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Abstract 

A region of the hippocampus—the subiculum—is involved in stress response regulation through 

indirectly inhibiting cortisol release; it has also been shown to play a role in perceptual 

discrimination, with greater amounts of neural activity being observed during scene 

discrimination in comparison to object and face discrimination. The present study aimed to 

determine if perceptual discrimination (scenes, faces, objects) is predictive of stress sensitivity, 

reactivity, and trait-resiliency, in light of the shared subiculum involvement. The Trier Social 

Stress Test (TSST) was used to manipulate high or low stress. Stress sensitivity was measured 

using the STAI-state before and after the high or low (TSST), reactivity was measured 

throughout the study using heart rate (HR) and blood pressure (BPS, BPD) and cortisol, while 

trait-resiliency was measured prior to the TSST using the Brief Resiliency Scale. Scene 

discrimination reaction time (RT) was negatively correlated with BPD change overall; scene RT 

also showed a negative trend with cortisol change in the high stress group. Scene accuracy 

produced a positive correlation trend with BPS change in the high stress condition. Object 

discrimination accuracy was negatively correlated with BPS change overall, and negative trends 

were also seen with STAI-state change and with resiliency. Face discrimination accuracy 

produced a negative correlation trend with HR change overall, significant in the high stress 

condition, while face RT showed a positive correlation trend for resiliency overall. These 

findings suggest that those who demonstrate better scene discrimination performance display 

greater stress reactivity, whereas those demonstrating better face or object discrimination display 

less stress reactivity and sensitivity.  
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Can Stress Sensitivity, Reactivity, and Resiliency be Predicted using Scene Discrimination? 

Humans encounter stress in various forms almost daily, with much of this stress being 

relatively mild to moderate (e.g., having to give a public presentation), with high stress situations 

being experienced occasionally (e.g., witnessing a motor vehicle accident; Musazzi, Tornese, 

Sala, & Popoli, 2018). The human body has adapted and responds to the different stress levels 

experienced to maintain homeostasis. The start and end of the stress response process occurs in 

the brain, primarily through a collective pathway known as the hypothalamic-pituitary-adrenal 

(HPA) axis; this pathway is excited in times of stress and inhibited after the stressful event has 

subsided (Tsigos, Kyrou, Kassi, & Chrousos, 2016). A part of this pathway evokes activation in 

the hippocampus, specifically in the subiculum, which is a sub-region of the hippocampus 

(O’Mara, 2005). Of relevance to the present study, the subiculum has also been demonstrated to 

play a role in perceptual discrimination tasks, particularly when images of scenes are used 

(Hodgetts et al., 2017). However, it is not known if performance on scene discrimination is 

related to stress response regulation, in light of the shared activation of this brain region—this is 

what the present study sought to address. If performance on the perceptual discrimination task 

can be used as a behavioural proxy of subiculum functioning it may allow researchers to predict 

how an individual will respond to stress.   

Stress Responses 

Stress naturally occurs in our day-to-day lives. Acute stress has been shown to impair a 

number of functions, including memory, cognitive flexibility, and spatial navigation (Paul et al., 

2016; Shields, Sazma, & Yonelinas, 2016). Stress is able to have these effects on cognition 

through direct and indirect actions of the physiological stress responses on the brain (Herman & 

Cullinan, 1997). Physiological responses to stress help the body and brain deal with the stressor. 
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The brain structures and pathways critically involved in the stress response and stress regulation 

include the hypothalamus, pituitary gland, and adrenal cortex (collectively referred to as the 

hypothalamic-pituitary-adrenal (HPA) axis), the sympathetic nervous system, and the 

hippocampus. When an acute stressor is encountered limbic regions activate the hypothalamus, 

which in turn triggers two peripheral stress responses, while also triggering central 

catecholaminergic neural activation (Ulrich-Lai & Herman, 2009). These two peripheral 

responses activated are the autonomic nervous system’s fast sympathetic response and the slower 

HPA axis response of the endocrine system.  

