
Effects of Heart Rate Variability and Gender on Cognitive Performance  
DeWayne P. Williams and Sean A. Plaskett 

Emotions and Quantitative Psychophysiology Laboratory, 
Department of Psychology, The Ohio State University 

Higher HRV is associated with faster 
reaction times for women in congruent 
and incongruent trails. For men, high 
HRV is associated with slower reaction 
times in both conditions (p< .05).  
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The study of reaction time to attention evoking stimuli is one to the oldest, yet 
consistently used paradigms in cognitive psychology. One variation of this 
paradigm is the Simon Effect Task, during which individuals must respond to a 
stimulus that is congruent or incongruent with the positioning of a target item. 
Conceptually, one would perform the cognitive task much more efficiently on 
the congruent trials than on the incongruent trials, however there seems to be 
an additional relationship between one’s performance and certain physiological 
phenomena. One such phenomenon is heart rate variability (HRV), an index of 
cardiovascular health and flexibility. Research suggests that as HRV increases 
between subjects, those with higher HRV perform better on cognitive tasks such 
as the Simon Effect than those with lower HRV. This work suggests that 
communication between the heart and brain may serve much more complex 
functions than just heart rate regulation. 
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Frontal areas including the dorsal lateral prefrontal cortex 
(DLPFC) and anterior cingulate cortex (ACC) have shown to be 
active during attentional tasks such as the Simon Effect. These 
areas have also been  linked to the regulation of HR and HRV . 
We hypothesized that the higher one’s HRV, the better their 
performance on the Simon Task. Our hypothesis was consistent 
with women, however men yielded reverse results. We 
postulated the following: 
 
 The men who had high HRV were taking longer to respond and 
this may be associated with greater anterior cingulate cortex 
activation. The ACC may inhibit fast responses so that the chosen 
response is in fact correct in relation to the positioning of the 
target item. Reciprocally, the inhibitory activity of the women’s 
ACCs may not be as exaggerated as those of the men; their 
DLPFCs  may be active enough to suppress distracters and come 
to conclusions more efficiently.  
 
In an attempt to make this theory more viable, we conducted a 
second study that collected error rates. Men were in fact more 
accurate than women in the new study (p< .05),  however the 
interaction results were not consistent across each of the studies, 
mainly due to exogenous (reflexive decision making) vs. 
endogenous (voluntary decision making) differences. Further 
exogenous attention tasks will be conducted to examine the 
possibilities of this phenomenon. 
 
The second study revealed that minorities (i.e. African Americans 
and Asians) have slower response times and are less accurate 
than members of the majority population (i.e. Caucasian) on the 
incongruent trials, during which attention is most heavily 
demanded. These findings suggest that in the presentation of 
distracter items, the frontal areas responsible for sustaining 
attention are more attainable in members of the majority 
population than in members of the minority. We therefore 
postulate that within minorities, these frontal areas are 
preoccupied with additional subordinate tasks that conflict with 
the actual task at hand when necessary.  
 
Previous research on attention leads us to many different viable 
suggestions: one such suggestion motivates us to conduct a 
follow up study that will contain different social and emotional 
cues. Previous research states that the need for top-down 
processing on the limbic system may limit resources from frontal 
areas leading to performance problems on attentional tasks.  
 
Finally, we are still interested if resting HRV can be a predictor of 
how well someone does on an attentional task. We hypothesized 
that high HRV individuals would perform better on the task than 
those with lower HRV. The results were marginally significant 
(p=.082). More subjects would add to our lack of power 
(observed power = .183, part. Eta squared .052). 

Introduction Discussion  Results  
Experiment One  

This investigation sought to further explore the association of heart rate 
variability with cognitive performance. The implications that gender and 
ethnicity have an effect on HRV and cognitive performance were also 
examined.  
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Participants 
18 undergraduate students (10 females) 
were recruited as volunteers simply to help 
with the experiment. No incentives were 
given. 
 
Measures 
Reaction Time: Cognitive performance, 
specifically attentional processes, was 
measured using a computer automated 
version of the Simon Effect Task using the 
CogLab 2.0 ™ software. 
 
 
Heart Rate Variability: Heart rate data was 
measured continuously using a S810i Polar 
Watch and T61-coded Polar Transmitter 
bands. RR intervals were extracted and 
interpreted using Polar Precision 
Performance ™ and Kubios HRV Analysis ™ 
Programs.   
 
Analysis 
Data Analysis included a 2 (HRV – Group) X 2 
(Gender) X 2 (congruent and incongruent) 
Mixed Factorial Repeated Measures ANOVA. 
 
 
Study Design: 

Experiment One  

Methods  
Experiment Two 

Participants 
25 undergraduate students (10 Females, 15 
Caucasians) were recruited through the REP 
pool. Participants received .5 credit hours 
toward their Psychology 100 class.  One 
participant was excluded from the analysis 
due to low accuracy rates (17% on 
incongruent trails). 
 
Measures  
Reaction Time: Cognitive performance, 
specifically attentional processes, was 
measured using a computer automated 
version of the Simon Effect Task using E-
Prime™.  
Heart Rate Variability: Heart rate data was 
measured continuously using MindWare™ 
EKG machine. RR intervals were extracted 
and interpreted using MindWare HRV 
2.51™ programs.  
 
Analysis: 
Data Analysis included a 2 (HRV – Group) X 
2 (Gender) X 2(congruent and incongruent) 
and a 2 (HRV – Group) X 2 (Ethnicity) X 2 
(congruent and incongruent) Mixed 
Factorial Repeated Measures ANOVA. 
Independent samples T-Test was used as a 
further analysis. 
Study Design:  

Gender  High/Low 
Congruent/ 
Incongruent  Mean  

Female  Low  Congruent  608.67 

Incongruent  633.17 

High Congruent  544.68 

Incongruent  586.63 
 
 

Male  Low  Congruent  505.12 

Incongruent  544.58 
High Congruent  613.01 

Incongruent  680.55 
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The repeated measures factorial ANOVA 
revealed that minorities did worst on the 
task than the majority. A two-tailed T-test 
revealed that minorities had significantly 
slower reactions times , t(22) = -2.259, 
p<.05, on the incongruent trials. Marginally 
significant results suggest that minorities 
were also less accurate than Caucasians on 
the incongruent trails as well, t(22) = 1.944, 
p<.05.  

 Majority/Minority N Mean 
CM Majority 14 399.5564 

  
Minority 10 409.3370 

ICM Majority 14 386.6771 

  
Minority 10 467.3390 

CMACC Majority 14 .9979 

  
Minority 10 .9940 

ICMACC Majority 14 .9743 

Minority 10 .9140 
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