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Abstract

Introduction

This study aims to develop a new spatial visualization test 
(SVT) for second grade primary school students. The study 
employed the survey design, and the test was developed in 
accordance with the test development steps. According to 
the findings obtained as a result of the pilot study, the items 
were generally high difficulty levels, and they were very good 
items. Exploratory and confirmatory factor analysis findings 
confirmed the three sub-dimensions (mental integration, 
mental rotation, and paper folding) measuring spatial 
visualization skills. SVT, which was reduced to 10 items, was 
administered to 396 students; the KR-20 internal consistency 
coefficient was 0.63, the average difficulty index was 0.35 
and the average discrimination index was 0.48. As a result 
of the study, a valid and reliable test on spatial visualization 
for second grade primary school students was obtained 
and it was concluded that students' spatial visualization 
was at a low level.

Frequently used in daily life, spatial skills are a set of skills 
based on envisioning and mental visualization. This ability 

is very critical for solving real-world problems and is also 
employed in identifying the problem, drawing an organized 
path, and determining the solution steps (Turğut & Yılmaz, 
2012). Hendroanto et al. (2015) defined the concept of spatial 
ability as the ability to understand, manipulate, reorganize, 
and interpret visually and summarized all the definitions of 
spatial ability and briefly stated that it is a mental ability. The 
National Council of Teachers of Mathematics (NCTM, 2000) 
noted that spatial ability is a fundamental skill for students 
and emphasized the importance of this concept.

The availability of several definitions of spatial ability 
has brought along many components. An analysis of 
published research suggests that researchers used different 
components in their studies. Lohman (1996) mentioned the 
existence of two major components in his study. These 
components are spatial relations and spatial visualization. 
A different classification was made by McGee (1979) and 
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Tartre (1990). McGee (1979) stated that the concept 
of spatial ability consists of a combination of spatial 
visualization as the most generally accepted 
component and spatial orientation in addition to it, 
as in many previous studies. Tartre (1990), based on 
McGee's study, referred to the spatial ability concept 
consisting as a combination of visualization and 
orientation factors. Similarly, Lord (1985) mentioned 
the existence of spatial visualization and spatial 
orientation components for the concept of spatial 
ability. Linn and Petersen (1985) also mentioned four 
different components and one of the components 
was spatial visualization. As it is understood from all 
these studies on spatial ability, the instruments that 
measure spatial ability skills appear with the name or 
component of spatial visualization. Accordingly, the 
concept of spatial ability and the concept of spatial 
visualization have been used interchangeably. 

McGee (1979) defined the concept of spatial 
visualization as one’s manipulation of a picture 
presented to an individual in his/her mind, and rotating, 
folding, or reversing it. Indeed, spatial visualization is 
a complex concept that includes spatial orientation 
and mental rotation (Linn & Petersen, 1985). A review 
of literature presents many spatial visualization tests. 
The most generally accepted test among these is 
the "MGMP Spatial Visualization Test (Middle Grades 
Mathematics Project: Spatial Visualization)" developed 
by Winter et al. (1989) and adapted into Turkish by 
Turğut (2007). Other spatial visualization tests in the 
literature include Purdue Spatial Visualization Test 
(PSVT) (Guay, 1977), Embedded Figures Test (Witkin 
et al., 1977), Surface Development Test (Thurstone & 
Thurstone, 1949), Daily Occupational Test (Eliot & Smith, 
1983), and Cube Formation Test (Alias et al., 2002). The 
questions used to measure spatial visualization skills 
in Dokumacı Sütçü and Oral's (2019) study and the 
spatial visualization questions in Hawes et al.'s (2017) 
study were taken as reference and different types of 
questions measuring spatial visualization skills were 
used in the current study. 

Different question patterns were used to measure 
spatial visualization skills in the relevant literature. 
Mental integration and mental decomposition 
questions (Hawes et al., 2017; Dokumacı Sütçü & Oral, 
2019); paper folding questions (Ekstrom, 1976; French 
et al., 1963; Kyllonen et al., 1984; Linn & Petersen, 1985; 
Thurstone & Thurstone, 1949) and mental rotation 
questions (Guay, 1977; Quaiser-Pohl, 2003; Shepard 
& Metzler, 1971) are the questions used to measure 
spatial visualization skill. In the spatial visualization 
skill test developed for this study, mental integration, 
paper folding, and mental rotation questions were 
used to measure this skill.

