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ABSTRACT

The focus of  chemistry learning across multiple levels of  representation is essential for developing students’ 
conceptual understanding of  complex chemical phenomena. However, previous studies have predominantly em-
phasized the use of  multiple representations as instructional strategies, while their application in assessment, 
particularly in acid-base chemistry, remains limited. Moreover, existing assessment instruments seldom integrate 
logical and analytical thinking skills simultaneously, and the use of  Rasch model analysis for diagnostic assess-
ment in this context is still relatively scarce. To address these gaps, this study aims to develop a Transformative 
Assessment Innovation Based on Multiple Representations integrated into Holistic Learning to measure students’ 
logical and analytical thinking skills. This research employed a Research and Development (R&D) approach us-
ing the ADDIE model. The participants were second-semester students enrolled in the Basic Analytical Chemis-
try course at Universitas Negeri Semarang. The assessment instrument was developed as multi-representational 
items encompassing definitional, macroscopic, submicroscopic, symbolic, and stoichiometric levels, aligned with 
holistic learning activities. The content validity and reliability of  the instrument were analyzed using the Rasch 
model. The results showed that the developed assessment demonstrated high validity (CVR > 0.80) and excellent 
reliability (Cronbach’s α > 0.90). Furthermore, the implementation findings indicated that the transformative 
assessment effectively identified and enhanced students’ logical and analytical thinking skills while providing di-
agnostic and reflective feedback to support continuous learning. These findings suggest that transformative assess-
ment integrated with multi-representational and holistic learning approaches offers a novel diagnostic framework 
for strengthening students’ higher-order thinking skills in chemistry education.
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INTRODUCTION

21st-century skills are essential for students 
to face the era of  globalization. Therefore, the 
teaching and learning process in schools needs 
to encourage mastery of  the 4C skills, which in-
clude (Communication, Collaborative, Critical 
thinking and problem-solving, and Creativity 
and innovation), including the development of  

higher-order thinking skills (HOTS) (Sepriyanti et 
al., 2022). One of  the primary challenges in che-
mistry learning is that students often lack logical 
(Rakhmawan et al., 2018) and analytical thinking 
skills (Prastiwi & Laksono, 2018). Understanding 
is a crucial aspect of  the learning process. Failure 
to properly grasp basic concepts can hinder stu-
dents, including university students, from connec-
ting them to related concepts. This situation can 
lead to misunderstandings of  a concept (Supar-
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man et al., 2024). If  these errors occur repeatedly 
and consistently, they can be categorized as mis-
conceptions. Consistency in these errors can be 
identified by examining several questions based 
on the same concept, or by comparing written 
test results with interview results.

HOTS can be developed through a deep 
understanding of  concepts and their applications. 
This understanding can be honed by practicing 
skills in interpreting, translating, drawing conclu-
sions, generating ideas, and presenting problems 
using previously learned concepts (Al Haq & 
Raicudu, 2023). However, chemistry is conside-
red difficult for most students because it involves 
both factual and conceptual knowledge, as well 
as procedural knowledge that must be understood 
(Rahmawati et al., 2022). In their learning, stu-
dents are required to apply mathematical con-
cepts and equations in specific calculations. The 
difficulties experienced are usually caused by a 
lack of  direct experience and the challenges in 
solving problems involving chemical reactions 
and mathematical calculations. These charac-
teristics make chemistry a subject that requires 
well-developed logical and analytical thinking 
skills, which need to be systematically fostered 
and measured through appropriate assessment 
approaches.

Logical thinking is one of  the thinking 
skills required in science learning (Al-Ajmi & 
Abdullah, 2019). Logical thinking is the ability 
to use certain logical principles to solve a prob-
lem (Fauziah et al., 2022). Logical thinking in 
the context of  chemistry learning is defined as 
students’ ability to use scientific reasoning to 
consistently explain changes in substances du-
ring chemical reactions based on fundamental 
chemical principles (Park et al., 2019). There are 
three indicators of  logical thinking: (1) orderly 
thinking, where students can express informati-
on obtained and analyze phenomena from the 
results of  simple experiments; (2) argumentation 
skills, namely students’ skills in solving problems 
rationally and providing reasons for the chosen 
solution steps; and (3) the ability to conclude, na-
mely determining appropriate and precise final 
results (Anggraini & Irawan, 2021). These indi-
cators highlight that logical thinking is not only 
essential for understanding chemical concepts 
but also needs to be explicitly assessed through 
structured instruments that can capture students’ 
reasoning processes across different levels of  rep-
resentation.

Analytical thinking skills involve recogni-
zing or determining relevant information from a 
material, organizing it into a connected whole, 

and assessing it to obtain a solution to a problem 
(Furqan et al., 2016). There are three indicators 
of  analytical thinking skills: (1) grouping data 
into parts that correspond to existing concepts, 
(2) organizing the parts that have been arranged 
into an orderly and comprehensive whole, and (3) 
looking for relationships between the parts that 
have been organized (Fitriani et al., 2021). These 
indicators are essential for understanding comp-
lex chemistry topics (Dewi et al., 2025), such as 
acid–base reactions, where students must analyze 
experimental observations, symbolic equations, 
and stoichiometric calculations simultaneously 
(Herunata et al., 2021).

Science learning provides students with 
opportunities to learn about, respond to, appre-
ciate, and understand science, while also deve-
loping scientific thinking habits such as critical 
thinking, creativity, independence, and a positive 
attitude toward science. Some students, in fact, 
still struggle to apply the knowledge they have 
learned, especially in making decisions, defining 
questions based on facts, and relating them to 
everyday life (Zuhaida & Imaduddin, 2019). This 
condition can cause students to become bored 
and struggle to solve problems. This condition is 
reflected in Indonesia’s performance in the Pro-
gramme for International Student Assessment 
(PISA) 2022, which showed a decline in stu-
dents’ achievement across reading, mathematics, 
and science compared to 2018, with an average 
decrease of  12–13 points (OECD, 2023). These 
findings indicate that students’ analytical and lo-
gical thinking skills have not been optimally deve-
loped and assessed. Therefore, there is an urgent 
need for assessment approaches in science lear-
ning that not only measure learning outcomes but 
also diagnose students’ thinking processes and 
support the development of  higher-order cogni-
tive skills.

