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Abstract

Given the significance of sectioning skill in higher education and its malleability through
training, it is imperative to measure this spatial skill and track its development by using
an appropriate instrument. The Santa Barbara Solids Test is a spatial test that can be used
for this purpose. However, it has been tested or used mainly with English-speaking
science students. To determine whether a Turkish version of this test can be used in a
culturally distinct population of design students, a two-phase study was therefore
undertaken. The test’s validity and reliability were initially evaluated in 173 students.
Next, another sample of 200 students took the test to assess whether test scores varied by
student characteristics, as in the previous studies. The results demonstrated that the
psychometric properties of the Turkish version were satisfactory. A significant
correlation between students’ test scores and perceived spatial ability levels was found.
Additionally, the test scores varied significantly by students’ experience, department, and
gender. From these findings, it can be concluded that the Turkish version of the test is
psychometrically sound and can be used to measure and monitor the development of
sectioning skill in Turkish design students.

Keywords: Design education, Environmental design, Sectioning skill, Spatial ability,
The SBST

Introduction: Spatial ability is an amalgam of somewhat separate abilities or skills and plays a critical role in many
professions and scientific disciplines. In addition to the importance of spatial ability, it has been demonstrated that spatial
thinking and reasoning can be improved across different student populations through various training procedures.
Therefore, it is essential to identify less able students using appropriate tools and to provide opportunities for them to
develop their spatial skills. Given that all spatial tests may not be equally effective measures of the spatial skills critical
to different fields, it is also crucial that the skills required for a specific field or domain should be measured using a
relevant domain-specific test. One spatial skill that is more closely associated with fields such as architecture, geology,
medicine, and engineering is sectioning. The Santa Barbara Solids Test is one of the spatial tests that can be used for
measuring this skill. While this test is valid and reliable, it has been tested or used mainly with English-speaking science
students. It has not been psychometrically evaluated in architecture and other environmental design students, for whom
sectioning skill is deemed necessary. Moreover, it is not clear whether this test can be effectively used in culturally distinct
populations.
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Purpose and scope: To determine the appropriateness of this test for measuring sectioning skill in Turkish environmental
design undergraduates, a study was conducted at three departments of an architecture and design faculty in Ankara,
Tiirkiye. Since this test had not been thoroughly adapted for use in Tiirkiye, the test was initially translated into Turkish.
Subsequently, the translated version was evaluated for validity and reliability. Moreover, student test scores were analyzed
to determine whether they varied significantly by student characteristics, as in the earlier studies.

Method: The study was undertaken in two phases. In the first phase, the Santa Barbara Solids Test was translated from
English to Turkish and then back to English to produce a translated version of the test. Following this translation process,
10 first-year interior design students were asked to rate whether the instructions and items of the translated version were
clear. For further assessing the conceptual equivalence of the translated test, a panel of eight experts was also asked to
rate the instructions and items. After making the necessary changes, a revised version of the translated test was obtained.
To evaluate the content validity of individual items, the panel was asked to rate the items again. After concluding that
there was no need to make additional revisions on the test, this version of the test and the object manipulation spatial
ability subscale of the Spatial Ability Self-Report Scale were administered to a sample of 163 undergraduate
environmental design students to assess the construct validity, criterion validity, internal consistency, and convergent
validity of the obtained version. The construct validity was assessed by conducting a confirmatory factor analysis. To
determine the criterion validity, the correlation between the test and the object manipulation spatial ability subscale scores
was calculated. To evaluate the internal consistency and convergent validity, alpha coefficients and values for construct
reliability and average variance extracted were determined. In the second phase, the test was administered to another
sample of 200 undergraduate environmental design students to assess whether their scores would vary by student
characteristics, namely students’ year of education, department, and gender, and to conclude whether the test can be used
for measuring and monitoring the development of sectioning skill in Turkish design students. To analyze the obtained test
scores, one-way ANOVA for independent samples was used.

Findings and conclusion: The results of the confirmatory factor analysis that was undertaken to validate both the two-
and three-factor model of the test verified the construct validity of the translated version. In addition, the significant
positive correlations between participants’ test scores and their reported spatial ability scores were consistent with
previous research on spatial self-efficacy. They both confirmed the test’s criterion validity and provided additional support
for it. Moreover, the obtained Cronbach’s alpha, construct reliability, and average variance extracted results were within
the recommended ranges. These findings suggested that the psychometric properties of the translated version were
satisfactory and that the whole test and its subscales could reliably assess sectioning skill in design students. The findings
of the second phase demonstrated that the test was challenging for environmental design students. On average, the
participants answered 68% of the test items correctly. Furthermore, the findings indicated that some students were
significantly less successful in mentally visualizing sections. It was observed that the test scores of less- and more-
experienced students differed significantly. In addition to students’ experience, the test scores also varied by gender and
department. While the male students scored consistently higher than their female peers, the differences in the scores
reached statistical significance only for the simple and embedded subscales of the test. According to the results, the
architecture students significantly outperformed their peers in the interior design and city planning departments. It was
also observed that the test scores of interior design students were significantly higher than those of city planning students.
Even though further research is needed to confirm these findings, several conclusions can be drawn. Firstly, it can be
concluded that the translated version of the Santa Barbara Solids Test is a valid and reliable test for assessing sectioning
skill in Turkish environmental design students. Secondly, some of these students may be less able to section three-
dimensional objects in their minds and may be at greater risk of academic underachievement. Therefore, assessing
environmental design students’ sectioning skill and monitoring their progress by using the translated version would be
beneficial. Thirdly, educational strategies for improving students’ spatial skills by increasing their spatial self-efficacy
can use this test version for sectioning skill assessment and, thus, evaluate the effectiveness of the adopted strategies.
Lastly, sectioning skill can be developed through adequate departmental training for environmental design students.

