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This study aims to develop a four-tier digital diagnostic instrument based on 
Google Forms and utilize it to map the cognitive ability profiles of high school 
students on Newton's Second Law across six levels of the Revised Bloom's 
Taxonomy. This study adopted a Research and Development design using the 
Research Design and Development model, and the resulting instrument was 
administered to 92 10th-grade students at a public high school in Bandar 
Lampung. Content validity was assessed by three experts with an average validity 
of 95.23%, while psychometric quality was analyzed using the Rasch Partial 
Credit Model through Ministep 5.10.0.0 based on 75 response records, resulting 
in a person reliability of 0.86 and a person separation of 2.47, sufficient to 
differentiate between student ability strata. Since each cognitive level is 
represented by only a few items, the overall psychometric quality of the 
instrument was evaluated using Rasch analysis, while the overall and Bloom-
level cognitive profiles were mapped descriptively using achievement 
percentages. Profile mapping revealed high overall performance. Student 
achievement remained stable at the remembering, understanding, and applying 
levels, but declined at the analyzing and evaluating levels. C5 emerged as the 
lowest point, with significant student accumulation in the Sufficient category, 
particularly in reasoning about the role of friction and resultant force under 
balanced force conditions. This tiered profile allows teachers to design 
remediation that targets cognitive levels where students' understanding is weak, 
rather than simply re-teaching the material in its entirety. 
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INTRODUCTION 

Misconceptions about Newton’s Second Law are not errors that disappear with regular 
practice; rather, they represent the most persistent cognitive barrier in physics learning and one of 
the main causes of poor problem-solving skills in STEM fields (Adimayuda et al., 2025; Arlianty et al., 
2018; Bransford et al., 2000; Tan et al., 2023; Winarti et al., 2021). Quantitatively, this persistence is 
evident in 40% of students who exhibit active misconceptions, while 53.33% have knowledge gaps 
they are unaware of; moreover, these proportions worsen when the concept is applied to more 
complex phenomena (Liu & Fang, 2016; Mustofa et al., 2024; Suhandi et al., 2025). The root of this 
persistence is structural, students’ understanding of the relationship between force, mass, and 
acceleration is shaped by everyday intuitions that are fundamentally at odds with Newton’s 
principles, so their incorrect answers represent an alternative framework that is internally coherent 
but scientifically invalid (Bouchée et al., 2022; Maison et al., 2021; Novela et al., 2025; Resbiantoro & 
Setiani, 2022; Vicovaro, 2023). The consequences are pedagogical and immediate. Interventions 
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designed without first mapping what students believe and how strongly they hold those beliefs 
merely address the symptoms, not the underlying belief structures that produce them. 

This structure of belief is, in fact, beyond the reach of diagnostic tools used in physics 
classrooms, such as conventional multiple-choice tests that merely distinguish between right and 
wrong and thus cannot differentiate between students who answer correctly because they 
understand the concept and those who answer correctly by guessing, as a result, conceptual 
uncertainty is misinterpreted as competence, leading to the entrenchment of misconceptions as the 
complexity of the material increases (Curtis et al., 2013; Foster et al., 2022; Grazziotin-Soares et al., 
2021; Malaterre et al., 2023; Morton et al., 2008). Qualitative methods such as interviews and concept 
mapping yield richer diagnostic information, but they are not scalable to large classes and do not 
produce psychometrically measurable data (Chen, 2009; Kaltakci-Gurel et al., 2017). Multi-level 
diagnostic tests bridge this tension between depth and measurability. The addition of a reasoning 
layer in two-level tests and a confidence layer in three-level tests progressively enriches the 
information obtained (Chu et al., 2010;  Taslidere, 2016; Yang & Sianturi, 2019; Tsui & Treagust, 
2010), but only four-level tests close the final blind spot by assigning confidence not only to answers 
but also to reasoning, thereby allowing students to be simultaneously classified into scientific 
conceptions, misconceptions, knowledge gaps, and errors (Foster et al., 2022; Istiyono et al., 2023; 
Linn, 2008; Ma et al., 2025; Maharani et al., 2019; Soeharto et al., 2019; Uswatun & Mubarak, 2024). 
It is this ability to distinguish false beliefs from unconscious ignorance that qualitatively 
distinguishes four-level tests from lower-level instruments. 

Four-level tests are typically administered in paper-based format, making data collection slow, 
error-prone, and unable to provide real-time feedback, which is precisely the reason for conducting 
the assessment (Choiriyah et al., 2025; Septiyani & Nanto, 2021; Sutrisno et al., 2023; Zainuri & 
Saepuloh, 2022). Google Forms-based administration eliminates these constraints due to its 
flexibility, the integration of visual stimuli, which are essential for physics questions, and the instant 
recording of responses (Gustina et al., 2025; Lubis et al., 2022; Wedana et al., 2025). Another 
challenge with four-level tests is psychometric in nature. The quality of four-level instruments is 
generally evaluated using Classical Test Theory, whose parameters depend on the sample and cannot 
be generalized to different student populations (Laliyo et al., 2019; Petrillo et al., 2015). The Rasch 
model overcomes these limitations by transforming ordinal responses into an interval scale that is 
invariant across samples and by placing student ability and item difficulty on a single logit continuum 
(Sari et al., 2023; Supurwoko et al., 2025; Zain et al., 2025; Viyanti et al., 2025).  When Google Forms 
administration and Rasch measurement are integrated within a four-level framework, the most 
sophisticated diagnostic logic can finally be applied to real-world classroom scales without 
sacrificing measurement precision. 

