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Abstract

Innovative and creative techniques and materials for teaching and learning are required
to keep up with the advancements of globalization. This study aims to reach an expert
consensus on the precise and relevant components used while designing and developing
an acid-base Et-PBL (Ethics-Problem Based Learning) module to improve problem-solving
skills. This study's design is quantitative and employs the Fuzzy Delphi method. Thirty-
three items made up the questionnaire instrument used to gather research data. Twelve
experts from 10 colleges specializing in chemistry and Islamic education participated in
the study. Based on the expert consensus value over 75%, the fuzzy score (A) > a - cut
value = 0.5, and the threshold value (d) < 0.2, the data analysis results indicated that the
experts accepted all these items. Consequently, it demonstrates that these components
have been agreed upon by experts and are required to design and develop the acid-

@@@@ based Et-PBL module.
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INTRODUCTION

One of the main challenges in higher education
today is developing and implementing teaching
strategies that increase students' capacity to apply
knowledge effectively. [1]. Higher education
institutions must prepare graduates with the skills
needed in today's world of work. Many high-
performing institutions require decision-makers and
solution-oriented employees to overcome complex
workplace problems. [2]. One of the approaches that
goals to improve such skills in learners is Problem-
Based Learning (PBL) [3].

PBL has been widely implemented in a variety of
fields and educational contexts to foster critical thinking
and  problem-solving in  real-world learning
environments [4]. PBL is an active learning approach in
which a problem triggers learning[5]. In PBL, learning is
organized around problems. Students  work
collaboratively in groups that encourage them to share

ideas in solving the given problems [6]. They engage in
self-directed learning, apply what they know to the
problem, and then evaluate the effectiveness of their
selected strategies [3].

One of the essential promises of PBL is to improve
problem-solving skills [7]. Problem-solving is a higher-
order thinking process where students can analyze and
evaluate the given problems using their prior
experiences [8]. One measure of effective problem-
solving skills is the ability to transfer reasoning
strategies to new problems, identify the real issues and
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aspects of problem-solving that refer to recognizing the
problems that need to be addressed [9].

In problem-solving, college students possess
more agility and creativity to find answers to the issues
given, and this allows them to propose problem-solving
strategies and develop a plan for implementing
problem-solving [10]. Chemistry learners must be good
problem-solvers [11]. However, in reality, Alhayat et al.
(2022) reported that the ability to solve contextual
chemistry problems among college students is still
relatively low, with an overall average percentage of
51.35% [12]. The study conducted by Hadi (2019) also
found a low level of problem-solving skills in the
chemistry course[13].

One of the subjects studied in basic chemistry
courses in universities is acids and bases. This subject
are commonly regarded as challenging due to its
intricate concept[14], the need for higher-level thinking
skills [15], and deep understanding [16]. Yet, this
subject is also closely related and widely applied in
everyday life [17], [18]. Real-life problems related to
acids and bases can be designed in PBL to make it
engaging for students to solve them.

PBL originated in the West and was firstintroduced
in medicine by Barrows and colleagues [19]. Based on
the philosophy of epistemology, the fundamental
pillars of scientific knowledge in the Western tradition
are rationalism, which prioritizes reason, and
empiricism, which is based on human sensory
experience [20] . In contrast to Islam, the main source of
knowledge in science is the Quran, along with reason
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and sensory experience [21]. For Muslims, disregarding
the importance of valuing the Quran while gaining
knowledge may adversely affect Muslims and lead to a
shift towards secular thinking [20].

The process of knowledge acquisition in the
Indonesian system aims to develop persons who are
comprehensive and harmonised in terms of their
physical, emotional, spiritual, and intellectual
dimensions, as stated in the goals of Indonesian
National Education [22], [23]. Therefore, it is necessary
to integrate ethics into chemistry learning. The ethics
referred to in this study are theological ethics,
specifically derived from Allah through the holy book of
Islam, the Quran [24].

To implement PBL, which is stated to improve
problem-solving skills and also integrate ethics,
chemistry educators need guiding materials specifically
and carefully designed to facilitate its execution. One of
them is a module that is known for self-instructional
characteristics [25]. This aligns with the demands of
college students, who must learn more independently
without relying heavily on their lecturers. The module
that will be developed is named Ethics-Problem Based
Learning, abbreviated as Et-PBL.

