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ABSTRACT The mental rotation ability is one of the important components of spatial ability. The purpose of
this paper is to develop a test that includes mathematical context regarding the ability of mental rotation measured
by various tests in the literature. To this end, a 32-item test was established by departing from questions found in
field test in the literature and by adding new questions containing mathematical content. As a result of validity-
reliability tests performed following the pilot application, 3 items were removed from the test and mental rotation
test took its final form by 29 items. Cronbach’s alpha internal consistency of this test with its final form was
acquired as .81. According to confirmatory factor analysis, goodness of fit indices was found to be χ2 /SD = 1.42, GFI
= 0.92, CFI= 0.93, NNFI= 0.91, RMR= 0.012 and RMSEA= 0.037.
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INTRODUCTION

High-level cognitive skills are those that in-
dividuals use at many points in their lives and
that include non-routine situations. Having sev-
eral different components, it is undoubtedly ev-
ident that spatial ability is one of the most impor-
tant among these components. In addition to
various definitions related to spatial ability, cer-
tain classifications on this ability have been ap-
plied. Gorska et al. (1998) discussed the spatial
ability with its five components. These are “spa-
tial perception, spatial visualization, mental rota-
tion, spatial relations and spatial orientation”
components. Jušèáková (2002 cited in Gergelits-
ová 2007) indicated that sub-factors of spatial
ability were “Passive spatial orientation, visual
memory, visual diagnostics, active spatial orien-
tation, mental manipulation, manipulation made
by hand and technical creativity in spatial imag-
ination”. Kimura (1999) defined six dimensions
of spatial ability that claim to emerge with exper-
imental measurements clearly. The first of these
is “spatial orientation” which is the ability to pre-
dict exactly changes in orientation of an object;
secondly, “spatial location memory” which is the

ability of remembering the location of a series of
objects. “Targeting ability” defined as the abili-
ty to project a bullet at a certain target is the
third dimension discussed. However, classify-
ing this ability is difficult since it is associated
with motor skills. The fourth dimension, “spatial
visualization”, is defined as the ability to deter-
mine and quantify orientation changes in an im-
age. Although this ability seems similar to men-
tal rotation, this ability does not require mental
rotation of objects; however, it requires visibili-
ty of locations associated with a steady object.
“Separation from the background, revealing (dis-
embedding)” defined as the fifth dimension is
the ability to find a simple object hidden inside
many complicated shapes. “Spatial perception”
as the final dimension represents individual abil-
ity to detect which of horizontal and vertical ori-
entations is dominant where distracting patterns
are found.

Another ability emphasized in most of these
classifications is the ability of mental rotation.
The mental rotation is the ability to rotate visual
projection of two- and three-dimensional objects
(Addepalli 2005). This ability emerges in the pro-
cess of deciding how mirror images will be or
two objects in different directions are the same
(Wohlschläger and Wohlschläger 1998). While
Linn and Petersen (1985) defined mental rota-
tion as the ability to rotate 2-dimensional and 3-
dimensional objects accurately and quickly, Ok-
agaki and Frensch (1994) defined this as “the
ability to mentally visualize visual stimulants”.
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Kosslyn and colleagues (1995) defined mental
rotation as the ability to visualize rotation of
object in space. Researchers stated that an in-
dividual can manipulate moving pictures by
focusing his/her visual systems just like view-
ing physical manipulations of a subject. Men-
tal rotation ability is important for many occu-
pations for example engineering, medical pro-
fessions and other jobs which use creativity
(Hegarty and Waller 2005) and linked to the
mathematicalabilities (Heil  and Jansen-Os-
mann  2008; Thompson et al. 2013).

Just as spatial skills, ability of mental rota-
tion plays a crucial role in mathematical success.
Gender differences observed in mathematical
success are actually based on certain cognitive
variables. One of the most important cognitive
variables is specified as mental rotation (McGuin-
ness 1993, cited in Delgado and Prieto 2004).
Another example of effect of mental rotation to
success in mathematics is problem solving strat-
egies. That is because many problems can be
solved with the help of visualization as in ana-
lytical strategies. This raises two kinds of strate-
gies. An individual conducts an automatic prob-
lem-solving application by memorizing the algo-
rithm or makes use of visuo-spatial practices of
problems (Delgado and Prieto 2004). On the oth-
er hand, it is another result concluded from ap-
plied studies that applications conducted in de-
scriptive geometry courses contribute positive-
ly to score achieved in mental rotation test
(Bölcskei et al. 2013).