Reviewing the literature on mental integration 
questions, we observed that the most appropriate 

study for primary school level was conducted by 
Hawes et al. (2017) and Dokumacı Sütçü and Oral 
(2019). There is a wider network of publications in 
the literature on paper folding questions. The paper 
folding test, developed by Ekstrom (1976) and adapted 
into Turkish by Delialioğlu (1996), has been accepted 
as one of the important tests in measuring this skill. On 
the other hand, Linn, and Petersen (1985), Kyllonen et 
al. (1984) and French et al. (1963) also tried to measure 
spatial visualization skills with paper folding questions. 
Paper folding questions involve folding the paper 
once in a certain direction, punching holes in it and 
determining its final appearance. The most notable 
studies in the literature on mental rotation questions 
include Quaiser-Pohl (2003), Guay (1977), Shepard 
and Metzler (1971) and Peters et al. (1995). In these 
studies, the test questions were designed as questions 
requiring the ability to rotate shapes or objects in two- 
or three-dimensional space in the mind and then to 
rotate/animate the resulting image in the mind. The 
above-mentioned tests are mostly old and have been 
used in the field of technology and engineering, 
and do not address students at primary school level. 
The lack of adequate spatial visualization tests in 
the literature addressing the levels of primary school 
students has revealed the need to develop a new test. 
To this end, this study was conducted to develop an 
up-to-date and original test suitable for the level of 
primary school students.

In the proposed test, mental integration questions 
were prepared making use of the questions in the 
studies of Hawes et al. (2017) and Dokumacı Sütçü and 
Oral (2019); mental rotation questions were prepared 
making use of the questions in the studies of Hawes et 
al. (2017), Lowrie et al. (2019) and Quaiser-Pohl (2003); 
and paper folding questions were prepared making 
use of the questions in the study of Linn and Petersen 
(1985). Thus, spatial visualization questions were 
prepared for the sample determined within the scope 
of the research in accordance with the second-grade 
level through a comprehensive literature review. This 
Spatial Visualization Test (SVT) aims to diagnose and 
determine the spatial visualization skills of second-
grade primary school students. Accordingly, this 
research study sought to answer the following 
research questions:

1- What are the validity and reliability findings 
of “Spatial Visualization Test for Second-Grade 
Primary School Students” developed in the 
study?

2- What is second grade students’ spatial 
visualization level?

3- Is there a significant difference between 
second grade students’ spatial visualization 
sub-scores?
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Method

Research Design

This study, which aims to develop a test to measure 
the spatial visualization skills of second-grade 
students, employed the cross-sectional survey model. 
A cross-sectional study occurs at one point in time 
and provides a picture of what the researcher wants 
to study (Allen, 2017).  The main purpose of survey 
studies is to produce quantitative data and various 
statistics about situations and events over large 
groups (Creswell, 2009). In this study, students' spatial 
visualization skills were measured at one point in time 
with the SVT, developed by the researchers. 

Research Population and Sample

The population of the study consisted of second-grade 
primary school students studying in the 2021-2022 
academic year. The sample of the study consisted of 
396 second-grade primary school students studying 
in different public schools in the provinces/districts of 
Türkiye at each academic achievement level. The 396 
students constituting the sample were selected from 
the accessible population through the simple random 
sampling method. In this method, the selection 
process for the sample from the population is carried 
out in accordance with the principle of randomness, 
that is, the selection status of the units that can be 
selected for sampling is independent of each other 
(Büyüköztürk et al., 2014). Participants were selected 
from provinces in the eastern, central, and western 
regions of the country. In addition, while forming the 
sample, 10% of the accessible population, 10 times 
the number of items in the test, or more than 10 times 
the number of test items were reached based on the 
sample number resulting from the G-power analysis 
(Pallant, 2020).

Ethical Approval

The ethical approval was obtained from the Social 
Sciences and Humanities Scientific Research Ethics 
Committee of Necmettin Erbakan University, dated 
16.09.2021 with the decision number 2021/448. 

