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The Effect of Presenting Geometry Items with and without Shapes
on the Psychometric Properties of the Test and Students’ Test
Scores*

Islim ATCI ** Mustafa ILHAN ***

Abstract

This research aimed to examine the effects of presenting geometry items with and without shapes on the
psychometric properties of the test and students’ test scores. The study was conducted on 480 eighth grade students.
Within the scope of the study, two geometry tests were crafted, one with shapes and the other without shapes. Both
tests consisted of 15 multiple-choice items. In the data collection process, a counterbalanced design was followed,
and the two tests were administered to the students three weeks apart. Analyses were carried out on 405 students
who participated in both applications and whose test forms could be matched. The factor analysis results revealed
that the factor loadings of the items and extracted variance were higher for the test with shapes compared to the
test without shapes. The Cronbach’s alpha coefficient of the test containing shapes was found to be significantly
higher than that calculated for the test without shapes. According to item difficulties, the questions with shapes
were easier for the students than the shape-free questions. In terms of discrimination indices, a difference in favor
of the shape-containing test was observed in almost all items. Ferguson’s delta statistic, which is a measure of
discrimination for the overall test, was higher in the shape-containing test. Correlation analysis denoted a strong
positive relationship between students’ scores on the two tests. The paired samples t-test proved that there was a
statistically significant difference between students’ scores on the tests with and without shapes. These results
indicate that the geometry tests with and without shapes differ in terms of both psychometric properties and
students’ test scores.
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Introduction

Achievement is an abstract construct that cannot be directly observed but can be indirectly measured
through tests. Therefore, reaching accurate estimations about individuals’ achievement depends first and
foremost on the quality of the test. There are two basic questions to be addressed when developing tests:
(1) What are we going to measure, and (2) How can we measure this targeted characteristic (Lindquist,
1936)? In order to clarify what is to be measured, a test plan is usually prepared using a specification
table. On the other hand, when it comes to the question of how to measure the targeted trait, various
dilemmas arise (Rodriguez, 2002). These dilemmas may be related to item type, preparation of answer
choices, or the structure of the item stem.

In item type dilemmas, the most appropriate item type (multiple-choice, true-false, open-ended, etc.) is
decided by taking into account the construct being measured, the cognitive level of the learning objective
being tested, and the number of examinees. In order to help the test developers/researchers in this
decision process, many studies have been conducted to reveal how item type affects validity, reliability,
item difficulty and discrimination, item response time, and examinees’ ability scores (Bacon, 2003;
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Cheng, 2004; Demir, 2010; Giiltekin & Cikrik¢1r Demirtasli, 2012; ilhan et al., 2020; Y1ilmaz Kogar &
Soysal, 2023; Oksiiz & Giiven Demir, 2019; Ozer Ozkan & Ozaslan, 2018; Temizkan & Sallabas, 2015;
Zulaiha et al., 2021). Dilemmas about the answer choices focused on the effects of the following issues
on measurements: optimal number of options (Atalmig, 2018; Baghaei & Amrahi, 2011; Haladyna &
Downing, 1993; Nwadinigwe & Naibi, 2013; Raymond et al., 2019; Rodriguez, 2005; Vegada et al.,
2016), the order in which options are presented (Cizek, 1994; Hohensinn & Baghaei, 2017; Karanfil &
Neufeld, 2020; Lions et al, 2021; Lions et al., 2023; Shin et al., 2019), options’ homogeneity (Ascalon
et al., 2007; Atalmis & Kingston, 2018), and the options such as “all of the above” and “none of the
above” (Atalmis & Kingston, 2017; Bishara & Lanzo, 2014; Crehan et al., 1993; Jonsdottir et al., 2021).
When it comes to the item stem, in addition to issues that concern all disciplines such as the effects of
item stem length (Abd EIl-Mohsen, 2008; Koepf, 2018), its completeness (in the form of a full or
incomplete sentence) (Ascalon et al., 2007; Schaefer, 2009; Violato, 1991; Violato & Harasym, 1987,
Violato & Marini, 1989) and orientation (negatively or positively) (Harasym et al., 1992; Harasym et
al., 1993; Terranova, 1969) on psychometric qualities, field-specific dilemmas also arise. Mathematics
is one of the disciplines where different dilemmas occur when writing item stem.

