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Abstract

This research aims to describe the process of developing the Fuzzy Delphi instrument to identify elements of the
applied physics learning module integrated with STEM and Augmented Reality or AR (PhyARECi-STEM learning
module). This questionnaire was developed based on the national standards of higher education analysis in Indonesia,
Hilda Taba's curriculum model, module elements found in literature, interviews, and focus groups with experts. The
study is descriptive. The 50-item questionnaire relates to learning outcomes, content, process, and assessment. Nine
experts conducted the validity evidence of the Fuzzy Delphi questionnaire to ensure content validity. Subsequently,
the questionnaire was distributed to 30 respondents to obtain reliability. The data analysis techniques used for validity
and reliability were the Content Validity Index (CVI) and Cronbach's alpha. The study's results demonstrated the
validity of the Fuzzy Delphi questionnaire, as evidenced by an I-CVI value within the range of 0.89 to 1, an S-CVI
value of 0.99, and a Kappa value within the range of 0.89 to 1.00. Furthermore, the reliability of the questionnaire
was also established, with a Cronbach alpha value of 0.974. Therefore, the Fuzzy Delphi instrument, validated and
demonstrated to be reliable, is now ready to be employed to identify the fundamental elements of the PhyARECi-
STEM learning module via expert consensus.
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INTRODUCTION

STEM education has provided many benefits for students in higher education and schools, such as
improved learning outcomes, attitudes, creativity, and 21st-century skills [1], [2], [3], [4]. STEM education
provides learning experiences for real-world problems by integrating multiple disciplines (physics, AR
technology, and mathematics) and making engineering the center of STEM [5], [6]. Some examples of
the application of STEM and AR that have been successfully implemented in physics education are AR
technology used to enhance students' physics learning self-efficacy [7], AR technology in the PBL process
to improve learning performance and attitude in physics education [8], AR was found to have increased
students' interest in learning physics and creating a positive environment for developing an understanding
of the concepts [9], improve the reasoning performance of STEM students in modern physics courses [10],
and STEM PjBL method to improve students' self-efficacy for solving mechanics physics problems [11].
Therefore, one of the efforts made to support the implementation of STEM learning in higher education is
to provide teaching materials needed by pre-service physics teachers.

Pre-service physics teachers still need knowledge, conception, and competence to implement STEM
education and AR in applied physics courses. Pre-service physics teachers in Indonesia already have a
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good STEM perception, interest, and motivation to implement and develop STEM learning experiences
[12]. However, lack of exposure to engineering design, context-free classroom learning activities, and
prior knowledge of the subject matter to be studied [13], [14] have become problems experienced by pre-
service physics teachers in implementing STEM. Therefore, pre-service physics teachers need teaching
materials to improve the competencies required to implement STEM, such as learning modules.

A learning module is a complete and free learning unit focusing on achieving some stated learning
objectives. A learning module is a unit that facilitates pre-service teachers in learning how to apply the
concepts from the course [15]. In addition, learning modules can also be studied independently [16], [17].
The developing learning module needs to pay attention to various rules and procedures that must be
adhered to and the appropriate elements so that the module that will be produced can genuinely provide
the best effect. Module development is one way to build STEM education in higher education and improve
student competency, critical thinking, active learning, spatial skills, and Islamic values [10]. The learning
module uses elements based solely on users' needs, such as students with limited knowledge and
experience [18]. In addition, learning module elements are only decided through one data source [19].
Thus, determining the elements of a learning module requires other views, such as expert views.

The Fuzzy Delphi method is a technique used to identify elements of learning modules based on
expert consensus [20]. This method can be run by distributing the Fuzzy Delphi questionnaire to the
respondent experts. The instrument's preparation is the first step using the Fuzzy Delphi method. The
uniqueness of this method is the early involvement of experts in the instrument's preparation [21].
However, no Fuzzy Delphi questionnaire is available in a standard form, so researchers must first design
the questionnaire before using it. This study aims to generate empirical data on the validity and reliability
of the Fuzzy Delphi questionnaire to identify the elements contained in the learning module based on
expert views. This questionnaire and empirical data are expected to be valuable tools for researchers and
curriculum developers to understand better the elements that must be present in the learning module. The
research questions that guide this study are as follows.

