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Abstract. Making accurate and scientific decisions is one of the high-level think-
ing skills that students need in the problem-solving process. This skill refers
to the practice of thinking to make decisions based on certain considerations.
This consideration is interpreted as the skill of students using their knowledge to
solve problems and is therefore subjective. This study aims to assess students’
skills in making social-scientific issue (SSI) decisions using the Partial Credit
Model (PCM) analysis approach of the Rasch model. This approach is based
on individual-centered statistics, which allows researchers to estimate logit mea-
sures of student and item skills. The respondents were 121 chemistry students,
who were asked to provide written responses to 18 open-ended questions. Re-
sponses were scored using a rubric, which was designed to measure the level of
SSI decision-making skills. The study found that the SSI decision-making level
of almost half of the students tended to be moderate, especially in considering op-
tions and strategies, while more than half tended to be at a low level, especially in
giving consideration based on criteria. This finding reinforces the conclusion that
in making SSI decisions, all respondents tend not to be based on consideration of
the scientific knowledge they have learned.

Keywords: students’ skills, social-scientific issue, rasch model analysis, high-
level thinking skills

1 Introduction

In science classes, one of the key competencies in determining the meaningfulness of
social-scientific issue (SSI)-based learning is accurate and scientific decision-making
skills [16]. This skill is one of the higher-order thinking practices needed by students
in the problem-solving process, especially in negotiating SSI solutions based on con-
sideration or certain criteria [18]. The consideration aspect in this context is interpreted
as the skill of students using their knowledge to solve problems, and therefore its na-
ture becomes subjective, related to the values possessed or believed by students, as
decision-makers [9]. The consideration aspect is closely related to learning actions or
behaviors that need to be done before students make decisions. In this case, students
need to prepare a careful strategy or plan in choosing something among several options
by considering several alternatives [1, 23]. Thus it can be said that the decision-making
strategy is a plan that has been prepared by students well to take action in choosing
something among several choices.
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Conceptually, decision-making refers to the process of choosing the best option
among several available alternatives. This process is referred to as consideration, which
cannot take place intuitively. The process of consideration tends to require the practice
of reflective and evaluative thinking about ethically feasible courses of action, to several
criteria/attributes inherent to the SSI context. This consideration process is known as
”trade-off,” which is the stage of weighing the advantages and disadvantages of each
available option based on certain criteria/attributes, based on scientific knowledge and
personal values, and is the core of the decision-making process [19]. In the context
of this study, students’ decision-making is assessed based on their ability to use ”trade-
offs”, which can be described as compensatory and non-compensatory decision-making
strategies. A compensatory decision-making strategy is decision-making based on the
positive aspects of a choice that can also compensate for the negative aspects of the
choice. As for the non-compensatory decision-making strategy, the term ”cut-off” is
used, which is characterized as the ability of student decision-making to focus on only
one aspect [7].

In the science education curriculum in Indonesia, learning practices that emphasize
the improvement of students’ decision-making skills have been explicitly carried out
using a constructivism-based approach, starting from science learning in elementary
schools to universities [25]. This learning practice, more articulately negated, since the
implementation of the ”independent curriculum” in 2020, through the development of
reasoning-based approaches or science projects, such as SSI. Unfortunately, so far, sci-
entific information related to how students’ learning progress in the aspect of decision-
making, especially in using their science knowledge learned formally in class, as a basis
for considering negotiating SSI solutions tends to be limited.

Substantively, this study is intended to assess students’ consideration in making
social-scientific issue (SSI) decisions, especially those related to their ability to use
compensatory or non-compensatory strategies [17], to solve SSI-contextualized prob-
lems, including (a) the dangers of mercury use in cosmetics, (b) water hyacinth weeds
in Lake Limboto, (c) the acid rain phenomenon, (d) the impact of detergent use, (e)
the impact of reduced oxygen supply, and (f) the impact of steam power plants on the
environment. Each student was asked to provide their responses for decision-making in
each context of the SSI problem in three aspects, namely: making choices, describing
the reasons for their choices, and explaining the criteria used for their choices. With this
instrument, student decision-making can be manifested as a process of interpreting sci-
entific social knowledge, based on selected actions in the real world [13]. This can have
a long-term impact on shaping students’ core competencies for participatory living in a
democratic and pluralistic 21st-century society while promoting the achievement of the
SDGs [1].

