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Abstract: We investigated the influence of mental imagery expertise in 15 pen and paper role-
players as an expert group compared to the gender-matched control group of computer role-players
in the difficult Vandenberg and Kuse mental rotation task. In this task, the participants have to
decide which two of four rotated figures match the target figure. The dependent measures were
performance speed and accuracy. In our exploratory investigation, we further examined midline
frontal theta band activation, parietal alpha band activation, and parietal alpha band asymmetry in
EEG as indicator for the chosen rotation strategy. Additionally, we explored the gender influence
on performance and EEG activation, although a very small female sample section was given. The
expected gender difference concerning performance accuracy was negated by expertise in pen
and paper role-playing women, while the gender-specific difference in performance speed was
preserved. Moreover, gender differences concerning electro-cortical measures revealed differences
in rotation strategy, with women using top-down strategies compared to men, who were using
top-down strategies and active inhibition of associative cortical areas. These strategy uses were
further moderated by expertise, with higher expertise leading to more pronounced activation patters,
especially during successful performance. However, due to the very limited sample size, the findings
of this explorative study have to be interpreted cautiously.

Keywords: mental rotation; expertise in visual imagery; pen and paper vs. computer role-players;
midline frontal theta band frequency activation; parietal alpha band frequency activation; gender
influence; EEG

1. Introduction

Mental rotation is considered as a cognitive process that involves rotating matching
mental images until being aligned to the match [1]. The mental rotation task (MRT) was
classically introduced by Shepard and Metzler [2] and is considered to integrate both
mental rotation and analytic strategies [1,3]. Analytic strategies that are seen to depend on
working-memory-intensive visual comparison [1] contain identifying key stimuli features,
registering their presence, absence, or change between figures [3]. Like for a physical
rotation, the reaction time in mental rotation processes increases as the angular disparities
become larger [1]. The analytical cognitive strategies used are dependent on visuospatial
representation and visual working memory [1,3]. Depending on expertise and gender,
individual differences in the performance have been found, as well as the electrocortical
correlates of the mental rotation processes. In meta-analyses by Linn and Petersen [4],
strong gender differences were observed in this special ability domain favoring men.
Better and/or faster performances were often reported for men compared to women [3,5];
however, women were using more analytic and therefore different strategies than men [6–8].
Roberts and Bell [9] further examined gender differences in two- and three-dimensional
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MRT on paper and revealed that men’s performance was better than women’s, yet only in
3D tasks. However, the male advantage disappeared in true three-dimensional models of
mental rotation compared to 2D prints of 3D objects [10,11].

Gender differences in mental rotation performance can be diminished via training [11,12],
although there might still be differences in reaction time [11]. Nevertheless, the positive impact
of training was noted on performance and neural efficiency (decreased in cortical activation)
in anteriofrontal and frontocentral areas [11]. However, it remains an open question as to
whether persons who are highly trained in other sections of visual imagery would also benefit
from training in very difficult mental rotation tasks, such as the redrawn Vandenberg and Kuse
mental rotation test [13]. In particular, effects of intensive training remain largely unknown
concerning performance as well as neural efficiency and the use of specific strategies.

1.1. Visual Imagery and Pen and Paper Role-Playing

Role-playing in general refers to taking on and playing fictional character roles in
imaginary worlds or environments that are based on a real world. The main aim is to
achieve identification with the fictional character or situation, which can be very instructive
on the one hand but also very entertaining on the other. Role-playing can be divided
into different categories, named mainly according to their exercise modality. Classically,
a distinction is made between the “Pen and Paper Role-Playing Game” (P&PRPG), the
“Live-Action-Role-Playing Game” (LARP), the “Tabletop Role-Playing Game” and the
“Computer Role-Playing Game”, whereby the latter can be further differentiated into
“Offline Computer Role-Playing Games” and “Massively Multi-Player Online Role-Playing
Games”, the so-called MMORPGs [14].

