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Abstract:

This study investigates the Stroop-like incongruency effect when emotional face and emotional words, are
presented as paired stimuli in the form of image and word in the split and parallel visual fields to right-handed
and non-right-handed individuals. It was hypothesized that the lateralization pattern and ability of visual
perception would differ of a person in terms of their handedness. The sample comprised 80 right-handers and
69 non-right handers males of 17-25 years of age. Self-report 10-items questionnaire were administered to
determining handedness. To access the incongruency effect reaction time and accuracy were measured based
on Stroop-like task with the help of JAVA based program in which pair of stimuli presented for 180
milliseconds on the computer screen in the form of images (five emotional faces) and words (five emotional
words) under experiment 40 trials (20 split visual field and 20 parallel visual field) in congruent and
incongruent conditions. Results reveal that in both visual field presentations i.e. split visual field and parallel
visual field, non-right handers were faster in reaction and greater accuracy compared to right-handers. So, the
results demonstrated that non-right handers had a less incongruence effect in both types of stimuli words and
images as compared to right-handers.
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Introduction: area (Bogen, 1979; Bradshaw & Nettleton,
1981; Chall & Mirsky, 1978; Lennon, 1984;
Thompson, Bogen & Marsh, 1979; Uzzaman,
2017). Hemispheric asymmetry got significant
attention after sixties and it has supported
Hippocrates’ observation that “the human brain,
as in the case of all other animals, is double”
(Bogen, 1969, p.137). The history related to
asymmetry of hemispheric functions is well

addressed by Corballis and Beals (1976) and

The brain isa very complex organ in human body
in terms of its function and structure. It has been
studied extensively during the last 150 years in
various aspects through different tools,
techniqgue and methodologies (Dax, 1836).
Human brain is a single structure but it
comprises two halves that are known as
hemispheres. Right side of the brain is known as

right hemisphere and left side of brain is called
left hemisphere. A variety of researches have
suggested that these two hemispheres look
almost similar in structure but their functions are
quite different. The functions of two
hemispheres are defined in a number of ways in
which level of information processing within the
hemisphere as well as between the hemispheres
to make them understandable. To explore the
functional speciality of both the hemispheres
researcher are still engaged in the study of this

Bogen (1969).

In the human brain both the hemispheres
have their specified functions but in some way
one hemisphere is more passive or less cognitive
than other. This concept is known as cerebral
dominance. Majority of researches in the area of
hemispheric specialization propose that in
majority of the people left hemisphere is
considered dominant for verbal task as right
hemisphere dominates in performance on visuo-
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spetial task (Dimond, 1971; Gazzaniga, 1970;
Klatzky, 1970;Levy & Reid, 1976; Sperry
1973). Apart from verbal ability left hemisphere
is also specialized for manual skills (Corballis,
1980) and an excellent performer of motor
activities in common population (Zangwill,
1976). Past researches were dedicated to explore
left hemisphere more in detail as compared to
right hemisphere. The reason for exploring left
hemisphere was its relationship with language
ability that has direct relation with human
intelligence is reflected in an argument by
Sperry (1973) as modern society focuses on the
development and greater use of intelligence
took more attention to explore left hemisphere
and to neglect right hemisphere. Right
hemisphere had explained in past studies as
silent, non-dominant and minor hemisphere. In
the last forty-years attention shifted to language
dominant  hemisphere to  non-dominant
language hemisphere, the right hemisphere, and
the interaction between these two to understand
different cognitive abilities (Wexler, 1980).

Lateralization concepts explain as the
particular function of our body regulate
preferentially by one hemisphere or one side of
body. Some functions that are recognized as
lateralized functions in human beings comprise
language, handednes, facial expression, visual
skills as well as face recognition sometimes
spontaneous shifting of sideward. Studies and
assumption about dominance of cerebral
hemispheres and its structure as well as function
have been the core area among the researches
almost from last 150 years (Dax, 1836) and still
it has taken considerable attention and interest
(Bogen, 1977; Bogen and Marsh, 1979;
Bradshaw and Nettleton, 1981; Chall and
Mirsky, 1978; Tandanobu, 1978; Thompson,
Tandanobu, 1978). Research, theory and
assumptions about hemispheric differences in
terms of functions or cerebral dominance have
been explored (Dax, 1836) and these are still
interesting topics among researchers (Bogen,
1977; Bradshaw & Nettleton, 1981; Chall &
Mirsky, 1978). Human brain has unique ability
for expressing, perceiving and processing

information with the help of different highly
specialized cells or neurons that facilitate these
functions of Dbrain by different neural
communications. Indeed, Human brain prepared
in such a way it's two half established and
functioned as a two different independent
capable mental systems located in both sides i.e.
right and left sides (Gazzaniga & LeDoux, 1978;
Joseph, 1982, 1988a,b; Levy, 1983; Sperry,
1966, 1982).