To assess students’ consideration in decision-making in each SSI problem context,
a decision-making assessment rubric is used, which consists of three aspects, namely:
(a) starting the option, (b) describing the decision-making strategy, and (c) weighing
criteria according to personal values [1, 7]. Each aspect is scored based on the decision-
making level, viz: low (score 1), moderate (score 2), and high (score 3). The resulting
data were analysed using Rasch’s Partial Credit Model (PCM)? [7, 6, 12]. This approach
is based on an individual-centered statistical approach, which allows researchers to es-
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timate logit measures of student and item skills. There are two questions addressed in
this study, namely: (1) Does the instrument measuring SSI decision-making skills used
in this study fulfill the validity and reliability aspects of PCM Rasch? (2) Are there
differences in student skills in SSI decision-making based on gender differences.

2 Method

2.1 Research Design

This study used a non-experimental quantitative research design, where students’ SSI
decision-making skills were considered as a measurable variable, using open-ended
questions. There was no intervention or treatment of the respondents, which allowed
them to have the ability to complete the questions in the instrument. The data generated
is in the form of numbers in quantitative research, while the score on each item is
obtained based on the criteria/categories on the rubric. The data collected was then
analysed quantitatively using the Partial Credit Rasch Model analysis technique [6, 15].

2.2 Respondent

Table 1 presents the demographic profile of the respondents, 121 chemistry students
from a university in Sulawesi, Indonesia. The age of the respondents was 16-17 years
old, selected by convenience sampling technique. The research was conducted from
April to September 2023. Concerning research principles and ethics, as well as Insti-
tutional Review Board (IRB) regulations, students who participated voluntarily in this
study, have been asked for their consent. The identity of the students was kept confi-
dential and the information obtained was only intended for the development of science
[24].

Table 1. Demographic Profile of Respondents

Gender Code Respondent Percentage (%)
Female F 104 86%
Male M 17 14%

2.3 Instrument and Procedure Development

The instrument was developed in four stages, namely defining the construct map, item
design, outcome space, and assessment and measurement model [26]. The first stage,
defining the construct map and substantive definition of the measured construct, namely
the level of student skills in SSI decision-making (Table 2). This variable consists of six
SSI contexts, where each context has three different items, in terms of determining the
choice (O), description of reasons (D), and explanation of criteria (C).
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Table 2. Construct Map

SSI context and items Aspects of decision-making skills
A. The dangers of using mercury in cosmetics

AO-1 Ability to make choices
AD-2 Able to describe the reasons for their choice
AC-3 Able to explain the criteria used

B. Water hyacinth weed in Limboto lake
BO-4 Ability to make choices
BD-5 Able to describe the reasons for their choice
BC-6 Able to explain the criteria used

C. Acid rain phenomenon
CO-7 Ability to make choices
CD-8 Able to describe the reasons for their choice
CC-9 Able to explain the criteria used

D. The impact of using detergents
DO-10 Ability to make choices
DD-11 Able to describe the reasons for their choice
DC-12 Able to explain the criteria used

E. The impact of reduced oxygen supply
EO-13 Ability to make choices
ED-14 Able to describe the reasons for their choice
EC-15 Able to explain the criteria used

F. The impact of steam power generation on the environment
FO-16 Ability to make choices
FD-17 Able to describe the reasons for their choice
FC-18 Able to explain the criteria used

Information: O = option, D = description, C = criteria

The second stage is item design. There were six items in this test in the form of
open-ended questions. Previously, the SSI context was presented as a problem, then
several alternative decision-making options were given (Table 3). Respondents were
asked to make their choice, then explain the reasons for making the choice, and explain
in detail the criteria used as consideration in making the choice. This instrument was
adapted from instruments developed by Eggert & Bögeholz (2009) and Ardwiyanti &
Prasetyo (2021).
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Table 3. Examples of Items on The Dangers of Using Mercury in Cosmetics