1. How valid is the Fuzzy Delphi Questionnaire used to identify the elements of the PhyARECi-STEM
learning module?

2. How reliable is the Fuzzy Delphi Questionnaire used to identify the elements of the PhyARECi-STEM
learning module?

METHODS

Sample

There are nine experts involved in content validation. The selection of nine experts was justified by their
ability to provide critical feedback on the instrument being developed. Experts typically have at least 15
years of experience in the relevant field, ensuring that their insights significantly contribute to the
instrument's content validity. The Fuzzy Delphi questionnaire was piloted on 30 expert respondents from
universities in Indonesia. 20-30 people with characteristics similar to those of the research subjects are
sufficient to meet the practical threshold for exploratory research or the pilot study [22], [23]. The sample
selection technique used a purposive sampling technique with scientific consideration: expertise
equivalent to the expertise required for the consensus of the module elements and at least five years of
work experience in the field. The characteristics of the respondents can be seen in Table 1.

Table 1. Respondent characteristics

Criteria Frequency Percentage (%)
Gender
Male 12 40
Female 18 60
Expertise
Physics Curriculum/Pedagogy 3 10
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Criteria Frequency Percentage (%)

STEM Education/Integrated Science Education 5 17

Instrumentation Physics/ Material Physics/ 15 50

Biophysics/ Climatology/ Earth Physics

Learning Media/ Technology 4 13

Physics Learning Assessment 3 10
Educational Degree

Master 25 83

Doctor of Philosophy 5 17
Working Experience

No experience 0 0

Less than 5 years 0 0

5 — 15 years 26 86

16 — 25 years 2 7

More than 25 years 2 7
Structural Position

Lecturer 29 97

Study Program Coordinator 1 3
Institution Location in Indonesian

Sumatera 29 97

Borneo 1 3

Fuzzy Delphi Questionnaire Development

The fuzzy Delphi instrument began with a literature review search related to the elements of the learning
module. In addition, interviews were conducted with nine experts on the four elements of the learning
module as additional reference sources besides the literature review. Interviews were conducted face-to-
face and offline. The results of the interviews were summarized in the form of transcripts, and the results
were analyzed. Furthermore, the focus group discussion (FGD) technique was used. The FGD was
conducted with seven experts from various fields to obtain expert views on forming the first round of the
Fuzzy Delphi questionnaire instrument. This was done because all experts have backgrounds in different
fields. The process of developing the Fuzzy Delphi Questionnaire in detail can be seen in Figure 1.

Need analysis result Expert Interview

Literature Review Focus Group Discussion

Domain Identification

l

Item Generation

!

Questionnaire Formation

!

Initial Questionnaire

Figure 1. Fuzzy Delphi questionnaire development step

The FGD was conducted by gathering seven experts from various fields. The researcher invited a total
of 9 experts, but only seven were able to attend the FGD. The results of the FGD in the transcript and
theme are in accordance with the four main themes in the module's development: learning outcomes,
learning content, learning process, and learning assessment. For learning outcomes, experts suggested that
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the items used be based on learning outcomes in the form of Program Learning Outcome (PLO), Course
Learning Outcome (CLO), and sub-CLO of the physics education curriculum and the applied physics
course syllabus. Then, for the content, all experts suggested using the content of the applied physics course
curriculum using five topics. The topics of applied physics courses already in the syllabus are agricultural
technology, alternative energy, digital technology, medical physics, global warming, and climate change.
Experts suggest using the PhyARECi-STEM framework for the learning process. Finally, experts
recommend using authentic, diagnostic, formative, and summative assessments for the evaluation theme.

