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Abstract: Science process skills (SPS) are essential competencies in science education; however, various studies indicate 

that students’ SPS achievement remains relatively low. Furthermore, existing assessment instruments do not fully align with 

the learning outcome indicators. This study aims to develop a valid and reliable SPS test instrument for cell and microscope 

topics through Rasch model analysis. The research method employs a Research and Development (R&D) approach using the 

ADDIE model, which includes the Analyze, Design, Develop, Implement, and Evaluate stages. The developed instrument 

consists of 25 multiple-choice items covering 6 SPS indicators: observing, questioning and predicting, planning and 

conducting investigations, processing and analyzing data, evaluating and reflecting, and communicating results. Content 

validation was conducted by 5 validators, yielding an average Aiken’s V of 1.00, indicating excellent alignment between the 

items and the measured indicators. Rasch analysis using the Winsteps applications showed that all items met the fit criteria 

based on outfit MNSQ values, with difficulty levels ranging from very easy to very difficult. The instrument demonstrated 

high reliability (α = 0.97) and adequate item separation, indicating strong consistency and discriminative power. 

Implementation involving 32 seventh-grade students revealed that most students were categorized as having moderate SPS 

level, suggesting that their SPS had developed but was not yet optimal across all indicators. These results confirm the 

instrument's validity and reliability in assessing junior high school students’ SPS. This study contributes a Rasch-based 

assessment instrument that can objectively map students’ SPS abilities and support the evaluation of science learning.  
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Introduction  

 
Students need to possess strong skills to overcome 

future challenges. One such skill is the ability to support the 

scientific learning process [1]. Scientific learning is 

inseparable from scientific and systematic inquiry. The set of 

skills used for conducting scientific investigations is known 

as the 'Science Process Skills' (SPS). [2]. SPS enables 

students to learn the concepts that are the focus of science 

education while also developing basic science skills, a 

scientific mindset, and critical thinking skills [3]. SPS are the 

skills one must possess to conduct scientific investigations in 

a more systematic manner [4]. Decision Head of the Agency 

for Standards, Curriculum, and Educational Assessment, 

Ministry of Basic and Secondary Education No. 

046/H/KR/2025, states that the Merdeka Curriculum, 

particularly in Phase D of the Natural Science learning, 

emphasizes conceptual understanding, process skills, and 

learning outcomes that integrate attitudes, knowledge, and 

skills [5]. 
This study focuses on the process skills element, 

which in the Merdeka Curriculum includes activities such as 

observing, asking questions and making predictions, 

planning and conducting investigations, processing, 

analyzing data and information, evaluating and reflecting, 

and communicating results. SPS are competencies that need 

to be developed in education and are crucial for every student 

as a foundation for acquiring new knowledge and expanding 

existing knowledge [6], [7]. Learning activities that 

emphasize SPS also promote innovation and creative 

thinking, as they involve students’ skills in carrying out 

scientific projects [8]. Therefore, SPS is a key indicator of 

success in science education.  
Recent research indicates that junior high school 

students continue to face various challenges related to SPS. 

A literature review reveals that the level of SPS remains 

relatively low [9], [10]. This is because students are not 

sufficiently engaged directly in the investigative process; 

rather, they tend to be passive when performing laboratory 

tasks [11], [12]. International and national studies 

consistently show that students have difficulty with complex 

aspects of SPS, such as experimental design, data 

interpretation, problem formulation, and communicating 

results. The SPS indicator regarding hypothesis formulation 

is often overlooked [13]. Consequently, the assessment 

process requires instruments capable of comprehensively 

measuring SPS, including its psychomotor aspects. 

However, many teachers have not yet developed SPS-

oriented assessments, and those that do have outcomes. 

Therefore, an appropriate instrument is needed to accurately 

measure students’ SPS. 
Interview results with science teachers indicate that 

the available assessment instruments are not fully aligned 

with learning or meet quality assessment criteria. This issue 

highlights a gap between the assessment instruments and the 

SPS achievement indicators that should be measured [14]. 

