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Abstract
Quadrilaterals are prerequisites for learning space geometry, so it is neces-
sary to know the geometric abilities of quadrilaterals to learn space ge-
ometry successfully. These tests will also help identify students’ level of 
mastery of the quadrilateral concept and provide information for teachers 
and researchers in planning teaching, learning and research. This research 
method adapted test development research: test conceptualisation, test 
construction, test tryout, and item analysis. There were three validators. 
120 8th-grade students in West Kalimantan, Indonesia, participated. Item 
analysis was carried out with Iteman 3.0 software. The geometric ability 
instrument is valid and reliable because the Scale Content Validity Index 
(S-CVI) is 1, and the reliable coefficient is 0.757. 21 items have a discrimi-
nation index above 0.3 and 3 items below 0.3. The distractors worked fine; 
only a few distractors did not work fine. Thus, this instrument can be used 
for geometric ability tests.

Keywords: Discrimination Index, Geometric Ability, Iteman, Test Develop-
ment, Validity
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Introduction

Geometric ability is part of mathematics ability (Xie et al., 2020). Mathematics 
ability is not single but encompasses all aspects inherent in mathematics, such 
as reasoning, problem-solving, and communication. Mathematical ability can 
be understood as acquiring, analyzing, and retaining mathematical information 
(Karsenty, 2014). Geometric ability is understanding, explaining, and describ-
ing geometric phenomena and solving geometric problems creatively (Scho-
evers et al., 2020). In this research, mathematical ability is linked to geometry, 
so the term geometric ability (hereafter GA) is used because researchers only 
use geometry as an object of study. Therefore, GA is defined as the ability to 
understand the concept of geometry and solve problems related to geometry.
Geometry is an essential aspect of high school mathematics because failure 
in this aspect can cause one to fail mathematics in general (Adeleke, 2012). 
Students worldwide experience difficulties in learning geometry (Al-Salahat, 
2022) and students in Indonesia also experience such difficulties (Retnawati 
et al., 2017). One of the geometric concepts is a quadrilateral. Students can 
recognize the parts of a quadrilateral but need help finding the relationship 
among the quadrilaterals (Ersoy et al., 2019). Therefore, a good instrument 
needs to be developed so that teachers have a reliable and effective evaluation 
tool for measuring GA in quadrilaterals and the relationships among quadrilat-
erals. By knowing students’ GA, teachers can design learning especially suitable 
for subsequent learning. Good instruments are needed to minimize errors in 
measurement and assessment (Ramadhan et al., 2020). Thus, this instrument 
development will be essential in measuring how students master quadrilateral 
concepts.

The quadrilaterals are the prerequisite for learning space geometry, so 
knowing the GA of quadrilaterals before studying space geometry is neces-
sary. Based on the results of previous research, students still had difficulty solv-
ing space geometry problems (Ismail, 2020). Therefore, this instrument can be 
a prerequisite for knowing the extent of students’ understanding of quadrilat-
erals before studying space geometry. Prerequisite knowledge is critical in de-
signing curriculum and learning (Scheines & Silver, 2014), and the prerequisite 
affects material depth (Lestari & Dwi, 2019). Teachers need to know students’ 
GA before they design lessons that require a geometry understanding (Balasa 
& Mohammed, 2021). 

In addition, this research is a recommendation from the research results 
conducted by Hodiyanto et al. (2024) on the importance of studying abstrac-
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tion in constructing relationships among quadrilaterals based on GA so that 
it is necessary to develop GA tests on quadrilaterals. Several studies have de-
veloped GA in quadrilaterals, but these instruments were based on van Hiele’s 
theory (Baffoe & Mereku, 2011; Decano, 2017). However, the GA instrument 
development in this research is based on the cognitive domain of Bloom’s re-
vised Taxonomy or Anderson and Krathwohl’s version. Bloom’s taxonomy is 
a pedagogical tool that can help teachers design learning objectives, effective 
and student-centered learning, and assess students (Ramirez, 2016). The cogni-
tive domains consist of 6 levels: remembering (C1), understanding (C2), apply-
ing (C3), analyzing (C4), evaluating (C5), and creating (C6). C1: Recognizing, 
recalling or repeating information learned earlier. C2: Construct meaning from 
various functions, such as interpreting, categorising, summarising, deducing, 
comparing, or elucidating. C3: using a process and carrying it out through 
implementation. C4: deconstructing ideas into constituent parts, discerning 
the relationships among them, exploring their interconnections, and under-
standing their relevance. C5: Forming judgments using criteria and standards 
by examining and criticizing. C6: merging components to create a unified or 
functional entity and rearranging components to create a new pattern (Wilson, 
2016).

