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ABSTRACT

ARTICLE HISTORY

This study presents a protocol for induction of moderate psychosocial
stress and investigates its impact on psychological and physiological
responses. The proposed procedure was designed to enable researchers
to assess cognitive performance under effect of various classes of stressors.
The protocol’s structure contains three main periods: baseline, assessment,
and recovery. The assessment stage starts with task anticipation, during
which audience (three-member commission) is introduced and apparatus
(cameras, microphones, lights, and physiological measuring devices)
stationed. Subsequently, cognitive performance was tested. The protocol
was evaluated on 56 university students that were randomly assigned to
control or stress (protocol) treatment and administered three cognitive
tests (working memory operation span, remote associates test, and
semantic ﬂuency). Compared to control sessions, protocol induced state
anxiety, interfering worry thoughts, and disturbance during recovery
period. In addition, the stress group also showed elevated levels of skin
conductance, higher average heart rates, and larger drops in peripheral
temperature. Even though more research is needed, these results suggest
that the protocol effectively induces both psychological and physiological
stress responses and therefore encourages utilization in cognitive-affective
and cognitive-biological ﬁelds of research.
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Simplistic mind-computer analogy, or metaphor, that characterizes the approach of
“cold” cognitive psychology in explaining the information processing, may underestimate
the documented importance of the interplay between cognitive and affective systems
(Pessoa, 2008). Following the cognitive paradigm, authors interested in cognitive functioning typically eliminate affective “confounds” by equalizing participants’ emotional
state, making it constant in order to study desired phenomena under neutral conditions.
Even though this modus operandi is often reasonable, cognitive functioning during
events that are personally signiﬁcant may be particularly altered by the emotional states
they are accompanied with—such as stress and anxiety. Because unsuccessful resolving
of a signiﬁcant problematic event yields serious consequences, it is important to study
how these emotional states modulate relevant cognitive processes. For this reason, we
aimed to develop a tool that enables researchers to assess cognitive functioning in the
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presence of psychosocial stressors. The present study describes the protocol of this tool
and empirically investigates its ability to induce stress.
Findings of a previous meta-analysis (Dickerson & Kemeny, 2004) suggest that the most
effective stress-induction combines both social and cognitive evaluation in settings that are
novel, unpredictable, and uncontrollable. Given the inherent tendency to protect and preserve one’s social self (Baumeister & Leary, 1995; Gilbert, 1997), social evaluation can be
understand as a natural stressor that poses a threat for social esteem and social status by
requiring a person to manifest socially valued attributes in the presence of others (Dickerson
& Kemeny, 2004).
Such threatening situational conditions have been documented to disturb homeostatic
equilibrium and consequently trigger a complex repertoire of physiological and psychological responses (Allen, Kennedy, Cryan, Dinan, & Clarke, 2014; Campbell & Ehlert, 2012;
Foley & Kirschbaum, 2010). These responses include the activation of the autonomic nervous system and hypothalamo-pituitary-adrenal axis, which manifests in observable physiological changes (e.g., elevated heart rate, sweating, cortisol release). On the subjective level of
analysis, stress responses include affective (e.g., anxiety, fear) and perceived physical changes
(e.g., perceived trembling, tension).
However, functional changes induced by acute stress also impact broad brain areas
responsible for higher cognition (Lupien, Maheu, Tu, Fiocco, & Schramek, 2007;
Schwabe & Wolf, 2013). Speciﬁcally, the effect has been demonstrated on various types