Instrument Development Process

The SVT, which was used as a data collection tool, 
was developed in accordance with the steps of test 
development including the steps of determining the 
purpose of the test, determining the scope of the 
test, determining the question type, determining the 
number and duration, determining the validity of 
the test, piloting the test, reliability, and item analysis 
(Özçelik, 2013). 

The aim of the test is to determine the spatial 
visualization skills of second-grade students. To 

form the scope of the developed test, the sub-
dimensions of the test were determined in the light 
of the relevant literature and the learning outcomes 
in the primary school mathematics curriculum. Four 
multiple-choice questions were prepared for each 
sub-dimension (mental integration, mental rotation, 
and paper folding). The developed questions were 
categorized as easy, medium, and difficult according 
to their difficulty levels. Mental integration questions, 
including two easy, one difficult and one medium 
level questions, were developed by taking the 
questions in Hawes et al. (2017) and Sütçü and Oral's 
(2019) studies as examples. Mental rotation questions 
were developed as two difficult, one easy, and one 
intermediate level questions based on Hawes et al. 
(2017), Lowrie et al. (2019), and Quaiser-Pohl (2003). The 
paper folding questions were prepared making use of 
Linn and Petersen's (1985) study with two difficult, one 
easy and one intermediate level questions. Sample 
items belonging to the sub-dimensions are presented 
below Figure 1, Figure 2 and Figure 3:

Figure 1. 
Sample item for mental integration

(Which option completes the gap in the adjacent figure without making a 
rotation?)

The mental integration questions consisted of 
questions requiring the ability to complete incomplete 
shapes and to combine small shapes into a large 
shape, as shown in Figure 1.

Figure 2. 
Sample item for mental rotation

(Which of the figures on the right is the same as the figure on the left?)

Mental rotation questions consisted of questions 
requiring the ability to determine the new state of the 
object by performing mental rotation in accordance 
with the instructions as shown in Figure 2.
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Figure 3. 
Sample item for paper folding

(After making the necessary folds in the direction of the arrows in the adjacent 
figure, there will be a hole in the paper. If the paper is then opened again, what 
will it look like?)

Folding lines and folding directions are shown in the 
paper folding questions as shown in Figure 3. All paper 
folding questions in the test consisted of questions 
that required folding skills in accordance with the 
instructions.

Data Collection and Analysis

Each participant's test was numbered and recorded 
using the Microsoft Office Excel program. Each 
question answered correctly in the test was recorded 
as 1 (one) point and each question answered 
incorrectly or left blank was recorded as 0 (zero) 
point. The highest score to be obtained from the test 
was 12 and the lowest score to be obtained was 0. 
Exploratory and confirmatory factor analyses were 
conducted to ensure the construct validity of the 
test. The tetrachoric factor analysis was performed 
with the "Factor" program developed by Lorenzo-
Seva and Ferrando (2006). This program provides both 
Exploratory Factor Analysis (EFA) and Confirmatory 
Factor Analysis (CFA) results. The descriptive statistics 
of the students' spatial visualization total scores and 
the scores of the spatial visualization sub-dimensions 
were analyzed with the SPSS 22.0 package program. 
All these analyses conducted as a result of the 
application of this developed test were carried out to 
obtain better results and contribute to the literature by 
giving accurate and consistent results. 

Validity and Reliability

The developed test was first piloted with 296 
students. As a result of the pilot application, the test 
was finalized, and applied with the participants. 
For the content validity, a specification table for the 
objectives in the curriculum was prepared before the 
application, a question pool was created in the light 
of the relevant literature, and then expert opinion was 
obtained. In line with the opinions of two mathematics 
education experts and a primary school teacher, the 
coefficient of agreement was calculated as 0.90. 
Criterion and construct validity of the study were 
also checked. Difficulty and discrimination indices 
were also examined for the validity study of the test. 
The item difficulty index (p) takes a value between 

"0" and "1" and when this value is close to 1, it means 
that the questions are easy and when it is close to 0, 
it means that the questions are difficult. It is ideal for 
the questions to be of medium difficulty. The difficulty 
index values of the items in the measurement tool 
should be between 0.3 and 0.7 (Büyüköztürk et al., 
2014). 

