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Introduction

Evaluation is an essential element in the process
of learning, because it contributes to the provision of
information about the level of achievement of students'
competencies and is used as a basis for pedagogical
decision-making (Kusumaningtyas et al, 2020).
Regarding the application of the Merdeka Curriculum,
measuring learning outcomes is not the only goal of
evaluation, it also acts as an instrument to monitor the
development of students' competencies in a structured
manner in an ongoing manner through a formative
assessment approach (Yuni et al., 2025). In this regard,
an evaluation instrument is needed that is able to
measure competence comprehensively, especially high-
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level thinking skills as a must in 21st century learning
(Kharisma Romadhon & Irfan, 2025).

One of the important aspects of high-level
thinking skills that need to be honed intensively is the
ability to think critically. This ability allows students to
analyze various information, assess the validity of
arguments, draw logical conclusions, and solve
problems based on evidence that can be accounted for
(Ennis, 1996, Facione, 2015). However, a number of
actual investigations demonstrate that Indonesian
students' critical thinking abilities are still lacking,
especially in solving problems in real contexts that
require a complex level of reasoning (Muftia et al., 2022).
This condition shows the need for an assessment
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instrument that is capable of measuring and encourage
the growth of students' critical thinking abilities.

One of the evaluation models that is in accordance
with this imperative is the Minimum Competency
Assessment (AKM). AKM is intended to measure
reasoning skills through problems in real contexts that
require the capacity to methodically assess, analyze, and
resolve issues (Sumarni et al., 2023) The characteristics
of AKM are in harmony with the indicators of critical
thinking abilities, so that they can be used as a basis for
developing more meaningful and authentic evaluation
development instruments (Damastuti et al., 2022).
However, the existence of AKM-based formative
assessment instruments specifically designed to
measure critical thinking skills in chemistry learning is
still very limited (Fahmi & Hernani, 2023). To date, no
prior study has developed a formative assessment
instrument that specifically combines the AKM
framework with critical thinking indicators on
thermochemistry content, which marks the gap and the
novelty addressed by the present study.

In the context of chemistry learning, the ability to
think critically is crucial, considering that students are
required to master abstract concepts and the skills to
understand phenomena contained in daily life (Suleman
et al., 2023). One of the materials that requires this ability
is thermochemistry. Thermochemical materials include
the concepts of energy change, heat, enthalpy, Hess's
law, and bonding energy that demand conceptual
analysis and problem-solving skills (Istiqgomah &
Maemonah, 2021). Various studies show that students
still have difficulty understanding these concepts and
often  experience = misconceptions in  solving
thermochemistry problems (Artini & Wijaya, 2020;
ISLAMIYAH, 2025).

Results from in-depth interviews with chemistry
teachers and field observations at SMA Hang Tuah 1
Surabaya indicate that current assessment practices
remain predominantly summative and rely heavily on
question items targeting Low Order Thinking Skills
(LOTS). In addition, no AKM based formative
assessment instruments are currently available to assess
students’ critical thinking skills in thermochemistry.
This situation underscores the urgent need to develop
assessment instruments with high wvalidity and
reliability to assess pupils' capacity for critical thought in
a more comprehensive and holistic manner.

According to the description given above, the
purpose of this study is to develop a formative
assessment instrument grounded in the Minimum
Competency Assessment (AKM) framework, designed
to assess pupils' critical thinking abilities in the eleventh
grade on thermochemistry topics. The quality of the
instrument is evaluated through theoretical validity,
which includes material, construct, and linguistic

aspects, as well as empirical validity, encompassing item
validity, reliability level, difficulty index, and
discriminating power. The resulting instrument is
expected to serve as a highly valid and reliable
measurement tool that effectively supports the optimal
implementation of formative assessment in chemistry
learning.

Method

In order to create and offer assessment tools that
are especially made to gauge students' critical thinking
abilities, this study uses a research and development
methodology (Dick, 2001). The ADDIE approach, which
consists of five consecutive stages analysis, design,
development, implementation, and evaluation, was
used in this study (Branch, 2009). The sample consisted
of 34 eleventh-grade students selected through
purposive sampling, while the instrument used was a
formative assessment test complemented by expert
validation sheets. Data were analyzed through
theoretical validation by three validators and,
subsequently, through statistical analysis of item
validity, reliability, difficulty index, and discriminating
power using SPSS 25.

