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In Indonesia's Independent Curriculum era, universities are expected to help 
students develop critical thinking and problem-solving skills through 
interdisciplinary learning. One key skill that students, especially in STEM 
(Science, Technology, Engineering, and Mathematics) fields, need to develop 
is argumentation. This includes logical reasoning, using evidence to support 
claims, and engaging in scientific discussions. However, current assessment 
tools often do not fully measure students’ argumentation skills in STEM 
areas. This study aims to develop a STEM-based argumentation ability 
instrument using Item Response Theory (IRT). The content validity of the 
instrument was examined through a Focus Group Discussion with five 
experts, and its scoring was reviewed by seven panel members. Construct 
validity was tested in two stages: a small-scale trial with 15 students and a 
larger test with 42 students from two classes. The Rasch Model was used to 
analyze the instrument's validity and reliability. All items fit the Rasch Model, 
showing that the instrument is both valid and reliable. Therefore, it can be 
used to assess university students' STEM-based argumentation skills within 
the Independent Curriculum. 
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1. Introduction 

*The learning of the 21st century emphasizes 
critical thinking and problem-solving skills, 
creativity and innovation, collaboration, and 
communication. STEM literacy is an alternative to 
tackling educational challenges in the 21st century. 
So, problem-solving using STEM literacy becomes 
vital in the 21st century (Chu et al., 2021). Critical 
thinking skills in problem-solving are needed to 
show reasons, make claims, show evidence, 
interpret, analyze, and evaluate arguments. 
Meanwhile, STEM literacy is beneficial for triggering 
an individual's ability to apply science, technology, 
engineering, and mathematics concepts to solve 
problems that cannot be solved using one discipline 
(Jackson and Mohr-Schroeder, 2018). STEM 
positively impacted academic achievement and the 
development of different skills (Batdi et al., 2019). 
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Critical thinking skills in STEM can be developed 
through argumentation ability. 

Argumentation ability refers to the skills and 
patterns used in constructing and evaluating 
arguments. Argumentation ability is essential in 
training students to familiarize themselves with the 
reasoning behind making decisions based on valid 
evidence. Involving students in argumentation 
ability can provide benefits such as helping them: (1) 
comprehend scientific ideas; (2) acquire 21st 
century skills; (3) utilize evidence to back up 
assertions; (4) apply logic; (5) evaluate opposing 
viewpoints; and (6) comprehend the essence of 
science. Students' capacity for arguing can improve 
their conceptual knowledge. They can gain a deeper 
comprehension of the subject matter by developing 
their argumentation skills, which involve presenting 
and defending assertions. Additionally, the ability to 
argue can help students become critical thinkers of 
other people's assertions, scientifically literate, and 
able to articulate their own beliefs with reasoning 
and supporting data. 

Several studies have examined argumentation 
ability in different contexts. Putra et al. (2023) found 
that students' argumentation skills in solving 
statistical problems were influenced by their 
Adversity Quotient (AQ) levels. Cebrián-Robles et al. 
(2022) investigated the argumentation ability of pre-
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service teachers. They found that while they were 
proficient in identifying evidence and constructing 
warrants, they struggled with providing counter-
critiques and constructing comparative arguments 
(Cebrián-Robles et al., 2022). Hasmaningsih et al. 
(2022) examined the scientific argumentation ability 
of biology students and discovered that they still 
needed to improve in both their written and oral 
argumentation. Aybek (2023) explored using the 
standard distribution curve to convert the computed 
item difficulty statistics according to classical test 
theory (CTT) into the item difficulty parameter of 
IRT and to assess the efficacy of this transformation 
using the Rasch model.  