The item discrimination index (r) takes a value between 
"-1" and "+1", and a value close to 1 indicates a higher 
level of discrimination. A negative discrimination index 
means that the question is reverse discriminative, that 
is, the students in the lower group are more successful 
than the students in the upper group, which indicates 
that the question does not work. The discrimination 
index should be 0.30 and above, questions below 0.30 
should be corrected, questions with a discrimination 
level below 0.20 and negative questions should be 
discarded from the measurement tool (Büyüköztürk 
et al., 2014). The discrimination index is calculated by 
subtracting the number of participants from the upper 
group who answered the question correctly from the 
number of participants from the lower group who 
answered the question correctly and dividing by the 
number of participants in the upper or lower group.

Exploratory and confirmatory factor analyses were 
conducted to measure the construct validity of the 
test. Factor analysis is of two types: exploratory factor 
analysis and confirmatory factor analysis. Scales have 
equal intervals and achievement tests have an ordinal 
structure. Therefore, since achievement tests are 
ordinal scales coded by giving "1" point to the correct 
answer and "0" point to the wrong answer according 
to the classical test theory, it is appropriate to perform 
tetrachoric factor analysis in determining the factor 
structure, unlike the scales. Within the scope of EFA, 
KMO value and sig. value of Barlett's test are given. 
The KMO value obtained because of factor analysis 
is an indicator of both sampling adequacy and 
normal distribution. The KMO value should be 0.60 
and above (Seçer, 2017). The fact that the sig. value 
in the KMO table is less than 0.05 means that the data 
set is suitable for conducting factor analysis and the 
data are significant. When these two conditions are 
met, factor analysis data can be interpreted. The 
Eigenvalues of the factors are expected to be "1" and 
above, and all factors are expected to explain at least 
40% of the total variance (Seçer, 2017). Within the 
scope of CFA, Chi-squared/ Degrees of Freedom and 
other fit index values are calculated. For the factor 
structure obtained as a result of EFA to be confirmed 
in CFA, the "Chi-squared/ Degree of Freedom" value 
is expected to be less than 5 (Seçer, 2017). The validity 
and reliability analysis findings of the test are given in 
the Findings section.
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Findings

The findings regarding the research question, “What 
are the validity and reliability findings of “Spatial 
Visualization Test for Second-Grade Primary School 
Students” developed in the study?”, are provided 
below.

Findings regarding the Validity of the Spatial 
Visualization Test

Exploratory factor analysis and confirmatory factor 
analysis were used for construct validity in the study. 
Table 1 shows the exploratory factor analysis findings 
of the test.

Table 1. 
Exploratory Factor Analysis Results of the Spatial 
Visualization Test
Item Factor 1 (M. I.) Factor 2 (M. R.) Factor 3 (P. F.)
1 0.312
4 -

8 0.529

11 0.353
2 0.525
5 0.729
7 0.812
10 0.992
3 0.406
6 0.598
9 -
12 0.855

Total Variance: % 61.549

The exploratory factor analysis results presented in 
Table 1 demonstrated that the 61% variance in the test 
was explained with three sub-dimensions. The factor 
loadings of the items related to these factors ranged 
between 0.312 and 0.529 in the mental integration 
sub-dimension, between 0.525 and 0.992 in the mental 
rotation sub-dimension, and between 0.406 and 0.855 
in the paper folding sub-dimension. The item factor 
load should be at least .30 (Seçer, 2017, p. 166).  Since 
items 4 and 9 were not explained under any factor, we 
decided to remove them from the test. The findings of 
the confirmatory factor analysis of the developed test 
are given in Table 2.

Table 2. 
Confirmatory Factor Analysis Results of the Spatial 
Visualization Test

