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Conditioning and expectancy in placebo

The role of conditioning and expectancy in placebo: 
simulating caffeine effect on attentional functions

SUMMARY
Background. Placebo effect is a popular scientific phenomenon, 
showing the complexity of individuals’ mind-body interaction. The 
placebo response is usually determined by two classical mechanisms 
– expectancy and conditioning, yet there is no clear agreement in 
literature regarding the roles of these factors. 
The aim. To assess the impact of conditioning and expectancy in 
placebo effect, analysing caffeine and placebo influence on attentional 
functions.
Methods. 88 volunteers took part in the experiment. Participants 
were split into 4 experimental groups: coffee-caffeine (6.6 grams of 
coffee/100 ml of water), coffee-placebo (6.6 grams of decaffeinated 
coffee/100 ml water), juice-caffeine (100 grams of caffeine/100 ml 
juice), juice-placebo (100 ml of juice). Participants were told that all 
beverages contain high dose of caffeine and attended the lecture about 
caffeine effects on cognitive functions in order to increase expectancy. 
Attentional functions were assessed using a computerized Stroop task.  
Results. The results of our study showed significant improvement of 
participants’ reaction time and error rate in coffee-caffeine, coffee-
placebo and juice-caffeine groups. Changes in juice-placebo group 
were statistically insignificant (p>0.05). Reaction time improvement 
in coffee-placebo group did not significantly differ from coffee-
caffeine (11.78% versus 14.82%), meaning that decaffeinated coffee 
had similar effect as caffeine. 
Conclusions. Both conditioning and expectancy are necessary to 
invoke placebo effect. When placebo is led only by expectancies, 
although it can be enhanced verbally and by social modelling, effect 
tends to be insignificant. 
Keywords: Placebo effect, conditioning, expectancy, caffeine.
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SANTRAUKA
Įvadas. Placebo efektas – plačiai žinomas mokslinis fenomenas, 
atskleidžiantis sudėtingą žmogaus mąstymo ir organizmo reakcijų 
sąveiką. Klasikiniais placebo efektą lemiančiais veiksniais yra 
laikomi sąlygojimas ir įsitikinimas, tačiau vieningos nuomonės dėl 
šių veiksnių vaidmens iniciuojant placebo poveikį nėra. 
Tikslas. Išsiaiškinti sąlygojimo ir įsitikinimo svarbą placebo veikimo 
mechanizmuose, analizuojant kofeino ir placebo poveikį dėmesio 
funkcijoms.
Metodai. Šiame eksperimente dalyvavo 88 savanoriai tiriamieji. 
Eksperimento metu tiriamieji buvo suskirstyti į 4 tiriamąsias grupes: 
kavos-kofeino (6,6 g kavos/100 ml vandens), kavos-placebo (6,6 g 
dekofeinizuotos kavos/100 ml vandens), sulčių-kofeino (100 mg 
kofeino/100 ml sulčių), sulčių-placebo (100 ml sulčių). Siekiant 
sustiprinti tiriamųjų įsitikinimą, tiriamiesiems buvo teigiama, kad 
visi gėrimai pasižymi stipriu kofeino poveikiu, taip pat eksperimento 
metu buvo skaitoma paskaita apie kofeino poveikį kognityvinėms 
funkcijoms. Dėmesio funkcijoms įvertinti buvo naudojami 
kompiuterinės Stroop užduoties rezultatai. 
Rezultatai. Tyrimo rezultatai parodė reikšmingą tiriamųjų reakcijos 
laiko ir klaidų skaičiaus pagerėjimą kavos-kofeino, kavos-placebo 
ir sulčių-kofeino grupėse. Sulčių-placebo grupėje pokyčiai buvo 
statistiškai nereikšmingi (p>0,05). Reakcijos laiko pagerėjimas, 
stebimas kavos-placebo ir kavos-kofeino grupėse statistiškai 
reikšmingai nesiskyrė (atitinkamai 11,78 proc. ir 14,82 proc.), todėl 
galima teigti, jog dekofeinizuotos kavos ir kofeino poveikis tiriamųjų 
dėmesio funkcijoms buvo panašus. 
Išvados. Sąlygojimas ir įsitikinimas yra būtinos sąlygos pasireikšti 
placebo efektui. Placebo poveikis, veikiant tik įsitikinimui, net 
esant verbaliniam sustiprinimui ir socialiniam modeliavimui, yra 
nereikšmingas. 
Raktažodžiai: placebo efektas, sąlygojimas, įsitikinimas, kofeinas. 
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INTRODUCTION

