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Abstract

Evaluation of students’ ability in constructing scientific explanations on scientific phenomena is
essential as an effort to obtain information and feedback for innovation in learning process and
curriculum development. Unfortunately, this issue is still left unexplored by researchers in
chemistry education. Such is presumed to occur due to validated instruments, measurements,
analysis techniques, and diverse epistemological values that leave much space to be investigated.
Employing a Rasch model, we intended to validate test of ability in constructing scientific
explanations on chemical phenomena, examine data fit with the Rasch model, evaluate difference
in the students’ ability in constructing scientific explanations, investigate items with different
functions, and diagnose causes for difference in item difficulty level. The respondents were 550
students from seven senior high schools in three regencies/cities and 153 university students in
Sulawesi, Indonesia. Data were collected by 30 test items; each item consisted of three questions
measuring students’ ability in proposing their knowledge (Q1), evidence (Q2), and reasoning (Q3).
Their responses were assessed on criteria and analyzed using the Rasch partial credit model. This
model applies an individual-centered statistical approach allowing researchers to measure up to
item and individual level. Results suggested that data fit the Rasch model measurement. Also,
students’ ability in constructing scientific explanations varied significantly. We found no items with
different functions, signifying that sex and hometown do not influence students’ ability. However,
based on item logit value grouping, it was discovered that item difficulty level also varied among
students. This was particularly due to students’ lack of chemistry concepts mastery that lowered
their ability and accuracy in constructing scientific explanation. This shows lack of epistemological
engagement of students in learning process. In conclusion, this study provides valuable insights
into students’ ability to construct scientific explanations and sheds light on factors that influence
their performance in this area. Findings highlight need for targeted interventions that address
students’ conceptual understanding and engagement with chemistry concepts, as well as promote
critical thinking and scientific reasoning skills. This has important implications for science
education and can inform curriculum development and evaluation policies.
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development. Such an ability is one of the complex
INTRODUCTION cognitive skills based on scientific facts requiring proper

The ability to construct scientific explanations has reasoning between theories and evidence, including
become a priority in future scientific argumentation critical thinking (Berland & Reiser, 2009; Mao et al,
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Contribution to the literature

e This study contributes to the reinforcement of curriculum development and evaluation policies, especially
how to evaluate students” MPI abilities, use a chemical phenomenon test instrument that is developed and
validated by a Rasch modeling-based psychometric analysis technique.

e The results of this research can serve as evaluative information regarding the application of the 2013
chemistry curriculum of the chemistry subject in high schools in Indonesia.

e Also, this research offers new insight for teachers, researchers, and decision-makers in mapping out the
students” ability in constructing scientific explanations through a scientific inquiry-based learning process.

2018). The scientific explanation contains a structure of
two components:

(1) explanandum or the phenomenon to be explained
and must be an indisputable fact and

(2) explanans or elements that make the facts in
question understandable (Osborne & Patterson,
2011; Yao & Guo, 2018).

To construct scientific explanations effectively,
students need to have a strong understanding and
command of the scientific content. This knowledge
allows them to apply their understanding to identify the
key principles and characteristics that form the basis of
scientific explanations for various phenomena (Wang,
2015). This means that scientific explanation is
understood as the explicit application of theory that goes
beyond the description of scientific patterns, either to
reveal causal relationships or to model the mechanisms
underlying certain situations or phenomena (National
Research Council, 2012; Osborne & Patterson, 2011; Yao
& Guo, 2018). From these perspectives, the involvement
of students in constructing scientific explanations is
pivotal as it can stimulate their creativity, problem-
solving, and productivity in providing scientific
elaboration, justification, and argumentation (Rahayu,
2019; Talanquer, 2018).

The construction of scientific explanations of
chemical phenomena, such as rusting iron, melting ice,
and the use of detergent, is an inseparable part of
chemistry subject in high school. In this context, the
benchmark of students” ability refers to explaining how
or why a chemistry phenomenon occurs. Students are
expected to utilize three main components, namely
claim, evidence, and reasoning, to provide scientific
responses to questions about chemical phenomena
(Berland & Reiser, 2009; Chin & Brown, 2000; Jin et al.,
2021). A claim is defined as the initial answer or
explanation of a question in the form of short answers,
including  agreement, refutation, classification,
grouping, or numbering. Evidence is examples or data
given to support a claim. The examples or data can be
based on the learning process, experience, experiment,
or daily event. The reasoning is the elaboration that
connects between claim and evidence. Sound reasoning
should also refer to complementary knowledge, such as
figures, graphs, and mathematical formulas (McNeill &
Krajcik, 2008).
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Some previous research has been carried out
involving teachers and students in developing the skills
of building, analyzing, and evaluating students’
scientific explanations (Berland & Reiser, 2009; Wang,
2015). Research by Yao and Guo (2018) showed that the
development of students” scientific explanations could
be evaluated using a framework that includes four main
components: phenomena, theories/claims,
data/evidence, and reasoning. Yao and Guo (2018)
concluded that variations in students” ability to construct
scientific explanations could be attributed to disparities
in learning conditions and practices Research conducted
by Jin et al. (2021) focused on the development of an
argumentation framework, which encompasses four
levels: non-causal arguments, causal arguments with no
logical connection, causal arguments with weak
reasoning, and causal arguments with strong reasoning.
This framework is particularly relevant to the
construction of scientific explanations as argumentation
plays a crucial role in providing logical reasoning and
evidence to support scientific claims. By utilizing this
framework, students can enhance their ability to
construct  scientifically sound explanations by
employing effective argumentation strategies and
strengthening their reasoning skills. The results show
that these levels of argumentation can be empirically
proven to be different, and the order of differences
between the levels of argumentation is significant. These
previous studies have shown that the involvement of
students in the learning process and scientific
experiment has distinct and epistemic characteristics
(Ministry of Education and Culture, 2014; Deng & Wang,
2017; Driver et al., 2000; Erduran et al., 2004; Osborne et
al., 2004). For the last few decades, experts have explored
new methods and curricula to develop students” ability
to construct scientific explanations through meaningful
involvement in learning (Hong et al., 2013). Such a
notion instigated scholarly explorations on evaluating
students’ ability to construct scientific knowledge
(Mendonga & Justi, 2014; Sandoval & Millwood, 2005).
However, the implementation of such a research topic in
chemistry education is still lacking (Cetin, 2014; Rahayu,
2019).

In Indonesia, the development of the ability to
construct scientific explanations has been mandated in
the 2013 curriculum. For the last decade, this focus has
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been applied explicitly through constructivist approach-
based learning and scientific inquiry-based learning in
classrooms and laboratories across all high schools in
Indonesia (Rahayu, 2019). Unfortunately, based on
literature searches, only a few studies evaluate the
students’ ability to construct scientific explanations in
chemistry. Not many chemistry education researchers in
Indonesia concentrate on the research topic in question.
Thus, feedback and information regarding students’
learning progress in constructing scientific explanations
are minimal. This research gap could pose challenges in
finding additional information regarding the efficacy of
incorporating learning activities based on a constructive
approach and scientific inquiry-based learning within
the 2013 chemistry curriculum. This difficulty is
anticipated due to the scarcity of validated instruments,
constraints in measurement and analysis techniques
employed, and the need for further exploration of the
diverse epistemological values inherent in learning
conditions and practices.

