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The Effect of a Metronome's Tempo on 
Reading Speed 
 
Julia D. Cistera1 and Yu (Patrick) Liu2 
Department of Psychology, University of Minnesota, Minneapolis, Minnesota 
 
Past research has revealed various effects of background music on a variety of tasks. For example, it has been 
shown that exposing participants to classical music with a faster tempo can increase reading speed. In this study, 
we isolated tempo to investigate whether that alone can exert the same influence over reading speed. Participants 
were given a short passage to read while a metronome produced either a slow or fast tempo in the background. 
We found that those exposed to the fast tempo did not read significantly faster than those exposed to the slow 
tempo. When polled, the majority of participants reported the metronome as a distraction. It is possible that the 
metronome created too great of a distraction to facilitate reading in the expected way. 
 

Pages: 1-3 
 
 
 

Students everywhere enjoy listening to music in the 
background while they read or study and some never seem to 
study without it. The type of music one chooses may influence 
one's ability to work. Music may soothe one's mind and help 
one focus; alternatively, it may cause distraction and potentially 
derail one's entire train of thought. There are many parameters 
of music that may affect the ability of a person to concentrate 
on a task such as studying:  how loud it is being played, 
whether it contains vocals, and what kind of tempo it 
possesses. We focused specifically on the role of tempo and its 
effects on one particular academic task: reading. 

It has been shown that music can have beneficial 
effects on one’s performance in certain cognitive tasks. 
Hallam, Price, and Katsarou (2002) found that the presence of 
calming background music increased speed on a mathematics 
task and performance on a memory task for school-aged 
children. Additionally, Scott (1970) found that background 
music helped to improve productivity in hyperactive children. 
As one may suspect, however, it is not simply the presence of 
music that is a key factor, but the type as well. When children 
were exposed to a type of music rated as more intense, they 
performed worse on a  memory task than  if they had no  music 

             
 
1 Julia D. Cistera (cist0001@umn.edu) is a senior graduating with a B.S. in 
Psychology in May 2012. She plans to remain at the University of Minnesota 
as a research assistant and eventually pursue postgraduate studies in cognitive 
psychology. 
 
2 Yu (Patrick) Liu (liux0602@umn.edu) is a senior graduating in August 2012 
with a B.A. in Psychology. He plans to work as an HR consultant with a focus 
of I/O Psychology. 
 

(Hallam, Price, & Katsarou, 2002). Other factors, such as the 
loudness of the music, have been found to affect certain tasks; 
for example, Wolfe (1983) confirmed that music louder than a 
certain volume threshold interfered with college students’ 
performance in solving mathematics problems. 

The tempo of background music in particular has been 
shown to influence behavior in subtle ways. Kellaris and Kent 
(1993) found that a faster tempo in classical music produced 
more pleasure for participants, whereas a faster tempo for pop 
music produced more arousal. Caldwell and Hibbert (1999) 
showed that music tempo can alter restaurant patrons’ 
perception of time, such that diners exposed to slower music 
spent more time in a restaurant and underestimated the amount 
of time that had passed. 

If altering the tempo of background music can create 
such an effect, perhaps it could also play a role in other 
situations. Kallinen (2002) investigated the relationship between 
the tempo of music and reading speed. The researchers timed 
how long it took participants to read a short passage in three 
conditions: slower music, faster music, and no music. The 
study took place in a noisy environment, but participants were 
equipped with headphones and were able to freely adjust the 
volume of the music. The researchers found that the subjects in 
the fast tempo group read significantly faster than subjects in 
the slow tempo group.  

Kallinen’s (2002) study is one of the few studies that 
directly address the influence of tempo on performance in a 
task such as reading. Furthermore, it is possible that it was not 
the tempo of the music alone that had influenced reading speed, 
but perhaps some interaction between tempo and another aspect 
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of the music. In order to isolate tempo as an independent 
variable, we exposed participants to a beat produced by a 
metronome. We recruited participants and divided them into 
two groups: one with a slower background tempo, and one with 
a faster tempo. We then had both groups read a short passage 
while we timed them. We predicted that providing a faster 
tempo in the background would cause our participants to read 
at a faster pace than if we provided a slower tempo.  
 

METHOD 
 
Participants 

Thirty-six undergraduate University of Minnesota 
students from an introductory research methods class, 13 males 
and 23 females, participated in the experiment. Their ages 
ranged from 19-53 years old (M = 22, SD = 5.4). Within this 
group, 19 participants self-identified as Caucasian and 17 self-
identified as Asian. Participants were acquired through 
convenience sampling, and were randomly assigned to one of 
the two conditions. Participants received course credit for 
participating in the experiment. 

 
Materials 

We used a metronome (www.metronomeonline.com) 
to provide a tempo. We set the tempo at 66 beats per minute 
(bpm) for the slow tempo group and 92 bpm for the fast tempo 
group. These tempos are identical to the ones chosen by 
Kallinen (2002) for their slow and fast conditions, respectively. 
We selected a 434-word passage from the novel Crime and 
Punishment by Fyodor Dostoevsky, which described a man 
awaking and having a brief conversation with a servant. The 
passage was printed on a white sheet of paper. We measured 
reading speed by timing participants with a stopwatch located 
on a cell phone.  Several participants ran the experiment at one 
time while seated in a room that was not isolated from outside 
sounds (see the Discussion section below). 

 
Procedure 
 Participants gave verbal informed consent before 
beginning the experiment. Participants were tested in small 
groups, with 3-5 students sharing a testing room at a time. The 
metronome was turned on at the appropriate tempo for the 
particular experimental condition prior to participants’ entrance 
into the testing room. Participants were allowed a brief period 
of approximately 30 seconds to adjust to the condition, during 
which they completed a demographic form regarding age, 
gender, race, year in school, and major. When all participants 
in the room were ready, we instructed them to commence 
reading at their normal rate. They were aware of being timed, 
and had been informed that there would be a short quiz at the 
end as motivation for participants to read the entire passage. 
Participants were instructed to indicate when they had finished 
reading by raising a hand. No time limits were enforced. After 
completing the reading task, participants were given a short 
quiz about the passage, but the quiz was not graded or 
subsequently used in any analyses.  In addition, participants 

were asked if the metronome had been a distraction.  When the 
participants had completed all experimental procedures, we 
informed them of the purpose of the study and our hypothesis.  
Each experimental session lasted approximately 5-10 minutes. 
 

RESULTS 
 

We recorded each participant’s reading time and 
calculated the mean reading time across participants for each 
condition. We also recorded whether or not each participant 
felt that the metronome had been a distraction; this amounted to 
67% of participants in each condition. 

We conducted a one-tailed independent samples t-test 
on the data. Analyses showed that participants in the fast tempo 
condition (M = 125, SD = 21.61) did not read significantly 
faster than participants in the slow tempo condition (M = 113, 
SD = 22.16), t(34) = -1.55, p = 0.94. 

 
DISCUSSION 

 
The results did not support our hypothesis that 

increasing the tempo of the metronome would also increase 
participants’ reading speeds. These results are inconsistent with 
the findings of Kallinen’s (2002) study, which found that 
increasing the tempo of classical music increased participants’ 
reading speed. The current study fails to show that tempo alone 
is a factor that affects reading speed. 

One limitation in the current study that could have 
affected our results is the fact that, when presenting the 
metronome ticks, we were unable to maintain a constant 
volume. This is due to the fact that as we administered our 
task, the classroom surrounding our testing room became 
progressively louder. Thus, it was necessary to keep increasing 
the volume of the metronome to ensure that it could still be 
adequately perceived, and there was no objective way to 
accomplish this. It is possible that the fluctuations of the 
volume of the metronome influenced the level of distraction. It 
is also possible that the increasing classroom volume was a 
larger source of distraction than the metronome.  

One interpretation of the results is that the difference 
in findings between the current study and Kallinen's (2002) 
study reflects a fundamental difference between music and a 
disconnected tempo. Tempo without music may, in fact, have a 
detrimental effect on reading speed. When Kallinen (2002) 
exposed participants to Bach music that was either of a slow 
tempo or a fast tempo, 45% of participants in the slow 
condition reported the music as disturbing, as did 35% of 
participants in the fast condition. In our study, 67% of 
participants in both the slow tempo and fast tempo conditions 
reported the metronome as distracting. From this, it appears 
that the sound of the metronome provides more of a distraction 
than the Bach music. It is possible that the distraction is too 
great to facilitate reading.  

Additionally, different elements present in music may 
interact to cause the previously observed beneficial effects. 
While Kallinen (2002) showed that changing the tempo of 
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music did directly impact reading speed, there was no 
investigation into the extent to which other musical elements 
could have contributed to that effect. It is entirely possible that 
the conjunction of the individual notes, the melody, and/or the 
overall tone of music interacted with the tempo to increase 
reading speed. Whatever the case, it appears that tempo alone 
does not possess the same facilitating effects as music in its 
complete form. 

In retrospect, it would have been beneficial to have a 
no-tempo control group in addition to the existing conditions. 
Future research should investigate reading without the presence 
of a metronome and compare performance to slow tempo and 
fast tempo groups. This would allow direct observation of 
whether the sound of the metronome has a detrimental effect on 
reading speed. It is possible that tempo does influence reading 
speed in a way consistent with our original hypothesis, but that 
the distracting quality of the metronome is too strong to allow 
such an effect to be observed. Additionally, the research should 
be conducted in a quiet environment so that the metronome's 
volume can be regulated as well as to rule out background 
noise as a possible cause of distraction. It is difficult to isolate 
an effect of the metronome in the presence of the interference 
caused by unrelated stimuli. 

Additional research in this direction will help isolate 
the components in music that contribute to the facilitation of 
reading speed, with the potential to expand to other tasks. If we  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
. 
. 
. 

can uncover what makes music "special," many people, 
especially students, can confidently use it to their advantage in 
scenarios such as studying for an exam or reading a lengthy 
manuscript. Music can be a powerful tool or a powerful 
hindrance; understanding the effects of changes in its individual 
parameters could make a world of difference. 
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Using an Implicit Association Task to Explore 
Gender-Academic Subject Stereotypes 
 
Kelly McCann1 
Department of Psychology, University of Minnesota, Minneapolis, Minnesota 
 
Previous studies have shown that people perceive an implicit association between gender and particular school 
subjects.  A goal of previous research has been to understand what contributes to these stereotypical associations 
and what types of characteristics correlate with them.  In the present study, participants were asked to complete an 
implicit association task (IAT) by sorting words into compatible gender/subject pairings and incompatible 
gender/subject pairings.  This study tested the hypothesis that participants will be more accurate and have a 
quicker reaction time when performing the IAT when they have to relate masculine stereotyped words with 
science related subjects than when relating feminine stereotyped words with science related subjects.  Our results 
indicated that both reaction time and accuracy were significantly lower when the category pairings were 
incompatible, i.e., when participants were asked to relate males with liberal arts majors and females with science.  
Reaction time was slower and accuracy was lower when the category pairings were incompatible.  These findings 
are consistent with previous research and indicate an implicit association between these two categories. 
 