One role-playing game type that naturally needs a high skill in visual imagery is
P&PRPG. These games are characterized by the players acting in fictional stories with
fictional characters, where the characters have certain basic characteristics, which have
been noted down on the so-called character sheet and which define both the personality
and certain achievements, skills and characteristics of the character [15]. In this type of
role-playing game, the game master provides a story that is accessible to the players only
verbally or with minor visual supports such as character portraits. Thus, in order to act
in the story, the players must imagine the prevailing circumstances and experience the
situations as well as the characters and their actions in mental imagination. Hence, in this
scenario, visual imagery is a vital part of the gaming experience. In contrast, the newer
computer-based role-playing games lack this kind of feature. In this type of game, the
player is immersed into an often very complex audio-visual world with a usually complex
plot. The gamer takes on the role of a fictional character who can act in a specific world.
The computer generates a visual representation of the game world and the characters,
so that the player only has to mentally imagine parts of the plot (cf. Hemminger, 2009)
but not the visuospatial environment itself. In modern computer role-playing games, the
graphic implementation of the game world, of the acting characters, and of the performed
actions is very detailed. Thus, imagination becomes almost completely unnecessary for
the development of a plot or a plot line. Although both types of role-players have similar
contexts in their games, the specific demands concerning visual imagery are very different.
Hence, these two groups were assessed in this study, with the pen and paper role-playing
group as an expert group for mental imagery and the computer role-players as a matching
control group. As we expected the pen and paper role-players to be quite good in a
mental rotation task, we decided to use a rather difficult mental rotation task, the redrawn
Vandenberg and Kuse test [13]. This was done to investigate the impact of training on the
behavioral performance as well as on the electrocortical correlates concerning strategies
and efficiency.
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1.2. Frontal Theta

Frontal midline theta activation can be measured in medial frontal areas in EEG of normal
subjects when performing a broad range of cognitive tasks requiring mental concentration—
for example, cognitive control and active working memory maintenance [16–19]. The
frontal midline theta originates from the anterior cingulate cortex and the medial prefrontal
cortex [1,17]. Previous research provided evidence for enhanced activity in frontal midline
theta (4–8 Hz) for increases in working memory processes as well as visual working memory
load, which seems also associated with analytic strategies during a task according to findings
with MRT [1,20]. Accordingly, as task difficulty increases, midfrontal theta indicates increased
requirements for working memory maintenance and manipulation [1,17–19].

Hence, we were interested in whether there would be differences in the midfrontal
theta in our expert groups and concerning gender. However, no clear hypotheses could
be derived here, as on the one hand we would expect higher frontal midline theta for
more difficult tasks [1,20]. Yet, experts in visual imagery may use different strategies
than novices [1,11], and neuronal efficiency may also influence the activity leading to
lower activity in experts [11], who on the other hand may engage more in very difficult
tasks where novices may already give up early. Thus, the findings concerning frequency
measures, in general and midline frontal theta frequency band activation in particular, were
more explorative than confirmatory. This is also true for other electrocortical correlates of
strategy and performance.

1.3. Parietal Alpha and Parietal Alpha Asymmetry

As mental rotation also leads to a representation in visuospatial parietal areas, namely
the superior parietal cortex [21], electrocortical signals at parietal sites are also relevant.
The parietal activation plays a role in representing spatial maps, in action-oriented mental
image construction and maintenance, as well as in updating spatial reference frames [21–23].
Since decreased activity in the alpha band is associated with increased functional activity in
the underlying cortex, the alpha rhythm (8–13 Hz) has been used to indirectly measure the
brain activation [24–27]. Hence, parietal alpha power was used to investigate the extent of
the visuospatial representational demand of the mental rotation task [1,9,11]. A reduction in
parietal alpha power is therefore associated with heightened use of visuospatial processing.
Additionally, the right parietal cortex seems to be dominant in processing complex rotation
tasks [9]. This effect has been found to be more pronounced for men than women. Yet, as
these results were only attained with non-expert groups and in slightly different rotation
tasks, our analyses were mostly exploratory.

Summing up our approach in the present study, we explored for the first time an
expert group in mental imagery (pen and paper role-players: P&PRPs) with a matched
control group (computer role-players: CRPs) concerning their performance (correctness
and speed) as well as their electrocortical correlates (midline frontal theta band activation,
parietal alpha activation, and parietal alpha asymmetry) in a difficult mental rotation
task. Additionally, we considered gender effects in our approach. Although being an
exploratory study, we hypothesized firstly that males would perform faster and possibly
more accurately, and secondly that mental imagery experts would perform better (faster
and more accurately) than the control group. Concerning the electrocortical correlates,
our study had a very exploratory perspective, as the influence of the task difficulty as
well as the specific strategies of the participant groups were yet unpredictable. This is the
first electrophysiological study measuring midline frontal theta activation and parietal
alpha band activation using the very difficult Vandenberg and Kuse mental rotation task.
Furthermore, this is also the first study combing the expert group of pen and paper role
players with such a task design.
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2. Materials and Methods
2.1. Ethical Statement

