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Introduction

Abstract: Measuring students' abilities through assessment instruments
correctly is very useful so that teachers can guide students effectively. The
development of assessment instruments often does not follow formal and
scientific preparation steps, so that valid instruments are needed and
measurements of problem-solving abilities can produce accurate and correct
measurements. Problem solving is a complex activity involving broad
objectives in the form of understanding problems, developing strategies,
implementing strategies and interpreting results. This study aims to develop
an assessment instrument for problem solving skills and to determine the
characteristics of the problems solving skills assessment instrument in the
concept of chemical calculations. This study uses a 4D development model
consisting of the define, design, develop and disseminate stages. The test
subjects in this study were 210 high school students. The results of the study
showed that: The assessment instrument developed was in the form of 13
descriptive questions arranged based on indicators of problems solving
skills; The assessment instrument fits the Rasch PCM 1-PL model in the
range of 0.84 logit - 1.16 logit (valid), the reliability estimate is 0.62 reliable
category and the level of difficulty of the questions - 0.38 logit to 1.00 logit
(good category).

Keywords: Assessment instruments; Chemistry calculation; Problem

solving

processes to understand and solve problems without
direct and explicit solutions (Ling et al., 2024). A

Assessment of learning outcomes is an important
part of the learning process, where educators can find
out the abilities of students, the accuracy of the teaching
methods used, and the success of students in achieving
competence, so that assessment instruments are needed
that can encourage students to develop these abilities
and be able to follow the development of knowledge and
technology (Arsiana et al., 2022). Problem-solving skills
are important for students in facing the flow of
globalization, so it is necessary to develop instruments
that can be used as measuring tools. The weight or
quality of the assessment can be seen from the quality of
the instrument used (Ibarra-Saiz et al., 2021). Problem-
solving skills are students' skills in using cognitive

How to Cite:

problem is defined as a situation that makes an
individual feel uncomfortable and a reasonable solution
is needed to achieve balance (Hubbart, 2023). A problem
is also defined as a person, situation, or thing that needs
attention and needs to be addressed. The term problem
is related to the word solve which experts call problem
solving (Wicaksono & Korom, 2022).

Problem solving is one of the important scopes so
that it becomes one of the goals of teaching (learning
process) because it trains critical, logical, and creative
thinking skills (Kwangmuang et al.,, 2021). Problem
solving prioritizes the process carried out by students in
solving problems rather than the final answer. Problem
solving is often challenging for students because they do
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not understand the problems solving process (Sinaga et
al., 2023). The intelligence of students can be seen from
their skills in solving a problem, such as finding
solutions and solving problems in everyday life that are
around them. The problem-solving ability of students
greatly influences the thinking process of students in
solving a problem they find (Purwandari et al., 2022).
Problem solving has indicators, namely: identifying
problems (known, asked and other things needed);
formulating or compiling models; implementing
strategies; and interpreting the results (Ananda et al.,
2023). Problem-solving indicators according to Daulay et
al. (2019), consist of four indicators, namely
understanding the problem, developing a strategy,
implementing the strategy and interpreting the results.
Chemical calculations are one of the main topics of
chemistry that can be taught through the problem-
solving method, because there are many concepts,
calculations, and their applications in life (Surif et al.,
2014).

Chemical calculations are material that is difficult
for students to understand because they have many
complex concepts and calculations, which have an
impact on the low problem-solving abilities of students
in chemistry learning (Alkan, 2021). Measuring students'
abilities through assessment instruments correctly is
very useful so that teachers can guide students
effectively. The development of assessment instruments
often does not follow formal and scientific preparation
steps, so valid instruments are needed and
measurements regarding problem-solving abilities can
produce precise and correct measurements (Darmawan
et al.,, 2020). An instrument can be interpreted as a
measuring tool used to determine the value of an object
or collect information or data about a variable (Febrianti
et al., 2024). Tests as assessment instruments in the field
of education are methods used to determine students'
ability to complete certain tasks or demonstrate mastery
of skills or content knowledge (Adom et al., 2020).

A good test instrument must be able to measure the
object being measured with consistent measurement
results (Setyaedhi, 2024; Shirali et al., 2018). Therefore, a
valid and reliable test instrument is needed (Marar et al.,
2023). An instrument can be said to be wvalid if it
measures what should be measured or accurately
measures the specified variables. Reliable refers to how
well the items in a research instrument consistently
measure what the item should measure, meaning that if
the measurement is given several times, the results will
remain consistent (Cheung et al., 2024). A proper and
factual assessment can be obtained with questions or
problems that refer to the abilities to be measured.
Inaccurate measurement results are produced by poor
instruments, therefore appropriate instrument design
methods can carry out proper evaluations. The
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measurement results obtained must include a small
error, the level of this error is closely related to the
measurement used (Chen et al., 2017). Based on this, the
researcher intends to develop an assessment instrument
for students' problem-solving abilities, especially in the
concept of chemical calculations.

