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Abstract: This study aims to comprehensively examine the influence of the Problem-Based Learning (PBL)
model integrated with the Internet of Things (IoT) on enhancing students’ problem-solving abilities in physics
education. The integration of IoT into PBL is seen as a progressive approach to address the growing demand
for innovative instructional strategies that promote higher-order thinking skills. A quantitative approach was
adopted, utilizing a quasi-expetimental design with a pretest-posttest nonequivalent control group format to
assess the effectiveness of the intervention. The participants were 25 undergraduate physics students from the
University of West Sulawesi, selected through saturated sampling due to the limited population size. To evaluate
students’ problem-solving skills, data were collected using structured written tests designed around five key
indicators: understanding the problem, describing the problem, planning the solution, executing the solution,
and evaluating the results. Prior to hypothesis testing, normality of the data was assessed using the Kolmogorov-
Smirnov test, followed by paired sample t-tests with IBM SPSS Statistics 23 to determine the significance of
differences in pretest and posttest scores. The findings revealed a statistically significant improvement in
students’ problem-solving skills following the implementation of the IoT-based PBL model, with results
showing significance at the 5% level and gain scores classified as effective. These outcomes demonstrate the
potential of the PBL-IoT integration to foster critical thinking and improve educational quality. Therefore, the
implementation of this instructional model is recommended for physics educators seeking to enhance student
engagement, problem-solving proficiency, and learning outcomes through the integration of emerging
technologies.

Keywords: Critical thinking; Higher education; Internet of Things (IoT); Physics education;
Problem-Based Learning.

1. Introduction

Higher education, especially in physics, requires students to have high critical thinking
and problem solving skills. These abilities are very important in understanding abstract
physics concepts and applying them in various real-life contexts. However, the reality in the
field shows that many students still experience difficulties in solving physics problems
independently and systematically. This is due to the conventional learning method, where
students receive more information passively without any challenge to explore and solve
problems independently.

A major challenge in physics education lies in the lack of a bridge between theory and
real-world practice. At the university level, physics learning tends to emphasise the mastery
of abstract concepts without enough space for students to explore independently or hone
problem-solving skills in the context of everyday life. Expository learning methods that focus
on one-way delivery of material by lecturers are often unable to build deep understanding,
and limit students' ability to apply physics theories to concrete situations. Research shows
that most freshmen have experience with decision-making in physics practicum, which
suggests that introductory courses should include more open-ended tasks to develop scientific
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and critical thinking skills [1]. These findings emphasise the importance of balancing
theoretical knowledge with practical problem-solving experiences in physics education.

One approach that can be applied to overcome this problem is the Problem Based
Learning (PBL) model. This learning model emphasises problem solving as the main focus in
the learning process, so students are encouraged to think analytically, work collaboratively,
and find solutions based on a deep understanding of concepts. In contrast to conventional
methods, PBL provides opportunities for students to learn through active exploration and
investigation.

Recent studies have explored various approaches to improve physics problem solving
skills in students. One approach that has proven effective is exploratory learning where
students first try to solve problems before getting explanations from lecturers. This method
is proven to improve learning outcomes, especially in university-level online physics courses
[2]. In addition, the use of research-based cutriculum materials can help bridge the gap
between traditional teaching methods and more innovative approaches. In this regard, gender
differences have also been found to influence students' problem-solving strategies [3].
Developing expertise in physics problem solving requires not only understanding of concepts,
but also good organisation of knowledge, management of cognitive load, and improvement
of metacognitive skills - the ability to be awate of and regulate one's own thinking [4]. PBL
significantly improves students' ability to solve physics problems. This was demonstrated in
a study involving high school students learning about simple machines [5].

Various studies have shown that PBL improves problem-solving ability [5], critical
thinking skills, and teamwork [6]. A systematic review revealed that PBL has a positive impact
on academic achievement, attitude towards physics, and various cognitive skills [7]. However,
traditional learning methods may be more effective for individual learning and acquisition of
theoretical knowledge [5]. Integration of technology with inquiry-based learning has also
proven successful in developing 21st century skills among physics students [8]. These findings
suggest that a balanced approach combining PBL with technology integration can be highly
effective in physics education. Educators are encouraged to adopt learner-centred methods
to enhance problem-solving abilities and prepare them to face real-world challenges [5].

