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background
The purpose of this study was to verify hypotheses con-
cerning the effect of three-dimensional imaging and the 
canonicity of objects presented in the original position on 
the reaction time (RT) and the accuracy (A) of mental rota-
tion task (MRT) execution. The classical paradigm of MRT, 
developed by Shepard and Metzler (1971), was used in the 
experiment.

participants and procedure
One hundred fifty-eight undergraduate students (88 fe-
male and 70 male), aged 18-30 years, participated in the 
experiment. All participants had normal vision or correct-
ed vision, and reported no stereo blindness. The sequential 
version of the MRT was used in the experiment. Partici-
pants answered whether the object observed in the second 
position was only rotated or both rotated and mirror-re-
versed, in comparison to its original position. The answer 
(accuracy) and its latency (RT) were recorded.

results
As predicted by the mental rotation model, both the “U”-
shaped A-MRT distribution and the inverted “U”-shaped 

RT-MRT distribution were found, due to the angular dis-
parity. For the RT-MRT, this effect was more pronounced 
when the objects were displayed stereoscopically than in 
a plane, and when the objects were presented in the origi-
nal position from the canonical orientation rather than an 
unusual point of view. On the other hand, in the case of the 
A-MRT, an effect of the orientation of objects presented 
in the original position on strengthening the relationship 
between accuracy and angular disparity was found.

conclusions
The results indicated that the interactions between the 
presentation of the objects in the mental rotation task 
(stereoscopically vs. in a plane) and the orientation of the 
object in its original position (canonically vs. unusual) are 
more complicated than would appear from predictions of 
classical theories of mental rotation. The results of this 
study are discussed in relation to the theories of recogni-
tion and categorization.
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Background

It is assumed that the answer to the question whether 
two objects presented from different points of view 
are the same or different (e.g. mirror-reflected) is 
a proper operationalization of an imaginary process 
of mental rotation (Shepard & Metzler, 1971). This 
task, known as “Shepard-Metzler’s Mental Rotation 
Task” (MRT), has two variants: sequential and simul-
taneous. In a sequential task, the first (target) object 
of the pair is presented in the original position and 
a second one is presented in a rotated or rotated and 
mirror-reflected position. According to this proce-
dure, both objects are presented separately, one after 
the other. This means that when the second object of 
a pair is presented, the participant of an experiment 
must compare its shape with a stored image of the 
first object. In the simultaneous task, both items are  
presented together, side by side. The reaction time 
(RT) and accuracy (A) of the decision whether the 
two items match are correlated with the degree of 
angular disparity between the target and rotated ob-
ject. These two parameters (RT-MRT and A-MRT) are 
interpreted as indicators of the imaginative process 
of rotation, analogous to the process of rotation of 
objects in the real world (Shepard & Cooper, 1982).

Artificial or natural (real-world), known or un-
known, two- or three-dimensional stimuli are used 
in the research of mental rotation. Artificial two- or 
three-dimensional objects, designed exclusively for 
use in the experiment, presented in a  plane (paper, 
computer monitor, or projected image on the screen) 
have been used so far in most studies on mental rota-
tion. In almost all experiments in which participants 
mentally rotate real-world objects such as chairs, 
lamps, or humans, these objects are presented on 
flat, uniform white, gray, or black backgrounds (e.g. 
Kanamori & Takeda, 2003; Konkle & Oliva, 2011; Mur-
ray, 1997; Petit, Pegna, Mayer & Hauert, 2003; Zacks, 
Mires, Tversky & Hazeltine, 2002). Much less research 
has been conducted on the rotation of well-known, 
real-world objects presented stereoscopically (Konkle 
& Oliva, 2011; Lawson & Jolicoeur, 2003; Noudoost, 
Adibi, Moeeny & Esteky, 2005; Ruddle & Jones, 2001; 
Shepard & Cooper, 1982; Zacks et al., 2002).

