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Abstract 

Stress impacts cognitive and emotional processing by effecting chemical changes throughout the 

brain, including cortisol levels. The impact of this change may differ based on task type—due to 

region-specific variations in glucocorticoid receptor densities—and the acute or chronic nature of 

the stressor. The Stroop task is a well-established means of assessing interference from irrelevant 

information. Chronic stress and exogenous cortisol administration may increase Stroop 

interference; however, less is known about how acute stress and endogenous cortisol increase 

affects Stroop performance, and whether this differs for emotional and cognitive distractors. The 

present study included 64 participants who experienced a high or low stress manipulation before 

completing a computerized colour- and emotion word Stroop task. Manipulation checks 

confirmed that participants in the high stress group experienced significantly more physiological 

(cortisol, heart rate, blood pressure) and subjective stress than those in the low stress group. The 

high stress group demonstrated less emotion word interference for accuracy than the low stress 

group. Correlational analyses also showed that greater increases in subjective stress were 

associated with less emotion word interference for accuracy overall and less colour word 

interference for accuracy in the high stress group, and greater increases in cortisol were 

associated with less colour word interference for reaction time in the low stress group only. 

While past research suggests that chronic stress or exogenous cortisol administration are 

associated with greater interference, the results of the present study suggest that acute stress may 

facilitate accuracy and reaction time on tasks requiring inhibition of irrelevant cognitive and 

emotional information. 
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Effects of Acute Stress on Cognitive and Emotional Interference 

Stress is a major problem in today’s society and understanding which functions and 

behaviours are facilitated by stress, and which are hindered by it, can have important 

implications in understanding how people will be able to perform under stressful occupational 

and daily life situations. Stress is known to impact both cognitive (Vedhara, Hyde, Gilchrist, 

Tytherleigh, & Plummer, 2000) and emotion processing (Buchanan & Lovallo, 2001). Some 

cognitive functions, such as declarative memory, have been well researched in regards to how 

they are influenced by stress and cortisol (de Quervain, Roozendaal, Nitsch, McGaugh, & Hock, 

2000; Lupien et al., 1997). Other cognitive functions, such as inhibition, have been studied less 

frequently.  

The Stroop task (Stroop, 1935), is a well-established and widely used approach to study 

inhibition and interference. Different variants of the Stroop task are designed to measure 

different types of interference. The Colour word Stroop (CWS) task is used as a measure of 

cognitive interference (Peterson et al., 1999) and the Emotion Word Stroop (EWS) task can be 

used as a measure of emotional interference (Williams & Broadbent, 1986). Studies that have 

examined the effects of chronic stress and exogenous cortisol (a major stress hormone) on 

cognitive interference using the CWS have produced mixed findings (Hsu, Garside, Massey, & 

McAllister-Williams, 2003; Wolf et al., 2001) and there has been little research using the EWS 

to examine stress and emotional interference.  The present study used a laboratory manipulation 

of stress to examine how stress impacts interference from emotional and semantically 

incongruent information, using the Stroop paradigm. At present, it does not appear that there has 

been any peer-reviewed research examining the effects of acute stress-induced cortisol on CWS 

and EWS performance.  
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1.1 Assessing Interference Using the Stroop Paradigm 

1.1.1 Colour word Stroop.  The CWS (Stroop, 1935) is a frequently used tool for 

studying cognitive inhibition, while also involving attention and response selection (George et 

al., 1994). During the CWS, colour words are displayed in varying colours of font/ink. The 

participant is asked to ignore the written word and name the colour in which the word is 

displayed. Trials in which the colour is incongruent with the semantic word (e.g., the word red 

displayed in yellow ink) cause interference between the task-relevant stimulus (the colour) and 

the distraction stimulus (the semantic content). This cognitive interference results in slowed 

naming of the incongruent trials compared to trials in which the ink/font colour and colour word 

are congruent (Peterson et al., 1999). There are several hypotheses that have been developed to 

explain this Stroop effect, including inhibition of the tendency to say the name rather than the 

colour, engagement in two parallel processes, distraction of attention, and greater automaticity of 

reading compared with colour naming (Bremner et al., 2004; Peterson et al., 1999).  

1.1.2 Emotion word Stroop.  The EWS is one of several variations of the Stroop task. 

The EWS uses neutral words (e.g., tree) and emotional words (e.g., assault) that appear in 

coloured ink/font (Williams et al., 1996). Similar to the CWS, participants are simply asked to 

name the colour in which the word is written. Typically, individuals take longer naming the 

colour of emotional words compared to neutral words due to the emotional interference that 

occurs in the emotion trials (Cisler et al., 2011; Williams et al., 1996). Similar to the CWS, there 

are several hypothesized mechanisms behind the EWS, including the idea that emotional stimuli 

attract a disproportionate amount of processing resources, emotional material activates task 

irrelevant processes that consume attentional capacity, and that greater cognitive effort is 
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required to shut out the perception of negative stimuli or render such stimuli unconscious 

(Williams et al., 1996).  

Recently the EWS has been used almost exclusively in clinical populations. Research 

shows that performance on the EWS is particularly affected when the words participants are 

instructed to colour name are related to a specific psychopathology relevant to the participant 

(Cisler et al., 2011; Williams et al., 1996). This EWS effect has been demonstrated in individuals 

diagnosed with a range of psychopathologies including: post-traumatic stress disorder (PTSD; 

LaGarde, Doyon, & Brunet, 2010), generalized anxiety disorder (Becker, Rinck, Margraf, & 

Roth, 2001), drug addiction (Hester, Dixon, & Garavan, 2006), major depressive disorder 

(MDD; Mitterschiffthaler et al., 2008), and bipolar disorder (Malhi, Lagopoulos, Sachdev, 

Ivanovski, & Shnier, 2005). This EWS effect is also seen with many other psychopathologies 

(for review see Williams et al., 1996). 

 1.2 Stress Response  

The body has two types of stress responses: a fast, neural stress response and a slow, 

hormonal stress response. The fast response involves global changes throughout the brain, 

including increased oxygenation and glucose levels, while the slow stress response is more 

localized and involves specific target areas (Chrousos & Gold, 1992). The slow stress response 

involves activation of the hypothalamic-pituitary-adrenal (HPA) axis. In response to stress, 

hypothalamic neurons release corticotropin-releasing hormone (CRH) and arginine-vasopressin 

(AVP; Diorio, Viau, & Meaney, 1993). This triggers the release of adrenocorticotropic hormone 

(ACTH) from the pituitary gland (Herman, McKlveen, Solomon, Carvalho-Netto, & Myers, 

2012). In response to ACTH stimulation the adrenal cortex secretes corticosteroids into the 

bloodstream, the primary type in humans being cortisol (Lupien & Lepage, 2001). Once 
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released, cortisol binds to high-affinity mineralocorticoid receptors (MR) and low-affinity 

glucocorticoid receptors (GR). Despite being a glucocorticoid, MRs bind cortisol with a 10-fold 

higher affinity than GRs (de Kloet, Oitzl, & Joels, 1993). The affinity of MRs causes them to be 

extensively bound at low circulating levels of cortisol while GRs are bound only during high 

circulating cortisol levels, such as those experienced during stress (Herman et al., 2012).  As 

such, it is important to consider GR density in the neural regions underlying the function in 

question, to shed light on whether cortisol may be driving the stress effects.  