Furthermore, the researcher created a fuzzy Delphi instrument of 50 items based on literature reviews,
expert interviews, and findings from focused discussion analysis. According to expert recommendations,
the Fuzzy Delphi instrument uses a 7-point linguistic scale: extremely disagree, very disagree, disagree,
moderate agree, agree, very agree, and extremely agree. The 7-point scale is considered to provide the
highest level of measurement validity and reliability when compared to other scales, including the 3-point,
5-point, and 10-point scales [24]. Moreover, employing a 7-point Likert scale in the FDM questionnaire
has been demonstrated to minimize the ambiguity gap for each acceptance value of the expert agreement
to a mere 3.3%, compared to a 5-point Likert scale, numbered 20% [25]. The researcher also used expert
opinion by including additional open suggestions on each construct to obtain other expert views for the
second round of fuzzy Delphi. The following is an example of a statement from the Fuzzy Delphi
questionnaire in Table 2.

Table 2. Fuzzy Delphi questionnaire item example
Component Example of Questionnaire Item

Learning Outcome State your agreement regarding the learning outcomes that need to be in the applied
physics learning module integrated with the STEM approach and Augmented
Reality. e.g., Identifying examples of the application of physics in daily life

Learning Content State your agreement regarding the learning content contained in the applied
physics learning module integrated with the STEM approach and Augmented
Reality. e.g., Application of mechanical concepts to agricultural technology and
alternative energy

Learning Process State your agreement regarding the learning process using the applied physics
learning module integrated with the STEM approach and Augmented Reality so
that pre-service physics teachers can use Augmented Reality as Technology
Literacy. e.g., Visualizing physics concepts that are not directly visible (abstract)

Learning Assessment State your agreement regarding the types of learning assessments that can be
applied in the applied physics learning module integrated with the STEM approach
and Augmented Reality. e.g., Authentic Assessment

Validity and Reliability in Questionnaire Development

Validity in developing a questionnaire at least includes the validity of the questionnaire's content. Content
validity evidence must be done through expert agreement [26], [27], [28]. Several studies use the aspects of
relevance and clarity as indicators that are often used to prove the validity of the content of the questionnaire
[29], [30], [31]. The relevance aspect explains how related and directly useful an instrument is. Meanwhile,
the clarity aspect shows how unambiguous an instrument is. Thus, content validity is defined as the degree
of accuracy, truth, meaningfulness, and application of an instrument when measuring or observing what is
to be measured or observed in terms of the relevance and clarity of the instrument. There are several stages
in validating the contents of a questionnaire. First, prepare a content validation form. Second, select a review
panel consisting of experts. Third, conduct content validation. Fourth, review domains and items. Fifth, give
a score to each item. Sixth, calculate Content Validity Index (CVI) [32], [33]. Thus, the questionnaires can
be validated, as the process can be seen in Figure 2.

Even though the questionnaire has been determined to be valid, it is still necessary to check whether
the scales are reliable. Reliability refers to two situations, namely, the consistency of a measure and the
stability of a measure over time [34], [35], [36]. Reliability estimation with the test-retest technique will
produce a stability coefficient. Meanwhile, the alpha value and split-half method can be used to determine
the instrument's internal consistency. Therefore, the reliability used in this study is to see the internal
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consistency of the questionnaire, where the process can be seen in Figure 2.

Initial Questionnaire

] Va/li'dity

Relevancy of items
(I-CVI, S-CVI, Statistic Kappa)

l

Clarity of items
(I-CVI, S-CVI, Statistic Kappa)

!

Validated Questionnaire

}

Reliability of Questionnaire
(Pilot Study)

l

Realiable Questionnaire

!

Final Questionnaire

Figure 2. Validity and reliability of the Fuzzy Delphi questionnaire
Data analysis technique

The collected content validity data were analyzed using the CVI technique. The Content Validity Index
presented in the form of Item-level Content Validity Index (I-CVI), Scale-level Content Validity Index (S—
CVI), and Multi-rater Kappa Statistics (Modified Kappa) were used to prove the content validity of an
instrument [37], [38], [39]. The range of I-CVI values is as follows. First, the item must be eliminated if I-
CVlIis less than 0.70. Second, if I-CVI1 is between 0.70 — 0.79, the statement item needs to be revised. Third,
if the [-CVI value is more significant than 0.79, the statement item is appropriate and can be used [40]. In
addition, the S-CVI value (average [-CVI) is more than 0.80, which is acceptable for indicating the validity
of the instrument's content [40]. Multi-rater Kappa (Modified Kappa) can use the Equation 1 and Equation
2.

