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Abstract  
This study addresses the critical issue of insufficient spatial thinking abilities among students, which significantly 
affects their performance in higher-order thinking skills (HOTS) tasks, particularly in trigonometry. Focusing on 
11th-grade students in Tanjungpinang, Indonesia, the research investigates how spatial thinking influences the 
ability to solve trigonometric comparison problems. Employing a mixed-method approach, the study integrates 
quantitative data from the Higher-Order Thinking Skills in Trigonometric Comparisons Assessment (HOTS-TCA) 
with qualitative insights from post-test interviews. Rasch Model Analysis evaluates the quality of an assessment 
instrument by providing measures of respondent abilities and item difficulties, fit statistics to ensure model 
alignment, reliability, and separation indices for consistency, a Wright Map for visualizing the relationship between 
skills and difficulties, and checks for unidimensionality and potential item bias to ensure fairness and validity. The 
Rasch analysis further confirms the reliability and validity of the HOTS-TCA instrument, highlighting its 
effectiveness in measuring spatial thinking across varying ability levels. The study finds that students with high 
spatial ability excel in visualizing geometric relationships but struggle with complex three-dimensional tasks. In 
contrast, medium-ability students have difficulties with mental manipulation and real-world applications, and low-
ability students face significant challenges in basic visualization and interpreting geometric structures, leading to 
frequent misconceptions. 
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I. Introduction 

 Spatial thinking is critical in developing 
pupils' cognitive skills, particularly in 
mathematics, where perceiving and manipulating 
geometric relationships is required. Research has 
consistently demonstrated that spatial thinking is 

closely linked to mathematical achievement, 
with students who excel in spatial thinking often 
outperforming their peers in complex tasks such 
as geometry and trigonometry (Lakin & Wai, 
2020; Uttal & Cohen, 2012). Spatial thinking 
encompasses the ability to mentally represent, 

 
This work is licensed under a Creative Commons Attribution-NonComercial-ShareAlike 4.0 International License  

http://ojs.umrah.ac.id/index.php/gantang/index
mailto:dwirismiocy@gmail.com
https://doi.org/10.31629/jg.v9i2.6949
https://doi.org/10.31629/jg.v9i2.6949
https://creativecommons.org/licenses/by-nc-sa/4.0/


 
 
JURNAL GANTANG. December 2024; IX(2): 191 – 204  
p-ISSN. 2503-0671 
e-ISSN. 2548-5547 
 

192 
 

manipulate, and interpret the relationships 
between objects in both two-dimensional (2D) 
and three-dimensional (3D) spaces, making it 
essential for solving higher-order mathematical 
problems (Gilligan, 2020; Palupi et al., 2023). In 
trigonometry, these skills are particularly 
significant as students are required to visualize, 
analyze, and conceptualize intricate geometric 
relationships between angles, sides, and 
trigonometric functions (Ngu & Phan, 2020). 

Despite the recognized importance of 
spatial thinking ability, many students, especially 
in Indonesia, struggle to develop and apply these 
skills effectively in solving complex 
mathematical problems, including higher-order 
thinking skills (HOTS) tasks in trigonometry 
(Ocy et al., 2023a). Studies have shown that 
Indonesian students face significant challenges in 
visualizing geometric relationships and 
translating spatial representations into 
mathematical solutions (Nanmumpuni & 
Retnawati, 2021; Riastuti et al., 2017). These 
difficulties are particularly evident in 
trigonometric comparison problems, which 
demand advanced spatial thinking and the ability 
to mentally manipulate and compare geometric 
figures and relationships. Classroom 
observations and empirical studies highlight a 
persistent gap in students' ability to engage with 
and solve such problems, often due to 
insufficient exposure to spatial thinking 
strategies and tools during instruction (Anggraini 
& Putra, 2020; Rohimah & Prabawanto, 2020). 

Several studies have explored the 
relationship between spatial thinking abilities 
and mathematical problem-solving, as well as the 
application of the Rasch model in educational 
research. Resnick et al. (2020) and Adams et al. 
(2023) highlighted a strong correlation between 
spatial skills and success in solving geometric 
and trigonometric problems, emphasizing the 
need for teaching strategies that enhance spatial 
visualization. Similarly, Battista et al. (2018) and 
Sorby et al. (2022) identified spatial 
visualization as a key predictor of success in 
higher-order thinking tasks involving geometry. 

