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Abstract: The aim of the present study was to examine the relationship between arousal and activation with
performance in Choice Reaction Time (RT) task. Based on previous works “arousal” has been defined as the
energetic state at any particular time and task-related “activation” as the task-related change in state from
resting baseline to the task situation. Both are reflected in electrodermal activity and measured by skin
conductance level. 28 non-athlete female university students (mean age: 21 years and 6 months) volunteered
to perform choice RT. Results indicated a negative linear relationship between activation and choice RT
performance, while arousal did not correlate with performance. Single linear regression indicate that activation
predicted choice RT (r= -0/44). These findings confirmed the effect of activation on performance and support
pervious findings relating to the usefulness of arousal and activation as distinguishable features of the
energetic of physiological and behavioral functions. 
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INTRODUCTION The relationship between arousal and reaction time

In most situations of everyday life, one should take Inverted-U hypothesis  had  been  the  primary model
the best decision at least possible time. The importance of used   by   sport   psychologists   to   describe   the
this issue is more obvious in the world of sports, as taking arousal-performance relationship. According to this
the correct decisions at least possible time considered an hypothesis, the relationship between performance and
important part of skilled performance [1]. In fact in many arousal is curvilinear. That is, there exists a certain level of
rapid skills, success depends on the speed with which the arousal  which  facilitates  optimal performance and
performer can detect some feature of the environment, greater or lesser levels result in poorer performance [15].
decide what to do and then initiate an effective Some studies in support of this hypothesis showed that
countermove [2]. In such cases, the reaction time is very intermediate level of arousal reduced reaction time and
important. Reaction time (RT) also called response latency greater or lesser levels resulted in poorer RT performance
is defined as a time from the onset of the stimulus to the [2, 10, 16-19]. But other studies have failed to support this
occurrence of the response (S-R interval) [3, 4]. It is a hypothesis [20-22]. Moreover, recent studies  showed
reliable index related to processing speed of sensory that arousal had no effect on RT performance, whereas
stimuli made by central nervous system and its execution changes in arousal level (activation) reduced RT [23-27].
as motor response [5, 6]. There are  many  factors  which Arousal is often used interchangeably with
affect on reaction time. Apart from stimulus related factors “activation”, while there is evidence regarding the
like type of stimulus and stimulus intensity [7-9], there are difference between these two terms [27]. Pribram and
some characteristics of the subjects may also influence McGuinnes have, for the first time, proposed "activation"
RTs, including age, gender and arousal level [10-14]. system    and     separated     it    from    arousal   system.

had long been a prime research topic. The traditional
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They suggested different physiological  mechanisms  for were attached on the distal phalanges of the second and
arousal  and  activation. In their opinion, arousal third   digits  of  the  participant’s non-preferred hand,
originates from the activity of the amygdala, the with an electrolyte of 0.05 M NaCl in an inert viscous
ascending reticular activating system (ARAS), central ointment base. In a 15-minute baseline period, participants
nervous system and autonomic nervous system and only rested quietly on an armchair and during this period, the
affects physiological responses; whereas the main cause SCL was constantly recorded. This data used for
of behavioral response processes is activation, which calculating the activation.
results from basal  ganglia  actions [28, 29]. Accordingly, Participants sat facing the screen with their fingers
Barry et al (2005) defined arousal as the energetic state of resting comfortably on the response buttons. They were
the body at a particular time which is   measured  by  skin presented with two-choice RT task. The test included two
conductance  level (SCL)  [24]. SCL reflects individual's series of stimulus, each series consist of 20 separate
state as well as electrical changes of sweat glands stimuli. Participants had to respond quickly and
activities on palms and soles momentarily. SCL accurately by depressing one of two vertically arranged
considered as a key indicator in measuring  arousal  [30]. buttons (gray and black) on a response box. They worked
Activation has been also defined as change in SCL from with two fingers of one hand (each finger on a button).
a resting baseline to the task situation. Researchers The visual stimuli consisted of “dot” and “cross” were
believe changes in arousal or activation  affect  effectively used in this test. Depends on presented stimulus, one had
on performance [24, 25]. Barry et al. [24] and Vaez to respond to that specific stimulus. For example, if the
Mousavi et al. [25-27] suggested arousal is related to “cross” displayed on screen, she would respond by
physiological responses (such as Phasic Orienting depressing gray button. If it didn’t, she’d respond by
Response) but has no relation with  performance depressing black button. Each stimulus was preceded by
(behavioral   responses),  whereas task- related activation a warning signal (a blue exclamation mark). This signal
effects on behavioral performance. These researchers appeared 1.5 seconds ahead of the stimulus and remained
outlined that more researches considering arousal and visible until the stimulus was presented. After a response
activation as distinguishable feature of the energetic and given by participant (by depressing a button) nothing
testing their effects on physiological and behavioral was displayed on the screen for 2 seconds. Then the
responses may be valuable. warning signal appeared again to indicate that the next

Therefore, the present study aimed to examine the stimulus is going to be presented. After a practice
relationship between arousal and activation with choice session, the task commenced when understanding of the
RT   performance.   According   to   the  recent  studies, instructions was evident. SCL was sampled continuously
we hypothesized that arousal would not correlate with at 10 Hz.
performance, but activation would affect performance.