Along with the development of technology, the utilisation of Internet of Things (IoT)
in physics learning becomes an attractive alternative. IoT allows students to access and analyse
data in real-time, conduct technology-based experiments, and connect physics concepts with
real-world applications. The integration of IoT-based PBL is believed to provide a more
interactive and contextual learning expetience, thus improving students' ability to solve
problems more effectively.

The integration of Internet of Things (IoT) technology with the PBL approach in
engineering education has been shown to increase student motivation and practical skill
development [9]. This combination of PBL and IoT allows students to work on complex real-
wortld problems, encourages interdisciplinary collaboration, and better prepares them for
industry challenges. Overall, these studies suggest that PBL, especially when combined with
emerging technologies such as IoT, can significantly improve student engagement and
learning outcomes in physics and related fields.

Recent studies highlight the integration of the Internet of Things (IoT) and problem-
based learning (PBL) in education, particularly in engineering and science. This approach
combines theories of cognitivism, constructivism, and experiential learning to enhance
student engagement and skill development. IoT-based PBL allows students to conduct virtual
experiments, access real-time data, and collaborate in solving complex problems [9], [10]. The
implementation of IoT in education, called Internet of Educational Things (IoET), offers
better learning experience and operational efficiency [10].

Active learning strategies, such as group projects and peer review, have been successfully
used to introduce IoT concepts and encourage student engagement [11]. These approaches
have shown a positive impact on critical thinking skills and interest in learning [12]. Overall,
IoT-based PBL models show potential to transform traditional teaching methods and prepare
students for real-world applications across multiple disciplines [9]—[11]. This study aims to
analyse the effect of loT-based Problem Based Learning model on improving physics
students' problem solving skills. With this research, it is expected to find a more effective and
innovative learning model in improving the quality of physics education in higher education.
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2. Theoretical Studies

PBL or project-based learning is a learning model that makes the problem as a starting
point to gather and integrate knowledge based on real experiences that students experience
in daily activities. This model is specifically designed to be applied to complex problems,
which require learners to investigate and understand them deeply [13]. PBL is an effective
learning approach to mould learners into critical, independent and solutive thinkers. By
placing real problems as the starting point of learning, PBL encourages students to actively
seek information, analyse, and solve problems collaboratively [14]. This method not only
emphasises on mastering the material, but also on developing 21st century skills such as
communication, teamwork, and decision-making. Thus, PBL becomes a relevant and
transformative learning strategy in preparing students to face challenges in the real world [15].

This approach is based on the theories of cognitivism, constructivism, information
processing, and experiential learning. Thus, students not only passively receive information
but also build their own understanding through direct experience. The IoT-based PBL model
allows students to conduct virtual experiments, access real-time data, and collaborate in
solving complex problems [16].

According to [10] Internet of Things (IoT) is a revolutionary concept that connects
various physical objects through the internet, enabling them to exchange data and act
automatically without human intervention. In the context of education, particularly learning,
IoT presents a major transformation by expanding access, improving efficiency, and creating
interactive and contextualised learning experiences [9]. The Internet of Things (IoT) is a
network of physical devices interconnected via the internet, enabling communication and data
exchange without direct human interaction. These devices are equipped with sensors,
software, and other technologies that allow them to collect and share data [17]. Examples
include smart household devices, autonomous vehicles, and industrial sensors. The main goals
of IoT are to improve operational efficiency, provide deeper insights through real-time data
analysis, and improve quality of life through better automation and control.

In the context of physics education, the Internet of Things (IoT) refers to the integration
of physical devices equipped with sensors and communication technologies into the learning
process, enabling real-time data collection and analysis through the internet network. The
application of 10T in physics learning allows students to conduct experiments with digitally
connected props, allowing them to observe physical phenomena directly and analyse the data
obtained efficiently. For example, the development of IoT-based Newton's law 1I teaching
aids allows students to understand the concept through hands-on practice with the support
of technology [18].