Previous research indicates that there is 
currently no argumentation ability instrument 
specifically designed for university students within 
the framework of the Independent Curriculum using 
a STEM-based context. This gap highlights the need 
for a comprehensive and validated assessment tool 
to measure students' argumentation skills in STEM-
related learning environments effectively. Such an 
instrument would provide valuable insights into 
students' abilities to construct claims, provide 
evidence, and apply reasoning within real-world 
STEM contexts. Moreover, it could be helpful for 
educators to evaluate and enhance students' critical 
thinking and problem-solving skills, ultimately 
improving the quality of STEM education in higher 
institutions. Therefore, further research is necessary 
to design, develop, and validate a STEM-based 
argumentation ability instrument tailored to the 
specific needs of university students in the 
Independent Curriculum. 

The STEM context is critical to training 
argumentation ability. Thus, developing an 
argumentation ability measurement instrument 
based on the STEM context is necessary. Considering 
the IRT method has many advantages over CTT, this 
research aims to develop a STEM-based 
argumentation ability instrument. Therefore, this 
study aims to develop a valid and reliable STEM-
based argumentation ability instrument tailored for 
university students. By integrating key components 
of argumentation, such as claim, evidence, reasoning, 
and rebuttal, this instrument is expected to enhance 
students' analytical thinking and contribute to the 
effectiveness of STEM education within the 
Independent Curriculum framework. The result of 
the development of this instrument is expected to be 
used to measure students' argumentation ability 
based on the STEM context in university students in 
the Independent Curriculum. 

2. Methodology 

The development procedure namely tests 
specifications development, test question writing, 
test question examination, test trial conduct, test 
item analysis, test improvement, test assembly, test 
conduction, and test results interpretation. The 
development of test specifications is included in the 
analysis stage. Test question writing, examination, 

and test trial activities were conducted in the design 
stage. Activities include analyzing test items, test 
improvement, and test assembly, including the 
development stage. Test conduction and test results 
interpretation activities include the evaluation stage. 

The validation of argumentation ability items was 
initiated by expert and practitioner trials in focus 
group discussion (FGD) to obtain content validation. 
This method tests the consensus of experts on the 
feasibility of the argumentation ability instrument. 
Three stages of gathering information were needed 
to reach a consensus. The first stage was to get 
opinions and recommendations for improving the 
argumentation ability instrument. The questions 
used in the FGD were open-ended, allowing 
participants to provide answers and explanations 
(Krueger, 2014). In the second stage, the results of 
the first product improvement were sent to each 
expert panelist to re-evaluate the products that had 
been developed. In the third stage, a questionnaire 
was given to the panelists to assess the content 
validity of the argumentation ability instrument. 
Items already good according to content validation 
are then carried out with a limited-scale trial to get 
construct validation results. 

The number of items on argumentation ability 
that experts validated was nine questions. The 
questions represent three claims, three evident, and 
three reasoning indicators. The number of items on 
argumentation ability that experts validated was 
nine questions. The questions represent three 
claims, three evident, and three reasoning indicators. 
Questions one to three on argumentation ability 
were created based on the fiber optic STEM context. 
Questions four to six are based on the STEM context 
of endoscopy. Questions seven to nine are based on 
the STEM context of seismic refraction methods. 

Five experts were involved in the FGD process of 
the argumentation ability instrument, and the Aiken 
test (Aiken, 1980) involved seven panelists. The 
number of subjects involved in the limited-scale 
instrument trial was 15 students. The wide-scale 
trial involved two classes consisting of 42 students. 

Both questionnaire and open-ended data from 
focus group discussions were subjected to 
qualitative descriptive analysis. The Aiken 
Coefficient is cited in the expert consensus criteria 
for each argumentation ability instrument validity 
indicator. The content validity coefficient formula 
proposed by Aiken is as follows. 
 

𝑉 =
∑ 𝑠

𝑛(𝑐−1)
                                                                                        (1) 

 
where, 𝑠 = 𝑟 − 𝑙0, 𝑙0 = lowest validity rating score, 
𝑐 = highest validity rating score, 𝑟 = the score given 
by the rater. 

The item scoring scale used in this study 
consisted of 4 scales, in which the range of values 
given was 1 (lowest) and 4 (highest). The rater 
consists of 7 experts. Based on these data, n=7, lo=1, 
and c=4. The instrument content was refined in light 
of expert feedback. The Aiken coefficient criteria are: 
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0.0 to 0.4, including low category, or cannot be used 
for research, 0.4 to 0.8, including medium category, 
or can be used with improvement, and 0.8 to 1.00, 
including high category or can be used for research. 

