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Abstract — The excellence and competitiveness of
human resources (HR) are key factors supporting the
progress of a country’s economy, society, and culture.
In the context of electronics engineering education in
Indonesia, this study aims to investigate how creative
thinking skills, critical thinking skills, learning
strategies, and problem-solving abilities contribute to
improving students’ academic performance. The study
employs Structural Equation Modeling (SEM) to
examine  relationships among variables and
Importance-Performance Map Analysis (IPMA) to
assess the importance and performance of the relevant
constructs, and network analysis to visualize the
complex interactions among these variables. The
findings provide profound insights into how students’
personality characteristics, learning strategies, and
problem-solving abilities contribute to their academic
achievements, with Subject Extraction Strategy (SES)
playing a crucial role in influencing Students’
Academic Performance. These results offer substantial
contributions to support the development of electronics
engineering education curricula and the enhancement
of human resource development in Indonesia.
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By optimizing these factors, the country can
enhance its competitiveness in the global market and
achieve sustainable progress.
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1. Introduction

In Indonesia, with a population of over 270
million people [1], there is tremendous potential
within the context of human resource (HR) [2]. The
excellence and competitiveness of human resources
(SDM) are crucial factors supporting a country’s
economic, social, and cultural advancement [3], [4].
The quality of SDM reflects how well a nation can
compete on the global stage [5]. By strengthening
human resource excellence and competitiveness, a
nation can stimulate economic growth, expand
employment opportunities, and improve the overall
well-being of its population.

However, amidst Indonesia’s vast potential, there
are serious issues that need to be addressed, primarily
the high unemployment rate, especially among the
youth. One of the main drivers of high
unemployment is the limited competitiveness of HR
[6], [7]. Several contributing factors include a lack of
skills aligned with the labor market’s demands [8],
limited access to quality education [9], and a
mismatch between the training provided and job
demands in the labor market [10].

In the domain of electronics engineering
education, problem-solving skills play a crucial role.
Electronics engineering education provides learners
with applied competencies that correspond to labor-
market requirements, thereby strengthening their
overall competitiveness [11], [12], [13]. Moreover,
problem-solving abilities are closely related to
innovation, productivity, and the capacity to face
challenges in a rapidly changing work environment
[14], [15].
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Consistent with previous research conducted by
[16], by improving technical education and problem-
solving skills among the workforce in Indonesia, this
approach can help address unemployment issues,
stimulate economic growth, and contribute to
enhancing the community’s overall quality of life.

Furthermore, creative thinking skills involve the
ability to view problems from various perspectives,
generate new ideas, and apply them in specific
contexts [17], [18]. In the electronics engineering
education setting, creative thinking skills not only
equip students to grasp the fundamental principles of
electronic technology but also empower them to
develop innovative solutions to technical problems
they may encounter in the future. The study by [19]
likewise indicates that electronics technical
education, which includes elements of creativity, will
help students become more adaptive in facing rapid
technological advancements. They will be
accustomed to thinking outside the box, addressing
technical problems they’ve never encountered before,
and creating unique solutions. This not only supports
innovation in the electronics industry but also
prepares Indonesia’s younger generation to cope with
challenges in an increasingly complex work
environment [20], [21], [22].

Furthermore, education must also emphasize the
development of critical thinking abilities. This skill
encompasses analyzing information, recognizing
problems, assessing potential solutions, and making
decisions based on evidence and data. Within
electronics engineering education, learners must be
prepared to recognize technical challenges, conduct
root-cause analyses, and formulate effective solution
designs. With a learning approach that encompasses
these aspects, electronics engineering education will
help students become more adaptive, innovative, and
analytical in their careers in the ever-evolving
electronics industry, thus supporting economic
growth and enhancing the competitiveness of
Indonesian HR.

To optimize electronics engineering education,
the role of learning strategies as a Subject Extraction
Strategy (SES) is also crucial [23], [24]. Learning
strategies refer to the instructional methods and
approaches employed by educators to support and
enhance the learning process [25], [26]. In the
pedagogical context of electronics engineering, the
effective use of learning strategies can help students
better understand the material, enhance critical
thinking skills, and stimulate their creativity [27],
[28], [29]. |Integrating effective instructional
strategies into electronics engineering education,
including project-based learning, collaborative
discussions, and the use of educational technology,
can boost student engagement and promote more
active involvement in the learning process.
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This approach enables students to cultivate
creative and critical thinking abilities more
optimally, equipping them to address challenges
within the rapidly evolving domain of electronic
technology.

