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Science process skills (SPS) are fundamental competencies for
prospective biology teachers because they support scientific inquiry,
critical thinking, and evidence-based problem-solving. However,
contextualized and psychometrically validated assessment
instruments for measuring SPSin Vertebrate Zoology remain limited.
This study aimed to develop and validate an essay-based SPS
assessment instrument for the Pisces superclass. This research

employed a Research and Development (R&D) design using
Thiagarajan’s 4D model. The instrument was developed through the
stages of define, design, and develop and was evaluated with 80
prospective biology teachers from two Indonesian universities.
Content validity was established through expert judgment using
Aiken’s V, while construct validity, reliability, item difficulty, and
item functioning were analyzed using the Rasch measurement model
with Winsteps software. The findings indicate that the instrument
demonstrated satisfactory psychometric properties. Most items
achieved acceptable content validity (Aiken’s V > 0.70), while Rasch
analysis confirmed that 15 of the 17 essay items met the construct
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validity criteria. The instrument demonstrated adequate person
reliability (0.67) and high item reliability (0.91), with item difficulty
distributed across a broad range of student abilities and no evidence
of item bias. The developed instrument is a valid and reliable tool for
assessing science process skills in Vertebrate Zoology and offers a
contextualized approach to authentic assessment in biology teacher
education. Further validation involving larger and more diverse
samples and additional biology topics is recommended to strengthen
its generalizability and psychometric robustness.
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1. INTRODUCTION

The challenges of science education among university students in the 2Ist century are
multifaceted, particularly in developing critical thinking, problem-solving, and scientific process skills.
Despite being in higher education, many students exhibit low proficiency in essential scientific
processes, such as hypothesis formulation and data analysis, primarily because the curriculum
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emphasizes theoretical knowledge over practical inquiry and investigative experience (Yunita &
Mandasari, 2025; Arifin et al., 2025). Recent curriculum reforms, such as those implemented at the
University of Hong Kong, aim to address these issues by integrating science education with a focus on
the scientific process and interdisciplinary relevance, thereby preparing students for diverse career
paths (Kwok, 2018). Students at university often struggle to integrate scientific concepts into real-world
problem-solving, primarily because of an educational focus on rote learning, which hampers their
ability to apply the scientific method effectively. Research indicates that science process skills
(including observing, classifying, predicting, and interpreting data are crucial for developing critical
thinking and scientific literacy, particularly among prospective science and biology teachers (Anbiya
et al., 2023; Maryanto et al., 2026).

According to the TIMSS (Trends in International Mathematics and Science Study) 2015 survey,
Indonesia ranks low in science, placing 48th out of 56 countries. Indonesian students' science ability has
an average score of 500, which is below international standards (Mullis et al., 2020). Indonesian
students’ abilities in science learning are very limited, characterized primarily by their ability to
recognize basic facts but not to communicate effectively, link concepts, or apply complex ideas.
Highlighting these challenges can help the audience feel empathetic and motivated to support
educational improvements, recognizing the need for targeted interventions (Suliyanah et al., 2021;
Kadir et al., 2025).

Efforts to address these challenges require the development of a science education system that
encourages critical thinking and scientific process skills, enabling students to improve their ability to
think, work, and adopt a scientific mindset, laying the foundation for problem-solving (Ugli, 2024). The
learning process should strive to balance students” abilities across cognitive, affective, and psychomotor
domains by incorporating practical activities, such as laboratory experiments (Kostel et al., 2023;
Cleaver et al., 2025). Furthermore, studies demonstrate that hands-on experimental methods
significantly enhance psychomotor skills, as evidenced by substantial improvements in students'
abilities to conduct and analyse experiments (Nurhayati, Sartika, & Salim, 2025). The implementation
of practical activities will be more effective when supported by an efficient laboratory design that can
develop students’ science process skills (Oliveira et al., 2023; Zulfa & Malik, 2025). One skill that needs
improvement in preparing future teachers for the 21st century is science process skills.

Science process skills are essential in science education because they empower educators to foster
students' understanding of scientific concepts and critical thinking, making their teaching more
impactful and meaningful (Azzahra et al., 2024). Recent research underscores the significant role of
science process skills in enhancing students' science literacy and problem-solving abilities, crucial for
navigating 2lst-century challenges. Highlighting this importance can inspire educators and
policymakers to recognize their vital role in fostering these skills for future success (Suja, 2020; Razali
& Sanusi, 2020; Azzahra et al., 2024).