An appropriate method is needed to design and
develop an Et-PBL module. Various studies on Design
and Development Research (DDR) initiated by Richey
and Klein (2007) have been carried out in developing
modules. One of the methods widely used in several
DDR studies is Fuzzy Delphi Method (FDM), including
in designing and developing modules [26], [27], [28],
[29]. The method is considered effective because it can
gather various views of experts and their agreement to
achieve the desired goal [30]. Through the use of FDM
in the learning module design and development
process, researchers will get answers and views of
experts based on their thoughts and research without
any pressure or coercion from any parties. [31].

This study aims to reach a consensus among
experts regarding the precise and relevant elements for
designing and developing an Et-PBL module on the
topic of acid based on a basic chemistry course related
to (i) learning objectives, (ii) learning content, and (iii)
learning assessment.

METHOD

This study applies the Fuzzy Delphi Method (FDM)
to identify, assess, and confirm all the important
components and contents of the acid-base Et-PBL
module. The fuzzy Delphi Method is a refinement of the
Delphi method, which requires the fulfillment of 3
values: the threshold (d) value, percentage expert
agreement, and fuzzy score. An item can be accepted
based on expert consensus if the threshold (d) value is
less than 0.2, the percentage of expert agreement
exceeds 75%, and the defuzzification value is above of
a-cut=0.5.

The process of data collection and analysis for this
research follows the steps of implementing FDM. There

Fuzzy delphi method...

are selection of experts, making questionnaires,
distributing  questionnaires, changing linguistic
variables and finally analysing data based on the 3
value requirements previously described [32].

FDM regulates the number of experts involved in
its review to a minimum of 10 experts to achieve high
uniformity [33], [34]. Therefore, by using purposive
sampling technique, 12 experts were selected to
participate in the study. They consist of doctoral
degrees in the fields of chemistry education and Islamic
education and have at least ten years of teaching
experience. Expert selection criteria follows Berliner
(2004), who stated that a person who has more than 5
years of experience in a field is considered an expertin
that field [35]. In addition, high academic qualifications
are also required to become an expert [36].

The experts involved in this study are lecturers who
came from various universities in Indonesia, such as
Universitas Negeri Surabaya, Universitas Negeri
Yogyakarta, Universitas Lambung Makurat
Banjarmasin, Universitas Islam Negeri Ar-Raniry Banda
Aceh, Universitas Islam Negeri Sultan Syarif Kasim Riau,
Universitas Islam Negeri Sunan Kalijaga Yogyakarta,
Universitas Islam Negeri Mahmud Yunus Batusangkar,
Universitas Negeri Padang, Universitas Adzkia Padang,
and Sekolah Tinggi Agama Islam Darul Quran
Payakumbuh. Demographics and the number of
experts involved in this study can be seen in Table 1.

Table 1. Experts Demographics Information

Experts Demographics Frequency Total
Level of
Education Doctor 12 12
More than
6
h 25 years
'IE'eac i~ 16 to 25 years 2 12
xperience
10 to 15 years 4
Professor 3
Academic Associate 6 12
Position Professor
Assistant 3
Professor
Chemistry 8
Field of Education 12
Expertise Islamic
. 4
Education

Subsequently, the research instrument in the form
of a set of questionnaires was developed based on
literature analysis. Several ways that can be used to
develop questionnaire items include studying the
literature, pilot studies, and one's own experience [37].
Elements developed based on literature studies must
be in accordance with the research scope[38]. The
questionnaire consists of four parts: part A, which is
expert demographics; part B, which states the learning
objective design; part C, which states the learning
content design; and part D, which states the
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assessment. The total numberis 33 items. Excerpt of the
questionnaire used is as shown in Figure 1.

After customizing the questionnaire, it was given to
three validators to get their views and comments. After
being upgraded based on their feedback, the
questionnaire was distributed to 12 selected FDM

experts either face-to-face or via electronic mail.
Part A: Expert Demographics

Part B : Learning Objective Design

Learning objectives used in the Et-PBL Scale .
module 1(2|3|4|5|6|7
1. | Enhance devotion to God
2. | Exhibit a religious attitude
3. | Etc
Part C: Learning Content Design
1. Acids and bases learning material Scale
) Comments
used in the Et-PBL module 1/2|3|4|5]|6]|7
1. | Acids and bases theory
2. | Nomenclature of acids and bases
3. | Etc
2. Learning approach used in the Et-PBL Scale
Comments
motuls 1|2 |3|4a|5|86|7
1. | Provides active learning activities
) Provides problem-solving
" | activities (scenarios) resembling
3. | Etc
3. Ethical elements used in the Et-PBL Scale .
module 1/2|3|4|5]|6]7
1 Provides activities that lead to
" | the cultivation of noble morals,
N Provides values that are sourced
" | from the Al-Qur'an
3. | Etc
Part D: Assessment
The assessment used in Et-PBL Scale
Comments

module 1 (2|3 |4|5|6|7

Formative assessment: quizzes.
question and answer, written test
Summative assessment: written

1.