Research on the development of SPS tests in science 

education has been extensively conducted. It demonstrates 
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that SPS tests can be used as both pre-tests and post-tests to 

measure student proficiency [15], [16]. The development of 

the SPS test has also been applied to various topics, such as 

vibrations, waves, and light; elements, compounds, and 

mixtures; chemical equilibrium; and ecosystems. The results 

of these studies indicate that the developed tests effectively 

measure students’ SPS [17], [18], [19], [20]. However, no 

researchers have yet developed an SPS test on cells and 

microscopes.   
Developing an assessment instrument for SPS on 

cells and microscopes is a crucial step toward improving the 

quality of learning assessment. A good instrument must be 

valid and reliable, and must measure what it is intended to 

measure [21]. The Rasch model is an effective analytical tool 

for evaluating the suitability of a measurement instrument. 

The Rasch model can measure reliability indices, conduct 

item-level analysis, evaluate respondent reliability and 

instrument dimensionality, and identify potential item bias 

[22]. Additionally, the Rasch model can determine student 

ability, such that each time a student answers an item 

correctly, their ability level increases continuously in line 

with their existing proficiency [23], [24]. Therefore, the 

Rasch model is considered appropriate for objectively and 

comprehensively evaluating the quality of SPS assessment 

instruments. 
This research focuses on developing an SPS test for 

the cell and the microscope, which will be analyzed using the 

Rasch model. This research aims to provide an overview of 

the validation results and Rasch model analysis, including 

item validity, reliability, fit, and difficulty levels. 

Additionally, the study aims to determine students’ SPS 

levels on cell and microscope topics and serve as a valid and 

reliable measurement tool for assessing junior high school 

students’ SPS. 
 

Research Methods  
 

The study employs a Research and Development 

(R&D) approach using the ADDIE model, which consists of 

five stages: Analyze, Design, Develop, Implement, and 

Evaluate. The ADDIE model was chosen because it provides 

a systematic process for developing and testing the 

feasibility of an educational product, including valid and 

reliable testing instruments [25]. It also facilitates continuous 

evaluation and revision at each stage to improve the quality 

of the resulting instrument. The research was conducted at 

SMP Negeri 2 Semarang during the second semester of the 

2025/2026 academic year. The population consisted of all 

seventh-grade students, totalling 288, who had received 

instruction on cells and microscopes. The subjects of this 

study were seventh-grade students who had already received 

instruction on cells and microscopes. Data were collected 

using non-test techniques through interviews and test 

techniques through multiple-choice questions. Figure 1 

describes the development process and activities based on 

the ADDIE model.    

In the analyzed stage, observations and interviews 

were conducted with science teachers to identify issues 

related to the SPS assessment instrument, particularly 

regarding the cell and the microscope. The design stage 

involved developing an instrument framework based on SPS 

indicators, which included skills in observing, questioning 

and predicting; planning and conducting investigations; 

processing, analyzing data and information; evaluating and 

reflecting; as well as communicating results [26]. The 

development stage involved transforming the SPS 

instrument framework into 25 multiple-choice items. The 

specifications of the SPS instrument are presented in Table 

1. The instrument was then validated by 5 validators using 

Aiken’s V index and revised based on their suggestions. 

Next, a small-scale trial test and an item characteristic 

analysis were conducted using the Rasch model. This was 

based on a table compiled by Krijcie and Morgan (1970) and 

involved a sample size of 184 students from the entire 

population.  

 

 
Figure 1. The ADDIE Model by Branch (2009) 

 

Table 1. Specifications of The SPS Instrument for Cell and 

Microscope Material  

Science Process Skills 

Indicators 

Item Number Psychomotor 

Level 

Observing  1, 2, 3, 4, 5, 6 P1 

Questioning and 

predicting 

7, 8, 9, 10, 11 P2, P3 

Planning and 

conducting 

investigations 

12, 13, 14, 15 P2, P3, P4 

Processing, analyzing 

data, and information 

16, 17, 18, 19, 

20 

P4, P5 

Evaluating and 

reflecting 

21, 22 P5 

Communicating results 23, 24, 25 P4, P5 

 

The implementation stage involved analyzing the 

instrument using the Rasch model via the Winstep 

application. The analysis included reliability, item fit, and 

item measure, Wright Map, and person measure. A reliability 

analysis was conducted to assess the instrument's 

consistency. The item fit analysis examined how well each 

item conformed to the Rasch model, while item measure 

analysis identified the difficulty level of each on the logit 

scale. The Wright Map was analyzed to describe the 

distribution of item difficulty levels on the logit score.  

