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Abstract
Purpose – There are limited studies on the effects of coffee consumption, which has become part of popular
culture and is highly common among young people, on the attention levels of female university students. This
paper aims to examine the effects of caffeine consumption given at different doses (0, 100 and 200mg) to
female university students (n = 100) studying at the faculty of health sciences on attention performance with
the Stroop Color andWord Test (SCWT).

Design/methodology/approach – Participants’ test completion time, number of errors and corrections
were tested. In addition, the frequencies of weekly coffee consumption were also recorded.

Findings – It was found that consumption of coffee containing 200mg of caffeine reduced the time to
complete the sections of the SCWT test (p < 0.05), as well as the total test completion time (55.816 8.67 s)
compared to no coffee consumption (58.256 9.46 s) and coffee consumption with 100-mg caffeine
(57.566 8.87 s) (p< 0.05; effect size: 0.268). The effect of caffeine on attention level was induced by 200-mg
caffeine consumption, but was unapparent at 100-mg dose. In addition, SCWT completion times were
reduced in the student group with more weekly coffee consumption (=3 cups/week) at 200-mg caffeine
dose.
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Originality/value – In this context, caffeine dose is a factor that should be taken into account in
determining the performance of individuals in the SCWT test. It is thought that coffee consumption can
increase the concentration of students and have positive effects on academic achievement.
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Paper type Research paper

Introduction
Coffee is one of the most consumed beverages in the world, and it has different meanings for
each culture (Poole et al., 2017). Coffee consists of various components such as phenols
containing caffeine, chlorogenic acid and caffeic acid, diterpenes containing cafestol and
kahweol, lactones, niacin and the niacin precursor trigonelline. Caffeine, a psychoactive
ingredient in coffee, is rapidly absorbed from the gastrointestinal system and first
metabolized in the liver. Plasma caffeine levels reach their highest levels within 15–120min
of caffeine intake (Revelle et al., 2012). Adenosine antagonism is the most accepted
mechanism in studies. Adenosine, which is synthesized in the central nervous system (CNS)
and prevents the release of CNS regulators, is a modulator closely related to the initiation
and maintenance of sleep. Caffeine, on the other hand, binds to adenosine receptors and
prevents the function of adenosine by acting as an antagonist (Burke, 2008; Cox et al., 2002).

In recent years, due to the different effects of coffee consumption and its ingredients on
the human body, research has intensified in this area. In this context, studies on the effects
of coffee consumption on health have shown that it reduces the risk of obesity, type 2
diabetes, nonalcoholic fatty liver disease, breast, colorectal, colon, endometrial and prostate
cancers and may be associated with increased blood pressure levels (Grosso et al., 2017). It
has also been found that coffee consumption has a stimulating effect on the central nervous
system and is associated with cognitive performance, increased attention and concentration
and relieving fatigue (Patay et al., 2016; Postuma et al., 2012; Renda et al., 2015). Attention is
the process of integration that consists of the ability to store, retain and recall information
and experiences (Alharbi et al., 2018). One of the tests used to determine cognitive level is the
Stroop Color and Word Test (SCWT), developed by Stroop (1935). SCWT has become a
widespread test to measure cognitive flexibility, focused attention, selective attention and
ability to change setup (Stroop, 1935). Despite the positive effects of caffeine consumption on
cognitive performance (Patay et al., 2016; Postuma et al., 2012; Renda et al., 2015), the
number of studies on the effect of caffeine on SCWT is limited, and the results of these
studies are conflicting (Foreman et al., 1989; Edwards et al., 1996; Kenemans et al., 1999;
Dixit et al., 2012). In some studies in the literature, it has been shown that high doses of
caffeine decrease the SCWT reaction time but do not change the error rate (Foreman et al.,
1989; Edwards et al., 1996). On the other hand, other studies show that caffeine consumed in
different doses (125–250mg) does not create a significant difference in reaction time, but
consumption of coffee containing 250mg of caffeine reduces the error rate and reaction time
(Kenemans et al., 1999; Dixit et al., 2012). The contradictory results of the studies and the
positive effects observed increase the necessity for further studies in this direction. In
parallel, although attention of students during courses is closely related to levels of
academic achievement (Moradi and Amiripour, 2017), the number of studies on this subject
is inadequate. Studies on the effects of coffee consumption, which has become part of
popular culture and is highly common among young people (Alfawaz et al., 2020), on
students’ attention levels are limited (Jahrami et al., 2020). Dixit et al. (2012) investigated the
effect of caffeine on information processing through SCWT and found that caffeine had no
effect on the attention levels of male university students To the best of our knowledge, no
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similar study has been performed on female students to date, and the small sample size in
the limited number of studies conducted is noteworthy. With this perspective, the aim of this
study was to investigate the acute effect of caffeine consumption at different doses (0, 100
and 200mg) and weekly coffee consumption frequency on attention level measured by
SCWT in female university students. It was hypothesized that coffee consumption would
increase the level of attention acutely depending on the dose. With the results of this study, a
proposal can be presented to increase the concentration of female university students in
health sciences faculty who have to endure a long and tiring curriculum.