2.
test, Essay

Fuzzy delphi method...
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Figure 2. Triangular Fuzzy number diagram

The triangular fuzzy membership function defines
the degree of membership p of a variable M in a fuzzy
set, ranging from 0 (no membership) to 1 (full
membership). It is characterized by three key points: m1
(where membership starts to rise), m2 (where
membership is maximum), and ms (where membership
drops back to 0). The function increases linearly from
ms to m2 and decreases linearly from m2 to ms. This
model is commonly used in fuzzy logic systems to
handle uncertainty and approximate reasoning by
defining ranges for qualitative variables such as
"medium" or "high."

Table 2. Fuzzy rating score on seven-point Likert Scale

Level of agreement Likert scale Fuzzy scale
Extremely disagree 1 (0.0,0.0,0.1)
Strongly disagree 2 (0.0,0.1,0.3)
Disagree 3 (0.1,0.3,0.5)
Somewhat disagree 4 (0.3,0.5,0.7)
Agree 5 (0.5,0.7,0.9)
Strongly agree 6 (0.7,0.9,1.0)
Extremely agree 7 (0.9,1.0,1.0)

3. | Etc

Figure 1. Excerpt of the questionnaire used

Data analysis was carried out by converting the
Likert Scale to fuzzy numerical data. Triangular Fuzzy
Numbers consist of the average values of fuzzy
numbers, namely m1, m2, and ms, calculated for each
item. The notation m1 represents the smallest value, m2
represents the most plausible value, and m3 represents
the maximum value. The three values in this Triangular
Fuzzy Number can be represented as shown in Figure
2.

All items marked by 12 experts on the
questionnaire using a Likert scale were converted to a
fuzzy scale. The fuzzy scale with 7 points is used in this
study because it can reduce the gap of ambiguity for
each value of acceptance and expert approval [39]. The
use of a higher scale can also provide precise and
accurate answers. Table 2 shows a fuzzy rating score on
a seven-point Likert Scale.

e chieni
(Y Piricn
& oda

Furthermore, the threshold value (d) is calculated
based on the distance between two fuzzy numbers, m
(m1, mz, m3)and n (n1, n2, n3, will be calculated using the
following formula:

1
d@m,m) = |=|my = n)? + (my = n)? + (ms —ns)? |

The first requirement that must be adhered in the
use of the Fuzzy Delphi study is that if the distance
between the average and the expert assessment data is
less than or equal to the threshold value (d) < 0.2, then
all experts are considered to have reached and
established a consensus. [40]. For the second
requirement, the percentage value achieving group
consensus must be greater than or equal to 75%[41] .

The final requirement is through the fuzzy
evaluation process, which determines the priority or
ranking for each item or element, also known as fuzzy
scores. The symbol for the fuzzy evaluation process is A,
which can be calculated using the following equation:
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A=1/3*(m1+ mz2tms), or
A=1/4*(mi+ 2m2+ms), or
A=1/6*(m1+ 4dma+ms)

Fuzzy score range from 0 to 1, so the midpoint (a-
cut) = 0.5. The measured item is accepted if score A
exceeds the value of a-cut = 0.5[14].

