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ABSTRACT
Introduction: Work activities have been occupying an increasing amount of time in the daily lives of the 

population, making individuals less physically active. A job market strategy is to invest in physical exercise 
programs in the actual workplace to improve the physical and cognitive aspects of these employees. Objec-
tive: To verify the effects of a workplace physical exercise program on the simple and choice reaction times of 
public university employees. Methods: Twenty-six physically inactive male and female subjects with a mean 
age of 29.62 ± 6.47 years underwent a program consisting of thirty-six sessions with physical exercises in the 
workplace, held three times a week over twelve weeks. Simple reaction time (SRT) and choice reaction time 
(CRT) were assessed before and after the intervention, using the Vienna Test System®, and the results were 
presented in: I) reaction time, II) movement time; and (III) response time. Descriptive and inferential statistical 
analyses were conducted using the statistical program SPSS® (version 21.0 for Windows), with a significance 
level of 5%. Results: When observing the SRT and CRT variables before and after the experiment, we noticed 
an improvement in reaction time, movement time and response time in the experimental group but not in 
the control group. Conclusion: The workplace physical exercise program was able to reduce the SRT and CRT 
of the experimental group. Level of evidence I; randomized clinical trial.

Keywords: Reaction time; Exercise; Public sector.

RESUMO
Introdução: As atividades laborais têm ocupado cada vez mais tempo no cotidiano da população, tornando 

os indivíduos menos ativos fisicamente. Uma estratégia do mercado de trabalho é investir em programas de 
exercícios físicos no próprio ambiente de trabalho visando melhorar os aspectos físicos e cognitivos desses cola-
boradores. Objetivos: Verificar os efeitos de um programa de exercícios físicos no ambiente de trabalho sobre o 
tempo de reação simples e de escolha em servidores públicos de uma universidade. Métodos: Vinte e seis sujeitos 
de ambos os sexos e fisicamente inativos, com idade média de 29,62±6,47 anos, foram submetidos a um programa 
de 36 sessões com exercícios físicos no ambiente de trabalho, distribuídas em três vezes por semana durante doze 
semanas. Foram avaliados, antes e após a intervenção, o tempo de reação simples (TRS) e o tempo de reação de 
escolha (TRE) através do Vienna Test System®. Os resultados foram apresentados em: I) tempo de reação, II) tempo 
de movimento e III) tempo de resposta. As análises estatísticas descritivas e inferenciais foram realizadas utilizando-
-se o programa estatístico SPSS® (versão 21.0 para Windows), com grau de significância de 5%. Resultados: Ao 
observar as variáveis do TRS e TRE antes e após o experimento, verificou-se no grupo experimental melhora no 
tempo de reação, tempo de movimento e tempo de resposta, o que não ocorreu no grupo controle. Conclusão: O 
programa de exercícios físicos no ambiente de trabalho foi capaz de reduzir o TRS e TRE do grupo experimental. 
Nível de evidência I; estudo clínico randomizado.

Descritores: Tempo de reação; Exercício; Setor público.

RESUMEN
Introducción: Las actividades laborales han ocupado cada vez más tiempo en el cotidiano de la población, ha-

ciendo con que los individuos sean menos activos físicamente. Una estrategia del mercado de trabajo es invertir en 
programas de ejercicios físicos en el propio ambiente de trabajo buscando mejorar los aspectos físicos y cognitivos de 
esos colaboradores. Objetivos: Verificar los efectos de un programa de ejercicios físicos en el ambiente de trabajo sobre 
el tiempo de reacción simple y de elección en servidores públicos de una universidad. Métodos: Veintiséis sujetos de 
ambos sexos y físicamente inactivos, con una edad promedio de 29,62 ± 6,47 años, fueron sometidos a un programa 
de treinta y seis sesiones con ejercicios físicos en el ambiente de trabajo, distribuidas en tres veces por semana durante 
doce semanas. Fueron evaluados antes y después de la intervención, el tiempo de reacción simple (TRS) y el tiempo 
de reacción de elección (TRE) a través del Vienna Test System®. Los resultados fueron presentados en: i) tiempo de 
reacción, ii) tempo de movimiento; y iii) el tiempo de respuesta. Los análisis estadísticos descriptivos e inferenciales se 
realizaron usándose el programa estadístico SPSS® (versión 21.0 para Windows) con un nivel de significancia del 5%. 
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Resultados: Al observar las variables de TRS y TRE antes y después del experimento, se verificó en el grupo experimental 
una mejora en el tiempo de reacción, el tiempo de movimiento y el tiempo de respuesta, lo que no ocurrió en el grupo 
de control. Conclusión: El programa de ejercicios físicos en el ambiente de trabajo fue capaz de reducir el TRS y el TRE 
del grupo experimental. Nivel de evidencia I; estudio clínico aleatorizado.