The use of the Rasch model has also been well-
documented; Bond & Fox (2013) demonstrated 
its effectiveness in analyzing cognitive skill 
assessments, while Boone et al. (2014) showed 
its utility in identifying misfit items and ensuring 
unidimensionality in tests measuring HOTS in 
science and mathematics. Recent studies, such as 
Ma et al. (2024) and Xie et al. (2020), further 
emphasize the importance of spatial reasoning in 
solving complex trigonometric problems, 
highlighting the Rasch model's capacity to 
evaluate the validity and reliability of 
instruments. Building on these findings, applying 
the Rasch model provides a robust framework 
for further understanding and enhancing 
students' spatial thinking abilities in 
mathematical problem-solving. By employing 
this model, researchers can uncover the 
underlying cognitive factors influencing 
students’ performance and pinpoint specific 
areas that require targeted interventions. 
Additionally, the Rasch model facilitates the 
development of diagnostic tools that not only 
evaluate students’ abilities with greater precision 
but also assist educators in designing effective 
strategies to strengthen spatial reasoning and 
improve overall mathematical proficiency. 

This study aims to achieve three primary 
objectives by analyzing students' spatial thinking 
abilities in solving higher-order thinking skills 
(HOTS) trigonometric comparison problems. 
First, it seeks to provide a detailed understanding 
of the specific spatial thinking abilities students 
employ during these tasks. Second, it aims to 
identify key areas where students encounter 
difficulties, offering insights that can inform the 
development of targeted instructional 
interventions. Finally, this research intends to 
validate the HOTS Trigonometric Comparison 
Assessment (HOTS-TCA) instrument as a 
reliable and effective tool for evaluating spatial 
thinking within mathematical problem-solving 
contexts. The study aspires to contribute to 
theoretical advancements in mathematics 
education and the practical design of pedagogical 
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strategies that enhance students' trigonometric 
competence by addressing these objectives. 

II.  Research Method 
This study employs a mixed-method 

research approach with an explanatory design to 
investigate students' spatial thinking abilities in 
solving Higher-Order Thinking Skills (HOTS) 
problems related to trigonometric comparisons. 
The research methodology integrates test 
administration, data analysis using the Rasch 
model, and interpretation of findings to achieve 
its objectives. Participants were 11th-grade 
senior high school students from Tanjungpinang 
who had completed basic trigonometry topics in 
their mathematics curriculum. A purposive 
sampling technique was used to select 515 
students from various private and public schools 
in Tanjungpinang to ensure diversity in academic 
achievement. 

The primary instrument developed for 
this study was the Higher-Order Thinking Skills 
in Trigonometric Comparisons Assessment 
(HOTS-TCA). The assessment consisted of ten 
carefully designed problems measuring students' 
ability to visualize and conceptualize geometric 
relationships, manipulate trigonometric figures, 
and solve trigonometric comparison problems 
involving angles and sides. These problems 
aligned with Bloom's taxonomy (C4-Analyzing; 
C5-Evaluating; C6-Creating) (Anderson et al., 
2001) and emphasized the assessment of spatial 
thinking abilities in trigonometric comparisons. 
The reliability and validity of the instrument 
were tested using Item Response Theory through 
Rasch Model Analysis. 

Data collection occurred in two stages. 
First, the HOTS-TCA was administered in a 
controlled environment to minimize external 
influences. Students were allotted 90 minutes to 
complete the test, and all responses were 
collected systematically for analysis. Second, 
post-test interviews were conducted with a 
subset of 20 students to obtain qualitative 
insights into their problem-solving strategies and 
challenges related to spatial thinking. These 

interviews provided a deeper understanding of 
the spatial thinking processes used to solve the 
assessment tasks. 

The data were analyzed using the Rasch 
measurement model, which enabled a detailed 
examination of students' abilities, the difficulty 
levels of the test items (Ocy et al., 2023b; Riani 
Siregar et al., 2021), and the overall validity of 
the assessment. This analysis was conducted 
using the WINSTEPS software, which provided 
robust insights into the instrument's alignment 
with the study objectives. The integration of 
quantitative and qualitative data strengthened the 
conclusions, offering a comprehensive 
perspective on the spatial thinking abilities of 
students in solving HOTS problems related to 
trigonometry.  