Development Procedure

The five ADDIE stages are carried out
sequentially, with the output of each stage serving as the
input for the next: the curriculum and material analysis
in the Analysis stage informs the blueprint prepared in
the Design stage, which is then realized into the
instrument produced in the Development stage, tried
out in the Implementation stage, and continuously
refined through the Evaluation stage at every step, as
illustrated in Figure 1.

In the Analysis stage, the researcher reviewed the
applicable curriculum, analyzed thermochemical
materials into a concept map, and identified the
characteristics of eleventh-grade students, which
together served as the basis for determining the
assessment needs and critical thinking indicators to be
measured. Then, in the Design phase, the researcher
formulated the purpose of the assessment, determined
the critical thinking skill indicators, prepared a test
blueprint containing question grids, decided the form of
question items (multiple choice, complex multiple
choice, matching, and descriptive), and compiled the
scoring guidelines and answer key. Furthermore, at the
Development stage, the initial instrument draft was
written, reviewed by the supervisor, and validated by
three expert validators covering content, construct, and
language aspects, after which revisions were made
based on the validators' input to produce the final draft.

The Implementation Stage was carried out by

administering the validated instrument as a trial to a
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sample of 34 students to obtain empirical data on item
validity, reliability, difficulty index, and discriminating
power. Meanwhile, the Evaluation stage was carried out
iteratively at each of the preceding stages, in the form of
consultation with the supervisor and validators, to
provide feedback and refinement of the processes and
products produced, so that the developed instruments
have optimal quality and are in accordance with the
research objectives.
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Figure 1. ADDIE development procedure scheme
(adapted from Branch, 2009)

Research Place and Subject

The instrument was developed and validated as
part of the State University of Surabaya's (Unesa)
Undergraduate Chemistry Education Study Program at
the Faculty of Mathematics and Natural Sciences.
Subsequently, SMA Hang Tuah 1 Surabaya conducted a
short study. Purposive sampling was used to pick 34
students from class F.XI 3, Phase F, in the odd semester
of the 2025-2026 academic year to participate in the trial.

Data Collection Techniques

Data acqusition was conducted in two phases,
namely the instrument validation phase and the
instrument trial phase. The research instrument was
administered as a paper-based written test with an
allotted completion time of 90 minutes.

Data Analysis Techniques
Theoretical Validity

Validity test is the process of evaluating the
feasibility of an instrument to be used in research
(Sugiyono, 2022). Validity indicates the degree to which
the evaluation instrument is capable to measuring the
desired level of achievement in accordance with the
previously set targets (Zahro, 2020). The validity of the
instrument consists of theoretical validity and empirical
validity. Theoretical validity is an assessment of
instruments based on logical and rational considerations
(Arikunto, 2018). Theoretical validity includes aspects of
content (material), constructs, and language (Rahayu,
2019). Theoretically valid instruments are a prerequisite
for empirical testing (Agustiani et al., 2022). The validity
of the theoretical data was obtained through validation
sheets given to three validators. The input provided by
the validators is utilized as a foundation for improving
the tool prior to its implementation of the trial. The
assessment uses the Guttman scale with a firm answer
choice of "Yes" and "No", as presented in Table 1.

Table 1. Scale Guttman Criteria

Category Score
Yes 1
No 0

The scores obtained from the three validators are
then calculated as a percentage of validity using the
formula:

Y Scores marked "yes"
X Makximum score

Percentage (%) = x100%

As shown in Table 2, the percentage findings are
translated into the validity requirements.

Table 2. Validity Criteria

Validity (%) Criteria
81.50 <N <100.0 Very valid
62.75 <N <81.49 Valid
44.00<N <62.75 Fairy valid
25.00 <N <43.99 Less valid
00.00 < N <24.99 Invalid

(Riduwan, 2018)

Empirical Validity

The empirical validity as in this study uses
statistical analysis to ascertain the degree of suitability of
the instrument based on the test outcomes or
measurements that have been obtained (Ismail, 2020).
The objective of empirical validation is to ascertain the
relationship between test results and relevant criteria
that are outside the instrument itself, with the
requirement that the criteria must be in accordance with
the aspect being measured. The implementation of

4450



Jurnal Pendidikan, Sains, Geologi dan Geofisika (GeoScienceEd)

August 2026, Volume 7, Issue 3, 4448-4457

empirical testing of the validity and reliability of
instruments is a really crucial step to guarantee that each
question item truly represents the theoretical construct
being studied, while supporting the accuracy of the
measurement results obtained (Ramadhan, 2024).

