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HIGHLIGHTS 
• Answers are faster in the egocentric 
compared to the object-based transformation. 
• The RT rises with increasing rotation angle. 
• Increasing rotation angle has a greater impact 
on the object-based transformation. 
• Participants commit more mistakes in the 
object-based transformation. 
• There is no main effect or interaction for the 
factor posture. 
 
ABBREVIATIONS 
A1 object-based transformation task  
 and standing posture 
A2 object-based transformation task  
 and sitting posture 
B1 egocentric transformation task and  
 standing posture 
B2 egocentric transformation task and  
 sitting posture 
MBRT mental body-rotation task 
MRT mental rotation task 
RE response error 
RT response time 
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BACKGROUND: A detail of previous studies on mental rotation, which has not received any attention so far, 
relates to the testing situation of the participants. In nearly every study, participants were tested in a sitting 
posture (and not standing). However, when considering embodied cognition approaches on mental processes, 
participants may not be able to fully exploit these processes when performing mental rotation tasks in a sitting 
posture. 
AIM: Therefore, the aim of the present study is to examine the potential influence of two different postures 
(sitting vs. standing), when solving mental body rotation tasks. 
METHOD: Sixteen participants (6 females) were tested in two mental body-rotation tasks (MBRT), requiring either 
an object-based spatial transformation (based on a same-different judgment) or an egocentric transformation 
(based on a left-right judgment) in a sitting and in a standing posture. Reaction times and response errors were 
analyzed in two three-way ANOVAs, with the factors orientation, task, and posture. 
RESULTS: Results revealed an effect of orientation and task, indicating that participants performed better for 
egocentric than for object-based transformations. However, there was no effect of posture. 
CONCLUSION: The different dynamics of postural control during sitting and standing do not induce different 
embodiment effects on mental rotation. 
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INTRODUCTION 
The mental rotation task (MRT) by Shepard and Metzler1 is a widely used 

paradigm to test people’s visual spatial abilities in cognitive psychology. According to 
Steggemann-Weinrich and Weigelt,2 mental rotation skills signify people’s “ability to 
spatially transform two-dimensional or three-dimensional objects or bodies from one 
orientation in mental space to another” (p. 173).  In the standard MRT, two pictures of 
three-dimensional objects are shown side-by-side, whereupon one picture serves as a 
reference image and is therefore presented in an upright position and the other picture is 
displayed at various orientations. Participants’ task is to decide if the two pictures depict 
the same or different objects (i.e., same-different judgment), regardless of the differences 
in orientation.1 Besides this classical MRT, previous studies have used a variety of 
different stimuli to examine the mental rotation skills using the psychometric testing 
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approach. These included two-dimensional shapes,5 letters,6 images of human body 
parts,7 or whole human bodies.8 The present study investigates the mental rotation of1 
human bodies in an extension of the standard MRT by Shepard and Metzler,1 which is 
called the mental body-rotation task (MBRT).9 

In general, three types of transformations can be distinguished based on an 
environmental reference frame, an egocentric reference frame, and an object-based 
reference frame.10,11 The environmental reference frame is defined relative to a fixed point 
of the environment, locating things relative to axes with respect to a fixed space. In 
contrast, the egocentric reference frame is defined relative to the self. Humans use this 
egocentric reference frame with the axes up-down, front-back, and left-right. The object-
based reference frame is the third type of spatial reference frames, which is defined 
relative to external objects. The object-based reference frame can be used either for 
characterizing the relationship between the parts of an object independent of the object´s 
location in the environment or to locate an object relative to another object.10  

A detail of most all previous studies on mental rotation, which has not received any 
attention so far, relates to the testing situation of the participants. That is, participants were 
always tested in a sitting posture (and not standing; but see Kaltner12). This certainly 
reflects the “natural” test scenario of laboratory research. However, when considering 
embodied cognition approaches on mental processes,13,14,15 it could be argued that 
participants may not be able to fully exploit these processes when performing mental tasks 
in a sitting posture. The theoretical framework of embodied cognition states a strong link 
between motor and mental processes, meaning that cognitive processes are deeply rooted 
in the body´s interaction with the environment.15 There are two kinds of embodiment, which 
can explain the performance of spatial transformation: The first is spatial embodiment and 
assumes a bodily projection of the own body axe onto the embodied object, such as for the 
stimulus material in a MBRT. The second is motoric embodiment and suggests that the 
processes of imagining, observing, and executing actions all share the same motor 
representations.13 In addition, Schütz-Bosbach and Prinz16 distinguish between offline and 
online effects in terms of embodied cognition. Online effects refer to the phenomenon, that 
ongoing actions influence the perception of similar or different actions. Offline effects are 
based on past movement experiences, which are stored in motor representations. These 
motor representations influence perception and decision making, even when a person is 
not moving.16 