Pages: 4-8 
 
 
 

In general, there seems to be a difference between 
genders when it comes to school subjects and interests 
(Steffens, Jelenec, & Noseck, 2010, White & White, 2006).  
The extent to which these differences are determined by 
biological factors rather than cultural factors is unclear.  
Regardless of the source of gender differences in academic 
interests, we are interested in exploring the extent to which 
people perceive these gender differences to exist; that is, we 
will examine whether people hold gender stereotypes regarding 
chosen areas of study.  More specifically, we ask whether 
males are associated implicitly with scientific subjects and 
whether females are associated implicitly with the liberal arts.  
This association is suggestive of the stereotype that males are 
more capable when it comes to scientific subjects than females.  
This topic is important because it allows us to see how this 
stereotype and implicit association based on gender, correlate 
and relate to each other, which may, in turn, influence the 
choices each individual makes with respect to different subjects 
in school.  For example, females may be less likely to pursue 
science if they believe that they cannot achieve success in the 
subject. By showing there is a perceived association between 
gender and school subjects, we can address and work to change 

      

 
1 Kelly McCann (mccan168@umn.edu) is a senior graduating in December 
2012 with a B.S. in Psychology. She plans to pursue postgraduate studies with 
a focus on cognitive psychology, especially affective neuroscience. 
 

the influence these associations have on students.  Continued 
research on this topic can open up opportunities for both 
genders in a variety of subjects and interests. 
 One instrument for detecting relationships that are 
perceived by an individual is an implicit association task (IAT).  
An IAT is a test that measures the accuracy and reaction time 
of an individual in sorting items into one of two groups.  The 
groups usually will be defined in terms of multiple category 
headings, often displayed on a computer screen. A word will 
then appear on the screen and the participants are asked to 
indicate as quickly and accurately as possible the correct group 
for the word based on the category headings that define the 
group. For example, in the present study, four sets of words 
defined by the category headings “male”, “female”, “science”, 
and “liberal arts” were used (see Table 1).  There were four 
phases:  One for sorting “male” and “female” words, and one 
for sorting “science” and “liberal arts” words.  The other two 
groups were defined by pairing the stereotypically compatible 
headings of “male/science” and “female/liberal arts” in which 
all four word lists were cycled through (see Table 1).  Words 
from the four lists were then displayed individually and 
participants sorted them into one of the two groups by pressing 
keys on the computer keyboard.  Then, new groups were 
defined by pairing stereotypically incompatible headings of 
“male/liberal arts” and “female/science” and participants once 
again sorted the individual words into the two groups as 
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quickly and accurately as possible.  The IAT is believed to 
reveal implicit stereotype-driven associations between category 
headings in that when people are asked to sort words into 
groups that are defined by incompatible category headings, they 
usually exhibit slower reaction times and lower accuracy than 
when the category headings are compatible. 
 Kiefer and Sekaquaptewa (2007) used the IAT to 
provide evidence for the implicit nature of gender stereotypes. 
Their research tested for implicit stereotyping of women and 
math by having participants sort words that were related to 
either mathematics or the humanities.  Like our IAT, the 
academic subjects were paired with either male or female and 
then switched to represent compatible and incompatible 
stereotypes.  All the participants were women, and they 
concluded that those who performed poorly on the IAT tended 
to have higher gender identification, where gender 
identification is defined as a person’s inner sense of being 
either male or female.  Gender identification was measured by 
the extent to which an individual considers their gender to be a 
central part of their overall identity.  High gender identification 
was associated with poor performance in math assessments and 
these women showed less interest in math related careers. In 
contrast, women who performed well on the IAT tended to 
identify less with their gender. These women were more 
interested in math related careers and performed better on math 
assessments.  In a similar study, Steffens, Jelenec, and Noack 
(2010) found that girls as young as age nine were found to 
exhibit the same implicit association, and with age, this 
association grew stronger.  The researchers used an implicit 
association task in a cross-sectional study to determine how 
attitudes vary across different age groups.  They also had 
participants perform a word-sorting task, but used the 
categories of math and foreign language.  They found that girls 
in grades 4 and 9 had stronger gender stereotype associations 
than boys in the same grade.  Based on the IAT, girls 
associated themselves with the humanities, while boys did not 
associate themselves with either science or the humanities.  
These two studies conclude that implicit associations can be 
influential on a personal and intimate level.  Females 
themselves hold these associations, which may in turn steer 
their interests toward certain subjects and professions.   
  Research has also shown that individuals who go 
against these associations are seen as non-normative, and 
deemed as outcasts because of it.  Using a questionnaire, 
Kessels (2005) determined how closely students associated with 
their gender, if they liked certain subjects outside their gender 
stereotype and also what their social standing in their class was.  
Kessels (2005) had the participants fill out self-reports to 
determine their association with gender identity, and to find out 
how each student rated themselves in popularity.  Also using a 
self-report, Kessels (2005) determined how much each student 
liked a school subject (physics, music), and also found out how 
each student actually performed in the subject by looking at 
report cards.  Overall, it was found that those who liked 
physics were perceived to have more masculine traits.  For 
boys, this had little impact on how they felt about themselves in 

terms of popularity.  Girls on the other hand, felt more rejected 
by their peers for liking and excelling in physics.  As a result, 
boys tended to enjoy and excel in physics more than girls.  This 
may attribute to the negative stereotype encountered by girls 
when they express interest in science subjects.  Another 
important aspect is that boys did not feel any less popular when 
they expressed an interest in music, which suggests that girls 
are more affected by the stereotype than boys.  Those who 
were considered more popular in the classroom identified more 
closely with their gender stereotype.     
 Implicit gender stereotypes also relate to nation-level 
stereotypes and according to a study by Nosek et al. (2009) the 
bigger the sex differences in math and science achievement the 
higher the correlation of implicit gender stereotyping at a 
national level.  This study was made available to several 
different countries through Project Implicit.  Project Implicit is 
an online source (https://implicit.harvard.edu) for the implicit 
association task, and through this source the researchers were 
able to see how sex differences in math and science 
achievement correlate with the implicit association held at a 
national level.  The authors concluded that these ideas are 
likely mutually reinforcing because society influences the 
children being tested for achievement, and their results 
reinforce the implicit stereotype.  They cite the socio-cultural 
context of each nation as a cause of the gender gap in 
achievement.  This study gives us the view of implicit 
associations on a larger scale and shows how a group of 
children mirror the associations of a nation that is influencing 
them.  Collectively, these two studies show there is an 
association of gender and specific subjects in school and these 
associations are present in most individuals on both a personal 
and national level.  
 While this subject has been studied extensively, most 
previous research has focused on school-aged children. In our 
study we will look at college students.  Our study will use an 
implicit association test and gender-specific words that 
participants will sort into categories. We will measure the time 
it takes for each participant to associate a gender with a science 
or liberal arts related subject.  The goal is to see which 
associations are stronger by measuring which associations are 
made more quickly and accurately. We hypothesize that 
participants will be more accurate and have a quicker reaction 
time when relating masculine stereotyped words with science 
related subjects than feminine stereotyped words with science 
related subjects.  
 

METHOD 
 
Participants 
 A convenience sample of 14 undergraduate students 
(10 female, four male) was obtained from an introductory 
research methods class at the University of Minnesota. The 
participants ranged in age from 20 to 33 (M = 21.72, SD = 
4.73). Nine participants identified themselves as Caucasian, 
two as African American, two as Asian, and one as Other. The 
participants earned course credit for participating in the study.   
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Materials 
 The computer software package E-Prime was used to 
present stimuli and record participant responses.  The category 
and association words used in Project Implicit were used in this 
experiment as well (see Table 1).  All trials were conducted on 
a laptop computer.  Demographic information about the 
participants was obtained using a questionnaire (see the 
Appendix).   
 
Procedure 
 First, the participants were given a printed copy of the 
informed consent form and the demographic questionnaire (see 
the Appendix).  After participants read the informed consent 
form and filled out the demographic questionnaire the 
participants were told the experiment would test their implicit 
association between gender and school subjects and the task 
would take about 5-7 minutes.  The different categories 
headings that would be shown and the different associated 
words in each of the four lists to be used were explained.  
Participants also were informed that they needed to categorize 
the words as quickly as possible and mistakes would be made, 
but it was important to perform the task quickly.  The 
participants were told which keys on the computer to use: ‘e’ to 
sort words corresponding to the categories posted on the left, 
and ‘i’ to sort words corresponding to the categories posted on 
the right.  The same instructions were written out on the first 
slide prior to the start of the experiment.  Questions and 
concerns on the part of the participants were addressed at this 
time.  
 As the participants went through each categorization 
and pairing, E-Prime would record their response times along 
with the number of mistakes made.  E-prime also allowed the 
participants to respond at their own pace so there was no set 
time limit for the words to appear and the phases to transition.  
In each phase the list of words cycled twice so that each 
participant would see each word two times in each phase.  
There was also no feedback in any phase to alert the participant 
if they had categorized a word correctly or incorrectly.   
 In Phase 1, the gender words only condition, 
participants had to categorize the words in the male and female 
lists (see Table 1) into either the male or female category.  
Male was posted in the upper left corner of the screen and 
female was posted in the upper right corner of the screen.  As 
each word appeared, participants were to sort them according 
to their association of either male or female. In this first phase, 
no school subjects were presented.  The main goal in this phase 
was to familiarize the participants with the gender stereotyped 
words they would be seeing in the later phases.  There were 32 
trials in Phase 1.   
 In Phase 2, the subject words only condition, 
participants were asked to sort school subjects (the words in the 
Science and Liberal Arts lists of Table 1) according to their 
association to either science or liberal arts.  Science was posted 
in the upper left corner of the screen and liberal arts was posted 
in the upper right corner of the screen.  In Phase 2, no words 
from the male or female lists were used.  This phase was meant  
 

TABLE 1.  Category Headings and Words to Be Categorized in the IAT. 
 

Male Female Science Liberal Arts 
Man 
Boy 
Father 
Male 
Grandpa 
Husband 
Son 
Uncle 

Girl 
Female 
Aunt 
Daughter 
Wife 
Woman 
Mother 
Grandma 

Biology 
Physics 
Chemistry 
Math 
Geology 
Astronomy 
Engineering 

Philosophy 
Humanities 
Arts 
Literature 
English 
Music 
History 

 

to familiarize participants with the school subjects.  There were 
28 trials in Phase 2.  
  In Phase 3, the compatible categories condition, 
participants were asked to sort all the words in all lists of Table 
1 into their respective categories.  “Male” was posted in the 
upper left corner, with “science” directly below it.  “Female” 
was posted in the upper right corner, with “liberal arts” 
directly below it.  As each word appeared in the center of the 
screen, participants were to sort them either to the left if the 
word was associated with male or science and to the right if 
associated with female or liberal arts.  Both gender and school 
subject words were presented twice.  There were 60 trials in 
Phase 3.   
 In Phase 4, the incompatible categories condition, 
participants again were asked to sort all of the words in Table 
1.  In this phase, “Male” was posted in the upper left corner 
and “liberal arts” was directly below it.  “Female” was posted 
in the upper right corner and “science” was directly below it.  
As words appeared in the center of the screen, participants 
were to sort them according into two sets based on the 
categories shown at the top of the screen in the same manner as 
the previous phases.  The difference in Phase 4 was that the 
school subjects were switched, and now stereotypically 
mismatched with the genders.  For either a male or liberal arts 
associated word, participants were to sort them to the left.  For 
a female or science associated word, participants were to sort 
them to the right.  All words in Table 1 were presented twice.  
There were 60 trials in Phase 4.  
  In all phases, the target words were presented in 
pseudorandom order so that words from a single category did 
not appear more than three consecutive times in succession.  
After the participants completed all four phases, they were 
given a debriefing statement and asked to read it.  If they had 
additional questions they were answered at this time. 
 

RESULTS 
 
  The two dependent variables, average reaction time 
and accuracy (proportion of correct responses), were calculated 
for each participant for each of the four levels of the 
independent variable (gender words only, subject words only, 
compatible categories, and incompatible categories). Two 
repeated-measures ANOVAs were conducted to test the 
differences between both accuracy and reaction times of 
participants across levels of the independent variable.  

The mean reaction times across subjects were:  gender 
words only,  M = 847.51,  SD = 309.81;  subject words only,  
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FIGURE 1.  Average reaction times for gender, subject, compatible, and 

incompatible phases.  The error bars represent standard deviations. 
 

M = 925.90, SD = 274.96; compatible categories, M = 
951.70, SD = 259.21; incompatible categories, M = 1235.51, 
SD = 373.42.  The group means are plotted in Figure 1.  The 
ANOVA showed that there were significant differences among 
the mean reaction times, F(3,39) = 11.33, p < 0.005. 
Pairwise comparisons indicated that there was a significant 
difference between the mean reaction time in the incompatible 
categories condition and each of the other categories (all p < 
0.01).   

The mean accuracy scores across subjects were:  
gender words only, M = 0.971, SD = 0.010; subjects words 
only, M = 0.926, SD = 0.011; compatible categories, M = 
0.964, SD = 0.010; incompatible categories, M = 0.864, SD 
= 0.023.  The group means are plotted as percentages in 
Figure 2.  The ANOVA showed that there were significant 
differences among these means, F(3,39) = 18.72, p < 0.001.  
P-values determined using a pairwise comparison showed that 
gender categories did not differ significantly with the 
compatible category (male/science) (p = 0.384).  Pairwise 
comparisons showed that there was a significant difference 
between the subject words only mean and the incompatible 
categories mean (female/science) in comparison to every other 
phase (all p < 0.012).  This difference is illustrated in Figure 
2.  

