategy to be used, namely triangulation (method and time triangulation) and used
appropriate references. Specifically, to obtain interview data, researchers pay attention to the following: 1) willingness
of respondents; 2) the time and setting of the interview; 3) the health condition of the respondent; and 4) the
communication skills of the respondents.

Research data from the results of observation sheets and problem-solving assignments were analyzed by matching the
results using metacognition levels and indicators. Researchers use interview data to strengthen the conclusions of the
two data. The goal is to verify the accuracy of the results. In the summarizing stage, the researcher summarizes all the
existing data and specifies the things that are important to summarize long words or sentences into short sentences.
Then the data is presented in the form of a brief description, by systematically compiling the data, followed by writing
the data in narrative form. The final stage is the process of drawing conclusions from the information obtained from the
informant. The iterative model data analysis set is presented in Figure 3. The entire data analysis process was carried out
by researchers together with teachers to discuss research results and observations.
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Findings/Results

The descriptive statistic of problem-solving tasks for females and males are summarized in Table 4. The result shows
that the minimum score of females for each task is lower than the male score, but the maximum score of the female is
never less than the male score. Therefore, range of the female score is wider than the male score. Similarly, the average
score of females for each task is lower than the male score with various of standard deviation.

Table 4. Statistical Descriptive Comparison Between Female and Male

Problem-Solving Task Taks 1 Taks 2 Taks 3
Respondent Female Male Female Male Female Male
n 19 18 19 18 19 18
Minimum 3.8 5.0 5.0 7.5 6.3 7.5
Maximum 7.8 7.5 9.4 9.4 10 10
Range 4.1 2.5 4.4 1.9 3.8 2.5
Average 5.9 6.0 7.8 8.5 8.3 9.0
Standard Deviation 1.0 3.5 1.3 0.6 1.2 0.8

The DPW teaching materials implemented for third-grade elementary school students in learning mathematics on the
subject matter of length (DPW 1), distance (DPW 2), and weight (DPW 3) units. These materials were presented to
students after the explanation by the teacher. They can be accessed repeatedly through digital devices such as computers,
laptops, or cell phones. The following is a descriptive statistic for the average score of 37 students in DPW 1 to 3.

Table 5. Descriptive Statistics of Digital Puzzle Worksheet Activity Results

DPW 1 DPW 2 DPW 3
Total Students 37 37 37
Average Score 7.46 9.14 7.27

The results of the Digital Puzzle Worksheet quizzes presented in Figure 4. Table 5 and Figure 4 show that the overall
average of DPW 1 to 3 is 7.95, and the average score of students is 7.46, 9.14, and 7.27, respectively.
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Recapitulation of Student's Digital Puzzle
Worksheet Test Results

30

BWorksheet-1 B Worksheet-2 B Worksheet-3

Figure 4. Recapitulation of Student's Digital Puzzle Worksheet Test Results

After completing the activity, contextual math problem-solving assignments are presented to determine the implications
of giving the DPW in measuring the ability to solve mathematical problems using metacognitive awareness. The
recapitulation of descriptive statistics on the results of the average DPW score and problem-solving assignments is

presented in Table 6.

Table 6. Descriptive Statistics of DPW Activity Scores and Problem-Solving Tasks

DPW Activity Score Problem-Solving Tasks
Total Students 37 37
Average Score 7.95 7.62

The diagram in Figure 5 shows the results of the DPW activity scores and the contextual math problem-solving task. Table
6 and Figure 5 show the average overall score is 7.78, while the DPW activity and problem-solving task test results are
7.95 and 7.62, respectively. The average value indicates that the students’ ability to solve math problems is quite good.