of cognitive performance such as attention (Aston-Jones, Rajkowski, & Cohen, 1999),
working memory (Elzinga & Roelofs, 2005; Oei, Everaerd, Elzinga, van Well, & Bermond, 2006; Schoofs, Preuß, & Wolf, 2008), memory consolidation (Barsegyan, Mackenzie, Kurose, McGaugh, & Roozendaal, 2010; Schwabe, Wolf, & Oitzl, 2010), cognitive
ﬂexibility (Alexander, Hillier, Smith, Tivarus, & Beversdorf, 2007; Hillier, Alexander, &
Beversdorf, 2006), goal-switching (Plessow, Fischer, Kirschbaum, & Goschke, 2011;
Plessow, Kiesel, & Kirschbaum, 2012), or creativity (Heilman, Nadeau, & Beversdorf,
2003; Martindale & Greenough, 1973). Several physiological mechanisms (e.g., glucocorticoid system, Barsegyan et al., 2010; locus coruelus-noradrenegic system, Alexander
et al., 2007) and psychological theories (e.g. cue utilization theory, Easterbrook, 1959;
attention control theory, Eysenck, Derakshan, Santos, & Calvo, 2007) have been proposed to account for these complex stress-impairing effects.
Stress-investigating psychobiological research commonly uses well-established stress
protocols such as Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer,
1993), Manheim Multicomponent Stress Test (MMST; Reinhardt, Schmahl, W€
ust, &
Bohus, 2012), cold-pressor test (CPT; Hines & Brown, 1932), or socially evaluated
cold-pressor test (SECPT; Schwabe, Haddad, & Schachinger, 2008). The former has
been probably the most frequently used and recognized tool since its publication. TSST
protocol consists of baseline period, anticipatory period, test period, in which participants have to deliver a speech and perform mental arithmetic in front of a committee,
and ﬁnal recovery. Despite the amount of research that support the well-established
protocols (e.g., Foley & Kirschbaum, 2010; Hellhammer & Schubert, 2012; Het, Rohleder, Schoofs, Kirschbaum, & Wolf, 2009; Kolotylova, Pirke, & Hellhammer, 2010;
Otto, Raio, Chiang, Phelps, & Daw, 2013; Porcelli et al., 2008; Schwabe & Wolf, 2010;
Von Dawans, Kirschbaum, & Heinrichs, 2011), their standard structure and content
may not ﬁt the requirements necessary to study the effects of stress on other
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psychological (e.g., cognitive) functions. This leads researchers to either modifying a
given protocol (Alexander et al., 2007; Dedovic et al., 2005) or adding crucial tests after
stressors have been removed, assuming their sustained or lagged effect (Luethi, Meier,
& Sandi, 2008; Plessow et al., 2011; Schoofs et al., 2008).
However, a large body of evidence implies that the effect of stress on certain types of
cognitive performance substantially differs depending on stress-to-testing latency (e.g.,
Elzinga & Roelofs, 2005; Schoofs et al., 2008; Schwabe & Wolf, 2013). Additionally,
after the stressors are removed, their effect on subsequent performance might not only
be attenuated but may even lack critical features since the stimuli are no longer physically present to distract or bias cognitive processing (Eysenck et al., 2007; LeBlanc,
2009). Hence, both protocol modiﬁcation and post-protocol assessment bring doubts
concerning internal validity.
In the present study, we addressed the abovementioned issue by proposing a psychosocial
stress protocol which enables researchers to tests cognitive performance in the presence of
valid and reliable stressors. The aim of our research was to provide necessary evidence to
support the protocol’s validity (i.e., to support its ability to induce a stress response) at both
physiological and psychological level. In contrast to control settings, we expected that stress
treatment would elevate sympathetic activity as indexed by higher skin conductance level
(Boucsein, 2012; Lim et al., 1997; Van Dooren, de Vries, & Janssen, 2012), increased heart
rate (Kudielka, Schommer, Hellhammer, & Kirschbaum, 2004; Turner, 1994), and a drop in
peripheral temperature (Vinkers et al., 2013). Additionally, we also expected that treatment
would induce higher state anxiety, more intrusive worries (cognitive interference; Sarason,
Sarason, Keefe, Hayes, & Shearin, 1986) and more profound disturbance during post-stress
recovery than control treatment.

