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Doping to Underperform: The Impact of Coffee

Consumption on Test Scores

Santos, Rafael J. & Gonzalez, Angela B.& Lopez, Kevin &

Paez, Juan A. & Rivera, M.C. & Sarmiento, Paula ∗

We report results of an experiment that randomly distributed

coffee and an herbal infusion with no caffeine to students before

a non-experimental midterm (ie: with real incentives). Coffee

consumption decreases test scores. This is driven by students

who are not habituated to consume coffee and who self-report

feeling nervous in similar tests. Regular coffee drinkers do

not seem to benefit or lose from coffee consumption except if

they are coffee-deprived the day of the exam (in which case

they perform worse, consistent with the withdrawal reversal

hypothesis).

JEL: A22, I12, I20
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Dopaje para perder: El impacto del consumo de café 

sobre las notas académicas 

 
SANTOS, RAFAEL J. & GONZALEZ, ANGELA B. & LOPEZ, KEVIN & 

PAEZ, JUAN A. & RIVERA, M.C. & SARMIENTO, PAULA 
*
 

 

Reportamos resultados de un experimento en el que dis- 

tribuimos de manera aleatoria café y una infusión herbal sin 

cafeína a estudiantes antes de un examen parcial no exper- 

imental  (con  incentivos  reales).   El  consumo  de  café  reduce 

las notas.  Este efecto se explica por estudiantes que no están 

acostumbrados a tomar café y que reportan sentirse nerviosos 

en pruebas similares.  Consumidores regulares de café no pare- 

cen  beneficiarse  o  perder  por  el  consumo  de  café excepto  si 

no consumieron café el d́ıa del examen (en cuyo caso tienen 

peores notas, resultado que es consistente con la hipótesis de la 

reversión de la abstinencia.) 

JEL: A22, I12, I20 
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I. Introduction

“He found that among its properties was that it drove away fatigue and

lethargy, and brought to the body a certain sprightliness and vigor. In

consequence, when he became a Sufi, he and other Sufis in Aden began to

use the beverage made from it, as we have said. Then the whole people

—both the learned and the common— followed [his example] in drinking it,

seeking help in study and other vocations and crafts, so that it continued

to spread.”

Abd-Al-Qadir Al-Jaziri, 1587 (as quoted in Hattox (2014)).

Caffeine is the most consumed psychoactive drug in the world. In the United

States, Europe and Asia, coffee is the primary source of caffeine (Verster and

Koenig, 2017). The effects of caffeine on cognitive and physical performance

have long been debated. In 1912, doctoral student Harry Hollingworth

developed a set of experiments (reaction time, mental calculation, cancellation

tasks, etc.) showing that caffeine had positive effects on motor and mental

performance (Hollingworth, 1912). The research was commanded by the

Coca-Cola company to counter a lawsuit led by chemist Harvey Washington

Wiley who testified before Congress that caffeine was poison. In sports, the

World Anti-Doping Agency banned caffeine consumption until 2004 when

the ban was lifted for reasons that remain unclear.

More than a century after Hollingworth, there is still controversy on the

effects of caffeine on mental performance. Regardless of the true effects of

caffeine, many people seem to believe that caffeine provides an edge in mental

(and physical) performance. It is not unusual for students to drink coffee

(or energy drinks) before and exam expecting to increase their focus and to

perform better. For instance, Franke et al. (2011) find that lifetime, past-

year and past-month prevalence for the use of coffee as a cognitive enhancer
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were 56%, 11% and 4% (respectively )among undergraduate students in

economics at the university of Mainz, in Germany. 1 Among our students

current enrolled in Introductory Microeconomics, 39% answered yes to the

question “Have you ever consumed coffee with the objective of improving

your performance in academic examinations such as midterms?” 2 How

rational is the use of coffee as a cognitive enhancer? Does coffee consumption

actually increase grades in academic exams?

This paper evaluates the impact of pre-test coffee intake on test-scores in

a sample of 174 college students (two introductory economics classes). Half

of the students were randomly offered a cup of coffee (with approximately

128mg of caffeine). The other half were offered an herbal infusion with no

caffeine (seven leaves of mint weighing three grams with less than a gram

of cinnamon in hot water). After completing a pre-test survey including

questions on coffee and energy drinks consumption (among others), students

presented their second midterm. After finishing the exam we recorded

effective consumption by measuring the amount of beverage remaining in

each cup (which was marked with the student’s name). The experiment

allows us to measure the ITT (ITT) effect of coffee/caffeine and the Average

Treatment on the Treated (ATT) effect of caffeine in a real life situation,

with real incentives. We can also provide estimates splitting the sample

according to the regular of ad-libitum coffee consumption and according to

coffee withdrawal (a student is in withdrawal if he consumes coffee on a daily

basis but did not consume coffee the day of the experiment).