RESULTS AND DISCUSSION
The design elements of learning objectives
Learning objectives are important elements to
include in a learning module. The learning objectives
that will be developed are adjusted to the graduate
competency standards, which consist of three
competencies: attitude, skills, and knowledge. [43].
Attitude competency is related to increasing faith in
Allah and religious attitudes. Skill competency relates
to problem-solving skills and logical and systematic
thinking skills. Knowledge competency is related to
increasing knowledge about acids and bases and
integrating it with Islamic values. Theological ethics are
Islamic values that originate from God and are revealed
through the Qur'an. [24] Therefore, the module that
integrates ethics in this research is theological ethics,
which is named the ethics module abbreviated as Et.
Next, the module's approach uses PBL, which is named

Fuzzy delphi method...

enhance problem-solving skills, increase knowledge
about acids and bases, integrate knowledge about
acids and bases with Islamic, have reached expert
consensus. The learning objectives are divided into 3
aspects: attitudes (items 1, 2, and 3), knowledge (items
6 and 7), and skills (items 4 and 5), In compliance with
the Indonesian Regulation of the Minister of Education
and Culture number 53 of 2023 about National Higher
Education Standards, which states that graduate
learning outcomes are formulated with attitudes,
knowledge, and skills. [43]All learning objectives in the
Et-PBL will be developed based on the graduate
learning  outcomes 2024  (revised) for the
undergraduate chemistry education curriculum
document established by the HKI Chemistry Education
Division Forum at Universitas Muhammadiyah Malang
on 29 June 2024, and therefore, they have been
approved by all experts.

The highest Fuzzy score in Table 1 is 0.942, and it
became ranked 1. ltems with the same Fuzzy score will
get the same ranking (items 1 and 4). The learning
objective that received top priority based on expert
consensus was item no. 5, enhancing problem-solving
skills. The consensus among experts on this matter is
closely tied to the numerous research findings that
prove that PBL has enhanced problem-solving skills
[44], [45], developed problem-solving skills [46],
possibly affected problem-solving skills [47], and made

Table 3. The threshold value, expert consensus, Fuzzy score, assessment status, and item rank for each item of

learning objectives

Triangular Fuzzy Numbers

Fuzzy Evaluation Process

Experts

No ltems Threshold Experts Fuzzy C Rank
onsensus
Value, d Consensus m1 m2 m3 Score (A)

1 Enhance devotion to God Almighty 0.068 100.0 0.833 0.967 1.000 0.933 Accepted 2

2 Exhibit a religious attitude 0.097 100.0 0.783 0.933 0.992 0.903 Accepted 5

3 Internalizing values and norms 0.119 100.0 0.767 0.917 0.983 0.889 Accepted 6

4 Improve the ability to think logically 0.068 100.0 0.833 0967 1.000 0933  Accepted 2
and systematically
Enhance problem solving skills 0.057 100.0 0.850 0.975 1.000 0.942 Accepted 1

¢  Increase knowledge about acids and 0.087 91.7 0.833 0.958 0992  0.928 Accepted 3
bases (Knowledge)

7 Integrate knowledge about acids and 0.098 91.7 0.800 0.942 0992  0.911 Accepted 4
bases with Islamic values

the Et-PBL module. students problem-solving skills better [48]. The

Table 3 reveals the expert assessment results of
the learning objective elements that need to be
included in the design and development of the acid-
base Et-PBL module. The table presents the threshold
values (d), expert consensus percentage, Fuzzy scores
(A), assessment status, and rank of each item.

Table 3 depicts seven items for the Et-PBL module's
learning objectives. All items had threshold value, d <
0.2, expert agreement more than 75%, and the A value
is above the a - cut 0.5. This resultindicates that all these
items Enhance devotion to God Almighty, exhibit a
religious attitude, internalize values and norms,
improve the ability to think logically and systematically,

elements of learning content are classified into three
categories: (i) Learning topics, (ii) Learning approaches,
and (iii) Ethical elements.

Design elements of the learning topic

The learning topic in this research is acids and
bases. Acids and bases are topics that are close to
students' real lives [17] Terms such as stomach acid,
alkaline water, neutral, and pH are commonly heard
daily. However, this topic is quite challenging because
it has an abstract and intricate concept [49], and the
need for high-level thinking skills [15]
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Table 4 reveals the expert assessment results of
the learning topic elements that need to be included in

Fuzzy delphi method...

the classification of acids and bases is in the end priority
because it has the lowest fuzzy score (0.914).