Understanding chemistry becomes easier 
when presented in terms of  levels of  represen-
tation (Susilaningsih et al., 2018). The levels of  
representation used are definition, macroscopic, 
submicroscopic, symbolic, and stoichiometry 
(Safitri et al., 2019). Each representational level 
plays a distinct role in supporting students’ con-
ceptual understanding, ranging from observable 
phenomena to abstract symbolic and quantitative 
reasoning. In the context of  acid–base titration, 
these representations are essential for measu-
ring students’ understanding of  concepts such as 
acid–base definitions, indicator color changes du-
ring titration, ionization processes at the particle 
level, balanced chemical equations, and stoichio-
metric relationships in pH calculations (Widarti 
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et al., 2023). Therefore, chemistry learning, par-
ticularly in analytical chemistry, should focus on 
strengthening understanding through various le-
vels of  representation so that students can grasp 
chemical concepts comprehensively (Apriani et 
al., 2021). The implementation of  levels of  repre-
sentation in campus learning is crucial, especially 
in complex chemistry materials, to help students 
grasp concepts comprehensively (Susilaningsih et 
al., 2020).

Assessment is a crucial component of  edu-
cation, systematically and continuously measu-
ring students’ abilities (Köksa & Ulum, 2018). 
The quality of  education can be assessed by the 
final learning outcomes, which necessitate the 
use of  quality measurement tools (Destiana et 
al., 2020). In the context of  higher-order thin-
king skills, particularly analytical and logical 
thinking, assessment should be designed to cap-
ture how students analyze information, relate 
variables, and construct coherent explanations 
rather than merely produce correct final answers. 
Transformative assessment is intended not only 
to measure students’ performance but also to 
reveal and stimulate changes in their reasoning 
structures through reflective, multi-level cogniti-
ve engagement. In chemistry education, this re-
quires assessment tasks that challenge students 
to connect ideas across different levels of  repre-
sentation (Muin & Kurniati, 2022). To address 
this need, essay-based assessment integrated with 
multiple representations offers a promising so-
lution (Wachidah et al., 2021; Rinta & Fitriza, 
2022). Multi-representational essay items require 
students to interpret phenomena across defini-
tional, macroscopic, submicroscopic, symbolic, 
and stoichiometric levels, thereby enabling the 
measurement of  analytical thinking through data 
classification, information organization, and re-
lationship identification, as well as logical thin-
king through systematic reasoning and scientific 
argumentation (Gunbatar et al., 2025).

Holistic learning in this study refers to an 
integrated instructional approach that connects 
multiple levels of  chemical representation wit-
hin a coherent cognitive framework. Rather than 
treating concepts as isolated units, it emphasizes 
alignment among learning objectives, represen-
tational tasks, and assessment criteria to capture 
students’ comprehensive understanding (Elm, 
2021). Drawing on the concept of  holistic eva-
luation, which underscores the importance of  
evaluating systems across diverse scenarios and 
criteria, holistic learning in chemistry similarly 
involves identifying key representational contexts 
and cognitive indicators that reflect students’ ana-

lytical and logical thinking (Liang et al., 2023). 
In this study, holistic learning serves as the peda-
gogical foundation for designing multi-represen-
tational assessment tasks that not only measure 
conceptual accuracy but also reveal the coheren-
ce, depth, and consistency of  students’ reasoning 
across representational transitions, thereby sup-
porting transformative and reflective learning 
processes (Gil et al., 2023).

However, most existing studies have fo-
cused on the use of  multiple representations as 
instructional strategies, while relatively limited 
attention has been given to their integration wit-
hin assessment frameworks, particularly for me-
asuring students’ logical and analytical thinking 
skills in chemistry. Many assessment instruments 
remain outcome-oriented and evaluate perfor-
mance at a single representational level, provi-
ding limited diagnostic insight into students’ rea-
soning processes across multiple representations.

In educational measurement, raw scores 
are obtained by summing correct responses; ho-
wever, they are ordinal, so score differences do not 
necessarily reflect equal differences in ability and 
are strongly influenced by sample characteristics 
and the distribution of  item difficulty. In contrast, 
the Rasch model transforms ordinal scores into 
interval-level logit measures and separates person 
ability from item difficulty, producing estimates 
that are more objective and sample-independent 
(Netchinda & Duangpummet, 2025). Descriptive 
statistical parameters derived from Rasch mo-
deling, such as the mean, median, and standard 
deviation, are substantially more stable and less 
biased than those based on raw scores, thereby 
supporting the use of  the Rasch model for preci-
se and reliable assessment of  students’ cognitive 
abilities (Susongko, 2021).

Several previous studies have explored as-
sessment and learning strategies related to higher-
order thinking skills in science and chemistry; 
however, their focus and scope remain limited 
when viewed from a multi-representational and 
diagnostic assessment perspective. Rokhim et al. 
(2023), for instance, developed a structured prob-
lem-solving assessment based on the IDEAL mo-
del to measure students’ problem-solving abilities 
in acid-base topics, including titration. Although 
the instrument effectively evaluated procedural 
problem-solving skills, it did not explicitly integ-
rate multiple levels of  chemical representation 
nor distinguish logical and analytical thinking 
skills as separate cognitive constructs. Further-
more, the assessment emphasized problem-sol-
ving performance rather than providing a diag-
nostic portrayal of  students’ reasoning processes 
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across representations (Rokhim et al., 2023).  
Studies grounded in multiple representations 
have predominantly focused on conceptual un-
derstanding rather than on assessment of  higher-
order thinking. Widarti et al. (2020) investigated 
students’ understanding of  acid-base concepts 
using multi-representational questions and found 
that students’ conceptual understanding, particu-
larly at the submicroscopic level, was generally 
low. Their findings highlighted the importance 
of  multiple representations for meaningful un-
derstanding; however, the assessment was mainly 
descriptive and did not function as a diagnostic or 
transformative instrument to measure students’ 
logical and analytical thinking skills (Widarti et 
al., 2020).

