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Mental Partitioning
Although a lot of studies in cognitive psychology have researched 
mental object manipulation or transformation, there have been 
only a few attempting to locate the limits of mental partitioning 
in objects. Taking into account the limited research on mental 
partitioning, no study has examined the underlying mechanisms 
of mental partitioning, and the limits of it revolving simple, 
understandable objects for which subjects didn’t have prior 
knowledge (ex. Moebius’ strip), as well as its relationship to 
performance in spatial tasks. Research has mainly focused on 
spatio-visual and constructive-visual skills drawing from different 
theoretical backgrounds and utilizing a wide array of experiment 
designs, samples, analysis and data processing methods. In any 
case, there remains a basic challenge for cognitive psychology: 
Are there any mental partitioning tasks that may hint towards the 

nature of mental representations (solving the Kosslyn – Pylyshyn 
dispute) and is the theory of cognitive penetrability sufficient to 
establish a new propositional theory of perception?

Moebius’ Strip
Moebius’ strip is the first surface with one layer to be discovered 
and studied. It is a surface with only one side and one boundary. 
We can create a Moebius’ strip by cutting a strip from a piece of 
paper, rotating it by 180o, and then joining its ends to form a loop. 
Using a Moebius’ strip in mental representation studies allows us 
to examine people’s limits in space – perception tasks.

Method
The current study used an easily depictable shape for which 
subjects didn’t have much prior knowledge. Moebius’ strip 
conforms to the aforementioned characteristics, as it possesses 
a peculiar quality: partitioning the strip along its axon will not 
result in 2 separate pieces, but in a new Moebius’ strip, twice the 

ABSTRACT
The basic arguments for a mental image model of thought are based on neuropsychological evidence. Farah found that the same brain regions are activated 
during both mental representation and actual perception, while Bishiah found that brain traumas that affected perception, also affected the ability to create 
mental images. Pylyshyn on the other hand, argues that all mental images are guided by ‘’cognitive penetrability’’, thus on their very basis, are manipulated 
by certain propositional elements. Given this difficulty, Kargopoulos hinted towards further research, featuring shapes and solid objects, for which subjects 
have no prior extensive knowledge. This would force subjects to use non-semantic strategies of representation, meaning mental imagery. Hinton’s cube 
problem conforms to these requirements. Hinton’s problem aligns with the idea that spatial tasks (especially tasks with cubes that change layout) are guided 
by propositional cues (our knowledge about squares) and supports Pylyshyn’s position. Using one of the simplest objects, a cube, Hinton showed that as 
soon as this shape changes its mental arrangement in space, even suspicious -as to the nature of the experiment- participants will make mistakes that are 
not present when they manipulate a mental image of the cube sitting on its typical array [1-5]. 

Aim: Our goal was to investigate the relationship between spatio-visual skill and the ability for mental partitioning in healthy subjects.

Methodology: We used 2 groups (344 participants) a control and an experimental one. In the control group, we presented a Moebius’ strip, in the 
experimental group, we presented the same Moebius’ strip and asked them to mentally represent it. All participants asked to  mentally partition the strip.

Results: Of the 344 participants, only 31 managed to give the correct number of vertices in space. Though people had a hard time manipulating the cube’s 
mental image, their success rates were much higher for the Hinton 1 task in which propositional representation was more accessible. Only 9 of the 344 
participants could find the correct answer for the Moebius strip task in which mental manipulation of the strip image was impossible.

Conclusions: We come to the conclusion that the relationship between ‘’seeing’’ and ‘’knowing’’ is more complex, not just on the level of the mental 
image level but also on the level of perception. Our findings bring back to the scientific background the idea that the mind’s selective attention to previous 
experience and cognitive schemas will decidedly affect human thought.
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length and half the width. Our first experiment tested whether 
language of thought, on the premise of it being the basis for all 
cognitive tasks, is exclusively digital or analogical utilizing mental 
images. We used 2 groups: a control and an experimental one. In 
the control group, we presented a Moebius’ strip and asked them 
to mentally partition it . In the experimental group, we presented 
them with a Moebius’ strip and asked them to mentally represent 
it, then we removed it from their field of perception, and when 
the subjects were sure that they could adequately represent it, 
we asked them to mentally partition it. We hypothesized that the 
same degree of success between the two groups would support 
Kosslyn’s views, whereas lower scores in the experimental group 
would support Pylyshyn’s. What happened was something we 
did not expect [3-4]. After reviewing their scores, we found that 
there was a total failure in either of the two. The subjects’ failure 
to mentally partition Moebius’ strips led us to a new series of 
studies, focusing on the particularity of Moebius’ strip and the 
process of mental partitioning itself. We tried to investigate 
possible cognitive biases, a pattern of divergent judgements that 
is activated during mental partitioning and the effect of «cognitive 
schemas» during this task. To summarize, we tested whether 
there are cases where problem solving is guided by established 
and unchanging «cognitive schemas», that affect not only mental 
images but also perception [6].

