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ABSTRACT

Introduction: Attention is defined as the mechanism by which we prepare to process stimuli, focus on what to process, and
determine how far it will be processed. In addition, it could allow us to determine how one‘s sex influences the risk of
developing disorders that manifest and progress differently in men and women.

Methods: This cross sectional study was carried out among 146 late adolescent boys and girls who had completed their
school education. Socio demographic data was captured using a structured, self-administered questionnaire. The penns
continuous performance test was used to assess the attention wherein participants were asked to observe the flashing
letters on the computer screen, one at a time, and to press the spacebar according to the appearance of a specific prescribed
pattern.

Results: In males and females to compare the performance across the two blocks of PCPT-N and PCPT-L and paired t test
was done. Independent t test was done to see the difference in mean difference of paired t test between males and females in
the performance of sustained attention. There was difference with respect Mean of TPRT with males performing faster than
females.

Conclusion: Our study demonstrated that females had better attention in detecting noise targets compared to men, while
men were more likely to be impulsive. However, both the sexes fared equally with respect to sustained attention. The
information highlighted in our study will help in detection of learning difficulties and attention disorders in children, and
whether it should call us to action a more thorough understanding of the main biological determinants involved in
expression of sex differences that can help us to better explain the relationship between brain, behaviour, and environment.
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on the functioning of the prefrontal brain and their
interconnectivity with other regions should also change
during this time and reach its maximum development in
late adolescent. The cognitive abilities sub served by the
PFC is the executive function, which includes attention,
decision making, voluntary response inhibition and
working memory. Among the various cognitive abilities,
attention is of primary importance. Attention is defined as
the mechanism by which we prepare to process stimuli,
focus on what to process, and determine how far it will be

INTRODUCTION

The adolescent male and female brains exhibit different
patterns of transmitting, regulating, and processing
biomolecules as they are under immense hormonal and

physical changes [1,2]. During this period they develop the
capacity to hold in mind more multidimensional concept.
This is done by the information processing system.
Further during this adolescence period the Prefrontal
Cortex (PFC) has consistently been shown to undergo
continued development. Anatomical changes in the PFC
that continue throughout adolescence include increase in
grey and white matter volumes, and in myelination of axon
fibres within the PFC and between the PFC and other brain
areas [3-9]. Subsequently the cognitive abilities that rely

processed and whether it should call us to action.
According to Pashler attention refers to the processing or
selection of some information at the expense of other
information [10].

Sex differences in cognitive abilities have been and still are
subject to extensive debate [11]. Many psychological
researchers aimed in the middle of the 19% and the
beginning of the 20™ century at establishing the
intellectual inferiority of women in relation to men [12].
Generally, females show advantages in verbal fluency,
perceptual speed, accuracy and fine motor skills, while
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males outperform females in spatial and mathematical
abilities [13-15]. Nevertheless, many of the reported
sexual dimorphisms have been attributed to various
biological factors. Thus, a more thorough understanding
of the main biological determinants involved in
expression of sex differences can help us better explain
the relationship between brain, behaviour, and
environment. In addition, it could allow us to determine
how one's sex influences the risk of developing disorders
that manifest and progress differently in men and women
(e.g, autism, schizophrenia and parkinson‘s disease
[16-21]. Such knowledge can better inform the treatment
of these diseases. This study was carried out to evaluate
the sexual differences with respect to attention among
adolescents.

MATERIALS AND METHODS

Study setting and study participants

This cross sectional study was carried out among late
adolescent boys and girls who had just completed their
school education in Tamil Nadu State Board education.
The study was carried out for a period of three years
after obtaining approval from the Institutional Ethics
Committee of Sree Balaji Medical College and Hospital.
Each participant was explained in detail about the study
and informed consent was obtained prior to the data
collection.

Sample size and sampling technique

Based on a pilot study done on homogeneous sample of
30 participants, at 95% level of significance and 80%
power, and 15% effect size with standard deviation of
0.4, the sample size was calculated as 112. Allowing 20%
for non-response, the final sample size was calculated as
146.

Heads of the private schools in the vicinity of our hospital
were approached for the study. A list of students who had
cleared their school finals was obtained from the school
authorities. The participants were selected by simple
random sampling from the list of students. They were of
South Indian ethnic population and between age group of
18 to 20 who had completed their 12t grade exams. They
had Normal/corrected normal vision with a fluency in
English who had basic knowledge/skills in handling
computer and mouse.