III. Results and Discussion 
Assumptions of the Rasch Model Analysis 

Meeting both assumptions of 
unidimensionality and local independence is a 
prerequisite for performing a valid Rasch model 
analysis and ensures the instrument measures a 
single, dominant latent construct. 

1. Unidimensionality 
Unidimensionality is a fundamental 

assumption of the Rasch model, requiring that 
the assessment instrument measures a single 
latent trait or construct. This assumption is 
typically evaluated through a principal 
components analysis (PCA) of the residuals. 
According to the recommended criteria, the 
variance explained by the first principal 
component should be at least 20%, while the 
unexplained variance in the first contrast should 
be less than 15% (Everitt & Dunn, 2001; Rios, 
2013).  

 
Figure 1. Output standardized residual variance from 

PCA 
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The variance analysis in Figure 1 shows 
that the total raw variance in the observations is 
17.6, which is the total variance that can be 
analyzed from the data. The variance explained 
by the measure is 7.6 with 43% (>20%), 
indicating that most of the variance can be 
explained by the measured construct. The 
variance explained by persons is 3.6, and by 
items is 3.9, suggesting that individual 
differences and item differences contribute to the 
variance but do not indicate the presence of 
different dimensions.  

The HOTS-TCA instrument's eigenvalue 
values for unexplained variance indicate a 
unidimensional structure. Specifically, the 
eigenvalues for the first to fifth contrasts (1.5, 
1.3, 1.2, 1.1, and 1.1, respectively) reveal that a 
significant portion of the total variance remains 
unexplained, with the first contrast accounting 
for 8.7% and subsequent contrasts showing 
diminishing contributions. Despite the presence 
of unexplained variance, the majority of the 
explained variance (43.0% by measures and 
20.5% by persons) suggests that the instrument 
effectively captures a primary construct related 
to higher-order thinking skills. The consistent 
eigenvalue values across contrasts further 
reinforce the reliability of the HOTS-TCA 
instrument in measuring spatial thinking 
abilities, supporting its classification as a 
unidimensional assessment tool. 

2. Local Independence 
This assumption ensures that the 

measurement focuses solely on the intended 
latent trait without interference from inter-item 
dependencies. Standardized residual correlations 
provided by Winsteps software are analyzed to 
assess local independence. As Christensen et al. 
(2017) recommended, these correlations should 
have absolute values below 0.20. 

 
Figure 2. Item residual correlations 

Residual correlations in Figure 2 
represent the difference between the empirical 
and model-predicted correlations. Significant 
residual correlations indicate a violation of the 
local independence assumption, while small 
values suggest fulfilling this assumption. Based 
on the presented residual correlation data, the 
residual correlations range from -0.2111 to 
0.0528. Residual correlations should be close to 
zero. If the values exceed a certain threshold, 
usually around ±0.2, it may indicate a violation 
of the local independence assumption.  

In this data, some residual correlation 
values approach or slightly exceed the threshold, 
such as the residual correlations between Q2 and 
Q6 (-0.2111), Q2 and Q10 (-0.2054), and Q7 and 
Q9 (-0.2055). This suggests potential local 
dependence among these item pairs. If some item 
pairs have significant residual correlations, there 
may be undesirable relationships between those 
items, such as content redundancy, similar 
response patterns, or context effects influencing 
the responses. However, the degree to which the 
observed residual correlations exceed the 
threshold is relatively minor, and the overall 
values remain within an acceptable range. 
Therefore, the potential local dependence issues 
can be negligible and do not significantly 
compromise the validity of the HOTS-TCA 
instrument. 

Rasch Model Analysis Outcomes 
Rasch Model Analysis provides essential 

outcomes for assessing the quality of an 
instrument, including person and item measures 
to evaluate respondent abilities and item 
difficulty levels, as well as fit statistics (infit and 
outfit) to ensure alignment with the model 
(Sumintono et al., 2015). The analysis generates 
reliability and separation indices to assess 
consistency and discriminative power, while the 
Wright Map visualizes the alignment between 
respondent abilities and item difficulties 
(Linacre, 2019; Wright, 1994). It verifies 
unidimensionality to confirm that the instrument 
measures a single construct and identifies 
potential item bias through Differential Item 
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Functioning (DIF) analysis, ensuring fairness 
and validity (Yang & Kao, 2014). 