1Research on the use of coffee as a cognitive enhancer is scant and similar statistics
for other countries are unavailable.

2These student are enrolled in our introductory microeconomics course in the first
semester of 2018; the experiment involved students enrolled in our introductory microeco-
nomics course in the second semester of 2016.
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In theory, we could expect coffee to have a positive effect on test scores

since caffeine blocks receptors of neurotransmitters that slow down brain

activity (Ruxton, 2008). Reality is much more complex. Several studies have

found positive effects of caffeine intake on simple cognitive tests (for reviews

on the cognitive effects of caffeine see Ruxton (2008), Nehlig (2010) and

McLellan et al. (2016)3). These studies usually find that caffeine improves

reaction time, vigilance, alertness and attention. An important branch of

the literature contests these findings and attributes the positive effects of

caffeine to withdrawal reversal (Yeomans et al., 2002; James and Rogers,

2005; Rogers et al., 2013; James, 2014). Since standard placebo-controlled

trials usually require participants to refrain from caffeine consumption,

experimental caffeine intake just restores withdrawal-degraded capabilities.

According to this view, caffeine is not a cognitive enhancer but caffeine

withdrawal is detrimental for mental performance.

The literature is more silent about the effects of caffeine on complex

cognitive tasks (McLellan et al., 2016). For example, according to Ullrich

et al. (2015, p. 630) “for more complex and cognitive demanding tasks, the

effects of caffeine appear inconsistent and reports of increased performance

in demanding tasks coexist with null findings.” In any case, the extent of

the literature is much more limited for complex in comparison to simple

cognitive tasks. Furthermore, even simple cognitive tasks could be degraded

by caffeine intake given the consensus that caffeine increases anxiety (Brice

and Smith, 2002), particularly in non-regular consumers (Rogers et al., 2013).

Our study departs form existent research by analyzing for the first time

3A complete review of the extensive literature on the cognitive effects of caffeine is out
of the scope of this paper. However, we believe we summarize the most relevant findings
of this research.
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the effects of caffeine consumption in a real life situation, with real incentives

and during complex cognitives tasks. 4 Not a single study in more than a

century of research examines the effects of caffeine embedding a randomized

controlled trial in a real life examination. The work which comes closer to

ours is that of Ullrich et al. (2015) which uses a doubled-blind controlled

trial to examine the effects of ingesting caffeine versus placebo before a

battery of complex and long-duration cognitive and mood tests which seek

to “approximate the demands of a real-life exam or an assessment center” (p.

631). The authors find that caffeine has no effect on cognitive performance,

not even after 24 hours abstinence.

Our findings indicate that students who are offered coffee (ITT effects)

perform worse in the midterm: their average grade is 6.5% lower in compar-

ison to the control group mean. To explore the channels of this effect we

perform split sample analyses. The negative effect is concentrated among

non-regular consumers. This could be explained by the anxiogenic properties

of caffeine since for the subsample of of non-regular consumers, the effects

is in turn concentrated among those who report feeling nervous in similar

examinations. Furthermore, we speak to the existent literature by providing

evidence that supports the withdrawal reversal hypothesis: regular coffee

drinkers who did not consume coffee before the experiment but who were

offered coffee by lottery have higher grades when compared to regular coffee

drinkers who did not consume coffee before the experiment either ad-libitum

or experimentally.

The rest of the paper is divided as follows: section II describes the experi-

4We also leverage our work with a comparatively large sample (N=178) in a population
where consumers and very low consumers of coffee (and arguably, caffeine) coexist. This
is so because our students have an average age of 18.4 and during the experiment it was
clear that many were not habituated to caffeine.
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mental design, section III presents the data and summary statistics, section

IV discusses our main results. Section V explores potential channels and

section VI concludes.

II. Experimental Design and Interpretation of the Effects

We randomly offered two distinct beverages to a group of 174 students

before the second mid-term exam of an Introductory Microeconomics course

at Universidad de Los Andes. The students came from two sections of

Introductory Microeconomics taught by the same professor. Half of the

students were offered a 10 oz americano with an extra shot of espresso

(approximately 128mg of caffeine) and half of them were offered a 10 oz

herbal infusion with 0mg of caffeine (a few leaves of mint (weighing 3 grams)

and traces of cinnamon (weighing less than 1 gram) in hot water). Odd

students in the class list were offered the caffeinated beverage. Beverages

were served in identical containers marked with the names of the students

who were told to leave the container on their desks regardless of the amount

consumed. At the end of the exam, we recorded the amount of the beverage

consumed approximating to the closest quarter. Graders were blind on the

treatment status of students.