The division of objects into two- or three-dimen-
sional stimuli is based on the arbitrary decisions of 
the researchers interested in mental rotation process-
es. For example, Jolicoeur, Regehr, Smith and Smith 
(1985) and Shepard and Metzler (1988) treated pro-
jections of three-dimensional objects onto a  plane 
as three-dimensional objects, while in other studies 
they have been interpreted as two-dimensional (e.g. 
McWilliams, Hamilton & Muncer, 1997; Neubau-
er, Bergner & Schatz, 2010; Parsons, 1995; Robert & 
Chevrier, 2003). Bauer and Jolicoeur (1996) found 
that the MRT execution on two-dimensional objects 

is faster and more accurate than on three-dimension-
al ones. It was also found that the three-dimensional 
imaging of objects improves the A-MRT compared 
to the A-MRT for the same set of objects presented 
in a plane (e.g., photographs), but does not affect the 
RT-MRT (Aitsiselmi & Holliman, 2009; Gaggioli &  
Breining, 2001; McWilliams et al., 1997; Neubauer et 
al., 2010; Parsons, 1995). In turn, Robert and Chev
rier (2003) found that the MRT execution on three- 
dimensional imaging objects is both faster and more 
accurate than when objects are presented in a plane. 
Referring to these results and because we see such 
objects in three-dimensional space in our daily ex-
perience, it is supposed that the RT-MRT should be 
shorter and the A-MRT should be higher for objects 
displayed stereoscopically in comparison to objects 
displayed in a plane.

The concept of spatial orientation of three-dimen
sional stimuli requires more detailed discussion. 
The orientation of an object is defined by the angle 
at which it is seen at a particular moment. A well-
known (familiar) object can be oriented canonical-
ly or non-canonically (unusually), with respect to 
the observer (Palmer, Rosch & Chase, 1981). In the 
discussion on the criteria for canonicity of object 
orientation, the following issues are highlighted: 
typicality, time of recognition or categorization and 
familiarity of the given objects. Firstly, canonically 
oriented objects are most often encountered in ev-
eryday observations. In this sense, we keep in mem-
ory the most common views of these objects. Sec-
ondly, recognition and categorization of an object 
presented in canonical orientation is much faster 
than in any other orientation (Edelman & Bülthoff, 
1992; Jolicoeur, 1985; Palmer et al., 1981; Tarr, 1995). 
Thirdly, if the object is seen from the canonical or 
unusual point of view, it can be assumed that the ob-
server has a concept (mental representation) of that 
object. It is impossible to recognize the canonical ori-
entation of an object without knowledge of it, having 
no experience of it, having no concept of its shape 
or functions, or other characteristics that define its 
identity (Palmer, 1999).

In research on the recognition, categorization, and 
mental rotation of three-dimensional objects pre-
sented from different points of view, there are at least 
two theories of canonical orientation which overlap 
to some extent.

On the one hand, in the reports regarding the rec-
ognition and categorization processes, it is empha-
sized that the similarity in orientation between the 
object and the prototype is an important factor that 
affects the membership of that object in a category 
(Edelman, 1995; Palmer et al., 1981). Canonical ori-
entation is usually one of the properties of category 
prototype. The angular disparity between the canon-
ical orientation of the prototype and orientation of 
the categorized object similarly affects RT and error 
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rates of its categorization, such as the differences 
between an object and prototype in terms of their 
shape or components (Cutzu & Edelman, 1994, 1998). 
This idea is also well known as the rotate-for-recog-
nition hypothesis (Biederman & Gerhardstein, 1993; 
Tarr, 1995; Tarr & Pinker, 1989).

On the other hand, in research on mental rotation 
of three-dimensional objects, the term “canonical 
orientation” most often refers to the orientation of 
the target object presented in the original position  
(0° rotation). Therefore, every object presented as ro-
tated (the second one from the pair: original-rotated) is  
seen from the non-canonical (unusual) point of view. 
It is assumed that a three-dimensional target object is 
presented in an upright orientation and face-forward, 
or at least between a frontal and side view (Corballis, 
1988; Graf, 2006; Just, Carpenter, Maguire, Diwadkar 
& McMains, 2001; Zacks & Michelon, 2005), and its 
mental representation is stored in memory also in 
this orientation (Bülthoff, Edelman & Tarr, 1995; Just 
et al., 2001; Palmer et al., 1981; Shepard & Cooper, 
1982; Tarr & Pinker, 1989).

