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Abstract  The following study was carried out to know the developmental differences in cognitive inhibition between 
children and adults using auditory and visual vigilance tasks. A total of 62 Kannada – English bilingual speakers participated, 
divided into two groups. Test stimuli consisted of single digit numbers (1 to 9), presented randomly through headphones for 
the auditory vigilance task and visual presentation of the digits on a white screen for the visual vigilance task. Subjects were 
instructed to pay attention only to the target digit <6>, and to press the <Y> key as quickly and accurately as possible. DmDx 
software was programmed to recognize this as the genuine response. The reaction time (RT) and accuracy rate were calcu-
lated in milliseconds and percentage respectively. Results revealed significant difference across age groups for RT and ac-
curacy rate. The findings of the study indicated slower reaction time and reduced accuracy rate in younger children, sup-
porting the hypothesis of cognitive inhibition. 
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1. Introduction 
Some of the executive functions like planning, inhibition, 

working memory and cognitive flexibility are responsible for 
guiding and controlling cognitive processes ([1][2]). Since 
the brain regions that mediate executive functions develop 
during life, it is important to take age into account in research 
studies. Performance on executive function tasks improves 
with age and becomes more pronounced during adolescence 
([3]). Inhibition will be the subject of the present study, 
because there is no consistency in previous studies about 
those aspects of executive functioning. Inhibition is the 
ability to suppress the activation, processing, or expression 
of information that would otherwise interfere with the at-
tainment of a behavioral or cognitive goal ([2],[4]). One such 
measure which is used to measure cognitive inhibition is by 
vigilance task. The efficiency of cognitive inhibition was 
hypothesized to change with age during childhood and hence 
lead to developmental changes on performance of neuro-
psychological test like vigilance ([5]).  

Vigilance refers to the ability of an individual to maintain 
their focus of attention and to remain alert to stimuli over 
prolonged periods of time and is typically equated with 
sustained attention ([6]). Modern theories of attention 
([7],[8],[9]) were able to explain the processes involved in 
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vigilance. They recognized three important components that 
are essential for its execution viz. selection, vigilance and 
control. The selection component serves as a filter mecha-
nism to process only the target or relevant information. 
Vigilance or sustained attention component describes the 
control of attention over time and is sometimes seen as an 
opponent process to selection that might be competing with 
selection for the same computational resources. Final com-
ponent is the control, it allows for the allocation of compu-
tational resources according to the need of the experiment in 
different modality. These three components are viewed as 
part of the information processing that allows one to opti-
mize reaction time to the appropriate target stimuli and 
therefore maximize accuracy rate of an individual. 

The development of cognitive inhibition, as that of other 
executive functions in general, takes the shape of an inverse 
U-shaped curve with low performance in childhood, optimal 
performance in the adult period, and again low scores in the 
older age ([10]). Its development depends on the maturation 
of the frontal cortex ([11]). There are a lot of precursors of 
inhibition from the first year of life ([12]) and between 3-7 
years, a marked progress of this function was observed. The 
performance of children in tasks that require remembering 
two rules and alternative responses according to different 
demands is often explained via inhibition. The efficiency of 
cognitive inhibition was hypothesized to change with age 
during childhood which leads to developmental differences 
in performance on neurophysiological tests like CPT and 
Vigilance. Reference[13] reported that cognitive inhibition 
in younger children showed less efficient processing because 
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their limited working memory space was consumed with 
irrelevant information, mainly due to the immature cognitive 
inhibitory mechanism.   

The inhibitory framework suggests that an efficient (fast 
& accurate) mental life requires the ability to limit activation 
to information most relevant to one's goal. Inhibition is likely 
to be inefficient in older adults, in very young children; and 
for people operating under conditions of fatigue, reduced 
motivation, or emotional stress or at a non-optimal point in 
their circardian arousal cycle ([14]). Three functions of in-
hibition proposed are: controlling access to attention's focus, 
deleting irrelevant information from attention and working 
memory, suppressing or restraining strong but inappropriate 
responses ([15]). 

