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Introduction: 

Stress, whether physical or psychological, produce 

various physiological and psychological responses. 

These responses to psychological stress are important 

determinants of health.
 (1, 2,

 
3)

 These responses when 

exaggerated may lead to various physical and 

psychological problems.
 (4, 5, 6)

 Sex differences exist 

in psychological and physiological responses to 

stress, women subjectively experience more stress 

than men but there is no sex difference in coping 

ability to stress. 
(7)

Stress also affects performance 

which is the effectiveness of performing task activity 

in relation to goals.
 (8)

 Many studies have been 

conducted to see relation between stress and 

performance and have shown different results. 

Positive, negative and in some studies a curvilinear 

relationship was seen.
 (9, 10)

 Curvilinear relation 

indicates that optimal stress is needed for a good 

performance. Performance can be either motor or 

cognitive. 

In this study, we have focused on sex differences in 

effect of cognitive stress on the motor performance, 
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by measuring the work done on Mosso’s

under different stress levels. Experimentally

can be induced using various stressors

shock, physical challenges, showing

pictures, Stroop colour word test 

arithmetic. Except for first two, all

stressors. Showing negative pictures

emotional stress while Stroop colour test

arithmetic produce cognitive stress. We

mental arithmetic to produce cognitive

easy to administer and has shown

reproducibility in haemodynamic and

stress responses and stress levels during

arithmetic stress test. 
(11)

 

Materials and Methods: 

The CARE (Committee for Academic

Ethics) permission was obtained for this

was carried out on a total of 30 volunteers,

and 15 females at the Department of 

our medical institute.  Inclusion criteria:

15 females matched for age and education

selected from the staff members of

college. Normal healthy adults of 25 

age with mild to moderate level of trait

measured by trait - state trait anxiety 

STAI) were considered for inclusion in

Exclusion criteria: Those having past

history of psychiatric ailments, any neurological

cardiovascular disease or any musculo

deformity that may interfere in doing 

excluded from the study. Development
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Mosso’s ergograph 

Experimentally stress 

stressors like electric 

showing negative 

 and mental 

all are mental 

pictures produce 

test and mental 

We have used 

cognitive stress as it is 

shown acceptable 

and subjective 

during the mental 

Academic Research 

this study which 

volunteers, 15 males 

 Physiology in 

criteria: 15 males and 

education were 

of the medical 

 to 40 years of 

trait anxiety as 

 inventory (T- 

in the study.  

past or present 

neurological or 

musculo-skeletal 

 the work were 

Development or diagnosis 

of any psychiatric illness or cardiovascular

during the study and a rise in mean

more than 40 mm of Hg during 

criteria for withdrawal from the study.

A written informed consent was 

participant. The study procedure

detail and demonstrated. Trait anxiety

using form Y-2 of State Trait Anxiety

STAI)
(12, 13, 14)

 for each of the

maximum weight that could be pulled

of the fingers of the non dominant

Edinburgh Handedness Inventory

for every participant. 20% of

attached to the ergograph to record

(repeated isotonic contractions of

non-dominant hand on Mosso’s ergograph).

While performing work, the height

was adjusted to ensure that the arm

an angle of 90 degree with each

muscles of arm from performing work

 

                                       

Mosso’s Ergograph 

h Publications …… 

10 

cardiovascular disease 

mean blood pressure of 

 procedure, were the 

study. 

 obtained from each 

procedure was explained in 

anxiety was measured 

Anxiety inventory (T-

the 30 subjects. The 

pulled by the flexors 

dominant hand (as per 

Inventory 
(15)

) was recorded 

of that weight was 

record the work done 

of flexors of fingers of 

ergograph). 

height of subjects chair 

arm and forearm make 

each other preventing 

work (fig. 1). 

 

          Fig. 1: 
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Work done was recorded in the presence

mental arithmetic task of different difficulty

an interval of a week. 

 

Visit 1 (high stress session)  

Baseline parameters - blood pressure (BP

(HR0), state STAI score (S-STAI0) were

Each subject was then asked to perform

mental arithmetic task for duration of 4

task was serial subtraction of single 

from a 4 digit number with one count in
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presence and absence of different levels of cognitive stress. The

difficulty levels. Study was conducted in 3 separate sessions (fig.

 

Fig. 2: study procedure 

 

(BP0), heart rate 

were recorded. 

perform difficult 

4 minutes. This 

 digit number 

in 3 seconds. In 

the event of an error or inability 

answer within 3 seconds, they were

from the first number in series.

participants were asked to start 

number.  At the end of 4 minutes,

was recorded once again (S-

followed by a 20 min rest period.

10 

The stressor used was a 

(fig. 2), scheduled at 

 

 of the participant to 

were asked to restart 

series. After three errors 

 with new four digit 

minutes, State STAI score 

-STAI1). This was 

period. The participants 

11 
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were then asked to perform the same mental 

arithmetic task along with work till fatigue set in. 

Fatigue was said to set in when subject is unable to 

lift the weight completely, for at least 3 contractions. 

BP and heart rate were monitored using an automated 

BP monitor at every two minute intervals during this 

period. 