Keywords: Design education, Environmental design, Sectioning skill, Spatial ability, The SBST

INTRODUCTION

A broad definition of spatial ability is “the ability to generate, retain, retrieve and transform well-structured
visual images” (Lohman, 1994: 1000). A vast body of empirical evidence shows that spatial ability differs
from general intelligence and that it is not a unitary construct, but rather an amalgam of somewhat separate
abilities or skills (for a review, see Hegarty and Waller, 2005). While there is not a complete agreement on the
structure of spatial ability (Halpern, 2012; Hegarty & Waller, 2005; Newcombe & Shipley, 2014), it is
acknowledged that spatial thinking and reasoning are crucial to many professions and scientific disciplines,
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such as architecture, engineering, medicine, physics, and chemistry (Hegarty & Waller, 2005; Kerkman et al.,
2000; Shea et al., 2001). Given its importance, it seems reasonable to assume that spatial ability is directly
linked to major choice and subsequent career success. To date, longitudinal research on intellectually
precocious youth has provided clear scientific evidence to support this connection. A series of studies has
shown that proficiency in spatial abilities is linked to interest in science and mathematics and to pursuing a
career in science and engineering (Humphreys et al., 1993; Shea et al., 2001; Webb et al., 2007). Moreover,
another group of studies focusing on educational and vocational outcomes showed that earning an advanced
degree in “science, technology, engineering, and mathematics” (STEM) education (Wai et al., 2009),
developing innovative knowledge (Kell et al., 2013) and achieving extrinsic career success pertaining to pay
and income (Lang & Kell, 2020) are related to spatial ability.

Apart from the importance of spatial ability, it has been shown that spatial thinking and reasoning can be
improved across different populations through various training procedures (Uttal et al., 2013). Therefore,
particular emphasis should be placed on identifying less able students and developing curricula to improve the
spatial skills of those at risk. To achieve these goals, it is imperative to assess and track students’ spatial
abilities quantitatively using standardized tests. Given this requirement, the question arises as to whether
existing spatial tests are equally effective measures of the spatial skills critical to different fields. A plausible
answer to this question is that the skills needed for a specific field or domain should be measured using a
relevant “domain-specific” test (Berkowitz et al., 2021; Cho & Suh, 2021; Cohen & Hegarty, 2012).

One spatial skill that is more closely associated with various STEM fields is inferring the two-dimensional
(2D) sections of a three-dimensional (3D) solid object. In medicine, this skill is essential for educational
attainment and for the comprehension of 2D medical images, such as X-rays (Hegarty et al., 2007; Hegarty et
al., 2009). The ability to mentally visualize sections is also vital in geology, where it is termed “visual
penetration ability” (Atit et al., 2015; Kali & Orion, 1996). Additionally, having trouble with sectioning 3D
objects in mind is disadvantageous for engineers and is associated with poor academic performance (Cohen &
Bairaktarova, 2018; Ha & Brown, 2017). Moreover, there is evidence that sectioning skill is important in
architecture and more relevant to this field than other spatial skills (Berkowitz et al., 2021; Gerber et al., 2019).
Given the significance of sectioning skill in several fields, it is crucial to assess it by using a suitable spatial
test.

The Santa Barbara Solids Test (Cohen & Hegarty, 2007, 2012) is one of the spatial tests that can be used to
measure sectioning skill. Even though this test has been shown to be valid and reliable, it has been tested or
used mainly amongst undergraduate science, engineering, and psychology students (Cohen & Bairaktarova,
2018; Cohen & Hegarty, 2007, 2012; Ha & Brown, 2017). It has not been psychometrically evaluated in
architecture and other environmental design students, for whom sectioning skill is necessary, to the best of our
knowledge. Moreover, given that it is not appropriate to merely translate a measure and make it possible to
use it in a different country, or more specifically, cultural context (for further information, see Beaton et al.,
2000), it is not clear whether this test can be used in a culturally distinct population. Research in Western
industrialized countries consistently demonstrated that males outperform females on standardized sectioning
skill tests, including the Santa Barbara Solids Test (Berkowitz et al., 2021; Cohen & Hegarty, 2012; Tsutsumi
et al., 2005). In these countries, it was also observed that sectioning skill varies considerably amongst
university students and tends to be greater in more experienced students (Berkowitz et al., 2021; Gerber et al.,
2019; Tsutsumi et al., 2005). Given these findings, it is necessary to address whether the Santa Barbara Solids
Test can be effectively used to quantify possible differences in sectioning skill in another population, such as
Turkish design undergraduates, and to take reasonable precautions to ensure the quality of education.