Various tests and softwares are addressed in literature to 
measure vigilance. The most commonly used is the con-
tinuous performance test (CPT). Reference[16] studied 
normative on 230 children (aged 3 to 7 years) for CPT on 
vigilance task. The study demonstrated a clear age devel-
opment in capacity for vigilance task and no sex differences 
in normal children. The reason attributed for these devel-
opmental changes was the cognitive inhibition process. 
Reference[17] compared performance of children and adults 
on an interference suppression task and a response inhibition 
task, both known to require inhibition. Children were less 
accurate and had longer reaction times than adults on both 
tasks, and f-MRI data additionally revealed different loci of 
activation for children and adults.  

In a review of 11 studies on age and vigilance, Refer-
ence[18] found that majority of the studies reported evidence 
of an age effect on hit rate (decrease with age), response time 
(increase with age) and false-alarm rate (increase with age). 
Reference[19] investigated 18-year age changes on a 62-min 
sensory vigilance task called the Mackworth Clock-Test. 
Target response time showed significant 18 year longitudinal 
age-related changes and significant cross-sectional age dif-
ferences. Overall results of studies reported U-shaped func-
tion with a minimum at middle age for response time meas-
ures. Reference[5] has found evidence of developmental 
improvement over the elementary school years in the ability 
to inhibit the activation and retrieval of task-irrelevant in-
formation in a directed forgetting paradigm. These findings 
suggest that younger children experience difficulty inhibit-
ing irrelevant or competing thoughts on various memory 
tasks. 

The review of literature suggests an intricate relationship 
between cognitive inhibition and age and also the ability to 
measure it through vigilance task. The concept of inhibitory 
function plays a major role in understanding age-related 
differences in cognition. However, the extent and nature of 
age-related differences in vigilance task by different mo-
dalities (auditory and visual) in typically developing children 
and adults is not yet studied extensively. Therefore, the 
present study was designed to investigate potential devel-
opmental differences in cognitive inhibition measured using 
auditory and visual vigilance tasks across children and 
adults. 

2. Method 
2.1. Subjects 

A total of 62 subjects were included in this study. They 
were divided into two groups consisting of 31 subjects in 
each group (15 boys and 16 girls). Group I consisted of 
children in the age range of 9 to 12 years (mean age 11 years) 
and group II consisted of young adults in the age range of 18 
to 21 years. All the subjects were Kannada–English bilingual 
speakers. They were screened using WHO disability check-
list ([20]) for any sensory, motor or cognitive impairments. 
The International Second Language Proficiency Rating 
Scale ([21]) was administered on all subjects individually to 
determine the language proficiency for reading, listening and 
speaking ability. The subjects across groups were also 
matched for their socio-economic status (upper middle to 
lower middle class) based on scale for measuring socio 
economic status ([22]).  

2.2. Instrumentation 

DmDx software installed in Compaq laptop, running on 
Microsoft windows XP professional connected with creative 
computer associates headphone was used to measure reac-
tion time and accuracy of responses. The DmDx is a Win-32 
based display system used in psychological laboratories to 
measure reaction times to visual and auditory stimuli ([23]).  

2.3 Procedure 

2.3.1. Selection of stimuli 

 Test stimuli consisted of single digit numbers from 1 to 9. 
The target digit <6> was selected randomly for which the 
subject was asked to respond to and which the software 
would recognize as a genuine response. 

2.3.2. Presentation of stimuli. 
 Stimuli were presented in two experiments. Experiment I 

consisted of visual vigilance task, where digits were pre-
sented visually at the center of the computer screen on a 
white square. The numbers were presented randomly one by 
one at the centre of the square. Experiment II includes 
auditory vigilance task, in these digits were presented ran-
domly through headphones. These digits were recorded 
digitally in female voice and digitized at 44 kHz and scaled 
to an average intensity of 60 dB. In this study, the target digit 
presentation criterion was set at 30 %, the presentation time 
of each stimuli was set at 500 msec with interstimulus in-
terval between digits was set at 1000 msec. The test contin-
ued for a duration of 10 minutes without interruption for both 
the experiments.  