Four-level tests, digital delivery, and Rasch analysis have each been well developed, but they 
are typically used in isolation and rarely combined in a single study. Previous studies that developed 
four-level tests have proven reliable in identifying misconceptions on the topics of static fluids, 
harmonic motion, and Newton’s laws; however, these instruments have rarely been subjected to 
Rasch-based psychometric evaluation (Janah et al., 2021; Maharani et al., 2019; Önder Çelikkanlı & 
Kızılcık, 2022; Putranta & Afifah, 2025). Studies that have shifted diagnosis to digital platforms have 
improved administrative efficiency but have treated digitization as a logistical issue and overlooked 
measurement precision (Nahadi et al., 2018; Wedana et al., 2025). Studies applying the Rasch Model 
in a diagnostic context stop at verifying item quality and have not yet translated logit scores into 
cognitive profile mapping (Fulmer et al., 2015; Istiyono et al., 2023; Mahmudi et al., 2026; Mardian 
et al., 2023; Romine et al., 2015). Even when four-level tests and the Rasch Model are combined, the 
Rasch Model is used only to ensure item quality. As a result, the diagnostic categories from the four-
level test and the ability measures from the Rasch model have never been integrated into a single 
result that shows teachers at which cognitive level students’ understanding begins to break down. 
This study addresses this gap by repositioning the Rasch Model from a mere validation tool to a 
psychometric framework for evaluating the overall quality of the diagnostic instrument and 
supporting the interpretation of students' cognitive profiles. The study aimed to develop a four-tier 
digital diagnostic instrument based on Google Forms and use it to map high school students' 
cognitive profiles based on Newton's Second Law across the six levels of the Revised Bloom's 
Taxonomy. Rasch calibration was used to establish the instrument's psychometric quality and 
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unidimensionality, and the validated instrument was then used to characterize student achievement 
at each cognitive level. Because the instrument's measurement quality was assured through Rasch 
calibration, the resulting cognitive profiles can be reliably interpreted to indicate the cognitive levels 
at which students' mastery begins to decline. The resulting profiles can be read directly as a basis for 
differentiated remediation targeting specific cognitive levels, rather than the class as a whole. 
Therefore, its methodological contribution lies in demonstrating that a Rasch-validated four-tier 
instrument can produce pedagogically meaningful cognitive profiles. 

 
METHOD 

This study employed a Research and Development (R&D) design through the Design and 
Development Research (DDR) framework, encompassing the analysis, design, development, and 
evaluation phases (Richey & Klein, 2014). The development phase served as a psychometric 
standardization process to produce a precise cognitive lens (Aris et al., 2025), which served as the 
foundation before the instrument was used to map students' cognitive profiles based on Newton's 
Second Law. The research flow is presented in Figure 1. 

 

 
Figure 1. Research Flowchart 

 
The study involved 92 tenth-grade students from a public high school in Bandar Lampung, 

selected through purposive sampling based on the criterion of having completed the unit on 
Newton's Second Law. The responses from all 92 students were used to map students' cognitive 
profiles across the six levels of the Revised Bloom's Taxonomy using descriptive achievement 
percentages. For the psychometric analysis, 75 response records were analyzed using the Rasch 
Partial Credit Model. This sample size was adequate for Rasch analysis. For both dichotomous and 
polytomous applications, a sample size of 64 to 144 respondents is sufficient to obtain stable item 
calibration within ±0.5 logit at the 95% confidence level (Linacre, 1994). Because the person and 
item estimates in the Rasch model are essentially independent of the sample, this size provides an 
adequate basis for the psychometric claims in this study, although the findings still need to be 
interpreted within the scope of the single-school sample and not generalized to the broader 
population. 

The instrument developed was a four-tiered diagnostic test based on Google Forms to ensure 
accessibility and efficiency of data collection. The first level contains multiple-choice questions on 
the concept of Newton's Second Law, the second level records the student's level of confidence in the 
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answer on a scale of Sure and Not Sure, the third level presents a choice of conceptual reasons 
underlying the first-level answer, and the fourth level records the student's level of confidence in the 
chosen reason. By combining answer accuracy, reason accuracy, and confidence, this format is 
essentially able to separate scientific conceptions, misconceptions, knowledge deficits, and errors, 
which distinguishes the four-level test from lower-level instruments that cannot separate mistaken 
beliefs from unconscious ignorance. The distribution of the twenty items across the six levels of the 
revised Bloom's Taxonomy, along with the corresponding learning indicators, is presented in the 
instrument grid in Table 1. 
 