 Sympathetic Nervous System Response.  The fast sympathetic nervous system (SNS) 

involves a range of physiological changes, such as increasing heart rate (HR) and blood pressure 

(BP), while decreasing digestive processes (McCorry, 2007). The paraventricular nucleus of the 

hypothalamus releases corticotropin-releasing hormone (CRH) in the locus coeruleus of the 

brainstem sending a signal to the preganglionic cells of the SNS and parasympathetic nervous 

systems (PNS), leading to increased activation of the SNS and a reduced activation of the PNS 

(Won & Kim, 2016). This activation of the SNS leads to the release of the neurotransmitters, 

norepinephrine and epinephrine, with both being released into the blood circulatory system 

resulting in increased HR and BP; the PNS acts in coordination with the SNS and is activated to 

maintain homeostasis of the body (Aunis, 1998; McCorry, 2007). Both the SNS and PNS system 

act globally through this release in the brainstem and spinal cord subsequently, affecting many 

systems throughout the brain and body, including the hypothalamus and pituitary gland, allowing 

the axis to self-regulate through negative feedback loops (Smith & Vale, 2006). 

HPA Axis Stress Response.  The slower HPA axis response eventually elicits cortisol 

release (Tsigos et al., 2016). The release of CRH through the parvocellular cells of the 



STRESS REACTIVITY PREDICTED USING SCENE DISCRIMINATION 3 

  

hypothalamus is the first step of the HPA axis response. CRH acts on the anterior pituitary, 

resulting in the release of adrenocorticotropic hormone (ACTH) into the blood; once ACTH 

reaches and stimulates the adrenal cortex glucocorticoids are produced and released, of which 

cortisol is dominant in humans (Becker, 2013). Once cortisol is released into the blood, crosses 

the blood-brain-barrier, and reaches target cells in the brain, it can act quickly through binding to 

receptors on the surface of neurons (Holst et al., 2004), while also bringing about slower and 

longer-lasting changes by activating nuclear receptors inside neurons (McEwen, Nasca, & Gray, 

2015). These cortisol-induced changes in neuronal activity contribute to the cognitive and 

behavioural effects that are associated with the stress response. Cortisol also binds to receptors in 

the anterior pituitary and hypothalamus, producing negative feedback to decrease the HPA 

response and inhibit further release of cortisol through a process that begins with the binding of 

cortisol on the paraventricular nucleus receptors; this results in endocannabinoid release which 

reduces the neural activation of the parvocellular neurons (Herman et al., 2012). Herman and 

colleagues suggest this is the slow feedback loop, and argue that the fast feedback mechanism is 

mediated through the ventral hippocampus (Herman et al., 2016).  

Subiculum involvement in Stress Regulation.  The hippocampus has distinct regions, 

including the CA1, CA3, dentate gyrus, and subiculum (Kim et al., 2015). The subiculum has 

been specifically shown to be involved in stress regulation and has been shown to be a key area 

in inhibiting the HPA axis response (Herman et al., 2003; O’Mara, 2005). The subiculum is a 

small region in the anterior hippocampus that is the major output structure of the hippocampus; 

major input structures project from the rest of the hippocampus, leading into the subiculum 

largely through the stratum oriens (Amaral et al. 1991). Additionally, the subiculum has 

reciprocal connections between the perirhinal cortex, entorhinal cortex, and prefrontal cortices, 
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all which have been shown to be involved in the HPA axis to some degree (Lowry, 2002). The 

post-commissural fornix is the main projection from the subiculum to the hypothalamus that 

inhibits HPA axis activity (Lowry, 2002). It appears to be the ventral region of the subiculum, in 

particular, that is involved in HPA axis regulation; the dorsal region appears to be involved with 

movement and spatial learning (King et al., 1998; Aggleton et al., 1996). It is not known whether 

there is overlap in functions between the ventral and dorsal regions of the subiculum.  

The Subiculum’s Role in Cognitive Functions 

In addition to being involved in HPA axis regulation, the subiculum has been shown to 

play a role in memory, movement, and spatial learning (King et al., 1998; Aggleton et al., 1996). 

A study conducted by Hartopp and colleagues (2019) showed that the subiculum-fornix 

connections play a key role in episodic memory in adults; specifically, larger subiculum volume 

was associated with greater memory performance. The subiculum has also been shown to be 

involved in non-spatial memory in rats and is load-dependent (Ku et al., 2017). In this study Ku 

and colleagues used household scents to determine if rats could distinguish scents, they did this 

by using a study phase followed by a recognition phase which was then examined using Arc 

signal changes in the subiculum, showing this region of the subiculum was engaged during this 

task. The activation of this region of the brain has been suggested that this may be due to the 

projections between the subiculum and the perirhinal cortex and the distal part of CA1, and the 

role they play in non-spatial memory (Murray & Mishkin, 1998). Further, to highlight the role 