One of the basic dilemmas in item stem writing in mathematics tests is whether it would be more
appropriate to compose the computational items with mathematical expressions or word problems, and
whether such a change in the item stem would make a difference in the measurements (Kan et al., 2019).
Another important dilemma appears in geometry, a sub-branch of mathematics. Just as items in the
algebra and arithmetic areas of the mathematics tests can be written with word problems or mathematical
expressions, geometry items can also be created with or without shapes. The two items in Figure 1,
which the Ministry of National Education of Tiirkiye Republic included in the numerical ability test of
the 2018 High School Entrance Examination, exemplify this.

Figure 1
The samples for geometry items with and without shapes
() (b)
A square-shaped garden with a side length
2tm? | 1am? of 10 m has an irrigation system only at the
corners. Each irrigation system can irrigate
24 m? ' up to a section up to 4 m away from its
T location. In the part of this garden that
10 m2 l ‘ 35 m2 cannot be irrigated, there is a pergola with a
square base. The diagonal of the base of this

pergola coincides with the diagonal of the

Above, the areas of some sections are given on the rectangular garden

floor plan, where each section is rectangular.
What is the maximum floor area of this

pergola, whose base diagonal length is a
natural number in meters?

If the side lengths of each of these rectangles are natural
numbers in meters, the sum of the areas of the parts whose
areas are not given is at least how many square meters?

A) 36 B)54  C)64 D) 76 A) 18 B) 48 C)52 D)72

As can be seen in the Figure 1.a, a geometric shape was presented in the item and the basic information
related to the question was explained on this shape. In the question in the Figure 1.b, on the other hand,
all information was given verbally and no geometric shape was provided. Such differences in the item
stem can affect the cognitive processes that need to be employed to answer the item correctly (Kan et
al., 2019). For example, the visuospatial skills needed to solve the geometry items with and without
shapes may differ. In a similar vein, answering a geometry question that does not contain shapes and
consists only of verbal expressions correctly may require more intensive verbal skills. In order to be
able to develop more purposeful geometry tests and to read the measurement results more accurately, it
is necessary to know the effect of such differences in the item stem on the measurements.
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The Purpose and Importance of the Research

When writing geometry items, the test developer may encounter the following quandaries: (a) Should
the shapes be presented compatible or incompatible with their actual values (Cetin & Tiirkan, 2013)?,
(b) Should prototype drawings corresponding to the most familiar model of the geometric shape or non-
prototypical drawings be employed? Certainly, the problem that is as important as these, perhaps even
before these, is how the presentation of the item with shapes and only verbal expressions without shapes
will affect the measurements. To put it more clearly, one of the research problems that needs to be
answered is whether presenting geometry questions with or without shapes will make a difference in
students’ test scores and the psychometric properties of the test. However, when the literature is
examined, it is seen that the number of studies on this subject is quite limited. One of these studies was
conducted by Aydin et al. (2006) with 12th grade students, and students in the same class were randomly
divided into two groups. Students in the first group answered the geometry test in which verbal
expressions and shapes were presented together. The other group was administered a test consisting only
of verbal expressions without shapes. As a result of the research, they determined that the averages in
the group to which the shape-containing was applied were higher in all items. Karpuz et al. (2014), on
the other hand, carried out a qualitative study to analyze students’ responses to shape-containing and
shape-free geometry questions comparatively. In the literature, no study was found to examine the
impact of presenting geometry items with and without shapes on the psychometric properties of the test
and whether it created a significant difference in students’ test scores.

This empirical research attempts to determine the effect of presenting geometry items with or without
shapes on the psychometric properties of the test and students’ test scores. For this purpose, answers to
the following problems were sought in the study.

1. Do the test forms in which geometry questions are presented with or without shapes differ in
terms of (a) factor structures, (b) item difficulty and discrimination indices, and (c) internal
consistency coefficients?

2. (@) What is the relationship between students’ scores on geometry tests with and without shapes?
(b) Is there a statistically significant difference between their scores of these two tests?

Since the past studies comparing the geometry tests with and without shapes have not dealt with these
research problems, it is thought that this study has original value and will contribute to both mathematics
education and measurement and evaluation literature. It is hoped that the study results will benefit
teachers, mathematics education, and measurement and evaluation experts in the preparation of
geometry tests and also indirectly shed light on the points to be considered in geometry teaching
processes.

Methods
Research Design

The present study employed a descriptive-comparative design to contrast geometry tests with and
without shapes. This research approach focuses on two variables, compares these variables by following
a well-planned but not manipulated formal process, and aims to reveal which of the two
variables/situations is better as a result of the comparison (Paler-Calmorin & Calmorin, 2007).