1.3 Stress Effects on Stroop-Induced Interference 

1.3.1 CWS and stress. Studies examining the relationship between cortisol and cognitive 

interference measured with the CWS have produced mixed results (e.g., Gomez et al., 2009; Hsu, 

Garside, Massey, & McAllister-Williams, 2003; Wolf et al., 2001). To test the effects of cortisol 

on cognitive inhibition, Hsu et al. (2003) administered either 100 mg of cortisol or a placebo to 

participants on two different weeks before they performed the CWS. Hsu et al. found a 

significant, although relatively small, adverse effect of cortisol administration on performance. 

Another study using exogenous cortisol reported no effect of cortisol on CWS performance 

(Wolf et al., 2001). Gomez et al. (2009) tested the cortisol levels of participants throughout a 24 

hour period during which they performed different neuropsychological assessments, including 

the CWS. They reported that higher levels of cortisol were associated with greater interference 

scores on the CWS in the healthy controls, but not for the patients with MDD. 

The relationship between stress and the CWS has also been examined using a naturalistic 

approach. Kofman, Meiran, Greenberg, Balas, and Cohen (2006) tested students once during an 

exam period and once during a non-exam period. The researchers based their research design on 

the idea that stress would be higher during the exam period. They found that participants had 
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faster reaction time on the CWS during the exam period, the period where students also reported 

higher levels of stress. When considering the previous study’s findings, it is important to keep in 

mind that high levels of subjective stress do not always result in high levels of cortisol, 

particularly in cases of prolonged stress. For example, another study used exam stress to examine 

the effects of stress on executive functioning and found that despite participants reporting higher 

levels of stress during the exam period, cortisol levels were higher in the non-exam period 

(Vedhara et al., 2000). Therefore, it is possible that participants in Kofman et al.’s study who 

reported higher levels of subjective stress may not have experienced higher levels of cortisol. 

Because Kofman et al.’s study was over the span of a semester (participants were examined at 

the beginning of the semester and 2 weeks before exam period), this study tested chronic rather 

than acute stress. Acute stressors may not have the same effect on the CWS, but have not yet 

been examined.  

1.3.2 EWS and stress. There has been little research examining the relationship between 

cortisol and EWS performance. Henckens, van Wingen, Joels, and Fernandez (2012) examined 

the timing of exogenous cortisol administration on EWS performance. All participants received 

two capsules at two different time periods; the content of the capsule determined which of three 

conditions the participant was in. Participants were randomly assigned into one of three 

conditions: placebo group (first and second capsule placebos), slow cortisol group (first capsule 

cortisol and second capsule placebo), or the rapid cortisol group (first and second capsule 

cortisol). The slow cortisol group received their cortisol capsule 270 minutes before the EWS 

task, while the fast cortisol group received their second dose of cortisol 60 minutes before the 

EWS task. Although there was no relationship between cortisol and reaction time on the EWS, 

there was a significant effect for error rates. Results showed that participants who received 
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cortisol 60 minutes before the EWS (meaning they had higher level of cortisol while performing 

the EWS) made more errors than the group receiving cortisol 270 minutes prior to the EWS. This 

study supports the idea that higher cortisol levels have adverse effects on emotional interference 

measured with the EWS. Similar to cognitive interference, the relationship between emotional 

interference using the EWS has not been studied using a stress manipulation to induce acute 

increases in endogenous cortisol. Further, no study has examined the effects of acute stress on 

both the CWS and the EWS in the same sample, to allow for comparison.  

1.4 Neural Correlates  

When considering the effects of stress on the CWS and EWS from a neuropsychological 

perspective, it is important to consider the neural correlates of these tasks and their cortisol 

sensitivity. Neuroimaging studies have indicated that several brain regions are involved the 

performance of the CWS (Bench et al., 1993; Pardo, Pardo, Janer, & Raichle, 1990), although 

these imaging studies do not all agree on which brain regions are most centrally involved in 

Stroop interference. Many of these studies suggest that the anterior cingulate cortex (ACC) is the 

most relevant region (Pardo et al., 1990). More specifically, activation of the dorsal region of the 

ACC is often observed during the incongruent CWS condition in neuroimaging studies (Allman 

et al., 2001). The ACC has been postulated to be a crucial area for attention, motor modulation, 

and response selection (Pardo et al., 1990). The pre-supplementary motor area (pre-SMA) is 

another region that is often reported to show activation during the CWS (Leung, Skudlarski, 

Gatenby, Peterson, & Gore, 2000) and is in close proximity to the dorsal ACC. Together with the 

ACC, the dorsolateral prefrontal cortex (DLPFC) is the most commonly reported region in 

Stroop interference (Vanderhasselt, De Raedt, & Baeken, 2009). Accordingly, research has 
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suggested that the DLPFC plays a role in selective attention and attention- and conflict-related 

activity (Miller & Cohen, 2001).  

Neuroimaging studies have also investigated brain regions associated with the EWS. A 

meta-analysis investigating the influence of emotional interference measured by the EWS found 

brain activation patterns consisting of the medial/superior frontal gyrus, the insula, the DLPFC, 

the fusiform gyrus, and the ventral ACC (Song et al., 2017). In contrast to the CWS, the EWS 

often shows activation in the ventral region of the ACC (Allman et al., 2001). This supports the 

proposal that different types of Stroop tasks activate different regions of the ACC. A meta-

analysis examining neural correlates of the emotional counting Stroop task found increased 

activation in the amygdala, insula, and prefrontal brain regions associated with the emotional 

primes (Raschle et al., 2017). The results of these studies demonstrate the CWS and EWS have 

different neural correlates that underlie them, and these differences may contribute to differences 

in stress effects on performance of each task. 