Following the instrument’s validation and reliability 

assessment through trial testing with 184 students, the 

students’ SPS was measured in a class of 32 students, 

selected using cluster random sampling. This technique was 

chosen because the population had naturally formed into 

groups. Selecting one class at random gave each class an 

equal chance of being selected for the research sample, 

thereby reducing sampling bias and producing a sample 

representative of the study population. The data obtained 

were analyzed using the Rasch model, particularly through 

person measure analysis, to determine the profile of students’ 

levels of SPS. Subsequently, the evaluation stage was carried 
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out comprehensively and continuously at every stage of 

development, from analysze, design, and development 

through implementation, to improve the quality of the 

research and ensure that each stage met the criteria before 

proceeding to the next. 

 

Results and Discussion  

 
Content Validity of the Instrument 

 

The instrument that had been developed was 

validated by 5 validators, comprising 3 science teachers and 

2 expert lecturers. Validation was conducted in two stages 

using Aiken’s V index to assess the alignment between test 

items and SPS indicators. In the first validation stage, most 

test items aligned with the indicator outcomes; however, 

several items required revisions based on the validators’ 

suggestions. After the instrument was revised, a second 

validation was conducted, yielding an average Aiken’s V 

score of 1.00. All assessment indicators fall into the high 

category (0.8 < V ≤ 1.0) [27]. This value indicates that each 

test item has a very strong relevance to the SPS indicators 

being measured. The closer the Aiken index value is to 1.00, 

the better the level of item fit with the established indicators 

[28]. Thus, the developed instrument has met content 

validity and is suitable for use in the empirical trial stage. 

 

Item Fit Analysis of the Instrument  

 

Student response scores from the trial test were 

analyzed using the Rasch model with the support of the 

Winstep application to evaluate the instrument’s empirical 

quality. In Rasch analysis, item validity is examined through 

the Output Table: Item Fit Order menu. Item fit describes the 

extent to which a sample’s response pattern to a particular 

item aligns with the responses of other individuals to 

different items. In the Rasch model, item fit is evaluated 

using several statistics, including infit and outfit values, 

Mean Squared Error (MNSQ), Z-standardized (ZSTD), and 

Point Measure Correlation (PTMEA Corr). These indices 

provide complementary information about how well 

observed responses conform to the Rasch model’s 

expectations [29]. In this study, item fit was evaluated 

primarily using Outfit MNSQ values. This approach is 

considered acceptable because the MNSQ statistic is 

regarded as the most informative and stable for assessing the 

magnitude of the misfit in a practical sense [30]. Unlike 

ZSTD, which is sensitive to sample size and can indicate 

significant misfit when the magnitude is trivial, MNSQ 

reflects the degree to which item responses deviate from 

model expectations [31], [32], [33]. 

According to Linarche’s (2006) criteria, an item is 

considered to fit if its MNSQ outfit value falls within the 

range 0.5 < MNSQ outfit < 1.5. The results show that the 

MNSQ outfit values for all test items range from 0.76 to 1.29, 

indicating that all items fall into the fit category. A summary 

of the item fit analysis results is presented in Table 2. As no 

items showed misfit, all test items were able to consistently 

represent the SPS construct [34], [35]. Additionally, the 

relatively stable distribution of MNSQ outfit values suggests 

that the items in the instrument functioned consistently in 

measuring students’ SPS abilities. These findings 

demonstrate that students' response patterns aligned well 

with the Rasch measurement model’s expectations. In line 

with previous research, well-designed science assessment 

instruments with strong content validity tend to produce 

response patterns consistent with Rasch model expectations, 

indicating good construct representation [36], [37]. 