The relationship between these aspects greatly
influences students’ academic performance, often
considered a benchmark for evaluating the
effectiveness of educational systems and practices.
When students possess creative and critical thinking
skills, problem-solving abilities, and effective
learning strategies, they are better prepared to excel
academically [30]. These skills enable students to
handle academic tasks requiring Higher Order
Thinking Skills (HOTS), including analyzing,
evaluating, and creating [31], [32]. With these
abilities, students can handle more complex material
and achieve better academic performance. In general,
the link between creative and critical thinking,
problem-solving ability, learning strategies, and
students’ academic achievement is crucial in efforts
to achieve excellence in education and the
development of human resources in Indonesia.

2. Methodology

To address the research questions and test the
proposed hypotheses, the researcher applied multiple
analytical techniques, Structural Equation Modeling
(SEM), Importance—Performance Map Analysis
(IPMA), and network analysis, using the predefined
variables: problem-solving quality, creative thinking
skills, critical thinking skills, learning strategies, and
students’ academic performance. These approaches
enabled a thorough analysis of the relationships and
interactions among the variables, vyielding
meaningful insights aligned with the study’s
objectives.

2.1. Structural Equation Modeling (SEM) Analysis

In the early stage of the study, Structural Equation
Modeling (SEM) was applied to test the proposed
hypotheses and confirm the identified relationships
[33], [34]. This approach enabled the assessment of
how well the proposed model fit the collected data
and to determine whether the relationships among the
examined variables demonstrated meaningful
statistical significance [35], [36]. SEM supported the
understanding of the intricate relationships examined
in this study and offered a robust basis for further
analysis of both latent variables, which are not
directly observable, and manifest variables, which
can be directly measured [37].
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2.2. Importance-Performance Map Analysis (IPMA)

Furthermore, this study also employed
Importance—Performance Map Analysis (IPMA).
IPMA is an analytical technique that evaluates and
visualizes the relative importance of key constructs
in the study and examines how well they perform in
meeting the expected outcomes or requirements.
[38], [39]. By implementing IPMA, aspects requiring
improvement or optimization could be identified
based on their priority and impact on the research
objectives [40]. This method provided a
comprehensive view of key elements in the study and
assisted in making informed and effective decisions.

2.3. Networking Analysis

In addition to employing SEM analysis and
IPMA, network analysis methods were also adopted
in this study. Network analysis is an approach used to
examine the complex relationships between entities
or elements within a system [41]. This method
enabled the identification of patterns, connections,
and the impact of interactions between variables or
elements within the research context. Using network
analysis, the underlying dynamics of the
phenomenon under investigation were revealed,
providing a deeper and more holistic understanding
of the interconnections among the factors influencing
the study outcomes.

Network analysis helped better depict the
complexity of the system and understand the
implications of the interconnectedness of these
elements [42], [43].

2.4. Participants

The population for this research comprised 192
students majoring in electronics engineering at the
Faculty of Engineering, Universitas Negeri Padang.
The research sample was drawn from the population
using a non-probability sampling approach and
collected through a remotely administered survey.
Data collection was carried out through
guestionnaires employing a Likert scale to capture
responses for each item pertaining to problem-
solving quality, creative thinking skills, critical
thinking skills, learning strategies, and students’
academic performance.

The efficacy of mediation was tested using a
complementary mediation test procedure, involving
an analysis of both direct and indirect effects and an
assessment of whether the paths are statistically
significant. The findings were then classified as
representing full mediation, partial mediation, or no
mediation. This classification was due to the fact that
the concept of one-dimensional mediation was more
frequently observed than the concept of two-
dimensional mediation.
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Table 1 presents the profiles of the 192
respondents.