The Rasch model is a popular psychometric model
used in educational research to measure the abilities of
individuals and the difficulty of items in educational
assessments. Its applications include test development,
item analysis, test calibration, person measurement, test
equating and scaling, and item banking. By employing
the Rasch model, researchers and educators can enhance
the quality and precision of educational assessments,
measure individuals’” abilities, establish common
measurement scales, and create adaptive testing
systems. The Rasch model offers valuable insights into
the difficulty of test items and the abilities of individuals,
enabling meaningful comparisons and tracking of
progress over time. A recent literature review by Yang et
al. (2021) examined the current trends in Rasch modeling
in educational research. The literature review examined
225 articles published from 2016 to 2020 that utilized
Rasch modeling in educational research. The analysis
revealed widespread use of Rasch modeling in diverse
educational fields, including language assessment,
science education, and mathematics education.
Multidimensional Rasch models measure multiple latent
constructs simultaneously, providing a comprehensive
perspective on individual abilities. In a recent study by
Lu and Chen (2021), the Rasch model was employed to
evaluate the psychometric properties of an online
reading comprehension test for Chinese EFL learners.
The study demonstrated the Rasch model’s efficacy in
assessing test validity, reliability, item bias, and
individual differences in ability. Apart from its utility in
constructing assessments (Lu & Chen, 2021), the Rasch
model has proven to be valuable in analyzing data from
preexisting surveys and assessments (Nongna et al.,
2023). This demonstrates the versatile nature and wide-
ranging applications of the Rasch model within the
realm of educational research. A study conducted by
Nongna et al. (2023) focused on using Rasch analysis to

assess the performance of higher education instructors
in a Thai public university. The study employs a design-
based research method that involves four phases:
analyzing the results of performance assessment,
formulating standards-setting appraisal, applying trial
and quality inspection, and improving the standards-
setting appraisal approach. The findings of the study
suggest that the standards-setting appraisal approach is
relevant for use as a criterion for recruiting and selecting
higher education instructors. However, the researchers
note that the transition point for determining
competency levels may be accurate and consistent for
instructors with moderate to high competency levels but
may not be suitable for evaluating those with low
competency levels. The study highlights the importance
of instructors possessing high core competencies to meet
the demand for quality teaching in higher education. The
results of the study may have implications for the
recruitment and selection of instructors, as well as the
development of sustainable human capital in the higher
education setting. Overall, the literature indicates that
the Rasch model is a valuable tool for educational
researchers across various domains. It can provide
insight into individual abilities, item difficulty, and test
quality, leading to improved assessments and
instructional practices.

There are several commonly used instruments in the
development of chemistry educational materials. Firstly,
chemical concepts inventory (CCl) that being developed
by Mulford and Robinson (2002). The study developed
an inventory to assess alternative conceptions among
first-semester general chemistry students, and it
specifically  focused on evaluating students’
misconceptions in chemistry (Mulford & Robinson,
2002). Secondly, the assessment and analysis of the
psychometric properties of CCI developed by Barbera
(2013). It is a widely used instrument for assessing
students” conceptual understanding of fundamental
chemistry concepts. It consists of multiple-choice
questions that cover various topics in chemistry,
including atomic structure, chemical bonding, and
chemical reactions (Barbera, 2013). The next instrument
is chemistry self-efficacy scale (CSES). This instrument
assesses students’ self-efficacy beliefs related to
chemistry, which refers to their confidence in their
ability to perform tasks and succeed in chemistry-related
activities. It typically includes items that measure
students’ confidence in their ability to understand,
apply, and solve chemistry problems (Uzuntiryaki &
Aydin, 2009). The last instrument is called attitudes
toward chemistry scale (ATCS). This instrument
measures students” attitudes and perceptions towards
chemistry, including their interest, enjoyment, and
motivation to learn chemistry. It may include items
related to students’ perceptions of the relevance of
chemistry, their confidence in their chemistry abilities,
and their interest in pursuing further studies or careers
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in chemistry (Cheung, 2009). However, it is important to
note that the aforementioned chemistry instruments,
including CCI, CSES, and ATCS, were not developed
using the Rasch measurement model.

The instruments mentioned above differ from Rasch
analysis in this study in two ways. Firstly, these
instruments  primarily = consist of  self-report
questionnaires or tests designed to assess various
aspects of students’ or teachers’ perceptions, beliefs,
attitudes, or knowledge related to chemistry. They
provide valuable insights into individuals’ subjective
experiences and perspectives. On the other hand, Rasch
analysis is a statistical method used to examine the
psychometric properties of test or questionnaire data,
which involves analyzing factors such as item difficulty,
person ability, and item fit within a unidimensional
construct. It focuses on the measurement properties of
the instrument itself and aims to establish a quantitative
understanding of the relationships between items and
respondents. Therefore, while the listed instruments
capture subjective aspects through self-report measures,
Rasch analysis complements them by providing
objective measurements and insights into the
psychometric properties of the instrument. Both
approaches contribute valuable information to the
overall understanding of chemistry education but serve
different purposes in terms of data analysis and
interpretation. Secondly, the instruments listed above
typically use multiple-choice questions or Likert-type
scale items, while Rasch analysis involves analyzing the
responses to each item in relation to the overall
performance of individuals on the test or questionnaire.
Rasch analysis also allows for the examination of item fit
statistics, item difficulty, person ability, and other
psychometric properties, which may not be directly
assessed by the instruments listed above (Chan et al.,
2021; Chi et al., 2021, Sumintono & Widhiarso, 2014).
Rasch has been used to develop a number of student
oriented instruments in multiple areas of science such as
computational thinking, biology, and physics (Malone et
al., 2021; Salibasi¢ Glamoci¢ et al., 2021; Sovey et al.,
2022).

The purposes of this research are, as follows:

(1) to validate the test of constructing scientific
explanations on chemical phenomena by the
Rasch model,

(2) to examine the data fit with the Rasch model,

(3) to evaluate the difference in the students” ability
in constructing scientific explanations on chemical
phenomena,

(4) to investigate items with different functions, and

() to diagnose the causes for the difference in item
difficulty level.

Student responses were assessed based on the criteria
and analyzed using the Rasch partial credit model
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(PCM) approach using the WINSTEPS version 4.5.5
software. The analysis adopted an individual-centered
statistic approach that allows the measurement up to the
individual level of each student and each item.
Henceforth, the research questions are formulated, as
follows:

RQ1. To what extent do the data collected using the
instrument developed in this study fit the
Rasch model?

How do students’ ability to construct scientific
explanations on chemical phenomena vary
across different classes, genders, and
hometowns?

RQ2.

RQ3. Based on the measurement result in the item
level, are there any items that have different
functions with regard to different sex and

hometown of the students?

RQ4. Based on the measure of item logit, in what
ways does the students’” difficulty level differ
from each other in constructing scientific
explanations on chemical phenomena?

RQ5. Based on the item response patterns, what
causes the different difficulty levels of students
in constructing scientific explanations about

chemical phenomena?
METHOD

Research Design

The quantitative descriptive study relied on a non-
experimental study in which the students’ ability in
constructing scientific explanations on chemical
phenomena was treated as a variable measured by a
multi-tier multiple choice test. Prior to conducting the
research, it was ensured beforehand that students had
experienced formal learning in high school based on the
2013 curriculum. No intervention was carried out in
their learning experiences, both in the learning process
and materials. In other words, no treatment whatsoever
was given to students that allowed them to have the
ability to complete the questions in the instrument. This
means that students’ ability to construct scientific
explanations is solely obtained through formal learning
using the 2013 curriculum. In this curriculum, the
achievements of core and basic competencies have been
described in detail, including the sequence of learning
activities, strategies applied, media and evaluation. The
goal is to help teachers develop adaptive instructional
plans and strategies for the learning needs of students so
that students get a deep understanding of a topic they
are studying (Bailey et al., 2012). In addition, this
curriculum has described how the teacher’s role in
developing learning can facilitate students to find
knowledge from various learning sources with the help
of technology and encourage students to be involved
epistemologically in the activities of formulating
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Table 1. Respondents” demographic profile (n=703)

Demography Code r;foita;
Students’ classes
Students at Senior High School A A 170 240
Students at Senior High School B B 83 117
Students at Senior High School C C 14 20
Students at Senior High School D D 22 32
Students at Senior High School E E 53 75
Students at Senior High School F F 135 19.0
Students at Senior High School G G 73 17
Chemistry college students (1st-year) H 38 54
Chemistry college students (2nd-year) I 58 8.3
Chemistry college students (3rd-year) ] 57 8.1
Sex
Male M 158 225
Female F 545 775
Hometown
Gorontalo A 289 411
Limboto B 188 26.7
Bolango C 226 322

problems, conducting experiments, connecting data,
providing scientific explanations, and constructing
arguments (Grooms, 2020; Duran & Dokme, 2016; Szalay
& Toéth, 2016; Wu & Hsieh, 2006). The application of this
curriculum is expected to form students with creative
and independent characteristics capable of thinking
critically in building a scientific explanation of a
phenomenon based on scientific facts and forming
relationships based on evidence and logical reasoning
(Berland & Reiser, 2009). In this context, teacher
involvement in implementing formal inquiry learning in
the classroom is essential to determining the 2013
curriculum’s success. Unfortunately, so far, it tends to be
difficult to find studies that specifically explain the
success rate of implementing this curriculum.