 
DISCUSSION 

 
 The results supported our hypothesis that participants 
would be more accurate and have a quicker reaction time in 
sorting gender and subject words when the groups were defined 
by stereotypically compatible categories (e.g., “male” and 
“science”) compared to when the groups were defined by 
stereotypically incompatible categories (e.g., “female” and 
“science”). This presumably reflects an implicit association that 
people hold between the stereotypically compatible categories, 
a characteristic of typical gender stereotypes. 
 In general, the results of our study were consistent with 
past research findings in that it was more  difficult for people to  

 
FIGURE 2.  Average accuracy for gender, subject, compatible, and 

incompatible phases.  The error bars represent standard deviations. 
 
associate incompatible groups such as female/engineer, as 
revealed through use of the IAT. Although previous studies 
used different sample sizes, age groups, and association 
words/pairings than we did, the results remained the same 
across the studies.   This  provides evidence that our results are 
due to a real effect.  This association has been shown 
repeatedly across different cultures and situations.  
 Our study did have some limitations. Our sample size 
was not as large as we would have liked and we used a 
convenience sample. Despite these limitations, we still detected 
effects of varying the compatibility of gender and subject 
categories on word-sorting performance. 

Future research in this area could be directed towards 
looking for ways to change these stereotype-driven associations 
between gender and academic subject.  One avenue of research 
could be to identify the age at which this association starts to 
form in children; by pinpointing the age, we can prevent the 
development of these implicit associations, if possible, in an 
effort to curb or extinguish these associations.  This could lead 
to the development of programs to help close the gap in gender 
stereotypes, which in turn can help achieve a greater sense of 
equality between genders in school.  This equality can 
ultimately result in children feeling confident in pursuing any 
school subject, and eventually, any profession. 

 
APPENDIX 

 
1.  Sex 
 a.  Male 
 b.  Female 
 
2.  Age _____ 
 
3.  Race 
 a.  Caucasian 
 b.  African American  
 c.  Hispanic 
 d.  Asian/Pacific Islander 
 e.  Native American  
 f.  Other (please specify) __________ 



 
 

GENDER-SCIENCE STEREOTYPES                                                                                                                                                                McCann                
 
 

 
 
VOLUME 6 – SPRING 2012 - www.psych.umn.edu/sentience 
© 2012 Regents of the University of Minnesota                                                                                                                                                               8 

REFERENCES 
 
Kessels, U. (2005). Fitting into the stereotype: How gender-stereotyped 

perceptions of prototypic  peers relate to liking for school subjects. 
European Journal of Psychology of Education, 20, 309-323. 

 
Kiefer A.K., & Sekaquaptewa D. (2007). Implicit stereotypes, gender 

identification, math-related outcomes. Association for Psychological 
Science, 18, 13-18. 

 
Nosek B.A., Smytha, F.L., Srirama, N., Lindnera, N.M., Devosb, T., Ayala, 

A., ... Greenwald, A.G. (2009). National differences in gender–science 
stereotypes predict national sex differences in science and math 
achievement. Proceedings of the National Academy of Sciences, 106, 
10593-10597. 

 
Steffens, M.C., Jelenec, P., & Noack, P. (2010). On the leaky math pipeline: 

Comparing implicit math-gender stereotypes and math withdrawal in 
female and male children and adolescents. Journal of Educational 
Psychology, 102, 947-963. 

 
White, M.J., & White, G.B. (2006). Implicit and explicit occupational 

stereotypes. Sex Roles, 55, 259-266. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

 
 

 

 
 
VOLUME 6 – SPRING 2012 - www.psych.umn.edu/sentience 
© 2012 Regents of the University of Minnesota                                                                                                                                                               9                

 
Effect of Knowledge About Exercise Duration on 
Ratings of Perceived Exertion and Mood 
 
Danneka Miller1 
Department of Psychology, University of Minnesota, Minneapolis, Minnesota 
 
Past research suggests that perceived exertion contributes to the subjective experience of exercise, and can be 
influenced by whether or not one has knowledge of when the workout will end. This study attempted to replicate 
past effects of prior knowledge of exercise duration on perceived exertion and to determine whether such 
knowledge also affected mood. Participants ran on a treadmill for five minutes either with or without prior 
knowledge of exercise duration and provided perceived exertion ratings every minute. The Positive And Negative 
Affect Schedule was used to measure pre- and post-test mood. Results suggested that individuals without 
knowledge of exercise duration provided significantly lower exertion ratings. No significant effects for mood were 
found, however methodological limitations necessitate further investigation to determine if a true lack of effect 
exists. These results have important implications for exercise programs that aim to improve negative mood in 
participants. 
 

Pages: 9-13 
 
 
 

Much social scientific research indicates that exertion 
level is an important contributor to the psychological health 
benefits associated with exercise, such as improved mood 
(Rocheleau, Webster, Bryan, & Frazier, 2004). Perceived 
exertion is defined as the intensity of subjective effort, strain, 
discomfort, and fatigue one feels during exercise (Coquart & 
Garcin, 2008). Although strongly influenced by objective 
physiological variables such as oxygen consumption and heart 
rate, exertion also includes psychological components that 
influence our appraisal of such physiological elements (Borg, 
1973; Hampson et al., 2004). One such psychological factor is 
expectation of task duration, or knowledge of how much farther 
one must go before a workout is finished. Perceptions of 
fatigue can be influenced not only by how far you are from the 
beginning of a workout, but how close you are to the end. 
When identifying factors that influence how tiring a task is 
perceived to be, it is important to consider not only what an 
individual is actually doing, but what they think and feel they 
are doing (Hassmén & Koivula, 1996). 

Several studies have investigated how knowledge of 
exercise duration affects ratings of perceived exertion. Swart et 
al.  (2009)  found  that  perceived  exertion  changed  based  on  

 
 

1 Danneka Miller (mill3996@umn.edu) is a senior graduating in May 2012 
with a summa cum laude Latin honors B.A. in Speech-Language-Hearing 
Sciences and Psychology. She will pursue her clinical master's degree in 
Speech Pathology at the University of Minnesota starting Fall 2012. 
 

whether or not participants were aware of an exercise session’s 
duration. When feedback about workout completion was 
withheld from participants, they were more restrained in their 
rating of exertion throughout the duration of the workout. 
Similarly, Coquart and Garcin (2008) established that trained 
athletes provided lower ratings of exertion when they did not 
have prior knowledge of workout duration. Baden et al. (2004) 
provided further evidence that expectancies concerning exercise 
duration affect participants’ ratings of their perceived exertion. 
When participants completed a short run of known distance, 
perceived exertion levels were high. In contrast, when 
participants were told they were going to run further but were 
stopped at the same length as the short run, RPE decreased 
significantly. Thus, when participants thought they were going 
to exercise longer, their perceptions of exertion changed 
throughout the duration of the exercise. The authors suggested 
that runners pace themselves not only through physical or 
physiological means, but also by cognitively manipulating their 
attentional focus. Changes in a runner’s expectations about the 
duration of the exercise bout can influence this cognitive 
appraisal. 

Baden, McLean, Tucker, Noakes, and Gibson (2005) 
studied the effects of anticipation about exercise duration on 
perceived exertion and affect. Affect was defined as a short 
duration, high intensity emotion surrounding an item or event. 
Participants were deceived about the duration of exercise and 
told after 10 minutes of exercise that they would be exercising 
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for an additional 10 minutes. Perceived exertion rose and 
positive affect scores dropped considerably when anticipation 
about exercise duration did not match original expectations. 
These results suggest that durational knowledge can affect 
multiple psychological variables, such as perceived exertion 
and immediate emotions regarding the exercise. 
 A limitation of the previous research on perceived 
exertion and knowledge of workout duration is that participants 
primarily have been trained athletes who regularly engage in 
demanding physical exercise.  It is important to expand these 
studies to include a broader population of exercisers who likely 
do not work out to train for a specific event or organized sport, 
since the positive mood effects of exercise can be seen after 
only one instance of exercise (Rocheleau et al., 2004). Limited 
research has been conducted to investigate not only the effect of 
exercise-duration knowledge on perceived exertion level, but 
whether this manipulation also affects psychological outcomes 
like mood. The research of Baden et al. (2005) is a first step 
towards investigating the relationship between these variables. 
However, their study used deception to manipulate participant’s 
knowledge about exercise duration. Previous studies simply 
used ambiguity to manipulate participant’s knowledge about the 
endpoint of exercise (e.g., Swart et al., 2009). This deception 
was a confound such that the deception alone could have caused 
the resulting drop in positive affect. Thus, it is important to 
examine the effects of duration knowledge on emotional 
variables without using deception to avoid its potential 
confounding effects. 
 The current study aims to investigate the relationship 
between knowledge about exercise duration, perceived 
exertion, and mood changes in a naturalistic setting where 
exercise regularly occurs. Based on the results of previous 
research, the first hypothesis was that participants with prior 
knowledge of the workout duration would report higher levels 
of perceived exertion than participants with no prior knowledge 
of the workout duration. Furthermore, knowledge of exercise 
duration results in higher perceived exertion levels, and higher 
perceived exertion levels have been shown to lead to larger 
decreases in negative mood post-workout (Swart et al., 2009; 
Rocheleau et al., 2004). Thus, the second hypothesis was that 
those with knowledge of the workout duration would have 
greater positive affect and lower negative affect than those with 
no knowledge of workout duration.  
 

METHOD 
 
Participants 
 A convenience sample of 40 participants was selected 
from those present at the recreation center of the University of 
Minnesota. The researcher received approval from facility 
administrators prior to conducting the study. Individuals 
entering the recreation center were asked if they would like to 
participate in a brief study on the effects of exercise for a 
psychology course. The response rate of those who agreed to 
participate was approximately 30%. Most who declined to 
participate stated they had an aerobic class or some other type 

of group workout to attend, and thus did not have the time. 
Interested persons provided informed consent, and were 
provided a brief overview of their involvement. Each was 
assigned to one of the conditions of the experiment:  knowledge 
or no knowledge of the workout duration. Participants were 
between the ages of 18-35, with a median age of 21 years (SD 
= 3.06).  Equal numbers of males and females were recruited 
such that there were 50% males and 50% females in each 
condition (N = 10 for each condition by gender).  The 
participants identified their ethnicity as follows:  80% 
Caucasian, 10% Asian; 5% Middle Eastern, 2.5% African 
American, and 2.5% Indian. A choice of candy bars was 
offered as compensation for completing the study.  
 
Materials 
 Existing treadmills at the recreation center were used 
for this study. To measure perceived exertion, Borg’s 15-point 
Rate of Perceived Exertion (RPE) scale was used (Borg, 1973; 
Hampson et al., 2004; see Appendix A for the complete scale). 
The Positive And Negative Affect Schedule (PANAS) was used 
to measure mood (Watson, Clark, & Tellegen, 1988). The 
PANAS is a 20-item questionnaire of various positive and 
negative adjectives (e.g., interested, excited, nervous, upset) 
scored on a 5-point Likert scale from “very slightly or not at 
all” to “extremely.” The PANAS scale has been used 
effectively to study mood and affect changes in relation to 
exercise (Miller, Bartholomew, & Springer, 2005; McIntyre, 
Watson, & Cunningham, 1990).  
 
Procedure 
 A table was set up at the entrance to the recreation 
center. Individuals entering the facility were asked if they 
would like to participate in a brief study on the effects of 
exercise. Those who indicated interest received consent forms 
indicating that they would be asked to run on the treadmill for a 
period of time and to fill out a few questionnaires. Before 
exercising, each participant completed the pre-test PANAS 
questionnaire (Appendix B) and was instructed on how to rate 
their exertion using the RPE scale . The RPE scale ranges from 
a lowest rating of 6, which signifies work that is “very, very 
light” to a highest rating of 20, which signifies work that is 
“very, very, hard.” The scale proceeds from 6 to 20 because it 
correlates well to approximately 1/10th of the exerciser’s 
current heart rate (Borg, 1973). The researcher set the 
treadmill to a speed of 5.5 mph with 0% incline for all 
participants to control the purely physical demands of the task, 
and thus the required energy expenditure of the participant.  
Thus, the manipulation targeted the participants’ subjective 
experience of how much they were exerting. In the known-
duration condition, participants were told that they would run 
for 5 minutes. In the unknown-duration condition, participants 
were instructed that they would run for an undisclosed period 
of time. In both conditions, the researcher indicated that the 
run was over after 5 minutes. Participants provided their RPE 
to the researcher each minute during exercise. Afterwards, 
participants  filled   out   the   post-exercise  PANAS.   Finally,  
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FIGURE 1.  Mean group scores on Ratings of Perceived Exertion (RPE) 
across the five-minute exercise period. 

 
participants in both conditions were debriefed about the 
purpose of the experiment. Upon completion, participants were 
given a candy bar for their involvement.  
 