1. Item Fit Order (Infit and Outfit) 
The fit statistics provide insights into 

how well each item in the HOTS-TCA 
instrument aligns with the expected model. The 
INFIT MNSQ measures how well an item 
functions within the context of individuals with 
similar ability levels, and values close to 1 
indicate a good fit (Huei et al., 2020; Linacre, 
2002, 2024; Wang & Chen, 2005). The OUTFIT 
MNSQ measures how well an item functions 
overall, including individuals with very high or 
low abilities, and values near one also suggest a 
good fit (Linacre, 2002; Sumintono, 2018; 
Wright, 1994). 

 
Figure 3. Fit statistics 

Based on Figure 3, represented by the 
INFIT and OUTFIT column, the item fit order 
analysis, items Q4, and Q3 have the best fit, with 
INFIT MNSQ values of 1.05 and 1.03, 
respectively, and OUTFIT MNSQ values of 0.90 
and 0.92, indicating they function well both 
within the context of similar ability levels and 
overall. Items Q1, Q2, Q6, Q5, and Q9 are also 
considered well-fitting, with INFIT MNSQ 
values close to 1 and OUTFIT MNSQ values 
near or below 1. In contrast, items Q8 and Q7 
have higher INFIT and OUTFIT MNSQ values, 
suggesting potential fit issues. Items Q9 and Q10 
have the lowest OUTFIT MNSQ values, which 
may indicate over-fit or issues with unexpected 
responses from individuals with very high or low 
abilities.  

However, items Q8 and Q7 have higher 
INFIT and OUTFIT MNSQ values, which could 
suggest they are well-aligned with the expected 
model rather than indicating potential fit issues. 

Conversely, the low OUTFIT MNSQ values for 
items Q9 and Q10 may point to these items 
being overly predictable or failing to adequately 
capture responses from individuals at the 
extreme ends of the ability spectrum. Overall, the 
item fit order analysis suggests that the HOTS-
TCA instrument largely adheres to the Rasch 
model expectations, with a few items potentially 
requiring further investigation or refinement to 
optimize the instrument's psychometric 
properties (Boone, 2016; Karabatsos, 2003; 
Wright, 1994).  

2. Item Measure (Difficulty Estimates) 
The item difficulty levels for the HOTS-

TCA instrument, as shown in Figure 3, are 
represented by the MEASURE column, which 
uses a logit scale. Higher MEASURE values 
indicate more complicated items, while lower 
values correspond to easier items. The difficulty 
levels of the items range from -2.01 logits to 
1.93 logits, covering approximately 4.0 logits. 
The most challenging item is Q9 (1.93 logits), 
while the easiest is Q3 (-2.01 logits). This range 
suggests that the instrument includes items of 
varying difficulty, which is beneficial for 
assessing participants with a wide range of 
abilities. 

Difficult items, such as items Q9 (1.93 
logits) and Q10 (1.77 logits), are the most 
difficult in the instrument. These items are likely 
correctly answered only by participants with 
high ability levels, as they fall at the upper end of 
the difficulty scale. Moderately complex items, 
including items such as Q1 (0.80 logits), Q2 
(0.85 logits), Q5 (0.65 logits), and Q6 (0.80 
logits) are closer to the average difficulty level 
(MEASURE ≈ 0 logits). These items are 
appropriate for participants with medium ability 
levels and provide a good balance for the 
instrument. Easy items, such as items Q8 (-1.47 
logits), Q7 (-1.50 logits), Q4 (-1.81 logits), and 
Q3 (-2.01 logits) cater to lower-ability 
participants and are expected to be answered 
correctly with minimal difficulty, supporting 
broader accessibility. 
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 In Rasch Model Analysis, item 
measures can be examined through Item 
Characteristic Curves (ICCs). 