The experiment had a duration of two hours (a survey plus the actual

exam). It took place on Saturday, November 19th, at 10 AM. No student

reported having another midterm on the same day. After distribution of

beverages, students were asked to fill a survey with questions on weight,

height and coffee consumption habits (among other questions). The survey

had also an open question asking students to write their favorite topic of the

course and to justify their choice with examples and arguments. The survey
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had two purposes: the most evident was to collect student’s data which would

help interpreting results; the second purpose was to give enough time for

caffeine to reach the highest blood concentrations which occurs between 30

and 60 minutes after oral ingestion (Ullrich et al., 2015). Students obtained

a 5% bonus in the exam if they completed the survey. After students finished

the survey, the exam begun.

Note that we did not allow for sugar, honey, milk or any other additive.

This is not because of student preferences which, on average, must be the

same across treatment and control groups, it is because of interactions

between the type of beverage and preferences: Students might be more likely

to sweeten coffee than herbal infusions and glucose might interfere with

mental performance.

Research on animals has shown that caffeine increases memory retrieval

(Angelucci et al., 2002) however the same results have not been reproduced

on humans (Nehlig, 2010). To test for the effects of caffeine on memory

retrieval, the exam is designed in such a manner that 40% of the questions

rely on memory (the “Memory Component”). The rest of the exam evaluates

the understanding of the concepts taught in the course (The “Comprehension

Component”). To illustrate, questions of the “Memory Component” asked

students, for example, to enumerate the properties of indifference curves.

On the other hand, the “Comprehension Component” introduced unfamiliar

functional forms for the demand and the marginal cost of a monopoly and

asked, for example, how to use policy to maximize total surplus.

Given that students can consume their beverages at different rates, half

of the exams had the memory component at the beginning and half of the

exams had the memory component at the end (for our results this distinction
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turned out to be irrelevant).

What effect are we capturing?

To be strict, the experiment allows us to retrieve the ITT effect of being

offered coffee as opposed to being offered an herbal infusion. However, we

believe that we can interpret the effects as the ITT of being offered caffeine.

Coffee contains caffeine and antioxidants (in particular, flavonoids). The

herbal tea is a combination of mint and cinnamon (both deliberately under-

dosed). The former is a natural remedy for colds, flu and for digestive

problems. It is also an important source of antioxidants. The latter has

no conclusive beneficial health properties besides being another source of

antioxidants (see www.medicalnewstoday.com). To the extent that the

experiment did not take place in a flu-season and to the extent that the

only active ingredient which has short term acute effects is caffeine, we

feel comfortable interpreting the retrieved effects as the ITT effect of being

offered caffeine. Still, many people attribute different properties to herbs

such as mint. Reassuringly, our results are consistent with research on the

pharmacology of caffeine. For example, students who are not regular coffee

drinkers (and thus who have not built tolerance to caffeine) are the ones

affected by the offer of coffee. Similarly, regular coffee drinkers who are in

abstinence the day of the exam perform worse in the exam, a result that

mirrors in a real life context, the withdrawal reversal hypothesis in the

psychopharmacological literature on caffeine.

III. Data, Summary Statistics and Experiment Balance

We start by presenting summary statistics together with a balance test.

We estimate the equation,
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yi = constant+ ρ · Ti + νi, (1)

where yi is either an outcome or a pre-determined variable. The latter set of

variables should not be affected by the offer of coffee. Ti is an indicator taking

the value of one if the student was offered coffee. νi is an heteroscedasticity

robust standard error.

Tables 1.A, 1.B and 1.C present results of estimating equations like (1).

The constant term represents the average for the control group while the

constant plus ρ̂ represents the average for the treatment group. The bottom

of the table reports the full sample mean and standard deviation along with

the number of students who were offered coffee and the sample size.

Column 1 of table 1.A uses as dependent variable the score in the experiment

midterm. The average for the control group is 3.21 out of 5 possible points.

The treatment group scores are 0.06 points lower but standard errors are

large and this simple unconditional difference in means is non-significant.

Column 2 uses as dependent variable the fraction of the beverage consumed.

On average students who were offered coffee consumed 70% of their beverage.

On average students who were offered the herbal infusion consumed 92% of

their beverage. This difference is statistically significant and actual coffee

consumption is correlated with νi. This is the reason why we focus on ITT

effects (ie: The effect of being offered coffee instead of the effect of consuming

coffee).