Analyzing studies in the literature, determi-
nation of mental rotation ability is compared with
different mental rotations tests developed in
such sense.  The most important among studies
related to mental rotation was conducted by Shep-
ard and Metzler (1971). The test developed with-
in the scope of this paper served as reference to
several studies. Shepard and Metzler analyzed
mental rotation of visual stimuli by using visual
cues. Within the scope of the test, subjects were
shown two different visual stimuli and they were
asked to decide whether they are the same or
not. Figures were rotated both on a plane and by
adding a third dimension (in-depth). As a result
of the study, they concluded that increase in
angle of rotation increased duration to find the
correct figure. In the question, by providing var-
ious rotated states of different shapes in a plane
or in depth, it was asked to determine forms with
the same shape.

Battista et al. (1982) employed “Purdue Spa-
tial Visualization Test: Rotations” test. This test
was developed by Guay in 1977. The test con-
sists of 30 items, and these items were designed
to measure the ability to rotate three-dimension-
al objects mentally.

In the question, in accordance with rotation
process specified in the question, finding the
rotated state of given shape is asked.

As another example of mental rotation test
can be tests by Peters et al. (1995) adapted from
“Vandenberg and Kuse Mental Rotations” test.
The test consists of 24 questions in total. The
nature of each problem is the same. Questions
included in the test are based on finding the new
state of a shape constituted from unit cubes when
it is rotated in distinct directions and angles. In
the question, it was asked to mark two of op-
tions that belonged to the same shape.

The Picture Rotation Test, developed by Hin-
ze and Quaiser-Pohl in 2003, aims at measuring
mental rotation ability levels of children in early
childhood period (4-6 years) (Quaiser-Pohl 2003).
The Test consists of a total of 12 questions, 6
human pictures and 6 animal pictures. In prepa-
ration stage of image rotation test, Piaget’s as-
sumptions were taken into consideration. Ac-
cording to Piaget, children in pre-processing
stage (1.5 to 7 years) can remember only the start
and final positions of a moving object and insuf-
ficient in determining positions during move-
ment. Therefore, it is possible to identify mental
rotation abilities of children of this age range
only through fixed representations of spatial
objects (Quaiser-Pohl 2003).

In researches conducted on mental rotation
ability, it is a significant result that this ability
varies based on gender. Goldstein et al. (1990), in
their research, suggested that mental rotation
ability differed based on gender and limited time
was a factor in the emergence of this difference.
As for the reason for such situation, they dem-
onstrated the fact that boys tent to fulfill their
assignments and yet girls tents to behave slow-
ly and carefully. According to hypotheses of
Goldstein and his colleagues, it was claimed that
this difference could be eliminated by removing
time limit in Mental Rotation test applications.

Voyer et al. (1995), in their study, stated that
mental rotation performances of boys compared
to other spatial ability performances were higher
than those of girls. Moé (2009) brought some
clarification to this situation. According to Moé,
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reasons for mental rotation performance ob-
served higher in boys are: “biological reasons,
strategic reasons and spatial experiences”. Bio-
logical reasons mentioned here is the fact that
mental rotation ability is connected with hormon-
al factors or hemispheric specialization and brain
structures. Strategic reasons; as noted by Gold-
stein et al. (1990) are described as time con-
straints. However, Peters (2005) concluded in his
study that increasing the standard duration did
not lead to any reduction in meaningful differ-
ence by gender as found earlier. The last of rea-
sons put forward by Moé regarding mental rota-
tion difference by gender, spatial experiences are
described as the fact that role of previous spatial
assignments (computer, video games and cer-
tain sports) has important effects on this ability.

In certain applied studies, hormonal features
are considered as the reason for meaningful dif-
ference in spatial ability on behalf of boys. Sev-
eral researchers stated that this difference was
related to a hormone indigenous to males and it
could arise from the fact that spatial ability as a
component of mental rotation was a feature re-
cessive on X chromosome (Bock et al.1973;
Stafford 1961; Newcombe et al. 1983). The con-
clusion obtained by Linn and Petersen (1985) in
their meta-analysis study on researches applied
during 1974-1982, also supports these studies
regarding the fact that boys compared to girl tend
to perform better in mental rotation tests.