Placebo effect is a popular, although controversial 
scientific phenomenon. Placebo is typically defined as an “inert 
substance usually prepared to look as similar to the active 
product investigated in a study as possible’’ [1] therefore tends 
to be used in control groups in various scientific experiments. 
However, placebo effect is far more complex mind-body 
interaction, which involves neural mechanisms that determine 
individual’s both psychological and physiological response 
[2].

The placebo effect is usually formed by two classical 
mechanisms – individual’s expectancy and conditioning. 
Expectancy is an ability to predict certain events or results 
[3], in other words, expectancy describes individual’s belief to 
receive certain outcomes, for example – taking sugar pill as a 
pain relief medication, without knowing it is sugar. Studies of 
the placebo effect suggest that expectancies can be produced 
and enhanced by verbal affirmation of the expected results [4, 
5] and social modelling [6]. Higher expectancy can increase 
magnitude of placebo effect by influencing the perception of 
received outcomes [7] and causing real physiological changes 
[6, 8].

Second, less explored placebo effect pathway is 
conditioning. Conditioning is defined as a learning process in 
which neutral stimuli become associated with particular body 
reactions which eventually can be caused by presentation 
of that stimuli [9]. Conditioning, as an underlying placebo 
mechanism, can occur when placebo responses are brought 
through the association of neutral objects with effective stimuli 
or treatment [10] – similar environment in which stimuli were 
presented, texture, taste of the stimuli. For example, prior 
experience with analgesics can improve placebo analgesia 
[5]. This learning process is related to the prediction and 
association-based plasticity of the stimuli results [11–13].

Brain structures, involved in formation of placebo effect 
are usually associated with multiple cognitive and affective 
functions. For example, conditioned placebo analgesia 
activates brain areas involved in affective stimuli evaluation 
and regulation – lateral thalamus, anterior cingulate cortex 
and posterior insula [14]. On the other hand, verbally 
enhanced placebo increases activity in learning and memory 
associated regions – superior temporal gyrus, angular 
gyrus [14], hippocampus, parahippocampal gyrus [14, 15], 
amygdala and dorsolateral prefrontal cortex [15]. It is worth 
to notice that placebo responses seem to be associated with 
increased endogenous dopamine and opioid release, meaning 
that reward-learning system plays an important role in neural 
placebo mechanisms [2, 15–17].

Although many studies use placebo in pharmaceutical 
research, this phenomenon can also be involved in various 
aspects of everyday life, for example – caffeine effect 
simulation. Studies have demonstrated that effects of 
decaffeinated coffee on the improvement of physiological 
and cognitive performance can be similar to caffeine. For 
example, decaffeinated coffee can increase skin conductance 
level, startle reflex magnitude as well as subjective alertness 
and arousal [18], elevate systolic blood pressure, heart rate 
[19], muscle tone [20] and improve cognitive performance 
such as working memory, attention and alertness [21–24]. 
Decaffeinated coffee as placebo in this case meets the criteria of 
both conditioning and expectancy: the same smell, texture and 
taste as regular coffee can be associated with the experience of 
previous coffee consumption while verbal affirmation of the 
effects of caffeine can induce expectancies [5].