Participants

The study was carried out with eighth grade students because secondary school students were a more
accessible group for the researcher who carried out the data collection process and because the number
of objectives learned by eighth grade students in the field of geometry learning area was higher
compared to secondary school students in lower grades. Accordingly, 480 eighth grade students from
three different schools in Mardin province constituted the participants of the study. Nevertheless, 46
students who participated in one of the with and without shapes test administrations but did not
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participate in the other, and 29 students whose forms could not be matched because they did not use the
same nickname on the two tests they answered, were excluded from the analysis. Therefore, the analyses
were carried out on a total of 405 students, 218 (53.83%) of whom were female and 187 (46.17%) of
whom were male, who participated in both tests and whose answered test forms could be matched.

Instruments

Research data was collected via two tests prepared to cover the objectives of the 7th grade and the
previous terms in the geometry learning field of the mathematics curriculum. Both tests had 15 multiple
choice items. While the first test consisted of geometry questions with shape, in the second one the items
were presented only with verbal expressions. The two test forms were parallel except that one was
prepared with shapes and the other consisted of only verbal expressions without any shapes. In both
tests, the items had four options. The order of the items and options, and the option corresponding to the
correct answer were identical for the two tests.

After the draft form for the tests was created, opinions were received from two field experts. The first
of the experts was a faculty member whose field of study includes geometry teaching, who gives courses
on geometry teaching at the undergraduate level, and who has a doctorate in mathematics education.
The second expert was a mathematics teacher with 10 years of professional experience. These two
experts reviewed the items in terms of their suitability for the research purpose and scientific accuracy.
Experts expressed their opinion that formal corrections were needed in the items. For example, they
pointed out that there are differences in terms of font and font size from one item to another in the tests
and that there should be a standard in this regard. Besides, they emphasized that the “x” symbol used to
indicate angle or length was written with a capital letter in some questions and with a lowercase letter
in some questions, and recommended the use of lowercase letters in all questions. Furthermore, the
wording of some questions was changed based on the experts’ opinions. Additionally, one of the field
experts proposed that the first item may be removed from the tests, saying, “This item will mostly be
solved correctly, whether it is presented with or without a shape.” However, considering that the tests
were crafted according to the objectives of the 7th grade and previous years and that the students may
have forgotten the topics, it was thought that the ease of the first item would increase students’
motivation for the test. Hence, it was decided to keep the relevant item in the test.

Following the changes that were made based on the opinions of field experts, the opinion of an expert
with the title of associate professor in the field of measurement and evaluation in education was
consulted. This expert whose undergraduate was in the field of secondary school mathematics teaching
reviewed both tests and he specified that the items were in accordance with measurement principles such
as (a) emphasizing negative judgements, (b) listing the options from the largest to smallest or smallest
to largest, and (c) ensuring a balanced distribution of the correct answer among the options. Finally, a
Turkish teacher had a look at the tests in terms of spelling and punctuation rules, and necessary
corrections were made to the items in line with her comments. Then, a preliminary trial was conducted
on 12 students who were heterogeneous in terms of mathematics achievement. After answering the test,
the students were interviewed, and there were no statements that the students had difficulty
understanding in the items or in the test instructions. Thus, it was concluded that the tests were ready
for application. An example of geometry items with and without shapes was presented in the Appendix.

Data Collection Process

The data collection process was completed in two stages. In studies where two different instruments are
administered to the same group at a certain interval, there may be effects arising from the order in which
the instruments are applied, and this may threaten the internal validity of the research (Corriero, 2017).
To prevent this, that is, to eliminate possible effects that may arise from the sequence of application of
the tests, it is recommended to use a counterbalanced design (Graveter & Forzano, 2018). In this context,
research data was collected according to the pattern summarized in Figure 2. Half of the group was first
administered the shape-containing test and then the test without shapes, while the other half followed
the reverse order.
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Another important issue in studies involving repeated measures is the time elapsed between two
applications. This period should be long enough that students do not remember their answers and short
enough that participants do not experience changes due to maturation/learning (Crocker & Algina, 1986;
Goldfarb, 2021). Since the time required to achieve this will vary depending on the developmental
characteristics of the participant group and the nature of the measured construct (Mitchell et al., 2000),
there is no clear opinion on how much time should be between two applications. However, a period of
2-3 weeks is generally considered ideal for achievement tests. Therefore, in the current study, two test
forms were administered to the students three weeks apart.