Research in broader science contexts has 
demonstrated the importance of  analytical thin-
king as a key 21st-century competency. Setiaji et 
al. (2025) showed that problem-based learning 
supported by digital modules effectively enhan-
ced students’ analytical thinking skills and scien-
tific attitudes in physics learning. Nevertheless, 
this study focused on instructional intervention 
rather than assessment development, and it did 
not address chemistry-specific representations or 
the psychometric robustness of  the assessment 
instruments used (Setiaji et al., 2025).

Similarly, Al-Ajmi and Ambusaidi (2022) 
reported that students’ scientific argumentation 
skills in chemistry were strongly influenced by 
their logical thinking abilities, indicating a clo-
se relationship between logical reasoning and 
higher-level scientific performance. While this 
study confirmed the critical role of  logical thin-
king in chemistry learning, it did not propose 
an assessment model capable of  systematically 
measuring logical and analytical thinking skills 
across different representational levels.

Taken together, these studies indicate that 
although problem-solving ability, multiple repre-
sentations, analytical thinking, and logical reaso-
ning have been widely investigated, they are often 
examined in isolation. Existing research typically 
positions multiple representations as instructio-
nal strategies rather than as an integrated diag-
nostic assessment framework, and assessment 
instruments rarely differentiate logical and ana-
lytical thinking as distinct yet related cognitive 
constructs. Moreover, few studies combine multi-
representational assessment with Rasch mode-
ling to generate interval-level measures and per-
son–item mapping for precise cognitive profiling.

Consequently, this study offers a novel 
contribution in three key aspects. Conceptually, 
it reconceptualizes assessment as a transformati-

ve and reflective process that integrates multiple 
chemical representations to stimulate and diagno-
se changes in students’ reasoning structures. Met-
hodologically, it combines multi-representational 
essay assessment with Rasch measurement ana-
lysis, enabling objective calibration of  item diffi-
culty and person ability, as well as Wright Map-
based cognitive profiling. Practically, it provides 
a diagnostic framework that allows instructors to 
identify students’ logical and analytical thinking 
patterns across definitional, macroscopic, sub-
microscopic, symbolic, and stoichiometric repre-
sentations.

Therefore, a clear research gap exists in 
developing valid and reliable transformative as-
sessment models that systematically measure stu-
dents’ logical and analytical thinking skills across 
multiple levels of  chemical representation. Ac-
cordingly, this study aims to develop and validate 
a transformative assessment model integrating 
multiple representations within holistic learning 
to measure students’ logical and analytical thin-
king skills in chemistry.

METHODS

The research process implemented in this 
study is presented in Figure 1 (Widyastuti & Su-
siana, 2019).

Figure 1. Research Workflow 

The first stage is Analysis, which begins 
with preliminary observations through student 
interviews. These interviews aim to obtain an 
overview of  the learning process that underlies 
the need for instrument development. Following 
the interviews, the researcher defines the prob-
lem, identifies its source, analyzes the needs, and 
determines appropriate solutions to address it.

The second stage is Design, which includes 
preparing an initial draft of  the test instrument 
(the main product of  the research), an interview 
questionnaire, and an instrument validation ques-
tionnaire. The initial draft of  the developed test 
instrument consists of  6 questions, each based 
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on multiple representations, covering definitions, 
macroscopic, submicroscopic, symbolic, and 
stoichiometric.

The third stage is Development, which is 
the testing phase to ensure the developed product 
is feasible for implementation. This process invol-
ves two steps: (1) expert appraisal/validation and 
(2) development testing of  the test instrument.

The fourth stage is implementation, in 
which the test instrument was piloted on 100 
second-semester students in the Basic Analyti-
cal Chemistry course. Most students were aged 
18–20 and had taken a first-semester general che-
mistry course, indicating a similar knowledge 
base. Students came from a range of  academic 
profiles (low, medium, and high) and thus rep-
resented a range of  achievement levels, allowing 
for performance assessment at various levels. All 
students were informed about their participation 
in the study and, before completing the diagnos-
tic test, were introduced to the research objectives 
and asked to provide consent for the use of  their 
anonymous responses.

The fifth stage, evaluation, was conducted 
at each stage of  development to identify product 
strengths and weaknesses, allowing for continuo-
us improvement until an optimal instrument was 
achieved.

The research instrument consists of  six es-
say items, each based on the type of  acid–base 
titration: strong acid–strong base, strong base–
strong acid, strong acid–weak base, weak base–
strong acid, weak acid–strong base, and strong 
base–weak acid. Each item comprised five sub-
questions corresponding to the representational 
levels: definitional, macroscopic, submicroscopic, 
symbolic, and stoichiometric. In total, the instru-
ment included 30 sub-questions. Definitions 
in chemistry, for example, can be represented 
through verbal or written descriptions. Macros-
copic representations involve directly observable 
phenomena, such as experiments or everyday 
events. Microscopic representations encompass 
phenomena invisible to the naked eye and are 
used to explain macroscopic phenomena. Sym-
bolic representations include chemical symbols 
for elements, molecules, and chemical reactions. 
Stoichiometry is used to represent basic concepts, 
such as coefficients in chemical equations, mole 
and mass calculations, and conversions between 
various units of  matter. This approach was cho-
sen to encourage students to think more deeply 
and understand concepts holistically. Each ques-
tion is worth 5 points if  answered correctly. Two 
expert chemistry lecturers have validated this 
instrument to ensure its suitability for research 
use.

