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Abstract—We investigated the cost of information processing incurred by mental workload with non-compactible spatial reference frames, 
in context of task demands, usig encephalogram (EEG) signals. It is hypothesized that when egocentric people on performing object based 
transformation strategy (mental rotation) and allocentric people while performing perspective-taking task, their mental workload increases. 
A total of 28 subjects participated in this study. The participants were classified as egocentric and allocentric based on ‘Animal in a row’ 
task. Those participants that were classified as egocentric were made to the task of mental rotation while those that were classified as 
allocentric were assigned perspective task. The encephalogram signals were taken when the participants performed the tasks. The 
statistical approach of approximate entropy (ApEn) is used to examine the changes in the workload wherein the median is taken as the 
threshold value. It is shown in previous works that when mental workload increases the approximate entropy decreases. Results showed a 
lesser value of approximate entropy for allocentric group during perspective task and similarly a lower value of approximate entropy for 
egocentric group during mental rotation. 

Index Terms—Approximate Entropy, Cognitive workload, EEG, non-compacible spatial reference 

———————————————————— 

1 INTRODUCTION
PATIALReference Frames (SRF) as described by Klatzky[1] 
is categorized into two main types namely allocentric and 
egocentric. Eventhough primary role of egocentric and 

allocentric reference frames are in perception and action, they 
can be thought of as specialized cognitive mechanisms essen-
tial in performing and guiding spatial motor actions. Egocen-
tric reference frames are involved with controlling movement 
in surrounding space such as reching objects or surrounding 
avoiding objects while allocentric representations have special 
relevance in recognizing objects, scenes and planning future 
movements. Egocentric frames of reference specify location 
and orientation with respect to the organism, including eye, 
head and body coordinates while allocentric frames specify 
location and orientation with respect to elements and features 
of environment independently of the observers position.  
These SRF causes workload when task is not suited by mental 
transformation strategies. Mental transformation strategies are 
those strategies, which are required to solve any spatial tasks. 
These spatial tasks require spatial ability, which is a part of 
cognitive skill. In this research paper an innovative study was 
done by expressing mental workload using approximate en-
tropy by providing spatial tasks. Study was conducted using 
EEG system and spatial task designed in unity. To understand 
EEG it is necessary to inquire about brain and its signals. 
 

Since the behavior of neurons is governed by threshold and 
saturation phenomenon of the spikes, non-linearity is present  

at a cellular level in a neuronal netwok such as the brain [2]. 
Due to the inability of the brain to perform complex cognitive 
tasks, the hypothesis that the brain is entirely a stochastic enti-
ty is rejected. Causative to the above two reason encephelo-
gram (EEG) signals can be considered as an area of non-linear 
time analysis approximately [3]. Over the years non-linear 
techniques have been applied to EEG signals taken from hu-
mans, such as healthy participants at rest [4, 6], sleep [7, 8] or 
from patients suffering from Parkinson’s disease [9] or Alz-
heimer’s disease [10] or depression [11] etc. 
 

The non-linear measure of Approximate Entropy (ApEn) re-
flects the likelihood that similar patterns of samples or data will 
not be followed by additional similar samples or data. The pres-
ence of repetitive patterns of data oin the signal will render it 
more predictable than a signal with no such patterns. ApEn, 
generally indicate the complexity of the signal, helps in under-
standing the non-linearity if the signal and therefore the non-
linear dynamics of the underlying system therby making it a 
good tool for understanding non physiological signals [12]. 
ApEn, first proposed by Steve Pincus in 1991 is a statistic 
measure to quantify the unpredictability of fluctuations in 
both deterministic and stochastic signals [13]. Low sensitivity 
to noise, usage with short length data and resistance to short 
strong fluctuations such as spikes makes ApEn an excellent 
candidate of nonlinear measure. A lower value of ApEn sug-
gests that the time series is more deterministic in nature and a 
higher value suggests chaotic behavior.  ApEn of given x[n] is 
calculated by the formulae [14] 
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Approximate Entropy have been previously used in the 

analysis of heart variability [15-17], endocrine release pulsali-
ty[18, 19], detection of epilepsy [12] etc. For assessment of 
mental workload, alpha wave analysis during arithmetic tasks 
[20], under multitasking conditions [21] have been done, all in 
which approximate entropy is seen to be increasing  with in-
creasing difficulty, but it is reported to be decreasing with in-
creasing task difficulty in [22].  

2 METHODS 
2.1 Paticipants and experimental settings 

For this study a total of 28 participants, aged between 12 
and 14 (mean age 13), were chosen. All the participants were 
right handed and had normal or corrected vision. Written con-
sent was taken from their parents for the purpose of this 
study. 

 
Initially, the participants were classified as allocentric or 

egocentric based “Animals in a Row” test, proposed byLevin-
son and Brown[20], in which the participants were asked to 
observe an arrangement of animals(fish octopus and scorpion) 
in a row, in front of them on top of a table (Stimulus Table). 
After a brief interval of time the participants were escorted to 
another table (Response Table) and were given the same set of 
animal and was asked to arrange them in the same order as 
that of the stimulus table. Those participants who have ar-
ranged the animalsin accordance with the cardinal direction 
were classified as allocentric and those participants who have 
arranged in accordance to the relative direction are classified 
as egocentric.  
 