The study was carried out in accordance with the recommendations of “Ethical guide-
lines, The Association of German Professional Psychologists” (“Berufsethische Richtlinien,
Berufsverband Deutscher Psychologinnen und Psychologen”) with written informed con-
sent from all subjects. All subjects gave written informed consent in accordance with the
Declaration of Helsinki before they participated in the experiment. The protocol was not
approved by any additional local ethics committee, for the used paradigm is common
practice in psychological experiments. Furthermore, following §7.3.2 of the “Ethical guide-
lines, The Association of German Professional Psychologists”, the approval by an ethical
committee is optional in Germany. As the local ethics committee is very busy, it does not
deal with paradigms that are common practice and ethically uncritical. Additionally, the
data collection was done in 2012, where a local ethics committee was not in place, and the
local ethics committee does not support post hoc application.

2.2. Participants

Thirty right-handed participants (6 women and 24 men; 15 P&PRPs and 15 CRPs) took
part in the experiment. Each role-playing group contained an equal number of women and
men. The recruiting of the participants was conducted according to the primary selection
criterion, the role-playing type. After determining the P&PRP group, a gender-matched
CORP group was sampled. Due to the limitation concerning time and money of the
recruitment, only 30 participants could be investigated, leading to this exploratory sample.

2.3. Procedure

Before the experiment, the participants filled in an online questionnaire using the
generic HTML processor [28] for demographic data and questionnaires (see below). Then,
the participants were invited into the lab based on their role-playing behavior. In the lab,
the test subjects were informed about the experiment and an EEG was applied. Thereafter,
an 8 min resting EEG was measured. Then, they were presented with three mental imagery
scripts and tasks for spatial navigation during the first part of the experiment, which
will not be addressed in this manuscript [29]. Subsequently, the participants experienced
the mental rotation task. The test consisted of 2 × 12 items, with 4 min to complete the
12-item task. After the mental rotation task, several questionnaires were assessed (see trait
questionnaires section below). Finally, the participants were compensated and farewelled.

2.4. Paradigm

The mental rotation task was an adaptation of the Vandenberg and Kuse rotation test
in which the test subjects were asked to assess three-dimensional figures based on their
correspondence with other figures [13]. The mental rotation test was taken from the test
material by Peters and colleagues (1995) and brought into digital form to present it on the
computer (see Figure 1).

The German version of the mental rotation test C was used, in which the objects can
be rotated around the X-axis as well as the Y-axis in space [13]. The test persons saw
five different figures per test item: a target figure and four figures that were to be compared
with the target figure. Two of the figures were a rotated form of the target figure, while
two figures represented a rotated and mirrored form of the target figure. The participants
needed to identify the two figures for each item that represented the rotated shape of
the target figure. The test consisted of 2 × 12 items, with 4 min to complete the 12-item
task. Each item was presented individually on the monitor so that there were always five
figures and a decision mask in which the test subjects could enter their answers by pressing
a button. Answers were given using six different keys on the keyboard, each of which
represented a combination of two of the four figures presented. Between the two blocks of
mental rotation, there was a one-minute break. During the presentation of the rotation test,
the EEG was recorded to measure alpha band and theta band activation.
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Figure 1. Schematic display of a trial of the mental rotation task.

The correctness of the answers and the speed of the answers to the mental rotation task
were used as a measure of the spatial imagination performance. The activity of electrodes P4
and P3 in the alpha frequency band (8–13 Hz) during the rotation task and the midline theta
(4–8 Hz) activation on the electrodes Fz and Cz were used as dependent variables [9,11] as
well as predictors for the behavioral performance (see also section below).