Recapitulation of Digital Puzzle Worksheet Quiz Results and
Problem Solving Tasks
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Figure 5. Digital Puzzle Worksheet Recapitulation and Problem-Solving Tasks

The results of a review of contextual mathematics problem-solving task documents, observation sheets, and interviews
with female respondents (RP) are presented in Tables 7, 8, and 9. Each table presents the results of the mathematical

problem-solving task on the material units of length, distance, and weight respectively.
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Table 7. Summary of the Task 1 Result for Female

Metacognitive Activity
Planning Monitoring Evaluation
- RP identifies the problem by - RP applies a settlement strategy by multiplying the - Based on the

reading the questions repeatedly
four times. Based on these
answers, the known data are
written and asked from the
questions. This is under the data
obtained from observations in
class. RP only disclosed some
known data when interviewed (S2)
but could indicate problems (Ss)
following the rush to read the
question. In addition to identifying,
a solution strategy was obtained to
determine material concepts and
formulas. From the results, RP
stated, ‘1 thought about this
concept because the material is the
same as in the DPW’.

number of bamboo by the length, then reducing the size.
The length in cm was then converted to m. The concept
of ‘multiplicatio’ was related to the unit of length with
the questions given. RP realized errors in concepts and
calculations that were not corrected (SP2).

- RP solves the problem by carrying out the correct
calculations, but the wrong solution is presented in
determining the final result. Furthermore, the problem-
solving process conducted was not sequential. From the
point of view of technical multiplication rules, RP is not
quite right in placing the positions, as shown in the
picture. The final answer was wrong when interviewed,
and 200 cm was converted to m before dividing by 100.

results of the
written
homework
answers, the
conclusion of
the answer was
not written. The
results showed
that RP did not
re-examine the
final  solution
obtained (RE1).

Table 8. Summary of the Task 2 Result for Female

Metacognitive Activity

Planning Monitoring Evaluation

- RP identifies the problem - RP implements the formula well by conducting the - In task 2, RP did
by reading the questions calculation according to the presented problems. However, not write a
twice and writing down the troubleshooting steps were not carried out efficiently. conclusion.  The
the known data. The During the interview, RP reported, T understood the picture results showed
formula to be used was presented in the question, hence I decided to multiply the that the final
also determined (Qi). distance from Rasya’s house to the Uncle’s house three times answer was not
Furthermore, the known from her house to the market’. Based on the results of written evaluated (RE1).
and asked data were answers and interviews, the reasons for the thought This is because the
shown when interviewed processes can be explained (QP2). importance of
(S3). There was no ' checking the
difficulty experienced in solutions was not
obtaining and calculating considered.

the formula (Q1). This was
shown because of previous
learning experiences using
the DPW.

¥
3
WM X boom
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Table 9. Summary of the Task 3 Result for Female

Metacognitive Activity
Planning Monitoring Evaluation
- The interviews showed - Identification of written answers showed that RP could not - RP could not

that RP had problems
thinking about the
application formula. The
question’s meaning was
not understood following
the hurry to read, and the
question was very long
(S1). The questions were
identified by repeatedly
reading three times. The
RP was confused about
writing down the known
and asked data. Therefore,
only a few data were
written down (Sz), and the

solve the questions correctly. RP wrote down the change
from 3 kg to 3000 g and broke it down. The writing of
symbols is not consistent with each other. The interviews
showed that ‘RP only decomposes 3 kg into 3000 g, and 3 kg
250 g into 3000 plus 250 to 3250 g’ I could not go on because
of the complexity and confusion’. Based on the results, it can
be concluded that RP was confused, and the settlement
process could not be continued (SP1).

= Sl

~ K9 2509rdm = 3006
250

adequately address
the problem based
on the planning and
monitoring stages. A
part of the process
was only completed,
and the final answer
was not evaluated

(RE1). This s
consistent with the
observation that
respondents did not
write their final
answers on the

worksheets during

§250 gy

selected strategy was not
sure.

the DPW activity.

Based on the results of data recapitulation, it can be concluded from the three contextual problem-solving questions
that female respondents are dominant with the characteristics of the metacognitive level of ‘aware use’. These
respondents can (1) identify problems and define concepts fairly well, (2) link concepts with theories that are relevant
to the problems presented, and (3) have fairly good representations. Summary of problem-solving task results
contextual, observation, and interview sheets identification of respondents’ (male) metacognition levels in Task 1
(Iength unit), Task 2 (distance unit), and Task 3 (weight unit) are represented in following tables.