Read the narrative below!
Dangers of Mercury Use in Cosmetics

Mercury (Hg) is a naturally occurring element of the transition metal group, the
only metal that is liquid at room temperature. According to Government Regu-
lation (PP) Number 74 of 2001, mercury is categorized as a hazardous and toxic
material with toxic, carcinogenic, and environmentally harmful characteristics.
However, unlicensed cosmetics contain mercury which should not be used as
a cosmetic ingredient. Mercury can be found in cosmetics, especially skincare.
Most mercury is used as a skin-lightening cream in cosmetics. Researchers re-
vealed that when applied to the face, the mercury will cause skin irritation,
rashes, and discoloration, and can generally cause side effects shortly after use
on sensitive skin. In the long run, mercury cosmetic products, if absorbed by
the body, can cause mercury poisoning with toxicity to the kidneys and nervous
system. The World Health Organization (WHO) states that the main side effect
of mercury in skincare products is kidney damage. Today, mercury is often mis-
used as one of the additives for cosmetic products. This cannot be separated
from the perception that exists in society itself about white skin, considered to
be the benchmark of beauty. To prevent the use of cosmetics containing mer-
cury, it is possible to make some alternative decision options below.
Alternative Decision Options Explanation/Reason for Decision
1. Choose cosmetic products
carefully.

1. Each individual has different skin types, so
choosing the right product is essential.

2. Check if the product is li-
censed.

2. Licensed products are regulated and ensure
safety.

3. Learn more about dangerous
products.

3. Knowing product content helps in identifying
harmful cosmetics.

Question:
Based on the above narrative, you are faced with 3 options to avoid mercury
cosmetics: (a) Which option do you think is most appropriate? (b) Explain your
reasoning in detail.

The third stage is the decision-making assessment rubric. Based on the students’
narrative responses to each SSI context, the characteristics of their answers to each item
measured can be identified. These answer characteristics are identified as aspects of
decision-making, which consist of (a) starting the option, (b) describing the decision-
making strategy, and (c) weighing criteria according to personal values. Each of these
aspects was rated for its decision-making level, namely low (score 1), moderate (score
2) and high (score 3).

The fourth stage is to define the relationship between the scores and the measured
variables, using PCM Rasch measurement. PCM Rasch is a development of the di-
chotomous Rasch model [27, 22], for the characteristics of polynomous data [7, 3, 4].
The model is based on the assumption that partial success on a particular item is ex-
pressed by partial credit. In addition, responses that are given partial credit are hier-
archical. This means that higher partial credit responses are qualitatively better than
lower partial credit responses. This procedure is particularly useful for the assessment
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of procedural competencies, such as decision-making, where students’ responses are
not simply marked as correct or incorrect, but rather scored by category.

2.4 Data Analysis

The ordinal data of students’ responses were transformed into interval data having the
same logit scale, using WINSTEPS software version 4.5.5 [2, 14]. The result was a
calibration of student ability level and item difficulty data in equal interval measures.
Test development involves investigating evidence of reliability, statistical fit, and item
quality testing. These are statistical techniques for data analysis in educational settings
[20]. Item respondent pattern analysis was conducted in three stages: first, convert-
ing raw scores into interval measure scores, as well as analysing the effectiveness of
the measurement instrument. Second, measuring differences in students’ skills in SSI
decision-making using the Differential Item Functioning (DIF) item test. Third, deter-
mine the level of student decision-making, using the mean and standard deviation of the
logit value of items on each aspect of decision-making.

3 Result and Discussion

This section describes the results of the analysis of the validity and reliability of PCM
Rasch measurements, and the results of the analysis of differences in student skills in
SSI decision-making.

Q1. Do the instruments measuring SSI decision-making skills used in this study
meet the validity and reliability aspects of PCM Rasch?