Other studies have used neuroimaging to compare neural activation of the CWS and 

EWS. Bremner et al. (2004) used positron emission tomography (PET) to examine neural 

correlates of the CWS and EWS in women diagnosed with PTSD and a control condition of 

women not diagnosed with PTSD but who had experienced a trauma. Bremner et al. found that 

both groups experienced increased blood flow to the ACC during both variations of the Stroop 

task. Thomas et al. (2012) found ACC activation during the CWS and EWS in healthy controls, 

although there was more activation for the CWS. George et al. (1994) performed a similar study 

as Bremner et al. (2004), but with non-clinical participants and using a sad EWS. Contrary to 

previous research, George et al (1994) found minimal increases in activation in the ACC. One 

critical difference between George et al.’s (1994) study and the others was that participants 
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moved through the stimuli in a list format at their own pace. This differs from most Stroop tasks 

in which the target stimuli appear individually and at a pace determined by the researcher. Based 

on past research, George et al. (1994) noted that Stroop studies where subjects are externally 

paced have demonstrated ACC activity.  

Many neuroimaging studies examining either the CWS or EWS often report activity in 

the ACC. As such, it is important to note the effects of increased glucocorticoid activity on this 

brain region to understand the possible mechanism behind Stoop task impairment while 

experiencing stress. Previous studies have shown that glucocorticoid receptors are dense in the 

ACC (Ahima & Harlan, 1990; Cerqueira, Mailliet, Almeida, Jay, & Sousa, 2007; Radley, Arias, 

& Sawchenko, 2006). Studies examining the effects of stress on rat brains have shown damage to 

the ACC due to increased levels of cortisol, including a significant reduction in volume 

(Cerqueria et al., 2007) and a reduction in the length and number of dendritic branches (Radley 

et al., 2006). Consistent with these findings, it has been reported that individuals diagnosed with 

MDD, which is often associated with elevated cortisol levels, have volumetric reductions in the 

ACC (Treadway et al., 2009). The presence of glucocorticoid receptors in the ACC and the 

results of the previously mentioned studies demonstrate that the ACC is vulnerable to damage 

from chronic stress. Therefore, it may also be sensitive to the effects of acute stress as well.  

1.5 Present Study 

To summarize, the research reviewed above demonstrates that stress effects on cognitive 

and emotional interference measured using the CWS and EWS is lacking, particularly studies 

involving acute stress. Although research seems to indicate that exogenous cortisol 

administration and chronic stress impairs performance on Stroop tasks, the effects of acute stress 

and endogenous cortisol have not been examined. Therefore, the present randomly assigned 
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participants into either a high or low stress group, with participants in the high stress group 

undergoing the Trier Social Stress Test (TSST; Kirschbaum, Pirke, & Hellhammer, 1993) to 

induce acute stress and an endogenous cortisol response, and those in the low stress group 

undergoing a similar control task. The present study sought to add to the literature regarding 

acute stress and cortisol effects on cognitive and emotional interference. Based on the results 

from other studies, it was expected that participants in the high stress group would show more 

interference than participants in the low stress group, particularly for the emotion word trials. 

Past studies have shown that not all high stress participants demonstrate a cortisol response 

(Kidd, Carvalho, & Steptoe, 2014), so the relationship between individual cortisol levels and 

performance was also examined, with individuals with a larger stress response expected to show 

more interference. 

Method 

2.1 Participants 

Sixty-four undergraduate students were recruited to participate in the study. Participants 

included males and females avoid the ages of 18-39 years. Vison and hormone relevant inclusion 

criteria were used to prevent factors that could affect the integrity of the saliva samples, cortisol 

levels, or task performance. Age was restricted to limit age-related changes in cortisol (Lupien et 

al., 1994). Individuals were unable to participate in the study if they were habitual smokers or 

nicotine users (Wilkins et al., 1982), had oral injuries or diseases that could cause bleeding or 

high levels of bacteria (Kivlighan et al., 2004), had taken steroid hormone supplements in the 

past three months (including hormonal contraceptives; Meulenberg, Ross, Swinkels, & Benraad, 

1987), had hormonal illnesses or diseases (Peterson, 1958), had a psychiatric illness (Carrol, 

Curtis, Davies, Mendels, & Sugerman, 1976), or had chronic medical conditions. Cortisol was 
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not assessed in thirteen participants for the following reasons: behavioural data was lost for four 

of the participants due to computer errors and the other nine participants did not meet the 

hormone-relevant inclusion criteria.  

Participants with uncorrected visual problems, including colour vision impairments, were 

also excluded due to the visual nature of the tasks. Participants with corrected vison (e.g., with 

glasses or contacts) were allowed to participate. All participants were undergraduate students 

recruited through the University of Regina Department of Psychology Pool of Research 

Participants who provided informed consent prior to participating. Before recruitment began, 

ethics approval was received from the University of Regina’s Research Ethics Board (see 

Appendix A).  

2.2 Stress Manipulation 

Participants were randomly assigned into a high or low stress group. Participants in the 

high stress group completed the TSST (Kirschbaum, et al., 1993). The TSST is a well-

established psychosocial stressor used to induce acute increases in stress. The TSST was 12 

minutes long and included a 2-minute speech preparation period, a 5-minute speech about the 

participants’ strengths and weaknesses, and a 5-minute mental mathematics task (Appendix B). 

This was performed in front of a panel of two judges. The TSST has consistently shown to 

increase psychological and physiological stress in approximately 70-80% of participants 

(Dickerson & Kemeny, 2004), and has been found to induce moderate cortisol increases that 

peak 10-30 minutes after cessation of the TSST (Kudielka, Hellhammer, & Kirschbaum, 2007).  

Participants in the low stress group were given an undemanding control task. This group 

experienced a 2-minute speech preparation period, performed a 5-minute speech about their 

favourite book or movie, and finished with a simple counting task that lasted 5 minutes. 
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Participants performed this task by themselves in a quiet room. Research has found that a 

majority of participants in this type of a control condition of the TSST do not experience a stress 

response (Frisch, Hausser, & Mojzisch, 2015).  

2.3 Measures  

2.3.1 Combined Colour and Emotion Word Stroop Task.  Participants completed a 

computerized colour and emotion Stroop task that was based on Bremner et al. (2004). This 

Stroop task was programed using E-Prime 2.0 software. The task had three different conditions: 

colour word, emotion word, and control. The control condition consisted of naming the font 

colour of XXXs. The colour word condition consisted of naming the font colour of the colour 

words red, blue, green, or yellow when the colour word and font colour were incongruent (e.g., 

the word yellow written in red font). The emotion word condition consisted of naming the font 

colour of the negative emotional words bruise, stench, murder, and rape. Bremner et al. chose 

these emotional words because they are associated with a high degree of emotional arousal and 

are matched for syllable length with the colour words.  For all conditions, red, blue, green, and 

yellow fonts were used. Unlike the task in Bremner et al., trials of all three conditions were 

presented in an integrated (i.e., non-blocked) randomized fashion, with the first trial condition 

selected randomly between participants. The integrated design ensured there were no between-

condition difference in cortisol levels, as any change in cortisol that happened across the task 

should have impacted all conditions equally. Participants had 5 minutes to complete as many 

trials as possible.  