Materials and methods
Participants
This study is a non-drug clinical study conducted to determine the effect of caffeine
consumption in different doses on attention level. In total, 100 female university students
between the ages of 18 and 25, studying at the health sciences faculty of a private university
in a metropolitan city in Turkey, were voluntarily included in the study. Sample size was
computed using G*Power 3.0.10 (Franz Faul, Universitat Kiel, Germany) with parameters of
a = 0.05 and Power (1 � b) = 0.80. Those with had cardiovascular disease, acid reflux,
gastritis, ulcer or any stomach ailment, color blindness and dyslexia, and individuals who
consumed caffeine-containing food or beverage (tea, coffee, energy drink, etc.) up to 24 h
before participating in the study were excluded from the study. Individuals who met the
inclusion criteria signed a voluntary consent form. A questionnaire containing information
such as age and caffeine-containing food or beverage was applied to the participants by
face-to-face interview method. The study was prepared according to the ethical standards of
the Declaration of Helsinki and approved by the ethics committee of the local university (no:
2019–01/01).

Study design
All participants visited the university’s laboratory three times in accordance with the design
of the study. All tests were administered between 10:00 a.m. and 12:00 a.m. and while the
participants were on a full stomach. All measurements were performed in the same
laboratory environment and at room temperature (18–21°C). On the first day that the
participants visited the laboratory, their anthropometric measurements and body
compositions were determined, and they were subjected to an attention test. The SCWT test
was applied to each participant on three different days, after consuming filter coffee
containing two different doses of caffeine and one day when no coffee was consumed
(Figure 1). The test was conducted in a bright and quiet environment. The tests applied to
the participants were randomized and single blinded. Accordingly, each participant took
tests after a 30-min wait (when the caffeine level in the brain reached its peak (Latini et al.,
1978) after drinking coffee containing 100 or 200mg of caffeine. The test applied without
drinking coffee was started when the participants felt ready. To minimize the acquired habit
factor of the test, the participants repeated these tests at least one week apart.

Measurements
Participants’ height (cm) was measured with a stadiometer (Leicester Height Measure, Seca
214, UK) with a 0.1 cm sensitivity, while the individual was standing on the Frankfort plane
in an upright position (the ear canal and the lower border of the orbital-orbital socket aligned
with the gaze parallel to the ground).

Participants’ body composition was determined by the bioelectrical impedance analysis
method. Body weight (kg), body mass index (kg/m2), muscle mass (kg), fat mass (kg) and fat
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% ratio of the individuals were measured with Inbody 270 (InBody USA, Cerritos, CA, USA)
device. Attention was paid to ensure that participants stopped eating and drinking until 4 h
before the measurement, did not do heavy exercise within 12 h, did not drink alcohol within
48 h, did not take diuretics within 7 days prior to the tests and were not in menstruation.
Measurements were made in the lightest clothing possible andwith bare feet.