The reliability of the validation results of the 
argumentation ability instrument was based on a 
statistical analysis of the Percentage of agreement. 
The validation results of the learning model could be 
reliable if the reliability value were obtained at 75% 
(Borich, 2016). The calculation of the reliability of 
the argumentation ability instrument was 
strengthened by using Cronbach's Alpha analysis. 

Analysis of wide-scale trial data using IRT 
analysis assisted by the Quest program. The 
provisions of the threshold value as a reference for 
determining the difficulty level of the questions are 
shown in Table 1. 

 
Table 1: Criteria for question difficulty level score 

Threshold Description 
b > 2 Very difficult 

1 < b ≤ 2 Difficult 
−1 ≤ b ≤ 1 Medium 

−1 > b ≤ −2 Easy 
b < −2 Very easy 

The estimation of the test taker's ability to 
determine the difference can be seen in Table 2. 
Table 3 displays the item quality criteria based on 
the Item Response Theory approach. 

 
Table 2: Criteria for differentiating power values 

Estimate Description 
> +1.00 High ability 

−1.00 SD + 1.00 Medium ability 
< −1.00 Low ability 

 
Table 3: Quality criteria for items 

Criteria Infit MNSQ Outfit t 
Good 0.90 ≤ infit MNSQ ≤ 1.10 t ≤ 2.00 

Quite good 
0.77 ≤ infit MNSQ < 0.90 or 1.10 < infit 

MNSQ ≤ 1.33 
t ≤ 2.00 

Not good Infit MNSQ < 0.77 or infit MNSQ > 1.33 t > 2.00 

3. Results and discussion 

3.1. Analysis 

The literature review results at the developing 
test specifications stage show that indicators of 
argumentation ability are in Table 4. 

 
Table 4: Indicators of argumentation ability according to experts 

Reference Indicator Description 

Sidorova et al. (2023) 

Claim Ability to state statements 
Evidence Ability to show evidence 

Reasoning Ability to link claims and evidence 
Rebuttal Ability to dispute the veracity of claims 

Sandoval (2014) 
Articulation Ability to claim 

Warrant Ability to show data to support claims 

Li et al. (2018) 
Claim 

Ability to state the relationship between independent and dependent 
variables 

Evidence Ability to present sufficient and precise data 
Reasoning Ability to theorize, relate data and claims, and support or refute claims 

 

An indicator of argumentation ability is an 
argument obtained from a phenomenon, using 
relevant evidence and reason to support the 
argument. Argumentation ability refers to how 
students can articulate claims causally and whether 
their claims are warranted by the data they 
examined during the investigation (Sandoval, 2014). 
The argumentation ability referred to by the 
researcher is the ability to explain the reasons for 
the relationship between claims and evidence and 
convince of the truth of a reason.  

In general, indicators of argumentation ability are 
derived from the aspect of Toulmin's argument 
(Magalhães, 2020). Toulmin's argument pattern 
framework includes six aspects of the argument, 
namely: (1) statement (claim), (2) evidence 
(evidence), (3) justification (warrant), (4) support 
(backing), (5) qualification (qualifier), and (6) 
rebuttal. Claims result from established values, 
opinions about the existing situation, and 

affirmations of points of view. Evidence is facts that 
are used to support a claim. Justification is the 
reason that links the data to the claim. Support is a 
basic assumption in a particular field that supports 
justification. Qualification is a situation where the 
claim is accurate. Disclaimers are cases where claims 
are untrue or unsupported by data, justification, and 
support.   

3.2. Design 

At the examination test questions stage, the 
researcher made a prototype of an argumentation 
ability using a grid of argumentation ability 
instruments. Researchers used the argumentation 
ability indicators, according to the experts in Table 4, 
as a reference to determine the indicators to be 
measured in this study. The indicators to be 
measured in this study are shown in Table 5. 