Traditionally hand  preference or
handedness has been associated with the
indicator of brain lateralization. However, this
kind of approach is relevant to specialized
certain kindof complex task and not for simple
ones. Hand preference is a marker of brain
lateralization and preference indicates the
hemisphere which is most likely to undertake
the task determines which hand to be used by an
individual. Within the brain and behaviour
research handedness is frequently analyzed as a
by-product of brain lateralization in human
beings. However, what remains unclear is the
fact that why these things do not affect all
human beings universally. Nearly about five to
fifteen percent people are found as left handers
(Bosman, 2004).

The Stroop Effect

In the year of 1935, J.R. Stroop was published a
very popular article on interference in attention
and perceptual task. This article was not so
popular on that period of time but now in the
current days it influenced to the scholar in more
extent. So there is question why Stroop task
consistently attract attention of researcher?
"Perhaps the task is seen as tapping into the
primitive operations of cognition, offering clues
to the fundamental process of attention. Perhaps
the robustness of the phenomenon provides a
special challenge to decipher; together these are
powerful attractions in a field of complex
phenomena, where the subtlest variation may
exert a dramatic effect” (McLeod, 1991, p. 163).
Stroop and Stroop-like effects (where
incongruent stimuli are measured against a
congruent condition) have proved to be robust
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and replicable (Dyer, 1973; Schmit& Davis,
1974; Ehri, 1976; Rosinski, Golinkoff, &
Kukish, 1975; Smith & Magee, 1980;
Goolkasian, 1981; Glaser & Glaser, 1982;
David, 1992; Brega& Healy, 1999). The major
theoretical difficulty regarding the Stroop effect
revolves around the fundamental source of the
observable fact. The two core explanations
presented to describe the Stroop effect are
automaticity and relative speed of processing.
The automaticity explanation is that both
automatic and controlled processes are involved
in the Stroop task. Automatic cognitive
processing occurs from long-termpractice, such
as in the case of reading. Controlled processes
(Andrade, Henderson, & Kamiar, 1996) refer to
those that are voluntary, requiring more
attention, and relatively slow; therefore, novel
tasks generally rely on controlled processing.
Automatic processes, on the other hand, are fast,
occur without direct intention, and are generally
unconscious (Shiffrin & Schneider, 1977).
Automaticity includes both interference and
facilitation (Cohen, McClelland, & Dunbar,
1990). Interference refers to the extent to which
one process encumbers performance of another,
whereas facilitation indicates the extent to which
one process assists performance of another
(David, 1992). Through practice and
maturation, reading progresses from controlled
process to one that is automatic, lessening its
demands on attention resources and attention
shift against memory averaging (Uddin, Kawabe
& Nakawizo, 2005). In an early work Cattell
(1886) reported one of the first studies that
provided support for automatic processing
during reading. He found that people were faster
in reading words than in naming the
corresponding objects or their properties,
including their color. Forty-nine years later,
Stroop (1935) furthered Cattell's research by
creating tasks involving color naming and
reading. According to the automaticity
explanation, the Stroop effect results from
difficulty ignoring the word when asked to name
the color of the word because reading has
become an automatic process.

Literature review stated that there is no
clear and conclusive picture about laterlization
pattern among different handed persons. A
verity of researchers examined in the same
thing by using different methods in which
Stroop task experiment is also widely accepted
by the researches from good period of time.
Above mentioned literature review moreover
focused on two things, one is related with
differences that has been widely accepted
among different handed persons in terms of
their cognitive functions and hemispheric
lateralization for different tasks, second about
Stroop task is the one of the technique through
lateralization pattern can be drown by execution
of different stimuli in different ways. Therefore
It was hypothesized that, the Ilateralization
pattern and ability of visual perception would
be differ of a person in terms of their
handedness.