the subiculum plays in other cognitive functions, a study by Anderson and O'Mara (2003), 

showed activation of the subiculum in rats (examined through EEG) is occurring as a maze is 

navigated, reflecting the behavioural actions throughout the maze.  
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Of relevance to the present study, Hodgetts and colleagues (2017) found that the region 

of the subiculum that is involved in stress regulation is also involved in the perceptual 

discrimination of scenes. In their perceptual discrimination task participants were asked to 

discriminate between images of highly similar scenes, objects, or faces from different 

viewpoints; two images were identical but shown from different angles and one image was 

different but had a similar appearance. Using fMRI they found that the anterior-ventral region of 

the subiculum showed the greatest activation during scene discrimination, demonstrating 

significantly greater activation compared to the object and face discrimination trials (Hodgetts et 

al., 2017). Other researchers have similarly found this region to be active during scene 

perception tasks (Aly, Ranganath, & Yonelinas, 2013; Lee, Yeung, & Barense, 2012). The 

studies described above indicate that the subiculum plays a role in cognitive processes in 

addition to being involved in HPA axis inhibition. Perceptual discrimination of scenes, in 

particular, appears to involve the same anterior-ventral regions of the subiculum that are 

involved in HPA axis regulation, which is also where primary input pathways to this region 

occurs.  

The Stress Effects on Cognitive Functions of the Hippocampus  

The hippocampus has been shown to be affected by stress on cognitive functions 

associated with the hippocampus, at a behavioural, neural, and a structural level; cognitive 

processes involved with learning and memory have been demonstrated to be highly susceptible 

to these stress effects (Kim & Diamond, 2002), while hippocampal volume has been shown to be 

affected by stress (McEwen, Nasca, & Gray, 2016). This relationship between stress and the 

hippocampal functions has been well studied with some of the first studies revealing this being 

published early in the twentieth century, by Pavlov (1927), which showed how an animal’s 
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behaviours can be changed through negative conditioned learning, which is viewed as a stressful 

representation. Studies in humans have demonstrated that hippocampal dependent memory tasks 

are impaired by stress, primarily spatial memory (Kim et al., 2015).  

While stress-induced impairments in cognitive function have been observed, research has 

also suggested that the level of stress and the timing of stress are key predictors of whether the 

stressor impairs performance or enhances it. Guenzel, Wolf, and Schwabe (2014), showed that 

an acute stressor just after a learning task improved performance, whereas an acute stressor just 

prior to the learning task impaired performance. In a study conducted in rats by Cazakoff, 

Johnson, and Howland (2010), an acute stressor presented approximately 30 minutes before the 

learning task impaired performance, but when the acute stressor was presented immediately 

beforehand an improvement in performance was found, which suggests that stress impacts 

retrieval of the memory. These studies demonstrate that the timing of a stressor plays a critical 

role in determining if a benefit will be gained or not in response to stress. The level of stress has 

also been shown to have an impact on whether impairment or benefit is seen on cognitive tasks. 

Lupien and McEwen (1997) suggested that there is an inverted-U relationship that exists 

between stress and cognitive functions because of two types of receptors, with type I receptor 

activation impairing performance and type II activation leaving performance untouched or 

enhanced. This relationship is demonstrated in a study by Vedhara, Hyde, Gilchrist, Tytherleigh, 

and Plummer (2000) in which university students were either under exam or non-exam 

conditions; the level of stress encountered by the participants revealed that when a moderate 

level of stress was experienced benefits were seen in the exam conditions. Further, both the 

sympathetic and cortisol stress responses have been shown to be related to performance on tasks 

(Charmandari, Tsigos, & Chrousos, 2005). There is a relatively large literature showing that 
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stress affects hippocampal cognitive functions, but it is not yet known whether functions 

associated with the subiculum, in particular, can be used to predict how one responds to stress. 

The Present Study 

Because the anterior-ventral region of the subiculum has been shown to be involved in 

both HPA axis stress response regulation and perceptual discrimination of scenes, the present 

study sought to determine whether individual differences in scene discrimination can be used to 

predict individual differences in stress responses. If scene discrimination is related to stress 

responses, then it may be that scene discrimination can be used as a simple behavioural proxy of 

subiculum functioning. To examine this, participants completed a scene, object, and face 

perceptual discrimination task modeled after Hodgetts et al. (2017) and then experienced a high 

or low stress manipulation during which sympathetic and HPA axis stress responses were 

measured and subjective stress was reported. Participants also completed a measure of trait 

resiliency at the start of the session, so that the relationship between stress responses and 

resiliency could be assessed. It was predicted that those who perform poorly on scene 

discrimination would experience greater stress reactivity (as indexed by larger cortisol and 

sympathetic nervous system responses), greater subjective stress sensitivity, and lower trait-

resiliency scores compared to those who excel on this task, particularly in the high stress group.  