When data collection was complete cognitive and emotional interference scores were 

calculated for the CWS and EWS. First, however, reaction time values for individual trials that 

fell below 200ms and above 3000ms were excluded, as they were deemed to be either too quick 
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or too slow to reflect proper responding to the stimuli. Cognitive interference for accuracy was 

calculated by subtracting mean CWS accuracy from mean control accuracy. Cognitive 

interference for reaction time was calculated by subtracting mean control reaction time from 

mean CWS reaction time. Emotion interference for accuracy and reaction time were calculated in 

the same manner but used emotion word accuracy and reaction time scores. Thus, in all instances 

larger interference scores mean poorer performance.  

2.3.2 Salivary cortisol concentrations. Saliva samples were collected before and after 

stress induction to allow for the measurement of cortisol. Approximately 1 mL of saliva was 

obtained for each sample to ensure there was enough saliva to be analyzed. Instructions provided 

by the makers of the cortisol immunoassay kits were followed to ensure proper saliva sampling, 

analysis, and storage (Salimetrics, 2015). A baseline saliva sample was obtained shortly after 

participants arrived for the testing session. Cortisol typically takes 10-30 minutes to peak after 

the onset of a stressor (Kudielka et al., 2007), so the second saliva sample was taken 

approximately 20 minutes after the start of the stressor. The saliva samples were collected into 

labeled test tubes and were placed in the freezer immediately after collection. When data 

collection was complete the samples were analyzed using Salimetrics enzyme immunoassay kits 

for cortisol. All samples were assayed in duplicated and assessed for internal consistency. The 

inter-assay CV was 17.19% and the intra-assay CV was 11.91%. Duplicate samples were 

averaged and the mean scores were used in later analyses.  

Descriptive analyses revealed cortisol concentration data to be skewed; therefore, a 

square root transformation was used to reduce skewness and improve normality. Values were 

still skewed and so a log transformation was done, which put values in the acceptable range. The 

cortisollog values were used to confirm that the study design was successful in inducing a greater 
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hormonal stress response in the high stress group compared to the low stress group.  For the 

purpose of the correlational analyses, change scores were calculated for cortisol concentrations 

by subtracting the first cortisol concentration from the second cortisol concentration. 

2.3.3 Heart rate and blood pressure. Heart rate and blood pressure were recorded using 

a wireless blood pressure cuff, which was comfortably fastened to each participant’s non-

dominant wrist and worn for the entire testing session. The cuff is made by iHealth Labs and 

uses an Apple device with the iHealth application. Heart rate and blood pressure were recorded 9 

times throughout the study to record measurements of the fast stress response (see Procedure for 

specific details on time-points when readings were taken). The heart rate and blood pressure 

recordings were then divided into four different time periods: pre-TSST (reading 1), TSST 

(readings 2, 3, 4, and 5), Stroop (readings 6, 7, and 8), and post-TSST (reading 9). Heart rate and 

blood pressure readings were averaged for the time periods containing more than one reading. A 

square root transformation was done to improve normality of heart rate and blood pressure 

means. Heart rate and blood pressure square root values were used to confirm that the study 

design was successful in inducing more physiological stress in the high stress group compared to 

the low stress group. For the purpose of correlational analyses, change scores were calculated for 

the heart rate and blood pressure data by subtracting the pre-TSST measurement from the 

measurement at the time of the Stroop task. 

2.3.4 State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1970). 

The STAI is a measure of state and trait anxiety in adults. Both the STAI-State and STAI-Trait 

have 20 items rated on a 4-point scale (e.g., from “Almost Never” to “Almost Always”). Higher 

scores indicate greater anxiety. The STAI has been shown to have high internal consistency with 

a Cronbach’s alpha ranging from .86 to .95, and test-retest reliability coefficients have ranged 
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from .65 to .75 over a 2-month interval (Spielberger et al., 1970). The STAI-State was given 

both before and after the TSST and Stroop. The STAI was scored according to published criteria. 

A log transformation was used on STAI-State data to correct for skewness and improve 

normality of data. The STAI-State was used to confirm that the study design was successful in 

inducing more subjective stress in the high stress group compared to the low stress group and the 

STAI-Trait was used to determine if participants in the high and low stress group differed in their 

overall stress levels. For the purpose of the correlational analyses, change scores were calculated 

for STAI-State scores by subtracting the first STAI-State score from the second STAI-State 

score.  

2.3.5 Center for Epidemiological Studies Depression Scale (CESD; Radloff, 1977). 

The CES-D is a short self-report measure of depressed mood symptoms designed for research in 

the general population. The CES-D includes 20 items rated on a 5-point scale and these items are 

related to symptoms associated with depression (e.g., from “Rarely or None of the Time” to 

“Most or All of the time”). Higher scores indicate greater depressed mood. The CES-D scale has 

high internal consistency with a Cronbach’s alpha ranging from .85 to .90 (Radloff, 1977). The 

CES-D is also shown to have satisfactory test-retest reliability over a 2- to 8-week period which 

ranged from .51 to .67 (Hann, Winter, & Jacobsen, 1999). The CES-D was scored according to 

published criteria. The CES-D was used to determine if participants in the high and low stress 

groups differed in their overall mood.  

2.3.6 Demographics questionnaire. Demographic information was collected through the 

use of a self-report questionnaire. This was used to collect information on any factors that may 

influence cortisol concentrations or performance in the Stroop task. Participants who violated 
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any of the inclusion criteria were excluded from the final analyses, as detailed in the participants 

section.  

2.4 Procedure 

Each participant was tested individually. Before their testing session, participants were 

emailed information on how to prepare for the saliva samples. This was done to limit factors that 

can affect the cortisol concentrations or assays. Specifically, participants were asked to avoid 

alcohol consumption and vigorous physical activity 24 hours prior to the session, caffeine use 4 

hours prior to the session, and to avoid putting anything in their mouths (e.g., food, gum, 

beverages other than water) 1 hour prior to the session (Salimetrics, 2015). They were also asked 

to wake up at least 3 hours prior to their sessions, which were scheduled between 12:00-18:00 to 

minimize the effects of diurnal cortisol fluctuations (Edwards, Clow, Evans, & Hucklebridge, 

2001).   