 
Figure 4. Item characteristic curves (ICCs) 

The ICCs, as shown in Figure 4, visually 
represent the probability of a correct response to 
an item based on the respondent's ability level. In 
the ICCs graph, the curves moving further to the 
left along the x-axis indicate that the 
corresponding items are easier. This means that 
individuals with lower levels of the latent trait 
(the underlying ability or skill being measured) 
have a higher probability of answering these 
items correctly. Conversely, items positioned 
further to the right require a higher level of the 
latent trait for respondents to achieve a higher 
probability of a correct response, indicating more 
incredible difficulty. 

This distribution of item difficulties 
indicates that the HOTS-TCA instrument 
includes a well-spread range of items, catering to 
participants across varying ability levels. 
However, further refinement may be required to 
ensure optimal coverage of the ability 
continuum, mainly if the target population 
exhibits specific ability clusters. 

3. Item Separation and Reliability 
Item separation measures the 

instrument's precision in differentiating item 
difficulty levels (Boone et al., 2014; Fisher, 
2024; Sumintono & Widhiarso, 2013). On the 
other hand, reliability refers to the consistency 

and stability of the measurement results. It 
indicates how reliably the test measures what it 
is intended to measure (Boone, 2016; Sumintono 
et al., 2015; Sumintono, 2018). 

 
Figure 5. Summary statistics (Item) 

Item separation measures, as shown in 
Figure 5, are exceptionally high. The real 
separation value of 11.78 and model separation 
value of 12.04 demonstrate the instrument's 
effectiveness in distinguishing items based on 
their difficulty. This indicates a broad range of 
item difficulties and suggests that the instrument 
can categorize items into multiple difficulty 
levels. Such a high separation value reflects a 
well-constructed test design that covers a wide 
spectrum of abilities and provides 
comprehensive coverage of the targeted 
construct. 

Item reliability reflects the stability and 
consistency of the item difficulty hierarchy 
within the instrument. Real and model reliability 
values of 0.99 indicate excellent reliability, 
demonstrating that variations in item measures 
result from actual differences in difficulty rather 
than measurement error. This high level of 
reliability ensures the instrument's ability to 
consistently rank item difficulties across various 
contexts by affirming its validity and robustness. 

The combined item separation and 
reliability values confirm that the HOTS-TCA 
instrument is highly reliable and well-designed. 
Its high separation and reliability suggest a 
diverse range of well-distributed items, making it 
an effective tool for assessing participants with 
varying abilities. 

4. Person Separation and Reliability 
Person separation and reliability 

statistics evaluate the instrument’s ability to 
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differentiate between respondents based on their 
levels of the measured trait. The person 
separation index indicates the number of 
statistically distinct levels of the trait identified 
by the instrument (Kimberlin & Winterstein, 
2008). The person reliability coefficient, 
analogous to Cronbach's alpha, reflects the 
proportion of actual variance in the observed 
person measures (Greco et al., 2018; Peterson, 
1994). 

 
Figure 6. Summary Statistics (Person) 

The person separation values in this 
analysis, as shown in Figure 6, are relatively 
low, with an absolute separation of 1.48 and a 
model separation of 1.58. While this may 
suggest that the HOTS-TCA instrument is not 
optimally differentiating individuals based on 
their ability levels, an argument can be made that 
the observed separation values are still within an 
acceptable range. Person separation values of 2.0 
or greater are often considered ideal, as they 
indicate the ability to effectively divide 
individuals into at least three distinct ability 
groups (Boone et al., 2014; Linacre, 2019). 
However, values as low as 1.5 can still provide 
helpful information about the examinee's 
performance and allow for the identification of at 
least two distinct ability groups (e.g., "low" and 
"high" ability) (Linacre, 2019).  

Given the inherent challenges in 
developing assessment instruments that precisely 
measure a wide range of abilities, the HOTS-
TCA separation values, while not optimal, may 
still offer meaningful insights into the diverse 
skill levels of the examined population. These 
relatively low person separation values imply 
that the test items may not be sufficiently varied 
in their difficulty level or too easy or difficult for 
the examinees, failing to adequately reflect the 

full range of examinee abilities. This could limit 
the instrument's capacity to provide 
comprehensive and meaningful insights into the 
diverse skill levels of the examined population.  