Method 

Participants 

A total of 33 participants (28 females, 5 males) were recruited through the Department of 

Psychology pool of research participants, which is open to all students in 100 or 200 level 

psychology classes. Participants were granted 1% in their class in exchange for participation. 

Participants were between 18-31 years of age, to limit age-related cortisol differences 
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(Roelfsema et al., 2017). Due to the examination of the stress hormone, cortisol, and the use of 

saliva samples to assess cortisol levels, factors associated with atypical cortisol levels or assay 

results were used as exclusion criteria. These factors included: habitual smoking or nicotine use 

(Wilkins et al., 1982); oral injuries or disease that could cause bleeding or high levels of bacteria 

(Kivlighan et al., 2004); steroid hormone supplement use in the past 3 months, including 

hormonal contraceptives (Meulenberg, Ross, Swinkels, & Benraad, 1987); and hormonal 

illnesses or diseases (Peterson, 1958), psychiatric illnesses (Carroll, Curtis, Davies, Mendels, & 

Sugerman, 1976), medical illnesses, or chronic medical conditions. An additional reason for the 

exclusion of individuals with psychiatric illnesses or medical conditions was the potential for 

adverse reactions to the stress manipulation (Jarrett, Coble, & Kupfer, 1983). 

Stress Manipulation  

The Trier Social Stress Test (TSST), which was developed by Kirschbaum et al. (1993), 

was used to induce stress and is known to provoke a robust cortisol response 21-40 minutes after 

the onset of the task (Dickerson & Kemeny, 2004). Participants were randomly assigned to 

complete a high- or low-stress version of the TSST. The high-stress version was modelled after 

Kirschbaum et al., whereas the low-stress was modelled after Smeets et al. (2009). 

Those in the high-stress group completed the tasks in front of two judges. They were 

asked to imagine they were applying for a job for which they needed to give a speech describing 

why they are the best candidates. They were given a 2 minute speech preparation period, after 

which any notes made were removed; a five-minute speech was then completed. Participants 

were asked to talk the entire time and if they finished early they were prompted with the 

instructions “you still have some time left, please continue”; if they finished early again the 

judges sat silent for approximately 20 seconds before they began to ask prepared questions. After 
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the speech a five-minute oral mathematics task was completed, in which participants were 

instructed to serially subtract the number 7 from 2,000 as quickly and accurately as possible; if a 

mistake was made participants were instructed “stop, mistake, please start over at 2,000”.  

The low-stress condition completed similar tasks. They were given 2 minutes to prepare a 

speech about a favorite movie or book and then performed the speech for 5 minutes. A simple 

counting task lasting 5 minutes was done next. The low stress tasks were completed by 

participants in private (as in Smeets et al., 2009). 

Measures 

Perceptual discrimination task. Participants completed a perceptual discrimination task 

modelled after Hodgetts et al. (2017). In this task, participants were presented with three stimuli 

per trial, a sample of which are shown in Figure 1below. In each trial two of the three stimuli 

presented were identical, but were shown from two different viewpoints, and the third image was 

different but highly similar—participants were asked to identify the stimulus that differed. Three 

types of stimulus categories were used in a random order: scene stimuli (real-world images of the 

environment; figure 1), face stimuli (human faces; figure 2), and object stimuli (household items; 

figure 3). Each trial was presented until a response was indicated, with a delay between trials of 

1000ms. Participants were asked to select the different stimulus as quickly and accurately as 

possible. The three stimuli in each trial were presented at top centre, bottom left, and bottom 

right, and none of the stimuli were repeated throughout the task; the target image randomly 

appeared in each of the three positions during the task. There was a total of 15 trials per category, 

for an overall total of 45 trials. Individual performance was scored on accuracy, based on total 

correct throughout all trials, and mean reaction time for accurate trials, based on the length of 

time participants took to make their selections.   
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Figure 1a. Scene stimuli          

 

   Figure 1b. Face stimuli      

 

  Figure 1c. Object stimuli 

 