Validity of Question Items

The empirical validity of the query item is the
value obtained from the calculation of the correlation
coefficient between the score of each question item and
the overall score. If the score of a question item makes a
significant contribution to the total score, then the
question item has been declared to have high validity
(Ketaren et al., 2024). The more accurate the inferences
made according to the test findings, the higher the
validity of the tool (Wakhidah & Indana, 2020). The
empirical validity analysis of the question items in this
study was completed using the Pearson Product
Moment Correlation method through SPSS 25 software.

Reliability

Reliability of a test refers to the measuring result’s
consistency, even when the measurement is carried out
under different conditions (Arikunto, 2018). Reliability
indicates the degree of reliability of the measurement
results and remain accurate across various situations. It
is important to understand that although an instrument
may be divided into several parts, this does not
guarantee that the instrument can be used universally
without considering the context and characteristics of
the subjects involved (Yusup, 2018). An assessment
instrument that is wvalid will automatically be
trustworthy, but a reliable instrument does not always
meet the criteria of validity (Ono, 2020).

In this study, reliability was analyzed using an
internal consistency approach, namely by testing the
instrument once. The intrinsic coherence approach
determines the degree each item in the instrument
provides consistent or correlated results with each other
(Ramadhan, 2024). Reliability tests were performed
using Cronbach's Alpha technique through SPSS 25
software. The calculation results are interpreted based
on the reliability category in Table 3.

Table 3. Reliability Question Category

A query is regarded as good when it has an
appropriate degree of difficulty, meaning it is neither
either simple nor very complex. Students are not
challenged by items that are overly simple, while overly
difficult items may reduce students’ motivation to
attempt them (Fatimah & Alfath, 2019). The assessment
of item difficulty is based on students’ actual
performance, not solely on the teacher’s assumptions
(Magdalena et al., 2021). In arranging the proportion of
item difficulty, a balanced ratio of 3:4:3, consisting of
30% easy items, 40% medium items, and 30% difficult
items (Imania & Bariah, 2019). The difficulty index is
calculated using the formula:

Number of students who answered correct
B Total number of testtakers

Table 4. shows how the results of difficulty index
calculation can be grouped according to the degree of
difficulty.

Table 4. Category Difficuly Level Question

Interval Criteria
0.80 <a<1.00 Highly reliable
0.60<a<0.80 Reliabel
040 <a<0.60 Quite reliable
0.20<a<040 Less reliable
0.00<a<0.20 Unreliable

(Sugiyono, 2022)

Difficulty level

Difficulty Index Category

P<0.30 Difficult questions

030<P<0.70 Medium questions

P>0.70 Easy questions
(Sugiyono, 2022)

Differentiating Power

The distinguishing power of a question item
shows how well the item can distinguish between
students who have understood the subject and those
who have not (Fatimah & Alfath, 2019). This ability is
measured using a discriminating power index, which
reflects how effectively an item identifies differences in
achievement between the upper and lower groups. The
validity of a question can also be evaluated from its
discriminating power. The item’s ability to differentiate
between participant’s ability levels increases with its
discriminating power (Imania & Bariah, 2019). The
discriminating power coefficient ranges from -1 to 1.
Items with negative coefficient values indicate
misleading questions, as the high-ability group answers
them incorrectly more often than the low-ability group.
Such items should be removed because they do not
function properly as measurement tools (Nurhalimah et
al., 2022). The differentiating power index is calculated
using the formula:

DB = BA_BB_ PA - PB
=A ]
Description:
D = Discriminating power index

BA= Total number of pupils who provided
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accurate answers

BB = Total number of pupils in lower classes who
said “yes”

JA = Total top group

JB = Total bottom group

PA= Percentage of the upper group that provided
an accurate response

PB = Percentage of the lower group that said

“ ”

yes

The results of the scores obtained can be
interpreted based on the criteria of differentiating power
of the questions in Table 5.

