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Background 

 Before beginning a race, do you jump right into it and run as fast as you can, 

or do you do a warm-up to loosen up and wake up your muscles before the race 

starts? Most people would agree that warming-up before a race would be a good 

idea. If someone were to just jump into a race without doing any warm-up exercises 

their muscles would not work well and they would most likely not get a very good 

time. Are cognitive tasks affected by “warm-ups” as well? Is “warming-up” your 

brain before taking a test or doing a cognitive task an important step in doing well?  

Furthermore, is it important what area of the brain you’re warm-up activity 

targets in relation to the task to be preformed? Just as it would be less helpful to 

warm-up your arms in comparison to warming-up your legs for a running race, is 

warming-up the same part of the brain that is to be primarily utilized in the 

cognitive task important? Just as the whole brain works together, so does the body, 

yet it is still important to focus on the particular area of the body being put under 

the most stress, so this may also be true for the brain.  

Therefore, this study sought to determine whether or not doing a mentally 

stimulating activity before performing a cognitive task changed the performance on 

the task and the brain activity recorded during the task. In addition, the effect of two 

different types of activities were examined, a visual-spatial activity (drawing), and a 

language activity (writing) on a visual-spatial task (Ravens).  

Introduction 



As of today, there is very little research examining the effect of warming-up 

the brain before performing a cognitive task. However, since properly “warming-up” 

your brain before a task may affect your performance, I believe this area needs more 

attention. The idea of performing a mentally stimulating task before studying 

and/or taking a test was a new idea that I learned when studying for the MCAT. 

Examkrackers, a test preparatory company, suggests reading a magazine, or 

something light, before studying the material because you cannot just jump into 

learning about hard material, you need to first get your mind thinking and working 

(Calvin and Orsay, 2005). There was not much explanation as to why this was, but it 

made sense. People never perform well on a test after just rolling out of bed. People 

typically review the material or do some cognitive task before the test. While this 

may be to review the material, it also gets your brain warmed up. So, I wanted to 

learn more about why it was important to “warm-up” your brain. Examkrackers 

suggested reading before studying so I wondered if the same would be true for 

visual spatial tasks. Language uses the left side of the brain while visual spatial tasks 

utilizes the right side of the brain (Bopp, 2012).  Did both sides of the brain need 

activation before being used maximally? Also, more importantly, I wanted to know if 

the “warm-up” activity had to be task-specific. Did it matter if the “warm-up” activity 

was language based or visual spatial based when completed before a visual-spatial 

task? 

A previous studies have tried to demonstrate that preforming an initial task 

before completing a working memory span task would deplete the cognitive 

resources related to the specific initial task, and thus lower working memory 



performance (Healey, Hasher & Danilova, 2011). While this study was useful for 

examining the effects of the initial task, the purpose of the initial task in the present 

experiment is to boost the brain’s functioning, not to deplete it. Furthermore, the 

previous study examined working memory, which is vastly different from visual-

spatial problem solving, which the present experiment examines. Thus, much more 

research needs to be done in this field to increase our knowledge and understanding 

of how initial activities can affect many different tasks.  

In the present study, both the left and right hemisphere activity was 

examined in this study to see the difference in activation during each type of task 

and while completing the visual-spatial task, Ravens. In addition, both alpha and 

beta waves were examined in both the left and right hemisphere. Alpha waves occur 

when the person is relaxed and have a frequency around 7-13 pulses/sec (Heyrman, 

1995). Beta waves occur when the person is alert and thinking and have a frequency 

around 13-60 pulses/sec (Heyrman, 1995). 

It was hypothesized that completing a warm-up activity will increase both 

brain activity and performance on a cognitive task. Furthermore, it was 

hypothesized that the visual-spatial warm-up activity will cause a greater increase 

in brain activity during the visual-spatial task than the language activity will. 

Methods 

Equipment: A Biopac acquisition unit was used to collect data from an EEG 

cap covering the right and left hemisphere.  The electrode sites F3 and F4 were used 

to measure the alpha and beta waves from both the left and right hemispheres of the 

prefrontal cortex. A ground electrode was also recorded from. Electrode clips were 



placed on both the left and right ears to help cancel out irrelevant brain activity. 

Ravens psychological testing booklets were used as the visual spatial task. Pictures 

and short descriptions were used as the prompt for the writing and drawing 

activities respectively.  

Procedure: 11 college females, ranging from 18-22 years of age participated 

in this study. Subjects were picked from a convenience sampling and were randomly 

assigned to conditions. The procedure each subject followed is shown below. Before 

recording could begin, participants got into a comfortable position to prevent 

movement during the experiment causing interference with the data collection. 