Assessment is a fundamental component of the educational process, serving multiple roles that
enhance both teaching and learning outcomes. It provides a systematic approach to measuring
students' understanding, skills, and attitudes, thereby enabling educators to identify learning gaps and
tailor their instructional strategies accordingly (Zhou, 2023). Formative assessments, in particular, are
crucial because they offer immediate feedback, fostering a supportive learning environment and
motivating students to engage more deeply with the material. Good evaluation methods do more than
measure grades. They also help teachers improve their teaching methods, which leads to better
education. By using new assessment tools and regularly evaluating students, teachers can improve
student growth and ensure everyone has a fair chance to succeed (Jannah & Widyanti, 2024).
Assessment results can provide educators with feedback, enabling them to refine their teaching
strategies, methods, and materials to better meet their students' needs. Assessment also helps students
understand their strengths and weaknesses, thereby boosting their motivation and engagement in
learning. Recent research indicates that effective assessment systems can enhance higher-order thinking
skills, scientific literacy, and students' active engagement in learning (Moore et al., 2024).
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Essay-based assessments are considered more appropriate for measuring scientific process skills
as they allow for a more in-depth exploration of students’ scientific thinking abilities than multiple-
choice tests or performance-based assessments. Emphasizing the importance of conceptual
understanding can help educators see the value of this approach in fostering deep learning. Scientific
process skills encompass not only conceptual understanding but also the ability to observe, interpret
data, formulate hypotheses, design investigations, analyze results, and communicate scientific
findings. These abilities require higher-order thinking skills, which are more readily demonstrated
through essay-style answers

Students who actively apply scientific process skills can solve everyday problems using the
scientific method. This is one of the main goals of science education (Centinkaya & Ozyurek, 2019).
Prospective science teachers exhibit low proficiency in science process skills, which are crucial for
effective science education. Research indicates that while targeted interventions, such as feedback
during laboratory activities, can improve performance, many students still demonstrate inadequate
mastery of these skills (Nurita et al., 2023). Biology is one of the branches of science that can be directed
towards the use of scientific process skills to solve life problems. Science process skills are considered
important because they encourage students to describe objects and events, ask questions, formulate
hypotheses, test hypotheses through observation and experimentation, and communicate ideas to
others (Inayah et al., 2020; Farach et al., 2021). The high level of diversity and the use of Latin
terminology make it difficult for students to understand material on vertebrates. In addition, vertebrate
learning is closely related to animal observation and identification activities based on morphology,
anatomy, and physiology. The availability of vertebrate animal specimens for identification is a
challenge in learning biology, especially on the concept of vertebrates, especially after the pandemic
(Fauziyah et al., 2020).

Research gap in the development of instruments for science process skills specifically designed for
Vertebrate Zoology learning, particularly for the Pisces superclass, for trainee biology teachers.
Previous research has generally emphasized the importance of science process skills in science learning,
without developing contextual instruments suited to the complex characteristics of vertebrate material
and grounded in scientific observation. Furthermore, the majority of studies have focused primarily on
measuring cognitive aspects rather than comprehensively on science process skills (Apriyani & Aini,
2025). Research on the development of instruments for science process skills in the form of essay tests,
analyzed using the Rasch model, in the field of biology remains limited. However, the Rasch model is
considered capable of providing a more objective, accurate, and in-depth analysis of the validity,
reliability, level of difficulty, and discriminatory power of the instrument compared to classical analysis
approaches (Cinantya & Sugiharto, 2026). Research on instruments for science process skills in
vertebrate zoology, specifically in the superclass Pisces, is limited. This study addresses this gap by
developing an essay-based instrument and analyzing its characteristics using the Rasch model to create
a valid, reliable, and appropriate assessment tool for vertebrate zoology learning.

The development of a science process skills instrument in the form of an essay test is expected to
provide a clear picture of prospective biology teachers' science process skills. The research questions
posed include: (1) What is the content validity of the science process skills instrument? (2) What is the
construct validity of the science process skills test? (3) What is the reliability of the science process skills
test? (4) What is the level of difficulty of the science process skills test items? Moreover, (5) What is the
discriminatory power of the science process skills test?.

2. METHODS

This study is a research and development (R&D) project. The application of this method aims to
produce a model for developing instructional materials, specifically a science process skills essay test
instrument (Sugiyono, 2019), and to evaluate the effectiveness of the resulting product. The R&D model
used is the instructional material development model developed by Thiagarajan, known as the 4D
model, selected for its systematic approach to instructional design and proven effectiveness in similar
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contexts. This model encompasses four development stages: defining, designing, developing, and
disseminating (Thiagarajan, 1974). This method and model were selected to create an assessment
instrument that evaluates process skills within the Pisces superclass.

Data analysis was conducted descriptively to describe the characteristics of the science process
skills test developed, including content validity, construct validity, reliability, item difficulty level, and
item differentiation. The research sample consisted of 80 prospective biology teachers who had taken
the vertebrate zoology course at Universitas Majalengka and UIN Siber Syekh Nurjati Cirebon, selected
through purposive sampling to ensure relevance to the study objectives. Data analysis was conducted
using the Rasch model to evaluate the instrument's quality, including item fit, reliability, difficulty, and
discrimination. Validity criteria such as the Outfit Mean Square (MNSQ) within 0.5-1.5, the Outfit Z-
Standard (ZSTD) within —2.0 to +2.0, and the Point Measure Correlation (Pt Measure Corr) within 0.40-
0.85 were used to ensure item appropriateness. Reliability was assessed through test-retest and item
reliability to confirm response consistency and item stability. Item difficulty was analyzed via logit
values, and the instrument's discriminative ability was evaluated using separation indices. The analysis
was conducted with Winsteps software, which provided an objective and comprehensive assessment
of the instrument's psychometric properties (Hafizi et al., 2023; Sheptian, Arthur, & Wardhani, 2024).