Table 5. Criteria for Differentiating Power of Question

Differentiating Power Index Category

0,71-1,00 Excellent

0,41-0,70 Good

0,21-0,40 Enough

0,00-0,20 Less
(Arikunto, 2018)

Critical Thinking Skills

This study employs the critical thinking indicators
proposed by Facione as the basis for assessing
participants” critical thinking skills. The selection of
Facione’s indicators is grounded in their coherence with
the conceptual definition of critical thinking, which
highlights an individual’s capacity for problem solving.
The six indications of critical thinking are interpretation,
analysis, evaluation inference, explanation, and self-
regulation (Facione, 2015). But, this study utilizes only
three of these indicators is analysis, evaluation, and
self-regulation on the grounds that they are the most
relevant to the education objectives and the attributes of
the thermochemistry material. The clasification of
pupil’s critical thinking abilities according to the
assessment findings obtained through the instrument is
presented in Table 6.

Table 6. Critical Thinking Skills Category

Value Interval Category
90-100 Very high
75-89 High
55-74 Moderate
40-54 Low
<40 Very low

(Fitriani & Fauzi, 2024)

Result and Discussion
Analysis

In the analysis stage, a study of the curriculum,
student characteristics, and subject matter is carried out
as a basis for development instruments. Curriculum
Analysis Refers to Phase F Chemistry Learning

Outcomes which emphasizes mastery of concepts,
science process skills, and critical thinking skills. The
analysis of students was carried out on the
characteristics of grade XI students of SMA Hang Tuah
1 Surabaya who are in the formal operation stage, where
they already have the ability to think logically and
systematically. The material analysis is focused on
thermochemical materials through the preparation of
concept maps to identify problem indicators to be
developed. In addition, the evaluation is carried out by
verifying the alignment between learning outcomes,
student characteristics, materials, indicators, and
learning  objectives  through consultation with
supervisors and chemistry educators, so that the
instruments developed are in accordance with learning
needs and are able to accurately measure students'
critical thinking skills.

Design

The Design Stage involves developing an
AKM-based formative assessment instrument intended
to measure students’ critical thinking skills in
thermochemistry. The primary activities include
constructing a test blueprint aligned with critical
thinking indicators at the cognitive levels of analysis,
evaluation, and creation. The instrument structure
consists of working instructions, student identity
information, and 20 items presented in four formats:
multiple choice, complex multiple choice, matching, and
descriptive questions. The preparation of test items is
based on authentic scientific reference sources.
Additionally, an answer key, scoring rubric, and time
allocation are formulated to produce the initial draft of
the instrument.

Subsequently, an evaluation is carried out
through discussions with the supervisor to verify the
alignment of the blueprint, indicators, item types, and
scoring guidelines with AKM characteristics and the
objectives of measuring critical thinking skills. The
evaluation outcomes serve as the basis for refining
indicators, revising item wording, improving scoring
rubrics, and enhancing contextual stimuli, thereby
increasing the instrument’s validity and preparing it for
further development in the next stage.

Development

At the Development stage, the initial draft of the
instrument was reviewed by the supervisor and
subsequently revised into Draft 1. Draft 1 was then
subjected to theoretical validation by two Chemistry
Education lecturers and one high school chemistry
teacher, who assessed its validity in terms of content,
construct, and language. The validation results indicated
that the instrument met the established validity criteria
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and included several recommendations  for
improvement, which were incorporated into revisions
that produced Draft 2 as the final version of the
instrument. The results of the theoretical validation
conducted by the three validators are presented in table
below.

Table 7. Material validity results

Validator Score of Material Aspect (%)
Validator 1 87,5
Validator 2 100
Validator 3 92,5
Average 93,3
Interpretation Very valid

Table 8. Construct validity results

Validator Score of Construct Aspect (%)
Validator 1 100
Validator 2 100
Validator 3 100
Average 100
Interpretation Very valid

Tabel 9. Language validity results

Validator Score of Language Aspect (%)
Validator 1 100
Validator 2 100
Validator 3 100
Average 100
Interpretation Very valid

Evaluation at this stage is carried out based on the
results of validation and validator input. The results of
the evaluation were used to improve the instruments so
that they obtained instruments that were theoretically
valid and ready to be tested on 34 students in grade XI
of SMA Hang Tuah 1 Surabaya.