To investigate our hypothesis, we evaluated scores from two 
different tasks: Hinton’s cube and Moebius’ strip. Our basic goal 
was to answer [5]:
a)	 does established knowledge affect thought and perceptual 

ability negatively leading to cognitive biases,
b)	 is Pylyshyn’s theory of cognitive penetrability applicable 

in the case of mental partitioning of an object (Moebius’ 
strip) and what are the differences between Pylyshyn’s and 
Kosslyn’s views on the nature of our mental representations,

c)	 how do the scores in mental imaging tasks differ from scores 
in the mental partitioning ones. Our second goal was to 
investigate the relationship between spatio- visual skill and 
the ability for mental partitioning in healthy subjects, using 
the

Moebius’ strip, in order to examine the hypothesis that mental 
partitioning is a sub- skill of mental imaging presenting a high level 
of difficulty for subjects. Our third goal was to examine whether 
the influence of personal factors (such as: gender, age, level of 
education) affects performance in mental partitioning tasks and if 
scores of a certain group (psychology and architecture students) 
would be differentiated from the rest of the population.

Research Plan
We carried two studies: The first one attempted to answer our 
first goal. Initially, we divided our subjects into 2 sub-groups: a) a 
control group (N=186, 54.1%), in which subjects were presented 
with a Moebius’ strip and were asked to mentally partition the 
shape they had visual contact with, and b) an experimental group 
(N=158, 45.9%), in which subjects were presented with a Moebius’ 
strip while witnessing its creation process. After they confirmed 
that they could mentally represent it adequately, we removed the 
strip from their visual field and asked them to mentally partition 
its mental image. This plan attempted to investigate potential 
differences between perceptual and mental imaging process in 
mental manipulation tasks such as the one using the Moebius’ 
strip. To investigate whether, apart from mental images, people use 
propositional representations (Pylyshyn’s views), we administered 
3 tasks:

a) In the first task (Hinton 1), the correct answer was based on the 
subject’s prior knowledge on cubes (propositional representation).
b) In the second task (Hinton 2), the correct answer was based on 
the mental manipulation of the cube (analogical representation).
c) In the third task (Moebius’ strip mental partitioning), we 
hypothesized that the subjects’ prior knowledge (Whatever you 
cut gets separated into 2 pieces) would affect them and lead a 
significant percentage to answer incorrectly, supporting the view 
that this task involves mainly propositional and not analogical 
representations. The second study attempted to confirm our 
initial hypothesis that the mental partitioning of Moebius’ strip 
is guided by cognitive penetrability. It attempts to show that 
mental partitioning of Moebius’ strip, as a mental manipulation 
task, reaches the limits of human cognition and problem solving. 
Finally, the second study investigates the effects of three different 
sub-groups (1.architects, 2.psychologist, 3. Typical population) 
and of personal factors on spatial and partitioning problem solving.

Hypothesis
Study1: The basic hypothesis here is that there are spatial tasks, 
like mental partitioning of Moebius’ strip that don’t utilize mental 
images but are subjected to what Pylyshyn identified as cognitive 
penetrability [3]. Taking into account that no participant had prior 
knowledge of Moebius’ strip, the scores in partitioning tasks 
would not be affected by the perceivable object but by their prior 
knowledge about how the world works. We predicted that the 
majority of the subjects would not put enough effort in the task 
using already established mental schemas and their properties. 
If the subjects could visualize the two simple shapes (Hilton’s 
cube and Moebius’ strip), then potential low scores in spatial 
tasks could hint towards increased difficulty in mental image 
manipulation. Specifically, regarding the mental partitioning of 
Moebius strip task answers such as «cutting the strip will give us 
2 new strips»could support the idea that mental images depend 
on an established worldview, that is on abstract propositional 
knowledge and not on perceptual processes [3]. Following the idea 
mentioned above, these two specific tasks (Hilton’s cube mental 
manipulation and Moebius’ strip’s mental partitioning) would 
be based on propositional representations, meaning that mental 
imaging processes are guided by propositional factors (Hypothesis 
1). A second hypothesis states that the mental partitioning task 
would not be facilitated by the perceptually available Moebius’ 
strip (Hypothesis 2).