Table 1. Respondent profile

Demographic
No Charac%eriitics Total %
Gender
1. Male 109 56.77
Female 83 43,23
Age
>24 years old 0 0
) 23-24 years old 17 8.85
' 21-22 years old 83 43.23
19-20 years old 54 28.13
17-18 years old 38 19.79
NIM/Student ID
Number
2022 18 9.38
3 2021 33 17.19
' 2020 38 19.79
2019 91 47.40
2018 12 6.25
2017 0 0

Referring to Table 1, it is evident that 109 of the
respondent students (56.77%) were male, while 83 of
them  (43.23%) were female. Furthermore,
concerning age, 38 respondents (19.79%) were aged
17-18 years, 54 respondents (28.13%) were aged 19-
20 years, 83 respondents (43.23%) were aged 21-22
years, 17 respondents (8.85%) were aged 23-24
years, and there were no respondents (0%) above 24
years old. Additionally, based on the Student
ID/Registration  Number, no respondents (0%)
entered in 2017, 12 respondents (6.25%) entered in
2018, 91 respondents (47.40%) entered in 2019, 38
respondents (19.79%) entered in 2020, 33
respondents (17.19%) entered in 2021, and 18
respondents (9.38%) entered in 2022.

2.5. Participant and Procedures

The primary data collected for this study
originated from a structured questionnaire designed
by several leading researchers in the field. This
guestionnaire was adapted to the research context to
gather relevant and in-depth information aligned with
the study objectives. By employing this
guestionnaire, consistent and reliable data were
gathered for further analysis, ensuring that the
questions posed to respondents align with the
research framework. The instrument comprises
problem solving quality adopted from [44], creative
thinking skills adopted from [45], critical thinking
skills adopted from [46], learning strategies adopted
from [47], and students’ academic performance
based on [48].
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The questionnaire used in this study consisted of
32 items measured on a five-point Likert scale, with
responses ranging from strongly disagree/never (1) to
strongly agree/always (5). The instrument was
administered to participants, and the resulting data
were evaluated for validity and reliability through
SEM analysis, IPMA, and Network Analysis.

3. Finding and Discussion

In the context of electronics engineering
education, the relationship between Students’
Academic Performance and Learning Strategies
plays a crucial role. Learning Strategies, in this case
acting as Subject Extraction Strategies (SES),
become key to understanding how students’ access,
process, and integrate the information taught in
educational programs. SES represents the approaches
and methods employed by educators to facilitate
students’ learning processes [49]. By implementing
effective SES, educators can assist students in better
comprehending subject matter and developing
critical thinking skills [50]. Effective learning
strategies may encompass various elements, such as
the use of educational technology, project-based
learning, group discussions, and various other
techniques.

The relationship between Students’ Academic
Performance and Learning Strategies can be
explained as follows: when students apply SES
effectively, they generally attain a deeper grasp of
the subject matter, are able to integrate acquired
information more effectively, and demonstrate
enhanced critical  thinking abilities.  These
improvements subsequently contribute positively to
their academic achievement.

In the context of electronics engineering
education, where understanding technical concepts
and problem-solving abilities are key, the effective
application of SES can help students master the
material, tackle complex tasks, and prepare for
challenges in the ever-evolving electronics industry.
Therefore, it is crucial for educators in electronics
engineering education to consider and incorporate
instructional strategies that foster critical thinking
and deep conceptual understanding in order to
improve students’ academic performance.

In the mentioned research, SEM analysis, IPMA,
and network analysis were conducted to more
thoroughly investigate how learning strategies relate
to students’ academic performance. This approach
aims to offer a more holistic understanding of how
personality traits influence students’ academic
outcomes. Here’s the explanation:

1684

3.1. SEM Approach to Structural Modeling

In the early phase of SEM analysis, the researcher
develops the outer model by utilizing measurement
variables to establish factors that represent the
study’s constructs. During this stage, factor loadings
are calculated to measure the extent to which the
measurement variables contribute to representing the
measured constructs [51]. Additionally, The
reliability of the measurement variables was
evaluated to confirm the measurement instrument’s
consistency and stability. [52]. Convergent and
discriminant validity were examined to verify that
the indicators accurately reflected the constructs they
were designed to measure and distinguish them from
one another [53].

The second phase of SEM analysis involves
evaluating the structural model or inner model.
During this phase, the identified factors were linked
to assess the interrelationships among variables
within the research framework. Using path analysis,
the PLS-SEM structural model produces path
coefficients that indicate both the magnitude and
direction of the relationships among the variables
[51], [54]. This enables researchers to understand
how the variables in the model interact and influence
each other, thus providing a more in-depth
understanding of the relational dynamics within the
research.