Figure 1. Perceptual Discrimination Task stimuli and display positions.  
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Brief Resiliency Scale. The Brief Resiliency Scale (BRS; Smith et al., 2008) was 

included to examine how stress reactivity and sensitivity are related to the trait of resiliency. This 

measure was presented at the beginning of the session to ensure responses were not influenced 

by the stress of the TSST. Participants were asked to answer six brief questions related to stress 

resiliency (e.g., “I tend to bounce back quickly after hard times”) on a five-point scale, from 

strongly disagree to strongly agree. Three items of the BRS are positively coded while three are 

reverse coded, with low scores, 1.00 - 2.99 reflecting low resilience, normal resilience was 

reflected in scores of 3.00 - 4.30 and high scores 4.31 - 5.00 reflecting high resilience levels. 

Windle and colleagues (2011) conducted a review of resiliency measures and their results 

showed the BRS to be among the top on psychometric ratings, while Amat and colleagues (2014) 

conducted a study in Malaysia with international students that showed a high reliability rating 

with a Cronbach’s Alpha of .93.  

Stress Measures. Multiple measures were used to assess individual differences in 

participants’ stress reactivity and their subjective experience of stress.  

Sympathetic Stress Response. Heart rate (HR), systolic blood pressure (BP-S), and 

diastolic blood pressure (BP-D) were measured using a HR/BP monitor attached to the wrist at 

various points throughout the study to index the fast sympathetic stress responses. The HR/BP 

measurements were taken at the beginning of the study to form a baseline. During the TSST, 

HR/BP were taken at the one-minute mark during the preparation period, at minute one and four 

during the speech period, and at minute one and four of the math task. A final HR/BP 

measurement was taken immediately prior to the completion of the study. Means for HR, 

diastolic BP, and systolic BP during the TSST were computed for each period of measurement. 
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Change scores were also computed by subtracting the baseline values from the peak HR/BP 

values, providing scores that reflected the extent of sympathetic changes during the session.  

HPA Stress Response. Saliva samples were collected and used to measure salivary 

cortisol concentrations. The first saliva sample was taken at the start of the study (approximately 

ten minutes after a mouth rinse) to provide a baseline measurement. A second saliva sample was 

taken approximately 20 minutes after the start of the TSST. To account for individual differences 

in the timing and assessment of the cortisol response, a third sample was taken approximately 30 

minutes after the start of the TSST. The saliva samples were assessed for cortisol using 

Salimetrics cortisol enzyme immunoassay (EIA) kits. All samples were assayed in duplicate and 

found to be internally consistent. The inter-assay CV was 3.58% and the intra-assay was 6.53%. 

The mean of the duplicate values was computed; the means were skewed and underwent a log 

transformation to attain a normal distribution. Change scores were also computed by subtracting 

the untransformed baseline levels of cortisol from the peak levels. 

Subjective Stress. The State-Trait Anxiety Inventory (STAI; Spielberger, 1983) was used 

to measure both personality trait anxiety (STAI-trait) and current state anxiety (STAI-state). This 

measure consists of 20 questions related to trait anxiety, such as, “I worry too much over 

something that really doesn’t matter”, and 20 questions related to state anxiety, such as, “I am 

tense; I am worried”. Participants respond on a four-point scale with higher scores reflecting 

greater anxiety. The STAI-trait was given once at the beginning, while the STAI-state was given 

twice during the study, once at the beginning and once after the TSST. This measure has high 

internal consistency and the STAI-trait has high test-retest reliability (Spielberger et al., 1983). 

Both the STAI-trait and STAI-state are totalled, with scoring based on responses ranging from 

one to four for anxiety-present items and the reverse for anxiety absent items. The STAI-state 
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was used to measure subjective stress sensitivity across the session; a change score was 

computed by subtracting the first STAI-state from the second.  

Control Measures. The Center for Epidemiological Studies-Depression (CESD; Radloff, 

1977) is a 20 item measure that was used to assess depressed mood symptoms. The measure uses 

a 4-point scale for detecting the level of depressed mood, with high total scores being associated 

with more pronounced depressive symptoms. Lewinsohn and colleagues (1997) demonstrated 

that the measure has high internal consistency and is sensitive to changes in mood. This measure 

was included as depressed mood is known to be associated with stress reactivity (e.g., Fagundes 

et al., 2013). 