2.3.3. Instruction 
Subjects were instructed to pay attention only to the target 

digit <6> and to press the <Y> key as quickly and accurately 
as possible once he/she recognized the target digit.  

2.3.4. Test environment.  
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 Each subject was tested individually in a silent room with 
minimal background noise. They were seated 60 cm away 
from the computer monitor. 

2.3.5. Response 

Motor responses were selected for this study i.e., <y> key 
press for the correct target stimuli as early as possible from 
each subject. The results of the experiments were given by 
average recognition frequency of the target digit for the total 
duration. This measure is termed as accuracy rate or vigi-
lance score, calculated by dividing the total number of rec-
ognized frequency by the total number of presented fre-
quency and is represented in percentage (%). Another 
measure which was included in the study was reaction time. 
It is the elapsed time between the presentation of stimuli and 
subsequent motor response such as pressing a key <y> cor-
responding to a target digit, when it appears on the screen. 
The responses were recorded in milliseconds (msec). DmDx 
software measured both measures accurately. 

2.4. Statistical Analysis 

The obtained data were tabulated and subjected to statis-
tical analysis using SPSS Version 17. Mean accuracy rate (%) 
and mean reaction time (msec) were calculated for each 
group. ANOVA was administered to note the statistical 
difference across groups for visual and auditory vigilance 
task.  

3. Results  

3.1 Mean Accuracy rate 

Table 1 and Figure 1 show the mean accuracy rate for 
experiment I and II across groups. Results showed lower 
accuracy rates for children for both visual and auditory 
vigilance tasks. The mean accuracy rate for visual vigilance 
task in children was 63.17 % and for adults it was 95.16 %. 
ANOVA was administered to find out whether the difference 
between the two was statistically significant. Results showed 
significant difference between groups[F (1,60)=2486.46, 
p<0.001]. Similarly for auditory vigilance task, 59.52 % was 
noted for children and 95.68 % for adults. Significant dif-
ference was obtained across groups[F (1,60)=758.76, 
p<0.001]. 

Table 1.  Mean Accuracy Rate and Standard Deviation (SD) for Experi-
ment I and II Across Groups. (VVT-Visual Vigilance Task; AVT-Auditory 
Vigilance Task) 

Mean Accuracy Rate 
(%) 

Experiment I  
(VVT) 

Experiment II 
(AVT) 

Mean (SD) Mean (SD) 

Group I 
Boys 63.00 (1.78) 60.36 (2.94) 
Girls 63.50 (0.83) 58.00 (7.84) 

Overall 63.17 (1.50) 59.52 (5.10) 

Group II 
Boys 96.30 (3.36) 94.74 (6.99) 
Girls 93.90 (3.24) 96.71 (5.12) 

Overall 95.16 (3.45) 95.68 (6.11) 

 

Figure 1.  Mean accuracy rate (%) for experiment I and II across groups. 

3.2. Mean Reaction time 

Table 2 and Figure 2 depict the mean reaction time for 
experiment I and II across groups. Results showed slower 
reaction time for children for both visual and auditory vigi-
lance tasks. The mean reaction time for visual vigilance task 
in children was 524.39 msec and for adults it was 474.31 
msec. On treating the data with ANOVA, a statistical sig-
nificant difference was obtained between groups[F 
(1,46)=8.51, p<0.005]. For auditory vigilance task, 678.98 
msec was noted for children and 560.83 msec for adults. 
Significant difference was obtained across groups[F 
(1,50)=8.68, p<0.005]. 

Table 2.  Mean Reaction Time and Standard Deviation (SD) for Experi-
ment I and II Across Groups. (VVT-Visual Vigilance Task; AVT-Auditory 
Vigilance Task) 

Mean Reaction 
Time (msec) 

Experiment I  
(VVT) 

Experiment II (AVT) 

Mean (SD) Mean (SD) 
Group 

I 
Boys 510.17 (33.30) 688.20 (69.52) 
Girls 538.61(53.81) 662.08 (99.66) 

Overall  524.39 (48.50) 678.98 (84.59) 
Group 

II 
Boys 493.74 (91.71) 560.85 (79.96) 
Girls 454.88 (43.09) 560.82 (89.76) 

Overall  474.31 (72.65) 560.83 (82.60) 

 

 
Figure 2.  Mean reaction time (msec) for experiment I and II across groups. 