Table 10. Summary of the Task 1 Result for Male

Metacognitive Activity
Planning Monitoring Evaluation
- Male respondents (RL) can identify - RL writes down the number of bamboo - The written answers

showed that the RL did not
assess whether the final
results were under the

problems that are well presented.
RL understands the situation by
clearly writing down the known

needed for the complete plan and described
eight sticks. Furthermore, the calculation
process is well conducted. Based on the

and asked data (S3) and can clearly description of the answers, RL writes down questions. This was
express most of what is written the stages to conclude the final results in supported by
(Q2). The question was read over detail. In completing this task, multiplication observational data in

and over. Based on the interview
results, the questions were easy to

is used to express the required length of
bamboo. Based on the confirmation from the

mathematics class using
the DPW, that RL did not

understand because they were interview, RL stated that illustrating the write down his final
presented according to daily life. bamboo made it easier to understand the answer on his activity
- Based on the identification results, problem. “When I read this problem, I could sheet. The interview

results showed that RL did
not check the final results
obtained (RE1). RL stated,
“I did not double check the
calculations or the final
answer because I believed

RL determines the strategy and
formula used. There was no
difficulty or hesitation in obtaining
the procedure (Qi). RL uses a
system by illustrating 8 logs, using
the concept of multiplication, and

imagine it, and I drew eight bamboos. It is easy
to calculate the length of all the bamboos, and
I multiplied eight bamboos by the length of the
bamboo”. Based on this, RL can explain the
reasons for his thinking (Ql?z).

Jad ¢
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thinking has not led to the
importance of this being
conducted.
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Table 11. Summary of the Task 2 Result for Male

Metacognitive Activity
Planning Monitoring Evaluation
- RL identifies a problem by reading it - In this case, it is easy for RL to monitor the - RL can solve the
twice, and the known data is written thought processes. It only sees the picture problem well.
twice. The problem is clear during the presented and can solve the problem. The However, the
interview (S3). RL can determine the solution strategy is determined by writing interview results
concept of material according to the down information on the distance from Raya'’s revealed that he did
problem. On the identification results, to Uncle’s house, which is 2 km. Furthermore, not evaluate the
there was no difficulty in determining RL multiplied the distance between Rasya’s and process and final
the formula and doing the calculations Uncle’s houses and can perform length unit results (RE1). RL
(Q1). “Reading the problem twice and conversions precisely. The results of the RL stated, “I am very
paying attention to the pictures, I can interview stated, “Task 2 is easier because it confident with my
determine a strategy to solve it.” RL has only multiplies a”. The question is continued, answer because by
good awareness of thinking, and the and the answer is 6 km or 6000 m. RL replied, looking at the
written content can be explained (Qz). “both are correct, but because, in the problem, pictures, I can
- When identifying the problem, RL the units are in m”. Based on this, RL has good determine that the

could easily understand the problem metacognitive awareness and can express distance from Raya’s
because of previous learning reasons supporting the results of the thoughts house to Uncle’s
experiences using DPW to improve (QP2). house is 6000 m”.
problem-solving skills, habits, and Jarak Rumah REY9 ke Pasar @
awareness of thinking. e 2w 00 ‘

TJarak rumoh RASYa - lee RUwiak

Paman = 3 x2km:=- | km
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Table 12. Summary of the Task 3 Result for Male

Metacognitive Activity
Planning Monitoring Evaluation
- The method used by RL when - In the completion plan execution stage, RL used a - Based on the
identifying problems is to re- data simplification strategy. For example, sugar A = 3 written answers, RL

read the questions twice. The kg 250 g was simplified by equating the unit weight provided the correct
known information was written to 3000 g + 250 g = 3250 g. However, RL could not answer and was not

but not the queried data, and the describe the problem-solving process in a structured double-checked.
problem was clearly stated (S3). manner. Furthermore, the
In the identification results, RL understands the conversion of kg to g that 3 kg = completion process
there ~was no difficulty 3000 g, this can be seen from the answers given, and and the result were
determining  the  material no calculation was performed. The problem was not evaluated (RE1).
concept and the calculations effectively solved, and the results were presented. RL