The Present Study:

In view of the review of past research and
theory, this study was planned to investigate the
effect of lateralization on the experience of
incongruity in cognitive field. In this context
this study used handedness as an index of
laterality and examined the differences in
performance on Stroop-like task. In classical
Stroop task only color words were used in
different color inks. The present study
attempted to investigate if Stroop like
interference in some familiar thing like
emotional faces of human beings with their
respective word labels. However, the participant
had to recognize both the word and image
simultaneously. The reason to design
experiment in this way, was to assess, how
much the participant was able to recognize
words and images quickly and accurately, when
the same are presented under incongruent
condition (e.g., HAPPY emotional face paired
with SAD emotional word). Apart from
incongruence manipulation this experiment was
also designed to see the differential
effectiveness of the visual field. It would tell
which visual field yields better recognition of
the stimuli. Through visual field (right visual
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field and left visual field) presentations, the
present experiment can also draw assumption
about the nature of perception of an individual
in terms of hemispheric lateralization.
Handedness is linked through cerebral
organization. However, its association with
cognition remains unclear. Since the Stroop task
is supposed to measure aspects of executive
control, this study aims to investigate the role of
handedness in interference in visual perception
in Stroop like task.

Method:

In the present study experiment was designed
with some changes on traditional Stroop task
procedure. Firstly, emotion faces/emotional
words (HAPPY, SAD, ANGER, DISGUST &
NEUTRAL) stimuli used in place of colour inks
and colour name. Secondly, stimuli were
presented in two different visual fields i.e. right
visual field (RVF) and left visual field (LVF)
and in addition reaction times and, accuracy was
recorded. The measure purpose of this study
was to investigate Stroop-like incongruency
effect when emotional faces are presented in pair
of stimuli in the form of image and word in split
visual field to right-handed and non-right-
handed individuals. And to investigate Stroop-
like incongruency effect when emotional faces
are presented in pair of stimuli in the form of
image and word in parallel visual field to right-
handed and non-right-handed individuals.

Experiment was designed on the base of
Weekes and Zaidel’s (1996) Stroop-like task.
This study was examined with the help of self-
developed JAVA based program for Stroop like
task in which five different emotional faces and
five emotional word (HAPPY, SAD, ANGER,
DISGUST & NEUTRAL) used in the form of
stimuli. We presented stimuli with the help of
JAVA based program and recorded Reaction
time and Accuracy. Stimuli were displayed on
39.62 cm diagonal screen and response recorded
in milliseconds. Subject’s handedness was
defined with help of 10-item self-report
questionnaire. In this questionnaire ten items

measure hand preference (using a knife,
combing hair, picking up a book, writing on
paper etc.). These items have appeared in earlier
studies (Coren, 1989; Mandal et.al. 2001; Porac,
Coren, & Duncan, 1980; Suar at. Al., 2007).
Five different kinds of emotional faces (happy,
sad, neutral, disgust and fear) and their names
were used as stimuli. All stimuli were displayed
in proper size so that subject can easily perceive
it. There was a fixation point presented in the
centre of screen prior to every stimulus and it
was in the form of circle with the radius of 1 cm.
Stimuli presented in two different visual field
i.e. Right visual field (RVF) and Left visual field
(LVF) intwo different conditions i.e. split visual
field and parallel visual field, were shown 10 cm
from fixation point.

After taking consents from subjects, self-
report 10-items questionnaire were administered
to determined handedness level. After defining
their handedness level subject’s eye sight were
verified by performing some visual task by using
one eye and both. We allowed participant to use
their spectacles if needed. AIll procedure of
experiment was explained to participants and
answered their doubts. Five trials had given to
every subject in the beginning of the experiment.

These were the instruction given to
subject: In the experiment pair of stimuli (one
image and one word) will be display in two
different visual fields i.e. in left visual field
and/or in right visual field preceded and
followed by a fixation point for 2000msec.
Stimuli will be present on screen only for
180msec preceded by four alternative response
separately for each image and word. You have to
respond one out of four alternatives for each
stimulus (shapes and word) with the help of
keyboard on the basis of your perception as
soon as possible with accuracy. You can stop
only after the END screen appears on your
monitor. It will take five to ten minutes for
completion.

Experimental Condition (Split Visual Field
Presentation)



3519 Journal of Positive School Psychology

2000msec

Q

180msec

mmm B Bl
5 | & |

There is no time limit for response

Experimental Condition (Parallel Visual Field Presentation)
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Fig: 1.1: Presentation of Experimental Conditions

Experiment was run in noise free environment in and accuracy data were recorded by software
and subject sited in the level of monitor and two in MS office excel sheet. The reaction time was
fit far from display. Subject responded to all recorded in milliseconds and accuracy recorded
trials with help of key board by using key A,S, in the form of “true” and “false”.