The purpose of the MRT is primarily to determine 
whether the two images of the object observed in the 
two positions (original and rotated) are appearanc-
es of the same object. Thus, from this point of view, 
canonicity alone should not be a  factor that affects 
the time or the accuracy of the MRT execution. How-
ever, if it was proven that the canonicity of the object 
presented in the original position affects the RT-MRT 
or A-MRT, it should be assumed that the MRT out-
come is either (1) a manifestation of a mental process 
other than a mental rotation (e.g. categorization or 
recognition), or (2) that the process of mental rota-
tion cannot be separated from categorization and/or 
recognition processes.

Bülthoff et al. (1995), Edelman and Bülthoff (1992), 
and Cutzu and Edelman (1998) argue that the repre-
sentation of the three-dimensional object is stored 
in one’s memory as linked collections of simplified 
two-dimensional “snapshots” taken from differ-
ent points of view. According to this idea, angular 
disparity could be treated as a measure of similarity 
between a  two-dimensional image of a given three- 
dimensional object, presented from some point of 
view to the two-dimensional image of the prototype 
of the category. On the one hand, Cutzu and Edelman 
(1994) argue that the categorization of two-dimen-
sional images representing different points of view 
of a three-dimensional object is a better model of the 
mechanism of object recognition than mental rota-
tion. On the other hand, if angular disparity affects 
RT-MRT and/or A-MRT, this might be because people 
do not rotate an object in their imagination during 
the MRT execution, but they classify two-dimension-
al images of the object after rotation into the category 
in which a prototype is an object represented by its 
two-dimensional image in its original position. This 

would mean that the result of the MRT is a manifesta-
tion of categorization mechanisms, rather than spatial 
imagination. As the MRT is not required to answer 
the question concerning knowledge of a stimulus (to 
recognize it), it is not justifiable to say that the RT-
MRT is a function of its familiarity (Tarr, 1995). The 
hypothesis of a common neural mechanism for men-
tal rotation and categorization has been repeatedly 
verified (e.g., Farah, 1990; Turnbull & McCarthy, 1996; 
Warrington & Taylor, 1973). In particular, Shendan 
and Stern (2007, 2008) found that during mental rota-
tion those brain structures are active that are also ac-
tive during categorization but not during recognition.

The purpose of this study was to verify the hypoth-
eses on the differences in time and accuracy of the 
MRT execution for the same well-known, real-world 
three-dimensional objects presented stereoscopically 
or in a plane. The orientation of objects during their 
presentation in the original position was manipulat-
ed in the present study. Two independent groups of 
participants took part in the experiment and they ex-
ecuted the same MRT with the same objects. The only 
difference between groups was the orientation of 
the objects presented in the original position. In one 
group the objects were presented from the canonical 
point of view, and in the other from an unusual point 
of view. The RT-MRT and the A-MRT were registered 
in both groups. It was predicted that if the result of 
the MRT is an indicator of mental rotation, the RT-
MRT and A-MRT should be similar in the two groups. 
However, if the differences between groups turned 
out to be significant, it would support the hypothesis 
in which the outcome of MRT is an indicator of the 
process of categorization, recognition, or both, rather 
than an indicator of the mental rotation.

Participants and procedure

Participants

Forty-one undergraduate students (22 female and 19 
male), aged 20-30 years (M = 22.63, SD = 2.36), partic-
ipated in the preliminary study, which aimed to se-
lect experimental stimuli. Participants were recruited 
from the same population of undergraduate students 
who participated in the experiment.

One hundred fifty-eight undergraduate students 
(88 female and 70 male), aged 18-30 years (M = 21.82, 
SD = 2.24), participated in the experiment. All par-
ticipants had normal vision or corrected vision, and 
reported no stereo blindness.