A demand for determining how much a test
including questions related to mathematics field
along with questions of mental rotation tests in
the literature measures this ability, created the
need for developing the test subjected to this
paper.

The Aim of the Paper

The question of how this ability may find
area of use in various disciplines aries depend-
ing on the fact that tests towards determination
of mental rotation ability are limited in numbers,
and current tests are applied among various
groups regardless of differences such as age and
educational background. The purpose of this
paperis to develop a test which includes mathe-
matical context different from mental rotation tests
in the literature.

Research Problem and Sub-Problems

What are the psychometric properties of the
mental rotation test developed like?

What level are item discrimination and item
difficulty values   of Mental Rotation test?
What is the level of reliability of the Mental
Rotation test?
What is the level of validity of the Mental
Rotation test?

METHODOLOGY

Research Design

This paper is a test development work. A plan
was made related to the path to be pursued based
on test development studies in the literature
(Çaliºkan and Kaptan 2009; Feyzioðlu et al.2012),
and within the scope of this plan:

Forming an opinion about question types by
analyzing the literature;
Preparation of test questions and answer
choices;
Submitting the prepared draft test to field
experts and students convenient to target
group;
Implementation of pilot application; conduct-
ing item analysis, validity and reliability anal-
yses in accordance with acquired data;
In accordance with obtained analysis results,
test taking its final form;
These stages were foreseen by the researchers.

Research  Sample/Working Group

The pilot implementation of the test was car-
ried out with a total of 307 students attending
mathematics and mathematics education pro-
grams in two state universities in Ankara. At that
stage of test development, as distinct from the
other tests in the literature, the demand for in-
cluding mathematical context resulted in select-
ing students among those attending programs
related to mathematics. Students’ grade levels
and academic achievement status were not tak-
en into account.

Data Collection Instrument and Procedure

The following states were passed in the de-
velopment process:

1. Stage: Firstly, mental rotation tests found
in the literature were analyzed. As a result of these
analyses, elementary manners aimed at measur-
ing were determined. Accordingly, from a stu-
dent found qualified according to “Mental Rota-
tion Test”;
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Ability to determine new states of three-di-
mensional objects according to defined ro-
tation process.
Ability to recognize new state of the same
object after different processes.
Ability to detect different appearances from
different points of view according to rota-
tion process in coordinate axes is expected.

2. Stage: Writing process began for ques-
tions that would be included in the test as a re-
sult of related literature scanning and determina-

tion of objected behaviors with the test. Ques-
tions were prepared in three groups according
to the intended behavior. The first of them was
free rotation questions in which any axis or an-
gle of the expression was not involved, second
one was controlled free rotation questions to-
wards rotating shapes in specified rules or spec-
ified angles and third one was questions for math-
ematical context of shapes. The following ques-
tions (Figs. 1, 2, 3) can be given as samples be-
longing to for each group.

Fig. 1. An example of free rotation questions

Fig. 2. An example of controlled rotation questions

Fig. 3. An example of contextual rotation questions

Which shape is obtained from after rotation
on the plane in positive direction 700 of next shape?

Which is not the one of the shapes on the xyz-coordinate
system that obtained from the rotation around the x-
axxis of tours on next shape?
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3. Stage: After writing down the test items,
prepared draft was submitted for the review of
mathematics and mathematics education experts.
At this stage, competence of question included
in the test in terms of both visual and mathemat-
ical language was discussed and necessary cor-
rections were conducted at this stage. After the
arrangements were applied, the test was present-
ed to two teacher candidates attending Mathe-
matics Education programs and they were asked
to specify any points they have difficulty in un-
derstanding. When teacher candidates stated
that they had difficulty in seeing axes in three-
dimensional coordinate system rotation ques-
tions in general, axis designations in questions
for this part were prepared in a more pronounced
way.

4. Stage: At this stage, after making neces-
sary arrangements, the test with completed draft
was formally edited to be implemented as a pilot
application. At the stage of formal arrangement
of the test, any example was included before pro-
ceeding to the test. This example is included with
a view to create a perception regarding how a
pattern will be established on rotation in ques-
tions of the test (Fig. 4).