Table 1. Instrument Grid 

No Learning objectives Cognitive Level Items 

1 
Remembering the basic concepts, equations, and units of 
Newton's Second Law 

C1 
Remembering 

1,2,3 

2 
Understanding the relationship between force, mass, and 
acceleration, and their applications 

C2 
Understanding 

4,5,6 

3 Applying Newton's Second Law to problem solving C3 Applying 7,8,9 
4 Analyzing the effect of force on the motion of an object C4 Analyzing 10,11,12 

5 
Evaluating the motion of an object based on the forces 
acting on it 

C5 Evaluating 13,14,15,16 

6 Designing solutions based on Newton's Second Law C6 Creating 17,18,19,20 

 
Content validity was determined through the assessment of three experts who assessed the 

instrument on three aspects, namely construct, material, and language, using a rating scale for each 
indicator (Arikunto, 2010). The score for each aspect was converted into a percentage of the 
maximum achievable score, and the instrument validity was expressed as the average percentage of 
the three aspects. This procedure resulted in an average content validity of 95.23%, which is 
categorized as very high and indicates strong agreement among experts regarding the relevance of 
the items to the constructs being measured. After content validity was met, empirical responses were 
analyzed using a polytomous Rasch model, namely the Partial Credit Model, with the help of Ministep 
5.10.0.0, because each item is scored on a graduated scale from 1 to 5. The Rasch model transforms 
ordinal responses into an interval logit scale and places student ability and item difficulty levels on 
the same continuum, so that the measurement is invariant across samples. The psychometric 
feasibility of the instrument was examined through the reliability and separation of persons and 
items, as well as through item suitability, with the MNSQ Infit and Outfit values in the range of 0.5 < 
MNSQ < 1.5 as evidence that each item measures one dimension without significant bias (Bond, 2015; 
Boone et al., 2014). 

The validated instrument was then used to map students' cognitive profiles. Because each 
Bloom's level is represented by only three to four items, this number is insufficient to support stable 
Rasch parameter estimates at the individual cognitive level, and thus, Rasch stratification by level 
would rely on unreliable individual estimates. Therefore, the overall psychometric quality of the 
instrument was evaluated using Rasch analysis, while the overall and Bloom-level cognitive profiles 
were mapped descriptively using achievement percentages. The percentage of each student's score 
relative to the maximum score was calculated and classified into five categories, followed by Very 
Good (81–100%), Good (61–80%), Fair (41–60%), Poor (21–40%), and Very Poor (below 21%). This 
combined strategy applied the Rasch model to its psychometrically robust areas, validating the 
instrument and characterizing overall ability, while simultaneously using descriptive analysis for the 
level profiles, where the limited number of items makes individual Rasch estimates unstable.  

 
RESULTS AND DISCUSSION 

The research that has been conducted is development research by producing a product in the 
form of a four-tier diagnostic instrument to identify students' cognitive profiles in the material on 
Newton's Second Law using Google Form. 
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Validity 
The four-tier diagnostic instrument underwent expert validation testing to assess its 

feasibility, encompassing three assessment aspects: construct, content, and language, involving three 
experts as validators. The results of the expert validation test are presented in Table 2. 

 

Table 2. Expert Validation Results of Four-Tier Diagnostic Instruments 

No Aspect 
Number of 
Indicator 

Max 
Score 

per 
Expert 

Expert 
1 

Expert 
2 

Expert 
3 

Total 
Validity 

(%) 
Category 

1 Construct 6 120 112 120 120 352 97.78% 
Very 
Valid 

2 Material 7 140 109 139 140 388 92.38% Valid 

3 Language 3 60 55 58 59 172 95.56% 
Very 
Valid 

Average percentage of assessment 95.24% 
Very 
Valid 

 
Based on the data in Table 2, it is confirmed that the questions compiled have a very high 

standard of suitability in terms of construction, material, and language aspects (Arikunto, 2010). 
Expert validation is a crucial step in developing digital assessments that effectively identify student 
thinking errors. Strong content validity is crucial for the instrument's ability to accurately identify 
student thinking errors and distinguish them from mere technical errors (Arief et al., 2012). After the 
instrument was declared valid by the three validators, an empirical validity test was conducted. The 
trial involved 92 10th-grade students at SMAN 1 Bandar Lampung. The responses from all 92 
students were used for descriptive cognitive-profile mapping, while 75 response records were 
included in the Rasch analysis. The results of the empirical validity analysis are presented in Table 3. 