Implementation

At the Implementation stage, the validated
assessment instrument was administered on a limited
scale to 34 eleventh-grade students at SMA Hang Tuah
1 Surabaya. The purpose of this trial was to obtain
empirical data to evaluate the quality of the instrument,
including item validity, reliability level, difficulty index,
and discriminating power. The instrument used in the
trial was the final draft produced after revisions based
on expert validation. The results of the trial and the
subsequent analysis of the instrument’'s quality are
presented in the following discussion section.

Based on Table 10, all 20 items were declared to be
emirically valid because the calculated r-values ranged
from 0.443 to 0.920, exceeding the r-table value of 0.339.
These results show that each item has a significant

correlation with the total score and is able to measure the
construct in question, i.e. students' critical thinking skills
in thermochemistry. A high item-total correlation value
indicates that the developed items effectively
distinguish students with different levels of critical
thinking ability. Some items showed very strong
correlation, such as item 19 (r = 0.920) and item 20 (r =
0.866), which showed their strong contribution to the
overall measurement. Although item 10 obtained the
lowest correlation coefficient (r = 0.443), the value still
exceeded the minimum validity criteria, which means it
is still suitable for use.

Tabel 10. Empirical Validity Results of each Question
Item

Question Calculated r Interpretation
Item value

1 0,832 Valid
2 0,622 Valid
3 0,625 Valid
4 0,760 Valid
5 0,829 Valid
6 0,735 Valid
7 0,609 Valid
8 0,758 Valid
9 0,812 Valid
10 0,443 Valid
11 0,657 Valid
12 0,768 Valid
13 0,812 Valid
14 0,536 Valid
15 0,777 Valid
16 0,589 Valid
17 0,691 Valid
18 0,827 Valid
19 0,920 Valid
20 0,866 Valid

Tabel 11. Reliability statistic

Cronbach’s Alpha N of Items
0.950 20

Based on Table 11, the reliability test yielded a
Cronbach's Alpha value of 0950 for a 20-item
instrument. This value indicates a very high level of
reliability, as it exceeds the generally accepted minimum
threshold for educational research. The results showed
that the items consistently measured the same construct,
i.e. students' critical thinking skills in thermochemistry.
Cronbach's high Alpha values indicate strong internal
consistency among the items, which indicates that the
instrument produces stable and reliable measurement
results (Sobiri, 2026). Therefore, the developed
instrument can be considered reliable and suitable for

assessing  students' critical thinking skills in
4453



Jurnal Pendidikan, Sains, Geologi dan Geofisika (GeoScienceEd)

August 2026, Volume 7, Issue 3, 4448-4457

thermochemistry learning. In addition, these findings
support the results of empirical validity, which confirm
that the instrument is of good quality and can be applied
in educational assessment and research.

Tabel 12. Difficulty Level Results for each Question Item

Question  Difficulty Level Interpretation
Item Value

1 0,60 Medium
2 0,56 Medium
3 0,59 Medium
4 0,77 Easy
5 0,38 Medium
6 0,58 Medium
7 0,26 Difficult
8 0,74 Easy
9 0,58 Medium
10 0,28 Difficult
11 0,44 Medium
12 0,88 Easy
13 0,63 Medium
14 0,43 Medium
15 0,58 Medium
16 0,57 Medium
17 0,32 Medium
18 0,57 Medium
19 0,63 Medium
20 0,59 Medium

Based on Table 12, the difficulty level analysis
shows that the instrument consists of 3 easy questions
(points 4, 8, and 12), 16 medium questions, and 2 hard
question (point 7 and 10). The difficulty index value
ranges from 0.26 to 0.88, indicating variations in the
item's difficulty. The dominance of intermediate
category items indicates that the instrument has a
balanced level of difficulty and is suitable for assessing
students with different levels of understanding. Items
with a moderate level of difficulty are generally
considered the most effective for measuring learning
outcomes because they can distinguish students who
have mastered the material from those who have not.
Meanwhile, the existence of easy and difficult items
complements the instrument by allowing the assessment
of low-performing and high-performing students.