Table 4. The threshold value, expert consensus, Fuzzy score, assessment status, and item rank for each item of learning topic

Triangular Fuzzy Numbers

Fuzzy Evaluation Process

Experts
No ltems Threshold Expert Fuzzy Consensus Rank
value d Consensus m1 m2 m3 score
' (%) (A)
1 Acids and bases theory 0.075 91.7 0.850 0.967 0992 0.936  Accepted 2
2 Nomenclature of acids and bases 0.057 100.0 0.850  0.975 1.000 0.942  Accepted 1
3 lonization of water 0.075 91.7 0.850 0.967  0.992 0.936  Accepted 2
4 pH 0.075 91.7 0.850  0.967 0.992 0.936  Accepted 2
5 Classification of acid and bases 0.117 83.3 0.817  0.942 0.983 0.914  Accepted 3

the design and development of the acid-base Et-PBL
module. The table presents the threshold values (d),
expert consensus percentage, Fuzzy scores (A),
assessment status, and rank of each item.

Acids and bases are topics studied in the basic
chemistry course. [50], [51] As shown in Table 4, there
are 5 items for acids and bases topic: acids and bases
theory, Nomenclature of acids and bases, ionization of
water, pH, and classification of acids and bases. All
items meet the requirements because the threshold
value, d 0.2, expert agreement is more than 75%, and

Design elements of the learning approaches

The results of the expert assessment of the
learning approach elements that need to be included
in designing and developing the acid-base Et-PBL
module. The expert consensus is revealed in Table 5.
The table presents the threshold values (d), expert
consensus percentage, Fuzzy scores (A), the
assessment status, and the rank of each item.

Table 5 shows that there are 9 items offered to
design a learning approach in the Et-PBL module:

Table 5. The threshold value, expert consensus, Fuzzy score, assessment status, and item rank for each item of learning

approaches
Triangular Fuzzy Numbers Fuzzy Evaluation Process
No ltems Experts Rank
Experts Fuzzy Consensus
Threshold (d) Consensus (%) m1 m2 m3 score (A)

1 Provides active learning activities 0.098 91.7 0.800 0.942 0.992 0.911 Accepted 4

p  Provides problem-solving activities 0.068 100.0 0.833  0.967  1.000 0.933 Accepted 1
(scenarios) resembling real life

3 Provides problem-solving activities 0.095 91.7 0817 0950  0.992 0.919 Accepted 3
(scenarios) that challenge thinking
Provides easy information

4 organization tools that can structure 0.074 100.0 0.817 0.958 1.000 0.925 Accepted 2
ideas in solving problems
Give opportunities for self-

5 assessment regarding the learning 0.095 91.7 0.817 0.950 0.992 0.919 Accepted 3
process experienced

6 Providesactivities for self 0.074 100.0% 0817 0958 1000 0925 Accepted 2
information gathering

7 proaning discussion activities with 0.068 100.0 0833 0967 1000 0933 Accepted 1
Provides activities that allow for

8 collaboration with peers in the 0.074 100.0 0.817 0.958 1.000 0.925 Accepted 2
group

g  Provides activities that allow to 0.068 100.0 0833 0967  1.000 0.933 Accepted 1
determine the best solution

the A value is above the a - cut 0.5. Experts agreed on  learning  through activities, learning through

this topic.

Nomenclature of acids and bases is a top priority
because it has the highest fuzzy score (0.942). It means,
most experts gave it high approval ratings. Learning
the nomenclature of compounds, including acids and
bases, will simplify understanding the names of
chemical compounds. Mastering the names of
compounds systematically following IUPAC rules is
undoubtedly important to make communication in
chemistry more precise and clear. Meanwhile, for acids
and bases theory, ionization of water and pH have the
same Fuzzy score (0.936) and are second priority. Last,

contextualized problem solving, providing problem-
solving activities (scenarios) that challenge thinking,
provides easy information organization tools that can
structure ideas in solving problems, give opportunities
for self-assessment regarding the learning process
experienced, provides activities for self-information
gathering, organizing discussion activities with friends,
provides activities that allow for collaboration with
peers in the group, provides activities that allow
determining the best solution. All items meet the
expert's agreement because the threshold value, d <
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0.2, the expert agreement is more than 75%, and the A
value is above the a - cut 0.5

The learning approach that will be applied in
developing the Et-PBL module is a problem-based
learning (PBL) approach. Various models have been
introduced to explain in detail the PBL approach by
several researchers, including Schmidt (1983) [52],
Barrows (1988) [53] and Hmelo-Silver & Ferrari (1997)
[54]. This study chose the Hmelo-Silver & Ferrari PBL
model because it is more detailed than the two
previous models. [55]This model consists of five stages:
starting a new group, starting a new problem, problem
follow-up, performance presentation, and post-
problem reflection. [54]. In addition, this model
distinguishes itself by using an information organization
tool known as the FILA Chart. [56]. The FILA Chart is a
template that stimulates thinking and structures
students' ideas in systematically solving problems. [54],
and itis in line with expert consensus for item 4.