Study 2: Low scores in mental partitioning tasks are expected to 
confirm the existence of cognitive penetrability (Hypothesis 1) [3]. 
High correlation is also expected between spatial perception and 
mental partitioning tasks (Hypothesis 3). We expect that gender 
will be a differentiating factor as Voyer, et. al. found that males 
score higher in certain spatial tasks, including mental partitioning 
(Hypothesis 4). Younger subjects are also expected to score higher 
than older ones (Hypothesis 5). Lastly we hypothesized that the 
group of architects would score higher than the other 2 groups 
(Hypothesis 6) [7-9].

Study 1 – Participants
In the first part of the study a total of 344 subjects where tested. 
Of them 157 were male (45.6%) and187 were female (54.4%). 
Participants were categorized in 2 different age groups: above 25 
years old (born in 1987 or earlier) (N=166, 48.3%) and below 25 
years old (1988 and after) (N=178, 51.7%), in order to examine 
age factors in the tasks given.
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Study 1 – Tasks
1.	 Hinton 1 –Identifying the number of free edges of a mentally 

depicted Hilton’s cube
      We asked the subjects to find the number of free edges in a 

mental depicted cube (30 cm each side) when that cube was 
standing on either of its edges

2.	 Hilton 2 –Locating the free edges of a mentally depicted 
Hilton’s cube in space

	 The second task demanded the mental manipulation of the 
cube. We asked the subjects to pinpoint the cubes edges in 
space.

3.	 Mental partitioning of Moebius’ strip task
	 We asked the subjects to imagine what the partitioning of a 

Moebius strip along its axon would give us. They were also 
given information about the strip’s creation process

Study 2 – Participants
A total of 154 subjects participated in this study. They were divided 
in 3 sub-groups : a ) a group of psychology students, b) a group of 
architecture students, c)and a typical population group. Specifically, 
48 participants were architecture students (4th or 5th year) from the 
Aristotle University of Thessaloniki, 33 were psychology students 
(3rd year or above) from the Aristotle University of Thessaloniki 
and the rest came from typical population. Regarding gender, 77 
were male and 77 female. Regarding age, 2 groups were formed 
: a) above 25 years old (N=77, M=53.8) and below 25 years old 
(N=77, M=21.2). 2 groups were also formed based on educational 
level : a)12 years or below (N=41), b) 13 years or above(N=113). 
Our sample did not include people with language or other problems 
(visual, auditory, psychopathology, etc.)

Study 2 – Tasks
A)   Spatial Ability Tasks
1.	 Ropes: We presented our participants with a picture of 6 

different ropes entangled together. We asked them to tell us 
if each rope would create a knot when pulled. Each success 
was awarded with 1 point

2.	 Mental Paper Folding: We presented 20 instances where it 
was required from the participants to mentally fold a sheet 
of paper, pierce it and choose the correct solution from 5 
alternatives as to how the holes would be arrayed if we 
unfolded that particular [10]. Each success was awarded 
with 1 point

3.	 Hilton’s Cube – 2: The task is the same as the one described 
in Study 1. We awarded 14 points if all the edges were 
correctly arrayed in space (14 point = max score), 7 points 
if the participant arrayed at least 3 edges correctly and 0 points 
if the participant arrayed less than 3 correctly.

The total amount of points a participant could gather in the second 
study was 40.

B) Mental Partitioning Tasks
The tasks administered were created specifically for the goals 
of the present study based on previous findings  (Kargopoulos, 
2009). Cronbach’s  a was deemed sufficient (a=.81).
1.	 Mental partitioning of the course of 2 trains along a Moebius’ 

strip: We presented our subjects with a Moebius’ strip (3cm 
width, 25cm length). We asked them to imagine the reverse 
lengthwise course of two train starting from six (6) different 
points of origin on the strip. The participants had to answer 
if the 2 trains would eventually meet on the strip. One point 
was awarded for each success

2.	 Mental partitioning of the angle of an analogical clock’s 
indicators: We asked the participants to mentally partition 
the angle created by the indicators on an analogical clock. 
The task had 20 items and one point was awarded for each 
success.