The person reliability values in this 
analysis are moderately adequate, with an 
absolute reliability of 0.69 and a model 
reliability of 0.71. Reliability values range from 
0 to 1, where higher values indicate better 
consistency. Reliability values in the 0.69-0.71 
range are considered relatively good but not 
optimal. This instrument is reliable for 
identifying differences in participant abilities, 
but the results may be less accurate in 
differentiating very fine-grained ability groups. 
This relatively low reliability implies that the 
instrument may not have a sufficiently varied 
range of item difficulties to reflect the full 
spectrum of participant abilities precisely.  

The raw score-to-measure correlation of 
0.99 demonstrates a nearly perfect relationship 
between participants' raw scores (total correct 
answers) and their ability estimates in logits, as 
determined by the Rasch model. This high 
correlation suggests that raw scores are a very 
accurate representation of participants' latent 
abilities. This finding highlights the instrument's 
effectiveness in converting raw scores into 
precise ability estimates. Although raw scores 
and Rasch analysis yield similar results, the 
Rasch model provides additional benefits by 
accounting for item difficulty and generating 
interval-level measurements. 

The Cronbach's Alpha (or KR-20 for 
dichotomous items) value closer to 1 would 
indicate higher internal consistency, while the 
KR-20 value of 0.73 indicates the test's internal 
consistency. While this value is categorized as 
acceptable, it is not optimal. This means that the 
test items are sufficiently consistent in measuring 
the same underlying ability, though there is room 
for improvement. 

5. Person Measure (Ability Estimates) 
The analysis of the Person Measure 

offers valuable insights into the relationship 
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between test difficulty and respondent abilities, 
highlighting how well the assessment aligns with 
the skills of the participants (Boone, 2016; 
Boone & Noltemeyer, 2017; Sumintono et al., 
2015). 

 
Figure 7. Person statistics 

The analysis of the Person Measure, as 
shown in Figure 7, provides insights into the 
alignment between the test difficulty and 
respondent abilities. The mean person measure 
of -0.23 indicates that, on average, respondents 
have slightly lower ability than the difficulty of 
the test items, suggesting the test may be 
moderately challenging for most participants. 
Ideally, the mean measure should align closely 
with zero to ensure the test is well-targeted to the 
population. The standard deviation (SD) of 1.70 
reflects a wide range of respondent abilities, 
demonstrating that the test effectively captures 
individual differences, which is beneficial for 
identifying variability in skills. 

The fit statistics further confirm the 
appropriateness of the test. The average infit 
mean square (MNSQ) of 1.00 with an SD of 0.36 
and the outfit MNSQ of 0.89 with an SD of 0.77 
indicates that most responses align well with the 
Rasch model, with minimal unexpected 
responses. Additionally, the observed exact 
match percentage (79.1%) closely aligns with the 
expected percentage (79.8%), reinforcing the 
test's reliability. 

6. Person-Item Map (Wright Map) 
The Item-Person Wright Map visually 

represents the alignment between respondent 
abilities and item difficulties on a shared 
measurement scale. In Figure 8, respondents are 
displayed on the left, and items are displayed on 
the right, both measured in logits. 

 

 
Figure 8. Person-Item Map 

The distribution of respondents, as 
shown in Figure 8, reveals that the majority have 
abilities ranging from -1 to 2 logits, with a dense 
cluster around 0 and 1. Only a small number of 
respondents are positioned at the extremes, with 
abilities above 2 or below -1. The item 
distribution ranges from approximately -2 
(easiest items, such as Q3 and Q4) to 2 (most 
difficult items, Q9 and Q10). 

The map indicates that the instrument is 
well-targeted for middle-ability respondents, as 
most items align closely with their abilities. 
Items Q1, Q2, Q5, and Q6 are situated near the 
ability level of most respondents, ensuring 
accurate measurement. However, there is a 
mismatch at the extremes: high-ability 
respondents may find the most difficult items 
(Q9 and Q10) relatively easy. In contrast, low-
ability respondents may struggle with even the 
most straightforward items (Q3 and Q4). 

Despite the overall alignment, 
improvements could enhance the test's 
discriminatory power. Adding more challenging 
items would better assess high-ability 
respondents (>2 logits) while introducing easier 
items would provide better coverage for low-
ability respondents (<-2 logits). Additionally, 
items like Q7 and Q8, located around -1 logits, 
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require further evaluation if their fit statistics 
indicate suboptimal performance. 