Figure 2
The path followed in the collection of the research data
First Application —— 3 Weeks 4[ Second Application
Interval J
y 2
= C .. .
S S o |, Shape-containing .| The test without
3 %g 190 students Test shapes
£y
£ |, Thetest without .| Shape-containing
215 students d
shapes Test

Before the data collection process, approval was received from Dicle University, Social and Human
Sciences Ethics Committee regarding the compliance of the study with current scientific ethical
principles. In the next step, a preliminary application was made for Research, Competition and Social
Event permission on the Ministry of National Education website. After the application, the leave petition
was submitted for approval by the Mardin/Artuklu District Governorship. Once all necessary
permissions obtained, data collection started in secondary schools in Artuklu district of Mardin province,
and the applications were carried out in the classroom environment, in paper-pencil form and on a
voluntary basis, between December 2023 and January 2024. Prior to application, students were informed
about the aim of the study and it was emphasized that the data would be used only for scientific purposes
and would not be shared with any other person or institution. In addition, students were reminded that
they did not need to write their actual names on the test forms, but it was stated that they should write a
nickname that they would not forget in the space provided at the beginning of the tests in order to match
the two test forms they would answer. There was no student who refused to participate in the study in
any classroom where the application was carried out.

Data Analyses

Procedures for data analysis were presented under three headings: preliminary analyses, validity and
reliability analyses, and analysis for comparing the students’ scores in two tests.

Preliminary Analyses

This title includes the processes carried out to prepare the data sets for analysis and the results of the
analyses applied to check the distribution of the data. While performing the analyses in question, the
JASP 0.18.1.0 program (JASP Team, 2022) and the web tool running R software in its background
developed by Aybek (2021) were utilized. Since the multiple-choice tests were employed as the
instruments in the study, correct answers were scored as 1, and incorrect answers and blank items were
scored as 0. Therefore, there were no missing values in the data file. Moreover, univariate and
multivariate outliers were not found in the data set. After this determination, skewness and kurtosis
coefficients were examined for univariate normality and Henze-Zirkler statistics for multivariate
normality. Table 1 depicts the results of the normality test.
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Table 1
The results for univariate and multivariate normality tests
Skewness Kurtosis .
Test Statistic Std. Error Statistic Std. Error Henze-Zirkler
With shapes 14 12 -1.15 24 4.45"
Without shapes .76 12 .02 24 2.22"
“p<.01

The fact that the skewness and kurtosis coefficients are within +1.5 is judged as the evidence of
univariate normality (Tabachnick & Fidell, 2013). Accordingly, it is understood that the research data
meet the assumption of univariate normality. The statistical significance of the Henze Zirkler test, on
the other hand, indicates that multivariate normality is violated.

Validity and Reliability Analyses

In the research, Exploratory Factor Analysis (EFA) was performed to ascertain the factor structure of
the tests. In EFA, the Kaiser—Meyer—Olkin (KMO) values were found to be .781 and .541 for the shape-
containing test and shape-free test, respectively. Besides, Bartlett’s sphericity test results were
significant for both forms [sthape_conmining test—3634.221, sthape- Free test= 2386.016; df = 105; p <

.001]. The calculated KMO values over .50 and the statistically significant Bartlett’s tests reflect that
the sample is adequate and the correlation matrices are suitable for acquiring reliable factors (Field,
2013). Thereby, the analysis continued and since the multivariate normality assumption was violated,
the principal axis factoring technique (Sahin, 2022), which does not require any prerequisites about the
distribution of the data, was operated as the estimator in EFA. Parallel analysis method was used to
decide the number of factors, and analyses were carried out based on the tetrachoric correlation matrix
as the data had a dichotomous (1-0) structure.

Subsequently, the two test forms were compared in terms of item difficulty and discrimination indices,
and reliability. For the items’ discrimination, the discrimination index (rj) based on 27% lower-upper
group comparisons and the point biserial correlations (ryn) were calculated. Also, in order to attain a
discrimination index for the entire test, Ferguson’s delta (8) statistic (Ferguson, 1949) was calculated
using Equation 1, where k is the number of items, n is the number of test takers (i.e., sample size) and f
is the frequency value of each score. Ferguson’s delta provides information about how heterogeneous
the examinees’ test scores are (Zhang & Lidbury, 2013) and can take values ranging from O to 1
(Hernandez and Zalava, 2017). The value of .90 is recommended as the threshold for this statistic (Kline,
1993).