In quantitative research, the output data typically
consist of numerical values. Meanwhile, the scores were
derived by categorizing students’ responses on each
item according to predefined criteria or categories that
reflect their ability levels. This step involves using
deductive reasoning to derive specific data collection
approaches from abstract concepts, and then obtaining
precise numerical information through those
approaches. The numerical data obtained represent a
standardized, compact, and unified technique that
measures the abstract concept empirically. In other
words, it involves translating abstract concepts into
concrete data through a standardized and unified
approach for empirical measurement (Neuman, 2014).
The obtained data were further analyzed quantitatively
using the partial credit Rasch model analysis (Chi et al.,,
2021, 2022).

Respondents

This research was conducted at the end of the even
semester, January to June 2022, which means that

ABCDEFGH respondents have experienced formal
learning of the basic chemistry concepts according to the
2013 curriculum. Still, the present work did not discuss
whether or not the formal learning process effectively
develops students’ conceptual mastery. This research
focuses mainly on measuring the ability to construct
scientific explanations and does not place learning
effectiveness as the object being discussed. One of the
examples is students’ scientific explanation of the
phenomenon of rusting iron. This phenomenon can be
explained by students who have mastered the concept of
redox reactions properly and correctly. Based on the
2013 curriculum, this concept is learned by tenth-grade
students. The effectiveness of learning using the 2013
curriculum is a part that can be reflected and explained
based on the results of measuring the abilities of the
intended students. Thus, the results of measuring
students’ abilities in constructing scientific explanations
about chemical phenomena can be used as a reflection to
find out how far the success rate of the 2013 curriculum
implementation process in Indonesia is. Concerning the
principles and ethics of research, students who
voluntarily participated in this research had been asked
for their consent as per the regulations of the
Institutional Review Board (IRB). Students’ identity
remains confidential, and all information is for scientific
development (Taber, 2014). Table 1 shows respondents’
demographic profile.

Instrument Development and Procedures

The basis for developing measurement instruments
includes three main components: cognition, observation,
and interpretation. Cognition refers to a theoretical path
or a construct that helps students develop their abilities
in certain knowledge domains. Observation is the ability
of students based on the type of assessment of specific
tasks and situations. Interpretation is a statistical model
depicting expected patterns determining students” skills
(National Research Council, 2007, 2012).

From the three components, an instrument
development was performed based on the
recommendation by Wilson (2005, 2008, 2009), which
covers four steps: developing construct variables of
students’ ability focusing on one characteristic assessed
at one time; developing item design of a particular task
to measure students’ responses; designing result and
assessment space in which all students’ responses are
categorized in all items related to construct variables,
and; performing the Rasch model measurement. All of
the four steps have been applied in instrument
development with different constructs (Barbera, 2013;
Hadenfeldt et al., 2016; Laliyo et al., 2022; Lu & Bi, 2016;
Mulford & Robinson, 2002; Pentecost & Barbera, 2013;
Wei et al, 2012, Wind et al., 2018), and now are
implemented in developing the instrument of the
present work.
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Table 2. Construct of scientific explanations on chemical phenomena

No. Chemical phenomena Pre-requisite knowledge Item Grade
1 Rusting iron Redox Al A=10
2 Fruit rot Redox A2
3 Color changes in apple Redox A3
4 Changes in rotting banana Redox A4
5 Coal formation Hydrocarbon B5 B=11
6 Garbage decomposition Hydrocarbon B6
7 Petroleum formation Petroleum B7
8 Wood burning Thermochemistry B8
9 Photosynthesis Thermochemistry B9
10 Water evaporation Thermochemistry B10
11 Melting ice cubes Thermochemistry B11
12 The process of acid rain Acid-base B12
13 Formation of CO; from baking soda & vinegar Acid-base B13
14 Antacids for stomach ulcers Acid-base B14
15 The use of detergent Hydrolysis B15
16 The use of fertilizer Hydrolysis B16
17 The use of bleach on cloth Hydrolysis B17
18 Hydrolysis process Hydrolysis B18
19 Weathering process Hydrolysis B19
20 Blood pH regulation Buffer solution B20
21 Deficiency in red blood cells in the body Buffer solution B21
22 The process of dissolving salt in water Solubility & solubility product B22
23 Drinking water purification process Colloid B23
24 The use of sunscreen Colloid B24
25 Electroplating on metal Elemental chemistry C25 C=12
26 Fireworks Elemental chemistry C26
27 Fireworks flaming colors Elemental chemistry c27
28 Food preservatives Benzene and its derivatives C28
29 Fermentation process Macromolecule C29
30 The use of shallot Macromolecule C30

Determining construct variable: Constructing scientific
explanations

The focus of this first step was to develop the
construction of the assessed variable, i.e., constructing
scientific explanations on chemical phenomena. A
scientific explanation is a logical explanation of a
phenomenon based on scientific facts and forming
relationships based on evidence and logical reasoning
(Berland & Reiser, 2009; Wang, 2015). A strict
psychometric standard was used as the guideline in
developing this construct (Kane, 2016; Van Vo & Csap6,
2021), which measures in stages the ability of students to
make claims of correct knowledge/understanding (Q1),
propose evidence or concepts that support their
knowledge claims (Q2), and to make logical reasoning
that explains the relationship between claim and
evidence (QQ3). The substance of each construct embodies
chemical phenomena issues in which its problem-
solving requires the mastery of basic chemistry concepts
(e.g., acid and base). This has been stipulated in the
standard of chemistry curriculum in senior high schools
2013 and the regulation of the Ministry of Education and
Culture of the Republic of Indonesia number 37 of 2018.
As many as 30 chemical phenomena were identified
from the curriculum review results and teachers’
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interviews. Furthermore, these phenomena were studied
by students in a formal situation in senior high schools.
The results are provided in Table 2.

Item designing and assessment

The second step was the design of the test item and
assessment. Assessments take performance-based
assessments format, while the test item is in an open
multiple choice-question format. Such a format is widely
used in measuring scientific reasoning (Opitz et al,
2017). This is due to the effectiveness and simplicity of
the test format in measuring skills (Briggs, 2009; Wilson,
2008; Zhan et al., 2017) and the lesser effect compared to
other instruments (Schwichow et al, 2016).
Consequently, the measurement accuracy of
respondents with large numbers is higher, which
culminates in better data collection and assessment (Van
Vo & Csap6, 2021).

In diagnosing the framework of understanding, the
two-tier multiple choice questions by Treagust (1988) are
preferable to be applied in the present work. The model
by Treagust (1988) was then modified into three-tier
multiple choice questions. An example of the test is
displayed in Figure 1. Item B1l measures the
construction of scientific explanations of melting ice
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Item B11: The phenomenon of melting ice cubes
11. An ice cube turns into a liquid when it is added to hot water, resulting in an

exchange of heat energy between the two objects. The ice cube changes state due
to the effect of hot temperatures and absorbs the energy from its surrounding.
(Q1). Do you think that this statement is true? (CLAIM)

a. True

b. False
(Q2). Following the answer, which one of the following is the appropriate

evidence to support your answer in Q1? (EVIDENCE/DATA)

a. Ice will float to the top, and most of it sinks in the hot water

b. When adding the ice cube to the water, it sinks

c. When the ice cube completely melts, the particles of hot water and the
ice cube are separated, making the hot water cooler

d. The ice cube that has completely melted will turn into a liquid (water).

e. Another answer ...........cco.ceeuen

(Q3). Which one of the following is the reason for your answer in Q2?