 At the start of each session, the researcher reviewed a written consent form with the 

participants, which they were asked to sign. Participants then rinsed out their mouths with water 

to ensure no food particles could affect the saliva samples. Next, participants were asked to 

complete a demographics questionnaire and saliva screening sheet as well as the three self-report 

measures described above (STAI-State, STAI-Trait, CESD). This took approximately 10 minutes 

to complete. During this 10-minute period the first heart rate and blood pressure reading was 

taken. Participants then gave the first saliva sample, which was used to determine baseline 

cortisol levels. After completing this, participants in the high stress group completed the TSST 

and participants in the low stress group completed the undemanding control task. The second and 

third heart rate and blood pressure readings were taken during the speech portion of the TSST, 

and the fourth and fifth readings were taken during the math/counting task.  
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 Participants then completed the 5-minute Stroop task which included the integrated CWS 

and EWS. The sixth, seventh, and eighth heart rate and blood pressure readings were taken while 

the participant completed the Stroop task. After this 5-minute task, the participant completed the 

second STAI-State before providing the second saliva sample (approximately 20 minutes after 

the onset of the stressor). A final heart rate and blood pressure reading was taken while the 

participant completed the second STAI-State. After completion of the session participants were 

provided with a verbal educational debriefing. 

Results 

3.1 Preliminary Analyses 

 Paired samples t-tests were used to compare the mean scores on the Stroop control trials 

with the EWS and CWS means. A statistically significant Stroop effect was seen for the CWS 

for both reaction time, t(58)= 8.60, p < .005, and accuracy, t(58)= 3.89, p < .005, where the 

colour naming of coloured words resulted in slower reaction times than the control condition (M 

= 978.96, SD = 196.94; M = 901.18, SD = 162.75 respectively) as well as a lower number of 

correctly named words in the colour word condition than the control condition (M = .96, SD = 

.04; M = .98, SD = .02, respectively). The Stroop effect for the EWS was not significant for 

reaction time, t(58)= 1.37, p < .18, or for accuracy scores, t(58)= 1.11, p < .27. Response times 

for emotion word trials (M = 911.31, SD = 168.52) were slightly slower than responses in control 

trials, but this was not statistically significant. Colour naming of emotional words (M = .98, SD = 

.02) resulted in slightly higher number of correctly named responses than in the control 

condition. 

A manipulation check was done using five mixed-design ANOVAs to determine if the dependent 

variables (cortisol, heart rate, systolic and diastolic blood pressure, and STAI-state) differed 
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between the two stress groups over the course of the study. Three 2 x 4 ANOVAs for heart rate 

and blood pressure used stress group (high, low) as the between-subjects independent variable 

and sample order (pre-stress, TSST, Stroop, post-stress) as the within-subject independent 

variable. As shown in Table 1, heart rate, systolic blood pressure, and diastolic blood pressure all 

experienced significant main effects for order, indicating that the sample experienced significant 

differences in physiological indicators of stress over the course of the study. Heart rate and 

diastolic blood pressure also showed significant main effects for stress group, indicating that 

stress groups differed on these measures. The main effect of stress group for systolic blood 

pressure was not statistically significant. These main effects were all superseded by three 

statistically significant interactions (see Figures 1-3).  

Independent sample t-tests were used to determine if the high and low stress groups 

differed in stress levels at the various times throughout the study. As shown in Table 2, at 

baseline, there was no statistical difference in heartrate and blood pressure readings between the 

two groups. Significant differences were found in heart rate readings during the TSST, during the 

Stroop, and post-TSST. Significant differences were found in systolic blood pressure during the 

TSST but not during the Stroop or post-TSST. Significant differences were found in diastolic 

blood pressure during the TSST and Stroop but not post-TSST. Means indicate that the high 

stress group experienced elevated heart rate and blood pressure readings (see Table 3) compared 

to the low stress good. These results indicate that the high and low stress groups experienced 

different levels of physiological stress over the course of the study, with the high stress group 

showing increased heart rate and blood pressure during the TSST compared to the low stress 

group. Results also indicate that the stress responses were maintained during the Stroop task.  
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Table 1: Mixed design ANOVAs with a Green-house Geisser correction showed main effects 

and interactions for heart rate, diastolic blood pressure, systolic blood pressure, cortisol, and 

STAI-State. Significant interactions indicate that the high stress group experienced increases in 

physiological and subjective stress and cortisol over the course of the study.  

 F df p np
2 

HRsqroot     

     order 236.65 2.43, 143.48 .001 .80 

     group 8.29 1, 59 .006 .12 

     order x group 4.87 2.43, 143.48 .006 .08 

SBPsqroot     

     order 46.99 2.53, 149.04 .001 .44 

     group 1.75 1, 59 .19 .03 

     order x group 10.63 2.53, 149.036 .001 .15 

DBPsqroot     

     order 8.21 2.62, 154.41 .001 .58 

     group 6.46 1, 59 .01 .10 

     order x group 9.31 2.62, 154.41 .001 .14 

Cortisollog     

     order .31 1, 47 .58 .01 

     group .15 1, 47 .70 .003 

     order x group 8.34 1, 47 .006 .15 

STAI-Statelog     

     order 61.89 1, 59 .001 .51 

     group 7.34 1, 59 .009 .11 

     order x group 8.22 1, 59 .006 .12 
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 Figure 1: Effects of stress on heart rate during the course of the study.   
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Figure 2: Effects of stress on systolic blood pressure over the course of the study.  
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Figure 3: Effects of stress on diastolic blood pressure over the course of the study.  
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Figure 4: Effects of stress on STAI-State scores.  
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Figure 5: Effects of stress on cortisol concentrations 

 

  

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Pre-TSST Post-TSST

C
o
rt

is
o
l 

co
n
ce

n
tr

at
io

n

Low

High



24 
 

Table 2: Independent t tests results comparing physiological and subjective stress 

measurements (cortisol, STAI-State, heartrate, and systolic and diastolic blood 

pressure) between high and low stress groups. Results show no significance difference 

at baseline, but significant differences between the groups during the TSST and 

Stroop. 

 t df p SE 

Cortisol     

      pre-TSST .86 47 .39 .08 

      post-TSST 1.71 47 .09 .08 

STAI-STATE     

      pre-TSST .69 60 .50 .03 

      post-TSST 4.14 59 .001 .03 

HR     

      pre-TSST 1.48 60 .14 .17 

      TSST 3.07 60 .003 .18 

      Stroop 3.65 60 .001 .16 

      post-TSST 2.41 59 .02 .17 

BPS     

      pre-TSST 1.14 60 .26 .13 

      TSST 3.98 60 .001 .11 

      Stroop 1.17 60 .25 .12 

      post-TSST .93 59 .35 .13 

BPD     

      pre-TSST .63 60 .53 .13 

      TSST 4.46 60 .001 .13 

      Stroop 2.03 60 .05 .12 

      post-TSST 1.18 59 .24 .14 
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Table 3: Mean values for both stress group showing mean physiological and subjective stress 

scores (cortisol, STAI-State, heartrate, and systolic and diastolic blood pressure) over the course 

of the study.  