Apparatus

In order to maximize the ecological validity of re-
search on mental rotation, this study focused on well-
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known three-dimensional objects presented not only 
in a plane (computer screen) but also stereoscopically 
as virtual objects, in their natural scenes. Three-di-
mensional objects were projected stereoscopically 
onto a 3.5 × 2.30 m screen with the Inition® Duality 
Stereoscopic Projection System (for the first group) 
or in a plane on a 23” LCD monitor, 1280/1024 pix-
els (for the second group). The participants from the 
“stereo group” sat at a distance of approximately 3.35 
m from the screen and watched the scene through 
polarizing glasses. The diameter of the circle into 
which all the rotated objects were entered was 34.6° 
FOV. The participants from the “in-a-plane group” sat 
at a distance of 65 cm from the monitor and the diam-
eter of the circle into which objects were entered was 
24° FOV. A program for presenting stimuli and col-
lecting data was written using E-Prime. The partic-
ipants responded via a three-key response keyboard 
which was comprised of the following labels: “the 
same” (if they decided that the rotated object was the 
same as the target); “different” (if they decided that 
the rotated object was different than the target); and 
“the next” (if they wanted to move on to the next part 
of the experiment). The experiment was carried out 
individually with each participant, in an acoustically 
isolated studio.

Stimuli

Four of the seven three-dimensional objects designed 
in natural colors via three-dimensional Studio Max® 
were used in the experiment. In the preliminary re-
search, the participants performed a sequential ver-
sion of the MRT on seven objects which, in the orig-
inal position, were presented from the canonical or 
unusual point of view (see Figure 1) and on the plane 
or stereoscopically, analogous to the experimental 
trials.

All objects were presented in the same fully col-
ored background of an exhibition hall in a contem-
porary art museum (see Figure 2). Target objects 

were rotated around the line of sight (not in depth).  
The axis of rotation was located at the center of mass 
of the object.

Based on the analysis of the differences in time  
and accuracy of the MRT execution for the seven ob-
jects, three of them were rejected from further study. 
They were characterized by a significantly longer or 
shorter RT-MRT and greater or lesser A-MRT than the 
other four objects. In order to verify the homogeneity 
of the set of selected stimuli, an analysis of variance 
(ANOVA) with the variable OBJECT [four different 
objects] as an intragroup factor was conducted. There 
were no significant differences between objects, both 
in terms of RT-MRT [F(3, 120) = 0.73, MSE = 0.06,  
p = .534, 1–β = 0.20] as well as A-MRT [F(3, 120) = 2.39, 
MSE = 0.03, p = .072, 1–β = 0.59]. Only these four ob-
jects were used in the experiment.

Procedure

The sequential version of the MRT was used in the 
experiment. After a  one-second exposure of a  gray 
mask, the target object was presented as long as the 

Figure 1. Prototypes of seven subordinate NMR categories presented in canonical orientation (upper row) 
and from an unusual viewpoint (lower row). The three objects on the right were excluded from the experi-
ment (explanation in the text).

Figure 2. The exhibition hall of a contemporary art 
museum with the object-pattern in the center of the 
scene.
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participant pressed a  button. After the next 3 sec-
onds, the target object was presented in the position 
rotated or rotated and mirror-reversed. Each object 
was rotated ten times, at 60, 120, 180, 240, and 300 
degrees. The presentation order of each pair of ob-
jects (target and rotated) was random. Participants 
then answered whether the object observed in the 
second position was only rotated or both rotated and 
mirror-reversed, in comparison to its original posi-
tion. The answer (accuracy) and its latency (RT) were 
recorded.

Results

The RT-MRT and the A-MRT were transformed using 
a logarithmic function to normalize the distribution 
of the data. Fitting the data to a normal distribution 
was confirmed through the Kolmogorov-Smirnov 
test (K-S test, p > .05).

Reaction time of mental rotation task was tested 
using analysis of variance (ANOVA) with the variables 
ORIENTATION (Canonical vs. Unusual), PRESENTA-
TION (In a Plane vs. Stereoscopic), and SEX (Female 
vs. Male) as the intergroup factors, and OBJECT (four 
objects), SAME-DIFFERENT (Rotation only vs. Ro-
tation and Mirror-Reversed), and ANGLE OF ROTA-
TION (60°, 120°, 180°, 240°, 300°) as intragroup factors.