Item validity testing aims to estimate whether the test items used can measure what
should be measured [21, 11]. This can be known by using the Fit item test. In using this
item fit test, there are several criteria, including; outfit mean-square (MNSQ): 0.5 <
y < 1.5; outfit z-standard: −2.0 < Z <+2.0, point measure correlation (PTMEA Corr):
0.4 < x < 0.8. PTMEA Corr is the correlation of item and person measure scores where
the value must be positive and not close to zero [2]. If these criteria are not met, it can
be said that the item is not good so it needs to be further examined. Table 4 presents the
results of item validity testing.

Based on Table 4, it is known that almost all items meet the MNSQ Outfit criteria
and there is no negative PT.MEA Corr. Some items do not meet one of the criteria, but
it does not reduce the quality of the item. For example, items FO-16, EC-15, CC-9, DO-
10, BC-6, CO-7 and AC-3 do not meet the MNSQ Outfit criteria, while items EC-15,
CD-8, DD-11, BC-6, CC-9, FO-16, CO-7, BD-5, DO-10, EO-12, AC-3, BO-4, AO-1,
AD-2, EO-13 and FC-18, do not meet the ZSTD outfit criteria. However, there were no
items that did not meet all three item validity criteria, meaning that all items were still
used for measurement.

Table 5 presents the summary of fit statistic data, based on the quality of the re-
sponse pattern, as well as the interaction between person and item [10]. The test results
indicate that the high item separation index (3.14 logits), and high item reliability index
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Table 4. Item Fit Statistic: Measure Order

Item M Outfit PTMEA Corr
MNSQ ZSTD

AO-1 -.64 0.55 -4.1 0.28
AD-2 -.51 0.57 -4.0 0.42
C-3 -.87 1.73 4.7 0.66

BO-4 -.74 0.57 -3.9 0.38
BD-5 -.45 0.63 -3.3 0.53
BC-6 0.37 2.10 6.7 0.68
CO-7 -.51 0.43 -5.7 0.39
CD-8 -.10 0.59 -3.8 0.53
CC-9 0.66 1.82 5.7 0.70

DO-10 -.55 0.42 -5.8 0.43
DD-11 0.90 0.72 -2.5 0.58
DC-12 0.50 1.88 6.0 0.69
EO-13 -.51 0.54 -4.2 0.35
ED-14 0.12 0.88 -1.0 0.45
EC-15 1.34 1.82 5.6 0.68
FO-16 -.26 0.39 -6.4 0.30
FD-17 0.75 0.92 -0.6 0.36
FC-18 1.31 1.36 2.8 0.68

(.91 logits), are evidence of the students’ skill level, and support the construct validity
of the instrument [3, 14]. The higher the index (separation and reliability) of the item,
the stronger the researcher’s confidence about replicating the placement of the item on
other suitable learners [3, 4, 14]. The results of the person separation index (2.10 logits)
and the person reliability index (.82 logits) indicate a good sensitivity of the instrument
in distinguishing students’ skill levels in SSI decision-making. The student mean was
-.23 logits, indicating that all respondents were considered to have skills below the test
item mean (.00 logits). The standard deviation was 1.07 logits, indicating a wide dis-
persion of decision-making skills among students [3, 4, 14]. These various evidences
suggest that the instrument has excellent validity and reliability [14, 8, 5].

Figure 1 is the Wight map. This map is used to determine the consistency of re-
spondents’ skill levels and items. From the map, it is known that all items can cover
most of the distribution of students’ skill levels. Students and items with the highest
decision-making level are at the top; and conversely, students and items with the lowest
decision-making level are at the bottom. The highest student logit measure was 2.61,
and the lowest -3.20 logit. The item with the highest difficulty was EC-15 (1.34 logit),
while the item with the lowest difficulty was AC-3 (-0.87 logit).

Q2. Are there differences in students’ SSI decision-making skills based on gender?