Content validity was assessed through expert judgment by five validators: a subject-matter expert,
a learning assessment expert, a language expert, a technology expert, and an education practitioner.
The content validity analysis of the science process skills test instrument used Aiken’s V as follows:

v 25

[n(C - 1)]
Notes:
S =R-lo
n =number of raters
lo =lowest rating
C =highest rating
R =ratings given by raters

Table 1. Interpretation of Validity Index

Aiken Index Scale Range Description

V>0.84 Very Valid

0.68<V<0.84 Valid

0.52<V<0.68 Moderately
Valid

0.36 <V <0.52 Less Valid

V<036 Not Valid

Source: (Aiken, 1985)

3. FINDINGS AND DISCUSSION
3.1 Findings
3.1.1 Results of Development

Development results are the achievements obtained after completing the research procedure. The
resulting product is a vertebrate zoology assessment instrument in the pisces superclass, designed to
measure the science process skills of prospective biology teacher students. An explanation of the
assessment instrument development results is as follows.

a. Define

During the define stage of the 4D development model, a needs analysis was conducted to
identify learning issues and the need to develop teaching materials. The analysis showed that teaching
in Vertebrate Zoology, particularly regarding the Superclass Pisces, remains focused on conceptual
understanding and rote learning. Consequently, students' ability to engage in the scientific process has
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not yet been optimally assessed. Recognizing this gap can inspire educators and researchers to improve
assessment methods that truly reflect students' scientific skills. Learning activities involving
observation, organism identification, classification, data interpretation, and scientific problem-solving
require comprehensive measurement of scientific process skills. However, the evaluation instruments
currently in use are limited to measuring cognitive aspects. They cannot capture students' abilities to
observe, classify, interpret, formulate hypotheses, plan investigations, apply concepts, and
communicate scientific findings. This highlights the importance of developing assessment tools that
measure scientific process skills, encouraging educators and researchers to enhance evaluation
practices.

The assessment instrument consists of a question grid, a list of essay questions, and scoring
guidelines. This instrument is used to evaluate the learning achievement of prospective biology
teachers in the aspect of science process skills. The assessment was conducted via a written test
comprising 17 essay items.

b. Design

At this stage, the assessment instrument was designed. The process involves making question grids,
initial drafts of questions, and assessment criteria. Question preparation grids are made by considering
the identification of aspects of science process skills, indicators of science process skills, and details of
each question. The design is shown in Table 2.

Table 2. Lattice of Science Process Skills Instrument, Pisces Superclass

Aspects of R
No Science Process Indicator QNl:i;:Zil Score
Skills (SPS)
1 Observe Students can identify the main morphological 1,2 0-4
characteristics of Osteichthyes and
Chondrichthyes.
2 Classifying Students can classify fish based on observed 3,4 0-4
characteristics into Osteichthyes or
Chondrichthyes.
3 Summarise Students can conclude the main differences 5,6 0-4
between Osteichthyes and Chondrichthyes based
on their physical characteristics and habitats.
4 Communicating Students can present observational data on the 7,8 0-4

types of fish in the classes Osteichthyes and
Chondrichthyes in the form of tables or graphs.

5 Interpreting data Students can interpret data on the distribution of 9,10 0-4
Osteichthyes and Chondrichthyes across habitats
and morphologies.

6 Asking questions  Students can ask relevant, evidence-based 11,12 0-4
questions about the physical adaptations of
Osteichthyes and Chondrichthyes to their

environments.
7 Designing an Students can design simple experiments to test 13 0-4
experiment hypotheses about the physical adaptations of
Osteichthyes and Chondrichthyes to their
environment.
8 Conducting Students can carry out experimental procedures to 14,15 0-4
experiments test hypotheses about specific aspects of the
biology of Osteichthyes and Chondrichthyes.
9 Analysing data Students are able to analyze experimental data to 16,17 0-4

determine whether the data support or reject the
hypothesis about the adaptation of Osteichthyes
and Chondrichthyes.
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The science process skills test instrument employed an analytic scoring rubric with five
assessment criteria (0, 1, 2, 3, and 4) to ensure objective and consistent evaluation of students’ responses.
A score of 0 was assigned when students provided no response or when the answer was irrelevant to
the question, indicating an inability to demonstrate the targeted science process skill. A score of 1
reflected a very limited understanding of the concept or skill, where responses showed substantial
misconceptions, incomplete reasoning, or minimal evidence of scientific thinking. A score of 2 indicated
a basic level of understanding, demonstrating partial mastery of the concept or skill but still containing
considerable inaccuracies, omissions, or weaknesses in scientific reasoning. A score of 3 was awarded
when responses demonstrated good understanding and relatively appropriate application of science
process skills, although several minor conceptual or procedural errors remained. The highest score, 4,
was assigned to responses that demonstrated comprehensive conceptual understanding, accurate
scientific reasoning, and appropriate application of science process skills, with few errors. This scoring
system was designed to capture variations in students’ scientific competence systematically while
improving assessment reliability and reducing subjectivity in scoring.