Interestingly object-based and egocentric transformations differ in the amount of 
embodiment. While object-based transformations rely on object-centered representations, 
egocentric (perspective) transformations rely on simulated movements of the own body, 
where proprioceptive information is more relevant.10 Therefore, for object-based spatial 
transformations (based on same-different judgments), it may not make a difference 
whether participants are sitting or standing. For egocentric transformations (based on left-
right judgments), however, the posture in which participants perform may well influence 
their performance, especially, when they must rotate human figures, because under these 

	
1	Besides the computer-based approach (psychometric testing approach), there is also the chronometric approach to 
test for mental rotation abilities. Methodologically, it is based on a paper-and-pencil version of the mental rotation test 
(MRT), developed by Vandenberg & Kuse,3 and has been used in many different versions (for a meta-analysis see 
Voyer4). The chronometric approach, however, is not within the focus of the present study and will therefore not be 
further addressed.	



BJMB	 	 	 	 	 	 	 	 Research Article	
Brazilian	Journal	of	Motor	Behavior	

Budde et al. 2020 VOL.14 N.2 https://doi.org/10.20338/bjmb.v14i2.165 
   

75 of 84 
 

 

conditions, participants most likely solve the task by drawing on own embodied 
representations of left and right.9,11 

There are experimental observations from two different research areas, which 
suggest that the posture in which participants solve other perceptual-cognitive tasks, 
affects performance. The first observation comes from research on perceptual learning 
and was made rather by coincidence. Here, Faubert and Sidebottom17 examined high-level 
athletes from ice hockey, rugby, and soccer in a multiple-object tracking-task over an 
extended period of training (over 30 training sessions). These athletes were all sitting 
during the acquisition of the task (i.e. tracking multiple objects) and did not differ in the 
level of performance at the end of the study (as signified by similar learning curves). 
However, when they collected additional data from another ice hockey team, which was 
standing during the complete training period, they found that these athletes performed 
worse (as signified by flatter learning curves) than the athletes, who were sitting before. 
Faubert and Sidebottom17 attributed this surprising result to differences in motor load 
between the two posture conditions (sitting vs. standing) and stated that this “clearly 
demonstrates the link between balance control mechanisms and perceptual-cognitive 
demands” (p. 95). 

The second observation comes from research by Bray and colleagues,18 who 
tested the link between different body positions and performance in a (subjective) visual 
judgment task. In their study, participants were asked to align a tilted rod to the earth’s 
vertical. To give misleading cues to verticality, a rectangular frame surrounded the rod. In 
each trial, the experimenter tilted the frame to left or right and/or set the rod to left or right 
at a random angle of 25°-35° from the earth’s vertical. Thereupon, participants had to 
adjust the rod to the earth’s vertical. Importantly, they were tested under three different 
posture conditions: sitting on a chair, standing “at ease”, and standing on a beam 
“balancing”. As the results revealed, participants set the rod more accurately to the vertical 
line while they were balancing on the beam, as compared to the standing “at ease” and the 
sitting condition. The authors stated that this “suggests that information from the dynamics 
of balance improves the perception of orientation” (p. 609).18  

The aim of the present study was to investigate the influence of embodied 
processes on the mental rotation of human bodies. With regards to previous studies, the 
following predictions were made: First, it is expected that participants perform generally 
better in the MBRT for egocentric transformations (as compared to the performance for 
object-based transformations).9 This should be reflected in the faster mental rotation times 
(as signified by a shallow RT-slope over different rotation angles) of human bodies, when 
the task requires a left-right judgment, and slower mental rotation times (as signified by a 
steeper RT-slope over different rotation angles), when the task requires a same-different 
judgment. Second, mental rotation performance should be influenced by the body posture 
in which participants solve the task.17,18 The different results of the two previous studies 
can be explained by task differences implying different task dynamics, as the dynamics of 
a tracking task17 is quite different than the perception of vertical lines/rods.18 Arguably, the 
results of Bray and colleagues18 are somewhat more relevant to the present study, 
because of the nature of the MBRT (i.e., visual-spatial alignment of human bodies). 
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METHODS  
 
Sample 

Sixteen volunteers (6 females; mean age = 23.5 years, age range 18 - 36 years) 
with normal or corrected-to-normal vision participated in this experiment. They 
characterized themselves as neurologically healthy. All participants were students at the 
University of Paderborn in Germany and German was their native language. They were not 
paid for their participation but received course credit. Before being tested, everyone gave 
his or her written informed consent. None of the participants took part in any mental 
rotation experiment prior to this study. The study was approved by the local ethics 
committee of the university and was carried out in accordance with the Helsinki Declaration 
of 1975. 