The amount and content of coffee
European Food Safety Authority (EFSA) reported that 200mL of filter coffee contains 90mg
of caffeine [European Food Safety Authority (EFSA), 2015]. During the study, filter coffee
was supplied from the same brand and were given to the participants after being prepared
with the machine (Arzum AR3046 Brewtime Filter Coffee Machine) in a laboratory
environment. The contents of 250-mL filter coffee given to the participants before SCWT
were standardized to contain 8-g coffee (100-mg caffeine) or 16-g coffee (200-mg caffeine).
Coffee was prepared without adding sugar, syrup, cream andmilk.

Stroop Color and Word Test
SCWT was used to measure the attention levels of the students in the study. SCWT is a
neuropsychological test that is used extensively for both experimental and clinical purposes.
It evaluates the ability to inhibit the cognitive interference that occurs when the processing
of a property of a stimulus affects the simultaneous processing of another property of the
same stimulus. The SCWT stages consisting of four cards and five sections, in which word
reading and color naming levels are measured, are shown in Table 1. The SCWT TBAG
form (Neuropsychological Test Battery for Cognitive Potentials: BILNOT Battery) Turkish
version was used in the study. Validity, and reliability study of this form and the scoring
method was tested by Karakas et al. (1999). Three types of scores are calculated for each of
the four cards in the SCWTTBAG Form. These are the time it takes to read/say out loud the
last item of the card after giving the subject the “Start” command, the number of errors, and
the number of corrections. The conventional color word version task consists of words like
“Blue”, “Red”, “Green” and “Yellow” written in another color or are incongruent (e.g. Red is
written with blue ink) or symbols like “XXX” in different colors or are neutral. The subject

Figure 1.
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has to respond to the color. The time taken to perform the task in the two conditions
(incongruent and neutral) is recorded and the difference between the two represents
interference. Similarly, the time difference between congruent (“Red”written in Red ink) and
neutral is an indication of facilitation (Kenemans et al., 1999).

The tasks for all five sections were explained to the participants clearly, and the test was
initiated with the “Start” command after making sure that the participants understood the
tasks. The stopwatch (IPhone 7, ms 0.01 s) was started from the moment the cards were
placed at eye level, from a distance of 50 cm in front of each application. The time elapsed
from the start command until the last word said by the participant was calculated. The
sections shown in Table 1 are applied respectively, and the participants were asked to tell
the color names written on the cards in Sections 1 and 2, and to tell the color of the writing in
Sections 3–5. Attention was paid to wait for about 15 s between each section and make sure
that participants were ready. Care was taken to ensure that the researcher holding the cards,
following the stopwatch, tracking errors and spontaneous corrections and preparing the
coffee was the same for each application.

Evaluation of data
All data were evaluated using SPSS software (version 21, SPSS, Inc., Chicago, IL, USA)
package program. Statistical significance was accepted as p < 0.05 in all analyses. Number,
percentage, average, min–max value and standard deviation values were presented as part
of descriptive statistics. The compliance of the data to normal distribution was checked with
the Kolmogorov–Smirnov test. Friedman Test was used to evaluate the difference between
repeated measurements for variables without normal distribution, and analysis of variance
in repeated measures was used for variables with normal distribution. Independent Samples
t-test was used for comparison of independent groups for variables with normal
distribution, and Mann–WhitneyU test was used for variables without normal distribution.
Effect size (ES) was calculated for each Stroop variable using Cohen’s d. (Cohen, 1988). ES
values were computed to transform data to a commonmetric. Effect sizes were computed for
studies that provided means and standard deviations. Zakzanis (2001) recommended that
Cohen’s d be used as a measure of effect size in neuropsychological research. Cohen’s d is
computed by dividing the difference between group means by the pooled standard deviation
weighted by sample size. In interpreting the magnitude of d, Cohen’s conventional frame of
reference (1988) was used such that an effect size of 0.2 corresponded to a small effect, 0.5 a
medium effect and 0.8 a large effect (Zakzanis, 2001).