Fit Indices Observed Values Result

χ2 87.421 -

χ2/ df 3.49 Excellent Fit

RMSEA 0.064 Excellent Fit

GFI 0.972 Excellent Fit

AGFI 0.938 Excellent Fit

NNFI 0.956 Excellent Fit

CFI 0.980 Excellent Fit

As presented in Table 2, 0.90 was regarded as the 
acceptable cut-off value and 0.95 was regarded as the 
excellent cut-off value for the Chi-square Goodness, 
GFI (Goodness of Fit Index), RMSEA (Root Mean Square 
Error of Approximation), CFI (Comparative Fit Index) 
and AGFI (Adjusted Goodness of Fit Index) fit indices 
for confirmatory factor analysis (Meydan & Şeşen, 2011). 
For RMSEA, a value less than 0.08 was accepted as an 
acceptable fit value. According to the confirmatory 
factor analysis findings, the fit indices were found to 
be significant (x2 = 87.421, df = 25, p > 0.05; x2/df=3.49). 
The fit index values were RMSEA = 0.064, NFI = 0.956, 
CFI = 0.980, AGFI=0.938, GFI = 0.972. Accordingly, the 
confirmatory factor analysis revealed that the three-
dimensional structure gave a good fit. It can be said 
that the test was developed as a reliable and valid 
measurement tool with a three-dimensional structure 
including mental integration, mental rotation and 
paper folding.

Findings regarding the Item Analysis of Spatial 
Visualization Test

The values obtained as a result of item analysis to 
ensure the construct validity of the questions in the 
developed test are given in Table 3.

Table 3. 
Findings Related to Item Analysis of the Spatial 
Visualization Pilot Test
Item   pj Difficulty 

Level
rj Discrimination 

Assessment

1 0,922 Easy 0,299 Needs Revi-
sion

2 0,543 Medium 0,486 Very good

5 0,203 Difficult 0,569 Very good

4 0,414 Medium 0,378 Good

5 0,203 Difficult 0,295 Needs Revi-
sion

6 0,424 Medium 0,502 Very good

7 0,063 Difficult 0,454 Very good

8 0,6 Medium 0,554 Very good

9 0,431 Medium 0,414 Very good

10 0,122 Difficult 0,434 Very good

11 0,564 Medium 0,437 Very good

12 0,354 Difficult 0,527 Very good

As Table 3 demonstrates, most of the test items had 
a medium-level difficulty. In addition, items 1 and 5 
were found to be items whose discrimination values 
needed to be revised according to the criteria. This 
pilot test with 296 students revealed that the items 
were generally at medium and difficult levels and 
very good items in terms of discrimination. The KR-
20 internal consistency coefficient of the test was 
calculated as 0.57. The average difficulty index of the 
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test was 0.41 and the average discrimination index of 
the test was 0.44. 

As a result of the pilot application, two items that 
needed to be corrected were revised (1st and 5th 
items) and two items were removed from the test 
according to the factor analysis findings (4th and 9th 
items) and the finalized 10-item SVT was applied to 396 
students. As a result of this application, the construct 
validity item analysis findings are presented in Table 4.

Table 4. 
Item Analysis Results regarding the Final Form of the 
Spatial Visualization Test
Item 
number

Pj
Difficulty 

Level
rj

Discrimination 
Assessment

1 0,919 Easy 0,260 Needs Revision

2 0,497 Medium 0,448 Very good

3 0,351 Difficult 0,596 Very good

5 0,166 Difficult 0,299 Good

6 0,414 Medium 0,533 Very good

7 0,050 Difficult 0,369 Very good

8 0,542 Medium 0,583 Very good

10 0,118 Difficult 0,434 Very good

11 0,550 Medium 0,451 Very good

12 0,318 Difficult 0,562 Very good

The findings of the analysis of the items presented 
in Table 4 revealed that the items were generally 
medium and difficult in terms of difficulty index and 
very good in terms of discrimination. The KR-20 internal 
consistency coefficient of the final test was calculated 
as 0.63. The item discrimination index of the first item 
was found to be acceptable (very close to 0.30). The 
average difficulty index of the final test was 0.35 
and the average discrimination index was 0.48. The 
reliability values of the pilot test and the final test are 
presented in Table 5.

Table 5. 
Reliability Analyses of Pilot Test and Final Test

Item N Average
Difficulty

Average
Discrimination

KR-20

Pilot 12 297 0,41 0,44 0,57

Final Test 10 396 0,35 0,48 0,63

Table 5 shows that the reliability values increased 
from 0.57 to 0.63 after the two items were removed 
from the test. As a result of all these analyses and 
measurements, we can argue that the SVT for 
second grade primary school students developed by 
the researchers is a reliable and valid measurement 
tool with a three-factor structure including mental 
integration, mental rotation, and paper folding. 