Method
Participants
Fifty-six healthy ﬁrst and second year university students (16 males, 40 females) in age
between 18–23 years (Mage D 19.9, SD D 1.2) and body mass index between 17–28 (MBMI D
21.5, SD D 3.7) were recruited from a larger pool of volunteers that attended various universities in western Slovakia (45% of participants studied social sciences, 29% medial communications, and 26% technology). The group was screened for trait anxiety with the Spielbergers
Trait Anxiety Inventory (STAI-T, Spielberger, 1989) and divided into three blocks (low,
medium, and high trait-anxiety) prior to participating. Only native Slovak speakers with no
learning disability were selected. Additionally, participants had to refrain from excessive
exercise, alcohol (24 hours for both), and caffeine (12 hours) prior to participation. Their
abstinence was checked by a brief interview before all sessions.
Experimental and control group were equal in age, they did not differ in the percentage of
females, x2(1) D .350, p D .554, trait anxiety level, x2(2) D .102, p D .950, body mass index, t
(54) D ¡.192, p D .849, or session time, t(54) D ¡.242, p D .810. Between the groups, there
were also no differences in initial state anxiety, t(54) D .732, p D .465, positive affect t(54) D
¡.194, p D .847, or negative affect t(54) D 1.37, p D .176. Due to measurement or administration errors, less than 2% of data were missing. The project was approved by the ethics
committee of Trnava Self-Governing Region. A written informed consent was obtained
from all subjects to participate.
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Design and Procedure
A blind, controlled, and blocked study design was used. Experimental sessions were run
between 9:00 and 17:00. Participants from each trait-anxiety block (Trait-anxiety factor)
were randomly assigned either to stress or control group (Treatment factor) of equal size
(N D 30), and individually completed three different cognitive tests (Time factor) in random
order (Task-sequence factor). Each session started with a brief interview followed by assessment of initial affect (about 10 min). Subsequent experimental procedure consisted of three
periods: baseline, cognitive testing, and recovery. Baseline and recovery were ﬁxed to 10
minutes. Within this time, participants were left alone sitting quietly in a room, instructed
to relax and attenuate body movements as much as possible. The cognitive tasks lasted about
30 minutes in total. Before cognitive testing, pretest State Anxiety Inventory was administered. After the testing, post-test State Anxiety Inventory and Cognitive Interference Questionnaire were completed. Recovery disturbance scale (Marko & Brezina, 2015) was
administered after recovery period. At the end of the procedure, each participant was moved
to second room, where the session was discussed. The exact sequence of the protocol is
shown in Figure 1.
Stress and Control Treatment
Trier Social Stress Test (Kirschbaum et al., 1993) was modiﬁed for cognitive assessment purposes to induce a state of stress and anxiety (Stress treatment). Despite the modiﬁcations,
the protocol contained all effective features known to reliably elicit stress (Dickerson &
Kemeny, 2004). After the 10-minute period of adaptation, experimenter and three-member
committee dressed in white coats entered the laboratory. Within the ﬁrst three minutes, the
apparatus was stationed and the committee members were introduced as experts in behavioral and psychological analysis (including the analysis of facial and speech expressions,
voice, body language, logic and rationale of answers, cognitive and personality parameters).
The apparatus consisted of proximal camera projecting face on feedback monitor, distal
camera, spotlight and a microphone on a stand placed in front of the seated participant.
Instructions informed participants that the recordings would be subjected for additional
analyses for evaluation of performance, voice, and nonverbal expressions. The committee
was instructed to observe participant’s behavior, take notes, and provide no positive reinforcement while participants were cognitive assessed. Transitions between each cognitive
task were ﬁlled by succinct questions about general knowledge and commonsense (e.g. what