Results
Study population characteristics
Findings regarding the demographic characteristics and body composition of the
participants in the study sample are grouped according to weekly coffee consumption
frequency (<3 cups;�3 cups) and are shown in Table 2. It was determined that there was no

Table 1.
SCWT sections and

tasks

Sections Stimulants Scope of the stimulus card Task

Section 1 Card 1 Color names printed in black Reading color names
Section 2 Card 2 Color names printed in different colors Reading color names
Section 3 Card 3 Colored circles Telling the color
Section 4 Card 4 Colored neutral words Telling the color
Section 5 Card 5 Color names printed in different colors Telling the color
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statistical difference between the two groups in terms of demographic characteristics and
body composition components (p> 0.05), and the groups were homogeneous.

Stroop Color and Word test results according to the amount of caffeine consumption
Table 3 shows the completion times of the SCWT sections, the number of errors and
corrections with respect to the amount of caffeine consumed by all participants. Completion
time of SCWT Section 1 (ES: 0.30, low; p < 0.05), Section 4 (ES: 0.25, low; p < 0.05) and
Section 5 (ES: 0.31, low; p < 0.05) decreased when the participants consumed coffee
containing 200mg of caffeine (p < 0.05), compared to the 100-mg caffeine dose and without
any coffee consumption. Similar results were also found in the total completion times (ES:
0.27, low; p < 0.05). It was determined that the effect sizes of these differences obtained in
Sections 1, 4 and 5 and total completion times were low. When the participants were
evaluated according to the number of errors, no statistically significant difference was found
in sections and total error numbers (p > 0.05). When the number of corrections was
evaluated, it was determined that the number of corrections decreased only in Section 3 with
consumption of coffee containing 200mg compared to the results without consuming coffee
and the effect size wasmoderate (ES: 0.50, moderate; p< 0.05).

Stroop Color and Word Test results according to coffee consumption frequency
According to the weekly coffee consumption frequency of the participants (<3 cups vs �3
cups), it was determined that the completion time of SCWT sections, the number of errors
and corrections did not differ when no coffee was consumed (Table 4). It was found that the
time to complete the test was lower in students who consumed three cups or more coffee per
week only with a dose of 200mg of caffeine compared to those who consumed less than
three cups of coffee per week (p < 0.05). It was determined that there was no difference
between the groups in the other components of SCWT (number of errors and corrections) for
100- and 200-mg caffeine consumption (p> 0.05).

Discussion
In this study, it was aimed to investigate the acute effect of caffeine consumption in different
doses (0, 100, 200mg) on attention level measured by SCWT in female university students
who go through a long and tiring curriculum. In addition, the attention levels of the

Table 2.
Characteristics of the
study population
according to coffee
consumption
frequency

Quantitative variables *

Weekly coffee consumption frequency
All participants

(n = 100)
<3 cups
(n = 60)

�3 cups
(n = 40) pa

Demographics
Age (years) 20.96 1.6 20.76 1.5 21.46 1.6 0.262
Body weight (kg) 57.96 10.0 57.96 11.9 57.66 6.3 0.880
Height (cm) 165.16 6.1 164.56 6.2 165.96 6.1 0.303

Body composition
Body mass index (kg/m2 ) 21.26 3.5 21.36 4.3 21.06 2.1 0.682
Body fat weight (kg) 16.46 7.2 17.06 8.5 15.66 4.5 0.395
Skeletal muscle weight (kg) 22.66 2.8 22.46 2.9 23.06 2.5 0.317
Body fat (%) 27.36 7.2 27.856 8.0 26.76 5.7 0.468

Notes: *Mean6 SD; aIndependent samples t test was used
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participants were evaluated according to their weekly coffee consumption frequency. The
main finding of this study was that the consumption of filter coffee containing 200mg of
caffeine increased the attention level of female university students studying at the faculty of
health sciences, although the effect size was small, and this effect differed according to the
sections of SCWT. This positive effect was observed at the beginning and end of the test and
in total completion times. It was demonstrated that different amounts of caffeine consumed
did not make a significant difference in the number of errors in the SCWT test. It was
determined that 200mg of caffeine consumption was moderately effective in reducing the
number of corrections in only Section 3 of the SCWT test compared to those who did not
consume any coffee. Participants with three or more cups of coffee consumed per week
completed the test faster when they consumed 200mg of caffeine. It was shown that the
attention level of the person may vary depending on the effect of different doses of caffeine
consumed. In this context, the consumption of filter coffee with a minimum of 200-mg
caffeine can be more effective in increasing attention level.