_ (k+1)(n*- % ) 1)

kn?

o

Within the scope of reliability analysis, Cronbach’s alpha internal consistency coefficients were
calculated and the significance of the difference between the Cronbach’s alpha values of the two forms
was tested using the method recommended by Feldt et al. (1987). In psychometric analyses, JASP
0.18.1.0 program (JASP Team, 2022) was utilized for EFA. While reliability coefficients and item
statistics were calculated in TAP (Test Analysis Program) software (Brooks & Johanson, 2003),
Ferguson’s delta statistics were computed in Microsoft Excel. To compare Cronbach’s alpha coefficients
statistically, on the other hand, the interface running the cocron package in R programming language,
developed by Diedenhofen and Musch (2016) was used.
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Analyses to Compare Students’ Scores in Two Tests

Since the research data held the univariate normality assumption, the relationship between student scores
in the shape-containing and shape-free tests was examined by means of Pearson product-moment
correlation. When interpreting the size of correlation coefficient, the following ranges offered by Salkind
(2010) were taken as reference: between .00 and .20, very weak; between .20 and .40, weak, between
.40 and .60, moderate; between .60 and .80, strong; between .80 and 1.00, very strong. Paired samples
t-test was implemented to test the significance of the difference between the scores of the students from
the two tests. In order to evaluate the magnitude of the significant difference observed as a result of the
t-test, Cohen’s d statistic was inspected. Cohen (1977) defined the cut-off points for small, medium, and
large effects as .20, .50, and .80, respectively. Relying on this guideline, Cohen’s d was interpreted as
follows in the current research: if d < .20 the difference is negligible, if .20 < d < .50 the difference is
small, if .50 < d < .80 the difference is moderate and if d > .80 the difference is large. Analyses to
compare students’ scores in the two tests were conducted in the JAPS 0.18.1.0 program.

Results

Firstly, EFA was applied for the tests with and without shapes. Table 2 shows the outputs reported in
parallel analysis for the number of factors in EFA.

Table 2
Results from parallel analysis for number of factors in the tests with and without shapes
Test with shapes Test without shapes
Eigenvalues for Eigenvalues for Eigenvalues for Eigenvalues for
Real Data Simulated Data Real Data Simulated Data
Factorl 7.076" 1.348 4.720" 1.348
Factor2 1.201 1.264 1.672" 1.264
Factor3 0.967 1.204 1.418" 1.204
Factor4 0.873 1.158 1.208" 1.158
Factor5 0.853 1.113 0.973 1.113

Table 2 illustrates that the number of factors where the eigenvalue of the real data is greater than the
eigenvalue of the simulated data was 1 in the test with shapes and 4 in the test without shapes. In other
words, there was a unidimensional structure in the shape-containing test and a four-factor structure in
the test without shapes. However, no interpretable structure was observed when the distribution of the
items to the factors in the shape-free test was examined. More explicitly, the four factors that emerged
could neither be associated with the theoretical framework such as the objectives measured by the items,
nor with statistical features such as the items’ difficulty indices. For this reason, considering that all
items were written in a way to test the objectives belonging to the same learning domain, the number of
factors was limited to 1 for the shape-free test and EFA was redone. Table 3 displays the factor analysis
results obtained for the tests with and without shapes after the repeated EFA.

As can be seen from Table 3, the factor loadings of all items except Item 8 in the test without shapes are
above the threshold value of .30 (Biiyiikoztiirk, 2010). It is also noteworthy that the factor loadings of
the items are generally higher in the shape-containing test compared to the test without shapes. In line
with the factor loadings, the extracted variance ratio was also higher in the shape-containing test than in
the shape-free one.
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Table 3

Factor solutions reported in EFA for tests with and without shapes

Factor Loadings

Items Test with shapes Test without shapes
Iteml .676 397
Item2 .595 AT74
Item3 527 .589
Item4 495 .549
Item5 767 .494
Item6 .624 432
Item7 499 .382
Item8 781 .262
Item9 .599 511
Item10 715 .605
Iteml11 .686 .687
Item12 .730 592
Item13 .796 .566
Item14 .595 .358
Item15 715 .681
Extracted Variance 43.60% 26.90%

Following the factor analysis, item difficulty and discrimination indices were examined. Table 4
provides the results regarding item statistics.