Placebo phenomenon, from fundamental perspective, 
reflects complex interaction between higher mental processes, 
such as expectancies, and neural learning mechanisms of 
classical conditioning, allowing better understanding of 
brain functioning. There is no clear agreement in literature 
regarding the roles of expectancy and conditioning in placebo 
mechanisms. Some studies show that conditioning is a 
necessary factor, while expectancies only mediate the effect 
of conditioning on placebo effect [25–27]. Other researchers 
indicate that verbally induced expectancy can produce placebo 
without conditioning [5, 20]. In order to assess the role of 
conditioning and expectancy in placebo effect, we performed 
an experiment, analysing caffeine and placebo influence on 
attentional functions.

METHODS

Study Design

Experiment Design
Study design was between subject four conditions 

experiment. The participants were assigned to one of the 
four groups: coffee (coffee-caffeine), decaffeinated coffee 
(coffee-placebo), caffeinated juice (juice-caffeine) or juice 
(juice-placebo) in order to test different placebo mechanisms 
(Table 1). In this study, the placebo effect was interpreted as 
the change in attentional functions, which was not caused 
by caffeine. Changes were attributed to conditioning, when 
previously known stimuli were present (such as taste, smell, 
etc.) and to expectancy – when participants’ belief in results 
was invoked.

Conditions were tested in pairs of coffee/decaffeinated 
coffee and caffeinated juice/juice on different days to avoid 
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Table 1. Experimental groups and mechanisms of intervention effect

Beverage N Groups N Intervention
Mechanisms

Caffeine Expectancy Conditioning

Coffee 47
Coffee-caffeine 24 6.6 g of regular coffee in 100 ml of water 100 mg* + +
Coffee-placebo 23 6.6 g of decaffeinated coffee in 100 ml of water 11 mg* + +

Juice 41
Juice-caffeine 22 100 mg of caffeine in 100 ml of banana juice 100 mg + –
Juice-placebo 19 100 ml of banana juice – + –

NOTE: * Estimations based on previous studies [22, 28]. 
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interpretations and different expectancies by participants if 
seeing different beverages in the same experiment. 

Boosting Participant Expectancies
All participants were told they were receiving coffee 

or juice with a “large dose of caffeine”. The questionnaire 
instructions had manipulative questions in order to reinforce 
participants’ expectancies: “Please evaluate how do you 
think your attentional functions will change after drinking 
strongly caffeinated beverage”. During intervention (beverage 
consumption) a university teacher was telling participants 
about the effects of caffeine, in order to further increase 
participants’ expectancies.

Procedure
This study was conducted in January–February 2018 in 

Lithuanian University of Health Sciences. The study and its 
consent procedures were approved by the Centre of Bioethics 
of the Lithuanian University of Health Sciences (permission 
number: BEC-9P(B)-34) and all participants provided written 
informed consent.

The purpose of the experiment, described in the study 
invitation, was formulated as caffeine influence on cognitive 
performance evaluation study, all participants were informed 
that they will be ingesting high dosage caffeinated beverages. 

The experiment sessions were scheduled between 11 a.m. 
and 4 p.m. Participants were instructed to practice Stroop task 
at home the day prior to the session to get basic familiarity 
with the test and to abstain from caffeine consumption on 
session day. On the experiment day, participants were allowed 
to choose the seat in the experiment room. Every seat was 
marked by a different number, which was used for random 
participant assignment to experimental groups. Experiment 
session consisted of several steps (Figure 1): initial practice 
with Stroop task to get familiar with experiment equipment; 
baseline Stroop task (Stroop1) and filling out the first part 
of the questionnaire (including subjective evaluation of 
performance and expectancies of caffeine effect); beverage 
consumption (intervention and boosting of expectancies); 
Stroop task after intervention (Stroop2) and filling out the 
second part of questionnaire (including subjective evaluation 
of perceived effect of caffeine). Participants were given 30–
40 minutes to drink beverage, since it takes 30 minutes for 
caffeine effect to appear [29].