Acknowledging the importance of measuring sectioning skill and the need to determine the appropriateness of
the Santa Barbara Solids Test for design students in other cultures, a study was undertaken across three
departments of an architecture and design faculty in Ankara, Tiirkiye. Since this test had not been thoroughly
adapted for use in Tiirkiye, the test was initially translated into Turkish. Subsequently, the translated version
was evaluated for validity and reliability. Moreover, student test scores were analyzed to determine whether
they varied significantly across different student characteristics. The current paper presents and discusses the
results of these analyses.
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METHOD
Participants

In total, 373 undergraduate students (mean age = SD: 21.05 = 1.74 years), studying architecture, city planning,
and interior design at TED University in Ankara, Tiirkiye, voluntarily participated. As per the ethical clearance
issued by TED University on 08 December 2023 (document number: 2023-20), all students consented to
participate after being informed about the study and its objectives. Apart from speaking Turkish as their first
language, there were no other inclusion criteria. At an early stage of the study, 10 first-year interior design
students (5 men and 5 women) evaluated the first Turkish version of the Santa Barbara Solids Test for clarity.
To assess the psychometric properties of its final Turkish version, 163 architecture and interior design students
who did not participate in the first stage took the test. The descriptive statistics of these students (second-stage
participants) are presented in Table 1. In the last stage, 200 students (see also Table 1 for more information on
these third-stage participants) who did not participate in the previous two stages were used to evaluate the
test’s use among architecture and design students.

Table 1. Descriptive statistics of the second- and third-stage participants

Second-stage participants Third-stage participants

n % n %
Gender Female 116 71.17 145 72.50
Male 47 28.83 55 27.50
Architecture 90 54.21 84 42.00
Department City planning 0 0.00 52 26.00
Interior design 73 44.79 64 32.00
18t 41 25.15 64 32.00
. ond 43 26.38 59 29.50
Year of education 3rd 41 2515 38 19.00
4t 38 23.32 41 20.50
Total 163 100.00 200 100.00

Measures

The Santa Barbara Solids Test (SBST): A Turkish version of the SBST (Cohen & Hegarty, 2007, 2012) was
used to evaluate participants’ sectioning skill. The SBST is an achievement test that consists of 30 items with
four answer options. The test items vary in difficulty based on the complexity of the sectioned solid and the
orientation of the cutting plane. In the items, there are 10 simple, joined, and embedded solids. The simple
solids are cylinders, cones, cubes, pyramids or prisms. The joined solids are made up of two simple solids that
touch each other externally. Embedded solids are more complex solids formed by inserting two simple solids
horizontally or vertically. In the test, half of the items have orthogonal cutting planes that are oriented
perpendicularly to the vertical or horizontal axis of the solids. The remaining 15 items have oblique cutting
planes. A total SBST score is calculated by summing the scores for all items. Alternatively, individual scores
can be calculated for each sub-dimension: simple, joined, embedded, orthogonal, and oblique. In a sample of
59 psychology students, Cohen and Hegarty (2007) demonstrated that the SBST had good criterion validity
and internal consistency reliability. Participants’ total SBST and sub-dimension scores significantly correlated
with their composite test score, calculated from two spatial ability tests. Additionally, a Cronbach’s alpha of
0.86 was found for the overall test. In a later study with a larger sample composed mainly of undergraduate
science students, Cohen and Hegarty (2012) obtained an alpha coefficient of 0.91 for the entire test and values
ranging from 0.73 to 0.85 for the sub-dimensions. Moreover, participants’ Scholastic Aptitude Test (SAT)
mathematics scores predicted their SBST scores better than their SAT Reading scores. In addition, males
significantly outperformed females in the SBST.

The Spatial Ability Self-Report Scale (SASRS): The SASRS (Turgut, 2015) was used to demonstrate
convergent validity by examining correlations between participants’ SBST scores and their self-reported level
of object manipulation spatial ability (OMSA). The SASRS consists of 18 items that are rated on a 5-point
scale. The responses to these items are used to quantify OMSA, spatial navigational ability (SNA), and visual
memory (VM). In a sample of Turkish undergraduates, Turgut (2015) demonstrated that the SASRS had good
psychometric properties. The validity analyses confirmed the scale’s three-factor structure and criterion
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validity. Alpha coefficients for the SASRS and its OMSA, SNA, and VM subscales were reported to be 0.88,
0.88, 0.80, and 0.62, respectively. Since OMSA encompasses a wide range of skills related to spatial ability
(Turgut, 2015) and can be linked with sectioning skill, only the OMSA scores were used in our analyses.