 
Apparatus 

The experimental set-up can be seen in Figure 1. A projector (Optoma) presented 
the stimuli onto a wall in the laboratory by using the software “Presentation” (Version 20.2, 
Neurobehavioral Systems). Participants viewed the experimental stimuli either standing or 
sitting on a chair, 3 meters away from the wall. The stimuli appeared in a size of 100 cm in 
diameter on a black screen. Verbal responses were given with a microphone (Rhode) 
linked via an usb-port with the computer. The threshold value for the microphone to be 
activated was adjusted to 0.1 % of the maximum sound recording level. 

 

Figure 1. Experimental set-up under the different tasks and conditions. Note: Left panel, the task scenario for the 
same-different judgement is displayed for the sitting posture (picture on the top) and the standing posture (picture on 
the bottom). Right panel, the task scenario for the left-right judgement is depicted for the sitting posture (picture on 
the top) and the standing posture (picture on the bottom). 
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Stimulus Material 

Stimuli were taken from Steggemann et al.19. There were two different mental 
rotation tasks: One required an object-based spatial transformation and the other an 
egocentric perspective transformation (see Figure 2). In the object-based transformation, 
two images of a female person in back view perspective and with either the left arm or the 
right arm extended, were presented simultaneously on the screen. These images were 
either identical or mirror image reversals of each other. In each pair, the left image was 
arranged in an upright position (0°) and the orientation of the image at the right was 
rotated randomly in the picture plane (clockwise 0°, 45°, 90°, 135°, 180°, 225°, 270°, 
315°), resulting in 32 different stimuli. Half of the trials presented pairs of identical objects 
and half displayed mirror-reversed objects, resulting in a same-different-judgment. 

In the egocentric perspective transformation, a single image, depicting a female 
person with the left or the right arm outstretched, appeared on the screen. Therefore, a 
left-right decision was required. The person in the image was presented from back view 
and rotated randomly in the picture plane (clockwise 0°, 45°, 90°, 135°, 180°, 225°, 270°, 
315°), resulting in 16 different stimuli. 

 

Figure 2. Examples of stimuli used in the experiment. Note: A) same-different judgment with 45° angular disparity, 
same pictures; (B) same-different judgment with 180° angular disparity, different pictures; (C) left-right judgment with 
90° angular disparity, left arm outstretched; (D) left-right judgment with 225° angular disparity, right arm outstretched. 

 
Procedure and Task 

The test session lasted about 45 minutes and took place in the laboratory. 
Participants could read the standardized task introductions on their own. In the object-
based spatial transformation, participants had to decide as quickly and as accurate as 
possible if the presented stimulus on the right side was identical to the comparison 
stimulus on the left side. In the object-based transformation, participants had to answer 
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“gleich” (German word for “same”), when the two stimuli were the same, and “ungleich” 
(German word for “different”), when the two stimuli were different. In the egocentric 
perspective transformation, only one picture of a woman in back-view perspective was 
presented. Participants were asked to determine as quickly and as accurate as possible 
whether the person raised her left arm or her right arm. They had to answer “links” 
(German word for “left”), when the left arm was raised, or to answer “rechts” (German word 
for “right”), when the right arm was raised. Participants were tested in four blocks: (A1) 
object-based transformation task and standing posture, (A2) object-based transformation 
task and sitting posture, (B1) egocentric transformation task and standing posture and (B2) 
egocentric transformation task and sitting posture. Half of the participants started with two 
blocks in the object-based transformation task (A1 and A2), while the other half started 
with two blocks in the egocentric transformation task (B1 and B2), before continuing in the 
other condition, respectively. Moreover, the order of the posture sitting vs. standing was 
balanced for the two tasks. The following four different orders of blocks were tested: (1) A1, 
A2, B1, B2; (2) A2, A1, B2, B1; (3) B1, B2, A1, A2; and (4) B2, B1, A2, A1. 

Each trial started with a black screen. After 500 ms, a white fixation cross 
appeared for 500 ms, whereupon the stimuli were presented. The stimuli stayed on the 
screen until participants answered. In the case of a wrong answer, participants 
immediately received feedback and the German word “Fehler” appeared on the screen. 
Feedback was given for 1000 ms. 

To familiarize themselves with the stimuli and the tasks, participants performed 
two practice sessions: one with 32 test trials before the first block of the two blocks of the 
object-based transformation task and one with 16 test trials before the first of the two 
blocks of egocentric transformation task. The order of the trials within the practice session 
was randomized. 