 
Table 5: Argumentation ability indicators 

Indicator Description 
Claim Ability to provide an assessment of a statement 

Evidence Ability to show evidence in the form of facts/concepts/laws/principles/or supporting claims 
Reasoning Ability to provide logical reasoning relationships between claims and evidence 
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A grid of argumentation ability instruments is 
arranged as in Table 6, based on the construction of 
argumentation ability indicators according to 
researchers in Table 5. 

3.3. Develop 

Argumentation ability questions are arranged 
based on a predetermined grid. The prototypes of 
the argumentation ability items that have been 
prepared are then continued with content and 
construct validation activities. Table 7 shows 
suggestions for improvement and follow-up to 
recommendations for improving the prototype of 
argumentation ability instruments. 

The content validity of the argumentation ability 
instrument was tested using the Aiken coefficient. 
The results of the Aiken coefficient analysis can be 
seen in Table 8. 

As can be seen in Table 8, every argumentation 
ability item satisfies content validity and reliability 
requirements because all of the Aiken coefficients 
fall into the high category. Content validity reflects 
that the argumentation ability instrument has a 
state-of-the-art approach based on a clear theory. 
The reliability test results of argumentation ability 
obtained Cronbach's Alpha (α)=0.77. The 
argumentation ability instrument is categorized as 
very reliable because the calculated value of 
Cronbach's Alpha (α) is more than 0.7. 

 
Table 6: Grid of argumentation ability questions 

Indicator Question indicator Question number 
Claim Student submits a claim statement about the STEM context. 1a, 2a, and 3a 

Evidence 
Students submit sufficient evidence in the form of facts/concepts/or laws 

that support claims. 
1b, 2b, and 3b 

Reasoning 
Students explain the logical reasoning of the relationship between claims 

and evidence. 
1c, 2c, and 3c 

 
Table 7: Suggestions and follow-ups for improvement of the argumentation ability instrument 

No. Aspect Improvement suggestions Follow-up activities 

1 Indicator formula 
Indicators of competency achievement should be 

formulated referring to the audience, behavior, condition, 
and degree formula. 

Develop indicator questions using the 
audience, behavior, condition, and degree 

formula. 

2 Assessment rubric 
The scoring rubric should not be too specific on the 
concept, but in the form of possible answer criteria. 

Develop an assessment rubric based on the 
answer criteria. 

3 
Context 

representation 
Clear and relevant images should represent the context of 

the question. 
Presents a clear and relevant image in the 

context of the question. 

4 Question structure 
Questions are made open-ended, which allows more than 

one answer. 
Making questions open-ended to stimulate 

different types of answers. 

 
Table 8: The result of the Aiken coefficient 

Item Σ (Sum) V (Aiken’s V) Criteria Decision R (%) Reliability 
1 21 1.05 High Valid 86% Reliable 
2 21 1.05 High Valid 86% Reliable 
3 21 1.05 High Valid 86% Reliable 
4 19 0.95 High Valid 86% Reliable 
5 19 0.95 High Valid 86% Reliable 
6 19 0.95 High Valid 86% Reliable 
7 21 1.05 High Valid 100% Reliable 
8 19 0.95 High Valid 100% Reliable 
9 21 1.05 High Valid 100% Reliable 

 

3.4. Evaluate  

After the argumentation ability items meet the 
content validity, a limited-scale trial is conducted, 
which aims to test construct validity. The construct 
validity analysis used the IRT method. The IRT 
analysis reveals the item difficulty and test takers' 
ability to respond to questions, which is impossible 
with traditional test analysis. Fig. 1 displays the test 
participants' ability to distinguish between items 
and the degree of difficulty. 