2.5. Apparatus
2.5.1. EEG Recording and Pre-Processing

The EEG was measured by Ag/AgCl-electrodes located in an electrode cap in the
following 32 positions: Fp1, Fp2, F3, F4, F7, F8, F9, F10, Fz, FC1, FC2, FC5, FC6, C3, C4,
T7, T6, CP1, CP, Pz, P3, P4, P7, P8, TP9, TP10, O1, O2, PO9, PO10, and Iz. (according
to the international 10–10 system). Ground electrode was located on AFz position; the
reference electrode was Cz. An additional electrode to register eye movements and blinks
was put below the left eye. Electrode impedances were kept below 5 kOhm for the EEG.
Data were recorded with a sampling rate of 250 Hz with BrainVision BrainAmp Standard
(Brain Products GmbH, Gilching, Germany) and BrainVision Recorder 1.20 software (Brain
Products GmbH). For further computation, MATLAB and EEGLAB toolbox [30] and a
variant of the EPOS pipeline was used [31]. Raw data were filtered with a 1 Hz Butterworth
high-pass filter after statistical channel selection (z-value threshold 3.29) for frequency
[1125 Hz], joint probability, and kurtosis. Deleted channels were spline extrapolated. The
segmentation of the data was done from −1 s before an event to 7 s after the start of each
rotation task −500 ms to the event onset. This time window was chosen because there
were no reaction times below 7.7 ms, leading to the same length of each segment and also
possibly less motor-specific activation artifacts. Following the segmentation, a first ICA
was performed, then artifact corrupted segments were detected and deleted statistically
(z-value threshold 3.29), targeting all components for probability and kurtosis of the signal.
Additional artifact correction for muscle activity and ocular correction was performed
with a second ICA [32], removing all components associated with muscular activity or eye
movement and blink activity by using the program SASICA [33] for selection with input
from ADJUST [34] and MARA [35]. After that, CSD transformation was applied using a
script provided by Cohen (2014).
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Theta frequency from 4–8 Hz was extracted using Morlet wavelets during the entire
event period on the electrodes Fz and Cz. For midline theta, these two electrode theta acti-
vations were averaged. Parietal alpha (8–13 Hz) was extracted and averaged on electrodes
P3 and P4 during the entire event period. For the extraction of the alpha-frequency as well
as for the theta frequency, the scripts of the EPOS pipeline [31,36] were used, using Morlet
wavelets with a cycle parameter of 3.5. The power output was absolute power and for
further computation, the log of the absolute power was used.

2.5.2. Trait Questionnaires and Demographical Data

Demographical data (age, gender, role-playing behavior, computer-playing behavior,
reading behavior, movie and television consumption) were recorded online before the
experiment alongside the BIS-BAS scales [37] for behavioral activation and behavioral
inhibition. After the experiment, a paper version of the NEO-FFI [38], a short verbal intelli-
gence test [39], and the general depression scale [40] were assessed. The questionnaires
were linked to the first part of the experimental task and were only assessed as control
concepts for the groups in this case. Details on the differentiation of the role-playing group
types can be seen in Table A1 in Appendix A.

2.6. Statistical Analysis

We predicted midline theta activation and parietal alpha activation using role-playing
type (pen and paper/computer) and gender (man/woman) as predicting factors in two sep-
arate general linear models.

Concerning the resulting behavior, we analyzed the correct decision behavior with
a general logistic model, using the role-playing type (pen and paper/computer) and
gender (man/woman) as predicting factors, parietal alpha and midline theta as centered
continuous predictors, and the correct decision as criterion.

Concerning the reaction time, we analyzed it using a general linear model with the
role-playing type (pen and paper/computer) and gender (man/woman) as predicting
factors, parietal alpha and midline theta as centered continuous predictors, and the reaction
time as criterion.

For the post hoc analyses of higher interactions with continuous predictors, post
hoc regressions were computed; for post hoc analyses of simple interactions, a simple
Bonferroni–Holm corrected t-test was used. Due to the exploratory character of the study,
no further corrections were used. The alpha level was α = 0.05. The software used for
computation and illustration of the results was Jamovi [41].