Procedure

Since there was a need to adapt the SBST for use in Tiirkiye, the test was adapted to the local culture and
context, following the guidelines of Hambleton and Patsula (1999). Initially, two independent translators fluent
in both English and Turkish translated the SBST from English into Turkish. While one translator was familiar
with technical drawing terminology and was aware of the construct measured by the test, the other translator
had no prior knowledge of the construct or subject matter. Both translations were reviewed by another bilingual
translator and compared with the original SBST. Several inconsistencies were resolved by the translators with
input from the principal investigator. After reaching a consensus, the initial translated version of the test (I-
TV) was obtained. The I-TV was then translated back into English by two other translators with similar
professional backgrounds. To avoid bias, both translators were completely blind to the original version of the
test. Following the back-translation process, all translators and the principal investigator reviewed all translated
versions of the SBST and compared them with the original version. After reconciling any discrepancies, the
second translated version (S-TV) was synthesized. A sample of 10 first-year interior design students, whose
first language is Turkish, was asked to rate the clarity of the S-TV’s instructions and items. The instructions
and items were found to be clear by 100% and 90% of the students, respectively. To further evaluate the
conceptual equivalence of the S-TV, a panel of eight specialists in architectural education and one specialist
in educational sciences, all native Turkish speakers, was asked to rate both the instructions and the items of
the test. Since more than 80% of the panel rated the instructions as unclear, the S-TV was revised in accordance
with the panel’s recommendations. It was suggested to clarify that the correct answer would only represent the
surface or surfaces cut by the cutting plane, as the visible surfaces beyond the cutting plane were not included
in some of the answer sets. After making the necessary changes, the panel evaluated the revised S-TV (R-TV).
Conceptual equivalence was achieved at this stage.

To evaluate the content validity of the individual items, the panel was then asked to rate the R-TV items. Based
on the ratings, the items were classified as either relevant or irrelevant for computing the item-level content
validity index (I-CVI). While the I-CVI for 29 items was 1.00, it was 0.89 for the 19th item. Furthermore, the
average of the I-CVIs (S-CVI/Ave) for the items was calculated and shown to be 0.996. Given that an I-CVI
of 0.78 or above for nine experts and an S-CVI/Ave of 0.90 or above are considered as satisfactory indices
(Polit & Beck, 20006), it was concluded that the items did not need another revision. To further establish the
psychometric properties of the R-TV, the R-TV and the OMSA subscale of the SASRS were administered to
a sample of 163 students in the second stage of the study to assess construct validity, criterion validity, internal
consistency, and convergent validity. Construct validity was assessed through a confirmatory factor analysis.
To determine the criterion validity, the correlation between the test and OMSA subscale scores was calculated.
For evaluating the internal consistency and convergent validity, alpha coefficients and values for construct
reliability and average variance extracted were determined. After conducting analyses for the reliability and
validity of the test, the R-TV was also administered to 200 students to demonstrate whether the test scores
would vary by student characteristics in the final stage and conclude whether the test can be effectively used
for measuring and monitoring the development of sectioning skill in Turkish design students. To analyze
students’ test scores, one-way ANOVA for independent samples was used. LISREL (version 8.72) was used
for the confirmatory factor analysis. The remaining statistical analyses were performed by using the Statistical
Package for the Social Sciences (SPSS, version 22.0).

FINDINGS
Confirmatory factor analysis (CFA)

In addition to evaluating content validity in the initial stage of the study, construct validity was assessed
through a CFA. Before conducting the CFA, the suitability of the collected data for further psychometric
testing was determined. First, the Kaiser-Meyer-Olkin (KMO) test was used to ascertain whether the sample

25



IDA: International Design and Art Journal I)\
Volume: 8, Issue: 1/2026

size was adequate. There was no missing data. The KMO value for the whole sample was 0.85. Given that
KMO values between 0.80 and 1.00 indicate adequacy (Shrestha, 2021), the sample size was deemed
sufficient. Secondly, to identify outliers in the dataset, the raw scores for each variable were converted to z-
scores. Since z-scores out with —3.00 or +3.00 are regarded as unsatisfactory (Yan & Su, 2009), there were no
extreme values. Moreover, kurtosis and skewness values were calculated to check normality. The obtained
kurtosis and skewness values ranged from —0.857 to 0.520 and from —0.587 to —0.064, respectively. Because
both kurtosis and skewness values fall within the acceptable range of -2.00 to +2.00 (George & Mallery, 2020),
the assumption of normality was confirmed. Since the items of the SBST were developed and categorized
according to both the complexity of the sectioned solid and the cutting plane orientation, two different CFAs
were performed. The first analysis was undertaken to validate the two-factor model for the two different cutting
plane orientations. The CFA path diagram for the two-factor model is presented in Figure 1. Table 2 shows
that the computed factor loadings for the two-dimensional structure of the adapted SBST range from 0.29 to
0.90, and that the observed variables had significant factor loadings at the 0.05 significance level in explaining
the latent variables. Only Item 5 (T5) has a relatively modest loading, just below the minimum recommended
loading of 0.30 (Field, 2013). Given that removing this item had a minimal effect on the overall model and
that it had a significant factor loading, this item was retained.
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Figure 1. The obtained path diagram for the two-dimensional structure of the Turkish SBST
Table 2. Factor loadings for the two-dimensional structure of the Turkish SBST

Orthogonal Oblique
T1 0.65* T3 0.45*
T2 0.45* T7 0.46*
T4 0.50* T8 0.65*
T5 0.29* T9 0.77*
T6 0.49* T10 0.49*
T11 0.58* T15 0.31*
T12 0.52* T16 0.59*
T13 0.90* T20 0.63*
T14 0.62* T22 0.60*
T17 0.47* T23 0.55%*
T18 0.68* T25 0.71*
T19 0.62* T26 0.81*
T21 0.50* T27 0.60*
T24 0.61* T29 0.64*
T28 0.30* T30 0.63*