3.	 Mental partitioning of a Moebius’ strip: We presented our 
participants with the process of creating a Moebius’ strip and 
asked them to describe the shape produced if we cut the strip 
lengthwise. One point was awarded for each success.

4.	 		   Each participant was presented with the strip 
and ask to mentally partition it lengthwise starting from a 
random point of origin. When they were finished they had 
to choose from 9 different alternative choices regarding the 
new shape produced. The answers were coded as «correct» 
or «incorrect» for the purpose of Binomial Test.

Statistical Analysis
We used the SPSS software package in order to analyze our 
data. To study the relationship between our variables we used 
the following techniques: one-way anova, binomial test, t-test 
to examine quantitive variables, chi squared independence test 
to examine categorical variables and adjusted standardized 
residuals to examine statistically significant chi-square results. 
For large samples, adjusted standardized residuals approach 
normal distribution. Positive adjusted standardized residuals 
>1.96 indicate statistically significant relationship between the 
variables in those cells.

From the 344 participants, 160 (46.5%) answered correctly in the 
Hilton 1 task, 31 (9%) answered correctly in the Hilton 2 task and 
9 participant (2.6%) correctly partitioned Moebius’ strip (Table 1). 
Gender and age did not affect scores in the visual – spatial tasks 
(Hinton 1 and Hinton 2). Gender and age effects are present in 
the Moebius’ strip partitioning task. The correct answer was given 
by 6 males (1.7%) and 3 females (0.87%). Younger participants 
(<25) scored higher than the >25 group. From a total of 9 correct 
answers, 6 (1.7%) came from the younger group and 3 (0.87%) 
from the older. There were 7 correct answers in the control group 
(the group that were in visual contact with the Moebius’ strip) and 
2 correct answers in the experimental one (Table 2).

Table 1: Frequency of answers in the tasks of the 1st study
Tasks Correct Answers 

Percentage
Percentage False Answers

Hinton 1 160 46.5% 184 53.5%
Hinton 2 31 9,00% 313 93,00%
Moebius’ strip 9 2.6% 335 97.4%
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Table 2: Frequency of correct answers (age*, gender*,experimental condition*, Moebius’ strip mental partitioning*)
Correct answers in Moebius’ strip partitioning

Age 6 Male
3 Female

Gender 6 Below 25 years old
3 Above 25 years old

Experimental condition 7 Control Group
2 Experimental Group

From these results we can infer that success rates in the mental partitioning tasks were low. A significant rate of success was present 
in the younger group. The group that had visual contact with the Moebius’ strip had a higher rate of success than the group that could 
only mentally manipulate without seeing it, however this result cannot support the idea that mental manipulation is facilitated by 
the perceptual condition

Performance Relationship to Hinton 1 and Hinton 2 Tasks
To identify the statistical significance of the relationship between performance of the participants in Hinton 1 (Propositional 
representation) and Hinton 2 (Analogical representation) tasks, a chi-squared independence check was applied. There was a statistically 
significant correlation between performance in Hinton 1 and Hinton 2 tasks, chi-squared (N = 129, BE = 1) = 39.18, p <.001. Of 
the 160 participants who responded correctly to the Hinton 1 task , only 31 (24.03%) responded correctly to Hinton 2 (Analogical 
representation)(see Table 3).It seems that most people who responded correctly to the first task had mistakenly manipulated the mental 
image in the second one (Hinton 2). This confirms Hypothesis 1.

Table 3: Frequency of correct answers (Hinton 1*, Hinton 2*)
Hinton 1
Total

False Answers
(4 vertices)

Correct Anwers
(6 vertices)

Correct vertices array 0 31 31
Hinton 2 False vertices array 184 129 313
Total 184 160 344

Performance Relationship Between Mental Partitioning Of Moebius Strip and Hinton 1 Tasks 
There was a statistically significant relationship in participants’ performance between mental partitioning and Hinton 1 tasks, chi-
squared (Ν = 9, ΒΕ=1) = 10.62, p< .001. Those who responded correctly to mental partition tasks were also able to find the correct 
number of vertices in Hinton 1 (Propositional representation) task (N=9) (see Table 4).