((1-cvD)—-P¢)

(1-P¢)
N!

Pe = [A!-(N—A)!

K = Equation 1

] x 0.5V Equation 2

Where Pc = N = Number of experts, A = Number of experts who choose a scale of 3-4 (score 1), Pc
= probability of chance, K = Kappa statistical coefficient. The Kappa assessment criteria are as follows.
First, a kappa value with a range of 0.80 - 1.00 has an almost perfect interpretation. Second, a kappa value
with a range of 0.60 - 0.80 has a substantial interpretation. Third, a kappa value with a range of 0.40 - 0.60
has a sufficient interpretation. Fourth, a kappa value with a range of 0.20 - 0.40 has a moderate
interpretation. Fifth, a kappa value of 0.00 - 0.20 has a less-than-ideal interpretation. Sixth, a kappa value
with a value of 0.00 has an interpretation of no agreement. All experts agree on the results with an almost
perfect interpretation [40]. Thus, data analysis using the CVI technique can be used to prove the validity
of the content of an instrument.
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Data analysis of an instrument's reliability uses the Cronbach alpha formula using Microsoft Excel or
SPSS. The Cronbach alpha value is acceptable for high internal consistency. A small Cronbach alpha value
of 0.70 indicates that the instrument is not reliable, while a minimum alpha value of 0.70 indicates that the
instrument is reliable [42], [43], [44]. Therefore, the Cronbach alpha value can be used to prove the
instrument's reliability.

RESULTS AND DISCUSSION

The research results are related to the proof of validity and reliability of the Fuzzy Delphi questionnaire.
The results of the validity and reliability of the Fuzzy Delphi questionnaire are as follows.

Fuzzy Delphi Questionnaire Validity
Nine experts validated the formulated Fuzzy Delphi questionnaire to ensure that the items of each element
of the questionnaire learning module were content-appropriate before they were distributed to experts for

consensus. The results of the content validity evidence are in Table 3.

Table 3. The result of questionnaire content validity from relevancy and clarity aspect

Items Relevant Irrelevant  I-CVI Pc Kappa Clarity  Clarity I-CVI Pc Kappa
(rating 3 (rating 1 Statistic (rating  (rating Statistic
or4) or2) 3or4) lor2)
B.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
B.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
B.3 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
B.4 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
B.5 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
B.6 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C.1.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C.12 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C.1.3 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C.2.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C22 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C3.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C32 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C33 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C4.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C4.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
Cs.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C52 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C53 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
C54 8 1 0.89 0.01563 0.89 8 1 0.89 0.01563 0.89
D.1.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.1.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.1.3 9 0 1.00 0.00195 1.00 8 1 0.89 0.01563 0.89
D.14 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.2.1 9 0 1.00 0.00195 1.00 8 1 0.89 0.01563 0.89
D.2.2.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.2.2.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.2.3.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.2.3.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.2.3.3 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.234 9 0 1.00 0.00195 1.00 8 1 0.89 0.01563 0.89
D.3.1 8 1 0.89 0.01563 0.89 8 1 0.89 0.01563 0.89
D.3.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.3.3 8 1 0.89 0.01563 0.89 8 1 0.89 0.01563 0.89
D.3.4 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D.4.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D4.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
DA4.3 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
D44 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
DA4.5 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E.1.1.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E.1.1.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E.1.1.3 8 1 0.89 0.01563 0.89 9 0 1.00 0.00195 1.00
E.1.14 8 1 0.89 0.01563 0.89 9 0 1.00 0.00195 1.00
E.1.2.1 8 1 0.89 0.01563 0.89 9 0 1.00 0.00195 1.00
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Items Relevant Irrelevant  I-CVI Pc Kappa Clarity  Clarity I-CVI Pc Kappa
(rating 3 (rating 1 Statistic (rating  (rating Statistic
or4) or2) 3or4) lor2)
E.12.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E.1.2.3 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E2.1 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E2.2 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
E23 9 0 1.00 0.00195 1.00 9 0 1.00 0.00195 1.00
Mean I-CVI =S-CVI 0.99 0.99

