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ABSTRACT

This study aims to evaluate the effectiveness of using the QR Scanner integrated teaching module
in ecosystem material in improving students' problem-solving skills. The experimental method
was involved in this study with a pretest-posttest control group design. The research subjects
consisted of 60 students divided into two groups, namely the experimental group and the control
group, each consisting of 30 respondents. The experimental group received a QR scanner
smartphone integrated ecosystem-based material modules, while the control group did not
receive specific intervention. Pretest and posttest data were collected from both groups to
evaluate changes in problem-solving skills after the intervention. Data collection was carried out
through tests and questionnaires. Research data was analyzed through paired t-tests to compare
pretest and posttest values in each group. The results showed that the experimental group
experienced a significant increase in problem-solving skills (p less than 0.001). In contrast, the
control group did not show a significant difference (p better than 0.05). Thus, the QR Scanner
integrated teaching module in ecosystem materials improved students' problem-solving skills.
This research provides important implications for developing technology-based learning
approaches to improve the quality of learning and the application of concepts in students' daily

lives.

This is an open-access article under the CC-BY license.

Introduction

The ability to solve problems is one of the critical
aspects of learning that must be developed in students
(Afandi et al., 2019; Ama & Emetarom, 2020; Andy,
2018; Rahman, 2019; Teo, 2019). With this ability,
students can better face real-world challenges and become
productive and creative individuals in various situations
(Aslan, 2021; Gultekin & Altun, 2022; Valdez &
Bungihan, 2019). Therefore, improving problem-solving
abilities has become a primary focus of education.
Problem-solving skills have a very important role in
learning Natural Sciences (IPA) in Senior High Schools
(SMA) (Fidan & Tuncel, 2019; Mahanal et al., 2019),
including (i) Problem-solving skills help students better
understand science concepts in a more in-depth way
(Maknun, 2020; Ummah & Yuliati, 2020). When students
learn to identify problems, formulate hypotheses, and seek
solutions, they relate theoretical concepts to real situations
so that their understanding becomes more concrete and
relevant; (ii) Problem-solving requires creativity in finding
new ways to overcome challenges (Ama & Emetarom,
2020; Teo, 2019). In science learning, students face
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complex problems and situations requiring innovative
solutions. With good problem-solving skills, students can
develop a creative mindset and become innovators in the
scientific field. (iii) The problem-solving process involves
in-depth analysis of existing information and data (Dowell
etal., 2020; Nguyen et al., 2021).

Students learn to break down problems into smaller
parts, identify patterns, and look for cause-and-effect
relationships. This analytical ability is very relevant in
science, where students are often faced with complex data
that must be interpreted to reach conclusions; (iv) In
science, students are often faced with situations where they
must make decisions based on available evidence and data.
Problem-solving skills help students to become intelligent
decision-makers based on accurate information
(Gonzalez-Pérez & Ramirez-Montoya, 2022; Van Laar et
al., 2020; Villanueva, 2022); (v) Good problem-solving
skills become valuable assets for students when they face
challenges in the real world (Al-Mutawah et al., 2019).
Science is a constantly evolving and complex, and
students with strong problem-solving skills will be better
equipped to face future scientific and technological
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challenges. (vi) IPA aims to provide an understanding of
the physical and natural world. With problem-solving
skills, students can apply this knowledge in various
situations in their daily lives and future careers and
professions (Chew et al., 2019; Szabo et al., 2020).

Based on the theory above, problem-solving skills are
central to developing students' understanding, creativity,
analysis, and decision-making abilities in science learning.
Thus, teaching and learning in SMA must support the
development of these skills so that students can face future
challenges with good competency.

However, the researchers' initial observations in the
field showed that high school students' problem-solving
skills were still low. Students are not able to identify and
formulate the problem precisely. They have difficulty
breaking down complex problems into smaller and
coherent parts, which hinders their ability to find
appropriate and practical solutions, for example, in
ecosystem material. When tasked with analyzing changes
in animal populations in an ecosystem experiencing
environmental disturbances, most students only present
raw data without conducting in-depth analysis or looking
for alternative solutions. They find it challenging to
identify the factors that cause population changes and are
less able to link between the impact of environmental
disturbances and the balance of the ecosystem.