To assess the fit of the two-factor model, the following goodness-of-fit measures were employed: chi-square
to degrees of freedom ratio; comparative fit index (CFI); goodness-of-fit index (GFI), standardized root mean
square residual (SRMR); and root mean square error of approximation. For these measures, the recommended
cut-off criteria are: 1 < x%/df < 3 (Carmines & Mclvar, 1983); CFI > 0.90 (Lai & Green, 2016); GFI > 0.90
(Schumacker & Lomax, 2010); SRMR < 0.10 (Schermelleh-Eugel et al., 2003); and RMSEA < 0.06 (Hu &
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Bentler, 1999). The results of our analysis demonstrated an acceptable fit and, thus, verified the construct
validity of the two-dimensional structure of the adapted SBST. All values obtained for the goodness-of-fit
measures (Table 3) met the cut-off criteria.

Table 3. Goodness-of-fit analysis results for the two-factor model

X df  X/df CFI GFI SRMR RMSEA
499.40% 404 123 0.90 0.94 0.07 0.05
* p<0.001

A second CFA was also conducted to validate the three-factor model for the three different types of sectioned
solids. The CFA path diagram is presented in Figure 2. Table 4 shows that the computed factor loadings for
the two-dimensional structure of the adapted SBST range from 0.29 to 0.86, and that the observed variables
had significant factor loadings at the 0.05 significance level in explaining the latent variables. Items 5 (T5) and
28 (T28) have slightly low loadings of 0.29, which are just below the minimum recommended loading. Given
that removing these two items had a minimal effect on the overall model and that they had significant factor
loadings, it was decided to retain them rather than modify the test.

/ ’ =
— ) 2| o

Figure 2. The obtained path diagram for the two-dimensional structure of the Turkish SBST
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Table 4. Factor loadings for the three-dimensional structure of the Turkish SBST

Simple Joined Embedded
T1 0.67* T2 0.45* T3 0.45*
T4 0.46* T5 0.29* T6 0.46*
T7 0.44* T8 0.68* T9 0.75*%
T10 0.48* T11 0.57* T12 0.46*
T13 0.86* T14 0.59* T15 0.30*
T16 0.58* T17 0.44* T18 0.66*
T19 0.59* T20 0.63* T21 0.48*
T22 0.59* T23 0.53* T24 0.41*
T25 0.68* T26 0.80* T27 0.57*
T28 0.29* T29 0.62* T30 0.61*
* p<0.001

To assess the fit of the three-factor model, the aforementioned goodness-of-fit measures and their cut-off
criteria were used. All fit indices for the three-factor model were within the recommended ranges (Table 5).
The obtained x*/df ratio ranged from 1 to 3. While the CFI value was not lower than 0.90, the GFI value
exceeded the acceptable threshold of 0.90. The SRMR and RMSEA values were both lower than the suggested
cut-off values of 0.10 and 0.06, respectively. These results showed adequate fit between the data and the three-
factor model tested, and they further supported the construct validity of the translated SBST.

Table 5. Goodness-of-fit analysis results for the three-factor model

X df  xX’/df CFI GFI SRMR  RMSEA
505.94* 402 125  0.90 0.95 0.07 0.05
* p<0.001
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Criterion validity

To determine the criterion validity of the adapted SBST, the correlation of participants’ SBST scores with their
OMSA scores was analyzed by calculating Pearson’s product-moment correlation coefficients. Although the
results of this analysis demonstrated that the obtained correlation coefficients, between 0.261 and 0.367 (Table
6), indicated either weak or moderate associations (Pallant, 2007), participants’ SBST scores positively
correlated with their reported spatial ability scores at statistically significant levels. These results confirmed
the criterion validity of the R-TV and further supported the test’s validity.

Table 6. Pearson’s product-moment correlation coefficients for the relationship between the second-stage participants’
(n=163) SBST and OMSA scores

SBST total SBST simple SBST joined SBST embedded SBST orthogonal SBST oblique
OMSA 0.357* 0.261* 0.325* 0.367* 0.283* 0.350*
* p<0.05

Internal consistency and convergent validity

While the Kuder-Richardson 20 (KR-20) is generally used for estimating the reliability of dichotomous
measures (Villaume & Weaver, 1996), Cronbach’s alpha can also be used for binary items and yields the same
result as the KR-20 (Meyer, 2010). Given the suitability of utilizing “Cronbach’s alpha” for the adapted SBST,
alpha coefficients were calculated for the whole test and its subscales. It can be seen from Table 7 that all alpha
coefficients for the adapted test are not below the threshold value of 0.70 (Taber, 2018) and, thus, indicate the
internal consistency of the adapted SBST. It is also evident from Table 7 that the alpha coefficients for the
adapted test are comparable to those obtained for the original test, except for the coefficient for the orthogonal
subscale.