The benefit of IRT analysis is that, as Fig. 1 
illustrates, it can depict the distribution of items' 
suitability for the Rasch model. Items that "fit" the 
Rasch model refer to items that meet its basic 
assumptions. Since every item in Fig. 2 falls between 
0.77 and 1.33, all questions fit the Rasch model. 
Table 9 provides a concise summary of the items' 
quality. According to the Rasch model, which is 
based on item response theory, an individual's 

likelihood of correctly answering a question item is 
solely determined by their aptitude and the item's 
difficulty, with no influence from outside sources. 
Items fitting the Rasch model have the following 
meaning: (1) They exhibit invariance about 
population characteristics. (2) The Rasch model 
assumes that an individual's ability level is the only 
factor influencing the likelihood of a correct 
response. (3) Items that fit the Rasch model have 
high reliability and validity according to the 
measured construct. This means the items provide 
good information about the respondent's ability 
level. 

Table 9 shows that all argumentation ability 
questions are in a good category. Thus, all items of 
argumentation ability meet construct validity. 
Construct validity reflects that the components of the 
argumentation ability instrument are consistently 
developed. Because the argumentation ability 
instrument is valid and reliable. It can be 
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implemented to measure the ability of students to 
argue. The item difficulty level, or threshold, 
suggests that all questions fall into the medium 
category, except item number 3, which is in the easy 
category, all the questions that test takers with high 
and moderate proficiency can answer. Only question 
number 3 is one that test takers with low ability can 
answer. The difficulty level of a question is an 
important parameter in the context of IRT. The 

degree of difficulty measures how difficult or easy a 
question is for the respondent being tested. The 
degree of difficulty of the questions has several 
implications and benefits in the context of 
measurement and evaluation. Firstly, the degree of 
difficulty helps determine the ability required to 
answer the question correctly. Questions with a high 
degree of difficulty require a higher ability to be 
answered correctly. 

 

 
Fig. 1: Level of difficulty and distinguishing ability of the test participants 

 

 
Fig. 2: Distribution of item suitability with the Rasch model 

 
Table 9: Recapitulation of the quality of argumentation ability items 

Item No. Infit MNSQ Outfit t Difficulty parameter (B) Quality 
1 .98 -.1 .85 Good 
2 .95 -.1 -.20 Good 
3 .78 -.5 -1.01 Good 
4 1.03 .1 0.49 Good 
5 1.11 .4 -.20 Good 
6 .87 -.3 -.20 Good 
7 1.12 .3 .49 Good 
8 1.03 .1 -.20 Good 
9 1.12 .7 -.20 Good 

 

In contrast, individuals with a lower ability level 
can answer questions with low difficulty. Secondly, 
by understanding the difficulty of each question, test 
developers can design tests that suit the 
measurement objectives. Too easy or too 
complicated questions may not provide good 
information about an individual's abilities.  

Differential item functioning on a question refers 
to the extent to which different levels of ability or 
group characteristics can influence how respondents 

answer the question. The differentiation power 
function has several implications and benefits in the 
context of tests and measurements. Firstly, 
Discrimination helps identify whether a question 
shows bias towards a particular group. Question bias 
occurs when groups with the same ability level 
answer a question differently. Secondly, 
discriminability can help investigate whether a test 
can be considered equivalent between different 
groups. If there is significant differential power, this 

───────────────────────────────────────────────────────────────────── 
Item Estimates (Thresholds) 

     ───────────────────────────────────────────────────────────────────── 
1.0     │ 

│ 
│ XXXXX │ 1 

│       9 
│ 

│              4           7 
X     │ 

││ 
.0                             XX │ 

│        2             5           6          8 
│ 

XXX            │ 
│         9              2 

│ 
-1.0                      │                          │ 

│     3 
│ 
│ 

│ │ 
-2.0                                                  │ 

│ 
│ 
│ 

X   │ 
│ 
│ 

-3.0 │                                               │ 
───────────────────────────────────────────────────────────────────── 

Each X represents one student 
     ───────────────────────────────────────────────────────────────────── 