c. Develop

The development stage is the process in which the previously planned assessment instrument is
developed into a product ready for testing. The steps taken in this stage analyze the content validity,
as validated by five validators: material experts, educational measurement and evaluation experts,
linguists, educational technology experts, and educational practitioners. The average scores of 5
validators from Aiken’s V index are presented in Table 3.

Table 3. Average Score of Aiken V Index with 5 Validators

No Material ~ Measurement  Language  Technology  Practitioner Y(s-1) Aiken's
Expert Expert Expert Expert Educator \'
1 4 3 5 4 4 15 0.75
2 4 3 4 3 5 14 0.70
3 5 4 4 3 4 15 0.75
4 4 3 4 4 5 15 0.75
5 5 5 4 4 4 17 0.85
6 4 4 5 4 4 16 0.80
7 4 4 4 4 4 15 0.75
8 4 4 5 4 5 17 0.85
9 5 3 4 3 4 14 0.70
10 4 4 5 3 4 15 0.75
11 4 3 4 4 4 14 0.70
12 5 4 3 4 4 15 0.75
13 4 5 4 4 3 15 0.75
14 4 4 4 4 5 16 0.80
15 5 4 5 4 4 17 0.85
16 5 3 4 3 5 15 0.75
17 4 4 5 4 4 16 0.80

Aiken’s V is an index used to measure the content validity of an instrument, particularly in the
context of test or questionnaire development. Content validity refers to the extent to which the items in
the instrument representatively cover the domain of the construct being measured (Aiken, 1985). Most
items demonstrate good to very good content validity. The Aiken’s V values for most items are at or
above 0.75, indicating that experts have given positive evaluations of these items. Items 2, 9, and 11
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have an Aiken’s V value of 0.70, indicating valid content validity with good criteria. Items 1, 3, 4, 7, 10,
12,13, and 16 have an Aiken’s V value of 0.75, indicating valid content validity with good criteria. Items
5, 6, 8, 14, 15, and 17 have an Aiken’s V value of 0.80-0.85, indicating very high content validity with
excellent criteria.

3.1.2  Construct Validity

a. Validity test

The validity test determines whether a measuring instrument is valid. The validity of the test
instrument, in the form of essay questions on aspects of science process skills, in the Pisces superclass
was analyzed using the Rasch Model with the Winstep application. A summary of the validity test
results using the Rasch Model assisted by the Winstep application can be seen in table 4.

Table 4. Science Process Skills Test Validity Test Results

|ENTRY  TOTAL TOTAL JMLE MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |
|NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |

| mmm e fommmmmmmmm RO fmmmmmmmem o T F R

| 5 204 80  -.84 22]|1.27 1.30]|1.91 3.00|A-.04 .25| 64.6 69.7| P5  |Invalid
| 11 278 80  -.23 18|1.25 1.43|1.31 1.48|B .17 .31| 44.3 53.9| P11 |Valid
| 12 250 80 .52 15|1.30 1.89]|1.22 1.34|C .46 .39| 48.5 49.8| P12 |valid
| 13 224 80  1.08 14|1.20 1.37|1.17 1.11|D .55 .44| 38.0 46.5| P13 |Valid
| 15 250 80 .52 15|1.16 1.04|1.15 .93|E .41 .39| 38.@ 49.8| P15 |Valid
| 3 273 80  -.08 17| .99 -.e2|1.15 .81|F .19 .33| 44.3 51.7| P3  |valid
| 7 243 80 .68 15|1.10 .71|1.05 .36|G .44  .4@| 30.4 48.5| P7  |Valid
| 4 288 80  -.30 18| .84 -.93| .99 .@@|H .e4 .31| 38.@ 55.9] P4  |valid
| 14 294 80  -.84 .22| .98 -.03| .85 -.53|I .32 .25| 69.6 69.7| P14 |valid
| 16 260 80 28 16| .96 -.18| .89 -.64|h .55 .36| 43.0 49.9| Ple |Valid
| 9 268 80 07 17| .94 -.33| .98 -.5@|g .33 .34| 43.@ 50.3| P9 |Valid
| 1 35 80 -1.49 27| .92 -.22| .89 -.23|f .15 .20| 79.7 82.8| P1  |Invalid
| g8 270 80 01 17| .85 -.94| .79 -1.21|e .34 .34| 51.9 51.7| P8 |Valid
| 2 279 80  -.26 18| .82 -1.88| .86 -1.84|d .33 .31| 57.@ 55.7| P2  |valid
| 10 249 80 55 15| .80 -1.43| .82 -1.14|c .43 .39| 54.4 49.8| P1@ [valid
| 17 260 80 28 16| .59 -3.11| .81 -1.12|b .37 .36| 70.9 49.9| P17 |Valid
| 6 269 80 04 17| .50 -3.78| .56 -2.86|a .43 .34| 68.4 50.3| P6 |Valid
R e L LR T Fommm e Fommmmmmm oo D et +o-mmm- |