The application of IoT in learning enables the use of smart appliances in classrooms,
interactive distance learning, scientific data collection through sensors, location-based
learning, smart labs, and game-based education. This all opens up great opportunities to
encourage student creativity, collaboration and motivation to learn. IoT also plays an
important role in training students' problem-solving skills [19]. Students can collect and
analyse real-time data, perform monitoring and prediction, develop automation systems,
collaborate digitally, and conduct virtual simulations and experiments. All of these enrich the
learning process and encourage them to become resilient, creative, and adaptive problem
solvers to technological changes.

According to [17] 10T in this context, education has three main perspectives: school
management, teachers, and students. In terms of school management, IoT plays an important
role in improving operational efficiency, from automatic monitoring of building facilities,
sensot-based security systems, to more measurable resource management. For teachers, IoT
becomes a tool that supports a more personalised and data-driven teaching process. Examples
include the use of automated attendance tracking systems, smart learning devices, and real-
time student performance analysis to identify individual learning needs. Meanwhile, for
students, IoT opens up opportunities for more contextualised and interactive learning. By
utilising smart devices, digital simulations, and location-based learning, students can
expetience a more meaningful and real-wotld learning process. The integration of IoT in
education ultimately has great potential to create a smarter learning ecosystem that is relevant
to the challenges of the times.
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3. Research Methods

This research applies a quantitative approach with a quasi-experiment design, utilising
groups that have formed naturally [20], [21]. The main objective is to examine the effect of
the Internet of Things (IoT)-based Problem Based Learning model on improving students'
problemsolving skills in physics.

This study uses a design, namely pretest-posttest Nonequivalent Control Group Design,
One-Group Pretest-Posttest is a form of pre-experimental research involving one group of
subjects who are given certain treatments. In this design, measurements are taken twice:
before treatment (pretest) and after treatment (posttest). The aim is to evaluate the changes
that occur due to the treatment by comparing the results of the pretest and posttest posttest

[22], [23].
Table 1. Research Desing
Pretest Perlakukan Posttest
Q1 T Q2
Description
Q1 : Pretest to determine the initial ability of students on problem solving
T : Treatment with IoT-based PBL
Q2 : Final test results of students' problem solving skills with PBL

The population in this study were 25 students of the Physics Department of West
Sulawesi University. In the context of research with a relatively small population, 25 students,
the use of saturated sampling is an appropriate approach [22]. Saturated sampling is a
sampling technique in which all members of the population are used as research samples.
This technique is often applied when the population size is less than 30 individuals, making
it possible to collect data from the entire population without the need to take a random
sample.

In this study, data analysis was conducted using IBM SPSS Statistics 23 software.
Descriptive analysis was applied to present the raw data in the form of frequency distribution
tables and histogram graph visualisation, making it easier to understand the characteristics
of the data obtained. For parametric inferential statistical analysis, paired sample t-test was
used to compare two means of the same group at two different times or two different
conditions [24], [25]. Before conducting the t-test, it is important to ensure that the data is
normally distributed, as recommended by Sawilowsky and Hillman [26]. Therefore, a
normality test was performed using the Kolmogorov-Smirnov test with a significance level
of 0.05. If the significance value is more than 0.05, then the data is considered normally
distributed; otherwise, if it is less than 0.05, the data is considered not normally distributed.
Furthermore, hypothesis testing was conducted using the t-test with a significance level of
5%.

Data was collected using a written test by determining indicators of problem solving
ability in the physics field of study with indicators including; (1) understanding the problem
(focus the problem) this stage involves forming a mental picture of the problem situation.
Students are expected to identify the objects involved, the relationship between objects, and
the information provided. Sketching or diagramming is often used to visualise and clarify
understanding of the problem; (2) describing the problem relates the situation to relevant
physics concepts. This includes identifying applicable physics principles or laws, as well as
determining the parameters and variables involved in the problem; (3) design the problem
solution (plan the solution) plan the steps of the solution based on the identified physics
principles. This involves selecting appropriate formulas or equations and strategies to link
known variables with unknown variables; (4) test the problem solution. (execute the
solution) perform the planned calculations or procedures systematically. Rigour in following
the planned steps is essential to ensure accurate results; (5) evaluate the solution of the
problem (evaluate the solution) review the results obtained to ensure consistency and
reasonableness with the context of the problem. Students need to check whether the solution
found makes physical sense and fits the given initial conditions.