(Q1). The interviews showed can show the reasons for this thought (QP2). It was

that in task 3, the concept used shown from the interview results that “the unit of kg

was the unit of weight, namely for granulated sugar A was changed to 3000 g, hence,

converting  kilograms into it was easy to determine the weight of granulated

grams, and for calculations only sugar B, only minus 150”.

using subtraction operations. RL

can explain what is written (Qz). e Pasr A 38 25,0 Orawm

" 30%%x 150 g 23460 9

Juatasyr @ = 32609~ \go 9 = %1909

The results of data recapitulation of contextual math problem-solving assignments and interviews are presented in
Tables 10, 11, and 12, showing that male respondents can (1) identify problems, (2) connect material concepts based on
problems, (3) solve problems by choosing the right strategy, (4) using appropriate concepts or formulas, and (5)
communicating the final results properly. Referring to Table 3, male respondents are at the ‘strategic use’ metacognition
level based on the identified characteristics.
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Discussion

The qualitative case study found a hypothesis that the implications of the DPW teaching materials contributed to
determining the level of students’ metacognition. Based on Tables 7, 8, and 9, information was obtained that female
respondents were at the ‘aware use’ level when understanding problems. Identification was conducted by repeatedly
reading to show the known data. In addition, the completion strategy can be determined by defining the concept or
formula used. Students at the ‘aware use’ level can determine concepts or procedures due to declarative knowledge and
previous learning experience using the DPW teaching materials (Schraw et al., 2006).

Itis easier for female respondents to identify problems and determine strategies when visualized in the form of pictures.
This is an implication of the presentation of the DPW, which presents interesting images, but does not lead to contextual
form. Female respondents tend to be characterized by ‘strategic use’ when faced with contextual problems that present
images. This is because female can quickly identify and understand problems clearly. They conduct a settlement strategy
in monitoring activities, which connects material concepts with problems. In the evaluation activity, most of the ‘aware
use’ respondents do not consider the answers under the questions. In contrast, other findings state that students can
assess their work (Rosikhoh et al., 2022).

Male respondents with a metacognition level of “strategic use” can identify problem tasks very well. Metacognitive
activities at the planning stage can verify problems by clearly disclosing the most known and asked data. Respondents
determine problem-solving strategies well to improve math performance (Ozkubat & Ozmen, 2021). There was no
difficulty in selecting the formulations and determining the calculation. The findings showed that male respondents could
represent problems through pictures and prior knowledge using the DPW. Presentation of picture illustrations is one
way to overcome difficulties in solving contextual math problems (Rellensmann et al., 2022).

Male respondents with a ‘strategic use’ metacognition level can carry out planning and monitoring activities very well.
This finding indicated that male respondents are not consciously thinking about evaluation activities. Wilson and Clarke
(2004) and Whitebread et al. (2007) stated that the most common evaluation activities were identified. The focus of the
respondents was only on the result, without realizing the appropriateness of the process.

In addition, it is easier to solve math problems by involving good metacognition when represented by an image/model
(Posamentier & Krulik, 2009). This is under the DPW concept, which uses various puzzle games. The pictures can improve
students’ visualization and metacognitive skills (Lin & Chen, 2016; Sword & Director, 2005). In contrast to Saroinsong et
al. (2021), the puzzle developed is limited to recognizing shapes and colors. Whereas Lin and Chen (2016) showed that
digital puzzle games only improve students’ spatial abilities.

This teaching material has implications in terms of achieving good quality learning (Yusuf & Widyaningsih, 2020),
specifically mathematics which provides experience and increases skills in using digital technology (Belbase, 2020), and
student-centered task development (Ratnayake et al., 2020). The DPW was developed for the alpha generation according
to the needs and characteristics of students and the goals of learning mathematics. Based on Table 7, students can
complete the contextual mathematical problem-solving tasks for the three tasks by fulfilling the stages of understanding
the problem, planning, and implementing solutions (Polya, 2004).

The result of the research above is in line with some results of previous studies. As it was done by Amelia et al. (2020),
who concludes that digital worksheets can train students’' metacognitive awareness through metacognitive activities.
Similarly, Darmawan and Yuwaningsih (2021) conclude that digital worksheets can train and improve students'
mathematical problem-solving abilities. This corresponds to the average score of student problem solving assignments
of 7.62 (Table 6).