  M SD SEM 

Cortisol     

      Pre-TSST Low Stress -.76 .28 .05 

 High Stress -.84 .30 .07 

      Post-TSST Low Stress -.85 .23 .04 

    High Stress -.71 .29 .07 

STAI-State     

      Pre-TSST Low Stress 1.50 .12 .02 

 High Stress 1.52 .12 .02 

      Post-TSST Low Stress 1.58 .11 .02 

    High Stress 1.69 .09 .02 

HR     

      Pre-TSST Low Stress 8.39 .68 .11 

 High Stress 8.64 .60 .12 

      TSST Low Stress 9.46 .78 .13 

 High Stress 10.02 .62 .12 

      Stroop Low Stress 8.55 .63 .10 

 High Stress 9.13 .60 .12 

      Post-TSST Low Stress  8.54 .61 .10 

 High Stress 8.94 .68 .13 

BPS     

      Pre-TSST Low Stress 10.61 .55 .09 

 High Stress 10.46 .45 .09 

      TSST Low Stress 10.89 .38 .06 

 High Stress 11.33 .50 .10 

      Stroop Low Stress 10.77 .42 .07 

 High Stress 10.91 .51 .10 

      Post-TSST Low Stress  10.55 .55 .09 

 High Stress 10.67 .45 .09 

BPD     

      Pre-TSST Low Stress 8.58 .52 .09 

 High Stress 8.66 .48 .09 

      TSST Low Stress 9.13 .54 .09 

 High Stress 9.17 .49 .10 

      Stroop Low Stress 8.85 .45 .07 

 High Stress 9.09 .45 .09 

      Post-TSST Low Stress  8.70 .54 .09 

 High Stress 8.87 .57 .11 
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Cortisol and the STAI-State were analyzed using two 2x2 ANOVAs where stress group 

(high, low) was used as the between-subject independent variable and order as the within-subject 

variable (pre-stress vs. post-stress; see Table 1). The STAI-State demonstrated a significant 

statistical increase over the course of the study, indicating that the sample experienced an 

increase in subjective stress after the stressor. A main effect for stress group for the STAI-State 

was also statistically significant, with the high stress group reporting more stress than the low 

stress group. For cortisol, neither of the main effects showed statistical significance. More 

importantly, the interactions between stress group and order were statistically significant for both 

cortisol and STAI-State (see Figures 4-5). 

Independent samples t-tests were used to determine if the high and low stress groups 

experienced different cortisol levels and STAI-State scores before and after stress. Results show 

that the high and low stress groups did not demonstrate differences in cortisol or the STAI-State 

at baseline (see Table 2). The high stress group did have significantly higher cortisol levels than 

the low stress group post-TSST when employing a one-tailed significance test, and they also had 

significantly higher STAI-State scores post-TSST than the low stress group (see Table 3).  

 The significant stress group by order interactions for heart rate, blood pressure, cortisol, 

and STAI-State scores indicate that the stress manipulation was successful. In other words, the 

low and high stress groups did not differ in their baseline stress measurements, but the high 

stress group experienced more objective and subjective stress than the low stress group due to 

the stressor. 

3.2 Main Analyses   

 3.2 1 Accuracy interference. A 2 (stress group: high, low) x 2 (Stroop type: CWS, 

EWS) mixed-design ANOVA demonstrated a significant main effect for Stroop type, F(1,51) = 
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20.11, p < .001, ηp
2 = .28, indicating higher interference scores for the CWS than EWS, but no 

significant main effect for stress group, F(1,51) = .24, p < .62, ηp
2 = .005. The interaction 

between stress group and Stroop type demonstrated a nonsignificant trend, F(1, 51) = .240, p < 

.13, ηp
2 = .05. Independent samples t-tests revealed no significant differences between the high 

and low stress groups for CWS, t(51) = .53, p < .60, but there was a significant difference 

between the high and low stress groups for EWS, t(54) = 2.20, p < .03, indicating the high stress 

group showed less accuracy interference for the EWS compared to the low stress group (Figure 

6).  

 3.2.2 Reaction time interference. A 2 (stress group: high, low) x 2 (Stroop type: CWS, 

EWS) mixed-design ANOVA demonstrated a significant main effect for Stroop type, F(1, 53) = 

72.86, p < .001, ηp
2 = .58, indicating that the CWS showed greater reaction time interference than 

the EWS. A non-significant main effect for stress group showed a nonsignificant trend, F(1, 53) 

= 2.17, p < .15, ηp
2 = .04, with the high stress group showing slightly less interference than the 

low stress group. There was no significant interaction between stress group and Stroop type, F(1, 

53) = 1.77, p < .97, ηp
2 = .001. Independent samples t-tests also confirmed that there were no 

group differences between high and low stress groups on the CWS or EWS, t(53) = 1.24, p < .22; 

t(54) = .79, p < .43, respectively (Figure 7). 

3.3.3 Correlations. To account for individual differences in stress reactivity, Pearson’s 

correlations were done to determine if change scores for cortisol, heart rate, blood pressure, and 

subjective stress scores (STAI-State) were related to reaction time and accuracy interference 

scores on the CWS and EWS. As shown in Table 4, the correlational analysis revealed a 

significant negative correlation between STAI-State change scores and emotion word  
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Figure 6: Mean colour word and emotion word interference scores for accuracy for high and low 

stress groups. The interaction trend shows the high stress group experienced less EWS 

interference than the low stress group. 
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Figure 7: Mean colour word and emotion word interference scores for reaction time for high and 

low stress groups. No significance differences were found.  
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Table 4: Pearson’s r correlations between physiological and subjective stress change scores 

(cortisol, heart rate, systolic and diastolic blood pressure, and STAI-State) and cognitive and 

emotion interference scores (reaction time and accuracy). 

 CWS Accuracy CWS RT EWS Accuracy EWS RT 

Cortisol change     

     Whole sample -.13 -.25 -.17 -.07 

     High stress -.28 -.13 -.04 -.08 

     Low stress .03 -.47* -.18 .00 

HR change     

     Whole sample -.10 -.11 -.17 -.04 

     High stress .07 .16 .00 .08 

     Low stress .08 -.15 -.11 -.04 

BPS change     

     Whole sample .06 .01 -.04 -.11 

     High stress -.02 .05 .34 .00 

     Low stress -.08 -.06 .10 -.14 

BPD change     

     Whole sample -.24 -.14 .15 -.10 

     High stress -.40 -.16 .14 .02 

     Low stress -.17 -.08 .32 .02 

STAI-State 

change 

    

     Whole sample -.22 -.04 -.34* -.26 

     High stress -.51* -.03 -.38 -.39 

     Low stress .04 .28 -.08 .00 

*p < .05     
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interference for accuracy overall. In the high stress condition, a significant negative correlation 

was found between STAI-State change and colour-word interference for accuracy. 

A significant negative correlation was found between cortisol-change and colour word 

interference for reaction time, but only in the low stress group. 