The next variables (table 1.A columns (3) to (6) and all columns in table

1.B and 1.C) are pre-determined and should not be affected by the treatment,

except by chance. In general those variables are fairly balanced except for

the grade in the previous midterm (the variable labeled “Midterm 1”) which
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is significantly higher for students who were offered coffee. We will control

for this variable in all of our regressions. This is also useful because it is a

measure of the same dependent variable in a previous moment in time, which

should increase statistical precision. Notice that the lack of balance for the

grade in midterm 1 is not replicated in the average homework grade or in the

average quiz grade, or in the final examination grade. Given the design of

the experiment, the lack of balance in the first midterm should be attributed

to randomness (it is a type I error). Notice that daily caffeine consumption

is slightly unbalanced. We could in principle control for this variable and

if we do our results are virtually unchanged; however, we present results

without this control for comparability across tables: later on we will split the

sample according to daily caffeine consumption and we want our regressors

to be the same in the full and split samples.

In general the picture that emerges from table 1, is that of a sample

of students who are not habituated to consuming coffee. Only 24 % of

students consume coffee on a daily basis (the average age of students is

18.4). Approximately 28 % of students consume coffee before the 10 AM

exam. Interestingly, 15% of the students who do not consume coffee regularly,

do consume coffee before the exam (this last statistic is not in the tables).

Similarly, no student consumes energy drinks on a daily basis but 9% consume

energy drinks before the midterm. These observations are consistent with

the use of caffeinated beverages as cognitive enhancers as described in the

introduction.
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Table 1.A—: Summary Statistics and Balance Tests

(1) (2) (3) (4) (5) (6)
Midterm 2

(Experiment Test)
Fraction

Consumed
Female Height Weight Age

Offered Coffee -0.05649 -0.21981∗∗∗ -0.04757 1.27141 0.14271 0.28488
(0.13866) (0.04829) (0.07543) (1.32821) (1.68420) (0.27460)

Constant 3.21102∗∗∗ 0.92330∗∗∗ 0.45455∗∗∗ 170.17045∗∗∗ 62.88636∗∗∗ 18.25000∗∗∗

(0.09858) (0.02334) (0.05339) (0.92772) (1.28684) (0.24474)

Full sample mean 3.18 0.81 0.43 170.80 62.96 18.39
Full sample standard deviation 0.91 0.33 0.50 8.76 11.10 1.82
Students who were offered coffee 86 86 86 86 86 86
N 174 174 174 174 174 174

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 1.B—: Summary Statistics and Balance Tests (continued)

(1) (2) (3) (4) (5) (6)
Coffee Consumption

Before Test
Consumes Coffee
On Daily Basis

Energy Drinks Consumption
Before Test

Consumes Energy Drinks
On Daily Basis

Had breakfast Sleep Hours

Offered Coffee -0.06263 -0.10941∗ -0.02088 0.00000 -0.01256 0.10325
(0.06794) (0.06461) (0.04399) (.) (0.04305) (0.22598)

Constant 0.30682∗∗∗ 0.29545∗∗∗ 0.10227∗∗∗ 0.00000 0.91954∗∗∗ 6.48977∗∗∗

(0.04945) (0.04892) (0.03249) (.) (0.02933) (0.15343)

Full sample Mean 0.28 0.24 0.09 0.00 0.91 6.54
Full sample standard deviation 0.45 0.43 0.29 0.00 0.28 1.49
Students who were offered coffee 86 86 86 86 86 86
N 174 174 174 174 173 174

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

Table 1.C—: Summary Statistics and Balance Tests (continued)

(1) (2) (3) (4) (5) (6) (7)

Study Hours
Usually Nervous
in Similar Tests

Econ. Major Midterm 1 HW Grade Quiz Grade
Final

Examination

Offered Coffee -0.68380 -0.01638 0.08985 0.32045∗∗ 0.09099 -0.01693 0.03706
(0.87624) (0.06241) (0.07467) (0.16054) (0.07805) (0.14000) (0.11063)

Constant 9.84659∗∗∗ 0.79545∗∗∗ 0.36364∗∗∗ 2.83199∗∗∗ 3.98440∗∗∗ 3.75438∗∗∗ 3.34375∗∗∗

(0.54613) (0.04325) (0.05158) (0.11295) (0.05542) (0.08977) (0.07198)