3. Results
3.1. Demographical Data

Demographical data and the comparison between the groups can be seen in Table A1
in Appendix A section. The two groups were only significantly different firstly in age
(p = 0.013), with P&PRPs (m = 26.867, SD = 4.307) being older than CORPs (m = 23.2,
SD = 3.212), and secondly in times per month role-playing (p < 0.001) with the P&PRPs
(m = 3.3, SD = 1.953) playing less than CORPs (m = 12.75, SD = 8.649). Marginal differences
were found between the two groups in number of hours per month playing (p = 0.053)
with the P&PRPs (m = 22, SD = 18.186) spending less hours playing than CORPs (m = 50.5,
SD = 51.463). Furthermore, the number of hours playing on the computer per month
(p = 0.084) was also marginally different with P&PRPs (m = 26.3, SD = 37.113) spending less
hours than CORPs (m = 68.833, SD = 84.128). The number of hours spent playing Tetris and
similar games per month (p = 0.093) was, however, marginally higher in P&PRPs (m = 2.367,
SD = 4.592) than in the matched CORPs (m = 0.284, SD = 0.7). Lastly, we observed a marginal
difference in IQ score (p = 0.071) with P&PRPs (m = 117.733, SD = 12.736) scoring higher
than CORPs (m = 110.267, SD = 8.648).
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3.2. Electrocortical Signal Prediction

Midline theta was higher for women in general (m = 12.042 µV2/m2, SE = 0.094 µV2/m2)
compared to men (m = 11.713 µV2/m2, SE = 0.042 µV2/m2; β = 0.366, t = 3.202, p = 0.001) and
higher for P&PRPs (m = 12.062 µV2/m2, SE = 0.069 µV2/m2) vs. CORPs (m = 11.693 µV2/m2,
SE = 0.076 µV2/m2; β = 0.411, t = 3.589, p < 0.001). The interaction of role-playing type and
gender was highly significant (β = 1.238, t = 5.412, p < 0.001), leading to no difference in
midline theta for men (p = 0.165) and a higher theta activation for women with pen and
paper role-playing experience compared to all others (ps < 0.001, see Figure 2). Topographical
distribution during the entire time-period can be seen in Figure 3.
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For parietal alpha, identical effects were found for the role-playing type, with P&PRPs
having higher parietal alpha (m = 10.482 µV2/m2, SE = 0.076 µV2/m2) than CORPs
(m = 9.705 µV2/m2, SE = 0.082 µV2/m2, β = 0.784, t = 6.953, p < 0.001). Moreover, the
interaction of role-playing type and gender was highly significant (β = 1.461, t = 6.479,
p < 0.001), in this case leading again to no difference in parietal alpha for men (p = 1) but a
higher alpha activation for women with pen and paper role-playing experience compared
to all others (ps < 0.001) and a lower alpha activation of women with computer role-playing
experience (ps < 0.006, see Figure 2).

The parietal asymmetry depicted general right parietal activation, but less so for
P&PRPs (m = −0.284, SE = 0.075) vs. CORPs (m = −0.567, SE = 0.082, β = 0.269, t = 2.529,
p = 0.012). Interestingly, men in general had no clear lateral distribution concerning the
parietal activation (m = 0.083, SE = 0.046), while women showed the expected right parietal
cortical activation (m = −0.934, SE = 0.102, β = −0.969, t = −9.106, p < 0.001). This effect
concerning men was further qualified by the role-playing group (β = −0.587, t = −2.761,
p = 0.006). Follow-up tests revealed that men had a weak relative right parietal cortical
activation if playing computer role-playing games (m = −0.212, SE = 0.067), yet they
had a significant relative left parietal cortical activation if they were P&PRPs (m = 0.379,
SE = 0.063, ps < 0.001, see Figure 4).

Topographical distribution during the entire time-period can be seen in Figure 5.
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Figure 5. Topographical distribution of alpha activation during the entire time period from 1–7 s.

3.3. Behavioral Prediction

The correct response was predicted significantly by the interaction between role-
playing type and gender (exp (B) = 10.018, z = 3.166, p = 0.002), with women who were
CORPs performing worse than pen and paper role-playing women (p = 0.043), computer
role-playing men (p = 0.003), and also marginally worse than men playing pen and paper
(p = 0.056). For an illustration of the effect, see Figure 6.
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Figure 6. Correctness of the response in the mental rotation: gender and role-playing type.

Additionally, the interaction between role-playing type, gender, and parietal alpha
(exp (B) = 56.513, z = 3.513, p = 0.001) significantly predicted the correct response (see
Figure 7 panel A). A higher parietal alpha led to more correct responses for P&PRPs in men
but less correct responses in male computer players (exp (B) = 0.398, z = 3.815, p < 0.001).
For women, this effect was reversed, yet due to statistical power, it was not significant
(exp (B) = 2.172, z = 1.627, p = 0.104) in the post hoc comparison.