Time to task failure (TTF) i.e. time duration after 

which fatigue sets in was noted for each participant 

and work done was calculated from record obtained 

on paper of Mosso’s ergograph. Work done per unit 

time (work/time) was calculated. 

Visit 2 (low stress session) – 

Procedure was identical to that at the 1st visit with 

the only difference being that the difficult arithmetic 

task was replaced with the simple one that is serial 

subtraction of 1 from a three digit number. 

Visit 3 (control session) –  

The procedure was identical to that of the 1
st
 visit. 

The only difference was that instead of performing a 

difficult mental arithmetic task, the subjects were 

asked to sit quietly for four minutes and work was 

performed without any cognitive stressor  

Statistical analysis: The data obtained was tabulated 

and analyzed using ANOVA and student’s t-test. 

Software used for analysis was SPSS 10.00. p value < 

0.05 was considered as statistically significant. 

 

Results: 

Table 1 shows demographic data. There was no significant difference between males and females in any of the 

demographic parameter, except for the maximum weight lifted by males and females (p value 0.0008). The 

maximum weight lifted by the males was more. 

 

Table 1:- Demographic data 

Student’s t–test     ( *significant) 

 

Male Female p value 

No. of participants (N) 15 15  

Age (Yrs) 

                          Mean± SD 

                          Range                           

 

29.73±3.01 

25-36 

 

28.00±1.73 

25-31 

 

0.0637 

Dominant Arm (%) 

                            Right 

                            Left 

 

15 (100 %) 

0(  0 % ) 

 

13(86.7%) 

02(13.3%) 

 

Trait score of STAI 

                            Mean± SD                            

 

36.07±6.81 

 

39.20±9.34 

 

0.3031 

Maximum weight lifted 

                            Mean± SD                            

 

18.83±3.11 

 

14.83±2.75 

 

*0.0008 

12 
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Table 2 shows that there is no significant sex difference in baseline S- STAI (S-STAI0) score and in the score after 

intervention (S-STAI1) in all three visits (p<0.05). S-STAI score increased significantly after intervention in visit 1 

and 2. Increase in S-STAI (S-STAI(1-0)) was significantly more in visit 1 than visit 2 and 3, while that in visit 2 was 

significantly more than visit 3 

 

Table 2:- Comparison of mean S - STAI scores in all visits as per sex 

Visit no. Duration Mean S – STAI score 

� ± �� 

P Value 

Male(N=15) Female(N=15) 

1 S - STAI0 24.73±05.30 27.00±06.01 0.2819 

S - STAI1 46.67±10.37 46.00±09.44  

S-STAI(1-0) *21.93±09.79 *19.00±08.44 0.3874 

2 S - STAI0 24.53±04.34 26.67±04.13 0.1785 

S - STAI1 26.80±04.74 29.67±04.40  

S-STAI(1-0) *02.27±02.55 *03.00±02.00 0.9311 

3 S - STAI0 23.93±04.08 26.73±05.16 0.1103 

S – STAI1 23.73±04.10 26.53±04.96  

S-STAI(1-0) -00.20±00.77 -00.20±00.94 0.0757 

S-STAI(1-0) 

Visit 3 Vs Visit 1  

 

P value 

  

 0.000* 

 

0.000* 

 

Visit 3 Vs Visit 2 P value 0.0054* 0.000*  

Visit 1 Vs Visit 2 P value 0.000* 0.000*  

 By Student’s t- test and by ANOVA with Bonferroni                            (* Significant) 

  

Table 3 shows that work/time was significantly higher in males as compared to females in all three visits. Both 

males and females performed less ‘work/time’ in visit 1 as compared to visit 2 (p value males 0.0000, females 

0.0000). There is no significant difference in ‘work/time’ between 2
nd

 and 3
rd

 visit (p value 0.0785 for males, 0.1818 

for females) 
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Table 3:-Comparison of mean work done per unit time in all visits as per sex 

Visit no. Mean work / time (kg.m/sec) 

(� ± ��) 

p value 

Male Female 

1 0.09±0.02 0.06±0.02 *0.0003 

2 0.17±0.03 0.10±0.02 *0.0000 

3 0.19±0.03 0.11±0.02 *0.0000 

Comparisons    

Visit 1 Vs visit 3 P value *0.0000 *0.0000  

Visit 1 Vs visit 2 P value *0.0000 *0.0000  

Visit 2 Vs visit 3 P value 0.0785 0.1818  

By Student’s t-test                                                   * Significant 

There is no significant sex difference in mean percentage change in ‘work/time’ in both first (p value 0.1846) and 

second visit (p value 0.9557) with respect to third visit (Table 4). 