Exclusion criteria included were any history of disorder
or event that might affect brain functioning, medical
conditions like hypertension, endocrine disorders, renal
disease, cerebrovascular disease, head trauma with loss
of consciousness, seizure disorder, migraines, or other
neurological condition and also history of schizophrenia
or affective illness in participants or first-degree
relatives. Participants who obtained a score of 26-30 in
Mini Mental State Examination (MMSE), a questioner to
evaluate of cognitive impairment, were selected.

Data collection tools

A structured, self-administered socio demographic
questionnaire was used to capture basic data regarding
the gender, age, XII standard marks, and parents’ level of
education, handedness, familial history of illness and
current medical history of the subjects. A web based
interface set up at Sree Balaji Medical College library with
Brain and Behaviour laboratory at the University of
Pennsylvania after due permission through electronic
mail was used for the tests.

Penn Continuous Performance Test Number Letter
(PCPT-NL) for Attention

The PCPT-NL uses a standard CPT paradigm. It is a
measure of visual attention and vigilance based on the
Penn CPT [22]. In this task, the participants were asked
to respond to targets by pressing the space bar. They
were presented with a series of red vertical and
horizontal lines in a digital numeric frame (resembling a
digital clock) on the computer screen is depicted in
Figure 1.

TARGET DISTRACTOR
Figure 1: Showing the target number 2 and distracter
as horizontal and vertical lines.

They had to press the spacebar whenever these lines
formed complete numbers or complete letters. The task
was divided in two blocks: one block consisted of tasks
looking for complete numbers that lasted for 3 min
followed by another set of tasks for complete letters for 3
min also. Each stimulus flashed for 300 milliseconds and
a blank page was then displayed for 700 milliseconds
that gave the participant 1 sec to respond to every trial.
The participant practiced both sets of trials before the
task began. Each block consisted of 60 targets (signals)
and 120 distractors or non-targets (noise).

From the PCPT-NL tasks the data obtained were

HITS (pressing the space bar) when signal was present,
MISS: Omission Error (OE) (misses, or non-response to
the target); FALSE ALARMS: Commission Errors (CE)
(pressing the space bar responses made to non-targets).
Correct negative (not pressing the space bar) participant
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correctly indicates that there is no signal. Mean response
Time for True Positive Response (TPRT).

Data analysis

From the obtained data, the CE percentage was
calculated from number of false alarms, a measure of
impulsivity. OE percentage was calculated from number
of misses, a measure of inattention [23]. Signal detection
indices for sensitivity and response bias were calculated
for analyses according to McNicol, D [24].

Sensitivity is typically measured with the d’ index, that
depends on both the hit rate (H-proportion of responses
to targets) and false alarm rate (F-proportion of
responses to non-targets). Ideally d’ increases when
either H increases or F decreases. The d’ index was
calculated by subtracting the standardized H from the
standardized F: d’=z (H)-z (F). Then the Response bias
was calculated, which is often quantified with 3, which is
based on a likelihood ratio of changes in H and F. Because
B is an asymmetrical measure (i.e, much narrower range
of values for a yes bias compared to the no bias), the
natural logarithm of  (Inf) is often analysed instead,
such that a negative Inf indicates a more liberal response
criterion (ie, bias toward the yes response), and a
positive Inf indicates a more conservative criterion (i.e.,
bias toward the no response). The Inf index was
computed by squaring the standardized H, subtracting
the square of the standardized F, and dividing the result
by-2:1nB=-0.5 x [z(H),-z(F);].

Data was entered and analysed using SPSS ver.21
software. Mean scores were computed and independent
sample t test was used to compare the mean scores
between boys and girls. A p value <0.05 was considered
statistically significant.

RESULTS

The attention capacity of males and females were
measured using the PCPT variables. It comprised of two
blocks, first for numbers followed by letters. The
Descriptive statistics of both PCPTs Number (N) and
Letter (L) are given separately in Table 1 along with the p
value and Cohens d. In first Block of PCPT N there was a
significant difference in d Prime and OE% indicating
females performed better in selective attention. In males
and females to compare the performance across the two
blocks of PCPT-N and PCPT-L paired t test was done in
Table 2 this was to see if the subjects improved in
performance in 2 block to ascertain the capacity of
sustained attention. Independent t test was done to see
the difference in mean difference of paired t test between
males and females in the performance of sustained
attention (Table 3). There was difference with respect
Mean of TPRT with males performing faster than females.
The average of the two blocks of variables of PCPT the
number and letter (PCPT-NL) is given is in Table 4, there
was no significant difference between males and females.

Table 1: Analysis of variables of attention with respect to gender across two blocks.