Descriptores: Tiempo de reacción; Ejercicio; Sector público.
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INTRODUCTION
Despite evidence that exercise can decrease morbidity and mortality1 

and offer cognitive benefit, such as improved reaction time,2 about 31% 
of the world’s population do not meet minimum exercise recommenda-
tions.  This fact is even more worrying in the United States, where 43% of 
the population do not meet the minimum exercise recommendations.3

One effective method for increasing exercise is by offering exercise 
programs in the workplace because an adult subject spends more than 
half of his or her waking hours at these places.4

Workplace physical exercise interventions have proven beneficial for 
their participants. Among the main benefits are a reduction in muscle 
pain, improved seating posture,5 increased practice of physical exercise,6 
fewer sick notes,7 and reduced symptoms of depression and anxiety.8 
However, experimental research on physical exercise in the workplace 
and motor skills, especially reaction time, is scarce, or does not allow 
conclusive results regarding this variable.9,10

It is important to conduct research to improve reaction time, as this 
is an indication of cognitive capacity and psychomotor response, funda-
mental aspects of human behavior in the productive work environment.2 
Studies on physical exercise already indicate superior results for active 
subjects or those with better athletic performance in reaction time.2,11  
However, there is no consensus on reaction time results when subjects 
undergo different types of physical exercise and varied intervention, 
duration, and intensity protocols. In order to contribute to this issue, 
the aim of this study was to verify the effects of a structured program 
of short physical exercise on simple and choice reaction time among 
civil servants in the workplace, at a university.

METHODS
A randomized controlled trial study12 was conducted at a public 

university in western Santa Catarina state. The chronic effect of the PEFAT 
program was tested, after 36 sessions that were conducted 3 times a 
week for 12 weeks.

Twenty-six physically inactive subjects of both sexes, aged 18 to 50, 
classified as Sedentary or Insufficiently Active A and B, according to the 
short International Physical Activity Questionnaire (IPAQ, 7-items version), 
during the intervention period, who did not use medication that had an 
effect on the central nervous system, and who had a minimum of 75% 
attendance in the exercise program, were recruited for the study (Figure 1).

Half of the subjects, randomly selected by lot, participated in the 
intervention (experimental group), and the other half did not engage 
in any type of exercise (control group).

The study was approved by the Research Ethics Committee of the Fe-
deral University of Santa Maria, through CAAE no. 53085216.5.0000.5346. It 
observed all ethical standards required by Resolution 466/12 of the National 
Health Council. All study subjects signed the Informed Consent Form.

The characterization of the group was performed using anamnesis, 
anthropometric assessment, and assessment of the level of participa-
tion in physical activity. In the selection of the subjects, anamnesis was 
used to collect data on age, gender, medication use, and physical and 
psychological trauma. 

The anthropometric evaluation consisted of the measurement of 
body mass and height, using a Filizola digital resolution scale (São Pau-
lo, Brazil) and a Cescorf stadiometer (Porto Alegre, Brazil) with 0.1 cm 
resolution, according to the protocol of the International Society for the 
Advancement of Kinanthropometry.13 The evaluations were performed 
by a trained evaluator. Body mass index calculation followed the World 
Health Organization protocol.14 

The level of daily physical exercise was measured using the short 
IPAQ, validated by Matsudo et al.15 According to the classification criteria 
of the IPAQ, the subject is considered a) Sedentary when not performing 
any physical exercise for at least 10 continuous minutes during the week; 
b) Insufficiently Active A when performing 10 continuous minutes of 
physical activity (walking + moderate + vigorous), with a frequency of 
5 days a week or weekly duration of 150 minutes; and c) Insufficiently 
Active B when he or she does not meet any of the recommended criteria 
mentioned for individuals who are Insufficiently Active A.16