There were no significant main effects of ORIENTA-
TION [F(1, 150) = 0.55, MSE = 7.03, p = .459, 1–β = 0.11]  
or PRESENTATION [F(1, 150) = 0.01, MSE = 7.03,  
p = .922, 1–β = 0.05], but the findings showed a signif-
icant main effect of SEX [F(1, 150) = 7.60, MSE = 7.03,  
p = .007, η2 = .05] on the RT-MRT. Females needed sig
nificantly more time to execute the MRT than males. 
According to the within-subject factors, there were 
no significant main effects of the variables SAME- 
DIFFERENT [F(1, 150) = 0.42, MSE = 0.52, p = .518,  

1–β = 0.10] or OBJECT [F(3, 450) = 1.32, MSE = 0.59,  
p = .267; 1–β = 0.35] on the RT-MRT. However, the 
findings showed a  significant main effect of the 
variable ANGLE OF ROTATION [F(4, 600) = 36.39,  
MSE = 0.43, p < .001, η2 = .20] on the RT-MRT. This  
effect confirms the typical finding that the RT-MRT  
increases linearly with greater angular disparity be-
tween 0° and 180°, and decreases between 180° and 360°.

In order to analyze the effect of the variables 
ORIENTATION and PRESENTATION on the time 
of recognition of every object, post hoc Tukey HSD 
tests were conducted for the following averages:  
(1) time of watching each object in the original posi-
tion; (2) the RT-MRT, separately for each object; and 
(3) the RT-MRT, separately for each object and for  
each angle of rotation. It was found that the only 
significant effect of the variables ORIENTATION 
and PRESENTATION was the time spent watching 
objects in the original position. The participants 
needed more time looking at each object presented 
in the original position from an unusual point of view  
(M

Unusual
 = 2.497 s) than looking at this object present-

ed in the original position from the canonical point 
of view (M

Canonical
 = 1.999 s) (Tukey HSD test, p < .001 

for each object). However, there were no sex differ-
ences in terms of the length of time watching objects 
from the canonical or unusual point of view, sepa-
rately in each group.

Similarly, participants needed more time looking at  
the objects presented stereoscopically (M

Stereoscopic
 = 3.359 s) 

than presented in a plane (M
Plane

 = 1.486 s) (Tukey HSD 
test, p < .001 for each object). In line with the previ-
ous results, there were no sex differences in terms 
of the length of time watching objects presented ste-
reoscopically or in a plane, separately in each group.

There were also no significant effects of the vari-
ables ORIENTATION and PRESENTATION on the 
RT-MRTs, separately for each object, or on the RT-
MRTs, separately for each object and for each angle 
of rotation (Tukey HSD test, 1.000 > p > .945).

Nevertheless, significant interaction effects of the 
variables ORIENTATION and ANGLE OF ROTA-
TION [F(4, 600) = 4.04, MSE = 0.43, p = .003, η2 = .03], 
and PRESENTATION and ANGLE OF ROTATION 
[F(4, 600) = 3.97, MSE = 0.43, p = .003; η2 = .03] were 
found on the RT-MRT. The relationship between the 
RT-MRT and angular disparity was more pronounced 
with respect to the objects presented from the canon-
ical point of view than from an unusual point of view, 
as well as when they were displayed stereoscopically 
than in a plane.

There were also some other significant interactions 
that shed new light on some of the main effects. The 
findings showed a significant interaction effect of the 
variables ORIENTATION and PRESENTATION on the 
RT-MRT [F(1, 150) = 6.72, MSE = 7.03, p = .011, η2 = .04; 
see Figure 3]. Post hoc analysis revealed a significant 
effect of the variable PRESENTATION on the RT-MRT 

	 1	 2	 3	 4	 5	 6	 7
Subsequent trial number

Orientation:    Canonical    Unusual

Figure 3. The mean RTs of mental rotation of target 
objects presented in two orientations in seven con-
secutive trials.
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for objects which, when in their original position, 
were viewed from an unusual point of view (Tukey 
HSD test, p = .050). The analysis also highlighted  
the significant effect of the variable ORIENTATION 
on the RT-MRT for objects presented stereoscopical-
ly (Tukey HSD test, p = .038). Moreover, a clear trend 
was found according to which the RT-MRT was short-
er for objects which, in their original position, were 
viewed stereoscopically in canonical orientation than 
for objects presented in a  plane (Tukey HSD test,  
p = .085). However, there was no significant effect of 
the variable ORIENTATION on the RT-MRT for ob-
jects presented in a plane (Tukey HSD test, p > .1).