This study was conducted with second-
semester chemistry students enrolled in the Ba-
sic Analytical Chemistry course at Universitas 
Negeri Semarang. The diagnostic test was admi-
nistered in a lecturer-led classroom setting, with 
students given 90 minutes to complete six essay 
items comprising 30 sub-questions related to their 
understanding of  acid–base titration chemistry. 
Data were collected and analyzed thematically. 
It should be emphasized that the study invol-
ved students from a single institution, which is 
appropriate for development-oriented research. 
However, this contextual limitation may restrict 
the generalizability of  the findings to other insti-
tutions, different chemistry topics, or other edu-
cational levels. Therefore, although the instru-
ment demonstrated strong validity and reliability 
within this setting, further research is needed to 
examine its applicability across more diverse edu-
cational contexts.

Content validity is demonstrated through 
expert judgment. Content validity assessment 
criteria encompass three main aspects: (1) assess-
ment of  content suitability, (2) construct suitabi-
lity, and (3) appropriate and communicative use 
of  language.

Item analysis using the Rasch model is 
performed with the Winsteps application, inclu-
ding: item reliability (Summary Statistics), validi-
ty (Item Fit Order), Wright Map, item difficulty 
level (Item Measure), person measure, person fit 
order, and scalogram. Conceptual understanding 
abilities were mapped to logical and analytical 
thinking abilities using predetermined indicators.

RESULTS AND DISCUSSION

The analysis of  the research results focused 
on evaluating a transformative assessment instru-
ment that integrates multiple representations wit-
hin holistic chemistry learning. Unlike conven-
tional chemistry assessments that predominantly 
emphasize final answers or single-representation 
performance, the developed instrument was exp-
licitly designed to diagnose students’ logical and 
analytical thinking processes across five levels of  
chemical representation: definitional, macros-
copic, submicroscopic, symbolic, and stoichio-
metric. This integrative structure constitutes a key 
novelty of  the study, as it enables the assessment 
not only of  conceptual accuracy but also of  the 
coherence and consistency of  students’ reasoning 
across interconnected representational levels.

The application of  the Rasch Model rep-
resents a significant contribution to chemistry 
education research (Talens et al., 2025). Whi-
le previous studies have employed classical test 
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theory to evaluate assessment instruments, this 
study utilized Rasch analysis to obtain objective, 
sample-independent measures of  item difficulty 
and student ability. According to Bond and Fox 
(2013), the Rasch approach allows researchers to 
convert ordinal scores into interval-level measu-
res, enabling a more precise examination of  item 
characteristics and the distribution of  learner abi-
lities. The analysis covered item reliability, person 
reliability, item and person fit indices, item diffi-
culty level, person ability measure, Wright map 
distribution, and Scalogram interpretation. The-
se indicators collectively serve to verify whether 
the assessment system aligns with the principles 
of  construct validity and measurement stability. 
Another important contribution of  this study lies 
in the explicit separation and simultaneous me-
asurement of  logical thinking and analytical thin-
king as distinct but related cognitive constructs. 
Most existing chemistry assessments integrate 
higher-order thinking skills in a general manner, 
without differentiating specific thinking dimen-
sions. The results of  this study demonstrate that 
the transformative assessment instrument can 
discriminate between students’ performance on 
these two thinking skills, thereby providing more 
nuanced information for instructional decision-
making and reflective learning practices (Bond & 
Fox, 2013).

The research results include feasibility tes-
ting, instrument quality analysis, and the profi-
ling of  students’ logical and analytical thinking 
abilities using the developed transformative as-
sessment instrument. The testing process invol-
ved three stages: a small-scale trial, a large-scale 
trial, and implementation. The small-scale trial 
involved 15 undergraduate chemistry students 
who had previously completed the Basic Analy-
tical Chemistry course. The large-scale trial was 
conducted with 60 chemistry students who also 
met the same prerequisite. Finally, the implemen-
tation stage involved 100 second-semester che-
mistry students (divided into three groups) en-
rolled in the Basic Analytical Chemistry course. 
These participant criteria ensured that all respon-
dents had the necessary foundational knowledge 
to meaningfully engage with the instrument’s rep-
resentational content.

The product tested consisted of  six multip-
les-representation essay questions, each compri-
sing four questions addressing the definitional, 
macroscopic, submicroscopic, symbolic, and 
stoichiometric aspects. A total of  30 questions 
were analyzed. Validation aimed to determine 
whether the developed instrument was feasible 
and capable of  measuring logical and analytical 

thinking abilities. A summary of  the expert vali-
dation results is shown in Table 1.

Table 1. Recapitulation of  Expert Validation of  
Test Instruments

Validator Score Category

1 76 very feasible

2 75 very feasible

3 77 very feasible

Validation results showed that experts 
gave an average score of  76 out of  80, indicating 
that the instrument is highly valid. Expert com-
ments and suggestions were used to refine the test 
instrument. The validity of  the test items can be 
demonstrated using the Content Validity Ratio 
(CVR).

A test instrument is considered reliable if  
participants tested at different times consistently 
show a consistent ranking position or are in the 
same group (Widoyoko, 2014). In the Rasch mo-
del analysis, reliability is demonstrated through 
three main indicators: item reliability, student 
reliability, and Cronbach’s Alpha (KR-20) value. 
Participant reliability reflects the consistency of  
answers, item reliability indicates the quality of  
the questions, while Cronbach’s Alpha (KR-20) 
describes the interaction between students and 
the items. The results of  the reliability calcula-
tions for each testing stage are shown in Table 2.

Table 2. Reliability Summary

Test Phase
Item Reli-

ability
Person 

Reliability
Cronbach Al-
pha (KR-20)

Small Scale 0.70–0.72 
(Moderate)

0.88–0.88 
(Good)

0.91 (Excellent)

Large Scale 0.87–0.88 
(Good)

0.90–0.90 
(Good)

0.95 (Excellent)

Implemen-
tation

0.89–0.90 
(Good)

0.95–0.96 
(Good)

0.92 (Excellent)

The results indicate that the assessment instru-
ment achieved a reliability coefficient above the mini-
mum threshold (r ≥ 0.70), signifying high consistency 
across trials (Arikunto, 2015). This consistency sug-
gests that both the items and participants’ responses 
were stable and reproducible, implying that the instru-
ment can effectively differentiate student performance 
across dimensions of logical and analytical thinking.