Discussion 

Previous studies have found that chronic stress and exogenous cortisol administration 

leads to increased levels of interference during the Stroop task. The current study’s goal was to 

examine the effects of acute stress and endogenous cortisol on this interference and determine 

whether acute stress has differing effects on interference from cognitive versus emotional 

information. Contrary to what was hypothesized, the high stress group showed less interference 

for accuracy in the emotion word trials than the low stress group, but no difference was found on 

the colour word trials. The stress groups did not differ on reaction time interference scores for 

either the EWS or the CWS. At the individual level, participants who reported greater increases 

in subjective stress were found to demonstrate less emotion word interference for accuracy 

overall, and less colour word interference accuracy if they were in the high stress group. In 

addition, participants in the low stress group who had greater increases in cortisol demonstrated 

less colour word interference for reaction time. It had been predicted that individuals who 

experienced greater stress responses would show more interference, but these results show that 

larger stress responses facilitated performance, resulting in fewer mistakes on the emotional 

interference task and fewer mistakes and faster reaction times on the cognitive interference task. 

Thus, in contrast to what was hypothesized, results suggest that acute stress may facilitate 

reaction time and accuracy on tasks that require inhibition of irrelevant cognitive and emotional 

information.  
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These results contribute new information that differs from previous research regarding 

effects of stress on Stroop interference. While the present study examined the effects of acute 

stress and endogenous cortisol levels, past research has focused on chronic stress and exogenous 

cortisol effects, producing a different pattern of results. Previous research examining the effects 

of exogenous cortisol or chronic stress on CWS interference found increased error rates (Gomez 

et al., 2009; Hsu et all., 2003), and exogenous cortisol has also been found to be associated with 

increased error rates on the EWS (Henckens et al., 2012). In contrast to the present study, 

chronic stress and exogenous cortisol lead to increased Stroop interference from irrelevant 

cognitive and emotional information. 

This difference of effect between chronic and acute stress can possibly be explained by 

the negative long-term effects of chronic stress on the brain. GRs and MRs are found in limbic 

region structures such as the hippocampus, amygdala, and orbitofrontal cortex (McEwen, 2017). 

In the hippocampus, chronic stress has been shown to cause dendritic shrinkage and loss of 

spines (McEwen, 2017). Chronic stress has also been linked to loss of spines and shrinkage of 

dendrites in the medial amygdala (Bennur et al., 2007). The prefrontal cortex is associated with 

cognitive processes such as working memory, attention, and behavioural inhibition, as well as 

emotion regulation (Cerqueria et al., 2007). Research has suggested that the PFC is also affected 

by chronic stress. Within the prefrontal cortex, chronic stress causes medial PFC neurons to 

show both debranching and shrinkage of dendrites (Radley et al., 2006). In the ACC, animal 

studies have shown that chronic behavioural stress can induce significant decrease in the total 

length and number of branches of neurons (Radley et al., 2006). Impairments in cognitive tasks 

may be due to these negative effects of chronic stress on the brain (Liston et al., 2006). Stress 

activates the HPA axis, which in turn increases circulating cortisol concentration and stimulates 
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both GRs and MRs. Chronic stress leads to persistent glucocorticoid exposure which can have 

deleterious effects on the function of neurons and microglia (McEwen, 2017). This persistent 

cortisol response is likely related to the many cognitive impairments associated with chronic 

stress. In contrast, cortisol release during acute stress can be essential for the adaptation and 

maintenance of homeostasis (Yuen et al., 2009). Behavioural studies have shown that acute 

stress facilitates classical conditioning, associative learning, and decision making (Yuen et al., 

2009). This research supports the idea that acute stress may be adaptive whereas chronic stress 

may be maladaptive, leading to different effects of chronic and acute stress on cognitive tasks, 

including interference tasks. 

Regarding the difference in findings for acute endogenous versus exogenous levels, this 

may be explained by the “inverted U” relationship that appears to exist between stress and 

cognitive functions such that moderate levels of glucocorticoids produce positive effects on 

cognitive performance, while too low or too high glucocorticoid levels impair performance 

(Salehi, Cordero, & Sandi, 2010). In the present study, the high stress group may have 

experienced an optimal level of acute stress and cortisol increase that allowed for better 

performance on the Stroop tasks; conversely, the low stress group experienced too little acute 

stress and so did not receive any facilitating effects. In studies that used exogenous cortisol 

supplementation, cortisol levels were likely higher than what endogenous levels would have 

been from a laboratory stress manipulation, and so may have resulted in greater interference as a 

consequence of being too high to facilitate performance.  However, it should be noted that in the 

present study, at the individual level, cortisol levels were associated with improved performance 

only in the low stress group. 
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4.1 Strengths and Limitations  

 The university’s participant pool was used to recruit participants. This is advantageous 

because it limits variability and therefore limits extraneous variables. In addition, many studies 

draw from similar population, and so use of this sample allows for comparison across studies. 

However, use of the participant pool also means that participants are drawn from a very 

restricted population and are not randomly selected. This limits the extent to which findings can 

be generalized to other populations.   

 Factors that could influence cortisol concentrations were limited as much as possible in 

the present study. Exclusion criteria were posted for individuals to see before they signed up to 

participate, reminder emails were sent out two days before each testing session, and the 

demographics questionnaire asked participants if they had followed the instructions. Reliance on 

self-report for psychiatric and medical conditions is a potential limitation, as this means that 

participants with undiagnosed medical or psychiatric conditions were still able to participate in 

the study. Participants who reported having these conditions were excluded because they are 

associated with abnormal cortisol levels and cortisol stress-responses, meaning that any 

participant with an undiagnosed condition may have added variance to the cortisol results, 

decreasing the likelihood of finding a relationship between cortisol-increase and interference 

scores. However, self-report was the only way to include this exclusion criteria, as any other 

method would have been beyond the scope of this study.  

 In addition to excluding participants with psychiatric and medical conditions, other 

hormone-relevant exclusion criteria were used. A limitation regarding this is that some 

participants may have failed to follow the instructions outlined, which could have affected 

cortisol concentrations. Some individuals signed up for the study up to a month in advance, 
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making it difficult to remember all the exclusion criteria. To ensure that participants remembered 

to follow instructions about the saliva samples, reminder emails were sent to every individual 

two days before the scheduled testing session. During the testing session participants completed 

a saliva screening sheet where they had the opportunity to indicate if they did not follow any of 

the saliva sample related instructions, which was then used to determine which saliva samples to 

discard from the study. In total, 9 participants’ samples were excluded due to lack of adherence 

to these criteria.  

 Although a Stroop effect was found for the CWS task, there was no significant effect of 

the emotion words on colour-naming. This means that the emotion words may not have been 

salient enough to cause interference in our sample. The words chosen were from Bremner et al.’s 

(2004) study, in which the words did demonstrate a significant Stroop effect, but the population 

in Bremner et al.’s study was not the same as the one in the present study.  