Table 4: Frequency of correct answers (Hinton 1*, Moebius’ strip mental partitioning*)
Hinton 1
Total

False Answers
(4 vertices)

Correct Anwers
(6 vertices)

Correct vertices array 0 9 9
Moebius’ strip 
partitioning

False partitioning 184 151 335

Total 184 160 344

Performance Relationship Between Mental Partitioning of Moebius Strip and  Hinton 2 Tasks
There was a statistically significant relationship of participant performance between the Moebius strip and Hinton 2 tasks, chi-squared 
(Ν = 24, ΒΕ = 1) = 53.29, p < .001. Of the 31 subjects who responded correctly to the Hinton 2 (Analogical representation) task, 24 
(77, 5%) gave the wrong answer to the mental partitioning task. This confirms Hypothesis 1 (see Table 5).

Table 5: Frequency of correct answers (Hinton 2*, Moebius’ strip mental partitioning*)
Hinton 1
Total

False vertices array Correct vertices
array

Moebius' strip
partitioning

Correct partitioning 2 7 9

False partitioning 311 24 335
Total 313 31 344
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Relationship Between The Experimental Conditions (Mental Partitioning Of The Strip) and Performance in The Moebius 
Strip Task.
In order to examine the hypothesis that perceptual processing does not facilitate the mental processes in partitioning of the Moebius 
strip task (Hypothesis 2), we compared the performance of the two experimental groups. For the statistically significant relationship 
in the performance between the two groups to be identified, the chi-squared independence check was applied. There was a statisticaly 
significant correlation in performance between the experimental and control groups, chi-sqaured (N=156, BE=1) = 43.59, p<.001. 
Of the 186 subjects who had visual contact with the strip while trying to partition it mentally (control group), 179 (96.24%) gave 
the wrong answer and of the 158 subjects who tried partitioning its mental image (experimental group), 156 (98.74%) gave also 
the wrong answer (see Table 6). Binomial test for success in mental partitioning task showed that there’s a statistically significant 
difference in the percentage of those who failed in the control(p<.001) and the experimental groups (p<.001). The two groups showed 
no differences in their performance. This confirms Hypothesis 2.

Table 6: Frequency of correct answers in mental partitioning ( real Moebius’ strip*, mental representation of Moebius’ strip)
Moebius’ strip mental 
partitioning

False partitioning Correct partitioning Total

Control Group 156 2 158
Experiemental condition Experiemental Group 179 7 186
Total 335 9 344

Relationship Between Age and Performance in Hinton 1, Hinton 2 and Mental Partition of Moebius Strip Tasks
According to the results from the first two tasks (Hinton1 and 2) there were no significant differences in performance amongst subjects 
from the two age groups. Of the 9 subjects who responded correctly to the Moebius strip task, the younger (under 25) showed better 
performance (6 subjects, 66.7%).The Binomial test for success or failure in each age group in Moebius strip task showed a statistically 
significant difference for younger subjects (p < .001).

Relationship Between Gender and Performance in Hinton 1, Hinton 2 and Moebius Strip Tasks
According to the results from the first two tasks (Hinton 1 and 2) there were no significant differences in performance between men 
and women. Of the 9 subjects, however, who responded correctly in the mental partitioning task, men, showed a better performance 
(6 subjects, 66.7%). The binomial test for success or failure between men and women in the Moebius strip task showed that there 
was a statistically significant difference over men (p < .001 ).