The findings related to the second research question, 
“What is second grade students’ spatial visualization 
level?”, are presented below.

Descriptive Statistics regarding Spatial Visualization 
Test

The findings of the analyses conducted to determine 
the level of spatial visualization of second grade 
students are presented in Table 6.

Table 6. 
Descriptive Statistics regarding Spatial Visualization 
Test

N Min Max Mean SD

Mental Integration 396 0,00 3,00 2,012 0,843

Mental 
Rotation

0,00 4,00 0,833 0,843

Paper Folding 0,00 3,00 1,083 1,041

Total 0,00 10,00 3,929 2,005

Table 6 shows the participant students’ scores for the 
sub-dimensions of the SVT. Accordingly, the mean 
total score of the second-grade students for spatial 
visualization (X ̅= 3,929; sd=2,005) is low. The mean 
scores in the mental integration sub-dimension (X̅ = 
2.01; sd = 0.84), mental rotation sub-dimension (X̅ = 0.83; 
sd = 0.84), and paper folding sub-dimension (X̅ = 1.08; 
sd = 1.04) are below the average. According to the 
mean spatial visualization scores of the second-grade 
students, we can argue that the students showed 
the best performance in the questions belonging to 
the mental integration sub-dimension and the lowest 
performance in the questions belonging to the mental 
rotation sub-dimension.

The findings related to the third research question, 
“Is there a significant difference between second 
grade students’ spatial visualization sub-scores?”, are 
presented below.

To answer this research question, the results of 
the repeated measures ANOVA test conducted to 
determine whether there is a statistically significant 
difference between the mean scores of the second-
grade students in the sub-dimensions of the SVT are 
presented in Table 7.

A statistically significant difference was found 
between the second-grade students’ mean scores in 
the sub-dimensions of the spatial visualization test, as 
presented in Table 7 ([F395,2 = 262,124], p < .05). In terms 
of the effect size, this significant difference was of 
medium size (η2 = 0.399) (Cohen, 1988). As a result of the 
comparisons made with Bonferonni test, a significant 
difference was found between mental integration 
and mental rotation, mental integration and paper 
folding, mental rotation and paper folding scores (p 
= .00). Looking at the means of the sub-dimensions, 
the significant difference between mental integration 
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and mental rotation was in favor of mental integration 
scores (X ̅ = 2.012; sd = 0.843). The significant difference 
between mental integration and paper folding was 
also in favor of mental integration scores (X̅ = 2,012; sd 
= 0,843). The significant difference between mental 
rotation and paper folding scores was in favor of 
paper folding scores (X̅ = 1,083; sd = 1,041).

Conclusion and Discussion

This study reports the development of a spatial 
visualization test for second-grade primary school 
students, and their spatial visualization levels were 
also investigated. An analysis of the related literature 
revealed that the tests that require high-level thinking 
skills such as spatial visualization are simplified 
and applied to primary school and preschool level 
students (Dokumacı Sütçü & Oral, 2019; Quaiser-Pohl, 
2003). Accordingly, the questions used in the spatial 
visualization tests in the literature were transformed 
into a new test to address second-grade students in 
the current study. The reliability of the Purdue Spatial 
Visualization Test developed by Guay (1977) was 
0.80; the reliability of the Spatial Visualization Test 
developed by Alias et al. (2002) was 0.55; the reliability 
of the Spatial Visualization Test in Two-Dimensional 
Geometry developed by Olkun and Altun (2003) 
was 0.77; and the reliability of the MGMP Spatial 
Visualization Test adapted into Turkish by Turğut (2007) 
was 0.81. The reliability of the Spatial Visualization Test 
developed in this study was calculated as 0.63. This 
value suggests that the reliability is quite acceptable 
when evaluated in terms of tests coded as true-false 
and the number of items in the test (Seçer, 2017).