In this section, appearances of the shape giv-
en in Figure 4 as a result of rotating by 90 de-
grees around the axes x, y, z respectively are giv-
en (Figs. 5, 6, 7). By rotating the shape given
above by 90 around x-axis.

Based on the rotation rule given in Figures5,
6, 7, it is aimed that a student can establish a
pattern about how rotation will be by rotating
around x, y, z-axes and can conduct mental rota-
tion process based on this rule.

Data Analysis

To analyse the data, many of statistical soft-
ware are used. At first, to make item analysis  to
obtained data is used Iteman 5.0; for  reliability
analysis  is used SPSS 17.0 and for confirmatory
factor analysis is used Lisrel 8.5 statistical soft-
ware and other necessary statistics

.
FINDINGS

Findings related to item analysis, reliability
and validity analyses of the Mental Rotation test
developed within the scope of the paper are as
follows:

Findings towards Item Analysis

This test, developed by the researchers, was
administered to 307 students. Item difficulty be-
longing to test items is calculated as 0.31 at the
lowest and 0.68 at the highest level. Consider-
ing the selectivity index values, the lowest val-
ue is obtained as 0.30 and the highest value as
0.56. Other results related to this analysis are
as given in Table 1.

Findings Related to Reliability Analysis of
Mental Rotation Test

Items belonging to the prepared test was
scored dichotomously in the form of 1 (true) - 0
(false) based on given answers. In the literature
it is emphasized that in cases where item points
are not continuous, (available-not available, yes-
no, true-false) KR-20 should be used and in cas-
es item points are constant, Cronbach’s α coeffi-
cient should be calculated (Gözüm and Aksayan
2003). However, in the literature for the use of
binary scoring, although necessity to use KR-20
technique is emphasized, in case where all items
are scored in 1-0, Cronbach’s α coefficients are
known to give the same result (Cronbach 1951).
Therefore, as for reliability study of the devel-

Fig. 4. Example figure given for rotation rule

Table 1: Item analysis results for Mental Rotation
Test

Number of items 32
Number of subjects 307
Average 21.67
Standard deviation 5,178
Kurtosis -0,549
Skewness -0,320
Average item difficulty 0.67
Average items selectivity 0.47
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Fig. 5. State of the sample shape after rotating by 900  around x-axis

Fig. 6. State of the sample shape after rotating by 900 aroud y-axis

Fig. 7. State of the sample shape after rotating by 900  around z-axis

oped test, Cronbach α coefficient of internal con-
sistency were considered.

Cronbach’s α  coefficients belonging to men-
tal rotation test developed within the scope of
the paper was found as .81.

Findings Related to Validity Analysis of
Mental Rotation Test

In this section, studies conducted with a view
to provide evidence for the validity of mental

rotation are included. For determination of struc-
tural validity of Mental Rotation test, another
mental rotation test from the literature was taken
into consideration. This test was put forward by
Peters et al. in 1995 as a revised version of the
test developed Vandenberg and Kuse (1978) with
the name of “A Redrawn Vandenberg and Kuse
Mental Rotations Test: Different Versions and
Factors That Affect Performance” (Peters et al.
1995). Authorization to use the test was granted
by Michael Peters on June 14, 2011 on condition

Shape Left View      Top view     Front view

Shape Left View      Top view     Front view

Shape Left View      Top view     Front view
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that test items are not published and they are
used for the purpose of validity study within the
research. When these two tests, developed by
researcher (ZD), and found in the literature (MR),
were administered to the same group, correla-
tion coefficient among obtained data was calcu-
lated as 0.81 (Table 2).

In the other part of validation studies, the
question of whether results from the literature
regarding groups where this test is applied are
also valid for this developed test. Vandenberg
and Kuse (1978) and Hamilton (1995, cited Alias
et al. 2002) in their research, stated that boys
compared to girls have higher levels of mental
rotation ability. Linn and Petersen (1985) in a sim-
ilar manner suggested that level of mental rota-
tion abilities were higher in male students.

Obtained data was applied with t-test with a
view to determine whether the test developed
within the scope of this study showed any dif-
ferences according to gender differences, and if
there were any differences, of which group they
were in favor. Accordingly, the analysis results
obtained are as Table 3.