 

Table 3. The Fit of Item to Rasch Models 

MEANSURE 
OUTFIT PT-MEASURE 

CORR 
Item 

MNSQ ZSTD 
-0.23 0.84 -0.27 0.41 S2 
0.10 1.09 0.40 0.66 S20 
-0.23 0.48 -1.44 0.58 S3 
-0.21 0.73 -0.61 0.54 S5 
0.23 1.06 0.35 0.74 S16 
0.12 1.15 0.63 0.71 S15 
0.44 1.48 2.12 0.56 S12 
0.07 0.83 -0.55 0.71 S17 
0.06 1.45 1.52 0.65 S14 
-0.14 1.13 0.45 0.53 S8 
-0.07 1.19 0.65 0.60 S19 
0.04 1.17 0.64 0.54 S13 
-0.07 0.84 -0.39 0.64 S6 
0.24 0.85 -0.63 0.47 S1 
-0.05 0.50 -1.80 0.70 S4 
0.18 0.77 -0.97 0.74 S10 
-0.13 0.87 -0.24 0.65 S9 
-0.09 0.73 -0.74 0.68 S7 
-0.24 0.55 -1.16 0.69 S18 
-0.02 0.59 -1.45 0.80 S11 

   
The Rasch Model analysis presented in Table 3 shows that the majority of test items meet the 

fit criteria according to Boone (2016) the Rasch model parameters, with Outfit MNSQ values in the 
range of 0.5–1.5. Items with Outfit MNSQ values in the range of 0.5 to 1.5 indicate that the instrument 
is in accordance with the model used and does not contain bias (Li et al., 2023). In the special case of 
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Question 12, even though the Outfit ZSTD value is outside the range that indicates a cognitive barrier 
in the form of faulty logic, the item is retained because the MNSQ value (1.48) and its Point Measure 
Correlation are still within the statistical tolerance limits (Sumintono, 2015). Students with 
misconceptions tend to show incorrect but consistent answer patterns, often caused by excessive 
cognitive load when understanding the relationship between force and acceleration (Sweller, 1988). 
Furthermore, several items, such as S16, S15, and S10, demonstrated high PT-Measure Correlation 
values (above 0.70), indicating that they were effective in mapping students' cognitive profiles. This 
item clarity ensures that the instrument is not only statistically valid but also effective as a "cognitive 
lens" for detecting logic errors and cognitive doubts frequently experienced by students in mechanics 
(Novela et al., 2025). 

Mapping cognitive profiles through Wright Map analysis indicates that students' abilities are 
uneven. This finding aligns with Maulina (2026), who stated that accuracy in identifying profiles is 
significantly influenced by students' self-efficacy in dealing with conceptual problems. The use of 
Google Forms as a diagnostic assessment platform is not only a media innovation but also a strategic 
step in providing real-time data for teachers in designing more targeted and personalized STEM 
learning (Csapó & Molnár, 2019).  

 
Reliability 

The developed diagnostic instrument was then subjected to a reliability test to ensure its 
reliability and suitability for use. The reliability of the four-level diagnostic test was analyzed using 
the Cronbach's Alpha equation. Cronbach's Alpha measures the interaction between person 
reliability and item reliability (Vaske et al., 2017). The results of the reliability analysis for the four-
level diagnostic test items are shown in Tables 4 and 5. 

 

Table 4. Person Reliability Analysis of Four-Tier Diagnostic Instruments 

 
TOTAL SCORE 

 
COUNT 

MEAS 
URE 

MODEL S.E. 
INFIT OUTFIT 

MNSQ ZSTD MNSQ ZSTD 
MEAN 81.2 20.0 -1.45 0.22 0.93 0.01 0.91 -0.04 
SEM 2.7 0.0 0.08 0.01 0.04 0.10 0.06 0.10 
P.SD 23.4 0.0 0.65 0.07 0.37 0.87 0.52 0.88 
S.SD 23.6 0.0 0.65 0.07 0.37 0.87 0.52 0.88 
MAX. 210.0 20.0 0.40 0.35 3.11 4.96 4.56 4.75 
MIN. 32.0 20.0 -3.05 0.05 0.38 -2.29 0.24 -2.29 

REAL RMSE 
0.24 

TRUE SD 
0.60 

SEPARATION 
2.47 

PERSON RELIABILITY 0.86 

MODEL RMSE 
0.23 

TRUE SD 
0.60 

SEPARATION 
2.57 

PERSON RELIABILITY 0.87 

S.E. OF PERSON MEAN = 0.08 
PERSON RAW SCORE-TO-MEASURE CORRELATION = 0.75 

CRONBACH ALPHA (KR-20) PERSON RAW SCORE “TEST” RELIABILITY = 0.94 SEM = 5.84 
STANDARDIZED (50 ITEM) RELIABILITY = 0.94 

   
Table 5. Item Reliability Analysis of the Four-Tier Diagnostic Instrument 

 TOTAL SCORE COUNT MEASURE MODEL S.E. 
INFIT OUTFIT 

MNSQ ZSTD MNSQ ZSTD 
MEAN 304.4 75.0 0.00 0.10 1.32 0.93 0.91 -0.17 
SEM 4.6 0.0 0.04 0.00 0.12 0.35 0.07 0.23 
P.SD 20.2 0.0 0.18 0.00 0.52 1.51 0.28 0.99 
S.SD 20.7 0.0 0.18 0.00 0.53 1.55 0.29 1.01 
MAX. 331.0 75.0 0.44 0.10 2.55 3.62 1.48 2.12 
MIN. 255.0 75.0 -0.24 0.09 0.54 -2.36 0.48 -1.80 