The simple reaction time (SRT) and the choice reaction time (CRT) 
were evaluated with the Vienna Test System, Version 6.81.013 (SCHUH-
FRIED, Moedling, Austria). Serial Number 023714/01, installed on a CCE 
WIN model laptop with Intel Celeron CPU 1037U @ 1.80Ghz, 2GB RAM 
processor, Windows 8.1 operating system with Bing 64-bit, x64-based 
processor, 00266-70119-01541-AAOEM product key, with network card 
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Figure 1. Selection of subjects and design of the study.
Caption: M (woman); H (man).
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disabled. The evaluation system consists of a universal response panel, a 
motor performance panel coupled to a laptop, and a headset. The SRT 
was evaluated using the S1 version of the simple reaction test, which 
consists of presenting a visual stimulus (yellow light), which should 
be answered as soon as possible. The evaluation protocol consists of 
training attempts and the test with 28 stimuli; all require a reaction. 
To evaluate the CRT, we used the S3 version of the choice reaction test, 
which consists of alternating red, yellow, and sound-light stimuli, and 
combinations of these stimuli. In this test, the subject should react only 
when an acoustic stimulus with the yellow visual stimulus is present, 
and the response to other commands will be counted as an error. The 
evaluation protocol consists of training attempts and the test with 48 
stimuli, 16 of which require a reaction.17

Results are presented in milliseconds and divided as follows: I) reaction 
time (from stimulus presentation to response onset), II) movement time 
(from beginning to end of response), and III) response time (the sum of 
reaction and movement time).18

The PEFAT was performed 3 times a week for 12 weeks, for a total of 
36 classes (6 hours of activities). Each session lasted 10 minutes, consisting 
of the initial, main, and final part (Figure 2), with emphasis on playful 
activities in the initial part, based on the protocol proposed by Laux, 
Corazza and Andrade.19 In the main part, exercises were performed, 
along with muscle strengthening and flexing in proportional quantities.

The initial part lasted 4 minutes, and the main activities were dri-
bbling between cones, warming up in place, and exercising to music. 
For dribbling between cones, subjects were arranged in a column. One 
person took a rubber ball and zigzagged between the cones as he or she 
dribbled the ball and returned and handed the ball to the next person to 
perform the task. For warming up in place, the subjects were arranged 
in a circle. They performed movements, interspersing several repetitions 
of knee elevation and knee flexion. For exercising to music, the subjects 
were freely arranged around the room and performed leg abduction and 
adduction movements to music, step open and close, adding elements 
such as arm raising and clapping as coordination improved.19

The main part, consisted of 5 minutes of flexion exercises and 
4 minutes of muscle strengthening exercises (Figure 2). In flexion sessions, 
the intensity was maximal, with exercises for all body parts, especially 
the cervical region, shoulder region, spinal region, and lower limbs. 
For the cervical region, subjects performed flexion, head, and cervical 
extension movements while standing. For the shoulder region, in the 
same position as the previous exercise, the subjects performed an arm 
adduction horizontally. For the spinal region, with the trunk flexed in 
front, the subject performed a lateral rotation movement. For the lower 
limbs, standing, the subject extended the thigh with flexed legs.19

In the muscular reinforcement session, isometric and dynamic exer-
cises were performed, primarily curved rowing, the inverse crucifix, and 
squats. For the curved rowing exercises, the subject keeps the feet laterally 
separated, with the knees semi-flexed and the trunk inclined forward; in 
this position, he or she bends the stick in the direction of the navel, and 
returns to the original position. For the inverse crucifix, in the same position 
as the preceding exercise, the subject makes a movement of horizontal 

extension of the shoulder. To perform squats, in the standing position, 
the subject maintains separation of the lower members at a slightly wider 
width than that of the shoulders, to begin descent projecting the gluteus 
backward until reaching a 90º angle, returning to the original position.19

As shown in Figure 2, in the sessions with flexion exercises, relaxa-
tion activities were performed at the end. These activities included the 
sitting massage, meditation, balloon play, and stretching. To perform 
the sitting massage, in pairs, one of the subjects sat while the other 
performed shoulder and back massage movements. To meditate, sub-
jects sat with their eyes closed and were given commands to aid them 
in transitioning to a relaxed state. Balloon play was also performed. In 
balloon play, subjects were freely arranged in the room and were to 
prevent their balloon and those of their colleagues from falling to the 
floor, using only their heads as “rackets,” for 1 minute. In the sessions 
with muscle strengthening exercises, in the final part, stretches were 
performed, which basically involved the same flexion exercises with a 
submaximal work intensity.19

The intensity of the exercises was controlled using the Subjective 
Effort Perception Scale,20 in order to remain between slightly intense and 
intense levels (13-15 points on the scale) during the session.