Table 3 shows that the I-CVI value of each item of the Fuzzy Delphi questionnaire for the relevance
aspect is in the range of 0.89 to 1. The S-CVI value for all items in the relevance aspect is 0.99. In addition,
the [-CVI value for the clarity aspect is also in the range of 0.89 and 1. The S-CVI value for all items in
the clarity aspect is also 0.99. The clarity and relevance of the questionnaire items provide an overview of
the validity of the questionnaire's content [44]. The threshold value for content validity was obtained from
9 experts, whose [-CVI and S-CVI values are 0.78 and 0.80, respectively. The minimum CVI exceeds
0.75, indicating high suitability and acceptance by all experts [45]. Researchers must obtain a CVI value
equivalent to 0.80 and above to prove the content validity of the new instrument [46]. A high [-CVI
(usually above 0.78) indicates strong expert agreement that an item is relevant to the construct [47]. In
addition, a high S-CVI (usually above 0.80) indicates that most items are considered relevant across the
scale and ensures that the instrument is comprehensive in measuring the intended construct [47].
Conversely, certain items have been found to have a lower I-CVI score (0.89). While higher than the 0.78
threshold, this score means that some items are still valid. However, it is important to note that items with
a lower I-CVI score have been revised based on expert feedback, as illustrated in Table 4.

Table 3 also shows each item's Kappa statistical (K) values regarding relevance and clarity. The items
show K values above 0.74, namely 0.89 — 1.00 for both aspects, with almost perfect interpretation. A high
K value (above 0.74 is considered excellent) indicates a high level of agreement between experts on the
relevance of an item beyond what would be expected by chance. Kappa adds an extra layer by measuring
how much agreement there is beyond chance [37]. On the other hand, certain items demonstrated a lower
Kappa score (0.89). This score, while higher than the 0.74 threshold, indicates an almost perfect
interpretation of the items in the questionnaire. However, items exhibiting lower Kappa scores underwent
modifications, as evidenced in Table 4.

Table 4. Modified item statement based on expert feedback

Item Initial Item Statement Final Item Statement

Cs54 How to overcome global warming/climate ~ Global warming issues: impacts and solutions
change

D.1.3 Analyze socio-scientific issues and their  Analyzing socio-scientific issues and the benefits at
benefits at the beginning of learning the beginning of learning

D.2.3.4 Representation  of  images, videos, Representing images, videos, animations, data,
animations, data, graphs, and mathematical =~ graphs, mathematical equations together with text
equations with physics concept texts

D.3.1 Ask, imagine, plan, create, and improve Ask; imagine; plan; create; and improve

D33 Define problems, plan possible solutions,  Defining and researching problems; planning
select possible solutions, design, test, possible solutions; choosing the best solution;
redesign, and communicate prototyping; testing; redesigning; and

communicating

All items in the questionnaire are categorized as valid because they have I-CVI, S-CVI, and kappa
statistical values that exceed the threshold. This value indicates that the Fuzzy Delphi questionnaire has
good content validity. Similar research on the Fuzzy Delphi instrument for the Islamic cognitive domain
also proved that the validity of the content with an S-CVI value of 0.80 (good content validity) involved
relevant experts in the field with over a decade of experience [48]. Content validity is highly recommended
before the questionnaire is used [49]. Thus, the Fuzzy Delphi questionnaire has been proven valid
regarding content.
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The questionnaire validation process was conducted by a panel of nine experts from various
universities in Indonesia. Although the selection of experts was not based on probability sampling, several
criteria were considered during the selection process. Firstly, the expert's expertise already represented the
five expected areas of expertise. Secondly, the expert had worked in the field for at least 15 years. Thirdly,
the experts were required to represent both internal and external organizations and be located on three
Indonesian islands: Sumatra, Java, and Nusa Tenggara. The selection of experts was conducted in such a
manner as to reduce the potential for bias [50]. Thus, the Fuzzy Delphi questionnaire, validated according
to the opinions of the nine experts, was then used to determine the elements of the STEM learning module
for pre-service physics teachers in Indonesia.