RESULTS 
 

The dependent variables that were measured were 
perceived exertion ratings (measured with the RPE scale) and 
mood, which was sub-divided into positive affect and negative 
affect. RPE scores across the 5 minutes were averaged for each 
participant to yield a single mean RPE score. Scores on the 
pre-exercise and post-exercise PANAS were calculated for each 
participant such that there was a positive affect sub-score 
(based on responses to only the positive adjectives) and a 
negative affect sub-score (for only the negative adjectives). 
 An independent-groups, one-tailed t-test for Ratings of 
Perceived Exertion scores revealed that participants in the 
unknown condition (M = 8.91, SD = 1.80) produced 
significantly lower average RPE scores than participants in the 
known condition (M = 10.09, SD = 1.5), t(38) = -2.245, p = 
0.015. This result is illustrated in Figure 1. 
 Two 2x2 ANOVAs were conducted with the factors 
known vs. unknown duration of exercise and pre-test PANAS 
vs. post-test PANAS.  Separate 2x2 ANOVAs were conducted 
on the dependent variables of positive affect sub-score and 
negative affect sub-score.  The ANOVA testing the effects of 
the two independent variables on positive affect showed that 
there was not a significant main effect of known vs. unknown 
condition, F(1,38) = 0.008, p = 0.931.  Thus, there was no 
difference between the positive affect of participants in the 
known duration condition (M = 30.8, SD = 1.62) and the 
unknown duration condition (M = 30.6, SD = 1.62).  There 
was, however, a significant main effect of time of measurement 
(pre- vs. post-exercise) on positive affect, F(1,38) = 28.87, p 
< 0.001.  Participants demonstrated significantly higher 
positive affect after exercise (M = 32.8, SD = 1.23) than 
before exercise (M = 28.7, SD = 1.19).  Finally, the 
interaction effect of condition x time of measurement was not 
found to be significant, F(1,38) = 1.358, p = 0.251.   
 A similar result was found from the 2x2 ANOVA of 
negative mood. Analyses showed that there was not a 
significant   main  effect   of   known/unknown    condition  on  

 
 
 
 
 
 
 
 
 

 
 
 
 
FIGURE 2.  Mean pre- and post- test scores on Positive and Negative 

Affect components of PANAS across all participants. 
 
negative mood, F(1,38) = 0.893, p = 0.351.  Thus, 
participants did not differ in negative affect between the known 
duration condition (M = 11.73, SD = 0.56) and the unknown 
duration condition (M = 12.48, SD = 0.56).  There was, 
however, a significant main effect of time of measurement on 
negative affect, F(1,38) = 9.939, p = 0.003.  Participants 
demonstrated significantly less negative affect after exercise (M  
= 11.3, SD = 0.35) than before exercise (M = 12.9, SD = 
0.57).  Finally, the interaction effect of condition x time of 
measurement was not significant, F(1,38) = 0.10, p = 0.922.  
A summary of the effects for positive and negative mood by 
condition is illustrated in Figure 2.  

 
DISCUSSION 

 
The present results confirm the primary hypothesis, 

that knowing the duration of workout increases ratings of 
perceived exertion. This finding replicates past research on the 
effects of workout knowledge on perceived exertion. 
Participants give lower ratings of exertion when the duration of 
exercise is unknown (Coquart & Garcin, 2008). Swart et al. 
(2009), explained this effect by suggested that participants 
attempt to be more physically conservative given the potential 
that the workout may be lengthy and extended effort may be 
needed. Although all participants in the present study ran at the 
same speed for the same duration, half of the group was not 
aware that they would only be running for 5 minutes. Thus, 
members of that group were cognitively more conservative in 
their appraisal of exertion than the group who had knowledge 
of exactly how long the run would last. This result supports 
past evidence that perceived exertion is not based on purely 
physiological feedback, but how one chooses to interpret or 
appraise that feedback. 
 To the best of the author’s knowledge, the present 
results represent the first investigation of the effects of 
knowledge of workout duration on perceived exertion in 
college-age students of varying fitness levels. Although 
recruiting participants from a recreation center may have biased 
our sample towards individuals who are at least somewhat 
athletic, it is unlikely that the sample collectively matched the 
fitness level of the military recruits or trained athletes used in 
previous work (Coquart & Garcin, 2008; Swart et al., 2009).  
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Thus, these results strengthen the extant literature by 
confirming that this effect on perceived exertion is observable 
not only among those in the top echelon of physical fitness, but 
in individuals who are perhaps somewhere below peak fitness. 
Further research on this topic should continue to investigate 
whether this phenomenon is observable in other samples, or if 
variables such as gender, age, or fitness level influence the 
effect.  
 Past research suggested that exercising at a greater 
exertion level leads to greater mood change (Rocheleau et al., 
2004), but had not tested a specific link between knowledge of 
workout length and mood change. The current study 
hypothesized that perceived exertion mediates the link between 
knowledge of workout length and mood change, such that 
knowing the length of workout would lead to greater mood 
change from pre-test to post-test.  
 However, the present results do not support the second 
hypothesis, that knowing the length of the workout produces 
larger increases in positive mood and larger decreases in 
negative mood than not knowing the length of the workout. 
There was no statistically significant evidence that knowing the 
duration of exercise leads to greater differences in either 
positive or negative mood. Participants in both the known and 
unknown exercise duration groups did indeed display 
significant change in mood from pre-test to post-test. This 
finding is in accordance with past research suggesting that 
mood changes occur after as little as 10 minutes of exercise 
(Rocheleau et al., 2004). Nevertheless, this difference was not 
moderated by experimental condition (known/unknown exercise 
duration).  
 Methodological factors may have contributed to the 
lack of support for the second hypothesis. The PANAS may 
have been an inappropriate scale to use for this manipulation. 
Several participants anecdotally expressed that specific 
adjectives on the PANAS did not currently apply to them, such 
as the adjective ‘guilty’ or ‘proud.’ Thus, several items on the 
PANAS may have been irrelevant for participants and may not 
have accurately captured their mood composition. Past research 
has used the Profile of Mood States (POMS) to study mood in 
relation to exercise (Rocheleau et al., 2004). However, this 
scale is a proprietary instrument and was unavailable to the 
current researcher. Future studies could compare the POMS to 
the PANAS directly. The POMS may be a more sensitive test 
and may be able to detect more subtle changes in mood than the 
PANAS. 
 Past investigations of variables that moderate the 
mood-exercise relationship (such as perceived exertion) have 
been primarily conducted in laboratory settings. These 
environments are often dramatically different than naturally 
occurring exercise environments. The way in which exercise 
affects mood in more naturalistic settings is less well 
understood. The current procedure had a combination of 
laboratory and natural features. Participants were exercising in 
a typical college recreation center (with which they were likely 
familiar), yet there was an experimenter present to control pace 
and duration and to measure specific outcomes. The presence 

of the experimenter may have negatively influenced the 
physical or psychological mechanisms involved in mood change 
as a result of exercise. However, it was a critical goal for the 
current research to be carried out in a more naturalistic setting, 
as this has not been often done in past research on exercise. As 
such, this component of our design may be considered a 
strength rather than a potential weakness. 
 Participants were a convenience sample of individuals 
who were already prepared and presumably motivated to 
exercise. However, they may not have been prepared to run on 
a treadmill, in particular. Miller, Bartholomew, and Springer 
(2008) reported that mode preference (e.g., running on a 
treadmill versus bicycling) moderates post-exercise changes in 
affect. Individuals who do not prefer to exercise on a treadmill 
may not have experienced the same changes in mood as 
individuals who do prefer to exercise on a treadmill. Mode 
preference was not accounted for in the methodology of the 
current study, and it is unclear whether this may have 
influenced affective changes among participants.  

In addition, participants only ran for five minutes. 
Previous investigations into the effects of durational knowledge 
on perceived exertion have had participants exercise for at least 
20 minutes, if not longer (e.g., Baden et al., 2005; Baden et 
al., 2004). Other research has suggested that many effects of 
exercise are apparent after only 10 minutes (Rocheleau et al., 
2004), although the present results revealed a significant 
change in mood after only five minutes of exercise. However, 
shortening the length of exercise may have truncated the 
development of differential outcomes; had participants 
exercised longer, perhaps an interaction would have appeared. 
A future study could extend the exercise time to investigate if 
differences in affect according to group condition appear after 
more than 5 minutes of exercise.  
 In light of the potential shortcomings noted above, a 
conclusion that can be drawn from the current data is that there 
may be no relation between knowledge of exercise duration and 
mood.  The simple act of exercising may have a large influence 
on mood that conceals any small differences in mood caused by 
differences in exertion or knowledge of exercise duration. 
 The results of the present study have important 
implications for exercise programs aimed specifically at 
improving mood. For example, certain exercise programs exist 
to improve mood in individuals with mild to moderate 
depression, or depression that is resistant to other 
pharmaceutical or psychological treatment (Rocheleau et al, 
2009; Mota-Periera, et al, 2011). Withholding information 
about exercise duration from participants can result in 
comparable mood gains while also causing them to perceive the 
workout as easier, without actually making the physical aspects 
of the workout any different. Participants in such programs 
may be more apt to adhere to an exercise program if they 
perceive the workouts as requiring less exertion. Thus, 
knowledge of exertion duration may be an important tool when 
designing exercise programs specifically aimed at mood 
enhancement (versus programs aimed at endurance training, for 
example).  
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 Further research is needed to determine if the lack of 
support for the second hypothesis is due to methodological 
factors rather than a true lack of effect. To assert whether the 
type of mood questionnaire influenced results, a future study 
could replicate the current methodology with the exception of 
replacing the PANAS questionnaire with the POMS. Results 
from such an investigation would help to corroborate or dispute 
current findings. It may also be beneficial to control for 
potential effects of exercise mode preference and only recruit 
participants who enjoy running on a treadmill. In addition, it is 
important to replicate confirmatory results of the effect of 
durational knowledge on perceived exertion in community and 
clinical samples. For example, to determine how useful a 
manipulation of durational knowledge would be in an exercise 
program for those with treatment resistant depression, 
researchers would first need to confirm that this effect on 
perceived exertion is displayed in individuals with depression.  

As Rocheleau et al. (2009) note, much is already 
known about the physical and mental health benefits of 
exercise. However, there are still gaps in the knowledge base 
of the effects of exercise that have important implications for 
the way exercise programs for specific populations may be 
constructed. The current study adds to this work by confirming 
that manipulating participants’ knowledge of the endpoint of 
exercise affects their perceptions of physical exertion during 
the workout. This effect is observable across samples, from 
highly trained military personnel, to athletes, to college 
students of a variety of fitness levels. Lack of significant 
findings for the mood variable indicates that further research is 
needed to determine if and how knowledge of exercise duration 
influences mood. Such research has important implications for 
a variety of populations and the ways in which exercise 
programs are designed to be maximally effective. 
 

APPENDIX A 
 
RPE Scale 
 
Please use the following scale to rate how hard you are working:  
 

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
 Very, 

Very 
Light 

 Very 
Light 

 Fairly 
Light 

 Some-
what 
Hard 

 Hard  Very 
Hard 

 Very, 
Very 
Hard 

 

 
APPENDIX B 

 
PANAS Scale 

Participant Number: ______ 
Pre-Exercise: ______ Post-Exercise: ______ 

 
This scale consists of a number of words that describe different feelings and 
emotions. Read each item and then mark the appropriate answer in the space 
next to that word. Indicate to what extent you feel this way at the present 
moment. 
 
Use the following scale to record your answers: 
 

1 2 3 4 5 
very slightly 
or not at all 

a little moderately quite a bit extremely 

 

______ interested 

______ distressed 

______ excited 

______ upset 

______ strong 

______ guilty 

______ scared 

______ hostile 

______ enthusiastic 

______ proud 

______ irritable 

______ alert 

______ ashamed 

______ inspired 

______ nervous 

______ determined 

______ attentive 

______ jittery 

______ active 

______ afraid 

 
REFERENCES 

 
Baden, D.A., McLean, T.L., Tucker, R., Noakes, T.D., & St Clair Gibson, 

A. (2005). Effect of anticipation during unknown or unexpected exercise 
duration on rating of perceived exertion, affect, and physiological 
function. British Journal of Sports Medicine, 39, 742-746. 

 
Baden, D.A., Warwick-Evans, L., & Lakomy, J. (2004). Am I nearly there? 