Table 4

The results of the item analysis for the tests with and without shapes

Items

Test with shapes

Test without shapes

p Tj Tpb p Tj Tpb
Iteml .85 .37 48 .85 .26 .30
Item2 54 .58 .53 .34 46 45
Item3 .33 52 A7 .38 A8 51
Item4 .64 .56 .46 43 .53 .49
Item5 .53 .78 .66 .32 .46 A8
Item6 A8 .67 .56 51 .52 43
Item7 .64 .53 46 .54 45 .39
Item8 .66 74 .64 .32 23 31
Item9 .64 .63 .53 .46 .61 .50
Item10 .59 73 .62 57 .64 .53
Item11 .37 .69 .58 .30 .58 .56
Item12 A7 .79 .63 .33 .52 .50
Item13 51 .81 .67 .28 54 49
Item14 44 .69 54 .28 37 .38
Item15 51 75 .62 .38 .66 .56
Mean 547 .563 .655 413 .490 458

It can be seen from the statistics in Table 4 that compared to the test without shapes, the difficulty indices
in the shape-containing test are closer to 1 in most items. Accordingly, it is understood that among the
geometry questions that aim to test the same learning objectives, the ones without shapes are more
difficult for the students than the ones with shapes. This can be seen more clearly in the mean difficulties
calculated for the tests. Table 4 shows that the discrimination indices based on upper-lower group
comparisons exceeded the .30 lower limit (Ebel & Frisbie, 1991; Erkus, 2012) in all items except Item
1 and Item 8 in the test without shapes. The discrimination values based on point biserial correlation
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meet the .30 criterion for all items in both test forms. These results reflect that both shape-containing
and shape-free tests have acceptable discrimination. However, both the item-based discrimination
indices and the mean discrimination values of the tests indicate that the form with shapes can distinguish
students at different achievement levels better than the shape-free one.

In the present study, Ferguson’s delta () statistic was also explored to obtain additional evidence about
the difference between the discrimination powers of the tests and it was found .986 and .961 for the tests
with and without shapes, respectively. That’s to say, Ferguson’s delta statistic exceeds the cut-off value
of .90 for both tests. These results hint that the scores of both shape-containing and shape-free tests are
heterogeneous enough to assert that the instruments are distinctive. Nevertheless, the greater Ferguson’s
delta statistic regarding the test with shapes implies that this test is more discriminatory than the test
without shapes. Following the analysis of the distinctiveness of the tests, the internal consistency of the
measurements obtained from the two tests was scrutinized. Table 5 shows the Cronbach’s alpha
coefficients calculated for the tests with and without shapes, along with the chi-square value for the
significance of the difference between these coefficients.

Table 5
Internal consistency coefficients calculated for the tests with and without shapes
Tests Cronbach’s alpha n df v
With Shapes .847 (95% CI [.825, .867]) .
4 1 12.4
Without Shapes 734 (95% CI [.696, .770]) 05 >
*p <.001

Table 5 denotes that Cronbach’s alpha coefficients are above .70 (Pallant, 2005), which is the most
commonly accepted lower limit for reliability for both tests. The Cronbach’s alpha value for the test
with shapes was higher than the test without shapes, and the difference between the internal consistency
coefficients was statistically significant. Finally, the relationship between the scores the students
received from the two tests was examined and whether the difference between the scores was significant
or not was explored. Table 6 contains the results of the correlation analysis and paired samples t-test
applied for this purpose.

Table 6
The results of correlation analysis and paired samples t-test for the scores of the tests with and without
shapes

Paired samples t-test

Tests Mean SD Pearson r n aF Cohen d
With Shapes 8.202 4.079 .648" "
12.7 404 )
Without Shapes 6.195 3.236 (%95 CI [.588, .701]) 8 0 635
“p<.001

As seen in Table 6, students’ scores in the test with shapes were higher than the test without shapes. The
calculated correlation coefficient reflects that there was a strong positive relationship between the
students’ scores in the two tests. The outputs of paired samples t-test indicated that there was a
statistically significant difference between students’ scores in the tests with and without shapes. The
Cohen’s d statistic represents a medium-sized difference, thus signs that the statistically significant
difference detected was also noteworthy in practice.