Based on Table 13, the analysis of the
discriminating power reveals that 11 items are
categorized as good, 8 items as adequate, and 1 item as
bad. The value of the discrimination index ranges from
0.14 to 0.70. These findings suggest that most of the items
developed have adequate to good ability to distinguish
between students with high and low levels of critical
thinking skills. Items with good discriminating power,
such as items 1, 2, 6, 13, and 15, effectively distinguish
students who have mastered the material from those

who have not. Meanwhile, items classified as sufficient
still meet acceptable standards and can contribute to the
overall assessment. In contrast, item 10 showed a low
discrimination index (0.14), which suggests that the item
was less effective in differentiating students based on
their ability level and may require revision.

Tabel 13. The Differentiating Power of Each Question
Item

Question  Differentation Interpretation
Item Values

1 0,65 Good
2 0,60 Good
3 0,45 Good
4 0,48 Good
5 0,48 Good
6 0,60 Good
7 0,24 Enough
8 0,43 Good
9 0,52 Good
10 0,14 Less
11 0,28 Enough
12 0,26 Enough
13 0,70 Good
14 0,23 Enough
15 0,60 Good
16 0,38 Enough
17 0,33 Enough
18 0,34 Enough
19 0,34 Enough
20 0,43 Good

Tabel 14. Students' Level of Critical Thinking Ability in
Thermochemistry Materials

Name Value Category Critical

Thinking Learners
AND 43 Low
AKW 40 Low
AAF 35 Very low
AP 47 Low
BAP 41 Low
CPP 52 Low
EAC 74 Moderate
FR 31 Low
FKA 47 Low
GMG 76 High
HAS 51 Low
IDM 46 Low
KAA 48 Low
LMOM 35 Very low
LCP 59 Moderate
MDP 72 Moderate
MAC 56 Moderate
MRA 38 Very low
MEFAS 31 Very low
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Name Value Category Critical

Thinking Learners
MGSPS 36 Very low
MLP 66 Moderate
MR 39 Very low
MKK 76 High
MNI 62 Moderate
NPM 85 High
PSA 48 Low
RGPH 60 Moderate
RAP 75 High
RAS 40 Low
RK 71 Moderate
RS 79 High
SAA 53 Low
SAM 78 High
SNPP 85 High

Based on measurement of critical thinking skills
on 34 students, the distribution was obtained as many as
7 students (20.59%) were in the very low category, 14
students (41.18%) in the low category, 7 students
(20.59%) in the medium category, and 6 students
(17.65%) in the high category, while no students reached
the very high category. These results show that students'
critical thinking skills are still dominated by the low and
very low categories with a combined percentage of
61.77%. These findings indicate the need for learning
efforts that focus more on developing critical thinking
skills so that students are able to analyze, interpret, and
solve thermochemical problems more effectively.
Overall, the instruments developed have functioned
well as a tool to measure students' critical thinking skills
on thermochemical materials. This instrument is able to
group students into various levels of ability clearly and
systematically, so it is feasible to use to identify students'
critical thinking skill levels. However, given that most
students are still in the low and very low categories,
further research is needed to develop and implement
more effective learning strategies in improving students'
high-level thinking skills.

Conclusion

This study developed a formative assessment
instrument based on the Minimum Competency
Assessment (AKM) framework to evaluate the critical
thinking skills of eleventh-grade high school students in
thermochemistry. The instrument demonstrated
excellent theoretical validity, achieving a score of 93.3%
for content validity, 100% for construct validity, and
100% for language validity, all of which fall into the
category of highly valid. Further empirical testing
confirmed that all twenty items were valid and showed
very high reliability, as indicated by the Alpha Cronbach
coefficient of 0.950. In addition, the instrument exhibits

satisfactory psychometric properties, with most items
classified as having a moderate level of difficulty and
good to adequate discriminating power. The results of
the assessment revealed that 20.59% of students were
categorized as having very low critical thinking skills,
41.18% low, 20.59% moderate, and 17.65% high, while
none of the students reached the very high category.
Overall, 61.77% of students fell into the low and very low
categories, indicating that their critical thinking skills in
thermochemistry are still relatively underdeveloped.
These findings point to the need for more effective
teaching approaches that aim to encourage higher-level
thinking skills. Therefore, although the AKM-based
formative assessment instruments developed in this
study have been proven to be valid and reliable, further
research is recommended to design and implement
learning strategies that can improve students' critical
thinking skills. As a result, the instrument can not only
serve as an assessment tool but also as a basis for
improving the quality of teaching and learning.
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