REAL RMSE 
0.11 

TRUE SD 
0.14 

SEPARATION 
1.23 

ITEM RELIABILITY 
0.60 

MODEL RMSE 
0.10 

TRUE SD 
0.15 

SEPARATION 
1.58 

ITEM RELIABILITY 
0.71 

S.E. OF PERSON MEAN = 0.04 
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Based on Table 4, the Cronbach's Alpha (KR-20) value reached 0.94, indicating very strong 
internal consistency between respondents and items (Sumintono, 2015). A Person Reliability value 
of 0.86 indicates the instrument's ability to consistently differentiate between various levels of 
student cognitive profiles, ranging from those with a good conceptual understanding to those with 
serious misconceptions. Table 5 shows a person reliability of 0.86 and a separation index of 2.47, 
demonstrating that the instrument consistently distinguishes between students' cognitive ability 
levels, ranging from those with strong conceptual mastery to those harboring misconceptions. The 
separation value of 2.47 indicates that students can be categorized into approximately two to three 
statistically distinct ability strata, making the instrument suitable for mapping cognitive profiles. 

Meanwhile, the item reliability of 0.60 and separation of 1.23 are classified as moderate. This 
result can be attributed to several interrelated factors. The instrument comprises twenty items with 
a relatively narrow distribution of difficulty levels; consequently, the range of difficulty between 
items is insufficient to yield a high degree of separation. Furthermore, a large proportion of students 
achieved high scores on many items, indicating a ceiling effect and limited response variation, which 
reduced the information available for item separation. The limited sample size, involving only a single 
school, also constrained the stability of the item separation estimates (Payan-Carreira et al., 2022). 

Nevertheless, the moderate item reliability does not invalidate the instrument's quality, 
provided the item fit statistics are met; as shown in Table 4, all items fell within the acceptable Infit 
and Outfit MNSQ ranges. These findings align with other research employing the Rasch approach for 
physics diagnostic instruments. Fratiwi et al. (2020) observed lower item reliability compared to 
person reliability in an instrument assessing Newton's Laws misconceptions, concluding that this 
pattern is common when the distribution of respondent ability is relatively homogeneous. This 
consistency suggests that high person reliability coupled with moderate item reliability is a 
characteristic often found in diagnostic instruments featuring a limited number of items per concept 
and samples drawn from relatively uniform populations. 
 
Practicality 

Instruments that met the criteria for validity and reliability were then tested for practicality. 
The practicality test aimed to determine the extent to which the instrument was easy for teachers to 
use and implement in the learning process (Viyanti et al., 2024). The results of the practicality 
assessment are presented in Table 6. 

 

Table 6. Results of the Practicality Assessment of the Four-Tier Diagnostic  

No. Rated aspect Score 
1 Structure and Appearance 90 
2 Ease of Use 100 
3 Technical Practicality 100 

Final Score 96.66 
         

Based on Table 6, the practicality assessment results achieved a final score of 96.66. The high 
scores for ease of use (100) and technical practicality (100) confirm that the integration of the four-
tier diagnostic test into the Google Forms platform has minimized the administrative barriers often 
encountered with conventional paper-based tests (Maiyanti et al., 2025; Santosa & Jazuli, 2022). This 
practicality allows teachers to conduct mass diagnoses and obtain cognitive profile mapping results 
instantly (Ding et al., 2024). 

The instrument's clear structure and intuitive interface (score of 90) support the creation of 
an assessment experience that does not overload students' cognitive capacity (cognitive load), 
allowing them to focus fully on scientific reasoning (Sweller, 1988). This digital flexibility also 
provides opportunities for educators to implement more responsive learning strategies (Yordan & 
Fahyuni, 2021). In line with findings (Sari et al., 2023), practical digital platforms like this are key to 
bridging teacher perceptions with students' actual needs in modern physics classrooms. With this 
instrument that has been proven valid, reliable, and practical, the analysis then continued with 
mapping the students' cognitive profiles to reveal the misconception map on Newton's Second Law 
material. 



Online Learning in Educational Research 
Viyanti et al. │ Mapping students’ cognitive profiles … 

284 | Online Learning in Educational Research 

Cognitive Profile Mapping 
Cognitive profiles are obtained through test results or measurements covering aspects of 

perception, reasoning, memory, and problem-solving, which serve to support the diagnostic process 
and learning planning (Marinda, 2020). According to Anderson's revised Bloom's taxonomy, there 
are six cognitive indicators: remembering, understanding, applying, analyzing, evaluating, and 
creating (Anderson & Krathwohl, 2001). Through a four-tier instrument, mapping is not only based 
on answer accuracy but also integrates the accuracy of the student's reasoning and level of 
confidence (Irianti, 2021). Based on the research results, the percentages of students' cognitive 
profiles are presented in Figure 2. 