| MEAN 267.4 80.0 .00 .18| .97 -.25|1.01 -.01| | 51.5 54.8| |

| P.SD  20.0 .0 .62 .03| .22 1.51| .29 1.33| | 14.1  9.5] |

Based on the results of the Rasch model analysis in the table, items 1 (P1) and 5 (P5) were deemed
invalid because they did not meet the item fit criteria, specifically regarding the Mean Squared Error of
Prediction (MNSQ), Z-Standard Error of Prediction (ZSTD), and Point Measure Correlation (Pt
Measure Corr). Recognizing these issues emphasizes the importance of thorough validation to ensure
assessment quality.

Item number 5 (P5) was deemed invalid because it had an Outfit MNSQ value of 1.91, which falls
outside the ideal range of 0.5-1.5, and an Outfit ZSTD value of 3.00, which exceeds the acceptable limit
of -2.0 to +2.0. Additionally, the Point Measure Correlation value of -0.04 indicates a negative
correlation between the item and the science process skills construct. Addressing such issues highlights
the importance of expert review to maintain assessment validity.

Meanwhile, item number 1 (P1) has a Point Measure Correlation value of 0.15, which is below the
ideal range (0.40-0.85). Although the Infit MNSQ (0.92) and Outfit MNSQ (0.89) values are still within
an acceptable range, the low correlation values indicate that the item is less capable of distinguishing
between students with high and low abilities. This underscores the importance of precise item analysis
to ensure measurement robustness.

Regarding follow-up, invalid test items are generally not immediately removed, especially in
instrument development research. A more appropriate step is to revise the test items based on the Rasch
and content analyses. This focus on revision can foster a sense of purpose and dedication, emphasizing
the importance of continuous improvement (Rozali et al., 2022; Ubaidillah et al., 2022). Revisions can
be made to the wording of the item, the clarity of the question’s context, the alignment with science
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process skill indicators, or the item’s level of complexity. After revision, the items need to be retested
in the next pilot test phase to ensure improved instrument quality.

Thus, in this study, items 1 and 5 are recommended for revision and retesting rather than
immediate deletion, as revision can improve their alignment with the science process skills construct
being measured. Recognizing this effort can motivate researchers by highlighting their role in
enhancing instrument validity.

b. Reliability Test

Reliability is an index that shows the extent to which a measuring device can be trusted or relied
upon. The reliability test is used to determine the consistency of the measuring instrument, namely,
whether the tool produces the same results across repeated measurements (Windi, 2011). High and low
reliability are empirically indicated by a number called the reliability coefficient. The higher the
correlation coefficient between the measurement results of two parallel tests, the higher the consistency
between the two, and the measuring instrument is called reliable (Purnamasari, 2016). The results of
the reliability test using the Rasch Model, assisted by the Winstep application, are shown in Table 5.

Table 5. Reliability Test Results of Science Process Skills Test

CRONBACH ALPHA (KR-20) Person RAW SCORE "TEST" RELIABILITY = .67 SEM = 2.81
STANDARDIZED (5@ ITEM) RELIABILITY = .87

SUMMARY OF 8@ MEASURED (NON-EXTREME) Item

| TOTAL MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE S.E. MNSQ ZSTD MNSQ  ZSTD |
D e |
| MEAN 267.4 80.0 .00 18 97 -.25 1.1 -.e1 |
| SEM 5.0 e .15 .01 06 .38 .07 .33 |
| P.SD 20.0 8 .62 .03 22 1.51 .29 1.33 |
| s.sD 20.6 .0 .64 03 23 1.56 30 1.37 |
| MaAX. 305.0 80.0 1.08 .27 1.3 1.89 1.91 3.ee |
| MIN. 224.9 80.0 -1.49 .14 50 -3.78 .56 -2.86 |
oo |
| REAL RMSE .19 TRUE SD .59 SEPARATION 3.19 Item RELIABILITY .91

|
|MODEL RMSE .18 TRUE SD .59 SEPARATION 3.31 Item RELIABILITY .92 |
| S.E. OF Item MEAN = .15 |

Based on the Rasch Model analysis, the Person Raw Score Reliability (test reliability) was 0.67. This
figure helps educators and researchers understand the assessment's current consistency level, which is
adequate but highlights room for improvement to ensure more reliable measurements of respondents'
abilities.