In addition, when faced with case studies on ecosystem
degradation and restoration efforts, some students rely on
general or cliché solutions without considering the specific
conditions and complexity of the problems encountered.
Their lack of ability to identify alternative solutions that
are more innovative and appropriate to specific ecosystem
conditions makes their analysis less in-depth and less
relevant. The low problem-solving skills of students in
ecosystem material are also reflected when they are faced
with situations in the field, such as conducting experiments
to understand the interactions between organisms in an
ecosystem. Some students have difficulty identifying
variables that influence experimental results, collecting
data correctly, or formulating appropriate conclusions
based on the results obtained. This shows that their skills
in planning and implementing steps to solve scientific
problems are not yet skilled.

In conditions of low problem-solving skills, students
often feel trapped and tend to experience frustration when
faced with tasks or exercises that require deeper problem-
solving (Lee & Lee, 2020; Mizyed & Eccles, 2023;
Winkler et al., 2021). As a result, their interest in science
may decrease, and they will lose confidence in dealing
with more complex subject matter. To overcome students'
low problem-solving skills, educators need to identify
these obstacles and develop learning strategies, methods,
and techniques that encourage the development of
students' problem-solving skills (Li et al., 2023; Sinha,
2022). Thus, students will be better prepared to face real-
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world challenges and better develop their potential in
natural sciences.

One alternative solution to address students' low
problem-solving skills in science learning is ecosystem-
based modules offering a holistic and integrated approach
to teaching various concepts and skills (Molefe & Aubin,
2021; Nantha et al., 2022). In today's digital era,
technology has become a powerful tool in the learning
process. One of the technologies that continues to develop
is the smartphone QR Scanner, which allows users to scan
QR codes that can direct them to various digital
information (AINajdi, 2022; Ma et al., 2021; Savitri et al.,
2021). This technology can be integrated into learning as
an absorbing interactive medium to increase learning
effectiveness.

Problem-solving skills in science education are crucial
(Kiong et al., 2022; Topsakal et al., 2022). Problem-
solving skills enable students to cultivate critical abilities
in analyzing situations, identifying issues, and seeking
practical solutions (Manuaba et al., 2022). Within science
education, these skills aid students in comprehending and
addressing scientific challenges, experiments, and
research. When problem-solving skills are deficient,
students may struggle to grasp complex scientific concepts
and confront various scientific problems (Boran &
Karakus, 2022). Furthermore, the lack of problem-solving
skills in science education can hinder the development of
students' scientific competence, diminish their interest in
science, and potentially limit their capacity to contribute to
a society increasingly reliant on science and technology
(Cheng et al., 2019 Jufrida et al., 2019). Therefore,
emphasizing the development of problem-solving skills in
science education is paramount in preparing a competent
and skilled generation (Hurt et al., 2023; Price et al., 2022;
Verawati et al., 2022).

Previous research has shown that the use of interactive
teaching modules in learning can provide significant
benefits in improving students' problem-solving skills
(Halili, 2015; Ma et al., 2021; Molefe & Aubin, 2021,
Nantha et al., 2022; Savitri et al., 2021). In this context,
developing an ecosystem-based learning material module
integrated with the smartphone QR Scanner has excellent
potential to improve students’ problem-solving skills.
Some advantages of modules integrated with the
smartphone QR Scanner include: (i) The use of the
smartphone QR Scanner presents interesting interactive
elements for students (Savitri et al., 2021). They can scan
the QR code to access additional information, videos,
images, or learning resources that support understanding
of ecosystem material more engagingly; (ii) smartphone's
QR Scanner allows students to get instant access to a
broader range of information sources, such as articles,
scientific journals, or up-to-date ecosystem data (Maetal.,
2021).
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This helps students get a more comprehensive picture
of the studied topic; (iii) smartphone QR Scanner
integration enables teachers to present additional content
visually and interactively (AlNajdi, 2022). For example,
they can show documentaries about ecosystems, dynamic
graphics, or interactive simulations that enrich students'
understanding of complex science concepts; (iv) With the
smartphone QR Scanner, students can be given direct
problem-solving challenges related to ecosystem material
(Savitri et al., 2021). They can be directed to complete
field assignments, construct surveys, or analyze ecosystem
data in real-time to improve their problem-solving skills;
(V) The existence of smartphone QR Scanner technology
in learning can increase student involvement (Ma et al.,
2021). They feel more involved and active in the learning
process because they can directly interact with existing
content; and (vi) With a smartphone QR Scanner-based
module, students can obtain additional information and
understand ecosystem material independently (AlNajdi,
2022). They can choose the resources they want to access
according to their learning needs, facilitating a student-
centered learning approach. With the advantages above,
the module integrated with the smartphone QR Scanner on
ecosystem material in science learning is an effective and
innovative tool for improving the quality of learning and
students' problem-solving skills.