 

Table 4:-Sex difference in mean of percentage change in work/time (with respect to visit 3) 

 Visit no. Mean percentage change 

(� ± ��) 

P Value 

Male(N=15) Female(N=15) 

% change in 

Work done per 

unit time 

Visit 1 

��visit 3 − visit1�
visit 3 ∗ 100� 

 

48.48±10.26 42.39±13.98 0.1846 

Visit 2 

��visit 3 − visit2�
visit 3 ∗ 100� 

08.95±06.06 09.08±06.67 0.9557 

By Student’s t-test                                                  

 

Discussion: 

The present study was aimed to find out sex 

differences in effects of cognitive stress on working 

capacity. Demographic data showed that though 

males and females are age matched the maximum 

weight that could be lifted by the male participants 

(Table no. 1) was significantly higher than the 

females (p value 0.0008). The difference was 

probably because of difference in muscle mass, blood 

supply, intrinsic differences in composition and 

characteristics of muscle fibers. Rob C. I. Wüst, 

Christopher I. Morse and et al also found that 

strength of quadriceps muscle was higher in men than 

in women. 
(16)

 

Further, no significant sex difference was found in 

the trait STAI scores though the score was found to 

14 
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be slightly more in females than males (Table no.1). 

This finding is not consistent with the findings of 

Ahmed M. Abdel-Khalek and Bader M. Alansari, 

who found that anxiety scores of females was 

significantly more than that of males in seven out of 

ten countries they studied. This high anxiety score 

was attributed to the multiple roles they have to play, 

the difference in their socioeconomic status and their 

dependence on others for money. 
(17)

 

In the present study, both male and female 

participants were matched for education and 

socioeconomic status, the females being financially 

independent. This may be the reason that no 

significant difference was found in trait anxiety 

scores of male and female participants. 

 In this study, we have used state STAI score 

(S-STAI) to measure the stress produced.  Baseline 

S-STAI score had no significant sex difference 

during all three visits (table no. 2). Visit 1 and 2 

showed significant increase in S-STAI scores (S-

STAI(1-0)) after stressor, equally in both males and 

females . The increase in stress level during Visit 1 

was significantly more than that during Visit 2, while 

in visit 3 there is no change in stress level. This 

suggests that we have successfully produced different 

levels of stress by the intervention used. Further, 

there is no sex difference in increase in S-STAI (S-

STAI(1-0)).  

 Stress affected working capacity. Results 

(Table no. 3) showed that work/time was 

significantly less during visit 1 as compared to visit 2 

and 3. This suggests that high stress significantly 

reduces work/time. But the work/time though less in 

visit 2 as compared to visit 3 was not statistically 

significant. This suggests that under low stress levels 

performance doesn’t get significantly affected. These 

findings are similar to findings of previous studies 

(18)
.  

Decreased ‘work/time’ with increased stress 

levels can be explained with the help of various 

theories, like distraction theory and conscious control 

theory. According to the distraction theory, stressors 

that are peripheral to a task seem to draw cognitive 

resources away from the task being performed, 

quality of attention is disturbed in the stress situation, 

and hence the performance of selective task is more 

likely to be impaired. 
(19)

 While the conscious control 

theory says that performer under stress conditions 

consciously attempts to control their movements, 

disrupting the automaticity of control. This results in 

impairment of performance. 
(9)

 

 On further evaluation of sex differences, 

males have performed significantly more work/time 

as compared to females during all the three visits. 

This finding is consistent with our finding that 

maximum weight lifted by males is significantly 

more than that by females (Table no. 1).  

But if we consider mean percentage change 

in work/time during visit 1 and visit 2 with respect to 

visit 3, no sex differences were seen (Table no.4).  

Apparent difference in ‘work/time’ was only because 

of different muscle strength in males and females. So 

if we match males and females for muscle strength, 

both of them will perform equally under stress. 

All these findings suggest that high levels of 

cognitive stress, significantly reduces performance in 

both males and females and there are no sex 

differences in reduction of performance. This finding 

is consistent with findings of J. Timothy Noteboom, 

Kerry R. Barnholt, and Roger M. Enoka that there are 

no sex differences in change in arousal and 

performance measures 
(20)

. Study conducted on golf 

15 
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players also showed no sex differences in stress 

responses and task completion time under stress. 
(21)

 

Since there are sex differences in physiological 

responses to stress like, differences in Hypothalamic-

Pituitary-Adrenal Axis (HPA) and in sympathetic-

adrenomedullary (SAM axis), it was expected that 

there will be sex differences in effects of cognitive 

stress on working capacity.
(7)

 But our study results 

showed no sex differences in effects of cognitive 

stress on working capacity. 

Further, there are many moderators which 

can increase or decrease the negative effects of stress 

on performance like personality type, self esteem, 

feeling of self control, efficacy. These moderators 

which can act as confounders are difficult to match 

between males and females and hence may have 

affected the results. 
(10)

 

Limitations of this study are small sample 

size and inability to match various confounders like 

personality type, self esteem. Further the study has 

used simple Mosso’s ergograph. Use of ergograph 

with electronic sensor and transducer connected to 

computer would have given more accurate values of 

work done. There is further scope to study the sex 

differences in effects of cognitive stress on working 

capacity with a larger sample size and more advanced 

equipments as there is scarcity of research on this 

topic. Effect of stress on working capacity, in 

different age groups (like in children and adults) and 

sex differences in those age groups can also be 

studied. 

Acknowledgment: - D.J.S.T., Seth G. S. Medical 

College, Parel, Mumbai. 
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