Findings towards Confirmatory Factor
Analysis

The final procedure applied in order to pro-
vide evidence for the validity of tests is Confir-

matory Factor Analysis (CFA). In the applica-
tion of Confirmatory Factor Analysis, the Maxi-
mum Likelihood Factor Analysis among factor-
ization techniques was used. However, maximum
likelihood factor analysis requires multivariate
normal distribution assumption for variables and
if the data set does not meet this premise, it can
yield to unreliable result (Table 4) (Brown 2006,
cited in Çokluk et al. 2010).

Analyzing the Single Kolmogorov-Smirnov
analysis results, p-value obtained for the devel-
oped test seems to be >0.05.

Following the provision of normality assump-
tion, confirmatory factor analysis was applied to
the data. According to this; X2/ sd= 2.29, GFI=
0.82, CFI= 0.65, NNFI= 0.63, RMR= 0.015 ve
RMSEA= 0.065 fit indices were obtained. Con-
sidering modification suggestions, three items
which were observed as necessary to connect
with various items and in accordance with these
suggestions whose effect on χ2 seemed very great
(4th, 10th, and 32nd items) were removed from the
test.

Based on removal of these items, and again
in line with modifications recommendations,
goodness of fit statistics achieved by connect-

Table 3: Analysis of mental rotation test according to gender

Levene’stest t-test for
 for equality equality     Sig.     Mean   Difference
of variances of means (2-tailed)  difference    std. error
F Sig. t Df

When Variances Are 6.747 .010 -6.971 229 .000 -4.12308 .59150
  Considered Equal
When Variances Are -6.861 201.61 .000 -4.12308 .60091
  Considered Equal

Table 2. Correlation analysis between developed
and literature-based mental rotation tests

 ZD     MR

ZD Pearson’s Correlation 1 .812**

Sig. (bidirectional) .000
N 128 128

MR Pearson’s Correlation .812** 1
Sig. (bidirectional) .000
N 128 128

**. Correlation is meaningful at the level of 0.01 (bidi-
rectional

Table 4: Analysis of mental rotation testaccording
to normality assumptions

   Mental
   rotation

T

N 307
Normal Parameters Average 17.14

Std. deviation 5.567
End Differences Absolute .073

Positive .057
Negative -.073

Kolmogorov-Smirnov Z 1.286

Sig. (2-tailed) .073
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ing 14th and 26th, 21st and 23rd items were given in
Table 5.

Accordingly, analyzing the fit indices; GFI =
0.92, CFI=0.93 and NNFI=0.91 show goodness
of fit; X2/ sd=1.42, RMR=0.012 and RMSEA=0.037
indices indicates the perfect fit. Accordingly, the
Mental Rotation Test took its final form with 29
items.

In accordance with First level Confirmatory
Factor Analysis, path diagram acquired for men-
tal rotation test is as Figure 8.

DISCUSSION

The purpose of this paper is to approach the
ability of mental rotating by different attitude and
for this aim to develop a test. The main differ-
ence of this paper that separates from other stud-
ies in literature is to approach the mental rota-
tion ability as a discipline. This discipline is math-
ematics. It is overemphasized on the relationship
between spatial ability and mathematical perfor-
mance (Tosto et al. 2014; Cheng and Mix 2014;
Oostermeijer et al. 2014).

At the above, there is a detailed information
is given about test developing stages. In every
developing test stage, within the context of this
paper; a certain definition of mental rotating test
ability is defined and by this definition target
behaviors which are wanted to measure by tests
are composed.

In the initial phase of test development pro-
cess, tests found in the literature and other test
developed towards other components of spatial
ability such as spatial visualization, mental cut-
ting were analyzed.  The purpose of analyzing
those tests related to other abilities is to create a
perception of what can be the thing that distin-
guishes this ability from other types of capabili-
ties and to prepare items to be included in the

test in this context. As a result of examination of
the relevant literature, behaviors to be measured
with the mental rotation test being developed
are specified.

Accordingly a student, found qualified ac-
cording to this test, is expected to have “ability
to determine new states of three-dimensional
objects according to defined rotation process”,
“ability to recognize new state of the same ob-
ject after different processes”, and “ability to
detect different appearances from different
points of view according to rotation process in
coordinate axes”.