3.1.1. Measurement Model Validation

Measurement Model Assessment (MMA) aims to
determine whether the measurement model fits the
observed data appropriately and accurately represents
the intended concepts. This evaluation includes
assessing validity, reliability, and model fit [55],
[56]. Firstly, reliability is tested by measuring
Cronbach’s Alpha (o) and Consistency Reliability
(CR). These values should exceed 0.7, indicating an
adequate level of consistency in the measurement
[57]. Next, convergent validity was evaluated by
checking whether outer loadings were above 0.7 and
whether the Average Variance Extracted (AVE)
exceeded 0.5. This confirms that the measurement
variables can effectively measure the same construct.
Finally, discriminant validity is examined by
ensuring that the Heterotrait-Monotrait (HTMT) ratio
remains below < 0.9 [58]. This indicates that the
measurement variables have sufficient ability to
distinguish between different constructs effectively.
The MMA results are summarized in Table 2.
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Table 2. Measurement model evaluation results (Smart PLS 3)

Variable Item Outer Loading Cronbach Alpha Composite Realibity AVE >0.5
Crel 0.779
Cre2 0.737
Cre3 0.825
. L Cre4 0.799
g&?ﬁ;“(’ég'”k'”g Cre5  0.750 0.924 0.937 0.623
Creb 0.808
Cre7 0.817
Cre8 0.797
Cre9 0.784
Cril 0.723
Cri3 0.758
Cri4 0.769
Critical Thinking Cri5 0.776
Skills (Cri) Cri6 0845 0.912 0.928 0.619
Cri7 0.782
Cri8 0.811
Cri9 0.822
LS1 0.839
LS2 0.822
Learning Strategies  LS3 0.851
(LS) - SES Lsa 0.793 0.912 0.932 0.695
LS5 0.881
LS6 0.812
PSQ1  0.849
Problem Solving PSQ2 0.851
Skills (PSQ) PSQ3 0.824 0.883 0.914 0.681
PSQ4 0.830
PSQ5 0.771
Students’ Academic  Pel 0.885
Performance (Pe) Pe2 0.878 0.797 0.882 0.714
Pe3 0.767

Table 2 summarizes the measurement results for
the study variables, namely creative thinking skills,
critical thinking skills, learning strategies, problem-
solving skills, and students’ academic performance.
Outer loadings measure the extent to which each item
within the related variable contributes to the
measured construct. Significant Outer Loading

Convergent validity is assessed using the Average
Variance Extracted (AVE), which should exceed 0.5
to indicate that the indicators adequately capture the
same underlying construct. These measurement
outcomes offer a robust basis for conducting
subsequent statistical analyses, thus providing deeper
insights into the interrelationships among variables

values indicate that these items are effective in influencing students’ academic  performance.

measuring the respective variable. Furthermore, Subsequently, Table 3 presents the HTMT

Cronbach Alpha and Composite Reliability are measurement results.

indicators of reliability, with high values indicating

good consistency in measurement.

Table 3. HTMT results (Smart PLS 3)

Variable Creative ?Llitrzck?L Learning Problem Students” Academic
Thinking Skills Skills g Strategies - SES  Solving Quality Performance

Creative Thinking

Skills

Critical Thinking

Skills 0818

Learning Strategies -

SES 0.926 0.850

Problem Solving 0.817 0.896 0.837

Quality

Students’ Academic g g7g 0.796 0.689 0.699

Performance
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Table 3 shows the significant relationships
between various variables in this study. The analysis
results indicate that Creative Thinking Skills
demonstrate a positive and statistically significant
relationship with Critical Thinking Skills at 0.818.
This suggests that individuals who excel in creative
thinking also tend to have stronger critical thinking
abilities. Furthermore, Learning Strategies - SES
have a close relationship with Creative Thinking
Skills (0.926) and Critical Thinking Skills (0.850),
indicating that the use of effective learning strategies
is associated with improved creative and critical
thinking skills.

Meanwhile, Problem-Solving Quality shows
strong, significant positive associations with Creative
Thinking Skills (0.817), Critical Thinking Skills
(0.896), and Learning Strategies—-SES (0.837),
underscoring the role of problem-solving in fostering
effective thinking abilities and learning strategies.
Lastly, Students’ Academic Performance is
positively correlated with Creative Thinking Skills
(0.678), Critical Thinking Skills (0.796), Learning
Strategies - SES (0.689), and Problem-Solving
Quality (0.699), suggesting that students’ academic
performance tends to improve with enhanced creative
and critical thinking skills, effective learning
strategies, and better problem-solving abilities. These
results highlight the value of strengthening thinking
skills, effective learning strategies, and problem-
solving abilities to improve students’ academic
performance in electronics engineering education.