 

Table 2. Summary of Item Characteristics 

Item Outfit MNSQ Description 

1 0.90 Fit 

2 0.92 Fit 

3 1.16 Fit 

4 0.98 Fit 

5 1.05 Fit 

6 1.14 Fit 

7 1.34 Fit 

8 0.85 Fit 

9 1.06 Fit 

10 1.06 Fit 

11 0.95 Fit 

12 1.15 Fit 

13 0.90 Fit 

14 0.99 Fit 

15 1.10 Fit 

16 0.95 Fit 

17 1.13 Fit 

18 0.88 Fit 

19 0.89 Fit 

20 0.75 Fit 

21 0.99 Fit 

22 0.88 Fit 

23 1.16 Fit 

24 0.93 Fit 

25 0.99 Fit 

 

Instrument Reliability  

 

Reliability in the Rasch model was analyzed using the 

Output Summary Statistic menu. The reliability of a test 

indicates that a test instrument can provide the same or 

consistent information when administered repeatedly [38]. 

The Cronbach’s Alpha coefficient ranges from 0.00 to 1.00. 

If r ≥ 0.70, the instrument is considered highly reliable 

(=reliable), while if r ≤ 0.70, it is not yet highly reliable 

(=unreliable). A reliability value of 0.97 is shown in Figure 

3, as indicated by the analysis results. The value indicates 

that the instrument has high consistency and is capable of 

producing a stable level of difficulty[39], [40].  

 

 
 

Figure 3. Reliability Item 

 

The quality of the instrument was also assessed using 

item separation values, which indicate the discriminative 

power of test items. In the Rasch model, item discrimination 

refers to an item’s ability to distinguish between individuals 
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with high and low abilities [29]. Higher item separation 

values indicate that the instrument can more accurately and 

systematically classify item difficulty levels [29]. In the 

Rasch model, high reliability and separation value confirm 

that the measurement results are relatively free from the 

influence of a specific student sample and are not due to 

chance. This indicates that the instrument developed not only 

has content validity but has also been empirically proven to 

be reliable. Therefore, the instrument can be appropriately 

utilized as an objective tool measuring SPS. 

 

Item Measure Analysis of the Instrument 

 

The instrument's quality was further examined by 

difficulty level using the Output Table: Item Measure menu. 

The measure value represents a logit score that reflects the 

level of item difficulty, arranged from most to least difficult. 

In the Rasch model, the analysis of item difficulty using item 

measure values is carried out by referring to the mean and 

standard deviation of the item measures [29]. The theoretical 

mean item value in Rasch modeling is 0.00 with a standard 

deviation of 1.06. Using these criteria, items are classified 

into five categories, as shown in Table 3.  

 

Table 3. Item Difficulty Criteria  

Criteria Description 

b > 1.06 logits Very difficult 

0.00 < b < 1.06 logits Difficult 

b = 0.00 logits Moderate 

-1.0 6 < b < 0.00 logits Easy 

b < -1.06 logits Very easy 

 

The results indicate that the instrument is of good 

quality, with a balanced distribution of difficulty levels for 

measuring SPS, as shown in Table 4.   

 

Table 4. Summary of Item Difficulty Levels  

Item Item Measure (b) Description  

1 -0.24 Easy 

2 -0.80 Easy 

3 1.58 Very difficult 

4 -0.41 Easy 

5 0.64 Difficult 

6 0.48 Difficult 

7 0.10 Difficult 

8 -1.00 Very easy 

9 -1.90 Very easy  

10 -0.49 Easy 

11 -1.31 Very easy 

12 0.92 Difficult 

13 0.02 Moderate  

14 -1.19 Very easy 

15 1.61 Very difficult 

16 1.37 Very difficult 

17 0.87 Difficult  

18 0.59 Difficult  

19 -1.84 Very easy 

20 -0.05 Easy  

21 0.36 Difficult  

22 1.22 Very difficult 

23 -1.78 Very easy 

24 0.00 Moderate  

25 1.25 Very difficult 

 

These findings are reinforced by the Wright Map: 

Person Item in Figure 2, which illustrates the distribution of 

item difficulty levels arranged sequentially from highest to 

lowest (top to bottom), indicating a relatively balanced 

distribution of items. The Wright Map also serves to compare 

theoretical predictions with empirical difficulty, thereby 

providing evidence of construct validity and ensuring the 

instrument measures in accordance with theory [41]. A 

balanced distribution of item difficulty levels is essential 

because it allows the instrument to accurately assess 

students’ abilities at various proficiency levels [42]. 