The effect of anticipated running distance on perceived exertion and 
attentional focus. Journal of Exercise and Sport Psychology, 26, 215-231. 

 
Borg, G.A.V. (1973). Perceived exertion: A note on history and methods. 

Medicine and Science in Sports, 5, 90-93. 

 
Coquart, J.B., & Garcin, M. (2008). Knowledge of the endpoint: Effect on 

perceptual values. International Journal of Sports Medicine, 29, 976-979. 

 
Hampson, D.B., St Clair Gibson, A., Lambert, M.I., Dugas, J.P., Lambert, 

E.V., & Noakes, T.D. (2004). Deception and perceived exertion during 
high-intensity running bouts. Perceptual and Motor Skills, 98, 1027-1038. 

 
Hassmén, P. & Koivula, N. (1996). Ratings of perceived exertion by women 

with internal or  external locus of control. The Journal of General 
Psychology, 123, 297-307. 

 
McIntyre, C.W., Watson, D., & Cunningham, A.C. (1990). The effects of 

social interaction, exercise, and test stress on positive and negative affect. 
Bulletin of the Psychonomic Society, 28, 141-143.  

 
Miller, B.M., Bartholomew, J.B., & Springer, B.A. (2005). Post exercise 

affect: The effect of mode preference. Journal of Applied Sport 
Psychology, 17, 263-272. 

 
Rocheleau, C.A., Webster, G.D., Bryan, A., & Frazier, J. (2004). Moderators 

of the relationship between exercise and mood changes: Gender, exertion 
level, and workout duration. Psychology and Health, 19, 491-506. 

 
Swart, J., Lamberts, R.P., Lambert, M.I., Lambert, E.V., Woolrich, R.W., 

Johnston, S., & Noakes, T.D. (2009). Exercising with reserve: Exercise 
regulation by perceived exertion in relation to duration of exercise and 
knowledge of endpoint. British Journal of Sports Medicine, 43, 775-781. 

 
Watson, D., Clark, L.A., & Tellegen, A. (1988). Development and validation 

of brief measures of positive and negative affect: The PANAS scale. 
Journal of Personality and Social Psychology, 54, 1063-1070. 



 
 

 
 

 

 
 
VOLUME 6 – SPRING 2012 - www.psych.umn.edu/sentience 
© 2012 Regents of the University of Minnesota                                                                                                                                                             14                

 
The Short-Term Effects of Yoga and Meditation on 
Cognitive Performance 
 
Megan Moriarity1 
Department of Psychology, University of Minnesota, Minneapolis, Minnesota 
 
Past research has suggested that yoga reduces stress levels, and accordingly reducing stress increases cognitive 
performance.  This study attempted to determine whether short-term yoga practice is associated with higher 
cognitive performance in college students. A short yoga video combined with instructional breathing techniques 
were administered to a group of undergraduate students prior to administration of a cognitive task. The 
participants involved in the yoga intervention did not perform significantly differently than the participants without 
the yoga intervention on the cognitive task.  These results may indicate that a short yoga session does not 
influence students’ cognitive performance.  However, several methodological problems could have contributed to 
the lack of results, suggesting a need for further research on the topic. 
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Stress is a common characteristic for a typical college 
student.  Academic stress can result from many different 
imperative stressors, such as final grades, term papers, 
examinations, and excessive homework (Kohn & Frazer, 
1986).  Stress has also exhibited a negative correlation with 
cognitive performance, thus negatively impacting academic 
performance (Evans, Allen, Tafalla, & O’Meara, 1996). 
Therefore, students would benefit from the identification of 
techniques that reduce stress and thereby potentially enhance 
cognitive performance. 

Evans, Allen, Tafalla, & O’Meara (1996), examined 
the effects of multiple stressors on cognitive performance.  The 
participants were college students who were randomly assigned 
to either watch a relaxing video or prepare and give a speech in 
front of a one-way mirror while being videotaped, which 
presumably increased the students’ stress levels.  Upon 
completion of the tasks, the participants were given an 
arithmetic test with a twenty-minute time limit. The results of 
the study concluded that the performance on the arithmetic test 
was negatively correlated with the amount of stress students 
experienced.  

Yoga is a technique that might be effective in reducing 
stress experienced by college students in certain performance 
situations. Research supports the claims that yoga can 
significantly  improve  physical  and  mental  wellness  (Monk- 
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Turner & Turner, 2010).  A number of other studies 
demonstrate yoga’s positive effects on stress reduction.  For 
example, a study by West, Otte, Geher, Johnson, and Mohr 
(2004) compared the effects of yoga and African dance on 
perceived levels of stress and emotion.  The research was 
conducted on undergraduate students enrolled in yoga, African 
dance, and a biology course, using the biology course as the 
control group.  Self-report questionnaires, measuring perceived 
stress, were given before and after class periodically 
throughout the semester. The difference in pre and posttests 
revealed that yoga and African dance had an immediate effect, 
significantly decreasing perceived stress.  This study supports 
the claim that yoga is effective in reducing stress levels.    

Additional studies have also yielded similar results in 
regards to stress reduction. Granath, Ingvarsson, von Thiele, 
and Lundberg (2006) studied the effects of cognitive behavioral 
therapy and yoga.  Participants were recruited from a large 
Swedish company and were randomly assigned into either the 
cognitive behavioral therapy or the yoga program.  Self-rated 
stress and stress behavior questionnaires were administered 
before and after each session in the ten-week program.  The 
questionnaires measured five aspects of stress, including 
perceived stress, anger, exhaustion, behaviors associated with 
stress, and quality of life.  Physiological measures of stress, 
such as heart rate, blood pressure, and salivary cortisol levels 
were also obtained before and after each session.  The results 
indicated that there was no significant difference between the 
two interventions; however the pretests and posttests for both 
interventions showed a constant significant decrease in stress 
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levels before and after each session throughout the ten-week 
program. 

Smith, Shelley, Dalen, Wiggins, Tooley, and Bernard 
(2008) also compared the effects of yoga to those of cognitive 
therapy by allowing participants to choose to partake in an 
eight-week session either in cognitive behavioral therapy or the 
mindfulness-based stress reduction sessions (MBSR).  MBSR 
included a combination of yoga, meditation, group discussion, 
and other various mindfulness tasks. Pretest and posttest 
questionnaires measured the stress levels of participants.  Both 
therapies resulted in significant reductions of stress; however, 
MBSR was found to be more effective than cognitive 
behavioral therapy in reducing stress. 

As these studies demonstrate, yoga has been found to 
be successful at lowering levels of stress.  Since the experiment 
by Evans et al. (1996) suggests that stress leads to poor 
cognitive performance, it is important to recognize possible 
ways to relieve college students of stress. Research suggests 
that yoga could be an effective coping mechanism amongst 
college students to decrease stress and consequently may 
improve academic performance. Little research has been done 
on the short-term effects of yoga on cognitive performance.  
Therefore, we have designed a study examining how the 
practice of yoga for a short period of time will affect immediate 
performance on a cognitive task.  

In this study, a ten-minute yoga video combined with 
instructional breathing techniques were administered to a group 
of undergraduate students prior to administration of a cognitive 
task. We hypothesized that the individuals receiving yoga 
intervention would perform higher on the cognitive measure 
when compared to the control group, due to reduced stress 
levels from practicing yoga.  
 

METHOD 
 
Participants 
 Thirty-five participants, 28 female, six male, and one 
other participant who chose not to report his or her gender, 
were involved in the study.  The participants were a 
convenience sample of students from the University of 
Minnesota who were enrolled in an introductory research 
methods class. The ages of the participants ranged from 19 to 
53 years (M = 22.46, SD = 5.93). Racially, 80% of the 
participants identified themselves as Caucasian, 11.4% were 
Asian/Pacific Islander, 2.8% American Indian, and 5.7% 
responded as Other.  The participants received course credit for 
participating in the study. 
 
Materials 

Two meditation videos were used in the experimental 
group.  First was a breathing techniques video retrieved from 
YouTube (http://www.youtube.com/watch?v=QiHmvzFdzT4). 
The purpose of the video was to teach the participants correct 
breathing techniques for use in the yoga session of the 
experiment.  The other video used was a ten-minute 

instructional yoga video retrieved from YouTube 
(http://www.youtube.com/watch?v=Q-T9tjgZaJM).  

We used a word scramble that we created to test for 
cognitive performance (see Appendix A).  The word scramble 
included 20 words with the letters scrambled from their 
original state. A hint relating to the scrambled word was also 
given.  An example from the puzzle is “LARNPODT” paired 
with the hint, “city”.  The correct answer for the pairing would 
be Portland. Cognitive performance was measured in regards to 
how many of the words were unscrambled correctly within a 
two-minute time limit.  
 
Procedure 
 Participants were first given a written informed 
consent form.  The students from one classroom were assigned 
as the experimental group, and the other as the control group.   

After obtaining informed consent, the word scramble 
puzzle was passed out to participants in the control group.  The 
puzzles were passed out face down and the participants were 
instructed when to turn over the paper and start the puzzle.  A 
time limit of two minutes was given for completion of the 
puzzle, although this information was not relayed to the 
participants in order to eliminate extra stress. After two 
minutes elapsed, participants handed in their puzzles to the 
researchers.  No debriefing was given to the participants.   

For the experimental group, following the informed 
consent procedure, participants were instructed that they would 
be participating in a yoga session. First, the participants were 
shown the breathing technique video described earlier.  Next, 
the yoga video was played to the class, while the participants 
followed along and practiced a short session of yoga.  After the 
completion of yoga, the participants were instructed to sit back 
in their seats while the word scramble puzzle was passed out to 
them in the same way as described for the control group above.  
The debriefing came in the form of answering any questions the 
participants had regarding the study. 
 

RESULTS 
 

To score the cognitive test, we calculated the number 
of correct responses from each participant.  The puzzles were 
scored between the values of 0 and 20, with one point given for 
each correct answer. We then conducted a two-tailed 
independent-groups t-test to test whether cognitive performance 
differed between the two groups.  Analyses showed that the 
yoga group (M = 11.2, SD = 4.45) and the control group (M 
= 10.94, SD = 3.73) did not differ significantly on cognitive 
performance, t(33) = -2.02, p = 0.841. 

 
DISCUSSION 

 
The results of this experiment did not support our 

hypothesis that participants receiving the yoga intervention 
would perform higher on the cognitive measure due to reduced 
stress  levels  from  practicing yoga.  Our  results  indicate that 
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yoga did not increase students’ cognitive performance on a 
simple task.  These findings are inconsistent with past research, 
such as the study by Evans et al. (1996) that found that 
performance on an arithmetic test was negatively correlated 
with the amount of stress students experienced.  Our hypothesis 
came from combining the results from Evans et al. (1996) with 
the findings from studies, such as Granath et al. (2006), which 
supports the claim that yoga decreases perceived stress. 
Therefore, we predicted that yoga would result in higher 
cognitive performance.  With our results indicating no 
significant difference between groups, we are not able to 
support this claim.  

Several methodological problems within our study 
could have contributed to the lack of significant results.  In the 
studies by West et al. (2004), and Granath et al. (2006), the 
yoga interventions were held in relaxing rooms with a qualified 
yoga instructor. Participants were also able to use yoga mats 
during the yoga session.  Our experiment lacked these three 
major components due to a shortage of time and lack of funds.  
Our yoga intervention took place in a classroom without yoga 
mats and used a video in place of a live instructor.  We did not 
manipulate the classroom in any way to increase relaxation 
(e.g., dim the lights). Furthermore, the participants in our 
study were also unaware of the yoga session taking place that 
day. Many participants were not adequately dressed for yoga, 
limiting their involvement during the yoga session.  These 
limitations possibly contributed to the lack of a significant 
difference between groups. 

Additionally, our word-unscramble puzzle may not 
have been an effective measure of cognitive ability.  In the 
experiment by Granath et al. (2006), the cognitive measure was 
a simple arithmetic test.  It is possible that yoga helps non-
verbal ability but does not affect performance specifically on 
verbal tasks, as represented by our results.  Our experiment 
resulted in a broad range of scores (4-20), indicating that 
students’ ability to unscramble words varied widely.  The 
ability to unscramble words could possibly be attributed to the 
diversity in learning styles or a difference in cognitive 
processes among participants. In other words, our cognitive 
measure may have lacked construct validity, inaccurately 
measuring our dependent variable and therefore affecting our 
results.  