Measures 
Stroop task. To evaluate attentional functions, we 

used computerised Stroop task [30]. The Stroop task was 
programmed using PsyToolkit platform [31]. For this task, 
the name of colour (red, yellow, blue or green) was presented 
in the centre of the black background on computer screen 

written either in matching or mismatching colour. Participants 
were instructed to ignore word meaning and press keys, 
corresponding to text colour as quickly as possible. 90 words 
were presented in each task, participants had 3 seconds to 
press a key, until new word would appear. The following 
variables are analysed in this article: the reaction time (in 
milliseconds) of correct answers in mismatched words and 
total error rate (number of incorrect choices during the Stroop 
task of 90 trials).

Questionnaire. Authors’ made questionnaire included 
42 items, assessing demographic information, subjective 
sleep, subjective health and wellbeing evaluation, caffeine 
consumption habits questions, expectancy for caffeine 
intervention and its effect evaluation. Questionnaire was 
presented as an online survey and attached to each participant’s 
Stroop task results. 

Participants 
Volunteer students of Lithuanian University of Health 

Sciences were invited to participate in this study. All subjects 
reported having had an experience of consuming caffeine 
drinks, had an ability to recognise and differentiate colours. In 
total, 95 subjects participated in the experiment, 7 participants 
were excluded from further analysis due to incomplete data. 
The final sample consisted of 88 participants, from 18 to 25 
years old (mean 20.6 ± 1.29, median 21) from whom 70 were 
females (79.55%) and 18 males (20.45%) (Table 2).

Data Analysis
Data was processed using MS Excel 2017 and analysed 

using IBM SPSS Statistics, version 24. The descriptive analysis 
was used for assessment of caffeine consumption habits. The 
bivariate analysis was conducted using non-parametric Mann-
Whitney U, Kruskal-Wallis H and chi-squared (χ2) tests. For 
paired measurements we used Wilcoxon test. The statistical 
significance level was set at p<0.05.

The Stroop task results are expressed in mean and 
standard deviation, M ± SD. The decrease in the reaction time 
and number of errors after the intervention, was considered to 
be an improvement of participants attentional functions. The 
greater changes in reaction time and error rate are interpreted 
as bigger improvements in participants attentional functions. 

RESULTS

Comparison of Study Groups at Baseline
The evaluation of participant habits of caffeine beverages 

consumption showed, that most participants tended to drink 
caffeinated beverages in order to increase their physical and 
cognitive arousal (40.91%), less frequent reasons were habit 
and social environment (32.95%) and taste (26.14%).

Figure 1. Experiment session timeline (in minutes)
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NOTES: Subjective health and wellbeing value range 5–25pts; Stroop1 – Stroop task results before intervention.
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The comparison of subjective health factors between 
four experimental groups showed no statistically significant 
differences (p>0.05) (Table 3). Primary Stroop task results 
(Stroop1) – reaction time and number of errors, also showed no 
significant differences between experimental groups, meaning 
that at the baseline of the experiment, all four experimental 
groups were homogeneous. 

Within Group Effects
The comparison of Stroop task results before and after 

intervention showed decrease in reaction time and error 
rate in all four experimental groups (Table 4). Statistically 
significant improvements were found only in coffee-caffeine, 
coffee-placebo and juice-caffeine groups (p<0.05). In 
juice-placebo group changes were smallest and borderline 
significant (p=0.099), which could mean that juice-placebo 
did not have significant impact improving subjects Stroop task 
results. However, statistical significance in this case could be 
insufficient due to smaller sample size.

Caffeine and Placebo Effect
To evaluate impact of caffeine and placebo beverages on 

Stroop task results, we compared the changes of reaction time 
between groups (Figure 2). The largest observed differences 
of reaction time were found in coffee-caffeine (improved by 
14.82%), juice-caffeine (improved by 13.82%) and coffee-
placebo (improved by 11.78%) groups. Reaction time changes 
in juice-caffeine and coffee-placebo groups had no significant 
difference from coffee-caffeine (p>0.05), meaning that 

intervention had similar effect in all three groups. Meanwhile, 
juice-placebo seemed to have significantly smaller impact 
on reaction time compared to coffee-caffeine (5.59% versus 
14.82%, p=0.013).