On the other hand, changing the orientation of the 
objects in the original position, from the canonical to 
the unusual, caused the execution of the MRT to be 
significantly longer in stereoscopic presentation than 
in a plane.

There was also a  significant interaction effect of 
the variables SEX and ORIENTATION on the RT-MRT 
[F(1, 150) = 4.23, MSE = 7.03, p = .042, η2 = .03; see Fig-
ure 4]. Although females needed more time to com-
plete the MRT than males, this effect concerned only 
the canonically oriented objects (Tukey HSD test;  
p = .006). However, there were no differences between 
females and males in the RT-MRT for objects present-
ed from an unusual point of view. Unlike women, 
men needed much more time to complete the MRT 
for objects presented in an unusual view, rather than 
the canonical orientation (Tukey HSD test, p = .050).

An analogous ANOVA with the variables ORIEN-
TATION (Canonical vs. Unusual), PRESENTATION 
(In a  Plane vs. Stereoscopic), and SEX (Female vs. 
Male) as the intergroup factors, and OBJECT (four 
objects), SAME-DIFFERENT (Rotation only vs. Ro-
tation and Mirror-Reversed), and ANGLE OF ROTA-
TION (60°, 120°, 180°, 240°, 300°) as intragroup factors 
was conducted for the A-MRT.

Contrary to the results for RT-MRT, significant main 
effects of the variables ORIENTATION [F(1, 150) = 56.97, 
MSE = 0.61, p < .001, η2 = .28] and PRESENTATION  
[F(1, 150) = 13.45, MSE = 0.61, p < .001, η2 = .08] on the 
A-MRT were found. The MRT execution turned out to 
be much easier both when the objects were presented 
stereoscopically rather than in a plane, and when the 
target object in the original position was presented from 
the canonical rather than from an unusual point of view. 
However, there was no significant main effect of SEX 
[F(1, 150) = 0.73, MSE = 0.61, p = .395, 1–β = 0.14] on the 
A-MRT. Females and males performed the MRT equally 
accurately.

According to the within-subject factors, it appear
ed that all three variables had significant main effects 
on A-MRT: (1) SAME-DIFFERENT [F(1, 150) = 11.39,  
MSE = 0.35, p < .001, η2 = .07]; (2) ANGLE OF ROTA-
TION [F(4, 600) = 44.92, MSE = 0.19, p < .001, η2 = .23]; 
and (3) OBJECT [F(3, 450) = 20.67, MSE = 0.20, p < .001, 
η2 = .12]. The MRT execution turned out to be easier 

for objects which were only rotated than for objects 
which were rotated and mirror-reflected. The results 
also confirmed the well-known relationship between 
the angular disparity and A-MRT: the greater the an-
gle of rotation, the higher the error rate. Despite the 
prior selection of objects for the experiment, differ-
ences between them were discovered, with respect to 
the A-MRT. In particular, it turned out that the MRT 
execution for one of the objects (wheelbarrow) was 
easier than for the other three. There were no signif-
icant differences between the other three objects due 
to the A-MRT execution. There were no sex differenc-
es in terms of error rate for objects presented stereo-
scopically or in a plane, as well as for objects oriented 
canonically or unusually in an original position, sepa-
rately in each group.

Similarly as for the RT-MRT, a  significant inter-
action effect of the variables ORIENTATION and 
ANGLE OF ROTATION on the A-MRT was found  
[F(4, 600) = 2.74, MSE = 0.19, p = .028, η2 = .02], but the 
interaction of variables PRESENTATION and ANGLE 
OF ROTATION was not significant [F(4, 600) = 0.15,  
MSE = 0.19, p = .964, 1–β = .08]. The relationship be-
tween the A-MRT and angular disparity was more 
pronounced with respect to the objects presented 
from the canonical point of view than from an unusu-
al point of view. The U-shaped relationship between 
the A-MRT and angular disparity was the same for 
three-dimensional imaging and for presentation of 
objects in a plane.