However, the reliability value of 0.67 also indicates that participants' responses to the instrument
are not yet consistent. Variation in student responses remains quite significant, so the instrument's
ability to distinguish levels of science process skills among respondents is not yet fully robust. This may
be influenced by several factors, such as items that are not yet fully aligned with the construct being
measured, poorly suited items, or heterogeneity in participants' abilities.

Nevertheless, the instrument remains useful as a preliminary assessment tool. These results should
motivate stakeholders to collaborate on refining the instrument by revising invalid or poorly aligned
items, thereby enhancing test reliability in future administrations. This finding is supported by an item
reliability coefficient of 0.91, indicating that the quality and difficulty of the test items are already in the
“very good” range; therefore, any improvements should focus on improving the consistency of
participants’ responses to the instrument.

3.1.3 Problem Difficulty Level

The stage of testing the difficulty of the instrument aims to identify the level of difficulty of each
question, whether it is easy, moderate, or difficult. A question that is considered good is one that has a
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balanced level of difficulty, not too easy and not too difficult. The results of the difficulty analysis of
the questions are presented in the following table.

Table 6. Test Results of the Level of Difficulty of the Science Process Skills Test

|ENTRY TOTAL TOTAL JMLE MODEL | INFIT | OUTFIT |PTMEASUR-AL|EXACT MATCH| |

[NUMBER SCORE COUNT MEASURE S.E. |MNSQ ZSTD|MNSQ ZSTD|CORR. EXP.| OBS% EXP%| Item |

R et et mmmmmm mmmmmm mmmmmm e $mmmmmm e 4mmmm—- |

| 13 224 80  1.08 .14|1.20 1.37|1.17 1.11| .55 .44| 38.0 46.5| P13 |Very difficult
| 7 243 80 .68 .15/1.16  .71|1.05 .36| .44 .40| 30.4 48.5| P7  |Difficult
| 10 249 80 «55 .15| .80 -1.43| .82 -1.14| .43 .39| 54.4 49.0| P1@ |Difficult
| 12 250 80 .52 .15/1.30 1.89|1.22 1.34| .46 .39| 40.5 49.0| P12 |Difficult
| 15 250 80 .52 .15[1.16 1.e4|1.15 .93| .41 .39| 38.0 49.0| P15 |Difficult
| 16 260 80 .28 .16| .96 -.18| .89 -.64| .55 .36| 43.0 49.0| P16 |Medium

| 17 260 80 .28 .16| .59 -3.11| .81 —1.12| <37 .36| 70.9 49.0| P17 |Medium

| 9 268 80 .07 .17| .94 -.33| .90 -.50| .33 .34| 43.0 50.3| P9 |Easy

| 6 269 80 .04 .17| .50 -3.78| .56 -2.86| .43 .34| 68.4 50.3| P6 |Easy

| 8 270 80 .01 .17| .85 -.94| .79 -1.21| .34 .34| 51.9 51.7| P8 |Easy

| 3 273 80  -.08 .17| .99 -.02|1.15 .81| .19 .33| 44.3 51.7| P3  |Very easy
| 11 278 80  -.23 .18]1.25 1.43|1.31 1.48| .17 .31| 44.3 53.9| P11 |Very easy
| 2 279 80 .26 .18| .82 -1.08| .80 -1.04| .33 .31| 57.@ 55.7| P2  |Medium

| a4 280 80 30 .18| .84 -.93| .99 .ee| .04 .31| 38.80 55.9| P4 |medium

| 5 294 80 84 .22]1.27 1.30|1.91 3.00| -.e4 .25| 64.6 69.7| PS5  |Difficult
| 14 294 80 84 .22| .98 -.@3| .85 -.53| .32 .25| 69.6 69.7| P14 |Very easy
| 1 305 80 -1.49 27| .92 -.22| .89 -.23| .15 .20| 79.7 82.0| P1  |Very easy
| == 4mmmmmmmme 4mmmmmmmm mmmmmmm e mmmmmmmmmae - |

| MEAN 267.4 80.0 .00 .18| .97 -.25|1.01 -.01| | 51.5 54.8|

| P.sD  20.0 .0 .62 .03| .22 1.51| .29 1.33] | 14.1  9.5] |

Based on the Rasch model analysis, the items spanned difficulty levels from very difficult to very
easy, demonstrating the instrument's capacity to assess students' science process skills across a broad
ability spectrum. Item P13, with the highest difficulty (1.08 logits), is classified as very difficult, while
P1, with the lowest difficulty (-1.49 logits), falls into the very easy category. This distribution indicates
that the instrument has a sufficiently representative range of items to differentiate students' abilities.
Nonetheless, the presence of some very easy or very difficult items may limit the instrument's
sensitivity in accurately measuring abilities throughout the entire range.