Additionally, a marginal effect for the role-playing type was found with role-players
performing marginally better (exp(B) = 1.899, z = 1.763, p = 0.078).
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The reaction time of the mental rotation task was predicted by gender (β = 0.671,
t = 5.112, p < 0.001), with men (m = 27,961 ms, SE = 855 ms) being generally faster than
women (m = ms, SE = 2245 ms). This effect interacted with midfrontal theta marginally
(β = −0.335, t = −1.833, p = 0.067), with higher midfrontal theta leading to faster perfor-
mance in women (β = −0.412, t = −4.150, p < 0.001), while this effect was less pronounced
for men (β = −0.109, t = −2.229, p = 0.026). The interaction of midline theta and parietal
alpha significantly predicted the reaction time (β = 0.199, t = 2.494, p = 0.013). Post hoc
regression analyses revealed that if midfrontal theta was high (>1 SD), no predictive value
was given for parietal alpha (β = −0.063, t = −0.568, p = 0.572), while if midfrontal theta
was mediate (<1 SD and > −1 SD; β = −0.161, t = −2.874, p = 0.004) or low (<−1 SD;
β = −0.553, t = −6.874, p < 0.001), there were significant negative relations between the
parietal alpha and reaction time (see Figure 8).

Like the correctness of the response, also the reaction time was influenced by the inter-
action of role-playing type, gender, and parietal alpha (β = −1.473, t = −3.419, p < 0.001,
see Figure 7B). A higher parietal alpha led to no change in reaction time for P&PRPs in
men (β = −0.074, t = −1.096, p = 0.274) and to lower reaction time in men without this
role-playing type (β = −0.508, t = −8.216, p < 0.001). For women, this effect was reversed,
with parietal alpha being higher for lower reaction times in women with P&PRP experience
(β = −0.431, t = −3.202, p = 0.003), while parietal alpha led to higher reaction times in
women without P&PRP experience (β = 0.403, t = 3.354, p = 0.002). This three-fold inter-
action was moderated by the previous two-fold interaction of midline theta with parietal
alpha, as it was less pronounced when midfrontal theta was high (β = 0.669, t = 2.092,
p = 0.037).
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4. Discussion

In the present study, we investigated the behavioral performance (reaction time and
correctness) as well as the electrocortical correlates of an expert group of mental imagery
with a matched control group in a difficult mental rotation task. Additionally, we examined
gender differences in our approach. As electrocortical correlates, we used midline frontal
theta band activation, parietal alpha activation, and parietal alpha asymmetry. Results
suggested higher levels of midline theta activation for women and for an expert group in
mental imagery (pen and paper role-play). The expert group showed better performance
in the task, although this effect was only marginally significant. In addition, higher theta
activity was a correlate of faster reactions in both men and women. Moreover, the significant
interaction of role-playing type and gender in midfrontal theta activation indicated higher
theta activation in expert women, whereas men showed insignificant differences in theta
activation in both groups of participants.

Previous research showed that an increase in midfrontal theta is associated with
an increase in working memory demands in general. In particular, working memory
maintenance and manipulation as well as visual working memory load is increased for
higher theta, which is associated with analytical problem-solving strategies [1,17–19].
Moreover, women were found to use more analytical strategies [6–8]. Thus, in line with
previous findings, our results might indicate that women use more analytical strategies
especially when being highly skilled in visual imagery and when confronted with difficult
mental rotation tasks. Possible analytic strategies that involve reasoning rather than mental
manipulation can be seen as comparing the location, orientation, and features of the given
figures with the original one [1,3]. In this case, segments of the given figure are selected and
maintained in working memory while inspecting the other figures. Moreover, individuals
using analytic strategies may consider all possible ways of pairing figure segments, hence
resulting in working memory manipulation [1].