Variation in item difficulty levels is also essential for 

accurately assessing students’ abilities through Rasch 

scaling [37]. Overall, the characteristics of the item difficulty 

levels meet the criteria for an effective instrument [35].  

 

 
 

Figure 2. Wright Map Item Measure 

 

To provide a clearer overview of the distribution of 

item difficulty, Table 5 presents the classification of 

instrument items by difficulty category based on the Rasch 

logit measure. 

 

Table 5. Classification of Sample Items by Difficulty Level 

No. Question Category 

9 During a plant cell observation lab, a 

student wanted to examine the 

structure of the stomata on a Rhoeo 

discolor leaf. The student applied the 

same technique he used when making 

a thin section of a red onion—that is, 

removing the outermost layer of skin 

or membrane. What type of incision 

is most appropriate to use, and why? 

Very 

difficult 
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A. A transverse section, so that all 

tissues from the upper to the 

lower epidermis are visible 

vertically 

B. A longitudinal (paradermal) 

section, so that the shape of the 

stomata can be clearly seen 

C. An oblique section, to reveal 

more chloroplasts in 

neighbouring cells 

D. A perpendicular section, so that 

the leaf vein structure and 

transport tissues (xylem/phloem) 

are clearly visible  

12 Follow these steps for using an 

electric microscope: 

1. Use the micrometer (fine 

adjustment knob) to obtain a 

sharp and clear image. 

2. Place the microscope on the table 

by holding the microscope arm. 

3. Clean the microscope after use. 

4. Turn the macrometer (coarse 

adjustment knob) to bring the 

objective lens closer to the 

specimen. 

5. Attach the eyepiece to the correct 

tube of the microscope. 

6. Place the specimen on the stage 

and secure it with the specimen 

clamp. 

7. Turn on the light and adjust the 

illumination and diaphragm to 

allow light to enter. 

8. Rotate the revolver to select the 

objective lens with the lowest 

magnification. 

The correct sequence for using a 

microscope is ... 

A. 2-5-8-7-6-4-1-3 

B. 2-7-5-8-6-4-1-3 

C. 5-2-7-8-4-6-1-3 

D. 2-5-7-8-6-4-1-3 

Difficult  

24 Examine the data from the 

microscopic observation of cells in 

the following table. Based on this 

data, the most accurate conclusion is 

… 

 

A. Cells A and B are plant cells 

because they have different 

shapes. 

B. Cell A is a plant cell and Cell B 

is an animal cell. 

C. Cell A is an animal cell and Cell 

B is a plant cell. 

Moderate  

D. Cell A and Cell B are plant cells 

because they have irregular 

shapes. 

2 Look at the microscope images 

below! What is the difference 

between the two types of microscope 

shown in images (A) and (B)? 

 

A. Microscope (A) has two 

eyepieces, while microscope (B) 

has only one. 

B. Microscope (A) has a higher 

magnification than microscope 

(B). 

C. Microscope (A) has one 

eyepiece, while microscope (B) 

has two. 

D. Microscope (A) has two 

observation tubes, while 

microscope (B) has one. 

Easy  

9 Two students conducted a laboratory 

experiment observing onion cells as 

follows: 

a. Student A peeled a very thin 

layer of onion. 

b. Student B peeled a fairly thick 

layer of the onion. 

Based on the students’ observations, 

the most accurate prediction 

regarding the results of their 

experiment is … 

A. Student B’s observations are 

clearer because the layer is 

thicker. 

B. Student A obtained clearer cell 

boundaries because the peeling 

was done correctly. 

C. Both students observed the same 

object because the object being 

observed was the same. 

D. Student B observed a greater 

number of cells, resulting in 

better observations.  

Very 

easy  

 

Implementation of the Instrument and Categorization of 

SPS 

 

The SPS instrument, having met the criteria for 

content validity and empirical quality, was subsequently 

implemented to describe students’ SPS. As this study 

focused on instrument development, the primary objective 

was to produce an SPS instrument that is valid, reliable and 

possesses good item characteristics. Therefore, a larger 

sample involving five classes was utilized during the 
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instrument trial stage. After the instrument satisfied the 

established quality criteria, its implementation was 

conducted in a single measurement class consisting of 32 

students to obtain an overview of students’ SPS. The selected 

class was determined through cluster random sampling, in 

which each class in the population had an equal chance of 

being selected. Consequently, the selected class was 

considered representative of the population within the scope 

of the study.  