Table 7. “Cronbach’s alpha” coefficients, CRs, and AVEs for the SBST and its subscales

SBST total SBST simple SBST joined  SBST embedded SBST orthogonal SBST oblique
alpha 0.85 0.76 0.78 0.70 0.70 0.81
Two-dimensional structure Three-dimensional structure
SBST orthogonal SBST oblique SBST total SBST simple SBST joined  SBST embedded SBST total
CR 0.97 0.98 0.99 0.92 0.92 0.89 091
AVE 0.31 0.36 0.34 0.34 0.33 0.28 0.32

Since Cronbach’s alpha may underestimate reliability (Hair et al., 2019), the construct reliability (CR) value,
considered to be a more suitable alternative (Hair et al., 2019; Netemeyer et al., 2003), was also calculated. In
addition to CR value, average variance extracted (AVE), a better criterion for internal consistency or stability
(Netemeyer et al., 2003), was computed as well. Table 7 also shows that all CR values range from 0.89 to 0.99.
Given that these values are above the acceptable CR threshold of 0.70 (Hair et al., 2019), they indicate an
adequate convergence or internal consistency. Table 7 also shows that the AVE values range from 0.28 to 0.36.
Although the minimum value for AVE is 0.50 (Hair et al., 2019), these values are still acceptable for two
reasons. Firstly, for a new measure, an AVE of 0.25 or higher can be considered satisfactory (Wang et al.,
2023). Secondly, if CR values exceed the threshold, an AVE below 0.50 is still deemed adequate and an
indicator of convergent validity (Shrestha, 2021). Therefore, it is reasonable to conclude that the Turkish
version of the SBST has an acceptable internal consistency and convergent validity.

To further confirm our findings on the internal consistency of the adapted SBST, alpha coefficients for the
whole test and its subscales were calculated from the dataset for the 200 third-stage participants. Before this
analysis, the adequacy of sampling was determined by the KMO test. There was no missing data. A KMO
value of 0.85 was found for the whole sample. Since this value fell within the range of 0.80 to 1.00, the sample
size was deemed adequate. Moreover, to identify outliers in the dataset, the raw scores for each variable were
converted to z-scores. Given that the obtained z-scores were between —3.00 and +3.00, there were no extreme
values. Also, kurtosis and skewness values were calculated to check normality. The obtained kurtosis and
skewness values ranged from —0.876 to 0.342 and from —1.506 to 0.172, respectively. Because both kurtosis
and skewness values were within the range of —2.00 to +2.00, the assumption of normality was confirmed. The
reliability analysis demonstrated that all alpha coefficients were above the 0.70 threshold and thus indicated
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satisfactory reliability. The coefficient for the whole scale was 0.87. The coefficients for the simple, joined,
embedded, orthogonal, and oblique subscales were 0.75, 0.71, 0.72, 0.79, and 0.81, respectively.

Test score differences in the participants

To assess the use of the R-TV among Turkish design students, we also examined whether third-stage
participants’ test scores varied significantly by year of education, department, and gender. The descriptive
statistics for participants’ correct answers in the R-TV are given in Table 8. On average, the participants
answered 68% of the R-TV items correctly. While they successfully answered 79% of the items with
orthogonal cutting planes, they correctly answered 56% of the items with oblique cutting planes. The success
rate for the items with simple, joined, and embedded solids were 68%, 70%, and 65%, respectively.
Approximately 83% (165) of students had an average score of 15 or more.

Table 8. Descriptive statistics for the correct answers in the R-TV

Mean SD %
SBST simple 6.76 2.48 67.60
SBST joined 6.97 2.31 69.70
SBST embedded 6.48 2.14 64.80
SBST orthogonal 11.86 3.03 79.07
SBST oblique 8.35 3.83 55.67
SBST total 20.51 6.23 68.37

To ascertain whether the SBST scores of less and more experienced students significantly differed,
participants’ test scores were analyzed by using the “one-way ANOVA for independent samples”. The analysis
results are presented in Table 9. The results indicated that the scores for the whole test [F(3,196) = 9.780, p <
0.001] and simple [F(3,196) = 5.995, p < 0.001], joined [F(3,196) = 9.150, p < 0.001], embedded [F(3,196) =
8.362,p <0.001], orthogonal [F(3,196) = 8.446, p < 0.001] and oblique [F(3,196) =7.865, p <0.001] subscales
varied significantly by the year of education or students’ experience. According to the post-hoc test results
(Table 9), the more experienced students significantly outperformed their less experienced peers. The fourth-
year students had the highest test scores. They were followed by the third-, second-, and first-year students,
respectively.