────────────────────────────────────────────────────────────── 
INFIT 
MNSQ      .56            .63          .71          .83      1.00       1.20         1.40         1.60      1.80 
          ├─────┼─────┼─────┼─────┼─────┼─────┼─────┼─────┼───── 
1 Item 1                                                      *│ 
2 Item 2                                             * │ 
3 Item 3                                     *                 │ 
4 Item 4                                   │* 
5 Item 5                             │  * 
6 Item 6                                                 *     │ 
7 Item 7                           │   * 
8 Item 8                                                       │ * 
9 Item 9                                           │   * 
          ├─────┼─────┼─────┼─────┼─────┼─────┼─────┼─────┼ 
────────────────────────────────────────────────────────────── 



Sapuadi et al/International Journal of Advanced and Applied Sciences, 12(8) 2025, Pages: 166-174 

171 

 

may indicate that the test is not entirely equivalent 
across groups. Additionally, by paying attention to 
differential power, the interpretation of test results 
can be improved to be more accurate and objective, 

especially if the test is used to make important 
decisions, such as selection or assessment. 

An example of a valid and reliable STEM-based 
argumentation ability question is in Fig. 3.  

 

 
Fig. 3: An example of a STEM-based argumentation ability question 

 

The argumentation ability instrument has met 
both content validity and construct validity. The 
content validity of the argumentation ability 
instrument is shown by 100% of the Aiken 
coefficients for the items in the argumentation 
ability instrument with valid categories. The 
construct validity of the argumentation ability 
instrument was shown by 100% of the results of the 
IRT test items with good categories. The 
argumentation ability instrument is valid, meaning 
that the instrument is of state-of-the-art quality, has 
a strong theoretical and empirical basis, and has 
consistency between model indicators. 

The validity of argumentation ability instruments 
has been examined in several studies. Nuzulah et al. 
(2023) developed an inquiry-based learning tool to 
assess students' scientific argumentation abilities, 
which was found to have high validity and reliability. 
Ariawan et al. (2022) developed an instrument to 
assess mathematical critical thinking skills, which 
was also found to have high validity. Yonata et al. 
(2022) developed an answer argumentation 
instrument to identify students' misconceptions, 
which was validated for content and construct 
validity. Affandy et al. (2021) calibrated an 
instrument for argumentation skills in Fluid Statics 
using item response theory, and the instrument was 
found to be valid and reliable. These studies 
demonstrate the importance of validating 
argumentation ability instruments to ensure 
accuracy and effectiveness in assessing students' 
skills and knowledge. 

Certain traits distinguish scientific argumentation 
ability: (1) it typically aims to understand 
phenomena by taking into account other scientific 
facts or formulating new theories to explain the 
behavior of new phenomena; (2) it tends to be more 
systematic, deeper, and more accurate than 
arguments based solely on common sense. The use 
of relevant and sufficient evidence in this instance 
and the persuasiveness of the argument supporting 
the evidence are considered when evaluating the 
argumentation. Four components are essential to a 
strong argumentative ability: Causality, conceptual 
framework, relevance, and a suitable degree of 
representation (de Andrade et al., 2019). A strong 
argumentative ability requires that the data be 
pertinent to the phenomenon. The argumentation 
ought to offer a theoretical framework grounded in 
scientific theories. Arguments must follow a 
consistent, logical causal narrative linking a 
phenomenon to many underlying processes. 

The argumentation ability instrument meets the 
reliability indicated by the Percentage of agreement 
value for each indicator is more than 75%. Overall, 
the reliability test results of the argumentation 
ability instrument are reliable. The level of reliability 
is indicated by the value of Cronbach's Alpha (α) = 
0.77, with the category of excellent reliability. The 
reliable argumentation ability can then be 
implemented to measure students' argumentation 
ability. 

Multiple studies assessed the reliability of the 
argumentation ability instruments. The instrument 
developed for argumentation skills on the subject of 
Fluid statistics showed high reliability, with a 
reliability value of 0.86 (Affandy et al., 2021). In a 
study on inquiry-based learning tools, the validity 
index for the tools assessing students' scientific 
argumentation abilities was high, indicating high 
reliability (Bisra et al., 2018). These studies 
demonstrate that the argumentation ability 
instruments developed and used in various contexts 
are reliable. 