Summary of the Results from the First Study
According to the results from the first study, only 46,5% of the participants responded correctly in the Hinton 1 task . Assuming that 
when they tried to solve Hinton 1 task, people used a virtual mental representation, then we could say that it didn’t help them to 
answer correctly. We claim that the unusual position of the cube and its vertices makes its virtual representation a quite difficult task, 
we also claim that those who gave the correct answer either used the propositional representation: «The cube has eight vertices, if 
I remove two then six remain» or they were really good at manipulating the cube’s mental image. If the latter were true, then those 
participants should have showed a higher rate of success in the task that followed, which clearly required the mental manipulation of 
the inverted cube’s image (Hinton 2). It seems that there are spatial tasks that in order to be solved need not only the manipulation of 
a virtual representation but most importantly the use of some prior knowledge in the form of propositional representation. Subjects 
in their vast majority found it more difficult to manipulate the cube’s mental image in the second task. Of the 344 participants, only 
31 managed to give the correct number of vertices in space. Though people had a hard time manipulating the cube’s mental image, 
their success rates were much higher for the Hinton 1 task in which propositional representation was more accessible. Only 9 of 
the 344 participants could find the correct answer for the Moebius strip task in which mental manipulation of the strip image was 
impossible. This task seems to have been catalyzed by the prior knowledge: «Whatever you cut gets separated into two pieces» 
(Cognitive penetrability) which led 97,3% of the participants to the wrong answer. With regard to the variables we examined in 
mental partitioning it seems that age and gender tend to influence performance with young (under 25) men being better, though the 
small number of participants who responded correctly prevents us from further supporting this case. One particular interest was the 
fact that the condition of having visual contact with the strip while trying to mentally partition it did not increase the percentage of 
correct responses significantly. This means that Pylyshyn’s cognitive penetrability should be also applied to perceptual phenomena 
[4]. The experimental groups comparison shows that participants who were in visual contact with the Moebius strip showed a better 
performance, though these results cannot support that mental partition is facilitated by being in perceptual contact with the object.

Study 2
The Relationship in Overall Performance Between Visual Competence and Mental Partitioning Tasks
In order to investigate the correlation in overall performance between visual competence and mental partitioning tasks we applied 
Pearson correlation coefficient. The overall performance in visual competence tasks showed a statistically significant correlation with 
performance in mental partitioning tasks r = .75, p <.001. There was a positive correlation to performance in visual competence and 
mental partitioning tasks. This confirms Hypothesis 3.

The Relationship Between Profession and Overall Performance in Visual Competence Tasks
Anova analysis to compare the mean scores in 3 visual competence tasks between the three different profession groups showed 
statistically significant results. Specifically, the effect of the profession factor was statistically significant [F(2.151) = 12.64, p = . 
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001]. After making adjustments according to Bonferroni, regarding 
the number of comparisons we found statistically significant 
differences between the mean scores of the professions, paired t = 
(104) = 1.37, two-way p< .001. The mean scores of the architecture 
group (Μ = 24.02, SD = 7.2) were significantly higher than those 
of the typical population (Μ = 18.88, SD = 7.03) and psychology 
groups alike (Μ = 16.97, SD = 5.57). The architecture students 
had higher scores than the psychology students and the people 
working typical jobs. This partially confirms Hypothesis 6.

Relationship Between Profession and Overall Performance 
in Mental Partitioning Tasks
Anova analysis to compare the mean scores in mental partitioning 
tasks between the three different profession groups showed 
statistically significant results. Specifically, the effect of the 
profession factor was statistically significant [F(2.151) = 3.04, p < 
. 005]. After making adjustments according to Bonferroni, about 
the number of the number of comparisons, we found statistically 
significant differences between the mean scores of the professions 
t(104) = 1.54, δίπλευρη p < .005). The mean scores of the architecture 
group (ΜΟ = 15.19, ΤΑ = 8.27) were significantly higher than those 
of the typical population (ΜΟ=12.37, ΤΑ=6.94 and psychology 
group (ΜΟ=11.58, ΤΑ=6.53). This confirms Hypothesis 7.

Relationship Between Age and Overall Performance in Spatial 
Reasoning Tasks
Anova analysis to compare the mean scores in spatial reasoning 
tasks between the 2 age groups (above 25 and below 25) showed 

statistically significant results. Specifically, the effect of age factor 
was statistically significant (F151= 14.34, p< . 000). The mean 
scores for «below 25» age group (ΜΟ = 22.05, ΤΑ = 7.93) were 
statistically higher that those of the «above 25» group (ΜΟ = 
17.76, ΤΑ = 5.73). Participants that were below 25 years old 
scored higher in spatial reasoning tasks.

Relationship Between Age and Overall Performance in Mental 
Partitioning Tasks
Anova analysis to compare the mean scores in mental partitioning 
tasks between the 2 age groups (above 25 and below 25) showed 
statistically significant results.