3.1.2. Structural Model Assessment

The Structural Model Assessment (SMA) is a
crucial stage in Structural Equation Modeling (SEM)
or path analysis, playing a key role in validating the
structural model in a research study [34], [59], [60].
SMA is intended to verify that the proposed model
corresponds with empirical data, demonstrates an
adequate level of model fit, and offers meaningful
insights into how the variables are interconnected
within the study context [61]. The effectiveness of
addressing the research questions is demonstrated by
focusing on T-statistic values and p-values to
determine the statistical significance of the analysis
results [62], [63]. Errors in drawing conclusions can
be avoided by adhering to the criteria that research
questions are considered valid if the T-Statistic value
> 1.96 and the P-Value < 0.05. The results reveal a
statistically significant effect linking the exogenous
and endogenous variables in the research framework,
enabling the researchers to draw statistically
supported conclusions regarding the presence of
meaningful relationships. Therefore, SMA plays a
crucial role in evaluating and confirming the
relationships between variables in SEM analysis,
ensuring accurate and reliable research results [64].
Figure 1 displays the T-statistic values.

| |[ et ]

Cre5 || Cre6 | Cre? || Cred || Cred

i e

18.816 16.416 26.648 21447

Problem Solving

Quality 25.920

|
‘IE*IS? 25'635/2?.83 ///

8 23.036 21.260

Students
Academic
Performance

18177 20669 5905 4156 38056 25789 30981 37376

S

it L

| | CnT7 | | Cnd H Cn9 |

Figure 1. Model estimation results with T-values (SmartPLS 3)
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As shown in Figure 1, the T-statistic values
indicate the statistical significance of the
relationships among the variables. For instance, the
link between Creative Thinking Skills and Learning
Strategies—SES shows a p-value of 0.000, indicating
that this relationship is highly statistically significant,
indicating that the relationship exhibits strong
statistical significance. Similarly, the relationship
between Creative Thinking Skills and Students’
Academic Performance has a T-Statistic value of
1.162, which, although lower, still demonstrates
statistical significance. Furthermore, the relationship
between Critical Thinking Skills and Learning
Strategies - SES has a T-Statistic value of 3.619, also
indicating high statistical significance.

The relationship between Critical Thinking Skills
and Students’ Academic Performance has a T-
Statistic value of 4.629, showing a strong statistical
significance. Additionally, the relationship between
Learning Strategies - SES and Students’ Academic
Performance has a T-Statistic value of 2.552, still
suggests statistical significance. Overall, these T-
Statistic values provide statistical evidence that the
relation-ships between variables in SEM analysis are
significant, making the analysis results reliable.
Meanwhile, P-values are presented in Figure 2.

| Crel | | Cre2 | | Cre3 | | Cred | | Cre5 | | Creb | Cre7 | | Cre8 | | Cre9 |
X}}OW .. cmé{/

PS02 0.000_
0.000
PSC3 0.000

Problem Solving
Quality

0000 0000 qo00

Students
Academic
Performance

] e ] e |

sillls
8.6000
cris

KI'IS:”-'*O.GCC 0.000 c.me{\‘
|| cri

[ ez || cie || cio ]

Figure 2. Model Calculation Results with P-Value (SmartPLS 3)

Figure 2 illustrates the p-values obtained through
SEM analysis to determine the statistical significance
of the relationships among variables. The P-Values
indicate the degree of evidence in favor of the
hypothesis that the observed relationships between
variables are real. For example, the relationship
between Creative Thinking Skills and Learning
Strategies - SES has a P-Value of 0.000, suggesting a
high level of statistical significance for this
relationship.

TEM Journal —Volume 15 / Number 2 / 2026.