Full sample Mean 9.51 0.79 0.41 2.99 4.03 3.75 3.36
Full sample standard deviation 5.76 0.41 0.49 1.07 0.52 0.92 0.73
Students who were offered coffee 86 86 86 86 86 86 86
N 174 174 174 174 174 174 174

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

IV. Results

A. Empirical Strategy

In the following set of results we estimate different forms of the following

regression,
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yi = c+ ρ · Ti + β ·Midterm1 + δ′Xi + vi, (2)

Where Ti is either: a dummy for pre-test self-reported coffee consumption

(restricting the sample to controls), a dummy for assignment to the coffee

treatment (ITT) or milligrams consumed of caffeine (instrumental variables

TOT). It is a nice feature of the data to have a measure of the dependent

variable before the experiment, the grade in midterm 1, since this increases

statistical power for inference. Xi represent other controls, the majority of

which take into account differential rates of absorption of caffeine according to

the physical characteristics of the subjects (height,weight, gender, a dummy

if the student had breakfast and the hours of sleep).

B. An Observational Strategy

Let us assume first that we did not have experimental data but instead that

we had to rely on observational data. We can explore the results of this kind

of methodology by restricting the sample to those who randomly received the

herbal infusion and using as the main independent variable a dummy if the

student self-reports consuming coffee before the exam.5 We follow this route

to assess the bias of a similar study but using observational data. Results

are presented in table 2. The first column uses the total exam grade on a

scale from 0 to 5; column (2) and (3) correspond to results on the memory

component and on the comprehension component, respectively, which are also

measured on the 0 to 5 scale. The grade in the exam is positively associated

with self-reported caffeine consumption. The magnitude of the coefficient is

5Caffeine half-life in healthy adults is 5.7 hours (Statland and Demas, 1980), which
means that students of the control group who reported consuming coffee before the 10
AM exam were likely to have caffeine in their system during the exam.
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0.3 with a p-value of 0.12, marginally significant. There is no association

between self-reported coffee consumption and the memory component of

the test but the association with the comprehension component is positive

and significant. If we were to give a causal interpretation to these results

we would conclude that coffee consumption improves test scores. However,

an obvious caveat arise: the same students who consume coffee before the

exam could be those willing to do more, in terms of study hours or other

strategies, to have a higher grade. OLS might be biased upwards.
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Table 2—: Observational OLS on the Sample of Controls.
Self-reported Coffee Consumption and Test Scores

(1) (2) (3)

Full Grade
Memory

Component
Comprehension

Component

Coffee Before 0.32290 0.02424 0.52278∗∗

(0.20071) (0.23691) (0.24280)

Height 0.03493 0.01234 0.05004
(0.02304) (0.02519) (0.03069)

Weight -0.03101∗∗∗ -0.01777 -0.03982∗∗

(0.01146) (0.01290) (0.01577)

Midterm 1 0.41049∗∗∗ 0.20271∗∗ 0.54934∗∗∗

(0.07153) (0.07720) (0.09453)

Gender 0.07413 0.01535 0.11219
(0.37877) (0.39917) (0.47271)

Had Breakfast 0.22285 0.04364 0.34416
(0.25887) (0.38520) (0.41195)

Sleep hours 0.07445 -0.02741 0.14238
(0.06937) (0.07276) (0.09091)

Self-Treated 27 27 27
N 87 87 87

Robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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C. ITT

Now we use the thrust of our experiment to evaluate the causal impact

of being offered coffee on test scores. Results are in stark contrast with

the observational results. Those students who were offered coffee have on

average 0.21 points less in the exam or 6.5 % lower grades with respect

to the control group mean (column 1 of table 3). In contrast to previous

research on animals (Angelucci et al., 2002) it is not the Memory Component

which explains those results but the Comprehension Component. Part of this

could be explained by the memory component being easier and thus having

less variability: the means and standard deviations are 3.8 (SD = 0.87)

for the Memory Component and 2.7 (SD = 1.23) for the Comprehension

Component. But the point estimate of the Memory Component is small

and equal to -0.06. The Comprehension component on the other hand

is large in magnitude (-0.3) and significant. We will provide a probable

explanation for this below which relies on the fact that the Comprehension

Component usually generates more stress since it confronts the students with

problems that they have not seen before (which can be solved with a good

understanding of the concepts of Introductory Microeconomics).
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Table 3—: Intent to treat of Coffee Consumption and Test
Scores

(1) (2) (3)

Full Grade
Memory

Component
Comprehension

Component

Offered Coffee -0.21523∗ -0.05974 -0.31564∗

(0.11953) (0.12896) (0.16471)

Height 0.02717∗ 0.01722 0.03367∗

(0.01457) (0.01390) (0.02025)