METHODS during the test was taken as the activated arousal level.

Participants: 28 non-athlete right- handed female period was considered as baseline. The difference
university  students, aged between 18 and 22 (mean age between   these  two  estimated  arousal   levels
20  years  and  6  months),  participated in this study. (activated-baseline) was taken as the task-related
None of the participants had previous experience in RT activation. This procedure in which activation was
tasks; none of them ever suffered from an epileptic obtained was introduced by Barry et al. [24] and used
seizure, serious head injuries, or periods of repetitively by others [25-27]. Mean choice RT for correct
unconsciousness and none had vision problems, or responses were taken as the measure of performance. 
received treatment for nerve or sensory problems.

Procedure: After describing the study to the participants, change in RT were calculated across participants. A
data were collected separately from each participant in an scatter plot was made of RT performance against
air-conditioned laboratory; electrodermal activity was activation, using data pairs from each subject. Data set
recorded using a constant voltage device (UFI Bioderm was fitted with a linear trend; in each case, the regression
Model 2701). Two 7.5 mm diameter Ag/AgCl electrodes coefficient was obtained. Subsequently, a simple linear

Data Processing: The mean of SCL which were recorded

The mean time of lowest two-min SCL within the resting

Statistical Analysis: The mean activation level and
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regression analysis was used to investigate the Results of this study also confirmed previous findings so
relationship hypothesized in the introduction; the that we also found significant correlation between
dependent variable, choice RT performance (s) was activation and performance in term of choice reaction time
regressed on  the  independent variables, arousal and (Fig.1, left panel). In contrast, our result showed no
task-related activation (µS). The significance level for the correlation   between  arousal  and  choice  RT  (Fig.1,
tests was set at  0.05. All analyses were executed using right panel). This finding is consisting with Barry et al.
the statistical package SPSS 16. [24] that suggested arousal has no effect on performance.

RESULTS Mousavi et al. [25- 27] demonstrated that physiological

Mean choice RT for each participant in relation to affects on performance. 
independent variables is shown in fig. 1. As shown in this Although several studies have shown that the
figure (right panel), there is a weak negative linear relationship between choice RT and arousal/ activation
relationship between choice RT and arousal. This was not follows an inverted U pattern [2, 10, 16-19], but some
significant (r= -0/25, P= 0/19) with the coefficient of studies has also failed to provide support for this
determination  indicating  that  the variables share only hypothesis  [20-22].  Our   study   provides   no  support
6% of their variance. Correlation of activation with choice for  inverted-U  hypothesis,  but  in  accordance  with
RT (left panel) was-0.44. This relationship was statistically Barry et al. [24] Vaez Mousavi et al. [25- 27] and Bagherly
significant (P < 0.05). et  al.  [23] this study showed linear relationship between

Simple linear regression analysis revealed a activation and choice RT. These results are against of
significant negative relationship between activation and studies that followed the inverted U model [2, 10, 16-19].
performance in term of choice RT (F = 6/78, P<0/05) with Gould and Krane [31] pointed out that the resulted1,28

the coefficient of determination indicating that the discrepancies  partly  depend  on  controversies  exist
variables share 19% of their variance. over  terminology  of  the  concept  of  arousal  and related

DISCUSSION discrepancies partly depend on incomplete definition of

The aim of this study was to examine the relationship interchangeably with each other. They emphasized on
between arousal and activation with choice RT usefulness of arousal and activation as distinguishable
performance. Previous studies found that the task-related features of the energetic of physiological and behavioral
activation was determining performance efficiency [23-27]. functions.

These results which were confirmed later by Vaez

responses are being adjusted by arousal, while activation

states. Barry et al [24] mentioned that results

arousal and activation terms which is often used

Fig. 1: The right panel shows the distribution of choice RT towards the arousal. A regression line was added to each
group of data so that the image would indicate the relationship and the determination coefficient was written
above it in order to show the strength of this correlation. Each point in the image represents one participant. In
the left panel, the distribution of choice RT towards the activation is plotted. The higher determination coefficient
shows the higher power of the relation. Each point in the image had also represents one participant. The drawn
line among the data shows the strength of relationship between the two variables.
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The overall results of the present study verify 7. Galton, F., 1899. On instruments for (1) testing
previous findings concerning differentiation of the
energetics dimension into “arousal” and “activation”. Our
results in accordance with previous studies showed that
activation (not arousal) effects on performance. The task
used in this study was choice RT. Donders [32] showed
that choice RT has longest time in comparison with other
types of RTs (simple and discriminative) and includes all
of information processing stages such as stimulus
identification, response selection and response
programming. Considering RT as an essential component
of most skills specially sport skills, it seems that
investigating relation between activation and information
processing stages in future researches may result in better
understanding of underlying processes of performance.

CONCLUSION

RT has longest time in comparison with other types
of RTs (simple and discriminative) and includes all of
information processing stages such as stimulus
identification, response selection and response
programming. Considering RT as an essential component
of most skills specially sport skills, it seems that
investigating relation between activation and information
processing stages in future researches may result in better
understanding of underlying processes of performance.
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