The validity and reliability of the instrument are also the focus of developing 
GA. Apart from that, distractor analysis also needs to be considered when pre-
paring multiple-choice items. In addition to calculating difficulty and discrimi-
nant indices in analyzing items, instrument developers must also check for 
distractors and see whether distractors work fine (Finch & French, 2019). The 
item analysis in the research was not carried out manually but using Iteman 
3.0. Iteman is one of the oldest commercial item analysis packages. Iteman’s 
main advantage over similar packages is its ability to handle up to 750 items 
and no limit on the number of students (Clauser & Hambleton, 2017). Iteman 
can also report the results of distractor options in multiple-choice. Therefore, 
this research aims to develop an instrument for the GA of junior high school 
students, specifically to report the psychometric characteristics and distractors’ 
functions of each item in the instrument’s development.

Research Methodology

This research method adapted the instrument development research proposed 
by Cohen et al. (2022): test conceptualization, test construction, test tryout, 
item analysis, and test revision. The stages in instrument development can be 
seen in Figure 1.
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Figure 1. Stages of Instrument Development 

1. Test conceptualization

Test conceptualization aims to examine the importance of developing GA 
instruments for junior high school students. Researchers reviewed the litera-
ture to produce conceptual and operational definitions of GA. The GA in this 
research was limited to quadrilaterals, including parallelograms, rectangles, 
rhombi, squares, kites, and trapezoids. The preparation of the GA tests was 
based on Anderson and Krathwohl’s taxonomy (C1-C3).

2. Test construction

At this stage, the researchers create items and validate them. The number of 
items was 24. The instrument validators were two mathematics education lec-
turers and a junior high school mathematics teacher. The selection of validators 
varies between lecturer and teacher, so the results complement each other. Usu-
ally, the lecturer understands more about concepts, and the teacher will help 
review the instrument to ensure its suitability for the curriculum and students’ 
ability level. 

The content validity is first analyzed before the instrument is conducted on 
participants. This content validity is analyzed by calculating the content validity 
index (CVI). CVI can be used to assess validity related to an element’s preci-
sion, clarity, and importance. Analysis of instrument validity with CVI can be 
done in two ways: (1) Item Content Validity Index (I-CVI), the proportion of 
agreement regarding the relevance of each item, and (2) Scale Content Validity 
Index (S-CVI), the content validity of the overall scale or the total proportion of 
items and a research instrument is considered relevant if it has an I-CVI value 
of 0.875 to 1 (Nasir et al., 2022). 
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3. Test tryouts

After the instrument was valid, it was tested on participants. The characteristics 
of the participants were: 1) they had studied quadrilaterals, 2) they were around 
13–14 years old, 3) the school is accredited A, and 4) the school allowed it to be 
used as a testing place. Next, the test was given to class VIII junior high school, 
consisting of 120 participants. 

4. Item analysis

This analysis includes instrument and item analysis: instrument reliability, item 
discrimination, difficulty index, and analysis of the distractor function. The re-
liability test used the Alpha technique because the GA test was multiple-choice. 
Usually, the value of the reliability coefficient taken is ≥ 0.70. Analysis of items 
was carried out after testing the instrument on respondents. The GA items were 
analyzed by looking at the discrimination index, difficulty index, and whether 
or not the item distractor works fine (Finch & French, 2019). To test the dis-
crimination index (D) of multiple choice items, we can do this by looking for 
the point biserial correlation coefficient or biserial correlation (Finch & French, 
2019). A good discrimination index is D ≥ 0.30 (Demirel & Cetin, 2023). The 
difficulty level of the items was measured by looking at the item difficulty index 
(DI), whether they are classified as difficult, medium, or easy. However, the dif-
ficulty index in research is generally 0.3 ≥ DI ≥ 0.7 (Demirel & Cetin, 2023).