Methodological issues could have also contributed to 
our non-significant results.  Our experiment had a design flaw 
by not inducing stress before administering the cognitive task. 
This could have been done by informing students of the two-
minute time limit. We decided not to add stress before the 
cognitive task in order to utilize the direct effects of the yoga’s 
stress reduction. We believed that added stress directly after the 
yoga session could have subsequently counteracted any stress 
reduction from the yoga. However, inducing stress, ideally 
prior to the experimental group performing yoga, should be 
part of future studies in order to create a similar level of stress 
amongst each participant. This will also create a level of stress 
that should be alleviated by the yoga session.  

While more research is needed to determine if an 
effect exists, it is also possible that the non-significant results 
are an accurate representation of the true situation. Currently, 
research in this field is very limited; therefore, more research 
on the topic will need to be conducted to determine if there is 
an effect between yoga and cognitive performance. 

 
APPENDIX A 

 
Instructions:  Unscramble these words. 

 
Scrambled Word Answer Hint 

ZRAEB  Animal 
MEALP  Tree 
EFEFOC  Drink 

LETB  Accessory 
EHAPC  Fruit 

ATWREES  Clothing 
UWSBYA  Transportation 

NASIP  Country 
EEDSRRS  Furniture 
PTALPO  Electronic device 

LARNPODT  City 
TPLIU  Flower 
TVOES  Appliance 
NITSNE  Sport 

CICOLBOR  Vegetable 
RYAGN  Mood 
MEANI  State 

NGSILHE  Major 
CNAOBR  Element 
NOIVLI  Instrument 
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The Effects of Stress on the Quality of a 
Speech Given by College Students 
 
Gabriela Severiano1, Ariane Riddell2, Yingjie Wang3, Xuerong Yu4, and Dingding Zheng5 
Department of Psychology, University of Minnesota, Minneapolis, Minnesota 
 
This study attempted to determine whether the level of stress experienced by an individual has an effect on his or 
her ability to perform well during a speech performance. A control group of participants was asked to read a short 
script in a private room with no audience. The participants in the experimental group were asked to read the same 
script in front of an audience of six people. After completion of the speech, all participants were asked to fill out a 
survey regarding their level of anxiety. All participants were video recorded and later evaluated on the quality of 
their performance. The control and experimental groups demonstrated significantly different levels of stress 
during their performance; however, there was no significant difference in the quality of performance between 
participants in the control and experimental groups. 
 

Pages: 17-21 
 
 
 

From one-on-one conversations to speaking to a large 
crowd, communication is a part of everyday life.  In some 
cases, public speaking may be a requirement, such as for 
college students who must give a presentation as part of their 
coursework. Anxiety due to public speaking is a serious 
concern for many communicators because the physiological 
responses can cause discomfort in the individual that can 
interrupt their typical communicative behaviors (Witt et al., 
2006). This issue is important for college students who seek to 
perform well in communicative tasks.  

 Previous research has shown that college students 
experience detectable levels of stress when performing a speech 
under experimental conditions.  Schoofs, Hartmann,  and  Wolf 
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(2008) measured levels of salivary cortisol and alpha amylase 
cortisol (SAA) in participants who were performing an oral 
examination for their area of focus at college. Increased 
cortisol levels relate to the distress a participant is feeling. 
Schoofs et al. found there to be a high concentration of cortisol 
and SAA in the pre-speech phase, and that the two levels 
continued to increase between the pre- and post-speech phases. 
Davison, Haaga, Rosenbaum, Dolezal, and Weinstein (1991) 
conducted a similar study that demonstrated distress 
experienced by participants in response to giving a class 
speech. In this study, participants were asked to self-rate 
themselves on anxiety after being placed in either a stressful or 
non-stressful speech condition. In the stressful condition, the 
instructor of the class gave challenging speech instructions to 
the speaker and there was a disruptive audience. In the non-
stressful speech condition, the instructor gave low-pressure 
instructions, the audience was receptive, and the speaker was 
given positive feedback on their speech. The researchers found 
that participants with higher behaviorally rated and self-
reported speech anxiety had significantly lower levels of self-
efficacy regarding their performance than the participants in the 
non-stressful condition.  It is reasonable to expect that 
differences in self-efficacy related to level of anxiety might 
affect the quality of the speech that is delivered. 

A different study suggests that knowledge of a 
stressful speech task prior to the performance influences the 
speaker’s feelings of discomfort before delivery of the speech. 
Feldmen, Cohen, Hamrick, and Lepore (2004) examined 
students in a public speaking course where they were required 
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to give a speech in front of an audience and then were asked to 
complete a questionnaire that asked about their level of anxiety 
during four stages of the speech. This study found that the 
greatest stress indicators occurred when the participant moved 
from the anticipation stage (hours and/or days before the 
speech occurred) to the confrontation stage (moments before 
the speech occurred) of their performance. These results have 
been replicated and expanded to examine stress levels post-
speech.  A study performed by Behnke, Freeman, and Sawyer 
(1997) demonstrated that the initial distress felt by the 
participants began to decline after starting the speech and 
continued to decline until moments after the speech was 
completed. 

Some previous studies have looked at the performance 
in stressful versus non-stressful conditions. In the study of Witt 
et al. (2006), participants were randomly assigned to either a 
stressor condition or a non-stressor condition.  In the stressor 
condition, participants were asked to prepare and perform a 
speech that would be filmed and evaluated. In the non-stressor 
condition, participants were asked to read a prepared speech 
aloud and that it would be analyzed later for content. The study 
showed that participants who prepared a speech experienced a 
greater lever of threat appraisal, negative emotion, and 
cardiovascular response than those who read a prepared speech.  
Similarly, Karst and Most (1973) analyzed two different stress 
conditions in which one group of participants were instructed to 
prepare an autobiographical speech to perform in front of an 
audience.  Each participant in the audience condition was told 
to perform their speech in front of a two-way mirror and that 
an audience would be watching from the other side of the 
mirror. In fact, there was no audience on the other side of the 
mirror. The other group was given instructions to perform their 
speech in front of only the two researchers. The researchers 
administered a finger sweat exam and a self-report 
questionnaire relating to stress prior to the performance, during 
the performance, and after the performance. While both 
conditions demonstrated high levels of anxiety in the 
participants, the study showed a slightly higher level of anxiety 
in participants who had received directions to perform a speech 
in front of an audience.  

The research cited above examined stress levels in 
different speech-making conditions. The present experiment 
extends these results by relating the level of stress experienced 
by a speaker to the quality of his or her performance. 
Participants were asked to read a speech in front of a camera. 
Half of the participants performed a speech in front of an 
audience of six people and were told that the quality of their 
speech would be evaluated later. The other half of the 
participants also were told that the quality of their speech 
would be evaluated, but they performed the same speech only 
to the camera, with no other people present. It was assumed 
(and confirmed by later measurement) that performing the 
speech in front of the audience of six would create more 
anxiety than performing the speech in front of a camera. The 
researchers hypothesized that increasing the level of stress prior 
to the speaker’s performance would cause the speaker to 

communicate less effectively and to receive a lower rating on 
the quality of their performance.  
 

METHOD 
 
Participants 
 The study involved the participation of 21 individuals; 
13 females and eight males. All of the participants were 
enrolled in an introductory research methods course at the 
University of Minnesota. The participants were given time 
during their regularly scheduled class to participate in the 
experiment. The participants varied in age from 19 to 28 (M = 
21.8, SD = 2.2). Of the twenty-one participants, 16 were self-
identified as Caucasian, three as Asian or Pacific Islander, and 
two as African American. Participants received course credit 
for participating in the study.  
 
Materials 

The performance of each participant was video 
recorded and then later evaluated by two of the researchers. In 
the control condition, the video camera was placed directly in 
front of the participant and the participant was asked to read a 
supplied script while addressing the camera. In the 
experimental condition, an audience of three researchers and 
three extras (friends of the researchers) were seated along with 
the video camera, directly in front of the participant. 
Therefore, video cameras were present in both conditions, but 
in order to manipulate the level of stress experienced by the 
participant, participants in the experimental condition were 
asked to read a supplied script to an additional audience of six 
people.  

The same script was used for each participant. The 
script (see Appendix A) was a section of an editorial taken 
from the Washington Post and was chosen because it was 
written in the first person and contained opinions of other 
individuals in the first person as well. This format was selected 
to allow the participant to perform, rather than read, the 
content of the script. The five researchers judged the reading 
level of the script to be slightly above average. This factor was 
important to ensure that the script was not too easy and was 
intended to enhance stress experienced by the participants.  

Immediately following each performance, participants 
were asked to complete a survey regarding their level of stress 
during the performance. The survey used for this measurement 
was Beck’s Anxiety Inventory (retrieved from 
http://www.panic-and-agoraphobia.com). The inventory asked 
nineteen questions pertaining to symptoms of stress by rating 
the symptom using a four point scale, with “0” being not 
bothered at all, and “3” being severely bothered by the 
symptom. The end of the survey contained three questions 
asking the participants to supply the researchers with their age, 
gender, and ethnicity (see Appendix B).  
 
Procedure 

One researcher was chosen to facilitate the 
participation of 10 participants in the control condition. The 
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facilitator ushered one participant at a time into the control 
condition and ensured that the video equipment was recording 
the performance of the participant properly. At the same time, 
a total of 11 participants were ushered one at a time into the 
experimental condition by another researcher for an individual 
performance in front of the audience. When the participant was 
brought into the experimental or control room, a researcher 
explained the purpose of the experiment and verbally gave a 
brief overview of the procedure to the participant. The 
participant was then asked to give verbal consent that they were 
willing to participate in the experiment and that they 
understood they could withdraw from the experiment at any 
time.  

Once consent was given, the participant was asked to 
read the script in its entirety and to continue reading to the end 
of the script, regardless of any errors made in the process. No 
time was given to the participants to rehearse the speech. In the 
experimental condition, participants started their performance 
immediately following instructions. Participants were told to 
address the audience during their performance. In the control 
condition, the facilitator handed the speech to the participant, 
started the video camera, and asked the participant to address 
the video camera when performing their speech. The facilitator 
then left the room and waited until the participant came out of 
the room to notify the facilitator that they had completed the 
performance. All participants were given the survey regarding 
their anxiety level, to fill out immediately following the 
performance. After completion of the survey, participants were 
verbally debriefed on the variables, the goal, and the 
hypothesis of the study.  
 

RESULTS 
 

After all 21 performances were completed, two 
researchers used the video recordings to evaluate the quality of 
each speech performance. The performance evaluation (see 
Appendix C) was created by the researchers and was designed 
to evaluate body composure, vocal volume, clarity of speech, 
and the number of mistakes. Body composure, vocal volume, 
and clarity of speech were scored on a five-point scale with “1” 
being poor, and “5” being excellent. Excellent body composure 
was defined as having good posture, exhibiting no fidgeting, 
and making eye contact.  Excellent vocal volume was defined 
as speaking at a volume that was easy to hear.  Clarity of 
speech was evaluated as the extent to which words were 
pronounced correctly.  Mistakes that were counted included 
misreading a word, stopping/losing one’s place, skipping words 
or sections, and adding words. 

The number of mistakes was scored by first tallying 
the total number of mistakes the participant made during his or 
her performance. Then, after all 21 performances were 
evaluated, the researchers found that the maximum number of 
mistakes made by any participant was 12 and the minimum 
number of mistakes was zero. Participants who made 0-1 
mistakes received a score of “5”, in order to reflect “5” being 
excellent as in the scale for body composure, vocal volume, 

and clarity of speech. The remaining numbers of mistakes were 
converted to scores as follows:  2-3 mistakes = "4"; 4-5 
mistakes = "3"; 6-7 mistakes = "2"; 8 or more mistakes = 
"1". The final performance score was the total of the 
participant’s scores for body composure, vocal volume, clarity 
of speech, and number of mistakes. An independent sample t-
test was used to compare the means for quality of performance 
between the participants in the audience group and no audience 
group. The audience group (M = 14.73, SD = 3.13) and the 
no audience group (M = 14.60, SD = 2.17) did not differ 
significantly on level of performance, t(19) = 0.107, p = 
0.452. 

The anxiety level experienced by each participant 
served as a manipulation check to show whether the anxiety 
level in the audience condition and no audience condition was 
different. As described earlier, each participant self-rated their 
anxiety using Beck’s Anxiety Inventory. The researchers 
obtained an overall anxiety score for each participant by 
summing the score given to each of the nineteen questions of 
the inventory. Participants in the audience group (M = 8.09, 
SD = 5.01) scored significantly higher on level of anxiety than 
the no audience group (M =1.60, SD = 2.22), t(19) = 3.768, 
p = 0.0005.  