Weight -0.02387∗∗ -0.01724∗∗ -0.02810∗∗

(0.00938) (0.00869) (0.01338)

Midterm 1 0.38822∗∗∗ 0.17131∗∗∗ 0.53151∗∗∗

(0.04940) (0.05449) (0.06570)

Gender 0.07182 0.03789 0.09193
(0.21639) (0.21553) (0.29138)

Had Breakfast 0.15587 0.14824 0.14471
(0.20551) (0.26017) (0.30584)

Sleep hours 0.01729 -0.02571 0.04661
(0.04187) (0.04029) (0.05706)

treated 86 86 85
N 173 173 172

Robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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D. TOT

Because we measure actual coffee consumption (we did measure the coffee

left in the cups) and since the herbal infusion was chosen because it has 0

caffeine, we can compute the Treatment on the Treated effect of caffeine

consumption using assignment to coffee as an instrument in an instrumental

variables (IV) framework. By design the instrument is highly significant.

A regression of milligrams of caffeine consumed against assignment to the

coffee treatment gives a coefficient of 90.19 with a standard error of 5.3 (See

appendix table A.2). The experiment increased caffeine consumption of the

treated by 90 milligrams. Table 4 shows the instrumental variables results

on the effects of caffeine. Assuming a linear relationship, each additional

milligram of caffeine reduces test scores by 0.0023 points. A 190 ml cup

of ground coffee has on average 100 mg of caffeine (Ruxton, 2008). If we

consider this to be the usual amount of caffeine in a cup of coffee, consuming

this cup of coffee before a test would reduce test scores by 0.2 points on a

scale from 0 to 5.
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Table 4—: Treatment on the Treated Effect of Caffeine Con-
sumption and Test Scores

(1) (2) (3)

Full Grade
Memory

Component
Comprehension

Component

caffeine -0.00239∗ -0.00066 -0.00348∗

(0.00135) (0.00143) (0.00185)

Height 0.02544∗ 0.01674 0.03106
(0.01491) (0.01388) (0.02097)

Weight -0.02326∗∗ -0.01708∗ -0.02713∗

(0.00965) (0.00876) (0.01379)

Midterm 1 0.38178∗∗∗ 0.16952∗∗∗ 0.52145∗∗∗

(0.05060) (0.05415) (0.06758)

Gender 0.00944 0.02057 -0.00016
(0.22767) (0.21409) (0.30909)

Had Breakfast 0.13009 0.14109 0.09539
(0.21057) (0.26052) (0.31438)

Sleep hours 0.02053 -0.02481 0.05165
(0.04288) (0.04055) (0.05867)

Observations 173 173 172
treated 86 86 85
First-stage F 292.90 292.90 292.90

Robust standard errors in parentheses. *** p<0.01, **
p<0.05, * p<0.1
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V. Probable Channels

Finally, we use the experiment survey to understand more about the origin

of the negative effect of caffeine on test scores. Table 5 estimates ITT effects

but splitting the sample according to different type of consumers. Column (1)

restricts the sample to coffee drinkers and column (2) to non-coffee drinkers.

Coffee drinkers are students who drink coffee on a daily basis. As a reality

check, we report that coffee drinkers consumed on average 92% of their

coffee while non-regular coffee drinkers consumed on average 65% of their

coffee. Column (3) restricts the sample to regular coffee drinkers who did not

have any coffee on that day prior to the experiment; the “Coffee Deprived”

students. Column (4) restricts the sample to regular coffee drinkers who did

have coffee on that day prior to the experiment (the “Non-Coffee Deprived”).

There are no endogeneity problems when performing these split sample

analyses since random assignment (the offer of coffee) is not a function of

any of these variables.

The results of table 5 suggest that regular coffee drinkers are not affected

by the offer of coffee (column 1). However, non-coffee drinkers who were

offered coffee have a lower exam performance (column 2). Interestingly, the

coffee deprived students have higher test scores if they are offered coffee

(column 3). The non-coffee deprived students (ie: students who drink coffee

regularly and who drank coffee before the experiment) are not affected by the

offer of coffee (column 4). Admittedly, the size of the sample —in particular

the size of the coffee deprived sample— is small (although smaller samples

are common in the existing literature). However, results for coffee deprived

students echo those of previous studies that show that overnight abstinence

in regular coffee drinkers degrades cognitive capabilities (James, 2005). In
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Table 5—: Heterogeneous effects by type of consumer and deprivation

(1) (2) (3) (4)