4.2 Future Directions  

To examine if stress effects on interference fit with the “inverted U” model, future studies 

could add varying degrees of stress to determine which levels of stress facilitate performance and 

which levels hinder it. If this model accounts for the current study’s results, moderate levels of 

stress should facilitate Stroop performance, whereas high and low levels of stress will be 

associated with poorer performance. This could be useful in identifying how much acute stress 

individuals need in order to improve cognitive function and the amounts that do not provide any 

benefit. 

One theoretical framework that offers a potential explanation for individual differences in 

the stress response is the biopsychosocial model of challenge and threat (Blascovich, 2008). 

According to this model, individuals evaluate the demands of a task and whether they possess the 
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necessary resources to cope with it effectively. The task is perceived as a challenge if individuals 

feel they have the resources to cope with it, whereas the task is perceived as a threat if 

individuals feel they do not have the resources to cope (Moore, Vine, Wilson, & Freeman, 2012). 

Studies examining the influence of challenge and threat states on cognitive performance have 

found that a challenge state facilitates performance, whereas a threat state hinders performance 

(Gildea, Schneider, & Shebilske, 2007). It is possible that the effects of stress may cause 

participants in the high and low stress groups to differ on whether they see any additional task, 

such as the Stroop tasks, as a threat or challenge, which may influence their performance. Future 

studies can examine whether perceiving acute stress as a threat or a challenge has an impact on 

Stroop performance.  

4.3 Conclusion 

Research examining the effects of stress on behaviour has important implications. HPA 

axis dysregulations, such as increased cortisol levels, have been found in several psychiatric 

disorders, such as MDD. The current study found that participants in the high stress group, which 

had higher cortisol levels than the low stress group, showed better performance on the EWS. 

This could suggest that individuals with higher cortisol are less vulnerable to irrelevant 

emotional information. Better performance on the emotion word trials could also demonstrate 

that emotional information is less distracting when experiencing moderate stress, which suggests 

that ignoring emotional distractors while performing some other task may not be as challenging 

as some would believe. On an individual level, results suggest that individuals with larger stress 

responses may be less vulnerable to the adverse effects of acute stress when dealing with 

emotionally-charged stimuli. While there is little doubt that stress can have negative effects on 
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certain behavioural functions, the ability to ignore irrelevant cognitive and emotional distractors 

does not seem to be adversely impacted by moderate levels of acute stress.  
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APPENDIX B: TSST Scripts 

High Stress Testing Protocol 

 

Committee Member A: Your task in this experiment is to assume the role of a job applicant who is 

invited for a personal interview with the company’s staff managers who will serve as the selection 

committee. This will be myself and ___________. At the start of your speech, you should introduce 

yourself to the committee and then convince us that you are the perfect applicant for the vacant position.  

The position you are interviewing for is your “ideal job“– so in other words, you can imagine you are 

interviewing for any position you want.  In contrast to a real interview, however, you are asked to give a 

speech as your job application. After the speech we may ask additional questions.  We will listen for 5 

minutes as you explain why you think that you would be the best candidate for this position. However, first 

we will give you 2 minutes to prepare what you would like to say. You will be given a pencil and paper for 

you to outline or make notes about your speech. You will be standing while you give the speech, so we’ll 

be using this sling to keep your arm at the correct elevation for the heartrate recordings” 

 “You may now begin your preparation [Start timer].”  

 

Committee Member A: After 2 minutes [Stop timer]: “Your preparation period is now over. Hand your 

notes over to me.“ 

 

Committee Member A: “Please speak clearly and maintain eye contact with us. You may now begin 

your speech.” [Start timer] 

 

*take HR reading at 0:60 and 4:00 

  

Committee Member B: If participant finishes early: “You still have some time left. Please continue!”  

 

Committee Member A & B: If participant finishes again before 5 minutes is up, stare, silent, for 20 

seconds. Then, begin systematic questioning: 

 

Committee Member B: What are your shortcomings?  

Committee Member A: Do you have enemies? Why or why not?  

Committee Member B: What does your family think about you? 

Committee Member A: What do you think about team work?  

Committee Member A: At minute 5 [Stop timer], say “Ok, that is the end of the 5-minute speech time.” 
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If participant’s arm with blood pressure cuff is moving, say: “Please stop moving your right/left 

arm.” If participants arm is not in the correct position for the reading, ask them to raise or lower it 

accordingly. 
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TSST Arithmetic SCORING SHEET 

 

Committee Member B:  

“It is now time for the math task, which will be a serial subtraction task. Start with the number 2000 and 

serially subtract the number 7 from 2000 as quickly and accurately as possible. [Start timer]” 

If subject makes a mistake: “STOP – MISTAKE – START OVER AT 2000.“ 

*take HR reading at 0:60 and 4:00 

2000 1818 1636 

1993 1811 1629 

1986 1804 1622 

1979 1797 1615 

1972 1790 1608 

1965 1783 1601 

1958 1776 1594 

1951 1769 1587 

1944 1762 1580 

1937 1755 1573 

1930 1748 1566 

1923 1741 1559 

1916 1734 1552 

1909 1727 1545 

1902 1720 1538 

1895 1713 1531 

1888 1706 1524 

1881 1699 1517 

1874 1692 1510 

1867 1685 1503 

1860 1678 1496 

1853 1671 1489 

1846 1664 1482 

1839 1657 1475 

1832 1650 1468 

1825 1643 1461 

 

Committee Member B: After 5 minutes [Stop timer]: “Ok, that is the end of the serial subtraction task” 
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Low Stress TSST Testing Protocol 

 

“For this next task, I’m going to ask you to give a speech on a movie or a book that you like. You can 

describe what the movie or book is about, and why you like it. You will be giving the speech in private, to 

yourself. You will be standing while you give the speech, so we’ll be using this sling to keep your arm at 

the correct elevation for the heartrate recordings. First, you will have 2 minutes to prepare your speech. 

Do you have any questions?” 

“ You may now begin preparing for your speech, I will return in 2 minutes to let you know you may start 

the speech” 

[Close door, start timer] 

 

“It is now time for you to give your speech. I’ll ask that you stand for this. You will be in the room by 

yourself while you do this, saying the speech quietly to yourself. I will be activating the heart rate monitor 

remotely once during your speech, so please keep your arm at the correct angle in the sling. I will return 

when your time is up. Please try to keep talking the entire time” 

[Close door, start timer] 

 

“Ok, that is the end of your five minute speech time” 

 

“The next task is a counting task. I’d like you to remain standing and count quietly to yourself for five 

minutes. Again, please keep your arm at the correct angle in the sling, as I will be taking a heart rate 

reading during the counting task. I will return when the time is up” 

[Close door, start timer] 

 

 

 

 

 

 

 

 