Analysis using the Rasch Model showed 
that the developed assessment instrument possessed 
excellent validity and reliability. Based on the imple-
mentation results, Item Reliability ranged from 0.89 
to 0.90, and Person Reliability ranged from 0.95 to 
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0.96, with a Cronbach’s Alpha (KR-20) of 0.90, ca-
tegorized as “very good.” These values indicate that 
each test item consistently measured the constructs 
of logical and analytical thinking. The Wright Map 
further revealed a balanced distribution between item 
difficulty and student ability. This balance is critical 
because it demonstrates that the instrument was neit-
her too easy nor too difficult for the target population, 
enabling accurate discrimination across varying levels 
of students’ thinking skills (Nurussaniah et al., 2025). 
As a result, students with higher logical and analyti-
cal abilities were consistently positioned above more 
challenging items, while students with lower abilities 
clustered around easier items. This pattern confirms 
that the instrument has strong discriminating power 
and supports meaningful interpretation of students’ 
cognitive profiles. This finding aligns with Bond & 
Fox (2013), who emphasized that Rasch Measure-
ment Theory provides more stable reliability because 
it accounts for the interaction between individual res-
ponses and item characteristics. All items were found 
to be fit after revision, demonstrating strong construct 
alignment and conceptual representation.

The item fit analysis showed that all questions 
met the validity criteria during the implementation 
stage. Initially, one item (1a1) was identified as a mis-
fit; however, after revision and re-evaluation, the item 
demonstrated acceptable fit statistics. This result indi-
cates that all items functioned as intended and were 
interpreted by students in accordance with the under-
lying constructs being measured.

Based on the Item Measure, the instrument 
consisted of 9 very difficult, 27 difficult, 20 moderate, 
and 10 easy items. This proportional distribution of  
item difficulty is essential because it allows the assess-

ment to capture students’ thinking skills across a wide 
ability continuum. Easier items primarily elicit basic 
logical reasoning and foundational analytical proces-
ses, while more difficult items require higher-order 
analytical integration across multiple chemical repre-
sentations. As a result, the instrument can distinguish 
not only between high- and low-performing students 
but also between different levels of cognitive comple-
xity in logical and analytical thinking.

This balance between high-order and low-
order items reflects the principle of construct repre-
sentation, ensuring that each aspect of the targeted 
thinking skills is adequately measured. According 
to Linacre, variation in item difficulty within Rasch 
measurement is necessary to ensure that each ability 
level is psychometrically represented and meaningful-
ly interpreted (Linacre, 2009). In this study, this varia-
tion confirms that the assessment model successfully 
accommodates students’ ability heterogeneity and 
avoids ceiling or floor effects that could obscure diag-
nostic interpretation.

The level of item suitability is used as an in-
dicator of each item’s validity in the test instrument. 
Based on the analysis results, almost all items are in 
the fit category according to the Mean Square Outfit 
(MNSQ), Z-Standard (ZSTD), and Point Measure 
Correlation (Pt Measure Corr) criteria. An item is 
declared invalid (misfit) if it does not meet these three 
criteria. However, if the MNSQ and Pt Measure Corr 
values do not match but the ZSTD value remains wit-
hin the specified range, the item is still considered va-
lid and retained. Invalid items are revised and retested 
until they meet the validity criteria.

The results of the item fit analysis at each tes-
ting stage are shown in Table 3.

Table 3. Level of Suitability of Question Items

Test Stages Valid Invalid

Small-Scale Trial 2a1, 2b1, 3a1, 3b1, 4a1, 4b1, 5a1, 5b1, 5c1, 5d1, 1a2, 2a2, 2b2, 3a2, 3b2, 4a2, 4b2, 
5a2, 5b2, 5c2, 5d2, 1a3, 2a3, 2b3, 3a3, 3b3, 4a3, 4b3, 5a3, 5b3, 5c3, 5d3, 1a4, 2a4, 
2b4, 3a4, 3b4, 4a4, 4b4, 5a4, 5b4, 5c4, 5d4, 1a5, 2a5, 2b5, 3a5, 3b5, 4a5, 4b5, 5a5, 
5b5, 5c5, 5d5, 1a6, 2a6, 2b6, 3a6, 3b6, 4a6, 4b6, 5a6, 5b6, 5c6, 5d6

1a1

Large-Scale Trial 1a1, 2a1, 2b1, 3a1, 3b1, 4a1, 4b1, 5a1, 5b1, 5c1, 5d1, 1a2, 2a2, 2b2, 3a2, 3b2, 4a2, 
4b2, 5a2, 5b2, 5c2, 5d2, 1a3, 2a3, 2b3, 3a3, 3b3, 4a3, 4b3, 5a3, 5b3, 5d3, 1a4, 2a4, 
2b4, 3a4, 3b4, 4a4, 4b4, 5a4, 5b4, 5c4, 5d4, 1a5, 2a5, 2b5, 3a5, 3b5, 4a5, 4b5, 5a5, 
5b5, 5c5, 5d5, 1a6, 2a6, 2b6, 3a6, 3b6, 4a6, 4b6, 5a6, 5b6, 5c6, 5d6

5c3

Implementation 1a1, 2a1, 2b1, 3a1, 3b1, 4a1, 4b1, 5a1, 5b1, 5c1, 5d1, 1a2, 2a2, 2b2, 3a2, 3b2, 4a2, 
4b2, 5a2, 5b2, 5c2, 5d2, 1a3, 2a3, 2b3, 3a3, 3b3, 4a3, 4b3, 5a3, 5b3, 5c3, 5d3, 1a4, 
2a4, 2b4, 3a4, 3b4, 4a4, 4b4, 5a4, 5b4, 5c4, 5d4, 1a5, 2a5, 2b5, 3a5, 3b5, 4a5, 4b5, 
5a5, 5b5, 5c5, 5d5, 1a6, 2a6, 2b6, 3a6, 3b6, 4a6, 4b6, 5a6, 5b6, 5c6, 5d6

-

Note: Item codes consist of three components: the first number represents the sub-question, the letter indicates the represen-
tation level (a = definitional, b = macroscopic, c = submicroscopic, d = symbolic, e = stoichiometric), and the last number de-
notes the item number. For example, code 1a2 refers to the first sub-question at the definitional representation level in item 2.
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During the small-scale trial, only one item 
(1a1), which corresponds to a definitional-level sub-
question in item 1, did not meet the fit criteria. This 
result indicates that initial misinterpretation occurred 
at the definitional representation level. After revision, 
the same item met the fit criteria in the large-scale 
trial, demonstrating that the revision effectively imp-
roved item clarity and construct alignment.