(REASONING)

a. The ice cube does not completely melt. If the particles of hot water and
the ice cube stick together, the hot water becomes cooler, and the water
volume does not increase

b. The ice cube melts because the heat from the hot water is absorbed by
the cube, so that the cube’s temperature increases, and it changes state

c. The ice cube melts due to the heat from ultraviolet rays

d. The ice cube melts due to the heat from the sun

e. Another answer .............ccooeeuuen

Figure 1. Item B1l sample: Phenomenon of melting ice
cubes (Source: Authors” own elaboration)

cubes. Question Q1 of this item, consisting of two
options, i.e., true (T) and false (F), which examines the
claim of concept mastery of ice cube transformation and
the melting process, due to heat absorption. Question Q2
measures evidence or data claim of Q1. There are five
options: one correct answer, three distractors, and one
open-answer response. Students are free to provide their
own answers in open-ended response formats, and these
responses can be selected and scored based on their
content. Question Q3 measures students’ reasoning that
depicts the correlation between Q1 and Q2. This
question has five options similar to Q2.

Distractors in Q2 and Q3 enhance the item diagnostic
capabilities (Herrmann-Abell & DeBoer, 2011; Sadler,
1998) and minimize correct answers by guessing
(Herrmann-Abell & DeBoer, 2011; Lu & Bi, 2016; Sadler,
1998). The probability of students guessing the correct
answer in Q1 is 50:50, while in Q2 and Q3 is only 0.20.
The distractor is an option that seems correct but is
conceptually unacceptable due to its scientific
contradictions or misconceptions (Herrmann-Abell &
Deboer, 2016; Laliyo et al., 2020; Wind & Gale, 2015).
Students’ responses to each item (Q1, Q2, and Q3) are
then evaluated and categorized based on the assessment
rubric (Table 3). For example, a correct response on
items Q1, Q2, and Q3 are labeled CCC. This code

Table 3. Assessment rubric

signifies that the student has a high ability level of
constructing scientific explanations (labeled as CSEH)
and scored three. If the label reads “CIC”, the student
has a moderate level of constructing scientific
explanations (labeled as CSELR) and scored one. In this
category, although the Q3 response is correct, it is
unscientific due to the incorrect response of Q2.

Outcome space and data collection

The third stage is outcome space and data collection.
Outcome space states the correlation between items and
construct maps (Bond & Fox, 2007; Wilson, 2009). This is
a content validity testing (construct) performed
independently by two chemistry education experts and
three senior high school chemistry teachers. These five
validators were assigned to assess the correlation
between the answer choices for questions (Q1, Q2, and
Q3) in each item with students” abilities in constructing
scientific explanations. They ensured that the questions
were easy to understand, and students would not give
incorrect answers only because of poor language
mastery. In addition, the validators were asked to ensure
that the questions (Q1, Q2, and Q3) in each item follow
the measured construct and are unambiguous, and the
time allocation is sufficient. Questions do not direct
students to one of the answer choices and do not contain
subjective or emotional words. After correcting the items
according to the validators’ recommendations, an
analysis of the validators’ approval information was
carried out using the Fleiss” K measure. The value of
k=.98 was obtained in which p<.0001, meaning that all
validators agree that test items have good validity in
linking the answer choices with the students” ability in
constructing scientific explanations (Landis & Koch,
1977).

All of data in this research were collected directly in
the school and classroom for four months. The data
collection schedule was adjusted to the school and
student class schedules. Permission from the school and
faculty was given prior to data collection as they are
responsible for overseeing and managing the
educational activities of students. Additionally, schools
and faculties are legally responsible for the well-being
and safety of their students while they are on school
premises or participating in school-related activities. The

gllleStlon ® R Code Score Category

Correct  Correct Correct CCC 3 High level of ability in constructing scientific explanations (HACSE)
Correct  Correct Incorrect CCI 2 Moderate level of ability in constructing scientific explanations (MACSE)
Correct Incorrect Correct CIC 1 Low level of ability in constructing scientific explanations (LACSE)
Correct Incorrect Incorrect CII

Incorrect Correct Correct ICC 0
Incorrect Correct Incorrect ICI
Incorrect Incorrect Correct IIC
Incorrect Incorrect Incorrect III

No ability in constructing scientific explanations (NACSE)
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process of students giving responses was carried out for
45 minutes. All students were asked to answer all
questions in the measurement instrument. Most of them
completed the test in less than 45 minutes. Each student
was given a set of test items and a written answer sheet.
After the test, all questions and answer sheets (same in
number) were collected.

Measurement of Rasch partial credit model

At this stage, the relationship between the scores and
the measured variables was defined applying the Rasch
PCM measurement. The Rasch PCM is an extension of
the dichotomous Rasch model (Rasch, 1980; Sumintono
& Widhiarso, 2015) for the characteristics of polytomous
data (Eggert & Bogeholz, 2010). This model assumes that
partial success on certain test items is expressed by
partial credit. Besides, responses given by partial credit
are hierarchical, implying that responses given by higher
partial credit are qualitatively better than those given by
lower partial credit. This procedure is very useful for
procedural competency assessments like constructing
scientific explanations or problem-solving abilities in
which students” answers are not only marked as correct
or incorrect, but also are assessed by category. Thus, it
can provide a more detailed overview of students’
ability. The present study intends to reveal the difference
in students’” abilities in constructing scientific
explanations and to diagnose the item difficulty level.
The Rasch PCM was employed to describe the different
categories of students’ abilities continuously, from no
constructing scientific explanations ability to a high level
of constructing scientific explanations ability.

Data Analysis

The measurement results were still ordinal data.
These data were converted to interval data with the same
logit scale, using the WINSTEPS 4.5.5 software (Bond &
Fox, 2015; Linacre, 2020). The result was a data
calibration of the levels of student’s ability and item
difficulty in the same interval. Test development
involved investigating the evidence for uni-
dimensionality, reliability, fit statistics, and item quality
testing. This is a statistical data analysis technique in
evaluating the learning process and cognitive potential
in educational settings (Stevenson et al., 2013). Rasch
modeling was applied in this research as the primary
psychometric approach in evaluating students” abilities
in constructing scientific explanations of chemical
phenomena. Consequently, in terms of items, the higher
the logit score, the better the constructing scientific
explanations abilities.

A one-way ANOVA was used to test the difference in
students’ abilities in different classes. Furthermore, this
study also relied on the differential item functioning
(DIF) analysis to examine the characteristics of items.
This is evidence of measuring invariance by comparing
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the different abilities of members of separate groups, to
test whether an item is fair or unbiased between classes.
The testing result can compare students’ performances
based on the difference in demography to the item level.

RESULTS AND DISCUSSION

This section elaborates on the results of analysis and
test validity of constructing scientific explanations
abilities regarding phenomena using the Rasch model,
the evaluation result of constructing scientific
explanations abilities, the result of identifying test items
whose functions differ in terms of sex and hometown,
result of measuring the difference in item difficulty, and
explaining why students’ difficulty levels are different.

RQ1. To What Extent Do the Data Collected Using the
Instrument Developed in This Study Fit the Rasch
Model?

The estimation of data fit with Rasch modeling is
based on testing uni-dimensionality, reliability, fit
statistics, item fit order, and Wright map. First, uni-
dimensionality is the main requirement for Rasch
measurement (Bond & Fox, 2007; Chi et al., 2021; Wang
& Willson, 2005). Uni-dimensionality is a measure to
ensure that the developed test instrument is able to
measure the construct, meaning that the item only
measures one construct at a time, namely scientific
argumentation skills (Bond & Fox, 2007). Uni-
dimensionality measurement, in the present work, uses
the principal component analysis (PCA) of residuals to
estimate the extent to which instrument diversity
measures what it is supposed to measure (Aryadoust et
al., 2021; Ding, 2018; Sumintono & Widhiarso, 2014;
Tseng et al., 2019). If the measurement result shows data
that closely fit the Rasch model, most of the non-random
variance (not randomized) found in the data can be
explained by one latent dimension (Chi et al., 2021;
Eckes, 2015). The result of the variance measurement
(raw variance explained by measures) of this research
data gets 27.7%, which is almost the same as the expected
value of 27.4%. This indicates that the minimum uni-
dimensionality requirement of 20% can be met.
Moreover, the unexplained variance values obtained by
the instrument are all below 7.0%, whereas the ideal
value does not exceed 15.0%. This confirms that the item
independence level in the instrument is good; 30 items
tend to measure a single latent trait (Linacre, 2020; Ling
Lee et al., 2020; Sumintono & Widhiarso, 2015).