4. Research Results

Data analysis results with indicators to measure the problem solving ability of students
majoring in physics with indicators of understanding the problem, describing the problem,
designing solutions, testing solutions, and evaluating solutions this data includes mean, std.
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error of mean, median, mode, std. deviation, vatiance, range, minimum, maximum, sum can
be seen in the following table.
Table 2. Descriptive Data of Student Problem Solving Ability

Deskriptif Pretest Postest
N 25 25
Mean 68,00 84,08
Std. Error of Mean 1,153 ,838
Median 70,00 85,00
Mode 60a 87
Std. Deviation 5,766 4,192
Variance 33,250 17,577
Range 22 15
Minimum 56 75
Maximum 78 90
Sum 1700 2102

Table 2. presents descriptive data for evaluating the problem solution with a sample of
25 participants. Based on the results obtained, the mean value for the pretest was 68.00, while
the posttest mean value increased to 84.08, indicating a significant improvement after the
intervention or learning. The standard error of mean in the pretest was 1.153, while in the
posttest it decreased to 0.838, reflecting an increase in the accuracy of the mean estimation in
the posttest. The pretest median was 70.00 and the posttest was 85.00, while the mode on the
pretest was 60 and on the postest was 87, indicating the most frequently occurring value in
the data.

In terms of variability, the standard deviation on the pretest was 5.766, which was greater
than that on the posttest which had a standard deviation of 4.192. This suggests that although
the spread of participants' scores was greater on the pretest, after the intervention, the spread
of participants' scores became more centralised. The variance at pretest was 33.250, while at
postest it decreased to 17.577, indicating a reduction in the degree of dispersion of the data
after the intervention. The range between the highest and lowest scores on the pretest was 22
(from 56 to 78), while on the posttest the range was smaller at 15 (from 75 to 90). The total
score for the pretest was 1700, and for the posttest was 2102, indicating a significant
accumulated increase in scores. Overall, this descriptive data shows a clear improvement in
participants' problem-solving abilities after the learning or intervention.

Table 3. Normality Test

Variabel Statistic df Sig. | Description
Problem solving pretest ,962 25 ,455 Significant
Problem solving posttest ,939 25 ,137 Significant

Based on the results of the normality test presented in Table 3, the analysis of the pretest
and posttest data of students problem solving ability shows that both sets of data are normally
distributed. The Kolmogorov-Smirnov statistical value for the pretest is 0.962 with a
significance of 0.455, while for the posttest is 0.939 with a significance of 0.137. Since both
significance values are greater than 0.05, it can be concluded that the pretest and posttest data
fulfil the assumption of normality. This allows the use of parametric statistical analysis
techniques for further hypothesis testing related to students problem solving skills.

Table 4. Paited sample t test of problem solving
Class N of Nilai Sig Conclusion
thitung ttabel
Postest - Pretest 25 24 11,964 1.711. 0.00 Signifikan

Based on the results of the paired sample t-test presented in Table 4.27, the analysis of
pretest and posttest data on students' problem-solving skills showed significant differences
before and after treatment. With a sample size of 25 students and a degree of freedom (df) of
24, the calculated t value is 11.964. This value far exceeds the t table of 1.711 at the 0.05
significance level. In addition, the significance value (Sig.) of 0.00, which is smaller than 0.05,
indicates that the difference is statistically significant. Thus, it can be concluded that there is
a significant increase in students problem solving ability after the treatment. These results
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indicate that the interventions carried out, whether in the form of learning strategies, use of
media, or certain approaches, have a positive impact on improving students' ability to solve
problems. This finding is evidence that the treatment given is effective and worthy of
consideration in the next learning process.
Table 5. Results of N Gain analysis of Problem Solving
N Pretest Postest N Gain Category
25 68 84,08 0.70 Effective

Based on Table 5, it is known that the average student pretest score of 68 increased to
84.08 in the posttest after treatment. This increase resulted in an N-Gain value of 0.70 which
is included in the high or effective category. Referring to the gain interpretation criteria, the
N-Gain value = 0.70 indicates that the learning provided is classified as very effective in
improving students' abilities. This means that the interventions applied during the learning
process in the form of models, media, and certain strategies have succeeded in having a
positive impact on improving students' problem solving skills. This finding is in line with the
results of the previous paired sample t-test which showed a significant difference between the
pretest and posttest. Thus, it can be concluded that the treatment given not only has a
statistical impact, but also has a high effectiveness in encouraging the improvement of
students' thinking and problem solving skills.