Table 9. One-way ANOVA and post-hoc test results for students’ year of education

Sum of squares df Mean square F Significant differences
Between groups 103.07 3 34.35
SBST simple Within groups 1123.40 196 5.73 5.995% I3t < 2nd < 31d < 4th yeqr
Total 1226.48 199
Between groups 131.55 3 43.85
SBST joined Within groups 939.32 196 4.79 9.150%* I3t < 2nd < 31d < 4th yeqr
Total 1070.87 199
SBST Betyve‘en groups 104.15 3 34.71
embedded Within groups 813.76 196 4.15 8.362%* I3t < 2nd < 31 < 4th yeqr
Total 917.92 199
SBST Bethwefen groups 209.64 3 69.88
orthogonal Within groups 1621.71 196 8.27 8.446% I3t < 2nd < 31 < 4thyeqr
Total 1831.35 199
SBST Bethweten groups 314.98 3 104.99
oblique Within groups 2616.51 196 13.35 7.865% I3t < 2nd < 31 < 4thyeqr
Total 2931.50 199
Between groups 1007.20 3 335.73
SBST total Within groups 6728.55 196 34.32 9.780%* 13t < 2nd < 31 < 4th yeqr
Total 7735.75 199
* p<0.001

The obtained scores on the R-TV and its subscales were also analyzed by using the one-way ANOVA for
independent samples to assess the possible effects of different design fields on participants’ sectioning skill.
The analysis results are presented in Table 10. The scores for the whole test [F(2,197) = 14.280, p < 0.001]
and simple [F(2,197)=12.297, p <0.001], joined [F(2,197) = 9.473, p < 0.001], embedded [F(2,197) = 12.493,
p < 0.001], orthogonal [F(2,197) = 8.778, p < 0.001] and oblique [F(2,197) = 14.325, p < 0.001] subscales
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varied significantly by participants’ department. According to the post-hoc test results (Table 10), the
architecture students significantly outperformed the interior design and city planning students. Also, the SBST
scores of the interior design students were significantly better than those of the city planning students.

Table 10. One-way ANOVA and post-hoc test results for the students’ department

Sum of squares df Mean square F Significant differences
Between groups 136.12 2 68.06 City plannine < Interi
SBST simple ~ Within groups 1090.36 197 5.53 12.297* éeziglfi“frgc htoetare.
Total 1226.48 199
Between groups 93.95 2 46.97 City planning < Interior
SBSTjoined  Within groups 976.92 197 4.95 9.473% de};in?< A;‘ihi tect‘; rg
Total 1070.875 199
Between groups 103.31 2 51.65 . . .
eniiize q Within groups 814.60 197 413 12.493% C(igi‘;f’f‘xi y tle“cttelﬂgr
Total 917.92 199
Between groups 150.01 2 75.00 . . .
Ori}sggnal Within groups 1681.34 197 8.53 8.788* C(igi‘;f‘;“;:i » tle“cttelﬂgr
Total 1831.35 199
Between groups 372.20 2 186.10 . . .
oi}lsiige Within groups 2559.29 197 12.99 14.325% C(;gi‘;f’f‘g‘r% o tle’gteurr‘gr
Total 2931.50 199
Between groups 979.51 2 489.75 City plannine < Interior
SBST total Within groups 6756.24 197 34.29 14.280* Y planning = fnterio
Total 773575 199 design < Architecture
* p<0.001

To determine whether participants’ SBST scores significantly differed between the male and female
participants, the test scores were analyzed by using the independent samples t-test. The analysis results are
presented in Table 11. While the males scored consistently higher than their female peers, the differences in
the scores reached statistical significance only for the simple [t(198)=—2.071, p= 0.040] and embedded [t(198)
=-2.127, p=0.035] subscales.

Table 11. Independent samples t-test results for students’ gender

n Mean SD Mean difference t df p
SBST simple F&‘Zfele 15455 g:gz §j§i ~0.80 —2.071 198  0.040
SBST joined Flf/lrzlaele 15455 g:?é %;ﬁ -0.21 -0.571 198  0.569
SBST embedded Flf/lrzlaele 15455 %g %:(3)(5) -0.71 -2.127 198  0.035
SBST orthogonal Flf/lrzlaele 15455 } é;; g:ég ~0.56 ~1.172 198  0.243
SBST oblique F&rzlaée 15455 g:% i:gg -1.17 ~1.942 198  0.054
SBST total F&n;fée 15455 3:2 2: ﬁ -1.73 ~1.766 198  0.079

CONCLUSION

This study highlights the relevance of spatial ability and skills for academic achievement and learning. The
objectives of this study were both exploratory and confirmatory. Since a psychometrically sound Turkish
version of the SBST was unavailable, the first objective was to translate it. The second objective was to
evaluate the validity and reliability of the Turkish version of the test in a sample of Turkish undergraduates.
Given the absence of evidence on the use of the SBST among environmental design students for whom
sectioning skill is crucial, a sample of architecture, city planning, and interior design students was utilized. In
addition to assessing the adapted test for validity and reliability, another objective was to determine whether
specific student characteristics could explain any marked differences in SBST scores.
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The analyses verified the validity and reliability of the Turkish version of the SBST. The CFA results
demonstrated that items with three different solid types and those with two different cutting planes loaded on
separate factors. These results confirm both the three-factor and two-factor structures of the test, for which its
items were developed and categorized according to the complexity of the sectioned solid and cutting-plane
orientation, and thus the test’s construct validity. Furthermore, students’ perceptions of their spatial ability, or
more specifically, spatial self-efficacy, were significantly correlated with their actual performance on the
SBST. This finding aligns with previous research on spatial self-efficacy (Power et al., 2016; Safadel et al.,
2023; Towle et al., 2005) and provides additional support for the validity of the adapted SBST. The reliability
results suggest that the entire adapted test and its subscales can reliably assess sectioning skill in our sample.
Moreover, the results demonstrated that the adapted SBST was a challenging test for the participants. On
average, our third-stage participants answered roughly 20 of the 30 items correctly. This finding is comparable
with that of Cohen and Hegarty (2012). They found that about 68% of the answers were correct in their sample,
mainly composed of science and engineering students. Apart from the use of the adapted test in environmental
design students, the results point to the importance of boosting students’ spatial self-efficacy. This requires a
holistic approach for improving spatial ability rather than focusing solely on students’ actual ability. In addition
to providing opportunities to develop students’ spatial skills, incorporating educational strategies, such as
offering help and giving positive feedback on students’ performance, can be more beneficial and thus more
appropriate.