Testing Gender PCPT-N PCPT-L
Variable Mean SD SE Cohens Mean SD SE Cohens
P d P d
d' Prime Male 3.72 0.75 0.1 0.01* -0.49 3.25 0.79 0.1 0.47 -0.13
Female 4.04 0.54 0.07 3.35 0.73 0.09
O0E% Male 5.03 11.67 1.48 0.04* 0.37 7.8 9.89 1.26 0.47 0.13
Female 1.9 2.62 0.33 6.72 6.52 0.82
CE% Male 4.64 3.64 0.46 0.06 0.34 6.75 4.94 0.63 0.23 0.22
Female 3.54 2.94 0.37 5.76 4.35 0.54
TPRT Mean Male 455.94 59.02 7.5 0.79 -0.05 473.14 34.02 4.32 0.02 -0.42
Female 458.28 35.67 4.46 488.49 39.61 4.95
InB Male -0.61 1.78 0.23 0.81 0.04 -0.13 1.03 0.13 0.99 0
Female -0.67 1.05 0.13 -0.13 0.93 0.12

Note: Omission error percentage (OE%), Commission Error percentage (CE%), Mean od True Positive Reaction Time (TPRT) and the response bias ie. natural logarithm of 8
(Inp),*p<0.05

Table 2: Analysis of sustained attention in males and females using paired t test between PCPT-N and PCPT-L.

Gender Variables Mean SD Mean Diff t-Value P
Males PCPT-N TPRT 456.14 59.91 -17.7 -3.13 0.003™
PCPT-L TPRT 473.84 33.86
PCPT-N OE% 5.08 11.86 -2.78 -1.52 0.134
PCPT-L OE% 7.86 10.05
PCPT-N CE% 4.59 3.67 -2.04 -3.49 0.001™
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PCPT-L CE% 6.63 4.94
PCPT-N d'Prime 3.73 0.75 0.46 4.87 0.0001"
PCPT-L d'Prime 3.27 0.8
PCPT-N Inf -0.61 1.8 -0.49 -1.92 0.06
PCPT-L In -0.12 1.04
Females PCPT-N TPRT 457.21 35.7 -30.19 -10.65 0.0001
PCPT-L TPRT 487.4 39.74
PCPT-N OE% 1.91 2.65 -4.6 -5.58 0.0001"
PCPT-L OE% 6.51 6.45
PCPT-N CE% 341 2.7 =231 -4.7 0.0001"
PCPT-L CE% 5.72 4.4
PCPT-N d'Prime 4.04 0.53 0.67 7.77 0.0001"
PCPT-L d'Prime 3.37 0.73
PCPT-N Inp -0.56 0.97 -0.41 -3.01 0.004™
PCPT-L In -0.15 0.94

Note: Omission error percentage (OE%), Commission Error percentage (CE%), Mean of True positive reaction Time (TPRT) and the response bias i.e. natural logarithm of 8
(InB)."p<0.01

Table 3: Sustained attention between males and females.

Comparison of Gender Independent Sample
Differences t-test
Male Female
Mean SD Mean SD t-Value P

PCPT-N-PCPT-L: Mean -17.7 43.807 -30.185 22.316 1.993 .049"
TPRT

PCPT-N-PCPT-L: OE% -2.778 14.144 -4.597 6.491 0918 0.361

PCPT-N-PCPT-L: CE% -2.042 4.531 -2.312 3.873 0.354 0.724

PCPT-N-PCPT-L: d 0.463 0.736 0.671 0.68 -1.621 0.108
Prime

PCPT-N-PCPT-L: Beta -0.49 1.981 -0.414 1.085 -0.26 0.795

Note: Omission error percentage (OE%), Commission Error percentage (CE%), Mean of True positive reaction Time (TPRT) and the response bias i.e natural logarithm of §
(InB)."p<0.05

Table 4: Analysis of average of two blocks variables of PCPT with respect to gender.

Testing Variable Gender PCPT - NL
Mean SD SEM t P Cohen's d
d' Prime Male 3.43 0.747 0.095 -1.686 0.094 -0.3
Female 3.641 0.661 0.083
OE % Male 6.411 8.283 1.052 1.825 0.072 0.33
Female 4.31 3.743 0.468
CE% Male 5.685 3.731 0.474 1.694 0.093 0.3
Female 4.642 3.167 0.396
TPRT Male 462.508 35.038 4.45 -1.51 0.133 -0.27
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Mean Female 472.164 36.67 4.584
InB Male -0.346 1411 0.179 -0.292 0.771 -0.05
Female -0.284 0.929 0.116

Note: Omission error percentage (OE%), Commission Error percentage (CE%), Mean od True Positive Reaction Time (TPRT) and the response bias i.e natural logarithm of

B (Inp).
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