5. Discussion

In physics education, PBL has shown positive effects on academic achievement, critical
thinking, and problem-solving ability [7]. Integrating IoT in education can enhance the
learning experience and provide real-time insight into student performance [10]. Blended
learning approaches can reinforce learning and promote learner-centred education [27]. These
studies emphasise the importance of aligning teaching methodologies with learners' needs and
leveraging technology to improve educational outcomes across different disciplines.

In organising Internet of Things (IoT) learning, important variables should be
considered, such as technological readiness, which measures the extent to which existing
infrastructure and systems support the implementation of IoT, digital understanding, which
describes the ability of lecturers and students to operate advanced technology, and managerial
support, which shows how much the role of university management in facilitating the
adoption of this technology [28].

These results are in line with a study [29] showing the effectiveness of problem-based
learning (PBL) in improving students' problem-solving and critical thinking skills across
various disciplines. These studies utilised various statistical methods, including paired and
independent sample t-tests, MANOVA, and N-gain analyses, to demonstrate the
effectiveness of PBL interventions [29]—[31]. The findings consistently support PBL as an
effective approach to developing essential skills across educational levels and subject areas.

In understanding and describing the problem, participants showed a clear improvement
in identifying and explaining the problem more systematically. Before the intervention, many
participants had difficulty in describing the problem in a structured way. However, after
participating in PBL-IoT-based learning, they became more capable in detailing the problem
and understanding the interrelationships between concepts better.

At the stage of designing and testing solutions, participants showed progress in critical
and analytical thinking. They were more active in exploring various possible solutions and
more skilful in applying relevant concepts to solve the given problem. In addition, they were
also able to test the designed solutions more effectively by considering various factors that
affect the outcome.

In evaluating solutions, participants showed a better understanding in assessing the
effectiveness of the approaches they used. They were not only able to identify the strengths
and weaknesses of the applied solution, but also to provide better improvement alternatives
based on the analyses that had been conducted.

Overall, the results of this study indicate that the applied learning model is effective in
improving patticipants' critical thinking, analytical and problem solving skills. Although it has
shown positive results, there is still room for further improvement to ensure the effectiveness
of this model can continue to grow and provide more optimal results in the future.

Recent studies have consistently demonstrated the effectiveness of PBL in improving
students' problem-solving, critical thinking and conceptual understanding skills at different
levels of education. PBL has been shown to improve science learning outcomes and foster
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independent learning habits [32], [33]. When implemented in higher education, PBL facilitates
the development of important skills such as communication, collaboration, and information
literacy [34]. The flexibility of this model allows for creative adaptation based on learner
characteristics and available resoutrces. Despite PBL's proven effectiveness, researchers
identified gaps in understanding its integration with existing curricula and other learning
methods [35]. Further investigation is needed to explore the impact of contextual factors,
such as learning environment and teacher support, on the success of PBL. These findings
suggest that PBL is not only a theoretical concept, but also a practical and effective approach
in education.

Conclusions

Based on the results of descriptive data analysis, there are differences and improvements
in students' problem solving skills after treatment. This is supported by the results of statistical
tests that show a significant difference between the results before and after the treatment of
the Internet of Things (IoT)-based Problem Based Learning model on improving students'
problem solving skills. This finding is reinforced by the results of the gain analysis which
shows that the increase that occurs is in the effective category. Thus, it can be concluded that
the applied learning strategy or approach is able to make a positive contribution in improving
students' ability to solve problems. The intervention proved to be successful and feasible to
be applied as a learning model that supports the improvement of the quality of learning in the
educational environment.
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