Data normality was verified using the Shapiro-Wilk test, which iden-
tified a parametric distribution. The t test was used for comparison 
between groups, and the paired t test to compare pretest and posttest 
results. For the analysis between the preintervention and postinter-
vention IPAQ classifications, Fisher’s exact test was used. Descriptive 
and inferential statistical analyses were performed using the statistical 
program SPSS (version 21.0 for Windows) (IBM Corp, Armonk, NY, USA), 
with a significance level of 5%.

RESULTS
Twenty-six physically inactive subjects (Table 1) participated in the 

study. Their mean age was 29.62±6.47 years. They were subdivided into 
2 groups of 13 subjects each: the control group (8 women and 5 men) 
and the experimental group (7 women and 6 men). 

In observing the SRT variables (Table 2), one perceives a diminution in 
the comparison between pretest and posttest results in the experimental 
group (p<0.01), which did not occur in the control group (p=0.25, p=0.82 
and p=0.52). In the comparison between the groups, it was verified that 
only in movement time there was a difference between the control group 
and the experimental group after intervention (p <0.01).

Similar results were found for CRT (Table 3) as had been found for 
SRT. A decrease was observed in the comparison of pretest and post-
test results in the experimental group (p = 0.01; p <0.01 and p <0.01 ), 
and without significant changes in the control group (p = 0.08; p = 0.91 
and p = 0.17). In the comparisons between groups, no differences were 
observed between the control group and the experimental group in 
the preintervention and postintervention periods.

Table 1. Characteristics of the Study Group.

Control group 
(n=13)

Experimental 
group (n=13)

Mean SD Mean SD P
Age (years) 29.77 5.61 29.46 7.46 0.91a

Body mass (kg) 73.68 16.10 73.96 18.31 0.97a

Height (m) 1.67 0.08 1.68 0.09 0.71a

BMI (kg/m²) 26.52 6.33 25.83 4.96 0.76a

IPAQ Pre Post Pre Post
n(%) n(%) p n(%) n(%) p

Insufficiently Active 6 (46%) 8 (62%)
0.69b

3 (23%) 6 (46%)
0.41b

Insufficiently Active B 7 (54%) 5 (38%) 10 (77%) 7 (54%)
BMI, body mass index; IPAQ, International Physical Activity Questionnaire; M, mean; SD, standard deviation. at 
test. bFisher’s exact test. * p<0,05. Captions: SD (standard deviation); P (statistical value of the tests performed).Figure 2. Structure of the sessions of the PEFAT.

Source: Adapted from Laux, Corazza and Andrade19.

1. Initial part 2. Main part 3. Final part

3.a) Relaxation 
exercises (1 minute)

3.b) Stretching 
exercises (2 minutes)

1. Warm-up exercises 
(4 minutes)

2.a) Flexioning 
exercises (5 minutes)

2.b) Muscular 
reinforcement 

exercises (4 minutes)
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DISCUSSION
When verifying the effects of a structured program of short physical exer-

cise on simple and choice reaction time among civil servants at a university, 
in the work environment, it was observed that there was improvement of 
all the studied variables in the comparison between the pretest and post-
test in the experimental group, which did not occur in the control group.

The findings of this study contrast with those of Mezzomo, Contreira, 
and Corazza9 and Mezzomo et al.,10 in their research on physical exercise 
programs in the workplace. In the study conducted with employees in 
the administrative sectors, they found no pre-post differences in the 
assessment of reaction time,9 nor between experimental and control 
groups in the study with bus drivers.10 However, it is noteworthy that 
in both studies medication intake was not controlled during the period 
or on the evaluation day, and most drugs directly influence the central 
nervous system and may affect the subjects’ reaction times.21,22