Conclusion and Discussion
In this study, the effects of presenting geometry items with and without shapes on the psychometric
properties of the test and students’ test scores were examined. First, two tests were compared in terms
of factor structures. The results showed that the factor loadings and extracted variance of the shape-
containing test were higher compared to the form without shapes. This result reflects that the test with
shapes serves the purpose more, in other words, it produces more valid measurements. Since there is no
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visual support for the students in the test without shapes, variables such as language skills and reading
comprehension ability may have a greater impact on the students’ performance in this test compared to
the shape-containing one. The interference of such sources of variability in the measurement results
other than geometry knowledge may have decreased the validity of the measurements. The fact that a
multidimensional structure emerged in the shape-free test when there was no limitation on the number
of factors supports this view. As a matter of fact, Kan et al. (2019) compared the tests in which the item
stem was presented in mathematical expressions and verbal form in terms of dimensionality and found
that the two item types differed in terms of the skills required to answer the question correctly.

When the two forms were compared in terms of item difficulty indices, it was disclosed that the test
with shapes was easier for the students than the one without shapes. That is to say, while students showed
higher success in the form with shapes, they had difficulty in solving the questions when the same items
were presented with only verbal expressions. This finding is coherent with the results of the study
conducted by Karpuz et al. (2014). Karpuz et al. (2014) prepared two tests, one in which the concept
and the shape were presented together, and the second in which the concept was presented but the shape
was not. They administered these tests, both of which contained eight open-ended questions, to 120 high
school students, one month apart, first the form without shapes and then the form with shapes. As a
result of the study, they reported that students were more successful in solving the shape-containing
questions. Drawing wrong shapes that do not meet the generalizability condition, being mostly
influenced by prototype shapes while solving, or not being able to create any shape that corresponds to
the conceptual knowledge in the item were listed as the factors that caused students to have more
difficulty in solving the questions without shapes. A similar result was obtained in the study by Aydin
et al. (2006). In the study just mentioned, an application was made over five open-ended geometry
questions and students were randomly divided into two groups in the classroom environment. The
students in the first group were presented the items with both verbal expressions and shapes. The
students in the second group were asked the same questions without shapes. As a result of the study,
they observed that when the item was presented only with verbal expressions, students had difficulty in
transferring the expression in the question to the shape and consequently had more difficulty in these
types of questions. The attained results regarding the item difficulties also match with the positions of
Michael-Chrysanthou et al. (2024) who stated that “A figure is a representation of a geometrical
situation easier to understand compared to a representation with linguistic elements only.” Therefore,
it can be said that the item difficulties calculated in this study for the tests with and without shapes are
in line with the results of the previous studies.

The fact that students have more difficulty with the geometry questions without shapes can also be
explained by the fact that they rarely encounter these types of questions. Because when exams do not
go beyond certain question types, namely, when students always see similar types of items, they may
have difficulty with different types of questions (Yilmaz, 2007). This situation manifested itself in the
opinions written by the students under the questions in the test without shapes. Although there was not
a particular space on the tests for students to write their comments about the questions, some students
expressed that they did not know what to do with the shape-free questions and wrote notes on their test
papers such as “I can’t understand as there is no shape”, “algebraic expressions were already all we
need in the geometry questions”, “what kind of geometry question are these”. Based on these opinions,
it can be asserted that students’ unfamiliarity with shape-free geometry items caused them to have more
difficulty with these questions.

Another noteworthy result regarding item difficulties was as follows: The difficulty indices calculated
for the first item in the tests with and without shapes were equal to each other. Indeed, one of the field
experts whose opinion was consulted about the tests remarked that this item would be solved correctly
whether it was presented with or without a shape. In this sense, the difficulty index calculated for the
related item confirmed the expert opinion. Accordingly, it may be useful to get the experts’ opinions
before the application about the necessity of the shape in geometry questions or in which questions
removing the shape may make a difference in the difficulty index.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 202



Atg, 1. & Tlhan, M. (2024). The Effect of Presenting Geometry Items with and without Shapes on the Psychometric
Properties of the Test and Students’ Test Scores

When the item discriminations calculated for the two tests were compared, a difference was observed
in favor of the shape-containing form. This result reflects that when geometry questions are presented
with shapes, students with different levels of achievement can be effectively discriminated from each
other, whereas when the same questions are presented only with verbal expressions, it becomes difficult
to distinguish students at different achievement levels. In line with this, the Ferguson’s delta statistic,
which provides information about how heterogeneous the examinees are in terms of their test scores,
was higher for the shape-containing test. This difference between the discrimination powers of the tests
was reflected in Cronbach’s alpha coefficients, and a significantly higher internal consistency coefficient
was estimated for the shape-containing test compared to the one without shapes. Accordingly, it is
possible to conclude that there is a higher consistency between the items of the shape-containing test
and that the shape-free form is more prone to random errors than the one with shapes. In the literature,
there is no study directly comparing geometry tests with and without shapes in terms of discrimination
and internal consistency. However, considering that there is a difference between the discrimination
values and internal consistency coefficients of the tests even when geometric shapes are presented in
accordance with their real values and different from their real values (Cetin & Tiirkan, 2013), it is
thought that presenting the questions without shapes will affect these statistics more explicitly.
Therefore, it can be said that the results of the study conducted by Cetin and Tiirkan (2013) indirectly
support the findings of the study, although not directly.