Benefits of IRT compared to CTT. Firstly, IRT 
allows for a causal interpretation of the latent scores, 
providing a deeper understanding of the underlying 
causes of ratings (Veldkamp et al., 2024). Secondly, 
IRT enables the evaluation of an item's capacity to 
distinguish between people with high and low levels 
of the attribute it is meant to measure. CTT does not 
offer this degree of item-specific data. Additionally, 
IRT is more robust in handling missing data. CTT 
often requires complete data for each individual. At 
the same time, IRT can still provide estimates even if 
some items are missing, given that the missingness is 
unrelated to the measured trait. Furthermore, IRT is 
based on a more solid theoretical foundation, 
involving probabilistic models that describe the 
relationship between a person's ability and the 
probability of a correct response. This makes IRT 
more consistent with modern measurement theory. 

Each argumentation indicator can be functionally 
linked to STEM competencies in STEM-based 
learning as presented in Fig. 4. 

Even though the researchers tried to control for 
bias in this research, there were still limitations. 
These limitations include indicators of 
argumentation ability that only use three aspects: 
claim, evidence, and reasoning. It is hoped that 
future researchers can develop argumentation 
ability instruments with more indicators, such as 
support (backing), qualification (qualifier), and 
rebuttal aspects. Science education practitioners can 

Advances in medical science and biotechnology raise new questions in Islamic jurisprudence, such as the rulings on organ 
transplantation, vaccination, and the use of DNA in identification. Use the STEM approach and Islamic evidence to develop an 
argument about how Muslims should respond to modern medical technology. Is the use of biotechnology justified according to 
Islamic law? Explain with examples and relevant scientific and Islamic bases! 
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use the instruments developed to measure STEM-
based argumentation abilities in STEM-based 
learning. 

Critically, the success of Rasch modelling shows 
that the instrument can capture the variation in 
respondents' abilities objectively and linearly, and 
minimize bias that may arise from unequal 
distribution of responses or item mismatch. 
However, although these results are encouraging, it 
is important to consider several limitations. First, 

content validity, measured through item fit in the 
Rasch model, does not yet include overall construct 
validity, which should also be supported by 
confirmatory factor analysis (CFA) or external 
validity through correlation with related variables. 
Second, the generalizability of these findings is still 
limited to the context of the participants involved in 
the study, so cross-population or institutional testing 
is needed to ensure the instrument's reliability more 
broadly.  

 

Claim

Evidence

Reasoning

Understanding the Concept of Science and Islam

Use of Empirical Evidence 
from STEM

Logical Reasoning and Mathematical Principles

 
Fig. 4: Relationship between argumentation ability indicators and STEM competencies 

 

When compared to previous literature, these 
results are in line with findings stating that 
argumentation-based instruments in the context of 
science and STEM must demonstrate structural fit 
(Wisutama et al., 2023; Gu, 2021) and internal 
consistency (Yovita et al., 2024; Mao et al., 2018) in 
order to be used for both formative and summative 
assessments. While the focus on structural fit and 
internal consistency is critical, some argue that the 
dynamic nature of classroom assessments may 
require flexibility in these criteria to adapt to diverse 
learning environments and student needs. This 
perspective suggests that rigid adherence to 
structural norms might overlook the nuanced 
realities of formative assessment practices. This 
study extends these contributions by adapting the 
argumentation assessment framework to the context 
of the Merdeka Curriculum, which emphasizes 
differentiated and project-based learning. 

Furthermore, the validity and reliability of this 
instrument can support the development of 
authentic assessments in higher Education, 
especially in strengthening critical thinking, 
collaborative, and complex problem-solving skills 
that are the main characteristics of STEM-based 

learning (Qudratuddarsi et al., 2022; Chusni and 
Suherman, 2021). STEM-focused assessments 
encourage the development of higher-order thinking 
skills, vital for solving complex problems in real-
world contexts (Sari et al., 2023; Setyawati et al., 
2023). Further research is recommended to evaluate 
the instrument's sensitivity in detecting changes in 
students' argumentative abilities before and after 
learning interventions and to explore the potential 
for digitizing the instrument to make it more 
applicable in online learning. 

