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Abstract: The development of digital learning media as problem-based E-LKPD (electronic LKPD) has become a significant trend in
the education sector. This media utilizes information and communication technology to provide students with a more interactive,
interesting, and relevant learning experience. Nonetheless, it is crucial to determine the extent to which this media contributes to
decision-making. Therefore, this research aims to determine the effectiveness of PBL-based electronic LKPD on physical quantity
measurement to improve decision-making skills. This research was quasi-experimental with a one-group pretest-posttest design.
The research subjects were 25 10th-grade students. The research instrument was a physical quantity measurement test containing
decision-making skills. Effectiveness was measured using the N-Gain test. The research results show that the effectiveness of E-
LKPD is in the high category. Moreover, this research reveals that decision-making skills can be trained using problem-based E-
LKPD. Furthermore, the results of this research can be developed for other physics topics. This study could assist in the following
four domains: curriculum design, learning resource development, continuing professional development for teachers, and
integrating technology into the classroom.
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INTRODUCTION

After COVID-19, online learning media has been widely used for various discussion topics (Puma, 2022;
Salas-Pilco et al., 2022; Spitzer & Moeller, 2023). It is essential to develop online learning media to anticipate
pandemics such as COVID-19 (Mardini & Mah'd, 2022). One learning media developed is the Electronic Student
Activity Sheet (LKPD). Electronic LKPD aims to guide students in teaching and learning activities to form effective
interactions between students and educators (Muslimah, 2020). The three primary concerns that underpin the
urgency of this research are problem-based learning, digital-era learning, and raising educational standards.
The digital age has emerged as a result of information technology advancements (Marzano et al., 2017). In an
analogous way, education is gradually moving toward a digital format. Additionally, the existence of E-LKPD is
required to expand the capabilities of digital learning. It is crucial to conduct this research to make sure that the
developed E-LKPD is effective in achieving learning objectives (Anggereni et al., 2022; Ana, 2020). The ability
to think critically and creatively is one of the numerous 21st-century skills that problem-based learning has been
shown to effectively improve. As a result, PBL is used in this study as a teaching strategy.

Decision-making is the skill of evaluating a situation, considering the available options, and choosing
the most appropriate or beneficial action (Goosen & Steenkamp, 2023; Mahajan et al., 2023). This skill involves
complex cognitive processes that can be influenced by other factors, such as available information, individual
values and preferences, goals, and pressure from time and risk (Gurkut et al., 2023; Ma et al., 2023; Pan &
Gao, 2023; Zhang et al., 2023). Good decision-making skills enable individuals to identify problems, analyze
situations well, and choose effective solutions. This skill helps efficiently resolve problems and minimizes
negative consequences. Good decision-making can increase one's level of satisfaction and self-satisfaction.
Individuals feel they have greater involvement in the outcome by having control over the decisions made. Good
decisions can also bring greater satisfaction in achieving personal and professional goals. Physical quantity in
physics is categorized into various aspects. From the dimensions of the unit, physical quantities are categorized
into basic and derived quantities. In terms of value and direction, there are scalar and vector quantities. In
terms of development, there are classical and modern physics quantities. Mastery of the physical quantity
measurement concept significantly affects student learning outcomes in quantity and unit material (Sukarno,
2022). There are various ways to train students' ability to measure physical quantities. Actual teaching aids have
proven to be effective in increasing mastery of concepts in the unit measurement (Bilousova et al., 2020; Ordu,
2021; Perisic et al., 2023). On the other hand, experimental methods are also effective in improving students'
measurement skills (Susilo, 2020). Much research has been conducted on the application of PBL in learning
(Arani et al., 2023; Sharma et al., 2023; Sumarni et al., 2021), as well as the development of electronic and
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non-electronic LKPD (Muslimah, 2020). Many efforts have been made to improve decision-making skills through
learning (Dogan et al., 2023). However, there is no research on using PBL-based electronic LKPD on physical
quantity measurement to improve decision-making skills. Therefore, this study intends to explore this topic
further. This research aims to determine the effectiveness of PBL-based electronic LKPD on physical quantity
measurement to improve decision-making skills.