In the large-scale trial, one submicroscopic-
level item (5c3) was identified as a misfit, suggesting 
that students had trouble interpreting particle-level 
representations in the context of item 5. This finding 
is consistent with previous studies that have reported 
that submicroscopic representations pose greater cog-
nitive challenges for students. Following refinement, 
all items met the fit criteria during implementation.

Overall, the progression from isolated misfit 
items in the early testing stages to complete item fit at 
the implementation stage indicates that the transfor-
mative assessment instrument underwent systematic 
improvement and refinement. This result confirms 
that the instrument validly measures students’ lo-
gical and analytical thinking skills across definitio-
nal, macroscopic, sub-microscopic, symbolic, and 
stoichiometric representations.

Person-fit analysis in the Rasch model is 
used to assess the match between students’ abili-
ties and their response patterns when answering 
questions. Response discrepancies can be caused 
by various factors, such as lucky guesses, care-
less errors, or improper cooperation (cheating). 
According to Sumintono and Widhiarso (2015), 
inappropriate responses appear at the top of  the 
person-fit table.

The results of  the person-fit analysis at 
all stages showed that all students had respon-

se patterns appropriate to their ability level (fit) 
(Sumintono & Widhiarso, 2015). Thus, the test 
data can be considered valid and can be further 
interpreted.

Item difficulty analysis was used to classify 
questions into easy, medium, or difficult catego-
ries. Higher logit values ​​indicate greater difficul-
ty. In the implementation phase, 9 questions were 
very difficult, 27 were difficult, 20 were medium, 
and 10 were easy. This distribution indicates that 
the questions were distributed proportionally 
across the participants’ ability levels, enabling 
the instrument to fairly and accurately measure 
a broad range of  logical and analytical thinking.

Person measure analysis was used to deter-
mine students’ problem-solving abilities based on 
logit scores. During the implementation phase, 
27 students were categorized as very high, 42 as 
high, and 31 as average. This demonstrates a con-
sistent variation in ability and the instrument’s 
effectiveness in distinguishing logical and analy-
tical thinking levels among participants.

The Wright Map shows the relationship 
between the distribution of  student abilities and 
the difficulty level of  test items on a logit scale. 
According to Sumintono and Widhiarso (2015), 
items and participants within 2 standard devia-
tions are considered to have a normal distributi-
on. In implementation, the most difficult questi-
ons were 1b, 1c, and 5c, while the easiest was 4a. 
The highest-ability students were 13P, 23L, 25L, 
and 43P, while the lowest-ability students were 
32L. This demonstrates a balance between ability 
and item difficulty, indicating that the developed 
assessment has high targeting accuracy.

Table 4. Summary of  Item and Person Measures Based on Testing Stages

Testing Stage Item Measure Person Measure

Small-Scale Trial 3b3, 3b4 (difficult) 
5a1, 5a2, 5a3, 5a4, 5a5, 5a6, 5b1, 5b2, 5b3, 5b4, 5b5, 

5b6 (easy)

04P (high ability) 13L (low 
ability)

Large-Scale Trial 3b3, 3b2 (difficult) 
5a1, 5a2, 5a3, 5a4, 5a5, 5a6, 5b1, 5b2, 5b3, 5b4, 5b5, 

5b6 (easy)

17P, 22P, 28P, 45P (high abil-
ity) 39P (low ability)

Implementation 3b4 (difficult) 
3a2, 3a5 (easy)

006P, 095P (high ability) 090P 
(low ability)

The scalogram was employed to examine 
the relationship between students’ ability levels 
and the difficulty level of  test items. This analy-
tical approach indicates that individual perfor-
mance assessment should not rely solely on raw 
scores; it should also consider the relative diffi-
culty of  each item. When identical logit values 

are observed among several participants, further 
analysis is necessary to determine whether there 
are indications of  academic dishonesty, such as 
collaboration during testing. If  a student’s ability 
logit value is higher than the logit value of  the 
items answered incorrectly, it may indicate a lack 
of  carefulness or attentional error during the test. 
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Although the student possesses strong cognitive 
ability, factors such as accuracy and attention to 
detail substantially influence the outcomes. Con-
versely, if  two or more participants exhibit iden-
tical response patterns across all items, this may 
suggest potential collaboration (cheating) during 
the assessment process. Such conditions unders-
core the importance of  strict supervision during 
test administration and the need for follow-up ve-
rification to ensure that assessment results accu-
rately reflect individual abilities, free from exter-
nal interference. In contrast, if  a student’s ability 
logit is lower than the logit of  correctly answered 

items, this may reflect random guessing or “lucky 
guess” behavior.

Differential Item Functioning (DIF) ana-
lysis was conducted to determine whether any 
items exhibited differential difficulty across res-
pondent groups. The DIF analysis results from 
the Winsteps output are presented in Figure 2, 
which illustrates the stability of  item functions 
across respondent groups and ensures that each 
item has equal levels of  fairness and consisten-
cy in measuring logical and analytical thinking 
skills.

Figure 2. Item DIF

Overall, Figure 2 shows that the difficul-
ty estimates for most items across respondent 
groups follow a similar pattern and remain clo-
sely aligned. The distance between group curves 
for the same item is relatively small and does not 
exceed the commonly accepted DIF threshold 
(±0.5 logit). This indicates that most items functi-
on equivalently across groups and do not favor or 
disadvantage any group.