Second is reliability. The Rasch model provides two
reliability statistics: reliability index and separation
index. Separation index is a measure of the relative
approximation spread to accuracy of the measure (Chi et
al.,, 2021). The measure of this separation index can reach
much higher values, depending on the measure of the
error variance (Eckes, 2015). These reliability statistics
show reliability of measurement differences.
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Table 4. Summary of fit statistics
Measures (logit) Student (n=703) Item (n=30)

Mean 37 .00
SE (standard error) 21 .04
SD (standard deviation) .56 43
Outfit mean square (mean) 1.02 1.02
Infit mean square (mean) 1.02 1.00
Separation index 2.25 9.68
Reliability index 83 .99
Cronbach’s alpha (KR-20) 84

It is seen from Table 4 that the person reliability index
reaches logit +.83, and item reliability index arrives at
logit .99. Both indexes are categorized as good as they get
higher values than logit .8 as recommended by Bond and
Fox (2007). On the other hand, the person separation
index and item separation index obtain logit 2.25 and
logit 9.68, respectively. Both indexes have met the
recommended criterion of logit 2.0 Linacre (2020). The
person separation index of logit 2.25 and person
reliability index of logit .83 reflect the adequate
sensitivity of the instrument, particularly in
distinguishing between students with a high and a low
level of abilities. The mean of person logit of logit .37
signifies that all students have abilities above the mean
of item logit of logit .00. Next, the standard deviation of
person is logit .56, indicating a fairly wide level of
dispersion of students’ abilities. The item separation
index of logit 9.68 and item reliability index of logit 9.99
become empirical evidence of students” ability levels and
support an excellent instrument construct validity
(Boone et al., 2014; Boone & Staver, 2020; Linacre, 2020;
Sumintono & Widhiarso, 2014).

Third, fit statistics is used to ensure the validity of the
test construct (Banghaei, 2008; Chan et al., 2021). Its
function is to estimate whether or not the item fits the
model and in accordance with the concept of a single
attribute (Boone et al., 2014; Boone & Noltemeyer, 2017;
Boone & Staver, 2020). Item estimation is based on the
value of mean square residual (MNSQ). A value that
shows how significant the impact of the fit discrepancy
is, with two forms: outfit MNSQ and infit MNSQ. Outfit
is a Chi-square that is sensitive to outliers. Outliers are
answers that happen to be correct (guessing) of low-
ability students or incorrect answers due to the
carelessness of high-ability students. Next is the value of
infit MNSQ. This value is affected by response patterns
close to the item difficulty or students” ability. The ideal
value of infit and outfit MNSQ is 1.0, ranging from 0 to
infinity (Eckes, 2015). MNSQ value of more than 1.0
indicates that the item has unexpected variability (misfit
or underfit). In contrast, MNSQ value of less than 1.0
implies that the item is easy to predict (overfit). Underfit
is generally considered more problematic than the
overfit (Myford & Wolfe, 2004). This research follows the
recommendation from Bond and Fox (2007) in which

MNSQ value ranging from 0.7 to 1.3 reflects a good fit
between the item and the model.

The measurement result shows that the value of infit
and outfit MNSQ (Table 4) ranges from 1.00 to 1.02,
meaning that the items fit the model. Hence, the items of
this instrument are productive for measurement and
have a logical prediction. This is strengthened by the test
reliability value of raw scores of Cronbach’s alpha (KR-
20) with logit .84. This value signifies that 703 students
and 30 items have good interaction between each other.
Simply put, psychometric internal consistency of this
research instrument is excellent and reliable (Adams &
Wieman, 2011, Boone & Staver, 2020; Sumintono &
Widhiarso, 2015).

Fourth is the item fit order. Item fit order testing is
employed to estimate the item quality (Boone & Staver,
2020; Linacre, 2020), while ensuring the quality of the
process of student responses to items (Lewis, 2022). Item
is considered misfit it it does not meet the following
criteria: outfit mean square residual (MNSQ): .5<y<1.5;
outfit standardized mean square residual (ZSTD): -
2<Z<+2; and point measure correlation (PTMEA CORR):
4<x<8. The value of PTMEA CORR shows the
correlation between item score and person measure. The
value is used to check whether or not all items are
functioning as expected. The value must be positive and
not close to zero (Bond & Fox, 2015; Boone & Staver,
2020). If a positive value is obtained, the item is
considered acceptable. On the contrary, if a negative
value is obtained, the item is not functioning well or
comprises misconception (Bond & Fox, 2015; Boone et
al., 2014; Sumintono & Widhiarso, 2015). The result of
item fit measurement (Table 5) reveals that all items
have met the criteria mentioned earlier, and there is no
negative value for PTMEA CORR. This implies that all

Table 5. Item fit analysis

Item Measure Infit Outfit PTMEA
MNSQ MNSQ ZSTD CORR
A2 -40 1.43 1.46 9.17 .37
Al -27 1.23 1.24 5.27 .35
B15 -.96 1.22 1.21 3.04 40
A3 -11 1.17 1.20 4.49 .39
B23 -72 1.17 1.14 2.58 .50
B10 .28 1.11 1.16 3.18 44
C26 -48 1.16 1.16 3.35 .50
B17 -57 1.14 1.12 2.36 45
B16 .33 1.07 1.09 1.74 .33
B13 14 1.04 1.07 1.54 45
C25 .55 97 1.07 1.38 .30
B5 45 91 1.06 1.16 14
B19 29 1.02 1.06 1.20 43
B24 -.40 1.05 1.05 1.18 .57
B12 -72 1.01 99 -15 .37
B9 .36 91 1.00 -.01 .28
B7 46 .96 99 -22 .35
B22 21 .95 99 -16 42
B6 .08 .97 .98 -.35 .54
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Table 5 (Continued). Item fit analysis

Item Measure Infit Outfit PTMEA
MNSQ MNSQ ZSTD  CORR
B11 42 92 .98 -75 25
B14 16 .95 .96 -.80 41
B21 =22 .89 92 -1.88 .51
B8 A8 .89 91 -2.01 .36
B20 45 .89 91 -1.72 42
C28 -45 91 .88 -2.88 .58
C30 .08 .88 .88 -2.84 .55
A4 -.33 .85 .87 -3.12 .53
Cc29 23 .83 .86 -3.24 .54
Cc27 .26 .80 .83 -3.92 44
B18 71 .56 .61 -8.00 .38
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<more>|<rare>
2 . +
-
w5 T|
-
4
e |
BT A | B | C
JHuaug S| | |
Jasaag | T | |
JHaanung | | |
1 JARRHERERE + | B18 |
#ispanag | | | €25
suunung | | B20 B5 B7 |
HERAHHRARER M|S | B11 B9 |
LR | B10 B16 B19 |C27
HERHHE | B14 B22 B8 |C29
annpnann | B13 B6 |C30
Jaasg M | I
L A3 | |
LS | B21 |
L Al A4 | |
%] M +S A2 | B24 |
o | | | €26 C28
## | B17 |
# | B12 B23 I
o' T | |
# T | |
| B1S |
-1 . +
. } A = Grade 10 Chemical Phenomena Items
| B = Grade 11 Chemical Phenomena Items
| C = Grade 12 Chemical Phenomena Items
-
|
|
|
-
-2 +
<less>|<freq>
EACH "#" IS 6: EACH "." IS 1 T0 5

Figure 2. Wright map (Source: Authors” own elaboration)

items are functioning well and meet the qualifications of
good item quality (Bond & Fox, 2015; Boone & Staver,
2020).

Fifth is the Wright map (Figure 2) displaying a
graphical representation of the distribution of students’
ability (left side) and item difficulty level (right side),
which are on the same logit scale (Bond & Fox, 2015).
This map measures the consistency between the levels of
students” ability and item difficulty. The higher the logit
scale, the higher the levels of students” ability and item
difficulty. Conversely, the lower the logit scale, the lower
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the levels of students’ ability and item difficulty (Boone
et al., 2014). The logit size for each item reflects the
students’ ability to construct scientific explanations
related to the measured construct. Indirectly, it can be
interpreted that the acquisition of a small logit item size
reflects the students” inability to understand the
measured phenomena. Thus, it can be assumed that they
tend to have limited knowledge related to the conceptual
knowledge learned in formal classes.