The problem is the most important component in
PBL, and the problem must be contextual [57]. For this
reason, problem scenarios on the acids and bases topic
in the Et-PBL module must be designed close to real
life. Therefore, this item ranks first among the experts'

Fuzzy delphi method...

detailed justification for the solutions found at the end
of the learning session. [9].

The self-directed learning process refers to the
freedom given to students to determine the direction
of the learning process. At the same time, the teacher
acts as a facilitator in helping to achieve the learning
objectives that have been set. [9]This also includes
students choosing their learning resources, such as
books, articles, or the Internet, to gather information.

One other component of PBL is reflection at the
end of the learning process. Reflection is important for
evaluating students' learning experiences and
suggesting improvements to enhance future learning.
[53], and therefore, experts have agreed upon it.

The design elements of the ethics
The results of the expert assessment of the ethics
elements that need to be included in designing and
developing the acid-base Et-PBL module. The expert
consensus is revealed in Table 6. The table presents the
threshold values (d), expert consensus percentage,
Fuzzy scores (A), the assessment status, and the rank of
each item.

As presented in Table 6, there are six items for the

Table 6. The threshold value, expert consensus, Fuzzy score, assessment status, and item rank for each item of the ethics

Triangular Fuzzy Numbers

Fuzzy Evaluation Process

No [tems Experts
Threshold Experts mi m2 m3 Fuzzy score Consensus ~ Rank
value, d Consensus (%) (A)

Provides activities that lead to

1 the cultivation of noble morals, 0.057 100.0 0.850 0.975 1.000 0.942 Accepted 1
faith, and syaria
Provides values that are

2 sourced from the Al-Qur'an 0.087 91.7 0.833 0.958 0.992 0.928 Accepted 2

g FProvidesvalues of "tawheed 0.095 91.7 0.817 0950 0.992 0.919 Accepted 4
and divinity
Provide nuances of Islam in

4 examples. pictures and 0.098 91.7 0.800 0.942 0.992 0.911 Accepted 5
illustrations
Provide problem scenarios that

5 leadto the cultivation of noble 0.074 100.0 0.817 0.958 1.000 0.925 Accepted 3
morals, “tawheed” and sharia

g  Frovides activities to read the 0.122 100.0 0.783 0925 0.983 0.897 Accepted 6

Quran / translation / tafsir

agreements. Some topics and contextual issues in acids
and bases such as pH balance in the body, soil acidity
for agriculture, rainwater and acid rain, acid-base
properties in food, household products for hygiene and
daily life, and also natural pH indicators, will can attract
students' attention in solving the problems given.
Another elements such as activities that facilitate
cooperation and discussion among group members,
figuring out the finest answer, and self-information
seeking are also the priorities for experts. Those are
compatible with Hmelo-Silver (2004), which states that
PBL is a problem-solving process, a collaborative
learning process, and a self-directed learning process
[9]. In the collaborative learning process, students will
have discussions, express ideas from different
perspectives, and share knowledge and views [58].
This can stimulate the development of ideas to provide

ethics element. All items had threshold value, d < 0.2,
expert agreement more than 75%, and the A value is
above the a - cut 0.5. This means that experts approve
all of the ethical elements.

Based on these results, experts recommend
integrating ethics in the Et-PBL module; it should
provide activities that cultivate noble morals, tawhid,
and sharia. Cultivating tawhid helps individuals possess
noble character and increase their faith in Allah. [59],
and this is in line with the learning objectives of the Et-
PBL module. Another element of ethics is that the
module is designed to provide values derived from the
Quran, such as monotheism and divinity. Studies
conducted by Ramadayanti et al. (2020) prove that the
presence of Islamic values derived from the Quran and
Hadith can enhance the religious character of students.
[60]According to Muspiroh (2016), integrating Islamic
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values into learning natural sciences strengthens the
values of tawhid, stimulates the continuous search for
knowledge, and pays attention to students' moral
aspects and noble character. [61] . Islamic values
integrated with science are believed to influence
students' thinking patterns. [62].