The implementation stage was intended to 

demonstrate the application of the developed instrument 

rather than to generalise findings broadly to the entire 

population. The measurement results represent students’ 

SPS as analyzed through person measure scores, which serve 

as indicators of individual ability. Based on the Rasch 

analysis results, students’ SPS can be categorized using a 

logit measure score with a reference mean of 0.442 logits and 

a standard deviation of 1.04 logits [29]. 

 

Table 6. Categorization of Science Process Skills 

Criteria Logit Measure 

Value (b) 

Description 

b < (bmean - bstdev) b < -0.62 Low 

(bmean - bstdev) < b < 

(bmean + bstdev) 

-0.62 < b < 1.46 Moderate 

b > (bmean + bstdev) b > 1.6 High 

 

A Rasch analysis of students’ SPS indicates that 

students’ abilities can be classified into three categories 

based on their measure scores: low, moderate, and high. 

Table 6 outlines the categorization, with the category 

boundaries determined based on the mean and standard 

deviation of logit scores. According to the analysis results, 

four students had measured scores below -0.62 logits, 

placing them in the low category. This group demonstrated 

limited SPS and struggled to answer questions at an 

appropriate level of difficulty. Twenty-four students had 

scores between -0.62 and 1.46 logits, placing them in the 

moderate category. This group showed developing SPS, 

though not yet optimal across all indicators. Four students 

had scores above 1.46 logits, placing them in higher-

difficulty items and indicating stronger mastery of SPS 

indicators. This group demonstrated consistent ability and 

outperformed the other groups. 

As Figure 4 shows, the majority of students fall into 

the moderate category. This suggests that students’ SPS have 

generally developed well, though not yet optimally, across 

all SPS indicators. Furthermore, categorizing students’ 

abilities based on logit scores is supported by the 

instrument’s high quality. This finding is consistent with 

previous research emphasizing that high reliability and item 

separation support the instrument’s ability to detect 

differences in student ability. Instruments that can produce 

categorization based on the mean and standard deviation, 

assessing science process skills   [39], [40], [43]. Figure 4 

shows the person measure, which is based on the results of 

the Rasch analysis.  

 

 
 

Figure 4. Person Measure SPS Test 

 

Conclusion  

 
This study successfully developed a science process 

skills (SPS) test instrument on cell and microscope topics 

using the ADDIE development model and Rasch analysis. 

The instrument consists of 25 multiple-choice items covering 

6 indicators. Content validation by 5 validators yielded an 

average Aiken’s V value of 1.00, indicating a high level of 

content validity. Rasch analysis showed that all items met the 

fit criteria, with outfit MNSQ values ranging from 0.75 to 

1.34. This indicates that all items consistently measured the 

intended construct. The instrument demonstrates excellent 

reliability (α = 0.97) and adequate item discrimination, 

confirming high consistency and strong discriminative 

power. Furthermore, item-item analysis revealed a balanced 

distribution of difficulty levels, ranging from very easy to 

very difficult, indicating that this instrument can measure 

students’ SPS across a wide range of ability levels. Wright’s 

map analysis further supports the instrument's construct 

validity by demonstrating alignment between theoretical 

expectations and empirical data. Applying the instrument to 

a group of 32 seventh-grade students revealed that most 

students were categorized at the moderate SPS level. This 

finding suggests that students’ SPS have developed, but not 

yet optimally across all indicators. This study’s main 

contribution is the development of a Rasch-based SPS 

assessment instrument that objectively measures 

psychomotor-oriented SPS and accurately maps variations in 

student ability. While the instrument demonstrated strong 

validity, reliability, and item characteristics, it was only 

implemented in one class with a small sample size. 

Therefore, further research involving larger, more diverse 
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samples is recommended to strengthen the generalizability 

of the findings and support the development of broader 

science assessment instruments integrated with project-

based learning and guided inquiry approaches. 
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