METHODS

This research was quasi-experimental with a one-group pretest-posttest design (Creswell, 2014). The
research subjects were 25 10th-grade students at a state school. The face-to-face learning process was carried
out three times using a problem-based learning model assisted by E-LKPD with decision-making skills on physical
quantity measurements. The quantities measured included length, volume, mass, and density. Students were
given a pretest to obtain their initial skills at the first meeting. Students used E-LKPD about using a ruler, caliper,
and micrometer. In the second meeting, students used a graduated cylinder to measure volume and a spring
scale to measure mass. Students used their length, volume, and mass measurement skills to determine density
and did the posttest at the third meeting. The pretest-posttest consisted of three essay questions integrated with
decision-making indicators. Before use, the questions developed were validated by experts. Aspects and indicators
of decision-making were formulated from decision-making theory (Pasolong, 2023), as presented in Table 1.

Table 1. Aspects and Indicators of Decision Making
Aspect Indicator

Formulate problems Define the problem

Formulate alternative strategies

Determine and implement the preferred strategy
Gather information ~ Gather and consider the required information

Analyze the right choice

Consider possible solutions
Make choices Identify choices

Use considerations in choosing a solution

Consider the consequences of each choice for themselves and others

Evaluate choices Observe and interpret the results well.
State the suitability of the choice with the criteria
Make decision Analyze decisions

Check alternative decisions
Determine decision choices

This research data was analyzed using the N-Gain statistical test. The data processing sequence began
with a normality test for the pretest and posttest results of students' decision-making skills. After the data was
proven to be normally distributed and homogeneous, the N-Gain test was applied to determine the increase in
students' decision-making skills. The following is the equation for calculating normalized N-Gain (g). Normalized
N-Gain categories are shown in Table 2.

Table 2. Interpretation of Normalized
N-Gain (Aziz et al., 2021).
Normalized N-Gain Interpretation

-1,00 < g <0,00 Decreased
g=0,00 No increase
0,00 <g<0,30 Low
0,30<g<0,70 Average
0,70<g <1,00 High

RESULT AND DISCUSSION

Students' decision-making skills are obtained from pretest and posttest scores. The pretest and posttest
results are presented in Figure 1.
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Figure 1. Pretest and Posttest Results of Decision-making Skills

Based on Figure 1, the students' highest pretest score was below 50 out of 100. Most students had scores
in the range of 30-40. The results of this pretest show that most students do not have good decision-making
skills during the pretest. It is different from the posttest. Most students had scores in the range of 75 - 85. The
highest score for students was 90, while the lowest was 70. This posttest score shows that most students have
good decision-making skills. However, the magnitude of the increase cannot be determined just based on Figure
1. An N-Gain test is needed to determine the magnitude of the increase. Furthermore, the N Gain test needs data
on the average pretest-posttest scores. Data on the number of students, average pretest-posttest score, and
standard deviation are presented in Table 3.

Table 3. Pretest-Posttest Score
Score  Number of Students Average Score Standard Deviation
Pretest 25 35 6,4
Postest 25 82 5,6
Ideal score: 100

These scores were then tested for normality with a significance level of a = 0.05, and the results are
presented in Table 4.
Table 4. Normality Test Result
Kolmogorov-Smirnov Shapiro-Wilk

Score Statistics Df Sig Statistics df Sig
Pretest 0,211 25 0,200 0,968 25 0,420
Posttest 0,250 25 0,300 0,927 25 0,340

Based on Table 4, the Shapiro-Wilk test on the pretest and posttest scores shows a significance of 0.420
and 0.340, respectively. Both significance values are greater than 0.05, so it can be concluded that both are
normally distributed. The N-Gain scores are shown in Table 5.