Several items exhibit peaks at higher lo-
git values, indicating greater difficulty. However, 
these peaks are consistently observed across all 
respondent groups, suggesting that the increased 
difficulty is inherent to the item content rather 
than being influenced by group membership. Li-
kewise, items with lower logit values consistently 
appear easier for all groups, demonstrating stable 
item behavior.

The absence of  substantial divergence 
between group lines across items indicates that 
none of  the items demonstrates meaningful DIF. 
This finding confirms that the transformative as-
sessment instrument maintains fairness and me-
asurement invariance across respondent groups. 
Consequently, differences in student performance 
can be attributed to actual variations in logical 
and analytical thinking abilities rather than bias 
introduced by item characteristics.

From a psychometric perspective, the-
se results support the instrument’s robustness, 

as items consistently measure the intended 
constructs across diverse respondents. The DIF 
analysis, therefore, strengthens the validity claim 
for the developed transformative assessment and 
confirms its suitability for diagnostic use in che-
mistry education contexts.

This study developed a transformative 
assessment model based on multiple represen-
tations in basic analytical chemistry learning, 
designed to measure students’ logical and analy-
tical thinking skills in depth. This approach was 
designed not only to evaluate the final learning 
outcomes but also to trace the thinking processes 
involved at each level of  chemical representation. 
Through the application of  five levels of  represen-
tation definition, macroscopic, microscopic, sym-
bolic, and stoichiometric, students were guided to 
understand the interconnections among chemical 
concepts comprehensively. This model reinforces 
the perspective that conceptual understanding in 
chemistry develops only when learners connect 
empirical phenomena with the theoretical mo-
dels they construct (Taber, 2019).

During implementation, students de-
monstrated increased cognitive and reflective 
activity, particularly when interpreting titration 
results based on indicator changes and pH cal-
culations. Thus, the developed transformative 
assessment proved effective in shifting the lear-
ning orientation from product-based to reflective 
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scientific thinking. This approach is relevant to 
the demands of  the 21st century, which require 
comprehensive mastery of  high-order thinking 
skills.

The distribution of  indicators of  logical 
and analytical thinking abilities, which describe 
the involvement of  each aspect in each question 
item, is presented in Table 5.

Table 5. Distribution of  Indicators 

Aspects Logical Thinking Indicator Analytical Thinking Indicator

Definition Orderly thinking: systematically pre-
senting information about the concepts 
of  strong acids and strong bases.

Grouping data on the concepts of  ac-
ids and bases based on the degree of  
ionization.

Macroscopic Orderly thinking: analyzing indicator color 
changes in titration.

Organizing color observations into stages 
of the titration process.

Microscopic Argumenting: rationally explaining the 
neutralization reaction of H⁺ and OH⁻.

Finding the relationship between the ion-
ization of substances and the reaction 
products (water and salt).

Symbolic Argumenting: justifying the selection of an 
appropriate chemical reaction equation.

Organizing symbols and chemical reac-
tions into a complete equation.

Stoichiometry Drawing conclusions: determining the fi-
nal product (pH) from calculations.

Finding the relationship between moles, 
volume, and pH at each stage of the titra-
tion.

Assessment of  this instrument was con-
ducted by giving a maximum score of  5 for each 
aspect of  multiple representation. Based on the 
results of  the implementation test with 100 res-
pondents, the average score for each multiple 
representation aspect was obtained, along with a 

description of  the results for each question item, 
as presented in Table 6. These results provide an 
overview of  students’ achievement in logical and 
analytical thinking when understanding concepts 
through various forms of  chemical representati-
on.

Table 6. Assessment Results

Aspects 1 2 3 4 5 6 Average

Definition 4,34 4,5 4,67 4,49 4,51 4,27 4,46

Macroscopic 4,25 4,11 3,87 3,94 4,16 4,32 4,11

Microscopic 4,35 4,34 4,06 3,58 4,33 4,30 4,16

Symbolic 4,35 4,43 3,97 4,24 4,43 4,37 4,30

Stoichiometry 4,35 4,43 3,67 4,34 4,42 4,34 4,27

To provide a more comprehensive under-
standing of  the assessment results, a comparison 

of  the average scores for each aspect of  multiple 
representation was carried out as shown in Figure 
3.

Figure 3. Assessment Results
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Overall, the definition aspect achieved the 
highest score, with an average of  4.46. This was 
because students found it relatively easy to un-
derstand and remember basic concepts through 
verbal and symbolic explanations, which they 
had frequently encountered in previous lessons. 
The ability to explain the definitions of  acids and 
bases, as well as the concept of  ionization, had 
become part of  their strong and well-internalized 
conceptual knowledge.

Conversely, the macroscopic and micros-
copic aspects received the lowest scores. This 
was because these two aspects required students 
to relate real-world phenomena to processes that 
are not directly visible at the particle level. Stu-
dents often had difficulty visualizing the chemi-
cal changes that occur during reactions, especi-
ally when having to relate them to experimental 
phenomena or laboratory observations.

A more detailed review of  each item revea-
led that the definition aspect in item 3 (explaining 
the difference in ionization strength of  HCl and 
NH₄OH) demonstrated the highest score, as stu-
dents were able to clearly identify the difference 
between a strong acid and a weak base based on 
the concept of  degree of  ionization. Conversely, 
the lowest average score was found in the micros-
copic aspect of  item 4 (describing the formation 
of  NH₄Cl and water at the particle level), indica-
ting that students still have difficulty representing 
neutralization reactions visually and conceptual-
ly at the particle level.

This finding indicates the need to strengt-
hen multi-representation-based learning that in-
tegrates conceptual understanding, microscopic 
visualization, and analytical skills, enabling stu-
dents to think more logically and analytically 
when understanding chemical phenomena holis-
tically.