The problem as a key component of PBL is also
emphasized to instil morals and tawhid. In addition, the
integration of ethics into the module can be done by
providing nuances of Islam in examples, pictures, and
illustrations. The Islamic nuances in the module can
provide new insights to students both in terms of the
material and the relationship between the material and
Islamic values[63]. Further, the Et-PBL module provides
activities for reading the Quran, translating it, and tafsir.
This is intended to bring individuals closer to the Quran.
According to Sari et al. (2023), strengthening one's faith
can be achieved by getting close to the Holy Quran.
[64].

The design elements of learning assessment

The results of the expert evaluation of the ethics
elements that need to be included in designing and
developing the acid-base Et-PBL module. The expert
consensus is revealed in Table 7. The table presents the
threshold values (d), expert consensus percentage,
Fuzzy scores (A), the assessment status, and the rank of
each item.

Fuzzy delphi method...

outcomes. [43]. This can be used to determine whether
the learning objectives have been achieved. Other
aspects of the assessment are adapted to the
characteristics and steps of the Hmelo-Silver PBL. As
previously stated, the Hmelo-Silver & Ferrari PBL model
consists of five steps. The third step is problem follow-
up. In this step, each student will present individually
regarding the sources and methods they use to solve
the problem presented. Therefore, individual
presentations can constitute one assessment point. In
the fourth step, namely problem presentation, each
group will also present the resolution of the problem
based on the results of their group discussion. Again,
group presentations are also an aspect of assessment.
In the fifth step, namely reflection, each student will
answer several questions related to their learning
experiences in the reflection journal. This will also be an
assessment that allows educators to provide
constructive feedback on the learning process.

One of the core characteristics of PBL is that
learning should be realized with a small group of
students [65], PBL is a collaborative learning [?], where
students complete together the tasks given in their
group [66]So, through these activities, an assessment of
group activities can be carried out. By providing various
types of assessment, such as formative, summative,
presentations, reflection journals, or group activities,
modules can be more accommodating to different
students' learning styles and needs. This ensures that

Table 7. The threshold value, expert consensus, Fuzzy score, assessment status, and item rank for each item of learning

assesment
Triangular Fuzzy Fuzzy Evaluation Process
Numbers
No ltems E Experts Rank
Threshold xperts Consensus
Consensus m1 m2 m3 Fuzzy score (A)
value, d o
(%)

1 Formative assessment: quizzes. 0.057 100.0 0850 0.975  1.000 0.942 Accepted !

question and answer, written test
2 Summative assessment: written 0.057 100.0 0850 0.975  1.000 0.942 Accepted !

test, Essay
3 Group activities 0.068 100.0 0.833  0.967 1.000 0.933 Accepted 2
4 Individual presentation 0.074 100.0 0.817  0.958 1.000 0.925 Accepted 3
5 Group presentation 0.098 91.67 0.800 0.942 0.992 0.911 Accepted 4
6 Reflection Journal 0.098 91.67 0.800 0.942  0.992 0.911 Accepted 4

Based on Table 7, there are six items for the
assessment: formative assessment (quizzes. question
and answer, written test), summative assessment
(written test, essay), Group activities, individual
presentation, group presentation, and reflection
journal. All items had threshold values, d < 0.2, expert
agreement more than 75%, and the A value was above
the a - cut 0.5. This means that experts approve all of
the ethical elements.

One of the components that must be included in
the module is the assessment component.
[25]Assessment has an important role in learning as it
can measure the success of implementing the learning
that has been done. Formative and summative
assessments can be used to assess student learning

each student gets the opportunity to demonstrate their
understanding and skills in a way that is appropriate for
them.

CONCLUSION

Design and Development Research using the
Fuzzy Delphi method can be conducted objectively to
develop the acid-base Et-PBL module. The consensus
results obtained from the views and agreements of
experts in determining learning objectives serve as the
foundation and principles for the development of the
module. Similarly, the selection of appropriate topics,
the content of the module consisting of acid and base
topics, the PBL approach, and ethical aspects are
essential. The assessment methods agreed upon by the
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experts will also serve as input for educators and all
students in utilizing the learning module. Overall, this
study has produced an overview of the design and
development of the Et-PBL module for the topic of
acids and bases. The success was primarily due to
applying the fuzzy Delphi method, which involved the
perspectives of 12 experts in chemistry education and
Islamic education. This study can also serve as input for
other researchers interested in integrating ethics or
Islamic values in the development of modules for
chemistry education.
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