There are some studies in the literature in which the effect of caffeine on the SCWT test is
investigated on male students (Dixit et al., 2012), or compared between genders, but the
sample size is small (Foreman et al., 1989; Edwards et al., 1996; Kenemans et al., 1999;
Arieputri et al., 2018). In this context, to the best of our knowledge, this is the first study to
reveal the effect of caffeine on the attention levels of female university students studying at
the Faculty of Health Sciences.

Recent research has focused on the acute effects of caffeine on improving cognitive
functions, particularly attention and concentration (Kahathuduwa et al., 2017). Kahathuduwa
et al. (2017) showed that high doses of caffeine (160mg) had a significant effect in increasing
attention, and a similar study showed that a 60-mg single oral dose of caffeine significantly
increased continuous attention and alertness compared to the placebo group (Wilhelmus
et al., 2017). SCWT is one of the tests frequently used to measure attention levels. There are
conflicting results in previous studies regarding the effect of caffeine/coffee consumption on
SCWT performance. In the literature, there are studies reporting that high dose caffeine

Table 4.
Comparison of
SCWT results with
respect to weekly
coffee consumption
frequency of students

SCWT results *

Weekly coffee consumption frequency
<3 cups
(n = 60)

�3 cups
(n = 40) p

Total completion time
0 mg 59.26 9.60 56.86 9.1 0.218b

100 mg 58.16 8.33 56.66 9.67 0.401b

200 mg 57.46 8.58 53.46 8.34 0.024a

ES: 0.47 small

Total number of errors
0 mg 0.486 1.33 0.316 0.89 0.589c

100 mg 0.236 1.27 0.276 0.96 0.144c

200 mg 0.436 1.19 0.316 1.10 0.391c

Total number of corrections
0 mg 0.806 1.17 0.776 1.09 0.629c

100 mg 0.616 0.83 0.726 1.02 0.606c

200 mg 0.906 1.14 0.676 1.13 0.195c

Notes: *Mean 6 SD; ES: effect size; aindependent samples t test, p < 0.05; bindependent samples t test,
p> 0.05; cMann–Whitney U test, p> 0.05
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decreases the SCWT reaction time but does not change the error rate (Foreman et al., 1989),
caffeine at different doses does not make a significant difference in reaction time (Edwards
et al., 1996) or caffeine is associated with a decrease in error rates (Edwards et al., 1996). In the
study of Foreman et al. (1989), it was determined that individuals consuming coffee
containing 250mg of caffeine had a lower SCWT reaction time compared to individuals
consuming coffee without caffeine and 125mg of caffeine, but there was no significant
difference in error rates between the groups. In another study, it was determined that there
was no significant difference in SCWT performances in individuals consuming coffee
containing 125 and 250mg of caffeine (Edwards et al., 1996). Kenemans et al. (1999) found
that 250-mg caffeine dose was associated with a decrease in SCWT reaction time and a
decrease in error rate.