Based on Wright’s map, differences in item sizes can be identified, which reflect
differences in students’ skills in SSI decision-making. First, item size FO-16 > AO-
1 > CO-7 > DO-10 > EO-13 > BO-4, means that in the aspect of stating choices,
item BO-4 is easier than item EO-13, and so on. This means that making choices in
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Table 5. Summary of Fit Statistic

Measure Student (N=121) Item (N=18)
Mean -0.23 0.00
Standard Error 0.11 0.16
Standard Deviation 1.07 0.63
Reliability 0.82 0.91
Infit mean-square 1.00 1.00
Outfit mean-square 0.99 0.99
Infit ZSTD -0.1 -0.7
Outfit ZSTD -0.2 -0.8
Separation Index 2.10 3.14
Cronbach Alpha (KR-20): 0.84

context B (water hyacinth weeds in Limboto Lake) is easier than in context F (the
impact of steam power plants on the environment). Second, items FD-17 > DD-11 >
ED-14 > CD-8 > BD-5 > AD-2, means that in the aspect of explaining the reasons for
the choices made, item AD-2 (the dangers of using mercury in cosmetics) is easier to
explain than item BD-5 (water hyacinth weeds in Lake Limboto), and so on. In other
words, students’ skills in using ”trade-offs” when explaining item AD-2 were better
than when explaining item BD-5. This may happen because context A is more often
done or encountered by students than context B. Third, item EC-15 > FC-18 > CC-9
> BC-6 > DC-12 > AC-3, means that in the aspect of explaining the criteria or values
used as a consideration in decision-making, item AC-3 (the danger of using mercury in
cosmetics) is easier than item DC-12 (the impact of using detergents), and so on. This
means that decision-making based on criteria/values adopted by students is easier to do
in context A, compared to context D, and so on. This tendency may be because context
A is more often encountered by students than other contexts.

Figure 2 shows the DIF plots by gender concerning students’ SSI decision-making
skills. In terms of gender differences, the following differences can be identified. First,
regarding the level of choice-making, male students tended to have the skill of stating
more difficult choices, on items (DO-10 = FO-16) > (CO-7 = EO-13) > AO-1 > BO-4,
while female students stated more difficult choices on items FO-16 > (CO-7 = EO-
13) > DO-10 > AO-1 > BO-4. Male students found it more difficult to make choices
on item DO-10 than female students, while female students found it more difficult to
make choices on item FO-16 (the impact of steam power plants on the environment),
compared to male students.

Second, for male students, in terms of describing the reasons for their decision
choices, it is more difficult on items DD-11 > FD-17 > (ED-14 = CD-8) > AD-2
> BD-5, while for female students, it is more difficult to describe the reasons for their
decision choices, on FD-17 > ED-14 > DD-11 > CD-8 > BD-5 > AD-2. Based on this
evidence, the skills of male students in terms of explaining the reasons for the decisions
they have made, are easier in the context of item BD-5 (water hyacinth weed in Lake
Limboto); while female students are easier in the context of item AD-2 (the dangers of
using mercury in cosmetics).
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Fig. 1. Wright map

Third, there is a difference between male and female students in weighing the crite-
ria or values they understand as the basis for decision-making. For male students, they
have skills in weighing criteria based on personal values, more difficult in items EC-15
> (FC-18 = DC-12) > CC-9 > BC-6 > AC-3. Female students have skills in weighing
criteria based on personal values, more difficult on items FC-18 > EC-15 > CC-9 >
DC-12 > BC-6 > AC-3.

4 Conclusion

The results of this study indicate that the instrument used to measure students’ skills
in SSI decision-making is in accordance with PCM Rasch. In addition, it was found
that students’ skills in SSI decision-making, related to skills in making choices and
explaining the reasons for the choices they made, were generally at a moderate level.
Aspects of decision-making based on criteria or personal values that students believe
in, tend to be at a low level, namely level 1. This finding is important evidence, related
to the superiority of using PCM Rasch, in estimating the tendency of different levels of
skills in SSI decision-making.
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Fig. 2. Person DIF plot by gender
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