Discussion

The purpose of this study was to verify hypotheses 
concerning the effect of three-dimensional imaging 
and the canonicity of objects presented in the origi-
nal position on the RT and the accuracy of the MRT 

	 1	 2	 3	 4	 5	 6	 7
Subsequent trial number

Orientation:    Canonical    Unusual

Figure 4. The mean accuracy of mental rotation of 
objects presented in successive trials in two orien-
tations.
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execution. The classical paradigm of the mental rota-
tion task (MRT), developed by Shepard and Metzler 
(1971), was used in the experiment.

In order to verify the results of this study with 
the predictions of the mental rotation model, an anal-
ysis of the relationship between time and accuracy 
of MRT execution and angular disparity of rotated 
objects was conducted. As predicted by the mental 
rotation model, both the “U”-shaped A-MRT distribu-
tion and the inverted “U”-shaped RT-MRT distribu-
tion were found, due to the angular disparity (Shep-
ard & Cooper, 1982; Shepard & Metzler, 1988). For 
the RT-MRT, this effect was more pronounced when 
the objects were displayed stereoscopically than in 
a plane, and when the objects were presented in the 
original position from the canonical orientation rath-
er than an unusual point of view. On the other hand, 
in the case of the A-MRT, an effect of the ORIEN-
TATION of objects presented in the original position 
on strengthening the relationship between accuracy 
and angular disparity was found. These effects have 
not previously been observed in studies of mental 
rotation which used three-dimensional objects, pre-
sented stereoscopically or in a plane. Mental rotation 
of stereoscopically presented objects with a smaller 
angle (e.g., 60° or 300°) appears easier and faster than 
when they are presented in a plane. In turn, the MRT 
execution for stereoscopically presented objects ro-
tated 180° is slower and more difficult than for the 
objects presented in a plane.

Results of research on mental rotation usually 
show a  significant sex difference (e.g., Jaušovec & 
Jaušovec, 2012; Koscik, O’Leary, Moser, Andreasen 
& Nopoulos, 2009; Kucian, Loenneker, Dietrich, 
Martin & Von Aster, 2005; Parsons et al., 2004). In 
general, females need more time and make more 
mistakes during the MRT execution than males.  
The present study confirmed that females perform
ed the MRT more slowly than males. However, there 
was also an interaction between the variables SEX 
and ORIENTATION. It was discovered that the sig-
nificant difference between females and males con-
cerns only those situations where a known object in 
the original position is seen from the canonical point 
of view (see Figure 4). The sex effect disappears when 
the object in the original position is seen from an un-
usual point of view. It is worth noting that in most 
research on mental rotation, objects in the original 
position are presented from the canonical point of 
view (e.g., Graf, 2006; Just et al., 2001, Zacks & Mi
chelon, 2005) and significant sex differences were ev-
ident. However, due to the fact that the shape of the 
object seen from an unusual point of view is atypical, 
the creation of its cognitive representation requires 
similar cognitive engagement, independent from sex.

Parson et al. (2004) found a significant effect of sex 
on RT-MRT, but only when the objects were “tradi-
tionally seen on paper-and-pencil measures”, not in 

a virtual environment. The present study confirmed 
the traditional effect of sex on the RT-MRT execution, 
both when the objects were presented in a plane and 
stereoscopically. It is possible that the reason for dif-
ferences between the results of the study by Parson 
et al. (2004) and the current research is the slightly 
different procedures for presentation of three-dimen-
sional stimuli. Parson et al. (2004) used the technique 
of Virtual Reality (VR), which allows dynamic chang-
es in vision of the area according to the movement of 
the head or body, while in our study, the static Dual-
ity Stereoscopic Projection System (DSPS) based on 
polarizing filters mounted in two projectors and the 
glasses was used. In the DSPS, the object is seen as 
three-dimensional, but only from one point of view.

There was no significant sex effect on the A-MRT, 
nor any significant interaction effects of the variable 
SEX with the variables ORIENTATION and PRESEN-
TATION. 