In some studies, it has been emphasized that the reaction time, the number of correct
answers and the number of errors may vary depending on 50–250-mg dose (Kenemans et al.,
1999; Dixit et al., 2012; Soar et al., 2016; Dodd et al.,, 2015; Hasenfratz and Bättig, 1992). On
the other hand, it has been stated in different studies that caffeine consumption has no effect
and adversely affects performance at the cognitive level (Foreman et al., 1989; Deslandes
et al., 2005; Schmitt et al., 2003). Furthermore, it has also been determined that low-medium
dose caffeine consumption (40–100mg) has an effect on cognitive functions such as
attention, alertness, reaction time, fatigue perception and mood (Irwin et al., 2018). In our
study, 100mg of caffeine consumption had no effect on attention levels of female college
students, consistent with the results of Irwin et al. (2018). However, our results show that
200mg of caffeine, which is accepted as a high dose in the literature (Smit and Rogers, 2000)
can increase attention levels. Our results are in line with studies demonstrating the positive
effect of high dose caffeine consumption on the attention level determined by SCWT
(Kenemans et al., 1999; Dixit et al., 2012). According to these results, it can be said that
consumption of coffee containing 200mg of caffeine can be a factor decreasing total
completion time and section completion time in SCWT. This positive effect of caffeine on the
attention of individuals can be attributed to the inhibition of adenosine receptors that
increase dopaminergic and cholinergic transmission in the brain (Kahathuduwa et al., 2017).
On the other hand, we think that the limited acute effect of caffeine on the number of errors
and corrections may be due to the small number of errors and corrections made. To the best
of our knowledge, SCWT error and correction numbers were not examined separately in
other studies in the literature; therefore, our results could not be compared (Dixit et al., 2012).
Conflicting results between studies may arise from differences in the application of the test
(e.g. word-color vs numerical versions, practice effects) (Irwin et al., 2018). The mental state
of the participants during the test can be considered as a factor that will affect the study
results (Rahadian and Scovani, 2014). To prevent this situation, the test was started when
the participants felt ready. On the days when coffee containing 100 and 200mg caffeine was
consumed, the tests were applied 30min after the coffee was consumed. Considering that
plasma caffeine levels reach their highest levels within 30 to 90min after caffeine intake,
waiting for this time is one of the strengths of the present study. EFSA reported that a single
dose of 200-mg caffeine is a safe intake level for healthy adults under normal conditions
[European Food Safety Authority (EFSA), 2015]. Therefore, this study was conducted with
filter coffee containing a maximum dose of 200-mg caffeine.

Another purpose of this study was to examine SCWT results of female college students
according to their weekly coffee consumption frequency. It was determined that female
university students in the same age group had a homogeneous structure in terms of
demographic characteristics (age, height) and body composition (body weight, body mass
index, body fat weight, skeletal muscle weight and body fat ratio) despite different coffee
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consumption frequencies. In this context, it is noteworthy that SCWT completion times were
lower in students who consumedmore coffee (�3 cups/week) per week when they consumed
200mg of caffeine. The field of health is a special area that is difficult to work in, both
physically and mentally. In this mentally challenging field, long-term concentration and
focus or continuous processing of many complex tasks are required and this can lead to
mental exhaustion (Xavier et al., 2020). Therefore, caffeine consumption may be
recommended for students of the Faculty of Health Sciences, especially during periods that
require concentration. However, considering the potential side effects of caffeine
consumption (anxiety, insomnia), attention should be paid to daily caffeine consumption
without exceeding the intake levels recommended by EFSA (400-mg caffeine/day)
[European Food Safety Authority (EFSA), 2015; Babwah et al., 2018].

Despite the important results of our study, there are some limitations. First of all, as the
effects of the SCWT test on attention are frequently evaluated in male students in the
literature, the inclusion of female university students in the present study may be considered
as a limitation. Second, the participants take part in different academic periods, which may
affect their stress levels. Another limitation is that the effect sizes for the majority of the
findings are small to moderate.

Conclusion
The findings of the present study strengthen existing knowledge on the effect of caffeine
consumption on attention levels (Kenemans et al., 1999; Dixit et al., 2012). In this study, it
was revealed that the greatest effect of caffeine was on the section completion times and
total completion times of SCWT. It was determined that the effect of caffeine on attention
became apparent at 200mg compared to 100-mg caffeine dose. In this context, caffeine dose
is a factor that should be taken into account in determining the SCWT performance of
individuals. It was also found that female university students who consumed more coffee
(�3 cups) per week had lower SCWT completion times when they consumed 200mg of
caffeine. Considering these results, it can be recommended that female university students of
the Faculty of Health Sciences pay attention to the caffeine dose to increase attention levels.
Analyzing different regions of the brain with imaging techniques to determine the basic
mechanisms leading to these results may be the subject of future studies.
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