Analysis of  logical thinking indicators 
revealed that students performed best in order-
ly thinking and scientific argumentation. At the 
symbolic and stoichiometric levels, students were 
able to compose reaction equations and determi-
ne pH values systematically and logically. Howe-
ver, at the microscopic level, some students still 
had difficulty explaining reaction mechanisms, 
indicating a need to reinforce microscopic con-
cepts in learning. This finding is consistent with 
Johnstone’s theory, which states that the main dif-
ficulty in learning chemistry lies in the transition 
among macroscopic, microscopic, and symbolic 
representations. The reflection-based assessment 
process effectively helped students recognize 
and gradually correct their own thinking errors 
(Johnstone, 1993). This result also supports Coo-

per et al., who asserted that representation-based 
reasoning enhances logical coherence in solving 
chemical problems (Cooper, 2023). Therefore, 
this assessment effectively measures and fosters 
systematic, logical thinking among students.

Students’ analytical thinking ability was 
assessed through three main indicators: data clas-
sification, information organization, and identifi-
cation of  variable relationships. Based on the per-
son measure in Rasch analysis, 27 students were 
categorized as very high, 42 as high, and 31 as 
moderate, showing a balanced ability distributi-
on. Students in the high category generally de-
monstrated consistency in linking stoichiometric 
calculation results with macroscopic phenomena 
such as indicator color changes during titrati-
on. These findings are consistent with Facione’s 
concept of  analytical reasoning, which involves 
dissecting argument structures and evaluating 
evidence to reach rational conclusions (Facione, 
2015). In this assessment, students were trained 
to identify relationships between acid-base theory 
and empirical phenomena observed in the labo-
ratory. The multi-representation-based appro-
ach enabled them to build cohesive and logical 
mental models. This result aligns with Gilbert & 
Treagust (2009)who emphasized that integrating 
symbols, graphs, and text in learning enhances 
students’ analytical thinking coherence.

The Person–Item Map analysis showed 
that the distribution of  student abilities and item 
difficulty levels was ideally balanced. High-logit 
items (+1.5 to +2.5), such as 3b4 and 5c, requi-
red a deep analytical understanding of  ionizati-
on concepts and pH calculations, while low-logit 
items (–1 to 0), such as 4a, measured basic abi-
lities in identifying reaction types. This pattern 
illustrates that the assessment had high targeting 
accuracy, corresponding to students’ actual zones 
of  proximal development. This finding supports 
Vygotsky’s theory that optimally challenging 
tasks promote the emergence of  new cogniti-
ve abilities. In practice, this map can serve as a 
diagnostic tool for instructors to design learning 
interventions tailored to students’ ability levels 
(Vygotsky, 1978).

The Wright Map analysis demonstrated 
that the distribution of  item difficulty and stu-
dent ability was precisely aligned, indicating high 
measurement precision and consistency with stu-
dents’ cognitive development zones. Items loca-
ted at higher logit levels (e.g., 3b4 and 5c) requi-
red students to integrate multiple representations, 
particularly linking sub-microscopic explanations 
of  ionization processes with symbolic represen-
tations and stoichiometric pH calculations. Only 
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students with higher analytical ability were able 
to successfully respond to these items, indica-
ting that they effectively discriminated higher-
order reasoning skills. In contrast, items with lo-
wer logit values (e.g., 4a) assessed fundamental 
identification and definitional understanding of  
acid–base concepts and were accessible to most 
students, reflecting basic logical reasoning skills.

Importantly, the Wright Map revealed that 
a small proportion of  students were located below 
several medium- and high-difficulty items, indica-
ting specific gaps in representational reasoning, 
especially at the sub-microscopic and stoichiome-
tric levels. This finding provides empirical eviden-
ce that difficulties in acid–base titration learning 
are not merely conceptual but are closely related 
to students’ limited ability to translate between 
different levels of  chemical representation.

Beyond demonstrating psychometric 
quality, the Wright Map functions as a diagnos-
tic and reflective tool. It allows instructors to 
identify which representational levels pose the 
greatest challenges for students and to design 
targeted instructional interventions accordingly. 
This condition reflects Vygotsky’s (1978) notion 
of  the zone of  proximal development, in which 
learning is optimized when tasks slightly exceed 
students’ current competence. Furthermore, by 
making students’ cognitive positions visible, the 
assessment supports Mezirow’s transformative 
learning perspective, in which reflection on mis-
matches between existing understanding and task 
demands promotes deeper conceptual change 
(Mezirow, 2018). In conclusion, the transformati-
ve assessment developed in this study transcends 
traditional testing by integrating psychometric 
precision with cognitive transformation, thereby 
fostering the development of  logical and analy-
tical thinking as essential competencies for 21st-
century scientific literacy.

CONCLUSION

This study developed a novel transforma-
tive assessment instrument that integrates mul-
tiple chemical representations within a holistic 
learning framework to measure students’ logical 
and analytical thinking skills. Unlike conventio-
nal outcome-oriented assessments, this instru-
ment functions as a diagnostic and reflective tool, 
enabling the examination of  students’ reaso-
ning processes across definitional, macroscopic, 
sub-microscopic, symbolic, and stoichiometric 
representations. This approach contributes to 
chemistry education research by repositioning as-
sessment as a means of  cognitive transformation 

rather than merely as a means of  learning eva-
luation. These findings indicate that the instru-
ment effectively differentiates students’ analytical 
thinking across representational levels. From a 
pedagogical perspective, the transformative as-
sessment provides diagnostic information that 
can be used to identify misconceptions and guide 
targeted instructional interventions, particularly 
in abstract chemistry topics. The Wright Map 
helps instructors align learning activities with 
students’ zones of  proximal development, the-
reby promoting reflective, meaningful learning. 
This study is limited to a single chemistry topic 
and institutional context, and it focuses primarily 
on logical and analytical thinking skills. Future 
research should apply this assessment model to 
broader chemistry topics, diverse educational 
settings, and additional higher-order thinking di-
mensions. Overall, the findings support the po-
tential of  transformative, multi-representational 
assessment as a robust approach for advancing 
assessment practices in chemistry education.
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