Figure 1. Time representation of the stress protocol. Each participant entered the room separately and
went through all stages of the protocol: baseline, cognitive assessment (three cognitive tests in random
order), and recovery. Solid lines represent elements present only in stress treatment.
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time is it now in Tokyo?) in a time sensitive manner to sustain testing dynamics. The control
group underwent cognitive testing without abovementioned stressors. The settings of the
respective treatments are shown in Figure 2.

Figure 2. Spatial representation of control (A) and stress (B) treatment’s settings and equipment stationing. CM D committee members; EX D experimenter; LCD1 D exposition monitor; LCD2 D feedback monitor; C1 D proximal (face) camera; C2 D distal camera; L D spotlight; M D microphone.

Cognitive Tests
Working memory capacity was tested by means of the operation span task. In each trial within
nine blocks, the participant was instructed to solve an arithmetic problem (e.g., “7 C 7  8 D 63”)
exposed on a monitor and to remember a word provided by a committee member orally (e.g., “coffee”). As recommended (Unsworth, Heitz, Schrock, & Engle, 2005; Clair-Thompson, 2012), the
length was not predictable and at least 70% of arithmetic problems were explicitly required. Cognitive ﬂexibility was assessed by Remote Associates Test (RAT; Mednick, 1962). This test required
participants to generate a valid word meaningfully associated with all three cue words presented
for 25 seconds. The test consisted of 22 items aligned by increasing difﬁculty. In semantic ﬂuency,
the participant was asked to generate as many instances of category determinant as possible in a
deﬁned time span. We assessed three categories: “Animals,” “Supermarket products,” and “Occupations.” Participants were given one minute for each.
Affective Assessment
As a possible confounding source, initial affect was assessed. Prior to testing, participants
were asked to rate their actual affective state by ﬁfteen adjectives (e.g., “Happy”) on 7-point
Likert scale from 0 (not at all) to 6 (very much). Two orthogonal composites with acceptable
consistency were subsequently created: positive affect (6 adjectives; a D .89) and negative
affect (9 adjectives; a D .92). Additionally, State Anxiety Inventory was completed before
and after the cognitive block in order to assess state anxiety (Spielberger, 1989). The inventory is based on a 4-point Likert scale and consists of 20 questions. Internal consistency of
the pretest and the post-test for this sample was of a D .82 and a D .95, respectively.
Cognitive Interference and Recovery Disturbance Assessment
In order to assess self-reported cognitive interference, the “Task-oriented Worries” of Cognitive Interference Questionnaire (Sarason et al., 1986) was utilized. Participants were asked to
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indicate the frequency of occurrence of task-related thoughts that intruded their mind while
completing the cognitive tasks on a 5-point scale from 1 (never) to 5 (very often). Cronbach’s
a was .87 for this sample. Disturbance of recovery phase, which followed the cognitive block,
was assessed by eight questions on a 5-point scale from 1 (never) to 5 (very often). Content of
the questions mapped to what extent thoughts and feelings of previous testing disturbed
instructed emotional recovery and to what extend the recovery was successful (e.g., “Tension
and anxiety of previous testing disturbed my effort to relax,” “During the last period, I was
able to unwind,” “While relaxing, I felt worried about my previous performance”). Cronbach’s
a for the ad-hoc Recovery disturbance scale was of .92 for this sample.
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Physiological Measures and Signal Processing
Physiological data were acquired by a 16-bit, multimodal, portable device Neurobit Optima 4
with sampling rate of 1000 Hz. Its wireless real-time data transmission provided full galvanic
isolation of the subject’s body. The laboratory’s average temperature of 24.5 § 1 C (at 34%
humidity) was equal in both conditions. Electrodermal activity was measured by two reusable 100 mm AgAgCl electrodes placed on medial phalanxes (index and ring ﬁnger) of the
non-dominant hand. Skin conductance level was derived from the raw signal by applying
0.1 Hz low-pass ﬁlter. The resulting signal was subsequently corrected for drifts by downsampling a minima in 10-second moving window and smoothed afterward. This correction
removed a portion of the signal inﬂated by phasic dermal activity. For single-lead conﬁguration (lead-II placement) of continuous heart rate measurement (in beats per minute), two
disposable 80 mm AgAgCl spot electrodes were used. Heart rate was derived from normalto-normal beat intervals of an electrocardiogram that was ﬁltered by 5–35 Hz band-pass ﬁlter. Peripheral temperature was measured by a surface sensor attached to participants’ dorsal
side of middle ﬁnger.