Wright map has illustrated that all items in the
measurement instrument cover most of the students’
ability and have the same difficulty level. However, in
students’ ability lower than logit -.96 and higher than
logit .71, there is no item equivalent to the ability level in
question, which needs further investigation. Most items
tend to be in the middle of the map. Some items have the
same logit. There are also items with the same difficulty
level, such as item B20, item B5, item B10, item B16, item
B19, and item C27. Item B18 (.71) is the item with the
highest difficulty level, whereas item B15 (-.96) is the one
with the lowest difficulty level. The series of results of
the validity and reliability tests that have been carried
out indicate that the data collected from the
measurement instruments developed in this study are in
accordance with the Rasch modeling.

RQ2. How Do the Students” Ability to Construct
Scientific Explanations on Chemical Phenomena,
With Regard to Different Classes, Sex, and
Hometown?

Figure 3 presents the visualization of the difference
in students’ scientific argumentation skills from different
classes. It is clear that students in class ] have better
average scores (.97) than those in class I (.77), A (.60), H
(.54), C (.50), E (.37), F (.06), D (.05), and B (-.10). The
ability of students in classes H, I, and ] is better possibly
because they benefit from a longer learning experience.
Moreover, the difference between classes is tested by
relying on one-way ANOVA test. The test determines
the difference in ability, especially for data that are
presumed to break the assumptions of normality and
homogeneity (Chi et al., 2018; Liu & Boone, 2006). The
testing result suggests that there is a difference in the
ability of students in classes ABCDEFGHIJ, with a
significance value <0.05 (Sig.=0.000). Further testing
using Bonferroni’'s post hoc test finds out that
statistically, students” ability in classes A, C, E, G, H, L,
and ] is significantly different; yet the ability of students
in classes B, D, and F is insignificantly different.

At the level of individual (students), the testing of the
difference in scientific argumentation skills is performed
by using the measurement result of logit value of person
(LVP). Following the person mean (.37) and standard
deviation (.56), LVP of all students is grouped into four,
as follows:
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Figure 3. Average of students’ ability in classes A to ]
(Source: Authors” own elaboration)

(a) a group of students with a very high level of
ability (LVP=.93),

(b) a group of students with a high level of ability
(.372LVP=.93),

(c) a group of students with a moderate level of
ability (-19>LVP>.37), and

(d)a group of students with a low level of ability
(LVP=-.19).

The highest percentage is achieved by the group of
students with a very high level of ability; those in class
A (3.41%), class J (3.12%), and class 1 (2.98%). In the
group of students with a high level of ability, they are
dominantly in class A (14.20%), class G (5.38%), and class
F (4.83%). Next, in the group of students with a moderate
level of ability, they are mostly in class F (9.53%), class B
(4.55%), and class A (4.41%). Lastly, in the group of
students with a low level of ability, they are mostly in
class B (4.41%), class F (4.13%), and class A (2.13%). In
terms of sex, female students are better than male ones.
The majority of female students have very high (10.2%),
high (37.4%), moderate (22.2%), and low (7.58%) levels
of abilities. In the matter of students with a very high
level of ability, students who come from Bone Bolango
(7.54%) are better than those from Gorontalo (4.13%) and
Limboto (1.13%). Overall, more than half of the students
are in groups of a high level of ability (58.60%), followed
by a moderate level of ability (29.00%), a low level of
ability (13.80%), and a very high level of ability (12.80%).
Such facts signify that the distribution of students’
ability is relatively different and uneven in each class,
and no class has the ability in certain LVP categories
(Table 6).

RQ3. Based on the Measurement Result in the Item
Level, Are There Any Items That Have Different
Functions With Regard to Sex and Hometown of the
Students?

Testing items whose functions differ among students
of different sex and hometown relied on DIF analysis.
An item is considered to have DIF if fulfilling three
criteria:

Table 6. Logit value of person (LVP) analysis (n=703)
Logit value of person (%)

Demography VH High M Low
(LVPz= (372LVP (-.192 (LVP<
.93) 293) LVP237) -19)
Students
Class A 24 (3.41) 100 (14.2) 31 (4.41) 15(2.13)
Class B 5(0.71) 15(2.13) 32(4.55) 31 (4.41)
Class C 0(0.00) 10(1.42) 2(0.28) 2(0.28)
Class D 0(0.00) 4(0.56) 15(2.13) 3(0.43)
Class E 2(0.28) 28(3.98) 17(2.41) 6(0.85)
Class F 6 (0.85) 34 (4.83) 67(9.53) 29 (4.13)
Class G 4(0.56) 41 (5.83) 18 (2.56) 10 (1.42)
Class H 6 (0.85) 24(3.41) 7(0.99) 1(0.14)
Class I 21 (2.98) 28(3.98) 8(1.13) 1(0.14)
Class] 22 (3.12) 28(3.98) 7(0.99) 0 (0.00)
Total 90 (12.8) 412 (58.6) 204 (29.0) 97 (13.8)
Sex
Male 18 (2.56) 49 (6.97) 48 (6.82) 43 (6.1)
Female 72 (10.2) 263 (37.4) 156 (22.2) 54 (7.58)
Hometown
Gorontalo 29 (4.13) 129 (18.3) 80 (11.4) 51 (7.25)
Limboto 8 (1.13) 62(8.82) 84 (11.9) 34 (4.83)
Bone Bolango 53 (7.54) 121 (17.2) 40 (5.69) 12 (1.70)

Note. VH: Very high & M: Moderate

(a) having the value of t of less than -2.0 or greater
than 2.0,

(b) having the DIF contrast value of less than -.5 or
greater than .5, and

c) having the p (probability) value of less than -.05 or

having th probability) val f 1 h 05
greater than .05 (Bond & Fox, 2015; Boone et al.,
2014; Chan et al., 2021).

The result of testing DIF items based on the difference
in sex and hometown of the students does not find items
that meet the three criteria mentioned previously. In
other words, no items are responded differently by male
and female students from different hometowns; all items
have the same degree of difficulty.

RQ4. From the Measure of Item Logit, in What Ways
Does the Students” Difficulty Level Differ From Each
Other in Constructing Scientific Explanations on
Chemical Phenomena?

Table 7 presents the grouping of the logit value of
item (LVI). The grouping process is based on the mean
of person (.00) and standard deviation (.43), divided into
four groups of item difficulty levels, namely:

(a) a group of the most difficult items (LVI=.43),

(b) a group of difficult items (.00=LVI>.43),

(c) a group of easy items (-.43=LVI=.00), and

(d) a group of the easiest items (LVI< logit .-43).

Table 7 shows some interesting cases regarding the
distribution of item difficulty level based on students’

different classes. First, the item distribution in each class
tends to be different; there is no item considered difficult
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Table 7. Logit value of item (LVI) analysis (n=30)

Class Item
(mean)  Very difficult: LVI2.43 Difficult: .00=LVI=.43 Easy: -.432LVI=.00 Very easy: LVI<-.43
A (.60)  B5, B7, BS, B9, B18, B20, B10, B11, B16, B19, B22,  Al, A3, B6, B13, B14, B21, A2, A4, B12, B15, B17, B23,
C25 C27,C29 C30 B24, C26, C28,
B (-10) B9, B14, B18, B22, C27, C29 B7, B10, B11, B19, B20, B21, A2, A3, A4, B5, B6, B8, B13, Al, B12, B15, B17, B23, C26
B25, C30 B16, B24, C28
C(50) Al, A4, B5, B8, B18,B20,  BI11, B13, Bl6, B17,B22, A2, B7, B9, B10, B12, B14, A3, B6, B15, B23, B24, C26,
B21, B25 C29 B19, C27, C30 C28
D (.05) B7, B9, B14, B16, B18, B19, BS5, B8, B10, B11, B22, B25, Al, B6, B12, B13, B21, B24, A2, A3, A4, B15, B17, B23
B20 C27, C30 C26, C28, C29
E (.37) B5, B9, B10, B11, B18, B25 B7, B14, B16, B19, B20, B22, A1, A2, A3, A4, B6, B§, B12, B15, B17, B23, B24, C26
B25, C29, C30 B13, B21, B24, C27, C28
F (.06)  B10, B13, B16, B19,B20, = A3, B5,B7, B, B11, B14, A2, A4, B6, B9, B21, C28 Al, B12, B15, B17, B23, C26
B25, C29 B18, B22, C27, C30
G (43) B5, B7, B13, B14, B18, B19, BS, B9, B10, B11, B16, C27, A3, A4, B6, B17, B21, B22, A1, A2, B12, B15, B24, C26
B20, B25 C30 B23, C28, C29
H (.54) B10, B11, B18, B25 B5, B7, B§, B13, B16, B19,  Al, A2, A3, B6, B9, B14, A4, B12, B15, B17, B24, C26
B20, B21, B22, C27, C29, B23,, C28, C30
C30
1(.77)  B5,B7, B11, B16, B18, B25  Al, BS, B9, B10, B14, B19, A2, A3, A4, B6, B13, B24, B12, B15, B17, B21, B23,
B20, B22, C27 C26, C29, C30 C28
] (.97) B7, B11, B16, B18, C27 A3, B5, BS, B13, B14, B19, A1, A2, A4, B9, B10, B17, B6, B12, B15, B23, B24, C28
B25 B20, B21, B22, C26, C29,
C30