Although the novelty of this research is not significantly arisen, the result of this study provides new information that
can be developed further. The result of this study is more focused on the development of DPW which is intended to
identify the level of metacognition based on gender, which of course is different from previous studies.

Another difference is from a study conducted by Lin and Chen (2016) that obtained that digital puzzle games can develop

the cognitive abilities of elementary school students. The difference is in the result of this study which have not discussed

gender difference and metacognition aspects. In addition, the research conducted by Sharma (2022) has developed

digital puzzle worksheets in general. The research has not focused on subject matter for elementary school students.
Conclusion

The main objective was to describe the impact of the DPW materials in identifying the metacognition level of Elementary
School students (Madrasah Ibtidaiyyah/MI) based on gender when completing contextual mathematics problem-solving
assignments. This research determined that the DPW materials mostly focused on development to fulfill needs, could not
be applied in the learning process, and were oriented towards metacognition, spatial intelligence, increased geometric
vocabulary, and problem-solving. In addition, the worksheets developed for children with autism and early childhood
are limited to geometry, numbers, and plane shapes puzzles. From the point of view of accessing the worksheets, it can
only be used through a smartphone with a minimum of Android 10 features.
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The development is oriented towards metacognitive activities to enhance the involvement of conscious thinking when
solving mathematical puzzle problems. This breakthrough was made to complement the previous literature studies. In
essence, the DPW teaching materials contribute to determining the level of students’ metacognition which is identified
specifically through the given contextual mathematics problem-solving assignments. The results showed that students’
experience using the DPW continuously impacts metacognitive awareness while solving contextual math problems (in
Table 11) to identify the level of metacognition (in Table 3).

The results led to new knowledge in which the DPW was developed according to the needs and characteristics of
Elementary School students and the goals of learning mathematics. This includes mastering problem-solving
competencies with enhanced metacognitive awareness, proposed to the MGMP Mathematics Elementary School or other
teaching professions to overcome the challenges faced by teachers during teaching and learning activities in class and
online. Furthermore, the DPW allows teachers to collaborate with strategies, approaches, or learning models that
emphasize the involvement of metacognition to improve mathematical problem-solving skills, specifically students’
understanding of the concepts of units of length, distance, and weight.

Recommendations

Considering the results and discussion, several recommendations offered for teachers include (a) using the DPW as
teaching materials to achieve the goals of learning mathematics, specifically in terms of training metacognitive awareness
in solving problems, (b) compiling digital-based teaching materials “liveworksheet” by adjusting the needs,
characteristics, learning objectives and educational level of students, and paying attention to the elements of presenting
puzzles including contextual image illustrations, and (c) using digital media as a tool that can support the learning
process. For future analyses, it is possible to extend this research to (a) develop a valid observation sheet instrument in
identifying metacognition levels, (b) other materials or subjects in metacognition studies and their relationship or
influence on mathematical abilities to extract more information and provide benefits for the improvement of learning.

The results of this study raise some open problems for future work, i.e., (a) analyzing metacognitive level and gender
difference using k-means clustering and correspondence analysis (see Lestari et al., 2023; Lestari et al, 2022;
Yudhanegara & Lestari, 2019); and (b) general comparison of metacognitive level and gender for each level of problem
solving ability (high, medium, low).

Limitations

This research was conducted during the COVID-19 pandemic, and some areas of West Java, Indonesia, are still in the red
zone. The impact of these conditions is that some elementary schools (Madrasah Ibtidaiyyah/MI) conduct online and
offline learning. Therefore, this research has limitations in its implementation, such as (a) the components presented in
the DPW teaching materials do not provide “space” for students to describe their thinking results, (b) the DPW teaching
materials are adapted based on needs and characteristics students, as well as learning objectives in the research area
carried out (c) metacognition levels analyzed were limited to a highly capable man and woman, (d) the substance studied
is limited to material in units of length, distance and weight only, (e) the educational level of students analyzed is limited
to Elementary School students aged 8-11 years, (f) the observation sheet used is only limited to a list of checklist
statements. Therefore, it is less referent in describing its activities to detect students’ metacognition levels.
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