The differences between the RT-MRT for each 
object and for each angle of rotation are not signifi-
cant. This means that neither the shape of the object, 
which is the basis for the recognition, nor its images 
after the rotation (regardless of whether this object 
was seen in the original position from a canonical or 
unusual perspective) affected the RT-MRT. In other 
words, the theory that differences in the RT-MRT for 
known objects are derived from the duration of their 
recognition can be rejected.

The present study mainly focused on the verifi-
cation of the impact of the method of presentation 
of objects on the time and the accuracy of the MRT 
execution. Robert and Chevrier (2003) found that 
when objects are displayed stereoscopically, the RT-
MRT is shorter and A-MRT is higher in comparison 
to the objects displayed in a  plane. In the present 
study we found that the main effect of the variable 
PRESENTATION on the RT-MRT was insignificant, 
while the effect of the variable PRESENTATION on 
the A-MRT was significant and consistent with the 
hypothesis. Analysis of the interaction of the vari-
ables PRESENTATION and ORIENTATION revealed 
the cause of the insignificant effect of the variable 
PRESENTATION on the RT-MRT. We confirmed the 
hypothesis that the shorter RT-MRT for stereoscopic 
presentation refers only to objects that are visible in 
the original position in a canonical orientation. If the 
MRT is performed on the objects seen in the original 
position in an unusual orientation, the stereoscopic 
presentation significantly prolongs its execution.

In Robert and Chevrier’s (2003) study, among 
many other studies of mental rotation in which ob-
jects are presented stereoscopically or in a  plane, 
Shepard-Metzler’s cubes composing objects are used 
more often than well-known, real-world objects. In 
addition, Robert and Chevrier (2003) used a  proce-
dure of simultaneous presentation of objects in their 
original positions and after rotation, while the pres-
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ent study used a  sequential variant of objects pre-
sented before and after rotation. Also, Robert and 
Chevrier (2003) did not control the canonicity orien-
tation of objects in their original position.

We found a significant effect of the variable ORI-
ENTATION on the A-MRT. The canonical exposure of 
objects in the original position significantly reduced 
the error rate during MRT execution, compared to 
the unusual presentation of objects in the original 
position. This result seems to confirm the hypothe-
sis of Cutzu and Edelman (1994), according to which 
the MRT is essentially an operationalization of the 
categorization processes (rather than mental rotation 
or recognition) of an object when viewed from dif-
ferent viewpoints. The object in the original position 
acts as a category prototype. The similarities between 
results of the categorization tasks and the MRT also 
confirmed the results of neurophysiological studies 
(e.g. Farah, 1990; Shendan & Stern 2007, 2008; Turn-
bull & McCarthy, 1996; Warrington & Taylor, 1973).

conclusions

The results of this study indicate that three-dimen-
sional imaging, as well as canonical or unusual orien-
tation of a known object in the original position, has 
a significant impact on the accuracy and time of the 
MRT execution. Second, the inclusion of the method 
of presentation and orientation of objects in the ex-
perimental plan significantly modifies traditionally 
obtained results, according to which females have 
greater difficulty with the MRT execution than males. 
Thirdly, in this study, the homogeneity of the set of 
well-known and real-world objects used in the MRT 
was controlled because of the time and the accuracy 
of their recognition. However, the results obtained 
from this study indicate a significant influence of the 
variables ORIENTATION and PRESENTATION on 
RT-MRT and A-MRT, which, according to the classi-
cal theory of mental rotation, should not occur. This 
is probably a consequence of the fact that mental ro-
tation theory has been developed almost exclusively 
based on data from studies that used drawings of cubes 
composing objects, rather than natural three-dimen-
sional objects displayed stereoscopically. The results 
of this study indicate the need to conduct broader re-
search and revise predictions arising from the theory 
of mental rotation in relation to well-known, natural 
objects. They also indicate the need for studies to ver-
ify the assumptions of mental rotation theory. The re-
sults of many studies support the hypothesis that the 
MRT may be an operationalization mental process of 
categorization, rather than mental rotation.

This study was supported by grant no. N106 064135, 
to Piotr Francuz, from the Polish Ministry of Science 
and Higher Education.
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