5. Test Revision

The revision will continue if the item analysis results show that items are re-
vised. In this study, the researchers only carried out the item analysis stage, so 
this research needs to continue revising and retesting items that could be better. 
However, the authors only report the item analysis results in this paper.

Results
 

Before the instrument was tested on research participants, it was first validated 
on three validators (V). The validation sheet given to validators contains three 
aspects: material, construction, and language. The validation results for the CVI 
will be analyzed by looking for the I-CVI and S-CVI values (Table 1 and Table 2).
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Table 1. Validation Result Data

Aspect V1 V2 V3 I-CVI

Material 1 1 1 1

Construction 0.98 1 1 0.993

Language 1 1 1 1

S-CVI 0.998

Table 2. Item Validation Result Data

Item V1 V2 V3 I-CVI Item V1 V2 V3 I-CVI
1 1 1 1 1 13 1 1 1 1
2 1 1 1 1 14 1 1 1 1
3 1 1 1 1 15 1 1 1 1
4
1
1
1

1 16 1 1 1 1

5 1 1 1 1 17 1 1 1 1
6 1 1 1 1 18 1 1 1 1
7 1 1 1 1 19 1 1 1 1
8 1 1 1 1 20 1 1 1 1
9 0 1 1 0.979 21 1 1 1 1
10 0 1 1 0.979 22 1 1 1 1
11 0 1 1 0.979 23 1 1 1 1
12 1 1 1 1 24 1 1 1 1
S-CVI 1

Table 1 shows that the I-CVI value for the material and language aspects is 
1, so these two aspects are relevant to measure the concept. The I-CVI value for 
the construction aspect is 0.993, which is less than 1 but close to 1, so several 
components in the construction aspect must be improved. Based on Table 2, 
items 9, 10, and 11 need to be revised, but not many need to be revised because 
they are based on the I-CVI values of these items close to 1. Acceptable content 
validity is attained when the S-CVI of the instrument is ≥ 0.90 and the I-CVI 
of the items is 1.00 (Kartika et al., 2023). Other items are also revised based 
on suggestions from the validators even though the value is 1, and it does not 
change the question’s meaning. Several examples of item revisions before and 
after can be seen in Table 3.
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Table 3. Results Before and After the Items are Revised

No Before After
6 What is a parallelogram whose diagonals a

re perpendicular to each other called?
Rhombus 
Right trapezoid
Kite
Rectangles

A parallelogram whose diagonals 
are perpendicular to each other is called 
a ...
Rhombus 
Kite
Rectangle 
Right trapezoid

9 Which are the rectangles in the image below?

Only O, P, and Q
Only O, P, and R
Only O, Q, and R
All rectangles

The images below, which include rectangles, 
are ...

Only O, P, and Q
Only O, P, and R
Only O, Q, and R
All rectangles

10 Which are kites from the image below?

Only B
Only B and C
Only A, B, and C
All kites

The images below, which include kites, 
are ...

Only B
Only B and C
Only A, B, and C
All kites

11 Which are rhombus from the image below?

Only Q
Only R and P 
Only R, P, and Q
All rhombuses

The images below, which include rhombus, 
are ...

Only Q
Only R and P
Only R, P, and Q
All rhombuses

Based on Table 3, items 6 and 10 are only revisions in the language aspect, 
making them more accessible for students to understand. In items 9 and 11, the 
researchers revise the language and construction (the answer key). After the 
instrument was revised and valid from content validity, it was tested on par-
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ticipants totaling 120 students. The trial results were analyzed using Iteman 3.0. 
Figure 2 and Figure 3 are the results of analyzing the items using Iteman 3.0.

Figure 2. Results of the Item Analysis of Using Iteman 3.0
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Figure 3. Statistical Results of Using Iteman 3.0