Other methodological differences among these investigations, such 
as the absence of a control group9 or pretesting of the subjects to be sub-
mitted to the exercise program,10 which made impossible more conclusive 
results,12 may have been responsible for these differences. Furthermore, 
in those studies, a teaching methodology based on traditional gym class-
rooms was employed. The findings in the present study may have differed 
for this reason. This reinforces the importance of the classroom structure 
and organization proposed by Laux et al.7 and Laux, Corazza and Andrade.19

The efficacy of the PEFAT acquires importance due to the correlation 
between reaction time and cognitive functioning found in the study by 
Collins and Longo.23 Authors Stuss et al.24 and Stubbs et al.25 mention the 
need to develop interventions that reduce sedentary behavior, promote 
the practice of physical activity, and improve reaction times, considering 
that the natural ageing process is responsible for performance reduction 
on that variable, and consequently of cognitive functioning.26 Fozard et al.27 
emphasize in their longitudinal study that this increase in reaction time 
is continuous throughout adulthood, and that this also occurs with the 
number of incorrect responses to environmental stimuli.

Maintaining or improving reaction time is necessary, in order to 
avoid vulnerable or dangerous situations, such as collisions with objects, 
through faster neuromuscular responses.27 In the workplace, dangerous 
situations that provoke accidents are common. In 2017, in Brazil, the 
incidence was 13.74 accidents per thousand employment contracts.28 

Despite the small number of experimental studies on PEFAT and 
reaction time, there are numerous studies on the benefits of physical 
exercise that investigate reaction time, such as Gierczuk, Lyakh and 
Sadowski,11 who evaluated elite Greco-Roman fighters and observed 
a shorter visual simple reaction time for the group of finalists, com-
pared with the group that did not reach the final. It has been noted 
that the positive influence of physical exercise on reaction time is 
observed for both acute effect2 and chronic effect.29 However, it 
is noteworthy that the amount of physical exercise, intensity, and 
duration to improve cognitive function, such as reaction time, are 
not clear in literature.30

This study had some limitations. There was a small number of subjects 
and limited time for application of the program. However, the rigorous 
selection of subjects and the application of the intervention in their 
own work environment strengthen the findings of this study and its 
application in the daily life of institutions. The findings of this study can 
improve employees’ simple and choice reaction times and, consequently, 
improve productivity and assist in reducing sick notes.

CONCLUSION
In conclusion, the present study shows an improvement in simple 

reaction time, choice reaction time, movement time, and response time 
in subjects undergoing a structured program of short physical exercise 
in the workplace, showing the effectiveness of this type of intervention 
in improving cognitive functioning.
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Table 2. Simple Reaction Time.

Control 
group

Experimental 
group Between-group

p
M±SD P M±SD p

Reaction 
time (ms)

Pre 314.23±58.57
0.25a

352.38±52.46
<0.01a*

0.09b

Post 320.54±51.52 319.69±49.60 0.97b

Movement 
time (ms)

Pre 206.00±59.03
0.82a

211.00±48.76
<0.01a*

0.82b

Post 208.62±49.45 155.31±40.46 <0.01b#

Response 
Time (ms)

Pre 520.20±104.40
0.52a

563.40±77.30
<0.01a*

0.24b

Post 529.20±90.10 475.00±79.00 0.12b

M, mean; Post, postintervention; Pre, preintervention; MLS, milliseconds; SD, standard deviation. apaired t test. bt test. 
*p<0.05. Captions: M (mean); SD (standard deviation); P (statistical value of the tests performed); MLS (milliseconds). 

Table 3. Choice Reaction Time.

Control 
group

Experimental 
group Between-group

P
M±SD P M±SD P

Reaction 
time (ms)

Pre 451.54±71.27
0.08a

473.62±67.82
0.01a*

0.43b

Post 421.46±84.83 437.46±75.95 0.62b

Movement 
time (ms)

Pre 220.69±61.18
0.91a

229.15±48,.59
<0.01a*

0.70b

Post 222.15±62.71 179.38±45.67 0.06b

Response 
time (ms)

Pre 672.23±119.40
0.17a

702.77±90.50
<0.01a*

0.47b

Post 643.62±131.85 616.85±103.80 0.57b

M, mean; Post, postintervention; Pre, preintervention; MLS, milliseconds, SD, standard deviation. apaired t test. bt test. 
*p<0.05. Captions: M (mean); SD (standard deviation); P (statistical value of the tests performed); MLS (milliseconds). 
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