However, the results indicate that the relationship
between Creative Thinking Skills and students’
academic performance is not statistically significant,
given a p-value of 0.246 that exceeds the 0.05
threshold. A similar situation occurs with the
relationship between Critical Thinking Skills and
Students’ Academic Performance, where the P-Value
is 0.000, indicating high statistical significance.
These P-Value assist researchers in drawing
conclusions regarding the statistical significance of
relationships among variables in SEM analysis. Next,
Table 4 presents the final results of MMA.
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Table 4. Results of the measurement model

Original Sample

Variable 0) T Statistics P Values Hypotheses
Creative Thinking Skills ->
Learning Strategies - SES 0.576 8.295 0.000 H1 Accepted
Creative Thinking Skills -> .
Students’ Academic Performance 0.120 1.196 0.232 H2 Rejected
Critical Thinking Skills ->
Learning Strategies - SES 0.227 3.744 0.000 H3 Accepted
Critical Thinking Skills ->
Students’ Academic Performance 0.503 4.704 0.000 H4 Accepted
Learning Strategies - SES -> .
Students’ Academic Performance 0.062 0.568 0.570 H5 Rejected
Problem Solving Quality ->
Creative Thinking Skills 0.742 17.619 0.000 H6 Accepted
Problem Solving Quality ->
Critical Thinking Skills 0.808 25.920 0.000 H7 Accepted
Problem Solving Quality ->
Learning Strategies - SES 0.145 2.635 0.009 H8 Accepted
Problem Solving Quality -> .
Students’ Academic Performance 0.049 0.461 0.645 HO Rejected
Creative Thinking Skills ->
Learning Strategies — SES -> 0.035 0.566 0.572 H10 Rejected
Students’ Academic Performance
Critical Thinking Skills ->
Learning Strategies — SES -> 0.014 0.528 0.598 H11 Rejected
Students’ Academic Performance
Problem Solving Quality ->
Learning Strategies — SES -> 0.611 11.579 0.000 H12 Accepted
Students’ Academic Performance
Critical Thinking Skills ->
Problem Solving Quality -> 0.542 6.274 0.000 H13 Accepted
Students’ Academic Performance

Based on Table 4, several significant findings can The evidence supports a more nuanced

be observed regarding the relationships among the
variables examined in this study. First, a statistically
significant relationship exists between creative
thinking skills and learning strategies, as well as
between critical thinking skills and learning
strategies. These results indicate that students with
better creative and critical thinking skills tend to use
more effective learning strategies. Additionally,
problem-solving quality is also found to be positively
related to creative and critical thinking skills, as well
as learning strategies. However, interestingly, no
significant relationship was found between learning
strategies and students’ academic performance.
Therefore, although students may adopt various
learning strategies, it does not always translate into
improved academic performance.

Finally, the integrated effects of these variables
demonstrate that creative thinking skills, critical
thinking skills, problem solving quality, and learning
strategies collectively exert a significant influence on
students’ academic performance.
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understanding of the vital role of fostering creative
and critical thinking abilities within electronics
engineering  education and  highlight their
contribution to enhancing educational quality and
students’ academic achievement.

3.2. The IPMA Technique for Importance—Performance
Mapping

The IPMA technique for importance—performance
mapping serves as an effective tool for assessing the
performance of specific concepts or aspects within a
study. This analysis helps researchers understand the
extent to which a concept or aspect is considered
important and how well it performs in the context of
the research [39], [65], [66]. The purpose of IPMA is
to determine which areas need improvement or
performance enhancement to achieve the research
objectives [67].

TEM Journal — Volume 15 / Number 2 / 2026.
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3.2.1. IPMA Based on Construct

IPMA based on Construction refers to evaluating
the extent to which constructs (more general or
abstract variables) in research have appropriate levels
of importance and performance [68]. In this context,
importance measures how significant  these
constructs are in the research context, while
performance measures how well these constructs are
measured or applied in the research.

The results of IPMA based on Construction can
generate a map that illustrates the relationship
between the importance and performance of these
constructs [69].

Stucents' Acacemic Performance 50

Importance-Performance Map

Total Effects

B Creative Thinking Skils @ Critical Thinking Skills

Learning Strategies - SES

Problem Solving Quality

Figure 3. IPMA based on construct (Smart PLS 3)

As depicted in Figure 3, the diagram presents the
total effects of Creative Thinking Skills, Critical
Thinking Skills, Learning Strategies (SES), and
Problem-Solving Quality on Students’ Academic
Performance. These results offer useful insight into
how each construct contributes to academic
performance. By examining the figure, researchers
and educators can identify which areas need greater
focus to enhance overall educational quality. In this
case, Critical Thinking Skills and Problem-Solving
Quality appear to have a statistically meaningful
effect, while Learning Strategies - SES has a more
limited influence.