 
DISCUSSION 

 
The results of this experiment did not support our 

hypothesis that participants would perform worse when reciting 
a speech while experiencing a greater level of anxiety. 
Although participants in the audience condition experienced 
significantly higher anxiety than the no audience condition, the 
results did not show a significant difference between the 
performance level of the control and experimental groups. No 
relationship was found between the performance of the 
participant and the level of anxiety the participant experienced 
during the performance.  
 The results of this study, however, do show that the 
audience/no audience manipulation was successful in 
manipulating the level of anxiety. The experimenters 
successfully created two different stress environments, in which 
the condition of performing in front of an audience created 
more anxiety for the participants. This result is consistent with 
the previous studies done by Schoofs, Hartmann, and Wolf 
(2008), and Witt et al. (2006), which both showed an increase 
in anxiety experienced by the participants when in a more 
stressful speech task. 

None of the previous research correlated an increase 
of anxiety with the quality of performance, but previous 
research does offer a possible explanation for the lack of a 
significant correlation between anxiety and performance level. 
Unlike the high anxiety levels experienced by participants in 
the study done by Karst and Most (1973), the overall anxiety 
score for both stress conditions in this current study indicated 
low anxiety. The overall low level of anxiety could indicate 
that the researchers were not able to create a stress condition 
that would cause a large enough level of anxiety in the 
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participants to cause changes in their performance. Also, the 
study done by Karst and Most (1973), as well as the study done 
by Witt et al. (2006), showed that greater anxiety was 
experienced by participants who prepared and recited their own 
speech compared to those who read a prepared speech. It is 
possible that there was no significant difference in performance 
level because not enough anxiety resulted from reading a 
prepared speech. It would be important to see if the pressure 
from having to recite their own speech would create a greater 
level of anxiety, and in turn have a greater impact on the 
performance level.  

Another important consideration, as shown in the 
experiment by Feldmen et al. (2004), was that the participants 
might not have accurately recorded the level of anxiety they 
experienced during the performance because the self-report was 
done after the performance was completed. Furthermore, it has 
been shown that participants feel the greatest amount of anxiety 
from the moment that they became aware of the task they 
would perform up until the performance started, and that the 
levels of anxiety experienced by the participants continue to 
decline well into the moments following the start of the speech 
(Feldmen et al., 2004; Behnke and Sawyer, 2001; Freeman, 
Sawyer, and Behnke, 1997). Again, if the participants did not 
experience the greatest level of anxiety during the performance, 
this could mean that they did not experience enough anxiety to 
have affected their performance level.  

It might be important to change the sample of 
participants in future experiments to better reflect the 
population of college students. The participants used for this 
experiment were classmates also performing experiments of 
their own for a psychology course. It is possible that because 
the performance had no personal significance to the participant, 
they had no reason or need to perform well. Therefore, in 
future studies it would be beneficial to examine the 
performance level of an individual that is performing a speech 
for a class letter grade, for example. If the participants work to 
have a more successful performance, they may experience a 
higher level of anxiety, which may have a greater impact on 
their performance level.  

Lastly, future studies may require a different method 
for rating the performances of each participant. In this 
experiment, the researchers knew which performers were in the 
experimental and control conditions. In order to avoid the 
possibility of research bias, future studies would need to blind 
the evaluators to the participant’s room assignment and anxiety 
condition. However, if observer bias existed in the present 
study, one would expect there to have been a trend towards a 
significant difference in performance level, but that was not the 
case. 

This study suggests that college students may not need 
to worry about anxiety affecting the quality of their 
performance in a task that requires public speaking. 
Participants did not perform worse in front of an audience 
when experiencing greater levels of anxiety.  Anxiety can 
produce discomfort when a student performs a speech and a 
student may wish to find ways to reduce the anxiety and 

associated discomfort, but performance seems to be unaffected 
by differences in anxiety at low levels. 

 
APPENDIX A 

 
Today’s grandparents occupy different roles in different families. But common 
across the world of grandparenting is the notion of unconditional love. If the 
stereotypes are true, grandparents praise; they do not discipline. And although 
they may advise or criticize their own children, their relationship with their 
grandchildren is founded on stories of the kids’ achievements, and stories of 
some of their own. 
 
My grandmothers knew both my strengths and weaknesses, but only the 
strengths were mirrored back to me. I benefited from their generous praise, 
something every insecure college applicant needs. In a selective admissions 
climate, where college decisions can seem like judgments of a child’s worth, a 
grandparent’s expertise at cheering from the sidelines can be priceless, and I 
argue their presence makes a more confident applicant and perhaps a more 
confident essayist (after all, many essays seem to be written about a 
grandparent).  
 
In a world where some parents and students find failure when standardized test 
scores aren’t perfect or when “A” grades are the exception, a grandparent’s 
praise can mitigate the pressure for perfection. Grandparents have the unique 
ability to understand the complexity of growing pains while highlighting the 
special and unique aspects of their grandchildren. 

 
APPENDIX B 

 
Beck Anxiety Inventory: 
 
Below is a list of common symptoms of anxiety. Please carefully read each 
item in the list. Indicate how much you have been bothered by that symptom 
during the performance, by circling the number in the corresponding space in 
the column next to each symptom. 
 

 Not at all Mildly, but it didn't 
bother me much 

Moderately, it wasn't 
pleasant at times 

Severely, it 
bothered me a lot 

numbness or tingling 0 1 2 3 
feeling hot 0 1 2 3 
wobbliness in legs 0 1 2 3 
unable to relax 0 1 2 3 
fear of worst happening 0 1 2 3 
dizzy or lightheaded 0 1 2 3 
heart pounding/racing 0 1 2 3 
unsteady 0 1 2 3 
terrified or afraid 0 1 2 3 
nervous 0 1 2 3 
feeling of choking 0 1 2 3 
hands trembling 0 1 2 3 
shaky/unsteady 0 1 2 3 
fear of loosing control 0 1 2 3 
difficulty in breathing 0 1 2 3 
scared 0 1 2 3 
faint/lightheaded 0 1 2 3 
face flushed 0 1 2 3 
hot/cold sweats 0 1 2 3 

 
Demographic Questions: 
 
1. What is your age? _______ 
2. What is your gender? 

a. Male 
b. Female 

3. What race do you consider yourself to be?  
a. Caucasian 
b. African American  
c. Hispanic  
d. Asian/Pacific Islander  
e. Native American  
f. Other (please specify) ______________ 



 
 

THE EFFECTS OF STRESS ON SPEECH PERFORMANCE                                                                            Severiano, Riddell, Wang, Yu, and Zheng                
 
 

 
 
VOLUME 6 – SPRING 2012 - www.psych.umn.edu/sentience 
© 2012 Regents of the University of Minnesota                                                                                                                                                             21 

APPENDIX C 
 

Speech Evaluation Scale: 
 
Rate the following on a five-point scale.  

1. poor 
2. fair 
3. average 
4. great 
5. excellent 

 
Body Composure _______ 
Vocal Volume _______ 
Clarity of Speech _______ 
Number of Mistakes _______ 
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Facial Recognition of Cheaters and Cooperators in 
Group Projects 
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Past research has suggested that individuals have enhanced memory for the faces of people who engage in 
cheating behavior. However, past research has focused mainly on the effects of social cooperation on facial 
recognition in one-on-one interactions. The purpose of this study was to explore the relationship between social 
cooperation in group projects and facial recognition. Participants looked at facial photos paired with descriptions 
of either cooperative or cheating behavior for 24 individuals who had recently worked together on a group 
project. Participants were later tested on their ability to remember the facial photos. This study found faces of 
cooperators are remembered significantly more than faces of cheaters in group projects. These results are 
consistent with the idea that it may be more beneficial to remember cooperators when interacting within groups, 
as opposed to in one-on-one interactions. The researcher interprets these results in terms of the evolutionary 
mechanism of alliance formation. 
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From an evolutionary perspective, it seems social 
cooperation is a necessary component in understanding how 
humans have become successful and efficient social beings. 
According to social contract theory, (Tooby & Cosmides, 
1992) it is important for individuals living in a social 
environment to practice reciprocal cooperation or altruism 
(e.g., “you help me, and I’ll help you”). If, on the other hand, 
individuals practiced reciprocal cheating (e.g., “you cheat me, 
and I’ll cheat you”) far less would be accomplished or gained. 
Humans are very social beings and thus social contracts 
provide an important area of psychological research. This 
paper will focus on elements of the social contract theory of 
Tooby and Cosmides (1992) concerning cooperation, explained 
as, “If you take benefit, then you pay the cost” (p. 185). 
According to this social contract, cooperators are those who 
pay a cost and in return receive a benefit; whereas cheaters are 
those who do not pay a cost but still receive a benefit.  

Given the ideas of Tooby and Cosmides, one might 
expect that there would be an evolutionary advantage associated 
with the ability to recognize the faces of people who are 
particularly honest or dishonest.  Many studies have shown that 
humans have an enhanced ability and desire to remember faces 
of those perceived as cheaters  in  situations  involving  one-on- 
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one interactions (Chiapee, Brown, Dow, Koontz, Rodriguez, & 
McCulloch, 2004; Bell & Buchner, 2009, 2011; Bell, Buchner, 
& Musch, 2010).  For example, Chiapee et al. (2004) asked 
subjects to classify a person as a cheater, a cooperator, or 
neither based on a short behavioral description. The 
descriptions of the cheaters varied in the amount of resources 
involved. For example, John borrowing 1,000 dollars from 
Eric and never repaying the debt would involve fewer 
resources than Tim borrowing 10,000 dollars from Eric and 
never repaying the debt. The researchers then asked the 
participants to rate how important it was to remember each 
person, based on the behavioral descriptions, using a 7-point 
Likert scale.  They found cheaters were rated as significantly 
more important to remember than cooperators, especially when 
more resources were involved. Additionally, they paired facial 
photos with each behavioral description, and then tested the 
time participants spent looking at the pictures in each of the 
three categories (cheaters, cooperators, or neither). They found 
the participants spent significantly more time looking at the 
pictures of people classified as cheaters (Chiappe et al., 2004). 
Furthermore, when they later presented the participants with 
the previously seen photos, they found participants were able to 
recognize the cheaters’ faces more often than those classified as 
either cooperators or neither. The participants’ increased ability 
to remember faces of cheaters may be a consequence of looking 
at the photos of cheaters for a longer duration. These results 
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indicate that untrustworthy behavior often receives more 
attention than trustworthy or neutral behavior.   

Similarly, Mealey, Daood, and Krage (1996) studied 
how a person’s professional status and the apparent threat they 
posed affected facial recognition. They showed participants 36 
facial photos along with a short description of each person’s 
character and profession. The character descriptions portrayed 
the people in either low-status or high-status jobs and either 
acting in a trustworthy or dishonest way. A week later they 
showed the same subjects 36 facial photos, 18 of which they 
had seen previously along with 18 new photos. They found the 
subjects remembered significantly more photos of low status 
cheaters. Furthermore, Bell and Buchner (2009) tested whether 
enhanced memory of cheaters was due to a specific human face 
processing system or simply the behavior of cheating. They 
conducted a study similar to Mealey, Daood, and Krage 
(1996); however, instead of faces they used names. As 
predicted, they found an enhanced memory for names of 
cheaters. The previous studies support the idea that cheating 
behavior, in general, is more memorable than non-cheating, 
cooperative behavior. 