The results also indicated that some students were significantly less successful in mentally visualizing the 2D
sections of the 3D solids. The subscale and whole test scores of the students varied significantly by the year of
education. This finding is consistent with those of the earlier studies on the differences in sectioning skills
between experienced and inexperienced students (Berkowitz et al., 2021; Gerber et al., 2019; Tsutsumi et al.,
2005) and the influence of design training and instruction on the development of spatial cognition (Berkan et
al., 2020; Gomez-Tone et al., 2021; Lin, 2016). In addition to student experience, the SBST scores also varied
by gender. Although all SBST scores for male participants were higher than those of their female peers, the
significant differences were limited to the “simple” and “embedded” subscales. These findings offer some
empirical support for the previously reported outperformance of males relative to females in sectioning skill
tests (Berkowitz et al., 2021; Cohen & Hegarty, 2012; Tsutsumi et al., 2005), and they align with Cohen and
Hegarty’s (2012) findings. While the root cause of these differences remains to be elucidated and warrant
further investigation, it has been proposed that the combined effects of various biological, psychological and
societal factors can account for the observed differences in spatial skills and other cognitive abilities (for this
discussion, see Halpern, 2012) and that “the co-construction of gender and spatial ability” can also explain the
gender differences (Bartlett & Camba, 2023). It is important to note that we should not focus solely on these
differences but also on a much more fundamental issue. Given that both genders can benefit from training and
develop their spatial skills equally (Baenninger & Newcombe, 1989; Newcombe et al., 2002; Uttal et al., 2013),
future studies should place a greater emphasis on how to maximize spatial competence in both genders to
facilitate learning and enhance academic performance. Another finding of the present study that warrants
further exploration is the observed differences in SBST performance among students from the three
departments. While it needs to be confirmed, the significant differences between the city planning students
and those of architecture and interior design students may stem from the curricula of the degree programs. In
addition to the compulsory technical drawing and design courses available across all programs, a wide variety
of both compulsory and elective courses in architectural design-related subjects, such as structure and
construction technologies, are offered to architecture and interior design students. Since these extra courses
may have fostered spatial ability development, the SBST performance of the city planning students was found
to be comparatively low. Given the demonstrated relationship between mathematics achievement and overall
SBST score (Cohen & Hegarty, 2012), one reason for the differences between architecture and other
environmental design students may be the admission criteria used for architecture programs in Tiirkiye. Unlike
the interior design and city planning programs, which admit students only based on their university entrance
examination scores, the architecture programs also require students to rank among the top 250,000 examinees.
Since almost one-third of the examination is composed entirely of mathematics questions, architecture students
can be expected to be relatively more successful in mathematics and, thus, in the SBST.
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Several limitations of our study should be noted here and considered in interpreting our findings and planning
future research. Firstly, the study sample comprised environmental design students from a single faculty. To
generalize the findings to other design- and STEM-related disciplines, for which sectioning skill is particularly
important, additional research across diverse samples appears beneficial. Secondly, the sample was composed
mainly of females due to the scarcity of males in those departments. While this imbalance has been reported
in the psychometric assessment of the SBST amongst undergraduate science students (Cohen & Hegarty, 2012)
and thus is not unexpected in design-related disciplines, possible gender effects on the study outcomes should
also be considered and investigated further. Lastly, the development of sectioning skill in our sample was
determined by comparing students” SBST scores across different years of study. Even though this comparison
provides some support for the benefits of training in spatial skills, monitoring students’ progress by measuring
their sectioning skill at multiple points may further improve our understanding of training effects.

Evidently, there is insufficient empirical evidence to fully understand the impact of sectioning skill and other
spatial skills on educational outcomes, or to evaluate the potential use of the SBST for quantifying sectioning
skill across different student populations. Nevertheless, we can draw some conclusions from the existing
findings. Firstly, it can be concluded that SBST’s Turkish version is a psychometrically sound test. Secondly,
some students may encounter greater difficulty visualizing 2D sections of 3D objects than their peers and be
at a greater risk of academic underachievement. Therefore, it can also be concluded that these students need
to be identified and monitored by using standardized instruments, such as the SBST, to take all reasonable
precautions. Thirdly, future attempts to improve students’ spatial self-efficacy can use this version of the SBST
as a diagnostic tool to identify students who are not highly skilled at sectioning and, thus, are likely to benefit
more from educational strategies to boost spatial self-efficacy. Lastly, given that students’ SBST scores varied
significantly by the year of education, sectioning skill can be developed through adequate departmental training
in environmental design students.
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