Several previous studies on QR Scanner QR-integrated
teaching modules have been investigated; for example,
nggraeni et al. (2022) developed a module integrated with
a QR code to assist lecturers in delivering material to
Physics Education Study Program students. This research
does not explicitly focus on improving students' problem-
solving skills but only on improving student learning
outcomes. Lin & Teng, (2018) regarding using quick
response (QR) codes to increase student participation in
case-based learning. The focus of this research is to
increase student participation in case learning, while our
research focuses on improving problem-solving skills, so
these two studies are different. Primandana also examines
the effect of quick response (QR) on listening skills, while
our research examines the effectiveness of the QR Scanner
integrated teaching module to improve problem-solving
skills.

Based on the background of the problems above and
previous research, it is known that research is still very
rarely conducted to test the effectiveness of the
smartphone QR Scanner integrated teaching module to
improve problem-solving skills. So, this study aims to fill
this gap by evaluating the effectiveness of using the
smartphone QR Scanner integrated with ecosystem-based
learning material modules in helping develop students'
problem-solving skills. This research will be conducted on
SMA Batik 1 Surakarta class X students. It is hoped that
the results of this study can provide a deeper understanding
of the potential use of the smartphone QR Scanner
technology and an ecosystem-based approach to
improving students' problem-solving skills.
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Il. Method

The research approach used in this study was quasi-
experimental with a pretest-posttest control group research
design. This type of research aims to examine the
effectiveness of the smartphone QR scanner integrated
ecosystem-based learning module in improving problem-
solving skills. The research subjects comprised 60 high
school grade X students selected using a purposive
sampling technique based on their initial problem-solving
ability level. Each group consists of 30 students. Research
subjects were selected based on inclusion criteria
according to the research objectives. The research subjects
were divided into two groups: the experimental group that
would receive treatment (learning with an integrated
ecosystem-based module on the smartphone QR scanner)
and the control group that did not receive treatment
(conventional learning).

Table 1. The research design is presented as follows:

Research Research Measuremen Treatment
Group design t
HP QR
Scanner
Experimen  "retest— Problem- Integrated
t Grou Intervention Solving Skills Ecosystem-
P ., Posttest g Y
Based
Module
Control Pretest — No Problem- Conventiona
Treatment— . . .
Group Solving Skills | Learning
Posttest

Table 1 shows that the experimental group received
treatment in the form of learning using an ecosystem-
based module integrated with the smartphone QR scanner,
while the control group did not receive treatment and
continued to follow conventional learning without using
this module. Before treatment, both research subjects'
problem-solving skills will be measured through the
pretest. After that, the experimental group will receive an
intervention, namely learning, using an ecosystem-based
module integrated with the smartphone QR scanner. On
the other hand, the control group did not experience
additional treatment and continued to study as usual. After
the intervention is completed, both groups will be
measured again to evaluate the progress of their problem-
solving skills through the posttest. The researchers carried
out pretest and posttest measurements in both groups to
compare the changes in problem-solving skills that
occurred because of the treatment (learning with the
smartphone QR scanner integrated ecosystem-based
module) given to the experimental group compared to the
control group, which did not receive the treatment.

Data collection techniques used tests that were tested
on both research groups before and after the intervention.
This test will measure students' problem-solving skills
before and after using the smartphone QR scanner
integrated ecosystem-based module. Data from the tests
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(pretest and posttest) will be analyzed using descriptive
statistical techniques and inferential analysis, such as the t-
test, to compare the scores between the experimental and
control groups. The results of the data analysis will be used
to conclude the effectiveness of the smartphone QR
scanner integrated ecosystem-based learning module in
improving problem-solving skills in students, as well as to
provide recommendations for the development of
subsequent learning.