The tasks administered on the participants for evaluating 
the effect of non-preferred frame of reference on mental work-
load based on object transformation and egocentric perspec-
tive transformation. Task was presented in a computer system 
having RAM 8 GB. Task was done using keyboard and mouse. 
 

Participants were made to do both Mental Rotation test 
and egocentric perspective test. In object based transformation 
or Mental Rotation (MR), the participants were asked to com-
pare between two figures taken from the Internet wherein the 
difficulty is kept to a minimum. If the two figures are match-
ing then the participant was required to press the correct but-
ton else the incorrect button. A total of 10 stimuli were pre-
sented to the participant with a maximum response time of 15 
sec/stimuli including the participant response.  

 
Egocentric perspective test was adapted from that pro-

posed by Kozhevnikov and Heagarty[21]. Here a fixed array 
of 7 objects was shown to the participant and he/she was 
asked to point to the third while imaging the position of a par-
ticular object facing another object in the array. Output of the 
test is taken as the angle value in which the participant was 

making in their imagined perspective. A total of 12 stimuli 
were given to the participant and a response time of 30 se-
conds was given to imagine the perspective and make the an-
gle. If the participant responded before the end of 30-second 
mark, the next stimuli appeared immediately after pressing 
the button.  

 
The participants were asked to avoid any unnecessary 

muscle activity inorder to minimize the noise in the signals 
during the data acquisition. The hands were placed such that 
the participants could use the mouse and keyboard using min-
imal muscle movements. Since the temporal regions are sus-
ceptible to ocular artifacts, participants were asked to refrain 
from blinking as much as possible. 

2.2 EEG Recording 
The encephalogram signals were acquired form one bipolar 
channel using a NeXus 10 instrument. The channel location 
was chosen according to the group in which the participant 
was allocated. In case of allocentric participants, the recording 
was taken from FT7 and FT8 and for egocentric participants P1 
and P2 channel were used[22-25]. The sampling rate was fixed 
ar 256Hz. The study was conducted under controlled condi-
tions in an electrically isoloated and soundproof room with a 
minimum distance of five meters from the power supllies and 
under normal lighting sonditions. The signals were band-pass 
filtered with cut-off frequencies 0.1 and 100 Hz. 

3 ANALYSIS 
3.1 Preprocessing 

A clean signal is needed to carry out the necessary analy-
sis and to obtain the feature. The raw EEG signal is passed 
through a band pass filter with cut of frequencies 0.1 and 60Hz 
so that signals above the gamma range were eliminated. After 
band pass filtering, a notch filter used so as to remove the 
50Hz line interference. Signal artifacts if any were removed by 
independent component analysis 
 
3.2 Non-Linear Feature Measure 

The EEG signal segments denoted as x[n]; n = 1,2,3…N  
with T = 10 seconds. The non-linear measure of approximate 
entropy is extracted from them using MATLAB where in the 
parameters m and r as chosen as 5 and 0.2 times the standard 
deviation of the signal segment. 

4 RESULTS 
Out of the 28 participants 13 were grouped into allocentric 

and the remaining 15 into egocentric groups based in the ‘An-
imals in a row” test. Mental rotation task as well as egocentric 
perspective task was administered to both the groups. Ap-
proximate Entropy (ApEn) was used to classify the workload 
on two groups of participants. Figure 1 shows the approxi-
mate entropy values for both the allocentric and egocentric 
groups.  
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Fig 1: (a) ApEn values for Egocentric Group; (b) ApEn values from Allocentric Group 

 

5 DISCUSSION 
To solve any problem requiring spatial ability, mental tran-

formation strategies are inherently applied, which obviously 
require cognitive workload.  The purpose of this study was to 
evaluate the effect the same said cognitive workload has when 
subjected to non-compactible reference frames using the non-
linear measure of approximate entropy. Whenever these trans-
formation strategies meet the task at hand, the tasks can be 
done with lower cognitive workload. 

Virtual reality developed using Unity 4.5 is used inorder to 
create such non-compactible tasks for non-comaptible refer-
ence frames. Subjects were grouped into inherent spatial refer-
ence frames using the ‘Animal in a Row’ test, and subsequent-
ly the mental rotation and egocentric perspective test were 
presented to them during which encephalogram signals were 
collected. 

From figure1 (a), it is clear that for most of the participants 
in egocentric group, the ApEn values for mental rotation is 
lower that that for perspective test and from    figure 1(b) it 
can be seen that in allocentric group the ApEn values for per-
spective is lower than that of mental rotation. From these two 
observations, it is can be concluded that when non-compatible 
spatial reference frames are presented, the cognitive load has 
increased due to the decrease in ApEn values. 

The limitations while using the measure of ApEn are that it 
is highly dependent on the sequence length and also its poor 
inconsistency i.e. the observation that ApEn for one dataset is larger 
than that of another for a given choice of ‘m’ and ‘r’ should, but does 
not, hold true for other choices of ‘m’ and ‘r’. 
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