Results
In order to normalize between-subject variability, the physiological variables and state anxiety in each time points were transformed into relative scores in order to get the change at a
given time point relative to basal level (i.e., %SCL, %HR, %TEMP, %SA), and then compared
between conditions. Variables without baseline level (cognitive interference, recovery disturbance) were computed as raw scores.
All repeated measures analyses of variance were adjusted by Greenhouse-Geisser sphericity correction. If statistically signiﬁcant, they were additionally corrected for trait anxiety
level and sequence of cognitive tasks. Partial eta-squared statistic (hp2) was computed as a
standard estimate effect size. Plots showing estimated marginal means and 95% conﬁdence
intervals of all six analyses are shown in Figure 3. The results of related statistical analyses
are summarized in Table 1 and Table 2.
Physiological Indicators
Skin Conductance Level
A repeated measures ANOVA, corrected for Trait-anxiety and Task-sequence, showed a signiﬁcant main effect of Time, F(2, 53) D 147.14, p < .001, hp2 D .85, Treatment, F(1, 27) D
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Figure 3. Estimated marginal means of physiological and psychological stress responses for stress and
control treatment. All plots display 95% conﬁdence intervals. %SCL D change in skin conductance level;
%HR D change in heart rate; %TEMP D change in peripheral temperature; %SA D change in state anxiety;
CI D cognitive interference; RD D recovery disturbance. AD D adaptation period; T1 to T3 D respective
cognitive test; RE D recovery period. Superscript “a” and “b” indicate that ANOVA model was corrected
for signiﬁcant effect of Trait-anxiety and/or Task-sequence factor, respectively.
Table 1. Summary of results for physiological measures (%SCL, %HR, %TEMP).
Measure
%SCL
%HR
%TEMP

Effect

SS

df

MS

F

p

hp2

Time
Treatment
Time £ Treatment
Time
Treatment
Time £ Treatment
Time
Treatment
Time £ Treatment

320384
170142
44456
8412
5981
2012
4846
1352
403

2.0
1.0
2.0
2.3
1.0
2.3
2.4
1.0
2.4

163330
170142
22664
2103
5981
873
2051
1352
171

147.14
30.20
20.42
97.36
67.97
23.29
43.24
8.59
3.59

<.001
<.001
<.001
<.001
<.001
<.001
<.001
.005
.024

.85
.53
.43
.69
.61
.35
.51
.17
.08

30.20, p < .001, hp2 D .53, and their interaction, F(2, 53) D 20.42, p < .001, hp2 D .41, on
skin conductance level change (%SCL). Bonferroni corrected post-hoc analyses of the interaction indicated that %SCL between baseline period and ﬁrst cognitive test changed signiﬁca
ntly more in stress group than in control group, F(1, 27) D 28.72, p < .001, hp2 D .52, and
then it sustained elevated comparatively for the rest of the session.
Table 2. Summary of results for psychological measures (%SA, CI, RD).
Measure
%SA
CI
RD

Effect

SS

df

MS

F

p

hp2

Treatment
Treatment
Treatment

15736
1062
477

1
1
1

15736
1062
477

30.81
16.29
13.64

<.001
<.001
<.001

.36
.26
.24
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Heart Rate Level
A second repeated measures ANOVA, corrected for Tasks-sequence, also indicated a signiﬁcant main effect of Time, F(2.3, 99) D 97.36, p < .001, hp2 D .69, Treatment, F(1, 43) D
67.97, p < .001, hp2 D 0.61, and their interaction, F(2.3, 99) D 23.29, p < .001, hp2 D 0.35,
on heart rate change (%HR). Bonferroni corrected post-hoc analyses of the interaction indicated that %HR level changed signiﬁcantly more for stress group between baseline period
and ﬁrst cognitive test, F(1, 43) D 42.34, p < .001, hp2 D .50, while stress group recovered to
lower heart rate level after the last cognitive test, F(1, 43) D 11.89, p D .006, hp2 D .22.
Peripheral Temperature
A repeated measures ANOVA, corrected for Tasks-sequence, revealed a signiﬁcant main
effect of Time, F(2.3, 102) D 43.24, p < .001, hp2 D .51, Treatment, F(1, 43) D 8.58,
p D .005, hp2 D 0.17, and their interaction, F(2.3, 102) D 3.60, p D .024, hp2 D 0.08, on
peripheral temperature change (%TEMP). After Bonferroni correction, the temperature
drop between basal level and ﬁrst task was signiﬁcantly bigger in stress group than in control
group, F(1, 43) D 7.98, p D .028, hp2 D 0.16. The drop between ﬁrst and second cognitive
task yielded similar trend, however, it was only marginally signiﬁcant, F(1, 43) D 6.74,
p D .052, hp2 D 0.14.
Psychological Indicators
As for state anxiety, an analysis of variance showed that stress group indicated higher posttest state anxiety change (%SA) when compared to the control group, F(1, 44) D 30.81,
p < .001, hp2 D .36. Additionally, the stress group reported more cognitive interference,
F(1, 47) D 16.29, p < .001, hp2 D .26, and higher recovery disturbance during recovery
period, F(1, 43) D 13.64, p < .001, hp2 D .24 (both analyses were corrected for Trait-anxiety).