 

 
 

Figure 2. Percentage of Students' Cognitive Profiles 
 
Visualization of the cognitive profile of students identified through the four-tier diagnostic 

instrument can be seen in Figure 2, the presence of students in the "Enough" (14.13%) and "Less" 
(3.26%) categories remains an important indicator of the presence of latent cognitive barriers that 
must be immediately intervened through more adaptive learning strategies (Nahak, 2024). These 
results indicate that the students' cognitive profiles are at a satisfactory level. This aligns with the 
analysis of six cognitive profile indicators, which indicate that students generally have relatively good 
cognitive abilities. The results of the analysis of students' cognitive profiles using the cognitive 
remembering indicator are presented in Figure 3. 

 

 
Figure 3. Cognitive Profile of Remembering Indicator (C1) 

 
In Figure 3, 68.48% of students were in the "Very Good" category. This indicates that 63 

students did not experience difficulties in the memory or retention aspect of the basic definition of 
Newton's Second Law. This is evidenced by the students' responses to Question Number 3, which 
requires the ability to identify the International System of Units (SI) of the force presented in Figure 
4. 
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Figure 4. Questions and Examples of Student Answers for Question Number 3 

 
Figure 4 shows that recalling the definition, symbol, and unit of Newton's Second Law 

constitutes declarative knowledge, knowledge that can be acquired through repetition and rote 
memorization without requiring an understanding of the interrelationships between concepts. 
Consequently, the high level of achievement at the C1 level is expected and aligns with findings that 
students generally master the lowest cognitive level regarding Newton's Laws (Zhai, 2022). Students' 
success across all four levels in providing accurate scientific reasoning and trusting their own 
reasoning indicates that their foundational factual and conceptual knowledge is firmly established 
(Anderson & Krathwohl, 2001). However, some students still exhibit inaccuracies in conceptual 
understanding, particularly at the third level (reasoning). These inaccuracies are characterized by a 
tendency to associate force with other physical quantities, such as energy or pressure, leading 
students to select units like Joules (J) or Pascals (Pa). The emergence of uncertainty at the fourth level 
suggests that the students' understanding remains rooted in rote memorization and has not yet 
evolved into a comprehensive, functional understanding. This phenomenon of cognitive uncertainty 
underscores the need for early identification through diagnostic assessment to prevent the 
accumulation of misconceptions as students’ progress to higher levels of thinking (Arief et al., 2012; 
Kuo et al., 2018; Novela et al., 2025). Nevertheless, mastery at this level does not guarantee 
conceptual understanding; the ability to state a formula differs fundamentally from the ability to 
grasp its meaning, a distinction that becomes apparent at higher cognitive levels. Figure 5 illustrates 
the cognitive profile for the "understanding" indicator (C2). 

 

 
Figure 5. Cognitive Profile of the Understanding Indicator (C2) 

 
Figure 5 shows that at the understanding level, the Very Good achievement decreased slightly, 

to 67.39, although it is still considered high. This slight decrease is because at the understanding 
level, students are required not only to memorize formulas, but also to explain the relationship 
between force, mass, and acceleration. Some students began to lose accuracy when having to 
translate formulas into physical meaning, for example, understanding that acceleration is inversely 
proportional to mass when the force is constant (Suwasono et al., 2025). This initial difficulty is in 
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line with the view that conceptual understanding in mechanics requires students to build correct 
mental models of the relationships between quantities, not simply recognize symbols (Maulina et al., 
2026; Novela et al., 2025; Yulia et al., 2022). The decrease from C1 to C2 marks the starting point 
where memorization begins to be inadequate. The shift in students' cognitive profiles is increasingly 
visible at a more complex level of thinking, namely in the cognitive ability to apply (C3), as presented 
in Figure 6. 

 

 
Figure 6. Cognitive Profile Applying (C3) 

 
At the application level, Very Good achievement was recorded at 65.22%, still considered good 

but continuing the downward trend. At this level, students are required to use Newton's Second Law 
in calculations, for example, determining acceleration from known force and mass. The fact that C3 
achievement is still relatively high indicates that students are quite capable of applying formulas 
procedurally (Weber & Wilhelm, 2024). The ability to apply formulas procedurally is not always 
supported by a strong conceptual understanding, because students can obtain correct answers 
through number substitution without understanding why the formula applies. This condition is 
consistent with the finding that students are often able to perform mathematical calculations without 
a deep understanding of physics (Sutopo, 2016). Figure 7 explains about analyzing Cognitive Profile 
(C4). 