Similarly, after comparing changes of error rates, the 
largest effect was found in coffee-placebo (decreased by 
45.21%), juice-caffeine (decreased by 33.39%) and coffee-
caffeine (decreased by 31.78%) groups, while juice-placebo 
seemed to have the smallest impact (decreased by 7.02%) 
(Figure 3). However, none of the comparison groups (coffee-
placebo, juice-caffeine and juice-placebo) showed statistically 
significant differences compared to coffee-caffeine results 
(p>0.05).

DISCUSSION

The word “placebo” can be often found in various 
studies, especially in experimental field, yet mechanisms of 
this complex individuals’ mind-body interaction still remain 
unclear. In order to assess the role of conditioning and 
expectancy in placebo effect, we performed an experiment, 
analysing caffeine and placebo influence on attentional 
functions. Experiment design included four conditions, 
involving different combinations of mechanisms: caffeinated 
coffee, used as full-effect baseline (caffeine, expectancy and 
conditioning), decaffeinated coffee as full-effect placebo 
(expectancy and conditioning), juice with caffeine (caffeine 
and expectancy) and juice, verbally presented as caffeinated 

Table 2. The comparison of participants general characteristics between experimental groups

Indicators
Groups χ2 p

Coffee-caffeine Coffee-placebo Juice-caffeine Juice-placebo
N 24 23 22 19

Age, M ± SD 20.42 ± 1.10 20.83 ± 1.83 20.50 ± 0.964 20.58 ± 1.21 0.632 0.889
BMI, M ± SD 21.39 ± 3.44 22.50 ± 3.34 20.91 ± 2.39 21.44 ± 2.33 3.285 0.350

Gender, n (%)
Female 20 (83.33) 17 (73.91) 19 (86.36) 14 (73.68)

1.69 0.639
Male 4 (16.67) 6 (26.09) 3 (13.64) 5 (26.32)

Study field, n (%)
Medicine 16 (66.66) 15 (65.22) 15 (68.16) 12 (63.18)

0.126 0.989
Psychology 8 (33.34) 8 (34.78) 7 (31.84) 7 (36.82)

Employment, n (%)
Employed 4 (16.66) 6 (21.09) 2 (9.09) 2 (10.53)

2.967 0.397
Unemployed 20 (83.34) 17 (78.91) 20 (90.91) 17 (89.47)

Smoking, n (%)
Smokers 2 (8.33) 5 (21.74) 4 (18.18) 3 (15.79)

1.699 0.637
Non-smokers 22 (91.67) 18 (78.26) 18 (81.82) 15 (84.21)

Table 3. The comparison of experimental groups before intervention

Indicators
Groups

H p
Coffee-caffeine Coffee-placebo Juice-caffeine Juice-placebo

Subjective health and wellbeing on experiment day (pts) 12.3 ± 4.92 12.7 ± 5.4 14.5 ± 4.9 13.4 ± 4.9 2.173 0.537
Subjective health and wellbeing within last 14 days (pts) 11.6 ± 3.5 11.2 ± 3.9 12.3 ± 4.6 11.9 ± 4.1 0.302 0.96
Average sleep duration within last 14 days (h) 7.1 ± 1.3 6.8 ± 1.2 6.8 ± 0.9 7.2 ± 1.1 1.875 0.599
Reaction time in Stroop1 (ms) 939.7 ± 210.7 880.4 ± 174.2 927.1 ± 189.2 864.8 ± 178.8 1.717 0.633
Errors in Stroop1 (n) 5.4 ± 4.2 4.9 ± 3.0 6.1 ± 5.0 6.8 ± 5.0 1.769 0.622
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beverage (only expectancy). To ensure that there was no 
significant influence on results due to personal differences 
among participants assigned to these conditions, we compared 
subjective health factors and baseline Stroop task results before 
intervention among experimental groups. The comparison 
showed no significant differences, allowing presumption of 
experimental groups homogeneity.