111. Results and Discussion

Statistical descriptions of the experimental and control
groups in the context of this study are presented in Table
2. This table presents statistical details of each observed
variable, including pretest and posttest. Each group
consists of 30 respondents who have participated in the
program by integrating ecosystem-based learning modules
equipped with a QR code scanner feature on mobile
devices. The variables shown in this table include the
average value (Mean), maximum value (Maximum),
minimum value (Minimum), and standard deviation
(Standard Deviation) for each group in the pretest and
posttest phases.

Table 2. Statistical Description for Experimental and
Control Groups (Pretest and Posttest)

Standar
Variabl N Mea Maximu Minimu d
e n m m Deviatio
n
Experime 3
nt Pretest 0 65.50 80 50 8.25
Posttest 3
Experime 0 85.60 95 60 9.12
nt
Pretest 3
Kontrol 0 63.40 80 48 7.92
Posttest 3
Control 0 65.75 85 55 8.75

Table 2 shows that in the experimental group, 30
respondents participated in a learning program with
ecosystem-based modules equipped with a QR code
scanner feature on mobile devices. The analysis showed
that the experimental group's average pretest score was
65.50, with the highest score reaching 80 and the lowest
score reaching 50. After going through the learning
program and taking the posttest, the average score
increased to 85.60, with the highest score reaching 95 and
the lowest score reaching 60. In addition, the standard
deviation of the post-test score was 9.12, indicating the
level of variation in the data in the experimental group.

Meanwhile, the 30 respondents' control group showed
similar statistical results. In the pretest phase, the control
group had an average score of 63.40, with a maximum
score of 80 and a minimum score of 48. After the learning
period and following the posttest, the average score
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increased to 65.75, with the highest score reaching 85 and
the lowest value reaching 55. These results were also
followed by a standard deviation of 8.75, which reflects
the variation in the data in the control group.

From the results of this statistical description, we can
see a difference between the pretest and posttest values in
each group. In addition, the comparison between the
experimental and control groups in the post-test phase also
showed an interesting difference in average values for
further analysis.

Furthermore, to ensure the validity of further analysis
in this study, testing the normality of the data in each group
is essential. This normality test aims to verify whether the
data from each group is usually distributed. Normality
testing will be done using the Shapiro-Wilk test on the
pretest and posttest data for both experimental and control
groups. If the p-value of this normality test is more
significant than 0.05, it can be concluded that the data in
the group are normally distributed. However, if the p-value
is less than 0.05, then it is assumed that the data is not
normally distributed, and some adjustments may be
needed in the subsequent statistical analysis.

Table 3. Normality Values: Testing for normality using the
Shapiro-Wilk test.

Group  Pretest posttest
Experiment  0.723 0.736
Control 0.715 0.728

Table 3 contains the normality test results using the
Shapiro-Wilk method on the pretest and posttest data for
the two groups in this study. The average test results
showed that in the experimental group, the p-value for the
pretest data was 0.723, and for the post-test data was 0.736.
In the control group, the p-value for pretest data was 0.715,
and for post-test data was 0.728. In interpreting the
normality test results, if the p-value is more significant
than 0.05, then the data is considered normally distributed.
In the table, the p values for both groups and each pretest
and posttest are more significant than 0.05, so we can
conclude that the experimental and control groups' data
have a distribution that tends to be close to normal.

This close-to-normal data distribution has important
implications for further statistical analysis. With normally
distributed data, we can use various parametric statistical
methods, such as the t-test, to test hypotheses and draw
conclusions about the effectiveness of the implemented
learning modules.

However, remember that these average test results are
only one aspect of the data analysis process. Apart from
normality, other aspects need to be evaluated in
concluding the research results, including the
homogeneity of the variance. By paying attention to all
these aspects, the validity, and accuracy of research
findings related to using the smartphone-integrated
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ecosystem-based Material Modules QR Scanner in
improving students' problem-solving skills. Homogeneity
test using the Levene test. The homogeneity test results are
presented in Table 4.