Coffee Drinker Non-Coffee Drinker
Coffee Drinker

Deprived
Coffee Drinker
Non-Deprived

Offered Coffee -0.12792 -0.24279∗ 0.92684∗∗ -0.25291
(0.20281) (0.14287) (0.26429) (0.27585)

Height 0.03532 0.03001∗ 0.02047 0.02846
(0.02588) (0.01777) (0.05352) (0.03400)

Weight -0.02338∗ -0.02472∗∗ 0.06119∗∗ -0.02513
(0.01204) (0.01242) (0.02086) (0.01635)

Midterm 1 0.35684∗∗∗ 0.39271∗∗∗ 0.31823∗ 0.32732∗∗

(0.08888) (0.06397) (0.13361) (0.11812)

Gender -0.05435 0.13760 0.24207 0.03574
(0.53813) (0.23733) (0.88818) (0.64208)

Had Breakfast 1.09764∗∗∗ -0.05473 0.78670∗∗ 0.93047∗∗∗

(0.29152) (0.22752) (0.30340) (0.29824)

Sleep hours 0.09189 0.00975 0.28828∗∗ 0.09231
(0.09130) (0.04980) (0.07371) (0.13146)

treated 16 70 6 10
N 41 132 13 28

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

sum, individuals not habituated to consuming coffee perform worse if they

are offered coffee before the exam. Individuals habituated to consuming

coffee perform worse if they do not have any coffee before the exam. Table

A1, columns (1) and (2), define as caffeine drinkers those who consume either

coffee or energy drinks on a daily basis 6. Among this group, those who

did not consume either coffee or energy drinks before the experiment are

labeled caffeine deprived. Again, the caffeine deprived students do benefit

by the offer of coffee. This is consistent with caffeine recovering withdrawal

degraded capabilities or, in other terms, with withdrawal reversal.

Table 6 tests for more heterogenous effects: According to gender and

according to a measure of anxiety in similar tests. Columns (1) and (2)

6At the beginning of the semester, several students were drinking Red Bull during
class. We later found out that the energy drinks were given for free to promote the brand!
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Table 6—: Heterogeneous effects by gender and self-reported nervousness in similar
tests

(1) (2) (3) (4)

Female Male
Usually Nervous
in Similar Tests

Not Usually Nevous
in Similar Tests

Offered Coffee -0.21720 -0.22776 -0.20717 -0.12730
(0.17358) (0.15928) (0.13904) (0.26732)

Height 0.03279 0.02479 0.02484 0.02073
(0.01990) (0.02050) (0.01603) (0.03871)

Weight -0.02848∗ -0.02428∗∗ -0.02203∗∗ -0.02035
(0.01573) (0.01197) (0.01063) (0.02097)

Midterm 1 0.16053∗ 0.49791∗∗∗ 0.32080∗∗∗ 0.51578∗∗∗

(0.08950) (0.05755) (0.06410) (0.11286)

Had Breakfast -0.25400 0.22554 0.18833 -0.08841
(0.43858) (0.21116) (0.23090) (0.48036)

Sleep hours 0.01844 0.01252 -0.01340 0.07382
(0.08226) (0.04562) (0.05341) (0.07121)

Gender 0.09911 -0.08343
(0.23357) (0.56415)

treated 35 51 67 19
N 75 98 137 36

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1

of table 6 suggests that there are no differential effects by gender which

contrasts with previous research (see for instance Smith et al. (1993)).

Why are non-regular coffee drinkers negatively affected by the offer of

coffee? One proposed explanation consistent with observed behavior during

the test is that caffeine makes non-users feel nervous. Several students

seemed agitated and some reported feeling anxious and with shaky hands.

This explanation is also consistent with students performing worse in the

harder part of the exam, which might generate more feelings of frustration

or anxiety. Additional evidence supporting this comes from columns (3)

and (4) of table 6. The effect of the offer of coffee on test scores seems

to be explained by those students who self-report feeling nervous in exams
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similar to that of the experiment. Notice that the ITT estimate for students

who report feeling nervous in similar exams is -0.21 with a p-value of 0.14.

The magnitude of this parameter estimate is almost identical to the ITT

using the full sample (column (1) of table 3). On the other hand, the ITT

for students who do not report feeling nervous in similar exams is much

lesser in magnitude and highly non-significant (p-value of 0.6). This suggests

that caffeine might negatively affect those predisposed to feeling nervous in

performance tests.

Finally, columns (3) and (4) of table A1, focus on the sub-sample of

non-coffee drinkers and further splits this subsample between those who

feel nervous in similar tests (column (3)) and those who do not (column

(4)). The negative effect of caffeine is concentrated among student who

do not consume coffee regularly and who report to feel nervous in similar

examinations.