Therefore, efforts to strengthen critical thinking
skills and problem-solving quality may be a primary
focus in enhancing students’ academic performance.

This IPMA analysis provides valuable insights
that can help improve education and learning in the
context of this research.

3.3. IPMA Based on Indicators

IPMA based on Indicators is more focused on
evaluating the level of importance and performance
of specific indicators used to measure these
constructs [70]. These indicators can be more
specific variables or measures within the research.
The results of IPMA based on Indicators also
generate a map that illustrates how these indicators
perform in the context of the research [71].

100 4

ao

20

70

G0

Studerts' Academic Performance 50
40

a0

20

1o

Importance-Performance Map

o - - - - -
0.00 0.01 0.02 0.03 004 0.05

0.08 0.07 o.oe o0.02 o0.10 011 0.12 o013
Total Effects

m Crel ® Cre2 Cred Cred Cre5 Cref
& LSE & PSQ1 = PSQ2 ¥ PSQ3 = PSQ4 » P3S0S

Cre7 » Cref B CreS - Cril m Crid

Cri4 & Cris & Crig = Criy ¥ Crig = Crid LS1 Ls2 LS3 LS4 LSS

Figure 4. IPMA based on item (Smart PLS 3)
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Referring to Figure 4, it can be observed that each
indicator has a different impact on Students’
Academic Performance. Indicator Cri6 in the Critical
Thinking Skills construct has the highest impact with
a value of 0.076, indicating that this aspect
significantly contributes to students’ academic
performance. Furthermore, indicator PSQ2 in the
Problem-Solving Quality construct also has a
relatively high impact with a value of 0.125. On the
other hand, some indicators have lower impacts, such
as Cre2, Cre5, and LS4, all of which have impacts of
less than 0.015. The results indicate that these factors
may have limited influence on students’ academic
performance. IPMA analysis based on indicators
helps identify specific elements that need attention or
improvement in order to enhance students’ academic
performance. These insights may serve as a
foundation  for  educational institutions  or
policymakers in formulating more targeted strategies
aimed at enhancing students’ academic outcomes.

3.4. Networking Analysis

In the concluding stage, the researcher utilizes
network analysis to visualize and examine the
interrelationships among the variables specified in
the study. By adopting network analysis
methodology, the researcher can identify patterns of
interaction, connections, and the flow of information
among these variables [72].

This method enables the researcher to illustrate
the complex interactions among variables and to
comprehend how information and influence flow
within the system.

3.4.1. Characteristics of Edges

Characteristics of Edges is a term used in network
analysis to refer to the attributes or properties
associated with the relationships or "edges"
connecting two points or nodes in the network [73].
Several characteristics typically examined in this
analysis include the intensity of the relationships,
their directional flow (whether unidirectional or
bidirectional), the magnitude or weight of each
connection, and the nature of the interaction, such as
symbiotic, competitive, or collaborative relationships
[74]. Understanding the characteristics of edges in a
network is crucial for identifying patterns and
underlying dynamics, which, in turn, can provide
valuable insights in various fields such as social
sciences, information technology, and computer
science. Figure 5 presents a domain-level network
that includes Group 1 (PSQ, Problem Solving
Quality), Group 2 (Cre, Creative Thinking Skills),
Group 3 (Cri, Critical Thinking Skills), Group 4 (Pe,
Students’ Academic Performance), and Group 5 (LS,
Learning Strategies).

Group 1
Group 2
Group 3
Group 4
Group 5

@ @ O o

Figure 5. Network analysis according to the relationships between PSQ, Cre, Cri, Pe, and LS

Based on Figure 5, there are 32 nodes and 192
non-zero edges with a sparsity level of 0.613. This
indicates that each node represents a variable in the
study, and there are 192 connections or relationships
among these variables in the network.
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The sparsity level of 0.613 suggests that this
network is relatively dense with many connections
among variables, reflecting the complexity of the
relationships within it. This analysis offers a visual
depiction of how the study variables are interrelated
within the research context.
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3.4.2. Characteristics of Nodes

In network analysis, recognizing the unique
characteristics of each node within the network is
crucial [75]. Each node is assigned a distinct label or
identifier, and its degree represents the total number
of connections or interactions it maintains with other
nodes. Additionally, centrality metrics, degree,
closeness, betweenness, and eigenvector centrality,
were applied to assess each node’s importance and
functional position within the network. Strength
reflects the intensity of connections between nodes,
whereas the clustering coefficient represents how
tightly a node’s neighbors are grouped.