Table 4. Homogeneity test results

Variable Life Statistics dfl df2 p-value
Pretest 0.472 1 58 0.495
posttest 0.389 1 58 0.536

Table 4 is the result of homogeneity testing using the
Levene test on the pretest and posttest data for the two
groups, namely the experimental group and the control
group. The homogeneity test aims to check whether the
variability or variance of the data within the groups is
comparable or homogeneous. If the data variability
between groups is homogeneous, then the assumption of
homogeneity of variance is fulfilled, and the subsequent
statistical analysis is reliable.

In the experimental group, the homogeneity test results
showed that the Levene Statistical value for the pretest
data was 0.472 with dfl (degrees of freedom in the
numerator) of 1 and df2 (degrees of freedom in the
denominator) of 58. In addition, the resulting p-value was
0.495. Likewise, for the experimental group's post-test
data, the Levene Statistical value was 0.389 with a dfl of
1, a df2 of 58, and a p-value of 0.536. The two p-values in
this homogeneity test are more significant than 0.05,
which means that we fail to reject the null hypothesis;
namely, the data variability in the experimental group's
pretest and posttest is considered homogeneous.

Meanwhile, the homogeneity test results in the control
group showed that the Levene Statistical value for the
pretest data was 0.472 with a df1 of 1 and a df2 of 58. In
addition, the resulting p-value was 0.495. Likewise, for the
post-test data for the control group, the Levene Statistical
value was 0.389 with a df1 of 1, a df2 of 58, and a p-value
of 0.536. As in the experimental group, the two p-values
in this homogeneity test were more significant than 0.05,
which means that the data variability in the control group's
pretest and posttest was considered homogeneous.

Thus, the results of the homogeneity test show that the
two groups, namely the experimental group and the
control group, have comparable or homogeneous data
variability for each of the pretest and posttest variables.
This ensures that the assumption of homogeneity of
variance is met, and further statistical analysis can be
performed more accurately and reliably.

With the homogeneity test results showing that the
variance of the two groups' data is homogeneous, we can
proceed to the next stage in data analysis, namely the
paired t-test. Paired t-tests will be used to compare the
differences between the experimental and control groups
on the post-test variables. They will help us identify
whether there are significant differences between the two
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groups after receiving intervention using the smartphone
Integrated Ecosystem-Based Material Modules QR
Scanner.

Table 5. T-test results

Mea Mea Averag Stand

Varia n n e ard  Uj vgl-u
ble Pret Postt Differe Deviat it o
est est nce ion
Control 540 6575  2.35 620 13 0102
Group 4
Experi
ment 6550 8560 2010 912 43 <000
0 1*
Group

Table 5 shows the results of the statistical t-test of 1.34
with a p-value of 0.192 for the control class. With a p-
value more significant than the significance level () 0.05,
there is no significant difference between the pretest and
posttest values in the control group. In other words, the
interventions provided did not produce significant changes
in problem-solving skills in the control group. Meanwhile,
the t-test results in pairs for the experimental class showed
a statistical t-test value of 4.30 with a p-value of less than
0.001 (<0.001*). With a p-value lower than the
significance level (o) of 0.05, there is a significant
difference between the pretest and posttest values in the
experimental group. This indicates that the intervention
using the smartphone Integrated Ecosystem-Based
Material Modules QR Scanner significantly improved
problem-solving skills in the experimental group.

Thus, the results of this study indicate that the
smartphone Integrated  Ecosystem-Based Material
Modules QR Scanner is efficacious in improving problem-
solving skills in the experimental group compared to the
control group, which did not receive the intervention.

The paired t-test results in this study showed a
significant difference between the pretest and post-test
values in the experimental group. However, they did not
show a significant difference in the control group. This is
confirmed by a significant value of 0.001 (smaller than
0.05). These results provide an interesting description of
the effectiveness of the intervention using the smartphone
Integrated Ecosystem-Based Material Modules QR
Scanner in improving problem-solving skills in the
experimental group compared to the control group.