7. Differential Item Functioning (DIF) 
The provided DIF statistics present each 

test item's Chi-square values, degrees of freedom 
(df), p-values, mean squares, and t-values 
(ZSTD). These statistics help assess whether any 
item is biased toward one group over the other. 

 
Figure 9. Item DIF 

Item DIF, as shown in Figure 9, a p-
value (probability column) greater than 0.05 
indicates no significant DIF, suggesting that the 
item behaves similarly for both groups. 
Conversely, a p-value less than 0.05 would 
indicate significant DIF, suggesting potential 
bias. 

Upon reviewing the results, none of the 
items show significant DIF. For all ten items, the 
p-values are above 0.05, ranging from 0.0909 
(for Q10) to 1.0000 (for Q4), meaning there are 
no statistically significant differences in how the 
public and private school groups responded. The 
Chi-square values for each item indicate that the 
observed differences between groups are 

minimal, further supported by the t-values, 
which do not suggest any meaningful variation 
in item difficulty. For example, Q4 has a p-value 
of 1.0000, indicating no DIF at all. At the same 
time, other items like Q1, Q2, and Q3 show 
similarly high p-values, reinforcing the 
conclusion that the items function equivalently 
for both groups. 

In conclusion, the DIF analysis reveals 
that the HOTS-TCA instrument does not exhibit 
any bias based on the school background (public 
vs. private). The test items are equally fair and 
valid for both groups, suggesting that the 
instrument measures the intended construct 
consistently across diverse subgroups. 

Identification of Specific Challenges or 
Misconceptions Observed During the Test 
and Interviews 

Based on the post-test interviews, the 
students' challenges in applying spatial thinking 
abilities to solve trigonometric problems varied 
depending on the questions' complexity and 
spatial thinking levels. The findings can be 
categorized based on students' spatial thinking 
abilities as high, medium, or low, corresponding 
to the difficulty level of the problems they 
encountered. 

 

 
Table 1. Students' challenges in applying spatial thinking to trigonometry 

Spatial 
Thinking 

Ability 
Strengths Challenges Misconceptions 

High Spatial 
Thinking 
Abilities 

• Strong visualization skills 
for complex geometric 
relationships.  

• Able to interpret 3D 
relationships better than 
lower-ability students. 

• Struggles with applying 
trigonometric formulas to 
visualized spatial representations. 

• Difficulty in manipulating 
visualizations in a mathematical 
context. 

• Disconnect between visualization and 
mathematical manipulation.  

• Occasional misapplication of trigonometric 
formulas in practical problems. 

Medium 
Spatial 
Thinking 
Abilities 

• Basic understanding of 
geometric relationships.  

• Can follow standard 
trigonometric procedures. 

Difficulty mentally manipulating 
complex shapes and visualizing 
spatial relationships in 2D and 3D. 

• Struggles to connect theoretical formulas with 
geometric features. 

• Frequent misinterpretations of diagrams and 
conceptual errors in applying trigonometry. 

Low Spatial 
Thinking 
Abilities 

Difficulty with most aspects 
of spatial thinking. 

• Struggles to interpret basic 2D 
representations of 3D objects. 

• Difficulty in understanding the 
connection between angles, 
distances, and sides. 

• Frequent misinterpretations of diagrams. 
• Difficulty applying theoretical knowledge to 

real-world problems.  
• Weak connection between mathematical 

symbols and spatial meanings. 
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Students with higher spatial thinking 
abilities demonstrated stronger visualization 
skills and could interpret most problems 
involving complex geometric relationships. 
However, even these students faced difficulties 
when problems required a deep understanding of 
three-dimensional spatial relationships. For 
example, in problems where a building was 
represented in two dimensions but required 
understanding its three-dimensional structure, 
these students could visualize its components 
better than those with lower spatial abilities. 
However, they still struggled to manipulate these 
visualizations in a mathematical context, 
particularly in applying trigonometric formulas 
to the spatial representations. Despite this, their 
ability to mentally rotate and shift geometric 
shapes in their minds was generally stronger, 
allowing them to approach problems involving 
angles and distances with a clearer 
understanding. However, errors occasionally 
occur when applying theoretical knowledge to 
practical contexts. 