The results demonstrated that the sub-dimensions of 
the SVT developed within the scope of the current 
study are like the sub-dimensions of Linn and Petersen 
(1985), Gorska and Leopold (1998) and Burton and 
Fogarty's (2003) tests. The literature accommodates 
many spatial visualization definitions (Hauptman, 
2010; Hendroanto et al., 2015; Linn & Petersen, 1985; 
Lohman, 1996), spatial visualization tests (Purdue SVT, 
MGMP, Daily Occupational Test, Embedded Figures 
Test), spatial visualization components (Burton & 
Fogarty, 2003; Caroll, 1993; Gorska & Leopold, 1998; 

Guilford et al., 1952 Kimura, 1999; Lohman, 1996; Linn 
& Petersen, 1985; Lord, 1985; McGee, 1979; Tartre, 1990; 
Thurstone & Thurstone, 1949), indicating that this topic 
is significant and has attracted the attention of many 
researchers. However, the very broad perspectives in 
all these studies have prevented the drawing of clear 
boundaries for research. It is thought that conducting 
studies within clear boundaries will be more beneficial 
for other researchers. The scope of the test in this study 
was composed of mental rotation, mental integration 
and paper folding factors, and was confirmed by 
exploratory and confirmatory factor analyses. 

Significant differences were found between second-
grade students’ spatial visualization scores among 
the three sub-dimensions. The second-grade 
students scored the highest in the questions in the 
mental integration sub-dimension and the lowest in 
the questions belonging to the mental rotation sub-
dimension. In line with this result, mental rotation was 
determined as the skill that students had the most 
difficulty within the studies of Yılmaz and Yenilmez 
(2019) and Turgut and Yılmaz (2012). In Sezen Yüksel's 
(2013) study, participants' mental rotation scores 
were found to be higher than other sub-dimensions. 
There was a significant difference between mental 
integration skills and paper folding skills in favor of the 
mental integration sub-dimension. On the other hand, 
there was a significant difference between paper 
folding skills and mental rotation skills in favor of paper 
folding scores. Among these three sub-dimensions, the 
sub-dimension in which the participants were most 
accurate was determined as the mental integration 
sub-dimension. Lowrie et al. (2019) put forward an 
opinion that explains this situation in their study; mental 
rotation is a more complicated skill that requires a 
higher level of spatial visualization. In addition, Lowrie 
et al. (2019) argue that students should have skills such 
as paper folding to answer mental rotation questions. 
Accordingly, we can argue that paper folding is a 
more primal and prerequisite skill than mental rotation. 
The result of another study, which contradicts this 
result, is that students' mental rotation skill averages 
were higher than the other sub-dimensions of the 
study (Sezen Yüksel, 2013).  According to Sezen Yüksel 
(2013), mental rotation skill is a prerequisite for spatial 

Table 7. 
Results regarding Spatial Visualization Test

Variables Variance Source Sum of Squares Sd
Mean 

Squares
F p

Significant 
Difference

η2

Between Subjects 529,340 395 1,340

1-2
1-3
2-3

Spatial
262,124 0,00 0,399

Measurement 305,820 2 152,910

visualization

Error 460,847 790 0,583

Total 1,296,007 1.187

p<0.05 significant
1: mental integration 2: mental rotation 3: paper folding
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visualization and mental cutting sub-dimension. It 
was also found that mental rotation ability explained 
90% of spatial ability, while spatial visualization 
ability explained 50% of spatial ability. According to 
Çakmak et al. (2014), 10% of spatial visualization can 
be explained by origami-based education enriched 
with paper folding activities.

Recommendations and Limitations

Future research may investigate the parameters 
according to which the spatial visualization sub-
dimension scores differ. The relationship between this 
test and different mathematical skill variables can also 
be investigated. In this study, a factor related to three-
dimensional elements was not identified because 
three-dimensional thinking is not fully developed 
in second grade students. We suggest that future 
research may develop the test further by adding a 
three-dimensional thinking factor at different grade 
levels. The study's limitations include the fact that it 
was conducted in a few regions in Turkey and focused 
solely on the primary school level. For practitioners, we 
recommend using this test in diagnosing second-grade 
students’ spatial visualization, determining their spatial 
visualization levels and in the developing their spatial 
visualization skills. In addition, by practicing with items 
parallel to the items in the spatial visualization test, 
students' spatial-abstract thinking can be improved. A 
comparative analysis of the study, which utilizes tests 
working with different dimensions, and a discussion of 
the sub-dimensions of the spatial visualization test will 
contribute significantly to the related field.
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