Integrating QR code scanning technology on mobile
devices allows easy and fast access to a wide range of
supplementary learning materials, which can help improve
students' understanding and application of concepts in
problem-solving (Ali & Farhan, 2020; Ramalho et al.,
2022). In the context of this study, interventions are
expected to facilitate students' learning processes in ways
that are more interesting, involving, and oriented toward
practical application.
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This study's results align with previous studies showing
that the use of technology in learning, especially in the
integration of application-based modules such as the QR
Scanner, can positively impact by improving students'
problem-solving skills. Several previous studies have
found that the use of technology in learning approaches
can increase learning motivation, active student interaction
and improve understanding of concepts and their
application in real-world situations (Ali & Farhan, 2020;
Mogali et al., 2019; Ramalho et al., 2019, 2022).

Using QR Scanner integrated teaching modules in
ecosystem materials has several advantages that can
significantly improve students' problem-solving skills.
Following are some of the advantages of this approach,
including (i) Integrating QR Scanner technology in
teaching modules provides a more interactive and exciting
learning experience for students (Bers et al., 2019). Using
a mobile device to scan the QR code, students can
immediately access additional learning resources, videos,
images, and other interactive content relevant to
ecosystem materials. This interactive learning approach
can increase students' interest in understanding ecosystem
concepts more deeply; (i) a QR Scanner allows students
to access additional information related to ecosystem
material easily (Srinounpan et al., 2020). These additional
learning resources can come from various sources, such as
e-books, scientific journals, educational websites, and
learning videos. By having access to more complete and
up-to-date information, students can develop a more
comprehensive understanding of the ecosystem concept
and its application in the context of everyday life; (iii) QR
Scanner integrated teaching modules can be designed to
facilitate problem-based learning (Nakamoto et al., 2020).
Students can be given challenges or problem-solving
assignments relevant to ecosystem material. Then, they
can use the QR Scanner to find the correct information and
solutions to solve the problem. This learning approach
allows students to learn actively and practically, enhancing
their problem-solving abilities; (iv) QR Scanner
integration allows students to learn independently and
flexibly outside the classroom (Mogali et al., 2019).
Students can use their mobile devices to access additional
learning content anytime and anywhere. The ability to
study material independently allows students to adjust the
time and pace of learning according to their individual
needs and level of understanding; (v) QR Scanner
technology can also be used to present augmented or
simulated realities that allow students to visualize
ecosystem concepts in a more accurate and immersive
form (Uppot et al., 2019). For example, using the QR
Scanner, students can access videos or animations
depicting ecosystems and the interactions between
organisms in their environment. This can help students to
understand the concept of ecosystems more concretely and
deeply.

Combining the advantages above, the QR Scanner
integrated teaching module approach in ecosystem

Jurnal limu Pendidikan (JIP) 81
Vol. 29, Issue 2, December 2023, pp. 76-84

materials can help improve students' problem-solving
skills effectively. Students' ability to access additional
information, participate actively in learning, and visualize
concepts more realistically can contribute to developing
relevant and sustainable problem-solving skills (Savitri et
al., 2021).

Overall, the t-test results in this study provide strong
support for the effectiveness of using the smartphone
Integrated Ecosystem-Based Material Modules QR
Scanner in improving problem-solving skills in the
experimental group. These results significantly contribute
to developing technology-based learning approaches that
can improve the quality and relevance of learning in
education. This research has significant practical
implications in the educational context. The research
findings provide valuable insights into how technology,
especially QR scanners and ecosystem-based modules
integrated with mobile phones, can effectively enhance
students' problem-solving skills. The practical implication
is that this approach can be adopted in educational
curriculum development to stimulate the development of
students' problem-solving skills more efficiently.
Educators may consider using QR scanner technology and
ecosystem-based modules to provide a more engaging and
practical learning experience. Furthermore, the research
results underscore the importance of integrating
technology into education, aligning with the trends in
educational development in the digital era.

IV. Conclusion

The study concludes that integrating QR Scanner
teaching modules in ecosystem materials effectively
enhances students' problem-solving skills, as evidenced by
a significant improvement in the experimental group's
post-test scores. However, caution is advised in
generalizing these findings due to the limited sample size
and specific class environment. The study recommends
future research with more extensive and diverse samples,
exploring different intervention methods. It also suggests
the integration of QR Scanners and similar learning
technologies into school curricula to enhance student
interest and problem-solving abilities. Teachers are
encouraged to embrace innovative learning approaches,
leveraging technology as an effective and engaging tool to
enrich students' educational experiences.
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