The findings of this study demonstrated that along with 
caffeinated beverages, decaffeinated coffee significantly 
improved participants reaction time and reduced error rate in 
Stroop task. Meanwhile juice verbally presented as caffeinated 
drink had no significant effect. The largest improvement 
of participants’ reaction time was found after consuming 
caffeinated beverages (coffee and juice), although the effect of 
decaffeinated coffee did not significantly differ, meaning that 
full-effect placebo made similar impact improving reaction 
time as caffeine. The findings of the study are discussed in 
more details below.

As expected, the results of our research confirmed that 
consumption of caffeinated beverages can improve attentional 
functions. In both conditions, where caffeine was administered 
(coffee-caffeine and juice-caffeine) attentional functions 
improved significantly, with no significant difference between 
these two groups. These findings are in line with previous 
studies, which demonstrated caffeine’s impact improving 

individuals’ cognitive functions [18, 28, 32–35]. These results 
could be explained by caffeine’s influence on central nervous 
system – caffeine acts as an antagonist of adenosine-receptors 
[36], which are known to take part in sleep-waking regulation 
[37]. Also, caffeine stimulates sympathetic nervous system 
which increases whole body arousal [28], causing alertness 
enhancing effect. 

In line with other studies we found that decaffeinated 
coffee can replace regular coffee improving attentional 
functions [10, 20, 23, 24]. The reason behind this could be 
that decaffeinated coffee, as placebo, is acting through both 
conditioning and expectancy. All the participants, invited in 
this study, were caffeinated drinks consumers, most of them 
reported to drink coffee in order to increase their physical and 
cognitive arousal (40.91%). The taste, texture and smell of 
decaffeinated coffee do not differ from regular coffee, meaning 
that for the participants the presence of decaffeinated coffee 
could elicit conditioned automatic body responses of alertness 
[10, 23, 24] and improved cognitive functions. It could be 
argued, that decaffeinated coffee has some caffeine, however 
the difference in caffeine amount is nearly tenfold, 11 mg [22] 
as opposed to 100 mg per serving in regular coffee [28], and 
it is highly improbable, that it would have nearly the same 
effect on attentional functions. This hypothesis could be tested 
by performing experiment with a group of persons, who had 

Table 4. The comparison of Stroop task results before and after intervention

Groups Reaction time (ms) Errors (n)
Stroop1 
 M ± SD

Stroop2  
M ± SD

Difference M 
(%)

Z p Stroop1 M 
± SD

Stroop2 M 
± SD

Difference 
 M (%)

Z p

Coffee-
caffeine 939.7 ± 210.7 800.4 ± 155.6 -139.2 (14.8) -4.23 <0.001 5.4 ± 4.2 3.7 ± 2.6 -1.7 (31.8) -2.08 0.037

Coffee-
placebo 880.5 ± 174.2 776.7 ± 119.5 -103.7 (11.8) -3.32 0.001 4.9 ± 2.9 2.7 ± 2.2 -2.2 (45.2) -3.33 0.001

Juice-
caffeine 927.1 ± 189.2 799.0 ± 131.1 -128.2 (13.8) -3.91 <0.001 6.1 ± 5.0 4.1 ± 3.4 -2.1 (33.4) -2.43 0.015

Juice-
placebo 864.8 ± 178.8 816.5 ± 125.7 -48.3 (5.6) -1.65 0.099 6.8 ± 5.0 6.4 ± 3.4 -0.48 (7.0) -0.23 0.815

NOTE: Stroop1 – Stroop task results before intervention; Stroop2 – Stroop task results after intervention; Differences presented as absolute 
difference between Stroop1 and Stroop2 task results.