Discussion
Elevated levels of various physiological and psychological stress indicators has been reported
in many previous studies (Bassett, Marshall, & Spillane, 1987; Hellhammer & Schubert,
2012; Kirschbaum et al., 1993; Reinhardt et al., 2012; Schwabe et al., 2008; Trestman et al.,
1991). However, with respect to the protocols’ applicability, they were designed to enable the
investigation of individual differences in the pattern of stress response as such. Building on
their effective features, the contribution of our study lies in the development of a standard
protocol that allows assessment and investigation of cognitive performance under psychosocial stress. Although a number of studies apply procedures for similar purposes, their effectiveness is sometimes questionable. For example, Renner and Beversdorf (2010) used a war
drama movie as a naturalistic stressor to study its effect on subsequent problem-solving and
memory performance; Hillier et al. (2006) exposed participants to 90 dB white noise while
working on verbal and visuo-spatial tasks; Coy, O’Brien, Tabaczynski, Northern, and Carels
(2011) manipulated the instruction (supporting vs. evaluative) before working memory was
tested; ﬁnally, Lewis, Nikolova, Chang, and Weekes (2008) tested students’ working memory
within periods they were naturally stressed by taking major examinations.
Progress in theory and methods can, indeed, capitalize on the systematic use of diverse
stress-induction procedures. However, if these techniques lack sufﬁcient accuracy and power
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to induce the desired state of mind, they may yield inconsistent results and thus hinder theoretical synthesis. This problem is plausible to occur mainly if ad hoc protocols are used or
their outcomes are not described comprehensively. For this reason, we also performed
empirical veriﬁcation of the protocol.
As expected, the proposed protocol had a signiﬁcant effect on skin conductance
level, heart rate, and peripheral body temperature, but it also affected all three psychological stress dimensions assessed after stressors were physically eliminated: state
anxiety, occurrence of worrying thought, and degree of disturbance transferred to
recovery period. This indicates that the protocol has a reproducible and consistent
effect on those measures. More importantly, substantial effects of the manipulation
on the measures were rather large. Although the temperature measured on ﬁnger’s
surface was the least affected measure, its effect size of approximately 6.5%
(» 2 C drop) is comparable to the results of TSST reported by Vinkers et al. (2013),
suggesting this indicator may be less sensitive in general. In spite of that, the proposed protocol had more profound overall impact on autonomic than psychological
responses. Because autonomic responses have not been included in the meta-analyses
of Dickerson and Kemeny (2004), more detailed comparisons of our results to other
stress paradigms are precluded.
Following this robust evidence, we conclude that the present protocol can be validly
used to induce critical changes in both physiological and psychological stress markers
and therefore can be utilized in research investigating their impact on desired cognitive
parameters.
However, several considerations should be mentioned. Firstly, previous research indicated that personality traits related to emotional sensitivity and appraisal plausibly
inﬂuence the pattern of stress response (Allen et al., 2014). Consistently with this evidence, we found that trait anxiety had statistically and substantially signiﬁcant effect on
skin conductance, cognitive interference, and recovery disturbance. Blocking and controlling of such intervening personality variables is therefore recommended. Secondarily, our results also indicated that characteristics of speciﬁc cognitive tests and their
order are plausible to inﬂuence the observed stress response. Post-hoc qualitative analysis of task sequences revealed that Remote Associates Test was possibly less stressful
than the other two tests, since it induced relatively smaller initial change in skin conductance and heart rate when administered as ﬁrst. The limited stressfulness of RAT
might be due to smaller effort requirements and less restricted testing dynamics