Once the participant was comfortable, the EEG cap was put over the participants’ 

head and the electrode clips were placed on both ears. Electrode gel was put into all 

of the electrodes recording from, including the ear clips. Once a good connection 

was established (not too much variability, nor a flat line) recording began.  

Recording persisted throughout the duration of the experiment. Each Ravens testing 

session consisted of nine “puzzle” questions in which the participant had to choose 

from eight options for which piece was missing from the demonstrated pattern. 

Once the experiment was complete, the EEG cap was removed along with the 

electrode clips and the participants were allowed to leave.  



 

Image 1: Procedure 
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Image 2: Sample Ravens questions 

 

 



 

 

Image 3: Sample picture used as a writing prompt.  

 

 

Image 4: Sample description for drawing prompt.  

 

 

 

 

 

Large castles amongst trees in the mountains. Sunny day. 



Results 

 

 

 

 

 

 

 

 

 

Figure 1: Average recorded change in alpha and beta waves in the left and right hemisphere 

for the duration of the experiment. 

There was no main effect for hemisphere or wave, nor was there a significant 

interaction between hemisphere and wave. However, the right hemisphere did 

show a greater change from baseline than the left hemisphere for both alpha and 

beta waves. The average wave changes in the left hemisphere were .937 for alpha 

waves and .874 for beta waves. In the right hemisphere, the average alpha waves 

were 1.319 and 1.201 for beta waves.  Thus, the right hemisphere alpha waves were 

.382 greater than the alpha waves recorded from the left hemisphere, and the right 

hemisphere beta waves were .327 greater than the beta waves in the left 

hemisphere. While the difference may not be statistically different, the brain activity 

is definitely greater in the right hemisphere than in the left hemisphere. 
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Figure 2: Average recorded change in the alpha and beta waves during the writing and 

drawing tasks.  

There was no main effect of task or hemisphere, nor was there a significant 

interaction between task and hemisphere. During the writing task, the left 

hemisphere activation was .945 while the right hemisphere was 1.393. During the 

Drawing task, the left hemisphere activation was 1.070 and the right hemisphere 

was 1.527. Both tasks activated the right hemisphere more so than the left 

hemisphere, with drawing activating the right hemisphere .457 more than the left 

hemisphere and writing activated the right hemisphere .448 more than the left 

hemisphere.  
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Figure 3: Average change in alpha and beta waves during each of the three Ravens tests. 

There was no statistically significant interaction between Ravens and wave. 

However, Ravens 2 and 3 had slightly greater brain waves that in Ravens 1. The 

change in alpha waves in ravens 1 to 2 to 3 was: 1.040, 1.171, and 1.173 

respectively. The beta waves from ravens 1 to 2 to 3 was: .978, 1.071, and 1.063 

respectively. Therefore, there were slightly more alpha and beta waves being 

emitted while completely Ravens 2 and 3 then during Ravens 1. 
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Figure 4: Average score for each ravens test. The scores shown are the number of puzzles the 

participant got correct divided by the total number of puzzles for each test (nine), yielding a 

percentage of puzzles correctly solved for each test. 

The average score for the first Ravens was .554, .607 for the second Ravens, 

and .550 for the third Ravens. Participants scored slightly higher during the second 

test than both the first and third test.  

Conclusion 

 The data collected in this experiment was inconclusive because there was no 

significant findings, only inferences can be made. Thus both hypothesizes: that 

completing a warm-up activity will increase both brain activity and performance on 

a cognitive task and that the visual-spatial warm-up activity will cause a greater 

increase in brain activity during the visual-spatial task than the language activity 

will were not fully supported by the data. However, interesting inferences can be 

made which can help direct future research. 
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 Figure one demonstrates that the right hemisphere was more active 

throughout the experiment than the left hemisphere in both alpha and beta waves. 

This finding makes sense because both activities and the cognitive task required 

creativity of some sort. While the drawing activity and the Ravens task both 

required visual-spatial skills, which also activate the right hemisphere. Thus, the 

majority of the experiment was devoted to the right hemisphere, except for the 

writing activity aiming to activate the left hemisphere, but being overshadowed by 

the drawing activity and the visual-spatial task, and in most likely adding to the 

right hemisphere activation because of the creativity involved with the writing 

activity. However, these results are a good demonstration that the data was 

correctly collected and accurate, as the expected hemisphere, the right hemisphere 

was more active than the left hemisphere during the whole of the experiment.  