Figure 2. Decrease of reaction time after intervention in four 
experimental groups

Figure 2. Decrease in error rate after intervention in four 
experimental groups
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no prior experience with coffee and therefore no conditioning 
could be present, but we had no such group in this experiment. 

The last mechanism analysed in this experiment, which 
could improve attentional functions, was expectancy. By design 
expectancy was present in all experimental conditions due to 
information given to participants in invitation. Furthermore, 
we intended to boost participants’ expectancies with verbal 
manipulation by saying that all the beverages contain high 
dose of caffeine [5] and social modelling – during intervention 
participants listened to a lecture by university teacher about 
caffeine effects on cognitive functions [6]. These factors are 
known to increase the magnitude of placebo effect [6–8, 38]. 
However, in our study we found that juice, verbally presented 
as caffeinated beverage, did not improve participants’ 
attentional functions, even though the same reinforcement 
of expectancies was made as in other groups. It could be 
hypothesised that the main reason for this was the absence 
of other mechanisms – conditioning or caffeine. Expectancy 
alone in this case could be insufficient, because objective 
measurements, such as reaction time, are not influenced by 
person’s perception of received outcomes, which is considered 
as one of possible expectancy ways of action [7]. 

Various of previous studies revealed different perspectives 
on roles of conditioning and expectancies in placebo effect. 
Some researchers consider expectancies to be the only 
crucial factor in formation of placebo effect [5, 20, 39], while 
conditioning produces placebo response expectancies, rather 
than placebo responses [40]. Other studies raise the importance 
of conditioning in placebo mechanisms, especially when 
objective changes such as hormonal secretion are involved 
[25, 26]. Findings of our study show that conditioning 
is necessary for placebo effect, such results may be due to 
objective measurements used (reaction time and error rate of 
Stoop task), rather than subjective evaluation of perceived 
outcomes. 

One of the limitations of this study was that we did not 
measure the content of caffeine in coffee, estimations were 
based on other studies [22, 28], therefore the amount of caffeine 
between coffee-caffeine and juice-caffeine can slightly differ. 
Another limitation could be considered presence of small 
amount of caffeine in decaffeinated coffee, effects of which 
cannot be entirely excluded, as discussed above. 

Some aspects are worth to be discussed regarding Stroop 
task results validity. In this study we analysed two main 
performance measurements – reaction time of Stroop task 
mismatched words, reflecting cognitive load as a measure 
of attentional functions, and total error rate, to control for 
situation, when reaction time improvement is due to faster 
but less controlled key tapping rather than improved cognitive 
functions. Study results showed, that error rate did not 
increase after intervention, in fact there was a decrease in error 
rate in all experimental groups, this allows to eliminate the 
possibility of reaction time changes due to random tapping. 
Influence of learning, on the other hand, might still be a factor. 
Participants had training session before experiment, but some 
improvement of reaction time might be due to learning during 
the session.

Ecological validity of our study results is limited by 
design, since our aim was to get better understanding of 

fundamental placebo mechanisms and we tried to control for 
factors, known to make influence on attentional functions in 
everyday life (e.g. sleep, subjective health and wellbeing, time 
of the day, etc.). We used Stroop task to compare influence of 
caffeine with placebo and did not aim to test all attentional 
functions. Finally, sample size of the study was not big – 
even though it was sufficient to get statistical significance of 
main study results, it could be considered somewhat limiting 
ecological validity. 

Overall, our study indicated that in certain conditions 
decaffeinated coffee can be as effective as regular coffee 
improving individuals’ attentional functions. The important 
conclusions can be drawn from these results that both 
conditioning and expectancy are necessary to invoke placebo 
effect. When placebo is led only by expectancies, although it 
can be enhanced verbally and by social modelling, effect is 
insignificant. 

 Potential Future Research
For future research, within group design to better account 

for learning and individual differences could be considered, 
also more specific and robust tool to assess attentional 
functions could be developed.
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