Method

This research is a development researchs with a
quantitative approach that aims to produce a product,
namely an assessment instrument for problem-solving
ability in the concept of chemical calculations. This
research is a type of Research and Development (R&D)
development research using the 4D development model.
This development model consists of several stages,
namely define, design, develop and disseminate
(Astarina et al., 2024). The research was conducted at
SMA Negeri 1 Taman, Sidoarjo, East Java, Indonesia.
The subjects of the trial were 210 students of class XII
MIPA. The sampling technique used was the random
sampling technique. Data collection techniques used in
this study were interviews, questionnaires and test
techniques. Data collection instruments were in the form
of interview guidelines, item validation sheets, and
problem-solving ability assessment instruments (13
descriptive questions).

The procedure and stages of instrument
development carried out in this study consisted of four
stages, namely: define (preliminary study); design
(determination of instrument objectives, determination
of materials, preparation of grids); develop (Writing
questions and scoring guidelines, expert validation,
improvement, Trial, results); and disseminate (product
distribution in schools and article publication). The data
analysis techniques of this study are qualitative and
quantitative data analysis. Qualitative analysis is the
content validity of the assessment results carried out by
experts or expert judgment. Qualitative analysis is
carried out by analyzing all instruments developed.
Quantitative analysis is used to determine the
characteristics of the instruments in this development
research with empirical data from the results of the
instrument trial on students. Quantitative data analysis
is carried out on all instruments developed in the study
which include the suitability of the question items
(instruments) and item validity (construct validity,
reliability, level of difficulty of the question items.

The instrument trial analysis uses the Rasch PCM 1-
PL model with the help of the Quest program. The
results obtained are: the suitability of the items and and
item validity from the infit mean square (infit MNSQ)
and outfit-t values, with the MNSQ infit criteria being
accepted between 0.77 logit - 1.33 logit and the outfit-t

value more < 2.00 (Boone et al., 2014); reliability value of
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the reliability of item estimates, with the criteria: 0.80-
1.00 (very reliable); 0.60-0.80 (reliable); 0.40-0.60 (quite
reliable); 0.20-0.40 (unreliable), 0.00--0.20 (very
unreliable) and the level of difficulty of the questions is
categorized into easy, moderate and difficult, with the
criteria of more than +2.0 (difficult), +2.00 to -2.00
(medium), less than -2.0 (easy).

Result and Discussion

Product Results

Analysis The initial stage of product development
is carried out by determining the objectives of the
instrument, determining the material and compiling the
instrument grid. The purpose of the instrument is to
measure students' problem-solving abilities regarding
the concept of chemical calculations. The compilation of
the instrument grid refers to basic competencies, main
materials, learning indicators and aspects of problem
solving in the concept of chemical calculations (Anisah
et al., 2025; Agustini et al., 2021). Furthermore, the
writing of test instruments (question items) and scoring
guidelines are carried out. The question instruments
given refer to the problem-solving indicators according
to Rohmah et al. (2017) and Cavallo et al. (2021), which
consist of four indicators, namely understanding the
problem, formulating strategies, implementing
strategies and interpreting results. The initial product of
the problem-solving ability assessment instrument
consists of 13 descriptive questions.

The instrument product that has been formed is
validated by experts or expert judgment and its
feasibility is assessed by chemistry teachers who aim to
produce an instrument that is valid in terms of content
so that it can be used for trials. After that, the instrument
product is revised by researchers who will be used for
trials in schools. The validation results show that the
instrument is valid and feasible to be used to measure
students' problem-solving abilities. Product Trial
Results the purpose of the product trial analysis is to
obtain information related to the characteristics of the
instrument being developed. The instrument product
trial was conducted in class XII with a time allocation of
2 x 45 minutes (90 minutes). The trial data were analyzed
using the PCM-1PL model assisted by the Quest
program by looking at the item fit, reliability and item
difficulty level. PCM is a scoring model to see test
participants in the steps of solving questions
sequentially and correctly. 1-PL or Logistic 1 Parameter
is a Rasch model that uses 1 item parameter (item
difficulty level) (Ofianto & Suhartono, 2015; Robinson et
al., 2019; Aryadoust et al., 2019), was developed based
on the Rasch model used for polytomous data.