The entire experiment consisted of four test blocks (A1, A2, B1, B2) of 160 
experimental trials in the two object-based transformation tasks (A1, A2) and 80 
experimental trials in the two egocentric transformation tasks (B1, B2), resulting in 480 
trials in total. In the object-based transformation task, each combination of the eight 
angular disparities of the right picture (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°), the 
stimulus pairs (same or different), and the two images (original or mirrored) was presented 
five times in each test block. The 80 trials in the egocentric transformation task were 
composed of two stimulus types (person with left or right arm raised) x eight angular 
disparities (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°) x five repetitions of each 
combination. In the object-based transformation task, half of the trials showed the same 
and the other half showed different images. In the egocentric transformation task, half of 
the trials showed the person raising the left arm and half of the trials displayed the person 
raising the right arm. The order of the presentation of the stimuli was randomized. Between 
the blocks, participants could decide how long they wanted to have a break. 

 
Data analysis 

Data (response time and response error) were recorded by using the software 
“Presentation” and analyzed with two three-way ANOVAs, including the factors angular 
disparity (0°, 45°, 90°, 135°, 180°, 225°, 270°, 315°), MR task (object-based vs. 
egocentric), and posture (standing vs. sitting), as independent variables, and response 
time (RT) and response error (RE), as dependent variables. RTs faster than 100 ms (0 %) 
and slower than 1500 ms (2,34 %) were defined as outliers and excluded from statistical 
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analysis, as well as data from incorrect trials (1,76 %). As incorrect trials, we considered 
trials in which participants’ answer was wrong. Correct (RT) and incorrect (RE) trials were 
analyzed separately. Data from the practice sessions were not analyzed. The 
Greenhouse-Geisser adjustment was used to correct for violations of sphericity and post-
hoc t-test were Bonferroni-Holm adjusted. 
 
RESULTS 
 
Response Time 

The RT pattern for the two postures in the object-based spatial transformation (A) 
and in the egocentric perspective transformation (B) can be seen from Figure 3.  The 
ANOVA displayed a main effect for MR task, F (1, 15) = 154.664, p < .001, η²p = .912. 
Accordingly, participants were significantly faster in the egocentric transformation (M = 616 
ms, SD = 69 ms) than in the object-based transformation (M = 861 ms, SD = 101 ms). 
There was also a main effect of angular disparity, F (1.363, 20.440) = 218.357, p < .001, 
η²p = .936, with the RT steadily increasing. Post-hoc t-test indicated that RT differed 
significantly from each angular disparity to the proximate one (all p < .001). The interaction 
between condition and angular disparity reached significance (F (1.650, 24.755) = 11.455, 
p = .001, η²p = .433), whereupon the increase of rotation angle had a greater impact on 
object-based transformation. Post-hoc t-test showed significant mean differences for all 
increases in angular disparity (all p < .005), except the last one between 135° and 180° (p 
= .052). There was no main effect for posture and no significant two-way interaction, 
neither between condition and posture, nor between posture and angular disparity. 
Furthermore, the three-way interaction between angular disparity, stimulus condition and 
posture also failed to reach significance. 

 

Figure 3. Response time (RT). Note: Note. Mean response times (RT) in milliseconds (±SE) for the object-
based transformation (A) and the egocentric transformation (B). 
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Response Error 

Figure 4 provides the RE pattern for both postures in the object-based spatial 
transformation (A) and the egocentric perspective transformation (B). The ANOVA 
revealed a main effect of MR task (F (1, 15) = 16.617, p = .001, η²p = .526), showing that 
participants committed significantly more mistakes in the object-based transformation 
(2.7%) than in the egocentric transformation (0.3%). Also, a main effect for angular 
disparity (F (1.847, 27.710) = 5.917, p = .008, η²p = .283) was found. Post-hoc t-test 
revealed that RE differed significantly only between rotation angles of 90° and 135° (p 
= .036). Moreover, there was a significant interaction between condition and angular 
disparity (F (1.903, 28.549) = 4.533, p = .021, η²p = .232). Post-hoc t-test showed only a 
significant mean difference between 90° and 135° (p = .044). There was no main effect for 
posture and no significant two-way interaction between condition and posture, as well as 
between posture and angular disparity. Furthermore, there was no three-way interaction 
between condition, posture, and angular disparity. 

 

Figure 4. Response error (RE). Note: Mean response errors (RE) as percentages (±SE) for the object-based 
transformation (A) and the egocentric transformation (B). 