In the second problem of the study, students’ scores in tests with and without shapes were compared.
The obtained correlation coefficient elicited that there was a strong positive relationship between the
students’ scores in the two tests. This result indicates that the two tests ranked the students largely
similarly in terms of their geometry achievement. More clearly, there was a high relative agreement
between the achievement scores obtained from the geometry tests with and without shapes. On the other
hand, there was a statistically significant difference between the students’ scores in the two test forms.
This finding signs that there is no absolute agreement between the scores of the two tests. Likewise,
Aydin et al. (2006) reported that the students’ item scores were higher in the test with shapes compared
to the one without shapes.

The fact that the students’ scores in the test without shapes were significantly lower means that they
could not use their conceptual knowledge in questions without shapes, had difficulty in creating visual
representations of verbal expressions and were unable to mobilize the knowledge in their minds when
they encountered questions without shapes. As a matter of fact, Ciftci and Isleyen (2022) stated that
students comprehend geometry problems in a shape-oriented manner, cannot transfer the verbal
expressions to the shapes or they transfer them incorrectly, and that some students even skip the
questions presented only verbally without reading them at all. In addition, they emphasized that the fact
that students proceed directly through shapes without fully learning geometric concepts comes to light
by the deficiencies in visualizing verbal expressions. In a similar vein, Barut and Retnawati (2020)
showed the lack of visualization ability as one of the difficulties experienced in geometry lessons in
their study conducted with secondary school students. Considering all these, it can be argued that one
of the main factors that led students to get lower scores in the shape-free test is the deficiency in
visualization skills, which Duval (1998) defines as one of the three basic cognitive processes of
geometry teaching (cited in Ciftci & Isleyen, 2022).

Implications, and Suggestions for Future Researches

The research results demonstrated that geometry tests, in which items are presented with or without
shapes, differ in terms of both their psychometric properties and the test scores of the students. From the
point of these results, it is possible to offer the following suggestions for practice: First and foremost,
when experts from the field of mathematics education and measurement and evaluation need to prepare
parallel forms of a geometry test, they should take into account that shape-containing and shape-free
questions to test the same learning objective are not equivalent. Considering that students’ performance
on geometry items without shape is lower, teachers should focus more on conceptual learning in the
lesson and provide opportunities for students to draw the shape of a geometric term given a definition.
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Supporting the interaction between concept and shape with activities can improve students’ visualization
and spatial thinking skills and promote their performance on geometry questions without shapes. A
similar situation is also valid for the textbooks. Including shape-containing geometry questions as well
as shape-free items in textbooks may support students’ visualization skills and prevent them from
floundering when they encounter shape-free questions.

While interpreting the study results and implications based on these results, it should be kept in mind
that the research has certain limitations and further research is needed to overcome these limitations.
First of all, the current study was limited to the data obtained from two 15-item tests, one consisting of
shape-containing and the other consisting of shape-free questions for eighth grade level. Therefore, it
may be recommended to conduct a similar study with students at different grade levels. In addition, in
the present investigation, no opinion was requested from the field experts about whether the shape would
be necessary or not in the items prepared. In future studies, experts can be consulted, and it can be tested
whether the differences found between the item statistics of shape-containing and shape-free questions
are compatible with the experts’ opinions about the necessity of shape. Finally, it can be tested whether
the difference between the item statistics of questions with and without shapes changes according to
whether the shape in the question is prototypical or unusual.
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Appendix

Figure 1

An example of geometry items with and without shapes

The item with shape

A B If ABCD is a square
and BEC is an
£ equilateral triangle,
find the angle of
m(DCE).
5 - (DCE)

A)120°  B)130° C)140° D) 150°

The item without shape

ABCD is a square and BEC is an equilateral
triangle. If the square ABCD and equilateral
triangle BEC have side [BC] in common, find the
angle of m(DCE).

A) 120° B) 130° C) 140° D) 150°
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