 

 
Figure 7. Analyzing Cognitive Profile (C4) 

 
Based on Figure 7, cognitive challenges occur when students begin to struggle to integrate the 

concept of Newton's Second Law into various physical situations. The conceptual fragility hidden 
behind procedural success at C3 begins to be revealed at the analysis level. Achievements from "Very 
Good" dropped sharply, and more significantly, 18.48% of students fell into the "Poor" category. This 
decline reflects fundamentally different cognitive demands (Nahak, 2024; Sweller, 1988). At the 
analysis level, students no longer simply need to substitute formulas; instead, they must analyze the 
forces acting on an object and assess their effect on motion. This is where fundamental 
misconceptions about the relationship between force and motion begin to undermine reasoning, as 
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students struggle to analyze situations where multiple forces act but the object remains at rest 
(Suwasono et al., 2025; Weber & Wilhelm, 2024). This difficulty in analyzing forces at equilibrium 
explains the surge in the proportion of students categorized as "Poor" at this level. This question 
requires students to use Newton's Second Law directly in the context of a simple calculation, namely 
determining the magnitude of the trolley's acceleration based on the known force and mass 
information as presented in Figure 8. 
 

  
Figure 8. Questions and Examples of Student Answers for Question Number 7 

 
Based on Figure 8, to determine the acceleration of the trolley, students must understand the 

relationship between force, mass, and acceleration according to Newton's Second Law, namely that 
acceleration is directly proportional to force and inversely proportional to mass. Mapping of 
cognitive profiles at more complex cognitive levels, namely evaluating (C5) in Figure 9. 

 

 
Figure 9. Evaluating Cognitive Profile (C5) 

 
The lowest point of all cognitive profiles is at the evaluation level, with only 46.74% achieving 

Very Good, accompanied by a concentration of students in the Sufficient category of 21.74%. The 
finding is that the evaluation level is the weakest point. At the evaluation level, students are required 
to assess the truth of a statement about the conditions of motion based on the resultant force, for 
example, assessing why a cupboard that is pushed remains at rest. Such a task touches directly on 
the core of the most resistant misconception in mechanics, namely the belief that the presence of 
force always means motion. Rather than concluding that the pushing force and friction produce a 
zero resultant, students tend to conclude that there is no force at all, because for them, a stationary 
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object is force-free (Bussotti, 2025). This belief is rooted in pre-Newtonian intuitive reasoning that 
has long been documented to persist even after formal instruction (Segado, 2025).  

 

 
Figure 10. Cognitive Profile of Creation Indicators (C6) 

 
The findings in Figure 10 show that student achievement at the creation level did not decline 

but rather recovered slightly, with the Very Good category at 56.52 percent, higher than the analysis 
and evaluation levels. Students had more mastery of the highest level because some of the problems 
at the creation level required students to design strategies based on the relationship between mass 
and acceleration that, when presented in a more structured context, could be solved by reapplying 
familiar reasoning patterns, thus not relying entirely on conceptual evaluation, which was a weak 
point in C5 (Chen, 2025; Sagatbek et al., 2024). Some students in the Poor category continued to show 
difficulty in constructing new solutions, as seen in the problem of preventing an object from falling 
from an accelerating cart, where students mistakenly chose a strategy that actually increased 
acceleration. This pattern confirms that the recovery at C6 reflects the different nature of the tasks 
between evaluating and creating. The study by Horcajo et al. (2022) confirmed that low self-efficacy 
directly contributes to students' uncertainty in completing complex cognitive tasks. This is confirmed 
through the analysis of Problem Number 14 presented in Figure 11, where students are asked to 
evaluate the equilibrium conditions of a static object subjected to a pushing force. 
 

 
 

Figure 11. Questions and Examples of Student Answers for Question Number 14 
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Based on Figure 11, the analysis results show that 13 students in the sufficient ability category 
obtained an average of 2, which indicates that students' evaluation abilities (C5) are still not optimal 
in assessing the accuracy of an action and determining the alternative answers that best suit the given 
physics concept. Question number 14 presents a cupboard that is pushed with a force of 40 N to the 
right, but remains in its original position. To answer this question correctly, students must be able to 
evaluate the conditions of the forces acting on the cupboard and conclude that the resultant force on 
the cupboard is zero due to the friction force that is equal in magnitude and opposite in direction to 
the pushing force. The results of students' answers in Figure 11 show that students in the sufficient 
category have an initial understanding of the concept of force and motion, but have not been able to 
conduct a comprehensive evaluation. 

Student errors are generally seen in the inability to distinguish between the presence of a force 
and its effect on an object's motion. Some students still assume that the presence of a pushing force 
always causes an object to move or accelerate, without considering the role of friction as a balancing 
force. This finding is in line with Nasution et al. (2021), which states that misconceptions about force 
and motion, especially in conditions of balanced force, are still frequently found among students. 

Thus, an average score of 2 on the four-tier diagnostic instrument indicates that students' 
cognitive capacity is still developing and they are highly susceptible to high cognitive load when 
having to compare multiple physical variables simultaneously. This emphasizes the urgency of using 
a four-tier instrument capable of distinguishing whether student errors stem from a lack of 
knowledge or a misconception believed to be true. 

The peak of cognitive challenges is seen in the "Less" category, which is found at the highest 
cognitive level, namely creating (C6). Question 20, presented in Figure 11, reveals that students still 
experience significant difficulty in constructing new solutions or integrating Newton's laws into 
situations they have never encountered before. 