4. Discussion 
The aim of the present study was to note developmental 

differences in cognitive inhibition between children and 
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adults for visual vigilance and auditory vigilance tasks. The 
data was analyzed for accurate rate and reaction time meas-
urements. The results revealed that overall performance of 
adults from group II were better than children of group I for 
both measurements in visual and auditory vigilance tasks. 
Statistical significant difference was obtained for both the 
experiments across groups. As no gender differences were 
found with respect to vigilance task in children and adults 
([16],[18][24-26]), data and statistics were presented for 
boys and girls combined. 

The results are consistent with the findings of several 
earlier studies reporting lower accuracy scores in children 
compared to that of adults ([10],[13],[17],[18],[24]) despite 
the differences in the task variables used in these studies. 
These developmental differences between children and 
adults for vigilance tasks may be attributed to role of inhibi-
tion processes ([27],[28],[29]). The notion is that the sup-
pression of irrelevant information (i.e., inhibition), coupled 
with the activation of relevant information. This idea of 
suppression and activation stems from the models of atten-
tion that emphasize dual processes that operate on attended 
and unattended information ([30],[31]). These models em-
phasize that vigilance is achieved by an excitatory mecha-
nism that acts to enhance target information, complemented 
by an inhibitory mechanism that acts to suppress competing 
information. Also, efficient inhibitory processes contribute 
to improved memory performance in vigilance task across 
age ([29],[32]). However, inefficient inhibition model posits 
that young children are not able to suppress the activation of 
task-irrelevant information and associations efficiently dur-
ing cognitive processing i.e., while target selection. Chil-
dren’s immature inhibitory mechanisms could result in less 
efficient cognitive processing because their limited work-
ing-memory space is consumed with irrelevant information. 
Hence a reduced accuracy rate was observed in children 
compared to that of adults, irrespective of modality ([33]). 

The findings are consistent with studies which reported 
that reaction time is faster in adults compared to that of 
children ([17-19],[34-37]). The faster reaction time in adults 
may be attributed to increased speed of information proc-
essing and hence decreasing the time taken for digit retrieval 
as age increased. Reference[38] stated that not only the 
simple mechanical factors like the speed of nervous con-
duction contribute to these differences but also that the adults 
have a tendency to be more careful and monitor their re-
sponses more accurately and precisely. These speculations 
may also be considered as the reasons for slower reaction 
time with age in the present study. When troubled by a dis-
traction, children tend to devote their exclusive attention to 
one stimulus, and ignore another stimulus, more completely 
than adults ([39]). 

The results of this study must be considered in the con-
text of following limitations. The current investigation was 
performed for visual and auditory mode of vigilance task 
for children and adults only. The pattern of results indicated 
in this study may not hold true for other CPT versions with 
differing task parameters (stimuli type, stimuli quantity and 

inter stimulus interval). Also, since the factors that affect the 
vigilance performance were not controlled in the present 
study more precisely, further studies can be carried out in 
this regard. However, the clinician should be aware of the 
factors that affect the vigilance performance like reduced 
motivation, emotional stress, fatigue and a non-optimal in 
their circardian arousal cycle while data recording. 

5. Conclusions 
The current study investigated development of cognitive 

inhibition measured through vigilance task across modality 
in normal school going children and adults. Results clearly 
indicated reduced accuracy rate and slower reaction time in 
children, supporting the hypothesis of cognitive inhibition. 
The data from the present study gives a more comprehensive 
view of the sustained attention/vigilance skills in normal 
children. Studies can be carried out to address how sus-
tained attention/vigilance and language acquisition are re-
lated in children and; how it facilitates for language devel-
opment. Moreover, studies on cognitive inhibition can be 
undertaken to validate the clinical importance of vigilance as 
a tool in the standard test battery, to aid the diagnosis of 
various childhood language disorders. 
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