 
DISCUSSION 

The aim of the present study was to investigate the influence of embodied 
processes on the mental rotation of human bodies. Therefore, for the first time, participants 
performed two MBRT in a sitting and in a standing position. In one MBRT, two pictures of a 
female person in back view perspective were presented and participants were asked for a 
same-different judgment, whereas in the other MBRT, only one picture of a female person 
in back view rising her left or right arm was displayed and the task required a left-right 
judgment. According to Zacks and colleagues11,20 and Jola and Mast,9 the first MBRT 
induced an object-based transformation and the second MBRT induced an egocentric 
transformation in the participants. 
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In general, the results confirmed the predictions derived from previous studies on 
mental rotation of human bodies.9,,21,22,23 That is, RTs and REs increase for visual-spatial 
transformations of human bodies, the more the stimuli have to be mentally rotated. In 
addition, participants performed better for egocentric transformations (i.e., requiring a left-
right judgment) than for object-based transformations (i.e., requiring a same-different 
judgment), as reflected in faster response times and fewer errors. Thus, using a similar 
argumentation as other authors of previous studies,9,24 aligning oneself into the person 
displayed is faster than to spatially align and compare two objects. 

Concerning the specific testing situation, it was expected that embodied processes 
would influence the mental rotation of human bodies, depending on the body posture in 
which participants solved the task (sitting vs. standing).17,18 One previous study on the 
perception of visual orientation demonstrated better performance when the balance of 
participants was challenged,18 whereas the opposite was observed during a study on 
perceptual training.17 In the present experiment, however, the two different postures 
examined did not lead to any effects on participants’ mental rotation performance.  

From an embodiment perspective,13,14,15 the latter result is surprising, because it 
can be assumed, that the two different body postures (sitting vs. standing) challenged the 
dynamics of balance control to different degrees. However, the challenge for the dynamics 
of balance control may not have been big enough, given the task dynamics in the present 
experiment. Besides sitting and standing at ease, Bray et al.18 had participants also 
perform while standing on a balance beam, which poses a greater challenge to the 
dynamics of balance control. This notion is supported by the observation, that the coupling 
between visual information and body sway is affected in (young and older) adults, when 
the basis of support is being manipulated.25 Thus, embodied processes may not have had 
a greater effect on participants’ performance, because postural control processes (i.e., to 
keep static balance) did not interfere with perceptual-cognitive processes (i.e., to perform 
mental body rotations). Future studies should therefore examine participants’ mental 
rotation performance under conditions in which their balance is challenged to a greater 
degree (e.g., on a balance beam). 

It could be, however, that embodied processes influenced the mental rotation of 
human bodies, but were not detected in the present experiment. Arguably, the behavioural 
measures assessed (RT and RE) were not sensitive enough to show potential differences 
between the sitting and standing posture, although these measures are sufficient to 
demonstrate differences between egocentric transformations and object-based 
transformations.21,22 A more sensitive measure may be to examine the dynamics of 
balance control as postural sway on a force plate. In fact, a previous study by Stins and 
colleagues26 has demonstrated, that the semantic processing of sentences involving 
different daily activities of high, low or no physical effort effected participants’ body sway in 
a selective way. In a future study, participants should be placed on a force plate when 
solving mental rotation tasks. 

Concerning the embodiment approach13,14,15 and the online and offline effects 
mentioned by Schütz-Bosbach and Prinz,16 processes of action and perception influence 
each other, because of similarity and contrast. Embodiment can help to encode and 
spatially represent rotated stimuli, as spatial embodiment moderates the mapping of one´s 
own body into the presented stimulus, based on the knowledge of body structure, while 
motoric embodiment moderates the postural spatial configuration during the mental 
rotation process. Therefore, mental rotation processes and embodiment can hardly be 
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separated.8 At the same time, there also seem to be limits to the embodiment argument, 
as in the present study, participants were similar able to map their own body 
representation to the stimulus figure while sitting or standing, suggesting that not all 
postural changes influence the performance in the MBRT. 
 
CONCLUSION 

 
For the first time, participants performed a MBRT in a sitting and standing position. 

It was of interest, if the different demands on balance control exhibited in these two 
postures would affect participants mental rotation performance. The present results did not 
show any differences between the two positions (sitting vs. standing, respectively), 
although previous studies have reported an influence of body posture on the perception of 
visual orientation18 and on perceptual training.17 Future studies should consider to test 
participants in more challenging body postures (for example, placing participants on a 
balance beam) and to use more sensitive measures (for example, a force plate to assess 
body sway), in order to further examine mental rotation performance from an embodiment 
perspective.13,14,15 
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