Students with medium spatial thinking 
abilities encountered significant difficulties with 
tasks requiring them to manipulate objects 
mentally. These students often showed a basic 
understanding of geometric relationships but 
struggled with more complex visualizations and 
interpretations. For instance, in problems where 
angles and distances needed to be assessed in 
relation to three-dimensional objects depicted in 
two-dimensional diagrams, these students could 
not mentally manipulate the shapes as quickly as 
those with high spatial abilities. While they 
could follow basic procedures with standard 
trigonometric equations, their ability to interpret 
diagrams and apply spatial relationships to solve 
real-world problems was more limited. The 
struggle to connect the theoretical trigonometric 
formulas with the geometric features of the 
problem was more pronounced, leading to 
frequent misinterpretations and incorrect 
answers. Their understanding of spatial 
relationships, such as orientation and distance, 
was less developed, causing misjudgments in 

calculating angles and distances, further 
hindering their problem-solving abilities. 

Students with low spatial thinking 
abilities faced the most significant challenges 
when solving trigonometric problems. These 
students had considerable difficulty with almost 
all aspects of spatial thinking, particularly 
visualizing the geometric structures involved. 
They struggled to interpret even basic 2D 
representations of 3D objects, which led to 
frequent misinterpretations. For example, in 
problems where a 2D representation of a 
building was provided, these students found it 
almost impossible to visualize or interpret the 
spatial characteristics of the building as a three-
dimensional object, resulting in many incorrect 
answers. Their difficulty mentally manipulating 
objects and understanding spatial relationships 
made it particularly challenging to understand 
the connections between angles, distances, and 
sides in geometric shapes. These students also 
found analyzing and interpreting diagrams 
challenging, often missing key details or 
misreading the information provided. The 
inability to connect mathematical symbols and 
notations with their spatial meanings further 
hindered their ability to solve problems correctly. 
Additionally, applying theoretical knowledge to 
practical contexts, such as calculating real-world 
measurements, was especially difficult due to 
their weak spatial thinking abilities. 

IV. Conclusion 
This study highlights the significant role 

of spatial thinking abilities in solving high-order 
thinking skill (HOTS) trigonometric comparison 
problems. Students with high spatial abilities 
perform well in visualizing and interpreting 
geometric relationships, although challenges 
remain in tackling complex three-dimensional 
tasks. Medium-ability students struggle with 
mental object manipulation and applying spatial 
thinking to real-world problems. In contrast, 
low-ability students face difficulties in basic 
visualization and interpreting geometric 
structures, leading to frequent misconceptions. 
These findings emphasize the need for targeted 
interventions to enhance students' spatial 
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thinking abilities. Furthermore, the HOTS-TCA 
instrument has been validated as a reliable and 
effective tool for assessing spatial thinking 
within mathematical contexts, providing a robust 
framework for diagnosing students’ abilities and 
challenges. 

To build upon these findings, future 
research should explore innovative teaching 
strategies, such as technology-enhanced tools 
and interactive visualizations, to support the 
development of spatial thinking abilities. 
Expanding the study to broader and more diverse 
populations will help generalize the findings and 
refine the HOTS-TCA instrument for 
comprehensive assessment. Longitudinal studies 
are also recommended to examine the lasting 
impact of improved spatial thinking on students' 
mathematical performance and real-world 
problem-solving. Further refinement of the 
HOTS-TCA instrument is suggested to address 
extreme ability levels better and ensure a more 
balanced assessment. These efforts will 
contribute to a deeper understanding and 
effective improvement of spatial thinking in 
mathematical education. 

Limitation 
This study's scope is limited by several 

factors, including its focus on 11th-grade 
students from senior high schools in 
Tanjungpinang, Indonesia, which may restrict 
the generalizability of the findings to other 
educational contexts. Additionally, while the 
study examines spatial thinking in higher-order 
trigonometric comparison problems, it excludes 
other mathematical domains, such as algebraic 
reasoning and logical reasoning, which are also 
important for understanding students' problem-
solving skills. Finally, while providing valuable 
insights, the reliance on a single assessment 
instrument (HOTS-TCA) and the use of Rasch 
model analysis suggest that incorporating other 
psychometric methods or Classical Test Theory 
(CTT) approaches could enhance the 
interpretation of the data. 
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