Considering the target behaviors, test items
were prepared and this test prepared with 32 items
was demonstrated in a research conducted with
a total of 307 undergraduate students from two
different state universities who study in mathe-
matics and mathematics education programs.

Cronbach’s α coefficients belonging to men-
tal rotation test was found as .81.It is precipitat-
ed that this value is suitable according to comp-
aretation with other test developing studies (Van-
denberg and Kuse 1978; Burton and Fogarty
2003; Campos 2012; Kabakci-Yurdakul et al. 2014).

In the next step for validity of the test, rela-
tionship between another test (Vandenberg and
Kuse 1978) that measured mental rotation ability
was examined. The correlation coefficient was
found as 0.81. The correlation coefficient is a
higher value of the correlation coefficient ob-
tained from the Campos and Campos-Juanatey
(2014) study. In their studies they compared mea-
sure of the ability to rotate mental images test
(MARMI) (Campos 2012), object-spatial imag-
ery and verbal questionnaire (Blazhenkova and
Kozhevnikov 2009) . The correlation coefficient
between MARMI and each of the three scales of
the object-spatial imagery and verbal question-
nairewas found as 0.50, 0.60 and 0.48.

Finally, within the scope of Confirmatory Fac-
tor Analysis, test items were found to be grouped
under a single dimension. In accordance with
goodness of fit indices acquired during this anal-
ysis and modification recommendations, 3 items
were removed from the test, giving the test its
final form. In accordance with modification sug-
gestions, the goodness of fit statistics achieved
by interconnecting 14th and 26th items; also 21st

and 23rd items indicated a perfect harmony and
this provided an evidence for the correct im-
plementation of validity and reliability process
for the test. As for the inter-connection pro-

Table 5: Confirmatory factor analysis for Mental
Rotation Test

Goodness of
 fit statistics

X2/sd   1.42
Comparative Fit Index (CFI)   0.93
Root Mean Square Residual (RMR)   0,012
Goodness of Fit Index (GFI)   0.92
Non-Normed Fit Index (NNF is)   0.91
Root Mean Square Error of Approximation 0.037
(RMSEA)
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Fig. 8. Path diagram for Mental Rotation Test
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cess of these items, any disadvantage was not
found since they were grouped under a single
dimension.

CONCLUSION

Mental rotation ability is one of the compo-
nents of spatial ability. However, in the literature
analysis applied tests towards determining this
ability can be applied to all groups indiscrimi-
nately because of their nature. Starting from this
situation, as distinct from mental rotation tests
applied in the literature, this paperincluded math-
ematical context and it was objected to establish
a test which set undergraduate students as its
target group mainly. As a result of the reliability
analysis, Cronbach α coefficient of the scale was
found to be .81.

In order to provide evidence for validity of
the test, test’s relationship between another test
that measured mental rotation ability and was
proven by several other studies from the litera-
ture was examined. Positive and meaningful cor-
relation was found between data obtained from
applying the two tests in question. In the other
part of test validation studies, analysis of both
tests was applied in terms of whether they pro-
vided the same characteristics from the point of
predetermined variable. In this context, “gender”
variable was considered. As a result of the appli-
cation, it was concluded that both tests showed
a significant difference by gender, moreover, this
difference was in favor of men for both tests.

RECOMMENDATIONS

Being one of the important components of
spatial ability, the ability of mental rotation seems
to increase success in many disciplines.In this
paper, it is aimed to measure mental rotating abil-
ity by different questions include mathematical
context and contribute literature in this subject.
According to obtained results; it is seen that
this developed test is reliable and valid and also
displayed high correlation between other tests
in literature. 

It can be said that we can develop different
viewpoint on mental rotating ability from this sit-
uation. Studies in recent years show that spatial
ability is interacting with mathematical success
as other components; spatial visualization and
mental cutting. Therefore, it is anticipated that in
further researches to be carried out in accordance

with this paper will give possibility to evaluate
mental rotation abilities of students from a dis-
tinct approach. Based on the test developed with-
in the scope of this research, it is suggested that
researchers develop tests that are based on dis-
tinct components of spatial ability indigenous
to different fields.
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