Specifically, the effect of age factor was statistically significant 
(F152 = 6.96, p
<.000). The mean scores for «below 25 age» group (ΜΟ = 14.51, 
ΤΑ = 8.48) were statistically higher than that of the «above 25» 
group (ΜΟ = 11.41, ΤΑ = 5.49). Participants that were below 25 
years old scored higher in mental partitioning tasks. This confirms 
Hypothesis 6.

Task: Alternative Solutions to Mental Partitioning of Moebius’ 
Strip
For the purposes of this study, the answers provided in the task 
were participants had to choose from 9 alternative solutions to the 
mental partitioning of Moebius strip, were of particular interest.

Table 7: Frequency of answers in alternative answers task
Alternative Answers Frequency of answer False percentage
2 large collars, one inside the other 8 5.2%
1 bigger Moebius’ strip, half in width 8 5.2%
2 new Moebius’ strips, one inside the other, half in width 5 3.2%
1 big simple collar 8 5.2%
2 separate Moebius’ strips, same as the original, half in width 104 67.5%
1 Moebius’ strip with 3 loops 1 0.6%
2 new seperate, non-connected, simple collars 2 1.3%
A cohesive piece, which I can’t identify 0 0,00%
2 seperate pieces, which I can’t identify 18 11.08%w

Out of the 154 participants, 137 (89%) chose a wrong answer revolving around the separation of the strip into 2 distinct pieces 
(answers: 1, 3, 5, 7, 9). 17 participants (11%) chose answers that had only 1 piece as the product of mental partitioning (answers: 2, 
4, 6, 8), and of the 17, only 8 (5,2% from a total of Ν=154) gave the correct answer (second option). Biniomial tests for the success 
or failure in the task of ’Alternative solutions to Moebius’ strip mental partitioning’ showed statistically significant differences over 
the participant’s failure rate(p < .001). The percentage of participants who were close to the correct answer was statistically smaller 
than the percentage of those who provided a wrong answer. This result confirms our hypothesis about the existence of strong cognitive 
biases and of cognitive penetrability in the specific task, affirming our initial hypothesis (Hypothesis 1). At this point we must stress out 
that the most chosen option among the alternatives provided was the propositional representation: «whatever you cut gets separated 
into2 new pieces». The alternative 5 option, according to which cutting the strip lengthwise will give 2 new strips of equal length but 
half the width of the original, gathered the highest percentage of answers (67.5%). The alternative answer 8 concerning one whole 
piece that participants couldn’t identify gathered 0%. This result supports the idea that participants used the propositional knowledge 
and didn’t put any effort in mentally manipulating the picture. We can also observe that among the 154 participants in the 2nd study, 
137 (89%) chose between answers concerning 2 pieces and 17 participants (11%) chose between alternatives regarding 1 piece as 
a product of mental partitioning. This leads us to believe that prior established knowledge and not mental manipulation of images 
guided the majority of our sample in false answers regarding the mental partitioning task, making obvious the existence of cognitive 
biases guiding thought during this task’s problem solving process. This also confirms our 1st Hypothesis.

Summary of Results from the Second Study
From the results of the 2nd study, we conclude that there is a significant relationship between performance in spatial and mental 
partitioning tasks. Architecture students and participants below 25 years of age scored higher in both tasks. It seems that age and 
profession affects spatial reasoning competence. Τhe task «Alternative solutions to Moebius’ strip mental partitioning» hints towards the 
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use of propositional thought as well as the guidance of this task’s 
representation by prior knowledge about the world. Specifically, 
whereas in the first task, success rate was 2.6%, when alternative 
answers were provided it doubled (5,2 %).However, the success 
rate was still considerably low. A wide percentage of the answers 
provided (89%), revolved around the result of 2 separate pieces, 
leading us to believe that previous knowledge as to the nature 
of partitioning affected the participants’ answers. These results 
provide evidence that the ability to mentally partition an object is 
cognitively penetrable, but also hints towards a strong cognitive 
bias that affected a high percentage of our sample. The most 
common option chosen amongst alternatives hints towards our 
initial hypothesis: our inner propositional representation that cutting 
an object leads to 2 new seperate pieces will guide us towards 
the option : «2 new strips our produced» which gathered 67.5% 
of the total answers. These results provide evidence regarding 
that most of the participants used their propositional knowledge 
while putting little to no effort in mentally manipulating the strip.