Focusing on parietal alpha, we observed higher levels of alpha activation in the expert
group compared to the non-expert group. Moreover, men showed no significant differences
in alpha activation in different role-playing types, whereas women exhibited higher levels
of alpha activation when experienced in pen and paper role-playing. Training in mental
rotation task has been proven to positively impact performance and led to decreased
activation in frontal and frontocentral areas [11]. Accordingly, our findings suggest that
training in a section of visual imagery rather than the mental rotation does also alter the
neural efficiency (decreases in cortical activation). Yet, it is unclear whether this effect
was due to different strategies or to neuronal efficiency; moreover, it was only present
for women.
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In examining parietal asymmetry, a mixed result was observed. Right parietal asym-
metry was observed in women and in the control group as expected [9]. Pen and paper
playing men, in contrast, showed left parietal cortical activation. This did not align with
previous findings. However, the findings may occur because of the long timeframe of the
task as well as the specific strategies that may be used by the pen and paper role-playing
men. For example, it was found that vivid mental imagery leads to higher left parietal
activation [42] in contrast to the expected right parietal activation for mental rotation [9].
Hence, the P&PRP men may have used a strategy that involved vivid imagination of the
object of some kind, leading to more relative left parietal activation. This stresses the
complexity of an interpretation of the asymmetry without controlling for the strategy,
which we did not measure directly in our study.

On a behavioral level, the significant interaction between role-player type and gender
suggested that only in female computer role-players, performance was reduced concerning
classification accuracy. This supports the evidence that training and the use of different
strategies can diminish the sex difference in mental rotation task [6,8,11,12]. Concerning
performance speed, the expected difference was found with men being faster than women
in this 2D representation of a 3D task [5,8,10–12,43]. This difference may be due to the dif-
ferent strategies used [6,8,11,12] that also find representation in the differential importance
of parietal alpha in performance accuracy and speed in our data concerning gender and ex-
pertise. While parietal alpha tended to be beneficial in pen and paper role-playing men and
detrimental in CORPs, this relation was inversed in women. The benefit of parietal alpha
may have come from using primary sensory cortices instead of the heteromodal association
cortices [8], which would propagate a more bottom-up triggered approach in men than
in women (see also Figure 5). As this strategy is better performed or more often chosen
by the experts in men, the parietal alpha could be an active inhibition process [44–46] to
enable an attention shift to the sensory input. This would enable a fast bottom-up triggered
mental rotation performance using only sensory input and primary associative cortices. In
contrast, women tend to use the parietal areas more as they want to involve the association
cortices to perform a top-down oriented strategy [8]. Hence, less parietal alpha, especially
in experts using this strategy, aligns with better performance (Figure 7). In accordance with
this top-down strategy, women also express more midline frontal theta band activation,
and their performance benefits more from higher midline theta (see also Figures 2 and 3).
Hence, the differences in strategy dependent on gender and expertise can partly be found
in behavioral performance as well as in electro-cortical activation patterns.

Limitations

There are several limitations to this study: First, our sample is very small (only 30 par-
ticipants) and the gender distribution is very unfortunate, leading to only three women
per expert group. Accordingly, gender differences and in particular findings in women
in our study must be treated with caution, and we have focused any interpretation and
discussion mainly on aspects that replicate previous research. Our analyses illustrate the
general problem of measuring individual differences, since electrophysiological measures
for single participants or small groups are always affected to a larger degree by noise
than an average for larger groups of participants (see Figures 3 and 5, right as compared
to left panels). Additionally, a marginal difference in IQ scores might have affected the
better response in P&PRPs, as higher spatial intelligence is associated with the ability to
flexibly and automatically choose between mental simulation and more analytical form of
thinking [1,3]. Accordingly, the expertise in games like Tetris was also marginally higher in
P&PRPs. However, due to the small sample size, we refrained from correcting for these
background differences. Although future studies should aim to achieve equal gender
distributions, the specific experimental and control group approach with role-players in
this study led partly to this gender distribution, since women are a minority in these groups.
Nevertheless, there was a good matching of the control group with the expertise group as
they were both role-players, yet not for all control constructs. For example, probably due to
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the rather long tradition in pen and paper role-playing games (USA: 1971: “Chainmail” [47],
1973: “D&D” [47]; Germany: 1978/1981: “Magira”/“Midgard” [48], 1984: “Das Schwarze
Auge” [48]) and due to the game modus, pen and paper players were older and had higher
openness scores. Future studies should try to avoid these differences. Moreover, future
studies might want to extend the framework of application of this mental rotation task
to other interesting groups, such as children or adolescents with learning disabilities, in
order to use this task as a diagnostic tool [49]. Interestingly, in these groups, the gender
distribution is similar than in our study and therefore the findings may be of value to create
hypotheses in this specific case.