The reliability coefficient value using alpha obtained a coefficient of 0.757 
(Figure 3), classified as reliable. Therefore, the instrument will be reliable or 
constant when used at different times (Pandian et al., 2023). Based on Fig-
ure 2, the option’s asterisk (*) indicates the item’s answer key. Not all analysis 
results from the 24 items are discussed in this paper, but only sample items 
representing the other items are taken. Based on Figure 2 of item 2 obtained: 
(1) the difficulty index is 0.667, the item is classified as a medium; (2) the dis-
crimination index is D = 0.318 (with point biserial point). The discrimination 
index of this item is good because it is more than 0.3. A good discrimination 
index is D ≥ 0.30 D ≥ 0.30 (Demirel & Cetin, 2023); (3) all distractors work 
fine because 5% of respondents chose them. The distractor does not work fine 
if no respondent chooses them (Finch & French, 2019). Their discrimination 
indexes are negative; the distractors are selected more in the lower group than 
in the upper group. Thus, all the distractors work fine. These results indicate 
that item 2 is classified as good.
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Based on Figure 2, the Iteman results of item 14 are (1) the difficulty index 
is 0.217; the item is classified as difficult; (2) the discrimination index is not 
good because it is negative, less than 0.3; (3) respondents choose all the distrac-
tors. The discrimination indexes of distractors A and B are negative, but A is 
less than 5%; (4) Note that the item provides suggestions for the test developer 
to review answer key D because the discrimination index is high and posi-
tive, 0.498. The upper group chooses the distractor more than the lower ability. 
These results indicate that item 14 is classified as not good, and distractors 
A and D need to be checked and revised again. 

If we look at the discrimination index of each item (Figure 2), it is found 
that the items with a discrimination index below 0.3 are items 11, 13, 14, and 
20. However, the discrimination index of item 13 is greater than 0.3 (the bise-
rial coefficient = 0,381), and the discrimination index of items 11, 14, and 20 is 
below 0.3 in both the point biserial and biserial coefficients. For all the items, 
the discrimination index of the biserial coefficient is greater than the point 
biserial coefficient. Generally, the biserial coefficient is greater than the point 
biserial coefficient (Finch & French, 2019). So, items 11, 14, and 20 need to be 
checked and revised again to use them as a GA instrument. Based on the results 
of these items, items 2, 7, 12, 15, 17, 19, 22, and 24 are good and do not need 
revision. Items 1, 3, 4, 5, 6, 8, 9, 10, 16, 18, 21, and 23 are good, but several dis-
tractors need to be revised because they have a positive discrimination index, 
or less than 5% of respondents chose them. Items 11, 14, and 20 are not good 
because they have a discrimination index below 0.3, so revision is necessary. 

Discussion and Conclusions

The development of this instrument is essential, especially by mathematics 
education teachers, to determine students’ GA in understanding the concept 
of quadrilaterals because quadrilaterals are a requirement for studying space 
geometry. A teacher needs to know students’ GA before they design lessons that 
require an understanding of geometry (Balasa & Mohammed, 2021). There-
fore, it is essential to have a valid and reliable test so that teachers can use it to 
determine the prerequisites for space geometry. The validation result shows 
the instrument is valid (Tables 1 and 2), and the trial analysis result shows reli-
ability (Figure 3). Thus, the instrument is valid and reliable as an instrument of 
GA. Some items are not good because they have a discrimination index below 
0.3. After all, a good discrimination index is D > 0.3 D ≥ 0.3 (Demirel & Cetin, 
2023). This research shows that 21 items can be used as test instruments and 3 
items cannot. However, some distractors need to be revised because a distrac-



135Psychometric Evidence of Geometric Ability...

tor works fine if it has a negative discrimination index and is chosen by 5% of 
respondents (Testa et al., 2018).

This result provides recommendations to education stakeholders. For teach-
ers, this finding can be a guide in designing learning that considers GA, espe-
cially quadrilaterals. This instrument can be used as a formative assessment to 
help identify students’ mastery of the quadrilateral concept and provide infor-
mation for teachers in planning teaching and learning. By giving it to students, 
the teacher will know their GA. Then, the teacher can design learning accord-
ing to the student’s GA. Formative assessment positively affects learning and 
student learning competences (Guptan & Rasiah, 2016).

Future researchers can use this test as a requirement to determine students’ 
GA so that the results can be used as a basis for follow-up research as previous 
research recommended the development of a GA instrument so that future 
researchers could study research on the relationships among quadrilaterals 
based on the level of GA (Hodiyanto et al., 2024). Other researchers consider-
ing quadrilaterals’ GA can also use this instrument. This research can also be 
adapted by further research in similar research and instrument development. 
Other researchers can continue this research to level C6 because it was only at 
levels C1 to C3.
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