Conclusions
The low rates of correct answers in the 2 studies (a total of 498 
subjects, with only 2.6% of them finding the correct answer), for 
both participants who could see the strip as well as those who tried 
to mentally manipulate it, leads us to the conclusion that cognitive 
penetrability, as defined by guides mental transformation. We can 
also expand the idea of cognitive penetrability to perception. The 
large failure rate in the mental partitioning tasks supports the idea 
that some mental transformation problems are not facilitated by 
prior knowledge. The participants didn’t seem to manipulate the 
strip’s mental image, and even if we accept that they manipulated it, 
the majority failed at the task. The basic principle of propositional 
representation is that words and images are represented in an 
abstract way that suggests the meaning and the use of knowledge 
[3]. People encode and use all information (verbal and non verbal) 
in the form of propositional representations. When we want to 
use this information, we recall the corresponding propositional 
representation and use it for the appropriate tasks. The information: 
«Whatever you cut gets separated into 2 pieces» is a propositional 
unit that consists of two modules: 1st module = «Whatever you cut» 
and 2nd module = «two pieces» are connected by the relationship 
of «gets separated into». This rule seems to have affected the 
participants and validated Pylyshyn’s views that mental images are 
guided by propositional cognitive cues (cognitive penetrability), at 
least regarding the task of the mental partitioning of Moebius strip. 
The participants had also difficulties in mentally manipulating the 
perceivable strip. They mustered available cognitive schemas (a 
simple collar) and tried to create semantic relationships between 
the old and new knowledge in order to understand and find the 
solution to the task at hand. Whatever the participants tried to 
manipulate, concerning the Moebius strip task was affected by prior 
knowledge (the schema: «Whatever you cut , gets separated into 2 
pieces»), which confirms Neisser’s theory. Shepard & Metzler’s 
views, that people execute various mental tree – dimensional 
transformations cannot be supported by this study’s findings. The 
low success rates in the mental partitioning tasks lead us to the 
conclusion that the law of the least possible mental effort is true. 
People will use a spontaneous / fast way of thinking [11,12]. The 
participants used a fast and spontaneous system of thinking, which 
works- based on associations, with little to no effort, without the 
use of self-regulation, based on cognitive biases, with limited 
use of typical logic, and for that reason, people came to false 
conclusions. According to our results, the independent variables 
«age», «profession» and «education level» have an effect on spatial 
perception and mental partitioning tasks. The architecture students 
group and the «below 25» group scored the highest, and the 

psychology student group scored the lowest. The factor «education 
level» affects only the spatial perception tasks and not the mental 
partitioning ones, with higher education level participants scoring 
higher. Scores in spatial perception tasks are a predictor for 
performance in mental partitioning tasks and vice versa. The 
participants displayed a wide variety of cognitive behaviors during 
the tasks administered, that hinted towards limitations of human 
thought. Their answers were a product of prior knowledge (biases), 
which prevented them from using possibly more effective solution 
methods. Scores in the main mental partitioning task showed that 
spatial reasoning is affected by what people know, and not by 
what they see or manipulate. These results lead us to support the 
idea that the process of mental partitioning a novel, real object 
rests on propositional representations and not on visual images. 
The participants’ thought was anchored in the idea that cutting 
an object leads to 2 seperate pieces and prevented them from 
approaching the problem from a different perspective. In this 
specific partitioning sub-task, subjects sought a fast approach, 
that would connect their goal with available to them information. 
They used prior knowledge, on the basis that this would facilitate 
problem solving. People manipulating a Moebius’ strip seemed 
to see what they know, and not what ‘’there is’’. These findings 
support Pylyshyn’s ideas, who supported the presence of specific 
conceptual – shaping processing. In particular the position that 
virtual processes are guided by cognitive propositional elements 
[3]. It seems that a series of «up down» information processes 
affect our perception, whereas our experiences create our internal 
theories and the way we perceive the world, at least in the case of 
visual – constructive transformation tasks (ex. Moebius’ strip’s 
mental partitioning).The study of cognitive penetrability and the 
mental partition of mental and real object such as Moebius’ strip 
constitute fertile ground for further inquiries in Cognitive science. 
Our findings bring back to the scientific background the idea that 
the mind’s selective attention to previous experience and cognitive 
schemas will decidedly affect human thought.
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