This study also has limitations, namely the limited number of respondents and the fact that the
instrument was developed only for the Pisces Superclass material; therefore, further testing on a
broader sample and other Vertebrate Zoology materials is necessary to strengthen the findings.
Additionally, several items with extreme difficulty levels require evaluation and refinement to optimize
the instrument's measurement of science process skills, which is a natural step toward enhancing its
validity (Komisia et al., 2025) (Zahra et al., 2025).

3.14 Differentiability Test

Differentiability test of an item refers to its ability to separate high-ability students from low-ability
students. Evaluation of the differentiability test for each item is based on the item's DIF value or
tendency. The results of the item score tendency test can be found in Table 7 below.
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Table 7. Test of Differentiability of Science Process Skills

| Person SUMMARY DIF BETWEEN-CLASS/GROUP Item |
| CLASSES  CHI-SQUARED D.F. PROB. UNWTD MNSQ  ZSTD Number Name |

| 9 4.9007 8 .7681 .8608  -.13 1 P1 |
| 9 5.1303 8 .7435 .8105  -.24 2 P2 |
| 9 8.0881 8 .4248 2.7835  2.61 3 P3 |
| 9 14.0245 8 .0811 2.3779  2.18 4 P4 |
| 9 8.9745 8 .3443 1.5560  1.12 5 PS5 |
| 9 4.4247 8 .8169 .8271  -.20 6 P6 |
| 9 14.4428 8 .0709 2.8365  2.66 7 P7 |
| 9 7.3197 8 .5025 1.1832 51 8 P8 |
| 9 4.4695 8 .8124 6839 55 9 P9 |
| 9 2.4552 8 .9638 .4060  -1.39 10 P10 |
| 9 6.9095 8 .5463 1.1596 .47 11 P11 |
| 9 8.5157 8 .3847 1.4290 .92 12 P12 |
| 9 8.8755 8 .3528 1.4482 9% 13 P13 |
| 9 10.5070 8 .2311 2.4803  2.29 14 P14 |
| 9 7.2717 8 .5075 1.3249 .76 15 P15 |
| 9 6.9648 8 .5404 1.1526 .46 16 P16 |
| 9 7326 8 .9994 1487  -2.65 17 P17 |

Based on Table 7, it can generally be stated that the science process skills test does not contain
biased items, as all item probability values are greater than 0.05. Questions are said to be unbiased if
they do not give certain individuals an advantage. Overall, based on the validity, reliability, question
difficulty, and question differentiation tests, the Pisces Superclass Science Process Skills test instrument
was declared valid and reliable. The developed instrument for science process skills can effectively
measure prospective biology teachers' science process skills. This instrument yielded 15 valid questions
out of 17.

3.2 Discussion

The present study developed and validated an essay-based instrument to assess science process
skills (SPS) among prospective biology teachers in the Vertebrate Zoology course, specifically within
the Pisces superclass. The findings demonstrate that the instrument possesses satisfactory psychometric
properties, evidenced by acceptable content validity, adequate construct validity, and high item
reliability. These results suggest that the instrument has the potential to serve as an authentic
assessment tool for measuring students’ ability to engage in scientific inquiry beyond simple
conceptual recall. Unlike conventional cognitive assessments, the developed instrument captures
essential dimensions of science process skills, including observation, classification, data interpretation,
hypothesis formulation, experimental design, and scientific communication, which are fundamental
competencies for future biology teachers (Azzahra et al., 2024; Moore et al., 2024). The findings
therefore support the growing consensus that science assessment should emphasize inquiry
competence and higher-order thinking rather than factual knowledge alone (Suja, 2020).

The content validation results further indicate that expert reviewers consistently judged the
instrument to be relevant and representative of the targeted science process skills. Most items achieved
Aiken’s V values exceeding the recommended threshold, reflecting strong agreement among experts
regarding content relevance and instructional appropriateness. This finding reinforces Aiken’s (1985)
argument that systematic expert judgment constitutes an essential step in establishing content validity
during educational instrument development. The involvement of experts from multiple disciplinary
backgrounds—including biology content, educational assessment, language, educational technology,
and educational practice—also strengthened the comprehensiveness of the validation process. Such
multidisciplinary validation is particularly important for essay-based assessments because item quality
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depends not only on scientific accuracy but also on linguistic clarity, construct alignment, and
instructional feasibility (Hafizi et al., 2023). Consequently, the study demonstrates that combining
expert judgment with empirical validation provides a stronger foundation for developing educational
assessment instruments.