D and W for word and 1,2,3, and 4 for image.
Reaction times (in milliseconds) of all one
hundred twenty trials were recorded with
accuracy by the program in MS-excell and
further data were used for analysis. In total 40
trials were given to each participant in which 20
for each visual field presentation. Reaction time

The sample of this study consisted of
149 male participants in  which 80
predominantly Right handed and 69 non-right
handed. Subjects were voluntary participated in
this study; predominantly left and mixed handed
participant were included in non-right handed
subjects. All participants were undergraduate
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and post graduate students from different streams
between 17-25 years of the age had a basic
knowledge of computer operating and their eye
sight was also normal. Subjects were
comfortable with English language and they
knew all English words and their meanings of
stimuli.

Experimental Design:

The study involved a 2 x 2 x 2, Handedness
(right, non-right) x Congruency (congruent,
incongruent) x Visual Field (left visual field,
right visual field) factorial design with repeated
measures on the last two factors.

Result Analysis:

The analysis was undertaken for all correct
responses following a 2x2x2 factorial mixed
model ANOVA with repeated measures on the
last two factors. Thus there were following
factors two types of handedness (Right
handers/non-right handers), two levels of
congruence (congruent/incongruent), and two
types of visual field (left visual field/right visual
field) separately for two kinds of stimuli
(Image/Word). The first factor was between

factor while the other two were within factors
and required repeated measures analysis. With a
view to have clarity in presentation the results
obtained are presented in two major sections i.e.
split visual field and parallel visual fields.
Within each of these there are two major
subsections pertaining to response latency and
accuracy of recognition. Mean scores were
computed for each subject of each treatment
condition; i.e. congruent, incongruent presented
in right or left visual fields.

Split Visual Field Analysis:

There was significant main effect of congruence
found for emotional faces stimuli, F (1, 147)
=12.089, p<.01 Mean reaction times were faster
in congruent condition in all three experiments
for image stimuli as compared to incongruent
condition for the both groups i.e. right-handers
and non-right handers. In regard to the effect of
visual field on reaction time the F values were
significant as F (1, 147) = 47.080, p<.01. The
mean reaction time (milliseconds) for left visual
field (M=5728.05, SD=4595.61) was faster than
the  right visual field (M=6582.49,
SD=1551.35).

Table 1.1 Summaries of ANOVAs separately performed on score of reaction time for Emotional Stroop-
like task (Image & Word) in Split Visual Field Presentation:

Split Visual Field Presentation Reaction Time Emotional Stroop-like task
Emotional Faces Emotional Words
Variables df MS F MS F
Handedness (A) 1 24067429.089 9.558* 75560967.79 35.32**
Congruency (B) 1 33900370.858 12.089* 323845525.11  128.17**
Visual Field (C) 1 108188959.014  47.08* 7395896436  422.83**
AxB 1 50575156.535  5.925* 2254599.077 892
AXC 1 281584666.838 7.00* 1767811.579 1.01
BxC 1 62577565.446 28.09** 8888495.75 4.19*
AXBXC 1 71993333.129  32.32** 4581406.223 2.163
Within 147 2227457.365 2117646.615

*p<0.05, **p<0.01
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In emotional words stimuli the main effect of
congruency was significant F (1, 147) =
128.179, p<.01similarly Visual field had also
significant effect F (1, 147) = 422.83, p<.01. It
was found that subjects took more time in
incongruent condition (M=7907.06,
SD=1491.03) as compare to congruent
condition (M=6428.76, SD=1464.73). In regard
to visual field participants were quicker when
the stimuli were in right visual field
(M=6810.88, SD=1382.35) as compared to left
visual field (M=7524.95, SD=1537.41).
Interaction effect of Handedness x Visual field
and Handedness x Congruency were not
significant the F values were F (1, 147) = 1.011,
p>.05F (1, 147) = 0.892, p>.05 respectively
(see table 1.1).

Parallel Visual Field Analysis:
As per the between group analysis forimage stimuli
was shown significant differences in Right

hander and Non-right hander group of samples
as F (1, 147) = 4.062, p<.01. As per result, non-
right handers (M=6056.20, SD=1830.98) were
faster in recognition of image stimuli than the
right handers (M=6307.17, SD=1227.69). Main
effect of congruency and visual field were
found significant as Congruency F (1, 147) =
10.861, p<.01, Visual Field F (1,147) =181.15,
p<.01, as per mean score of reaction time in Left
Visual Field (M=5807.94, SD=1495.96) is
lower than the Right Visual Field (M=6555.44,
SD=1562.74). Further analysis was also carried
out to see interaction effect between
Handedness x Visual Field and Handedness x
Congruency in the experiments of parallel
visual field observation for image stimuli.
Interaction effect was found significant as for
Handedness x Congruency F (1, 147) =181.151,
p<.01 and for Handedness x Visual Field F (1,
147) =56.001, p<.01(see table 1.2)