In addition to studying enhanced memory for names of 
cheaters, Bell and Buchner (2010) also studied the effects the 
emotional valence of behavior had on the participant’s ability to 
recall faces of cheaters and cooperators. Much like the previous 
studies they presented subjects with facial photos along with a 
short description of each person’s behavior. However, in 
addition to measuring the effect of cheating vs. trustworthy 
behavior on memory, they also manipulated the emotional 
valence of the behaviors. For example, a cheating behavior 
with low emotional valence would be downloading music; and 
a trustworthy behavior with high emotional valence would be 
saving someone’s life. They found that the enhanced memory 
of cheaters was reduced if cheating behaviors of low emotional 
valence were presented with trustworthy behaviors of high 
emotional valence in the same individual.  These results 
suggest that cheating behavior is not necessarily more 
remembered if it is not of great emotional valence or 
importance.   
 Bell, Buchner, and Musch (2010) studied the effects 
that social cooperation has on facial recognition of cheaters and 
cooperators. They created a computer program in which a 
participant played an investment game against a computerized 
opponent. The computerized opponent would cooperate (invest 
the same amount as the participant, so each would take an 
equal gain or loss), defect (invest less than the participant, so 
he would gain more or lose less), or be neutral (make no 
investment). They found that defectors and cooperators were 
remembered equally well. Further, they found defectors and 
cooperators were remembered more often than the neutral 
group. Their results demonstrate the importance of 
circumstance and interaction on memory. 
 The previous studies demonstrate memory is enhanced 
for the faces and names of cheaters in one-on-one interactions, 
especially if the cheating is of a high emotional valence and 
involves considerable resources. However, little research has 

been done on the relationship between cheating and memory in 
the context of group projects. A group project is a situation in 
which many people interact simultaneously in order to 
accomplish a common goal. This topic is relevant because 
group collaborations are very common at all levels of education 
and business. Ideally, groups adopt a strategy in which every 
group member receives an equal benefit (the grade), in return 
for paying an equal cost (the work). The study described in this 
paper will define cooperators as those individuals who pay the 
cost of work in return for the benefit of a good grade, whereas 
cheaters will be defined as those individuals who do not pay the 
cost of work in return for the benefit of a good grade. 

While Bell et al. (2010) found no significant difference 
in recall between faces of cheaters and cooperators in their 
social cooperation game, we believe the context of a group 
project will provide more motivation for the enhanced recall of 
cheaters. We hypothesize participants will have enhanced 
memory for those they perceive as cheaters in the context of a 
group project because cheaters take a significant toll on the 
whole group and are detrimental to the common goal.  
 

METHOD 
 
Participants 

We obtained a convenience sample of 23 University of 
Minnesota undergraduate students, eight male and 15 female. 
The participants ranged in ages from 20 to 53 years old (M = 
22.91, SD = 6.83). The researchers selected students from a 
research methods class at the University of Minnesota. The 
participants received course credit for participating in the 
study.  
 
Materials  

The researchers created all of the materials used in this 
experiment with one exception: the facial photos (retrieved 
from http://pics.psych.stir.ac.uk). Materials for the Stroop 
Interference Task were based upon those described by Stroop 
(1935).  

This study consisted of three stages: encoding, 
interference, and recall. All phases were administered using 
Microsoft PowerPoint 2008. The encoding phase consisted of 
24 male facial photos, pre-selected to exclude facial 
characteristics that may have an effect on memory. Each photo 
was randomly paired with a short behavioral description (see 
Appendix A). Each and every participant received the same 
picture and description combinations. Behavioral descriptions 
were divided into two categories: high cooperation (i.e., 
cooperators) and low cooperation (i.e., cheaters). Examples of 
both high- and low-cooperation descriptions can be found in 
Appendix A.  

The recall phase consisted of 24 facial photos without 
behavioral descriptions. Each facial photo was presented on its 
own numbered slide. A corresponding sheet of white paper, 
numbered 1-24, was given to the participants, on which they 
were instructed to record an “R” for each face they recalled 
and an “N” for each face they did not recall.  Of the 24 facial 
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photos used in the recall phase, 12 were taken from the 
previous encoding phase, of which six photos from each of the 
high and low cooperation description categories were used. The 
other 12 photos were new facial photos that had not been 
shown to participants in the encoding phase of the experiment.  

 
Procedure 
 Prospective participants were asked if they would like 
to take part in a short, 15-minute study. Upon agreeing to take 
part in the study, participants were taken to a computer lab and 
assigned an individual computer on which they would complete 
the study. Each participant was seated in a room with two other 
participants and the administrator. The researchers then opened 
a Microsoft PowerPoint file containing the experiment. The 
first slide contained a paragraph of informed consent, and a 
brief description of their task (see Appendix B). The 
researchers then answered any questions concerning the 
participants’ task. The participants were given seven minutes to 
complete the encoding phase. The 24 facial photos and 
behavioral descriptions were presented to the participants in 
three groups of eight (eight photos at one time), representing 
the hypothetical groups the people in the photos worked in (as 
shown in Appendix A).  Each group of eight photos included 
descriptions of four high-cooperation group members and four 
low-cooperation group members. 

After the participants completed the encoding phase 
the researchers administered the Stroop task as interference. 
The interference task was administered in order to prevent 
participants from mentally rehearsing the images prior to the 
recall phase, and to create a temporal buffer between the 
encoding and recall phases. During this phase participants 
completed a task in which they tried to record the color that 
different color names were printed in. For example, if the word 
“blue” were printed in green ink, participants were instructed 
to write “green”. The participants were given two minutes to 
complete as much of the task as possible. Participants were 
shown 18 words in total and all words were presented 
simultaneously. The participants were provided with a blank, 
white sheet of paper, on which they recorded their answers. 

After completion of the interference phase, the 
researchers administered the recall phase. The researchers told 
the participants they would be shown 24 facial photos, and 
were given a numbered page on which to record which faces 
they remembered (by marking “R”) and which faces they did 
not (by marking “N”). Following completion of all three stages 
of the experiment the researchers presented participants with a 
debriefing slide, which described the nature, the variables, and 
the goals of the study. 

 
RESULTS 

 
The dependent variable assessed in this experiment 

was the number of facial photos of both cheaters and 
cooperators  each   participant   remembered.    Our  data   was  

 
 

FIGURE 1.  Mean number of cheater, cooperator, and novel faces 
remembered by participants. Error bars represent standard deviations. 

 
analyzed using a one-tailed, repeated-measures t-test to 
determine if participants were significantly more likely to 
remember faces of cheaters over cooperators.   

Analyses showed that participants remembered more 
faces of cooperators (M =5.61, SD = 1.62) than faces of 
cheaters (M = 4.61, SD = 1.50), t(22) = 14.72, p = 0.996.  
This difference is illustrated in Figure 1. We did not find 
significant results because we had a one-tailed hypothesis and 
the results were in the wrong direction, a non-directional t-test 
of these results would have been statistically significant. As an 
indication of the rate of false-positive recalls, participants 
reported “remembering” an average of 2.91 novel faces (SD = 
0.29).  

 
DISCUSSION 

 
We hypothesized participants would have enhanced 

memory for those they perceive as cheaters in the context of a 
group project. Our data did not support our hypothesis. Our 
data suggest enhanced memory for faces of cooperators in this 
context. In fact, a non-directional t-test of these results would 
have been statistically significant.  These results are 
inconsistent with the previous research that suggests individuals 
have an enhanced memory for faces of cheaters (Chiappe et al., 
2004; Mealy et al., 1996). However, Bell & Buchner (2011) 
suggest that memory is affected by the emotional reaction a 
person has to the facial photo and behavioral description at 
encoding. Our study did not measure the participant’s 
emotional reaction at encoding. Without this information it is 
not possible to determine if the participants’ emotional 
reactivity to the facial photos or behavioral descriptions 
affected memory.  

As described earlier, the social contract theory of 
Tooby and Cosmides (1992) assumes people expect others to 
behave a certain way in specific social situations. Past research 
suggests people have enhanced memory for those who deviate 
from the expected behaviors, rather than those who adhere 
(Chiappe et al., 2004; Mealy et al., 1996; Bell & Buchner, 
2009; Bell et al., 2010). However, past research has not looked 
at the effects that cheater/cooperator behavior has on memory 
in the specific social context of group projects. It may be that 
the benefits  of remembering cooperators  are greater  than  the 
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benefits of remembering cheaters while working in a group.  
One key aspect of group interactions is that they may 

allow opportunities for alliance formations. During the 
evolutionary past of humans, it was relatively safe to assume 
that if you worked with a group of people once, you would 
more than likely have the opportunity to work with the same 
people again. It is important to note that oftentimes while 
forming groups, it is likely that people have the opportunity to 
select their partners. Also, partners are usually selected from a 
limited pool of people (e.g., a class of 120 people). Assuming a 
person remembers the hardest workers from their last group, 
the next time an opportunity arises to work in a group, that 
person will have the benefit of being able to align themselves 
with the hardest workers from the previous group. In doing so 
the person has the opportunity to minimize the number of 
cheaters in their group, and maximize the number of 
cooperators. Thus, when a person remembers cooperators they 
may be able to more quickly form reliable alliances. 

On the other hand, if we assume a person only 
remembers the poorest workers from the previous group, he is 
not necessarily ensuring the next group he works in will 
include hard workers. Logically, he may only know who to 
exclude from the next group, not who to allow in. By failing to 
remember cooperators, he does not have the advantage of being 
able to form alliances with cooperators in the next group 
endeavor. He may have to go through every person in the pool 
of possible partners before he can be sure his group will not 
include a cheater. Not only will this method take significantly 
longer than remembering cooperators, but the person will also 
have to remember significantly more people. If we follow this 
logic, it will be much harder to form reliable alliances if a 
person does not remember cooperators.  

Several methodological problems exist within the 
present study which should be addressed in future research. In 
Bell et al. (2010), participants interacted with cheaters and 
cooperators in the form of a computer game, which allowed 
participants to become invested in the behaviors of others. In 
the present study participants did not interact with the perceived 
cheaters and cooperators; they simply read descriptions of 
behaviors and looked at pictures. For this reason our study 
lacked realism. In real group projects, people interact and are 
reliant upon the performance of the other group members. In 
our study, participants were disengaged from the group. Future 
research on the affects of behavior and memory within group 
projects should allow participants to be actively engaged and 
invested in the group, either by conducting an experiment in a 
live group situation with confederates or by creating a 
computer program that allows participants simulated 
interactions. Another methodological problem that may have 
affected the validity of the current study is that only male facial 
photos were used. In order to more adequately test the claims 
the researcher makes in this paper, it is imperative future 
research incorporates both male and female facial photos. 

Additionally, in previous studies (Chiappe et al., 
2004; Mealy et al., 1996) participants looked at one picture 
and behavioral description at a time. In the current study 

participants looked at a screen with eight pictures and 
descriptions presented side by side and simultaneously. This 
presentation method may have caused participants to focus less 
on each individual picture and description resulting in weaker 
overall recall for individual faces. Also, in order to more 
thoroughly test this theory it is necessary for future research to 
measure the participants’ emotional reactions to the photos at 
encoding. Measuring the participants’ emotional reaction to the 
photos may allow the researchers to determine if some photos 
are simply more memorable than others.  

The current research on the effects of 
cooperation/cheating behavior on memory is mixed (Chiapee et 
al., 2004; Bell & Buchner, 2009, 2011; Bell, Buchner, & 
Musch, 2010; Mealy et al., 1996). However, mixed results 
should not discourage future research on the topic. Our study 
suggests that in the social context of group projects people have 
enhanced memory for faces of cooperators. These results 
suggest people may not be innately programmed to remember 
cheaters over cooperators, or vice versa; rather whom people 
remember may be a direct result of the social context in which 
the interactions take place. Different social contexts offer 
varying sets of costs and benefits. Past research agrees that the 
costs and benefits of each social situation affect which people 
we remember (Bell, Buchner, & Musch, 2010). If we are to 
continue research on this topic, we must be aware of the costs 
and benefits associated with each social context in order to 
more accurately understand why people have enhanced memory 
for cheaters or cooperators. Further incorporating alliance 
formation and development theories into research on social 
cooperation in group interactions may provide valuable insight. 

 
APPENDIX A 

 
Sample from Encoding Phase: 
 

 
The upper-left photo, the description of “J.J.”, is an example of a low-

cooperation description. The description to the immediate right, that of M.W., 
is an example of a high-cooperation description. 
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APPENDIX B 
 

You are being asked to participate in a study being conducted as part of a 
class project in a research methods class in the department of Psychology at the 
University of Minnesota. Participation in this study is voluntary. If you choose 
to participate you may stop participating at any time. You may withdraw your 
data at any time, including after you have completed the study. If you choose to  
participate no identifying information will be gathered from you, so it will be 
impossible to identify you as a participant. You may ask me question before or 
after you complete the experiment. I can also tell you how to contact the course 
instructor if you have any questions for him.  

 
The PowerPoint you will see contains pictures and descriptions of 24 

students from an introductory anthropology class. The 24 students were split 
into 3 groups of 8 in order to complete a project. The following is a description 
of their assignment: Each group had to choose and research a hunter-gatherer 
culture. They then had to write a paper and give an in-class presentation on the 
culture they chose.  

 
Instructions: Your task is to look at the pictures and read the descriptions 

of each student thoroughly. You will be asked about them later. You will have 
7 minutes to complete your task. If any of the above information is unclear, 
please ask the administrator for clarification.  
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

. 

. 
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