Participants were asked to complete a demographics and saliva screening questionnaire, 

the purpose of which was to account for factors that may impact individual differences in 

performance on the tasks or individual differences in cortisol concentrations, such as oral 

contraceptive use and menstrual phase in women (e.g., Kirschbaum et al., 1999) and Body Mass 

Index (computed from height and weight; e.g., Champaneri et al., 2013). The saliva screening 

questionnaire was also used to determine if there were any factors that may have affected the 

integrity of the saliva sample.  

Procedure 

After signing up for the research study through the participant pool website, participants 

were sent an email outlining activities to avoid and how to prepare for the saliva sample prior to 

their participation in the research study. This was done to minimize exposure to factors that may 

impact cortisol concentrations or the integrity of the assay. Specifically, alcohol and vigorous 

physical activity were to be avoided 12 hours prior to the study session, caffeine was to be 

avoided 3 hour prior, and 1 hour prior to the study participants were asked to avoid putting 
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anything in their mouths, such as food and gum, but water was permitted. Participants were also 

asked to be awake at least 3 hrs prior to their session and all testing sessions took place between 

12:00-6:00 pm to minimize the effects of diurnal cortisol fluctuations (Ghiciuc et al. 2011). 

Random assignment to either the high or low-stress conditions took place prior to 

participants’ arrival. Upon arrival, the researcher provided a copy of the consent form and 

explained it in detail, before asking for it to be signed. Once the consent form was signed 

participants were asked to rinse their mouths with water to decrease the likelihood that the saliva 

sample would be affected by contaminants in the mouth. Baseline blood pressure and heart rate 

readings were then taken. Participants were then asked to complete the demographic and saliva 

screening questionnaire, the STAI-trait, the STAI-state, the CESD, and the BRS, and then were 

asked to complete the perceptual discrimination task. Approximately 10 minutes after rinsing 

their mouths, participants gave the first saliva sample, which was used to assess baseline cortisol 

level.  

During the TSST task, both groups had HR/BP readings taken. Approximately 20 

minutes after the start of the TSST participants provided their second saliva sample, followed by 

the second completion of the STAI-state. To allow for proper timing of the cortisol response, a 

distractor task was then used, wherein participants were asked to complete a decision making 

task for another study. Following the end of the decision making task participants were asked to 

provide a third saliva sample, at which point a final HR/BP reading was also taken. Upon 

completion, the participant was orally debriefed about the experiment and was given an 

educational debriefing form in which they were told about this study in the context of the 

research process and made aware of the option to have the final group results sent to them at the 

end of the project. 
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Results 

Preliminary Analyses  

To determine if the high and low stress groups differed on the stress measures over the 

course of the study, preliminary analyses using mixed model analysis of variance (ANOVA) 

were conducted. The high and low stress conditions were compared on the stress sensitivity and 

stress reactivity measures across the repeated measurement time points. To assess if the stress 

manipulation elicited a greater cortisol response in the high stress condition than the low stress 

condition a 2 (stress condition: high, low) x 3 (cortisol sample: 1, 2, 3) was employed. A main 

effect was observed for stress by cortisol, F=7.23, p=.008, ηp
2=.22, while the stress condition by 

cortisol sample interaction was nearing significance, F(1, 26)=3.2, p=.09, ηp
2=.11.  Further 

investigation using independent sample t-tests showed that cortisol levels for the high and low 

stress conditions did not differ at baseline, t(33)=-.19, p=.85, but significantly higher levels were 

found in the high stress group at times 2 and 3, t(33)=.41, p=.69 and t(33)=.09, p=.93, 

respectively (figure 2). Further, paired samples t-tests showed that there were significant cortisol 

decreases in the low stress condition when comparing baseline to times 2 and 3, t(18)=2.20, 

p=.04 and t(18)=3.92, p=.001, respectively, whereas the high stress condition showed no change 

in cortisol levels throughout the session, t(8)=-.25, p=.80 and t(8)=-.97, p=.36, respectively.  

To explore the sympathetic stress responses, separate 2 (stress condition: high, low) x 5 

(time period: baseline, speech prep, speech task, math task, post) mixed model ANOVAs were 

run for HR, BP-S, and BP-D. A main effect was not observed for HR, F=1.73, p=.17, ηp
2=.06 

however a statistically significant interaction was found for HR, F(1, 29)=7.25, p=.01, ηp
2=.20. 