Implementing STEM-Based Argumentation Skills, 
Instruments can be used with rubric guidance. This 
assessment tool has been developed and validated to 
reflect the quality of students' arguments in a 
purposeful manner. In the context of STEM, this 
rubric usually includes aspects such as clarity of 
claims, strength of evidence, the relationship 
between claims and evidence, and logic or scientific 
reasoning. The use of rubrics ensures consistency of 
assessment and makes it easier for educators to 
identify the strengths and weaknesses of students' 
arguments. The standardized rubric for assessing 
STEM-based argumentation skills is shown in Table 
10. 

 
Table 10: STEM-based argumentation skills rubric 

Rated aspect Score 3 (very good) Score 2 (enough) Score 1 (less) 

Claim 
Claims are explicit, relevant to the 

topic, and stated precisely. 
The claim is clear enough, but lacks 

specificity or is vague. 
Claims are unclear, irrelevant, or 

non-existent. 

Evidence 
Strong, relevant evidence based on 
valid scientific data/information. 

Evidence is presented, but it is not strong 
or relevant. 

The evidence is irrelevant, weak, or 
non-existent. 

Reasoning 
A logical and scientific explanation that 

links evidence and claims well. 

Explanations exist, but lack logic or do 
not fully connect the evidence to the 

claim. 

There is no explanation or logic in 
connecting the evidence to the 

claim. 
Use of STEM 

concepts 
STEM concepts are used accurately to 

support the argument. 
STEM concepts are used, but errors or a 

lack of depth exist. 
Failure to use or misuse STEM 

concepts. 

 

Data from the assessment results are used to 
diagnose students' difficulties in arguing and to 
design further learning steps. For example, if many 
students fail to connect evidence to claims, teachers 

can design special learning sessions on "reasoning" 
or provide examples of good arguments. This 
ensures the learning process is adaptive and 
responsive to students' needs. 
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4. Conclusion 

All the questions fall into a good category 
according to content and construct validity using 
Item Response Theory, which is based on the Rasch 
model. The argumentation ability instrument's state-
of-the-art, which is founded on a well-defined 
theory, is reflected in its content validity. The 
argumentation ability instrument's construct validity 
indicates that each part was created consistently. 
Cronbach's Alpha (α=0,77) is calculated, and since it 
is greater than 0.7, the argumentation ability 
instrument is classified as very reliable. The 
argumentation ability instrument can be used to 
assess students' STEM-based argumentation abilities 
because it is a valid and reliable instrument.  

This research's limitation is that the scope of 
developing argumentation ability is only to claim, 
evidence, and reasoning indicators. Thus, it is 
recommended that further research develop the 
same instrument but with indicators that involve 
support (backing), qualification (qualifier), and 
rebuttal aspects. In addition, practitioners can use 
this instrument to measure students' argumentation 
abilities in STEM-based learning.  

Future research is recommended to develop a 
more comprehensive instrument that includes the 
indicators of claim, evidence, and reasoning and 
support (backing), qualification (qualifier), and 
rebuttal to provide a more holistic assessment of 
students' argumentation skills. Additionally, the 
instrument should be tested for validity and 
reliability to ensure its accuracy and applicability in 
research and educational practice. Practitioners can 
utilize this instrument to assess and enhance 
students' argumentation abilities in STEM-based 
learning, helping educators design more effective 
pedagogical interventions. Furthermore, developing 
a user guide for educators, including practical 
examples and assessment methods, is essential to 
facilitate its implementation in various learning 
contexts. 

List of abbreviations 

AQ Adversity quotient 
CFA Confirmatory factor analysis 
CTT Classical test theory 
DMU Decision-making unit 
FGD Focus group discussion 
IRT Item response theory 
MNSQ Mean square (fit statistics) 
SD Standard deviation 

STEM 
Science, technology, engineering, and 
mathematics 
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