This model is used in contexts where responses to
items are not coded dichotomously (0/1), but rather in
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several score levels, such as 0, 1, 2, etc. PCM assumes that
the score categories are ordinal, so that each category
reflects a different level of ability of the respondents
(Aybek & Demirtasli, 2017; Axelsson et al., 2022; Laliyo
et al., 2023; Stefana et al., 2025). The analysis of item
suitability or fit aims to determine whether the item
analysis model used in this study can predict the
response of each student. Item fit is used to see or
determine whether a question item in carrying out
measurements has a normal function or not. The item fits
the Rasch model if the MNSQ infit value is in the range
of 0.77 logit - 1.33 logit and the outfit-t value is less than
2.00 (= 2.00) (Boone et al., 2014). The results of the item
analysis are shown in Table 1.

Table 1. Results of the Item Suitability Analysis (Item
Fit)

Item Infit MNSQ Outfit-t Decision
1 1.14 0.2 Fit
2 0.95 -0.5 Fit
3 1.01 0.2 Fit
4 1.16 1.9 Fit
5 1.00 0.1 Fit
6 1.09 1.0 Fit
7 0.96 -05 Fit
8 1.03 0.7 Fit
9 0.90 -1.2 Fit
10 0.87 -1.3 Fit
11 1.02 0.1 Fit
12 0.95 -04 Fit
13 0.84 -1.0 Fit

Based on Table 1, the test results of the test items
show that the MNSQ infit value is in the range of 0.84
logit to 1.16 logit, which is within the acceptable limit of
the MINSQ infit value (0.77 - 1.33) and the outfit-t value
on all test items shows a value smaller than 2.00 (< 2.00).
Therefore, the assessment instrument developed is valid
and fits the Rasch model. In addition, the results of the
test item fit analysis can be seen in the map file. The map
file shows that all the items are on the dotted line so it
can be concluded that all the items fit the Rasch model
and the results of the analysis of the level of fit of the
items show that all the items of the solving ability
assessment are in the good category or valid for use in
conducting research. The map file can be seen in Figure
1.

Reliability is used to prove the consistency of
measurement results. Reliability can be analyzed using
Quest by looking at the summary of item estimates and
summary of case estimates. The reliability coefficient
categories according to Taber (2018) and Zakariya
(2022), are 0.80-1.00 (very reliable); 0.60-0.80 (reliable);
0.40-0.60 (quite reliable); 0.20-0.40 (unreliable), 0.00 - 0.20
(very unreliable), based on the results of the trial, the
reliability coefficient value of the instrument was
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obtained from the summary of items estimates of 0.68,
so it is included in the reliable criteria. Student abilities
can also be seen in the summary of case estimates with
the following criteria: >1.00 (high ability), -1.00 to -1.00
(moderate ability) and <-1.00 (low ability) (Setyawarno,
2017). Base on the reliability value of case estimates, the
student's ability is moderate. Analysis of item difficulty
levels aims to determine the level of the items, which are
categorized into easy, medium and difficult. Good
questions are in the medium category (not too easy and
not too difficult). Items are said to be good if they have a
difficulty index between -2.0 logit to +2.0 logit, items of
more than +2.0 are said to be difficult and less than -2.0
are said to be easy (Tesio et al., 2024; Tyas et al., 2020).
The results of the analysis of the difficulty level of the
questions are shown in Table 2.
lton Fit oy 525 196
all on all (W= 218 L = 13 Probability Level= .58)
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Figure 1. Instrument map file

Based on Table 2, the level of difficulty of the test
items is -0.38 logit to 1.00 logit which shows that all test
items have a level of difficulty in the good category.
Based on the results of the trial, the developed
instrument is feasible to be used to measure students'
problem-solving abilities in the concept of chemical
calculations (Amelia et al., 2022; Muhsin et al., 2023).

Table 2. Item Difficulty Level

Item Difficulty Level Category
1 -0.12 Medium
2 1.00 Difficult
3 -0.25 Medium
4 0.01 Medium
5 -0.38 Medium
6 -0.18 Medium
7 0.10 Medium
8 0.07 Medium
9 0.89 Difficult
10 0.59 Difficult
11 0.18 Medium
12 -0.35 Medium
13 -0.10 Medium

August 2025, Volume 11, Issue 8, 292-297
Conclusion

Based on the research results, it can be concluded
that: The assessment instrument product developed is in
the form of 13 descriptive questions that are formally
and scientifically arranged based on indicators of
problem-solving ability (understanding problems,
developing strategies, implementing strategies and
interpreting results) and can measure the problem
solving ability of students; The assessment instrument
fits the Rasch PCM 1-PL model which is in the range of
0.84 logit to 1.16 logit and all items are valid for use in
conducting research, the reliability estimate is 0.62 with
a reliable category and the level of difficulty of the
questions is -0.38 logit to 1.00 logit with a good category.
Therefore, this instrument is suitable for measuring
students' problem-solving skills on the concept of
chemical calculations.
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