Eigenvector centrality helps identify nodes that
have strong influence based on their connections to
other nodes considered important [76].

In addition, the attributes attached to each node,
such as categories or assigned values, can offer
further insight into the characteristics and functions
of the nodes within the network. Table 5 presents,
among other things, the research variables related to
betweenness,  closeness, domain-level degree
centrality and expected influence.

Table 5 is a table containing various network
metrics applied to the research variables in domain-
level network analysis.

Table 5. Centrality analysis of the study variables’ relationship network

Variable Betweenness Closeness Strength Expected influence
PSQ1 -0.409 0.859 0.736 0.797
PSQ2 0.167 0.706 1.042 1.089
PSQ3 -0.245 0.366 -0.241 -1.065
PSQ4 1.403 1.322 0.532 0.603
PSQ5 0.250 1.247 -0.514 -0.39%4
Crel -1.151 -0.349 -0.862 -0.726
Cre2 -1.233 -1.193 -1.770 -1.590
Cre3 0.909 0.496 1.219 1.257
Cred -0.245 0.143 0.387 0.241
Creb 1.403 1.500 -0.774 -1.020
Creb -0.904 -1.212 -0.337 -0.225
Cre7 -0.986 -1.438 0.654 0.719
Cre8 -0.904 -1.145 -0.896 -0.758
Cre9 2.392 0.819 0.141 0.230
Cril -0.162 -0.879 0.151 0.240
Cri2 -0.327 -0.794 0.330 -0.521
Cri3 0.579 -0.591 -0.460 -0.342
Cri4 -0.657 -0.088 -0.722 -0.592
Cri5 -0.574 0.342 -0.526 -0.405
Cri6 1.980 1.989 2.030 2.030
Cri7 0.415 0.581 0.231 -0.062
Cri8 -0.739 0.024 0.100 0.191
Cri9 0.662 0.646 0.782 0.841

Pel -0.739 -1.326 0.205 0.291
Pe2 0.415 -1.177 -0.217 -0.111
Pe3 -0.574 -1.349 -2.251 -2.273
LS1 -0.986 -0.230 0.161 0.250
LS2 -0.162 0.268 -0.326 -0.215
LS3 0.003 -0.260 0.871 0.926
LS4 -1.645 -1.546 -1.866 -1.682
LS5 1.898 0.991 2.404 2.387
LS6 0.167 1.277 -0.217 -0.111
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In this context, network metrics are used to
measure the characteristics and relationships among
variables within the network. Metrics such as
"Betweenness" indicate the extent to which a variable
lies along the communication paths between other
variables, "Closeness" measures how close a variable
is to other variables in the network, "Strength"
reflects the strength of connections or interactions of
a variable with other variables in the network, and
"Expected Influence™ quantifies the expected impact
of one variable on another in the network. By
analyzing these metrics, researchers can understand
the roles and positions of each variable in the
network, identify variables with significant influence,
and understand how information and influence flow
within the network, providing deeper insights into the
network structure of the research.

4. Conclusion

This research emphasizes the importance of the
links among creative thinking skills, critical thinking
skills, learning strategies, problem-solving abilities,
and students” academic performance  within
electronics engineering education in Indonesia. The
structural analysis reveals a significant positive
influence of creative thinking skills, critical thinking
skills, and problem-solving abilities on learning
strategies, which, in turn, are associated with
students’ academic performance. Additionally,
network analysis provides a visual insight into the
complexity of relationships among these variables,
uncovering intriguing interaction patterns.

Nevertheless, this study has several limitations
related to the statistical analyses employed. Some
variables may exert more complex influences and
interactions that are challenging to measure solely
through  the  statistical ~methods employed.
Furthermore, the data were obtained in a one-time
collection, which cannot capture changes or dynamics
occurring over a longer timeframe. Finally, this
research does not encompass external factors or social
contexts that might significantly impact students’
academic outcomes. Subsequent research should
address these factors to deepen understanding of the
interconnections among personality traits, learning
strategies, and academic performance.
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