The Rasch analysis provides additional evidence regarding the instrument’s construct validity
while simultaneously identifying aspects requiring refinement. Fifteen of the seventeen essay items
satisfied the recommended fit statistics, indicating that most items functioned consistently in measuring
the intended science process skills construct. However, two items exhibited unacceptable fit indices
and therefore require revision before wider implementation. Rather than representing a weakness, this
finding illustrates the value of Rasch measurement in identifying problematic items that may not
adequately represent the intended construct. Rasch analysis offers advantages over classical test theory
because it evaluates individual item functioning, estimates item difficulty independently of respondent
ability, and provides objective evidence regarding measurement quality (Bond et al., 2021; Boone et al.,
2014). The identification of misfitting items enables researchers to improve item wording, contextual
relevance, or cognitive demand, thereby strengthening the overall validity of the instrument.
Accordingly, the present study demonstrates that psychometric evaluation should be viewed as an
iterative process rather than a one-time validation procedure.

An interesting finding concerns the difference between item reliability and person reliability. The
instrument achieved very high item reliability, indicating that the hierarchy of item difficulty was stable
and consistently estimated across participants. In contrast, the person reliability coefficient remained
in the moderate category, suggesting that the instrument was less effective in differentiating
respondents according to their science process skills. This discrepancy may reflect relatively
homogeneous participant abilities, limited sample variability, or the need for additional items
representing intermediate levels of difficulty. Similar interpretations have been reported in Rasch
measurement studies, where high item reliability accompanied by moderate person reliability often
indicates that further refinement of item distribution or broader participant sampling is required to
improve measurement precision (Bond et al., 2021; Boone et al., 2014). Therefore, while the developed
instrument demonstrates promising psychometric quality, future validation involving more
heterogeneous populations is necessary to enhance its discriminatory capacity.

The analysis of item difficulty also provides meaningful insights into the nature of science process
skills among prospective biology teachers. The instrument contained items ranging from very easy to
very difficult, allowing assessment across a broad spectrum of student abilities. Notably, items
assessing experimental design were among the most difficult, whereas items requiring simple
observation were comparatively easier. This pattern is theoretically consistent with science education
literature, which positions experimental design, hypothesis formulation, and data analysis as
integrated higher-order inquiry skills requiring complex scientific reasoning (Anbiya et al., 2023;
Inayah et al., 2020). These findings suggest that although prospective biology teachers generally
demonstrate competence in basic observational skills, they continue to experience difficulties when
engaging in more sophisticated scientific reasoning tasks. Consequently, biology instruction should
provide greater opportunities for inquiry-based laboratory activities and authentic scientific
investigations that strengthen advanced science process skills.

The absence of statistically significant item bias further supports the fairness of the developed
assessment instrument. Differential Item Functioning (DIF) analysis indicated that all items functioned
consistently across respondents, suggesting that item performance was determined primarily by
students’ science process skills rather than by systematic bias. Fairness represents an essential
characteristic of educational assessment because valid instruments should measure the intended
construct without favoring particular groups of examinees (Hafizi et al., 2023). The present findings
therefore indicate that the instrument possesses not only acceptable validity and reliability but also
equitable measurement characteristics suitable for educational assessment within the studied context.
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Overall, this study contributes to science education by providing a context-specific, essay-based
assessment instrument that integrates expert validation with Rasch measurement to evaluate science
process skills in Vertebrate Zoology. Previous studies have largely focused on conceptual achievement
or general science process skills without developing psychometrically validated instruments tailored
to specific biological content (Apriyani & Aini, 2025; Komisia et al., 2025). By addressing this gap, the
present study demonstrates that contextualized assessment can provide more accurate information
regarding prospective teachers’ inquiry competencies while supporting authentic assessment practices
in higher education. Nevertheless, further validation involving larger samples, multiple institutions,
and additional Vertebrate Zoology topics is recommended to strengthen the generalizability and
robustness of the instrument. Such continued refinement will contribute to the development of more
reliable assessment systems capable of supporting inquiry-based biology education and preparing
future teachers with the scientific competencies required for twenty-first-century learning.

4. CONCLUSION

This study successfully developed and validated an essay-based instrument for assessing science
process skills (SPS) in the Vertebrate Zoology course, specifically within the Pisces superclass, for
prospective biology teachers. The findings demonstrate that the instrument possesses satisfactory
psychometric properties, including acceptable content validity, adequate construct validity, high item
reliability, and a balanced distribution of item difficulty, indicating its potential as an authentic
assessment tool for evaluating students’ scientific inquiry competencies beyond conceptual knowledge.
The application of the Rasch model also enabled the identification of two misfitting items requiring
revision, highlighting the value of psychometric analysis in refining educational assessment
instruments. Despite these promising results, the study is limited by the relatively small sample size,
the involvement of participants from only two universities, and the instrument’s focus on a single topic
within Vertebrate Zoology, which may restrict the generalizability of the findings. Future research is
therefore recommended to validate the instrument using larger and more diverse samples across
multiple institutions, extend its application to other biology topics, and examine its relationship with
broader educational outcomes, such as scientific literacy, critical thinking, and inquiry competence, in
order to further strengthen its validity, reliability, and practical applicability in biology teacher
education.
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