Subsequently, an independent samples t-test was conducted and showed that the groups differed 

during the speech preparation phase, t(29)=-3.13, p=.004, during the speech task, t(31)=-2.73, 
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p=.01, and the math task , t(31)=-2.93, p=.006. Further analysis through paired samples t-tests 

revealed significance during the speech preparation, speech task, math task, and from pre-test to 

post-test, t(30)=-2.36, p=.025, t(32)=-5.85, p=.001, t(32)=-7.59, p=.001, t(32)=4.01, p=.001, 

respectively. This showed that over the course of the study stress effects increased and this effect 

was larger for participants in the high stress condition, as seen in figure 3.  

The analysis of BP-S did not show a main effect of stress condition, F=1.25, p=.30, and 

no significant interaction was found, F=.97, p=.33 (figure 4).  

For BP-D, no main effect was observed, F=.74, p=.51, and the interaction was not 

significant, F=1.81, p=.19 (figure 5). 

A 2 (stress condition: high, low) x 2 (STAI: pre, post) design was used to assess changes 

in STAI-state scores. A main effect was observed, F=10.15, p=.003, however no statistical 

significance was found between subjects by stress condition, F=1.37, p=.25. A paired samples t-

test was run comparing the STAI scores from pre to post testing in the high and low groups 

separately and demonstrated statistical significance (t=-4.05, p=.003) in the high stress condition, 

showing that subjective stress increased across the session.  

All preliminary analyses demonstrate the expected results, with higher increases on the 

stress measures being seen in the high stress condition than the low stress condition. 
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             Figure 2. Cortisol sample by stress condition over course of study.  
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   Figure 3. Heart rate by stress condition over course of study.  
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      Figure 4. Systolic Blood Pressure by stress condition over course of study. 
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       Figure 5. Diastolic Blood Pressure by stress condition over course of study. 
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                         Figure 6. STAI scores from pre to post testing.   

  

25

30

35

40

45

50

55

STAI State A STAI State B

S
T

A
I 

M
ea

n
 S

co
re

Low stress condition

High stress condition



STRESS REACTIVITY PREDICTED USING SCENE DISCRIMINATION 22 

  

Main Analyses 

Scene discrimination. Pearson correlations were conducted to determine if scene 

discrimination accuracy and RT were predictive of the change scores for cortisol, HR, BP-S, BP-

D, and STAI-state, and of the resiliency scores. These analyses were performed on the whole 

sample overall, as well as on the high and low stress groups separately (table 1). Results for the 

whole sample overall showed RT was significantly negatively correlated with BP-D change, 

indicating that faster performance was seen in the participants who had larger BP-D stress 

responses; a negative trend was also observed in the low stress group. The high stress group 

demonstrated a negative trend between RT and cortisol change, similarly indicating that faster 

performance was seen in the participants who had larger cortisol responses. Scene accuracy 

produced a positive correlation trend with BP-S change in the high stress condition, indicating 

that higher accuracy was found in the participants who had larger increases in BP-S. No other 

correlations were significant.  

  



STRESS REACTIVITY PREDICTED USING SCENE DISCRIMINATION 23 

  

 
Scene discrimination 

Accuracy       Response time 

   r (p)               r (p) 

ΔCortisol – whole sample 

ΔCortisol – low stress 

ΔCortisol – high stress  

 -.12 (.54)         .15 (.42) 

 .23 (.24)          .21 (.39) 

 -.31 (.41)         -.63 (.07) 

ΔBPS – whole sample 

ΔBPS – low stress 

ΔBPS – high stress 

 .06 (.74)          -.20 (.26) 

 -.17 (.44)         -.16 (.45) 

 .55 (.10)          -.04 (.92) 

ΔBPD – whole sample 

ΔBPD – low stress 

ΔBPD – high stress 

 -.07 (.77)        -.41 (.02) 

 -.16 (.48)        -.36 (.09) 

 .21 (.56)          -.40 (.25) 

ΔHR – whole sample 

ΔHR – low stress 

ΔHR – high stress 

 .02 (.90)          -.25 (.17) 

 .12 (.58)          -.10 (.67) 

 .01 (.99)          -.49 (.15) 

ΔSTAI-State – whole sample 

ΔSTAI-State – low stress 

ΔSTAI-State – high stress 

 -.12 (.50)        -.17 (.35) 

 -.16 (.47)        -.05 (.82) 

  .08 (.83)        -.16 (.65) 

BRS – whole sample 

BRS – low stress 

BRS – high stress 

 -.12 (.49)         .15 (.42) 

 -.06 (.79)         .22 (.32) 

 -.29 (.41)        -.12 (.74) 