Fuzzy Delphi Questionnaire Reliability

After the instrument is validated, the reliability of the Fuzzy Delphi questionnaire needs to be carried out
to check the internal consistency with the alpha formula if only one measurement is carried out. The results
of the reliability proof can be seen in Table 5.

Table 5. Fuzzy Delphi questionnaire reliability results

N of Items Cronbach's Alpha

50 0.974

From Table 5, all items have an alpha value of 0.974. All items have shown that the questionnaire has
been internally consistent. The alpha value is more significant than 0.70, so the Fuzzy Delphi questionnaire
is said to be reliable [51]. Cronbach's alpha is more than 0.90, indicating the questionnaire's consistency
[52]. Items with a Cronbach's alpha value greater than 0.75 should be retained [53]. Research related to
the Fuzzy Delphi instrument for the Islamic cognitive domain has proven that the Cronbach alpha value is
0.97, and researchers retain the items because their reliability is very high [48]. Therefore, the Fuzzy
Delphi questionnaire has been reliable with a high Cronbach alpha value, so it can be used to identify
elements of the PhyARECi-STEM learning module.

The Cronbach's Alpha value of 0.974 (> 0.90) is very high, which means that the instrument is
potentially redundant [54]. At least 3 criteria to ensure redundancy in the instrument. First, analyze the
correlation inter-item and whether the correlation value is very high (> 0.90) [54], [55], [56], [57], [58].
Second, analyze the deleted item to see if there is an increase in Cronbach's alpha value from the total
alpha value of the items [54], [55]. Third, analyze the content of the item [58]. The findings show the inter-
item correlation of the instrument ranged from 0.534 to 0.917, indicating that all items assessed closely
related concepts. However, two items (C.3.1 and C.3.2) out of 50 had inter-item correlations above 0.90,
which may indicate potential redundancy. In addition, Cronbach's alpha were calculated with each item
removed, the Cronbach's alpha value would decrease slightly without drastically changing the items'
overall alpha value. Furthermore, the content of item C.3.1 (introduction to the concept of electricity and
magnetism) and item C.3.2 (application of the concept of electricity and magnetism in medical physics
technology) were very different in terms of wording and meaning. Thus, all items did not meet the three
criteria for redundancy of an instrument when assessed, so they were retained.

The reliability of the questionnaire involved 30 respondents from various universities in Indonesia.
Although respondents were selected using non-probability sampling, several criteria were considered in
selecting respondents in this study. First, the expertise of the respondents already represented the five
expected expertise. Second, the experts have worked in the field for at least 5 years. Third, the experts
have represented internal and external and come from 2 islands in Indonesia, namely Sumatra and Borneo.
Based on these criteria, the potential for bias in selecting respondents can be avoided. Furthermore,
purposive sampling techniques, which encompass a sufficient number of respondents, have been
demonstrated to mitigate potential biases [59]. Thus, the findings show that the reliable Fuzzy Delphi
questionnaire can be used to determine the elements of the STEM learning module for pre-service physics
teachers in Indonesia.
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CONCLUSION

The study results indicate that all items in the Fuzzy Delphi questionnaire have been proven valid and
reliable. The current study provides an instrument that experts will use to consider and decide on the
elements of a PhyARECi-STEM learning module. The results of this study can also be used as a reference
source related to the feasibility of the Fuzzy Delphi instrument. The Fuzzy Delphi instrument, validated
and proven reliable, is now ready to be employed to identify the fundamental elements of the PhyARECi-
STEM learning module via expert consensus in Indonesia. Even though the sample selected in instrument
validity evidence and the pilot study was adequate, it should be noted that it exclusively represented four
Indonesian islands: Sumatra, Java, Borneo, and Nusa Tenggara. Consequently, there is an opportunity to
conduct future research on the evidence of the instrument reliability in diverse educational contexts on
other islands in Indonesia.
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