Table 5. N-Gain Score
Score Number of Students Average Score Standard Deviation
N-Gain 25 0,74 0,062

Based on Table 5, the N-Gain result is 0.74. This value was then confirmed with the N-Gain category in
Table 2, concluding that N-Gain was in the high category. Thus, the findings of this research indicate that PBL-
based electronic LKPD can improve students' decision-making skills. Some supporting factors for success include
using electronic LKPD, the PBL approach, and the selection of learning topics. The key factor is the use of
electronic LKPD. Electronic LKPD can bring students closer to digital technology adaptation (Chand et al., 2021;
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Sibley et al., 2023). In contrast to printed LKPD, electronic LKPD can be combined with interactive media or
demonstrations. The more senses involved, the more effective a learning process (Kankal et al., 2023; Kirby &
Anwar, 2020). The electronic LKPD in this research utilizes PheT simulations and interactive videos from YouTube.
Through these media, students can gather information and make solution choices as an initial stage in decision-
making (Canoz et al., 2022; Hovardas et al., 2023). Therefore, students can be actively involved in decision-
making throughout their educational experiences.

The second key factor for success is the PBL approach. This approach uses real problems to guide students'
learning (Hidajat, 2023). One of the real problems in this research is using appropriate measuring tools to
determine the size of nuts and bolts. Before students make a decision, they will look for information and try using
various length measuring tools, such as a ruler, caliper, and multimeter. Through electronic LKPD, students are
directed to carry out these activities. The PBL approach can train critical thinking skills (Anggraeni et al., 2023;
Khoiri et al., 2023). Critical thinking skills are the main provision in decision-making (Lin et al., 2021). Critical
thinking is a cognitive process that encompasses the capability to analyze, assess, draw a conclusion, and solve
a problem (Chen, 2017; Jatmiko et al., 2018; Rodzalan & Saat, 2015). Critical thinking skills support students in
identifying various alternative solutions and evaluating available options.

The third supporting factor is the selection of learning topics. In this research, the learning topic chosen
was physical quantity measurement. In this research, the physical quantities measured include length, volume,
mass, and density. This topic is linked to real problems students face. Real problems can make learning more
meaningful (Das & Tsb, 2023; Khalid et al., 2023; Vermunt et al., 2023; Zgheib et al., 2023). In the electronic
LKPD in this study, students were asked to measure the volume of irregular stones and were given the freedom
to use measuring instruments in the laboratory. Choosing the right measuring instrument is one way to train
decision-making skills. The topic of physical quantity measurement has many alternative scenarios to practice
decision-making skills.

This research shows that decision-making skills can be trained in physics learning topics through PBL-based
electronic LKPD. Electronic LKPD, as a form of digital learning media, can be used to improve decision-making
skills. It aligns with research on the use of modules on biotechnology topics to improve decision-making skills
(Nurtamara & Prasetyanti, 2020). LKPD electronic media can also be developed to train 21st-century life skills,
such as critical and creative thinking skills (Pramasdyahsari et al., 2023) The results of this research can contribute
to the development of digital learning in the 21st century. Additionally, the existence of E-LKPD is required to
expand the capabilities of digital learning. It is crucial to conduct this research to make sure that the developed
E-LKPD is effective in meeting learning objectives. The ability to think critically and creatively is one of the many
21st century skills that problem-based learning has been shown to effectively improve.

CONCLUSION

The research results show that problem-based E-LKPD on physical quantity measurement has high
effectiveness in improving decision-making skills. E-LKPD is designed to train decision-making skills from simple
to complex problems gradually and systematically. It is hoped that the results of this research will provide
benefits in integrating decision-making into learning as one of the skills needed to face the challenges of the
21st century. Curriculum design, learning resource development, ongoing teacher development training, and
the incorporation of technology into the classroom are the four areas in which this research can contribute. In
regard to the topic of measuring physical quantities in particular, the research findings can be referenced when
developing curricula and instructional strategies. The findings of this research can also be applied to the creation
of alternative education resources. In a single subject, educators can use E-LKPD to combine online videos and
simulations. While it comes to continuous teacher development training, the efficacy of E-LKPD can serve as a
substitute. In conclusion, the findings of this study can serve as an illustration of best practices for incorporating
technology into instruction.
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