by all classes. Item B11 (.42) is considered to have the
highest difficulty level by classes E, H, I, and J;
meanwhile, to classes A, B, C, D, F, and G, this item is
considered difficult.

Another example is item B18 (.71). This item is
considered the most challenging in classes A, B, C, D, E,
F,G H,I and].

Second, if it is based on the average score of students’
ability by class, certain items should have been
considered easy. Nevertheless, in some classes, the items
are categorized as the most difficult ones, e.g., item B11
(42). The measure of this item is less than the average
score of students” ability in class ] (.97), class I (.77), and
class H (.54), meaning that the logit of the class average
ability greater than the measure of item B11 should have
enabled the item to be categorized easy in class ], I, and
H. In fact, this item is the most difficult one, although the
university students in class J, I, and H are from the
chemistry department with more learning experiences
than those in high school classes, specifically in learning
the phenomenon of melting ice cubes. In addition, it was
found that based on the average score, first-year
university chemistry students (class H) tended to have
the same abilities as classes A, C, E, and G. In contrast,
the ability of classes B, D, and F students was
significantly lower. These two examples of facts show
the level of difficulty of items in each class is different.
Even though university students (HIJ class) have a
longer learning experience, it does not mean that they
can construct better scientific explanations than
students. Allegedly, this tends to be determined by how
students construct their ideas. According to Aktan
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(2013), Emden et al. (2018), and Hadenfeldt et al. (2016),
each student tends to have a different way of building
scientific understanding and explanation. Differences in
ways of understanding scientific phenomena cause the
construction of students’ understanding to be often
different, at the same time changing according to the
understanding they form themselves, and often varying
at different levels of understanding. This notion
underlines the causes of the different levels of
understanding of each student as understanding is
obtained and formed in a way that is not the same or not
linear (Hadenfeldt et al.,, 2013; Neumann et al., 2013).
This fact reinforces the research conclusions reported by
Yao and Guo (2018) that the abilities of students in
constructing scientific explanations can be different,
where these differences reflect the conditions and
learning practices held in each school.

RQ5. Based on the Item Response Patterns, What
Causes the Different Difficulty Levels of Students in
Constructing Scientific Explanations About Chemical
Phenomena?

Responding to why students have different item
difficulty levels can be analyzed using the response
patterns in each item (Please see Appendix A and
Appendix B). Figure 4 provides the response patterns of
ten students with a high level of ability. Student 115
(1.15), 283 (.89), and 355 (1.24) give responses of three for
item B11 (.42). According to Table 3, response 3 is the
response pattern of students with a high level of
constructing scientific explanations ability, indicating
that these three students give correct responses
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Figure 4. Guttman scalogram of
Authors” own elaboration)

responses (Source:

regarding the questions of claim (Q1), evidence (Q2),
and justification (Q3), labelled as CCC. On the other
hand, student 2 (1.15), 263 (.89), 308 (.98), 482 (1.50), 578
(1.50), 622 (1.69), and 699(1.56) provide a response of 1.
Response 1 is the response pattern of students with a low
level of constructing scientific explanations ability,
implying that these seven students respond correctly in
Q1, yet incorrectly in Q2 and Q3. Thus, they cannot
provide evidence and justification for their knowledge
claims related to the phenomenon of melting ice.

Referring to Table 3, we can investigate further why
students cannot show evidence or respond incorrectly in
Q2. There are two possible response patterns: CIC and
CIL CIC is the response pattern of correct Q1, incorrect
Q2, and correct Q3. Although the Q3 is correct, it is
unacceptable since the Q2 is incorrect, implying that it is
impossible to be able to explain the relationship between
claim and evidence correctly, yet having incorrect
evidence. CII is the response pattern of correct Q1,
incorrect Q2, and incorrect Q3. Accordingly, in item B11
and question Q2, the seven students choose answer:

(a) ice will float to the top, and most of it sinks in hot
water,

(b) when adding ice cube to the water, it sinks, and

(c) when the ice cube completely melts, the particles
of hot water and the ice cube are separated,
making the hot water cooler.

These three answer choices are distractors and have
misconceptions,  particularly the concept of
thermochemistry. This fact strengthens the assumption
that the seven students do not master the basic concepts
of thermochemistry competently.

Why do students, although having a high-level
ability, have difficulty in constructing scientific
explanations about chemical phenomena (itemB11)?
They should be able to answer correctly because the logit
size of their ability is greater than the size of item B11 (.42
logit). This case can be explained as follows. First, the
emergence of difficulties can be caused by gaps in
understanding (Kapici & Akcay, 2016) as a result of the
existence of an alternative conceptual framework
formed by students in a way that they can understand
themselves (Lu & Bi, 2016; Yildirir & Demirkol, 2018).
These alternative frameworks wusually contain

misconceptions (Johnstone, 2006, 2010; Taber, 2002,
2009) and even tend to be permanent (Hoe &
Subramaniam, 2016; Laliyo et al., 2022). Several previous
studies have concluded that students tend to experience
misconceptions (Alamine & Etokeren, 2018; Yasar et al.,
2014) even though they have experienced formal
learning (Allen, 2014; Suharto & Csapd, 2021). Students’
efforts to understand the phenomenon of melting ice
cannot be separated from how their efforts in
constructing a correct understanding of the concept of
abstract particle properties (Johnstone, 1991), which do
not look real (Stojanovska et al., 2012), making it difficult
for them to understand by means of the usual (Cheng,
2018; Johnstone, 2010).

Second, it is possible to derive from the relatively
weak conditions and practice of learning instructions in
forming a meaningful understanding, which explains
the relationship between macroscopic, submicroscopic,
and symbolic representations (Chi et al, 2018;
Chittleborough et al.,, 2005; Davidowitz et al., 2010;
Gilbert & Treagust, 2009). It means that the
epistemological experience of students in learning tends
to be weak. Less-meaningful learning can also originate
from the limited ability of teachers to carry out learning
instructions based on the discovery of claims, evidence,
and justification (Yao & Guo, 2018). In addition, less-
meaningful understanding of students tends to be
caused by how they store information. Learners often do
not store information that is not used and tend to need
relatively sufficient time to refresh their previously
formed knowledge and skills (Clark et al., 2022).

A number of the results of this study indicate that the
involvement of students in the learning process and
scientific =~ practice = has  distinctive,  epistemic
characteristics (Deng & Wang, 2017; Driver et al., 2000;
Erduran et al, 2004; Osborne et al., 2004). This is
probably related to the students’ ability with their
epistemological experiences in learning. A study
reported by Dillon et al. (2006) and Rickinson et al. (2004)
describes that although the learning process is
performed in laboratory practice and in the field, if
students are not allowed to make more profound
meaning of learning and think critically, they cannot
make cognitive and/or affective connections with what
they are learning. Research by Jin et al. (2021) showed
that the level of meaningfulness of students” scientific
explanations or arguments can be empirically proven to
be different and is relatively determined by how
involved they are in learning. Thus, this is all about
meaningful involvement in which students are engaged
epistemologically in contextualizing and forming
meaning for their learning. Such a meaning-making
aspect of the learning experience is referred to as
epistemic engagement (Ryder & Leach, 1999).