(e.g., timing, stimuli change). These ﬁndings thus emphasize that cognitive tasks incorporated into the protocol should be selected thoughtfully; tasks bearing no stress or no
time constraints might partially diminish the desired stress response. Consideration of
each candidate task should be therefore done in advance. Furthermore, the complete
cognitive assessment lasted approximately 30 minutes in total. The course of the effect
therefore cannot be predicted with a certainty. However, we assume that 30-minute
testing span might be satisfactory for most research needs, and any prolonged testing
could become exhausting. Although it was not of the primary interest, the contribution
of the protocol’s individual features might also be worth studying. A step-wise addition
and combination of stress-inducing agents (e.g., committee, instruction, and equipment)
may provide systematic means for estimating their separate effects on the stress
response pattern. Such analysis can lead to further reﬁnement in the research design.
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Finally, the presence of an experimenter in control settings might have been thought to
affect observed stress responses. However, studies by Dickerson, Mycek, and Zaldivar
(2008) and Wiemers, Schoofs, and Wolf (2013) have showed that the mere social presence of others lack the effects of direct social evaluation. It’s therefore implausible that
this aspect biased observed treatment differences.
Our research has several limits. Participation in the study was restricted to university students with rather narrow age boundaries. Broader generalization therefore requires further
research on participants of different ages and education. Likewise, the assessment of participants’ emotional proﬁle was also restricted. Various emotions (e.g., anger, fear, or sadness)
may be associated with the observed stress response; therefore, it would be important to support internal validity of the protocol (i.e., verify that only stress-related changes occurred) by
mapping these emotional states via established psychological measures. More importantly,
the present study did not address more prolonged stress-induced response of the hypothalamus-pituitary-adrenal axis, which leads to the synthesis and release of glucocorticoids
(mainly cortisol) into the bloodstream (e.g., de Kloet, Joels, & Holsboer 2005). Glucocorticoids pass the blood-brain barrier and bind to glucocorticoid receptors in the prefrontal cortex which modulates higher cognition (Barsegyan et al., 2010; Roozendaal, McReynolds,
McGaugh, 2004; Schwabe, Jo€els, Roozendaal, Wolf, & Oitzl, 2012). It has been documented
that some protocols are less capable of provoking activity of hypothalamus-pituitary-adrenal
axis (e.g., Denson, Creswell, & Granville-Smith, 2012; Schwabe et al., 2008; Wiemers et al.,
2013). However, this deﬁciency is plausibly related to the absence of social-evaluative elements (Dickerson et al., 2008) which have been documented to have robust effects on the
hypothalamus–pituitary–adrenal axis (Dickerson & Kemeny, 2004). Because the proposed
protocol includes social evaluation, it could be assumed that it also activates the release of
cortisol. This assumption needs further investigation.
In conclusion, our study described a modiﬁed psychosocial protocol and provided supporting evidence of its validity to induce the pattern of responses that typically occur under
moderate stress. These results imply that the union of simultaneous psychosocial stressors
and cognitive testing forms an effective and reliable tool suitable to investigate stressinduced modulation of cognitive functioning. The ﬁndings may partially aid the methodological issues related to the questionable efﬁciency and validity of ad hoc stress protocols
(and controversial adaptations of standard stress protocols) that often appear in psychophysiological research, and also deal with the aforementioned stres-to-testing latency problem. Therefore, the presented structure of experimental stress settings may not only enhance
the related research methodology, but may also expand the possibilities of a researcher during research designing stage. Further projects are however needed in order to broaden the
scope of its applicability and resolve the aforementioned limits.
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