 

 
 

Figure 12. Questions and Examples of Student Answers for Question Number 20 
 

Based on Figure 12, question 20 presents the problem of a cart being accelerated so that an 
object on it falls. To prevent the object from falling, students must understand that the acceleration 
of the cart is directly proportional to the force and inversely proportional to the mass, so the correct 
solution is to increase the mass of the cart to reduce the acceleration. However, the analysis results 
in Figure 11 indicate that students in the less category are not yet able to choose the correct answer 
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and reason. Student errors are evident in choosing options such as changing the direction of the force 
or reducing the mass, which actually increases the acceleration. A score of 1 on the four-tier 
diagnostic instrument indicates that students' confidence in their answer is not supported by a 
correct understanding of the concept. Students' knowledge is still based on memorizing formulas, 
not yet reaching the conceptual understanding required for higher-order thinking skills (C6). This 
finding confirms that higher-order thinking skills, especially in the indicator of creating (C6), are still 
not optimally developed. 

Overall, the sequence of achievement from C1 to C6 illustrates a pattern where students are 
relatively strong in remembering, understanding, and applying, but weaken sharply in analyzing and 
evaluating, before improving slightly in creating. This pattern of weakening mastery as we move from 
lower to higher cognitive levels aligns with the findings of Patricia & Sabani (2025), who also found 
that students excelled at lower levels but declined at higher levels of thinking. This study contributes 
beyond simply confirming this pattern. By placing the lowest point at the evaluating level, rather than 
at the highest level as is commonly assumed, it demonstrates that students' difficulties do not simply 
increase with increasing cognitive levels, but are concentrated at the level where reasoning about 
the relationship between force and motion is most demanding. This finding corroborates the findings 
of (Suwasono et al., 2025) that force-motion reasoning is the most persistent misconception in 
mechanics, and also reveals in more detail at which cognitive level these misconceptions are most 
detrimental to students' mastery. 

A key difference between this study and most previous research lies in the instrument used. 
While many studies rely on reasoned multiple-choice tests or the Force Concept Inventory, this study 
used a four-tier diagnostic test based on confidence levels, effectively separating students with active 
misconceptions from those simply lacking knowledge. This diagnostic distinction is important 
because the two conditions require different learning responses. Students with active 
misconceptions require conceptual restructuring, while those lacking knowledge require concept 
building from scratch (Fadillah & Istikomah, 2021; Istiyono et al., 2023). 

The findings of this study indicate that cognitive profile mapping based on Bloom's Taxonomy 
does not always follow a linear pattern of decline from low to high levels. The weakest point is 
actually at the evaluation level, rather than the highest level. Students' difficulties in mechanics are 
determined more by the location of conceptual misconceptions than by cognitive level alone. These 
findings enhance understanding of how force-motion misconceptions are distributed across 
cognitive levels and emphasize that misconception diagnosis needs to be linked to specific cognitive 
levels, not simply to topical content. 

The instruments and profiles generated by this study can be used by teachers as a basis for 
designing more targeted learning. The instrument's ability to separate students with active 
misconceptions from those simply lacking knowledge allows teachers to provide differentiated 
remediation because the instrument is Google Forms-based; its use is also practical in classrooms 
with limited resources and allows teachers to obtain a diagnostic picture efficiently. 

 
LIMITATIONS 

This study still has several limitations, although it provides insight into mapping students' 
cognitive profiles. It lacks generalizability due to its limited sample size, involving only students from 
one school. It may also exhibit bias due to its reliance on self-reported confidence levels in a four-tier 
diagnostic assessment.  

CONCLUSION 

This study successfully developed a four-tiered diagnostic instrument based on Google Forms, 
which has been psychometrically tested as an accurate “lens” for mapping students’ cognitive profiles 
related to Newton’s Second Law. The results of the Rasch Model analysis indicate that this instrument 
has excellent reliability (Cronbach’s Alpha 0.94) and a very high level of practicality (96.66), making 
it highly effective for use on a large class scale. The cognitive profile mapping revealed that although 
the majority of students were in the “Very Good” category at the remembering (C1) and 
understanding (C2) levels, significant cognitive difficulties were most evident at the evaluating level 
(C5), which showed the lowest achievement among the six cognitive levels, while performance 
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increased again at the creating level (C6). These findings suggest that students’ difficulties in 
Newtonian mechanics are determined more by the location of conceptual misconceptions, 
particularly in reasoning about the relationship between force and motion, than solely by cognitive 
level. The main contribution of this study lies in combining the diagnostic power of the four-tiered 
format with the precision of Rasch measurement to produce a pedagogically actionable cognitive 
profile. The resulting profiles not only indicate whether students understand Newton's Second Law, 
but also indicate at what cognitive level their understanding begins to weaken, thus providing a basis 
for differentiated remediation. Future research is recommended to test the effectiveness of learning 
interventions designed based on these cognitive profiles and to expand the sample size to multiple 
schools to make the resulting profiles more generalizable. 
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