VI. Conclusions and Limitations

A plethora of research papers on the effect of caffeine on mental performance

have been published since Hollingworth (1912). However, no paper has

studied the effects of caffeine in a real-life situation. In this paper we fill

this gap and study for the first time the effects of acute caffeine intake

before a real-life midterm. Our results suggest that caffeine does not enhance

cognitive performance. On the contrary, caffeine reduces test scores. This

effect is driven by non-regular coffee consumers and also by students who

self-report feeling nervous in similar exams. Our findings suggest that the

anxiogenic properties of caffeine are detrimental for non-regular consumers.

Furthermore, our research was able to detect a withdrawal reversal effect of
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coffee consumption in a real-life examination: regular coffee drinkers who

for some reason did not consume coffee before the experiment but were part

of the treatment group (ie: received coffee by lottery) perform better than

regular coffee drinkers who did not consume coffee (either ad libitum or

experimentally) before the midterm.

It is important to highlight the limitations of our study: First, when asking

about the effects of the offer of coffee according to the regularity of caffeine

intake we only considered caffeine coming from coffee or from energy drinks.

Thus we cannot discard that non-regular consumers actually consume a

positive amount of caffeine. For example, caffeine is present in cocoa beans

and in soda. However, the amount of caffeine in such products is too small

to be of importance and students would have to consume large amounts of

these products to ingest caffeine in similar magnitudes than that found in

coffee or energy drinks. Furthermore, during the experiment several students

reported tremors in their hands which, because of tolerance, would not occur

in a population habituated to caffeine. Second, since students knew their

treatment status, expectations might play a role. For this to explain our

results it should be the case that non-regular consumers expected caffeine to

hinder the performance. If this were true however, students would have not

drink their coffee and 67% of non-regular consumers did consume all their

coffee (89% consume at least some coffee). In addition to that, double-blind

studies find no expectancy effects when comparing decaffeinated coffee with

water (Ullrich et al. (2015)).

With these caveats in mind, we conclude that in complex cognitive real-life

tasks such as academic examinations, coffee is no cognitive enhancer. People

who consume coffee before examinations are probably driven by subjective
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measures of activation and energy (as reported in Ullrich et al. (2015)) , by

unrealistic beliefs or simply by a history of regular consumption and negative

(conscious or unconscious) withdrawal symptoms.
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Appendix

A1. Additional Tables

Table A1—: Heterogeneous effects by type of consumer and deprivation (taking into account energy
drinks consumption)

(1) (2) (3) (4)
Caffeine Drinker

Deprived
Caffeine Drinker

Non-Deprived
Non-Coffee Drinker

Nervous
Non-Coffee Drinker

Non-Nervous

Offered Coffee 0.77299∗ -0.21022 -0.27869∗ -0.03299
(0.41547) (0.24624) (0.16199) (0.41862)

Height -0.04723 0.02915 0.02570 0.03547
(0.09811) (0.03083) (0.01866) (0.07605)

Weight 0.06835∗∗ -0.02696∗ -0.02300∗ -0.03146
(0.01955) (0.01554) (0.01348) (0.05150)

Midterm 1 0.34472∗ 0.31300∗∗∗ 0.30954∗∗∗ 0.57347∗∗∗

(0.13594) (0.10897) (0.08107) (0.15375)

Gender -1.00039 0.05826 0.15192 -0.24432
(1.75832) (0.59555) (0.26462) (0.46186)

Had Breakfast 0.77105 0.95136∗∗∗ -0.04796 -0.22487
(0.37970) (0.28329) (0.26658) (0.54969)

Sleep hours 0.28067∗∗ 0.06418 -0.02373 0.07284
(0.05971) (0.10092) (0.06700) (0.08551)

treated 5 11 53 17
N 11 30 105 27

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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Table A2—: First Stage of Caffeine Ingestion against the Offer of Coffee

(1) (2)
Caffeine Ingested (Milligrams) Caffeine Ingested (Milligrams)

Offered Coffee 90.04651∗∗∗ 90.19266∗∗∗

(5.41077) (5.27002)

Height -0.72515
(0.61220)

Weight 0.25583
(0.34487)

Midterm 1 -2.69923
(2.43068)

Gender -26.14045∗∗∗

(8.44091)

Had Breakfast -10.80189
(6.98033)

Sleep hours 1.35813
(1.97946)

treated 86 86
N 174 173

Robust standard errors in parentheses. *** p<0.01, ** p<0.05, * p<0.1
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