Concerning our task, we had a rather difficult task that has not been investigated in
the context of alpha and theta frequency band activation so far. This task difficulty led to
long reaction times (all > 7.5 s) that made the analysis of the frequency response in the same
time window partly questionable, as different processes might be shown there. However,
as also different strategies were likely to be chosen, differences in the frequency bands
are informative nevertheless, although one cannot be certain whether differences arose
from different strategies or differences in timing of the response. Yet, in order to avoid
confounding differences, the time window was not extended beyond the fastest reaction.

A final limitation is the neglection of the individual alpha frequency [25,49] (IAF).
The IAF and the peak alpha frequency (PAF) have been identified to play an important
role in working memory processes that may be used to solve the mental rotation task,
especially in the case of this difficult Vandernberg and Kuse variation. It has also been
shown that the PAF is sensitive to gender effects [50] and age, and is a marker of cognitive
performance [51]. Yet, despite being dependent on age, the relation of PAF and cognitive
performance stays the same over different age groups [51]. Hence, future studies with more
participants could also investigate IAF and PAF, but due to our limited sample size and the
very exploratory design in our study, we refrained from computing these measurements
that are still connected to differential variables such as cognitive performance and age, in
which we lack variance.

5. Conclusions

In the present explorative study, we showed that expertise in mental imagery due to
pen and paper role-playing experience compared to computer gaming experience led to
better performance as well as a more efficient strategy used in a difficult mental rotation
task. Additionally, there was electro-cortical evidence for men using preferably bottom-up
rotation strategies compared to women using top-down oriented strategies. Additionally,
it could be shown that expertise in women can negate gender differences in performance
accuracy, although gender-dependent performance speed differences were preserved due
to the strategies used.
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Appendix A. Demographical Data

Table A1. Demographical data of the two subject groups.

Variable Role-Playing Type N Mean Median SD Minimum Maximum t p

age computer 15 23.2 22 3.212 19 30
pen and paper 15 26.867 26 4.307 22 39 −2.643 0.013

years
role-playing computer 15 10 10 3.485 5 18

pen and paper 15 9.867 9 5.423 2 21 0.08 0.937
hours per month

role-playing computer 15 50.5 35 51.463 5 200

pen and paper 15 22 20 18.186 5 80 2.022 0.053
times per month

role-playing computer 15 12.75 12 8.649 3 30

pen and paper 15 3.3 3 1.953 1 8 4.128 <0 .001
reading time per
month in hours computer 15 17.967 10 17.919 0 60

pen and paper 15 23.933 15 22.795 1 80 −0.797 0.432
movie and TV

time per month
in hours

computer 15 35.833 30 27.424 0 90

pen and paper 15 26.333 20 22.35 5 90 1.04 0.307
computer

playing time per
month in hours

computer 15 68.833 40 84.128 0 350

pen and paper 15 26.3 15 37.113 0 120 1.792 0.084
Tetris and similar
games time per
month in hours

computer 15 0.284 0 0.7 0 2

pen and paper 15 2.367 0 4.592 0 15 −1.737 0.093
behavioral
inhibition computer 15 2.267 2.143 0.503 1.571 3.143

pen and paper 15 2.19 2 0.528 1.429 3.429 0.405 0.689
behavioral
activation computer 15 1.954 1.923 0.341 1.462 2.769

pen and paper 15 2.082 2.154 0.27 1.538 2.385 −1.14 0.264
neuroticism computer 15 1.711 1.5 0.813 0.333 3.25

pen and paper 15 1.817 1.917 0.622 0.667 3.083 −0.399 0.693
extraversion computer 15 2.148 2.25 0.66 0.417 3.167

pen and paper 15 2.276 2.167 0.748 1.083 3.333 −0.498 0.622
openness computer 15 2.694 3 0.563 1.75 3.5

pen and paper 15 3.106 3.167 0.343 2.25 3.5 −2.415 0.023
agreeableness computer 15 2.606 2.5 0.5 1.833 3.583

pen and paper 15 2.611 2.667 0.511 1.667 3.333 −0.03 0.976
conscientiousness computer 15 2.417 2.5 0.684 1.333 3.25

pen and paper 15 2.433 2.417 0.547 1.583 3.583 −0.074 0.942
IQ computer 15 110.267 110 8.648 98 124

pen and paper 15 117.733 118 12.736 96 137 −1.878 0.071
depression computer 15 17.733 14 11.448 3 34

pen and paper 15 12.067 9 9.483 3 42 1.476 0.151
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