The data presented in figure two is surprising: the drawing task activated the 

left hemisphere more than the writing task did. The left hemisphere is more 

language based and since writing would be assumed to use more language than 

drawing, the writing task should have activated the left hemisphere more than the 

drawing task. Furthermore, the right hemisphere was activated more than the left 

hemisphere in both the writing and drawing task. In the drawing task, the right 

hemisphere was .457 greater than the left hemisphere. In the writing task, the right 

hemisphere was .448 greater than the left hemisphere. However, the right 

hemisphere during the drawing task was .134 greater than the right hemisphere 

during the writing task. These findings are a nice demonstration of brain 

lateralization. Visual spatial tasks primarily activate the right hemisphere, 



explaining why the right hemisphere is slightly more activated during the drawing 

task in comparison to the writing task. In addition, creativity is based in the right 

hemisphere. Writing and drawing both require some level of creativity, explaining 

why the right hemisphere was activated for both. It is surprising however that the 

drawing task activated the left hemisphere more so than the writing task which 

directly utilizes language. Drawing activated the left hemisphere .125 more than the 

writing activity did. This may be attributed to participants utilizing language when 

thinking about what to draw perhaps.  

As figure three shows, the brain was slightly more active during Ravens 2 

and 3 compared to Ravens 1. However, there was no significant interaction between 

ravens and wave, which is both disappointing, but also good. It is good because it 

acts as a control and shows that people continued to use the same amount of energy 

and thought process while completing all of the tests, so there most likely was not 

an effect of fatigue. This can be attributed to the activities. The only activity done 

before Ravens 1 was sitting still for baseline, so the participants effectively jumped 

right into stressing their brain instead of having a warm-up activity before Ravens 2 

and 3. It might be possible that the act of completely the Ravens acted as a warm-up 

activity for the other ravens. However, this is unlikely, as the brain activity does not 

continue to rise and become greatest for Ravens 3. Instead, brain activity increased 

from Ravens 1 to similar levels at both Ravens 2 and 3, making it seem that the 

increase in brain activity could be attributed to the “warm-up” activity proceeding 

Ravens 2 and 3.  



Figure four demonstrates that ravens scores were similar amongst trials. 

While it was hypothesized that doing a cognitively stimulating activity, in particular, 

a visual-spatial activity, prior to completing the Ravens task would increase scores, 

this was not seen. While participants did score slightly higher on the Ravens the 

second time, it was not significantly higher than the other Ravens scores. The 

writing activity proceeded Ravens 2, so while it was hypothesized that the visual-

spatial activity drawing, would have a greater affect on the visual-spatial Raven’s 

task, it may be that writing requires more cognitive processing, so it is a better 

“warm-up” then drawing even though drawing may be more similarly related to the 

task. This supports the idea that perhaps a warm-up activity does not have to be 

task-specific, unlike running, when it is important to warm-up the correct muscles. 

Instead, it is important to “warm-up” the brain enough to perform well, so doing a 

heavier cognitive activity may be more beneficial than a less draining cognitive 

activity, such as drawing.  

Overall the data did not directly support either hypothesis. However, this can 

be contributed to too few subjects and high variability between the subjects. The 

right hemisphere was more active than the left, and there were more alpha waves 

than beta waves. Both the writing and drawing activity required creativity in some 

way, leading to higher right hemisphere activation. It was unusual that there were 

more alpha waves than beta waves as beta waves are associated with being alert 

and actively thinking, what participants should have been doing, and alpha waves 

are associated with less active thinking and lower frequency waves. These results 



are hard to understand and perhaps repetition of this study would show if these 

results are consistent or just due to high variability between subjects. 

While the lack of significant data could be attributed to variability amongst 

subjects and too few subjects, it can also be due to other factors. College students 

study throughout the day, so their brain was most likely already well warmed up 

before starting the study. In order to get better results, it might be better to start 

testing subjects right after they wake up so they truly have not had time to do any 

cognitively stimulating activities before completing the first ravens, hopefully 

leading to bigger differences in brain activity during the different activities and 

tests.  

After completing this experiment there are a few thinks I would do 

differently. For a language task I would choose an activity that has less creativity 

involved, such as copy a passage, instead of creating one based on a picture. In 

addition, I would look at the effect of visual spatial activities and language activities 

on a language task. 

Although the data is not what I expected, through personal experience and 

research, I believe that it is a good idea to perform a cognitively stimulating activity 

before beginning a cognitive task or test. It makes logical sense that warming-up 

your brain is important in order to perform maximally, just as it is logical to warm-

up before a race. More research needs to be conducted in this area in order to 

demonstrate whether or not this logic is scientifically supported as well.  
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