The presence of students with a high level of ability,
yet fail in constructing scientific explanations on
chemical phenomena, is possibly because there is a
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misconception and the aspect of epistemic engagement
in the learning process is not carried out properly.
Cooper (2012) and Kinslow et al. (2018) argue that
students’ failure to form meaning in their learning is
partly due to an epistemically less interesting learning
experience in which students are involved in the data
collection process, yet they do not think about the
function and meaning of the information collected. On
this ground, it is essential to provide learning facilities to
integrate complex contextual components, such as
intriguing issues and themes, into students’ learning
experience and learning process to improve epistemic
engagement and scientific literacy (Gulacar et al., 2020;
Kinslow et al., 2018; Owens et al., 2019).

CONCLUSIONS

The results of this study highlight the significance of
using a Rasch measurement model to assess students’
abilities in constructing scientific explanations in
chemical phenomena. The findings demonstrate that the
test items used in this study are valid, reliable, and
predictive, making them a valuable measurement
instrument for evaluating students’ scientific reasoning
skills. Moreover, the study reveals significant differences
in students’” abilities across different classes, indicating
the variability in mastering basic chemistry concepts.

These findings have important implications for the
field of education in Indonesia and beyond. By
providing evaluative information on the application of
the 2013 chemistry curriculum and students’ scientific
argumentation skills, this research can inform the
decisions of teachers, researchers, and policymakers in
developing strategies to enhance students” abilities in
constructing  scientific explanations. The Rasch
modeling-based psychometric analysis technique used
in this study can serve as a valuable approach for
assessing students’ scientific reasoning skills in other
contexts as well. Overall, this research contributes to the
advancement of science education and has the potential
to improve the quality of students’ learning experiences
in chemistry and related fields worldwide.

Research Limitations

The present study has to be seen in light of some
limitations, including the number of research
participants that have not reached the population in
other regions in Indonesia. It is recommended for further
studies to involve more students in different education
stages to get a better overview of students” progress in
constructing  scientific explanations on chemical
phenomena. Those studies are also recommended to
measure students’ different backgrounds and
demography, such as ethnicity, basic skills and literacy
of chemistry concepts. Ethnicity closely relates to
learning culture and motivation, and the basic skills of
chemistry associate with the achievement of scientific
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literacy concepts mastery. The results are shown by
testing items with different functions and followed by
examination through an in-depth interview to determine
the reason and the situation causing them.
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APPENDIX A

Table Al. Measure of test items & distribution of total students on level of ability in constructing scientific explanations

on chemical phenomena

Achieved MPI abilities (%)

Item M HACSE MACSE LACSE NACSE Chemical phenomena Basic concept of understanding
B18 .71 4 15 69 13 Process of hydrolysis Salt hydrolysis
C25 .55 11 17 54 18 Electroplating on metal Elemental chemistry
B7 46 17 9 61 14 Petroleum formation Petroleum

B5 45 12 14 65 9 Coal formation Hydrocarbon
B20 .45 17 9 60 14 Blood pH regulation Buffer solution
B11 42 16 8 69 8 Melting ice cubes Thermochemistry
B9 36 18 8 66 8 Process of photosynthesis Thermochemistry
Bl6 .33 20 13 52 15 Use of fertilizer Salt hydrolysis
B19 .29 23 10 51 15 Process of weathering Salt hydrolysis
B10 .28 24 13 44 19 Water evaporation Thermochemistry
C26 .26 18 18 54 10 Fireworks Elemental chemistry
c28 .23 21 18 47 14 Food preservatives Benzene & its derivatives
B22 21 23 13 52 12 Process of salt solubility in water Solubility & solubility product
B8 .18 18 23 49 10 Wood burning Thermochemistry
B14 .16 25 9 57 9 Antacids for stomach ulcers Acid & base

B13 .14 24 22 36 17 CO; formation from baking soda & vinegar Acid & base

B6 .08 28 17 39 16 Garbage decomposition Redox

C29 .08 27 16 44 12 Process of fermentation Macromolecule
A3 -11 35 16 36 13 Color changes in apple Redox

B21 -22 34 23 34 9 Deficiency in red blood cells in body Buffer solution
Al -27 43 9 40 8 Rusting iron Redox

A4 -33 37 26 30 8 Rotting banana Redox

A2 -40 48 19 15 18 Fruit rot Redox

B24 -40 49 11 29 11 Use of sunscreen Colloid

C27 -45 44 23 24 10 Firework flaming colors Elemental chemistry
C26 -.48 53 8 29 10 Fireworks Elemental chemistry
B17 -57 50 22 18 10 Bleach on cloth Salt hydrolysis
B23 -72 60 10 22 8 Drinking water purification process Colloid

B12 -72 50 25 21 4 Process of acid rain Acid & base

B15 -.96 64 16 12 7 Use of detergent Salt hydrolysis

Note. M: Measure; HACSE: High ability in constructing scientific explanations; MACSE: Moderate ability in constructing scientific
explanations; LACSE: Low ability in constructing scientific explanations; & NACSE: No ability in constructing scientific

explanations
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APPENDIX B

Table B1. Measure of test items of ability in constructing scientific explanations on chemical phenomena on students’

different classes

Ttem M Students’ classes/item measure (logit)

A B C D E F G H I J

Al -27 -.03 -48 45 -39 -40 -.58 -.65 -11 15 -.04
A2 -40 -.62 -12 -30 -51 -.38 -31 -.83 -32 -.28 -27
A3 -11 -.07 -42 -1.37 -45 -35 .10 -10 -14 -17 22
A4 -33 -53 -.08 .78 -51 -.09 -39 -.36 -51 -.33 -.29
B5 45 .55 -.06 91 .30 .59 .20 .51 .35 .99 .90
B6 .08 -.04 31 -71 .07 16 .35 .07 23 a1 -.58
B7 47 .58 .38 -30 47 24 42 74 0 .67 .56
B8 .18 43 .05 91 .07 -.04 .01 .16 15 .29 11
B9 .36 .86 .53 -21 74 .82 -.04 25 -.02 37 -.02
B10 .28 27 11 -.60 .30 .62 .57 .23 44 27 -11
B11 42 40 23 .35 .07 .56 14 .60 47 .61 1.15
B12 =72 -.78 -1.24 -12 -33 -14 -.86 -.58 -.62 -.82 -.67
B13 14 .05 -.02 25 -20 -.09 .52 43 17 -42 .26
B14 16 -.09 49 -6 47 .01 16 .54 -11 17 .50
B15 -.96 -1.07 -.84 -1.07 -1.29 -1.08 -1.01 -1.23 -.58 -75 -.83
B16 .33 .37 -17 25 .84 24 44 A1 .03 .61 47
B17 -.57 -.59 -.54 .35 -51 -.82 -85 -.60 -44 -45 -.20
B18 71 .79 .65 1.35 .74 .62 .6 .92 72 .99 .52
B19 .29 32 .09 -.03 74 32 51 51 29 .07 0
B20 45 .82 .36 1.35 .55 24 49 .67 .23 15 -11
B21 -22 -.39 .05 .67 -.07 -.09 -35 -31 .20 -.63 -13
B22 21 .35 44 16 .07 27 .23 -01 a2 .09 -.08
B23 -72 -84 -57 -71 -95 -.96 -.88 -.60 -.20 -75 -.61
B24 -.40 -71 -.02 -94 -13 -59 -11 -49 -.95 -.28 -.64
C25 .55 48 .35 91 .38 .59 .57 .54 .94 .65 .70
C26 .26 -.56 -.45 -94 -13 -57 -46 -75 -.55 -37 -.20
Cc27 .26 .50 51 -.03 0 -.09 .06 18 .09 13 .59
C28 -45 -76 -42 -.82 -33 -.50 -17 -.08 -.38 -92 -73
C29 .23 32 46 16 -33 .38 .52 -15 29 -.09 -13
C30 .08 -.03 40 -12 .30 .50 13 -.02 .20 -.09 -.36
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