Table 1.2 Summaries of ANOVAs separately performed on score of reaction time for Emotional Stroop-
like task (Image & Word) in Parallel Visual Field Presentation:

Parallel Visual Field Reaction Time Emotional Stroop-like task
Presentation Emotional Faces Emotional Words
Variables df MS F MS F
Handedness (A) 1 9333891.63 4.062** 9701513.15 3.845*
Congruency (B) 1 15092744.89  10.861** 441104803.46  169.03**
Visual Field (C) 1 82800685.36  181.15** 263446442.67  111.01**
AxB 1 251720271.77  181.15** 25946545.29  9.94**
AXxC 1 71054404.38 65.25** 153319.33 .065
BxC 1 59133258.93 56.00** 10963263.49 5.001*
AxBXC 1 71707676.77  65.85** 11464113.91 5.23*
Within 147 1088828.66 2192158.642

*p<0.05, **p<0.01

Between group analysis was found significant in
all three experiments as F (1, 147) = 3.845,
p<.05, foe emotional word stimuli in parallel
visual field presentation. Mean reaction time of
Right hander (M=7118, SD=1516) were faster

than the non- right hander (M=7118, SD=1547).
Main effect of Congruency was seen significant
in all this experimental condition as F (1,
147)=169.038, p<.0l. Handedness  x
Congruency interaction found significant as F
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(1, 147) = 9.943, p<.01 it shows Non right
hander perceived stimuli faster in incongruent
condition than Right hander and Right hander
performed well as compare to Non right hander
in congruent condition but Handedness x Visual
Field interaction was not found significant as F
(1, 147) =.065, p>.05 (see table 1.2).

Discussion:

The result of this study on the basis of Stroop-
like experiment give us enough findings in
support of hypothesis that, the ability of visual
perception can be differ of a person in terms of
their handedness. The findings of current study
indicate that congruency effect in both of the
groups. Right handed and non-right handed
individuals have faced difficulties to respond
stimuli in the incongruent conditions for
emotional face stimuli and their names. Among
these groups of participants, non-right handers
were more accurate and faster in terms of
reaction time than the right handers. The
findings of this study related to congruency in
line with the study of Simon, Paullin, Overmyer
and Berbaum (1985). They found among
different handed individuals reactions to
incongruent stimuli were slower than to
congruent stimuli in Stroop task. But in this
study stimuli were not used as classical
experiment of Stroop task. So, we can say that
incongruency interference can also occur across
the visual field and across the different intensity
of emotional driven stimuli.

This study also demonstrated that
non-righthanded individuals perform better as
compare to right handed individuals in terms of
their reaction times for word and image stimuli
in parallel visual field presentations and similar
pattern of results were seen in split visual field
presentations. In split visual field presentations
non-right handers had overall better
performance as compared to right handers.
These results were showing because of
unilateral or bilateral hemispheric dominance in
an individual. Study suggests that right handers
show high level of unilateral dominance as
compare to non-right handers so that right

hander can outperform in split visual field and
non-right hander performed better in parallel
visual field presentations. Benbow (1986,
1988), Beratis et al. (2010) and O’Boyle et al.
(1995) documented that the non-right handed
subjects were perceived the stimuli in a lesser
amount of time as compare to right handed
subjects in the visual perception of Stroop task.

There were enough results found in
the favour of right hemisphere advantage for
images of emotional faces stimuli as well as left
hemisphere advantage was found for word
stimuli. However, Right hemisphere advantage
documented by Barnett (2008), Beratis et al.
(2010) and numerous of previous studies. It
should be noted that, in this study stimuli were
taken in the form of different images like
emotional faces, in place different color ink
words as we generally take in traditional Stroop
task and stimuli were presented in two different
visual field presentations like split and parallel
visual field. Inaddition to the findings of current
research supports left hemisphere advantage for
verbal task as we can see in the various previous
results like Goldenberg & Arnet (1991) and
others.

Conclusion:

The study was concentred upon the different
handed especially right and non-right- handed
samples. The results of the current study deliver
sufficient support to proposed two hypothesis,
as well as it also supports different findings and
theories that discussing an interaction of
handedness and perception or cognitive
functions. Further this study also gives different
insight to understand the effect of handedness on
Stroop like task as well as hemispheric
dominance on perception of verbal and
nonverbal materials. Apart from handedness,
visual field is also a factor that effects visual
perception that was also explained in this study.
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