Table 1. Scene discrimination accuracy and reaction time results. 
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Object discrimination. Pearson correlations were conducted to determine if object 

discrimination accuracy and RT were predictive of the change scores for cortisol, HR, BP-S, BP-

D, and STAI-state, and of the resiliency scores.  These analyses were performed on the whole 

sample overall, as well as on the high and low stress groups separately (table 2). In the whole 

sample a significant negative correlation was observed with BP-S change, indicating that lower 

accuracy was found in participants who had larger BP-S stress responses. Similarly, a negative 

trend was seen with STAI-state change, indicating that lower accuracy was found in participants 

who reported experiencing larger increases in subjective stress. A marginal negative trend with 

resiliency was also observed for accuracy, indicating that lower accuracy was found in 

participants who have higher trait resiliency. No other significant results were found in the whole 

sample, and no significant results were found when examining the high and low stress groups 

separately. 

Face discrimination. Pearson correlations were conducted to determine if face 

discrimination accuracy and RT were predictive of the change scores for cortisol, HR, BP-S, BP-

D, and STAI-state, and of the resiliency scores.  These analyses were performed on the whole 

sample overall, as well as on the high and low stress groups separately (table 3). In the whole 

sample, a negative trend was found between accuracy and HR change, which reached 

significance in the high stress condition, indicating that lower accuracy was found in participants 

who had larger heart rate increases. A marginal positive correlation trend between RT and 

resiliency was found in the whole sample, indicating that higher RT was found in participants 

who had higher resiliency scores. No other results were significant. 
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Resiliency. Pearson correlations were conducted to determine if resiliency scores were 

related to other measures of stress reactivity and stress sensitivity. However, there were no 

significant results observed between resiliency scores and the measures of stress (table 4).   
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 Object discrimination 

Accuracy      Response time 

   r (p)               r (p) 

ΔCortisol – whole sample 

ΔCortisol – low stress 

ΔCortisol – high stress 

 -.23 (.25)       .14 (.49) 

 .23 (.34)        .16 (.50) 

 -.39 (.29)       .26 (.49) 

ΔBPS – whole sample 

ΔBPS – low stress 

ΔBPS – high stress 

 -.37 (.04)       -.20 (.27) 

 -.27 (.21)       -.14 (.51) 

 -.36 (.31)       -.22 (.54) 

ΔBPD – whole sample 

ΔBPD – low stress 

ΔBPD – high stress 

 -.14 (.44)       -.15 (.40) 

  .21 (.35)       -.21 (.33) 

 -.46 (.19)        .22 (.55) 

ΔHR – whole sample 

ΔHR – low stress 

ΔHR – high stress 

 -.18 (.32)       -.00 (.99) 

  .05 (.82)       -.09 (.70) 

 -.29 (.42)        .30 (.41) 

ΔSTAI-State – whole sample 

ΔSTAI-State – low stress 

ΔSTAI-State – high stress 

 -.31 (.08)       -.19 (.28) 

 -.30 (.17)       -.24 (.26) 

 -.17 (.63)        .17 (.64) 

BRS – whole sample 

BRS – low stress 

BRS – high stress 

-.29 (.10)        .24 (.18) 

 -.22 (.32)        .25 (.24) 

 -.48 (.16)        .20 (.58) 

     Table 2. Object discrimination accuracy and reaction time results.   
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Face discrimination 

Accuracy     Response time 

   r (p)               r (p) 

ΔCortisol – whole sample 

ΔCortisol – low stress 

ΔCortisol – high stress 

 -.22 (.27)         .03 (.87) 

 -.01 (.96 )        .17 (.50) 

 -.37 (.33)         .21 (.59) 

ΔBPS – whole sample 

ΔBPS – low stress 

ΔBPS – high stress 

 -.18 (.32)        -.17 (.35) 

 -.31 (.15)        .01 (.97) 

 -.06 (.87)        -.25 (.49) 

ΔBPD – whole sample 

ΔBPD – low stress 

ΔBPD – high stress 

 -.12 (.49)        -.17 (.34) 

 -.09 (.67)        -.18 (.40) 

 -.21 (.57)         .28 (.44) 

ΔHR – whole sample 

ΔHR – low stress 

ΔHR – high stress 

 -.32 (.07)        -.08 (.65) 

 -.04 (.84)        -.07 (.74) 

 -.68 (.03)         .14 (.70) 

ΔSTAI-State – whole sample 

ΔSTAI-State – low stress 

ΔSTAI-State – high stress 

 -.05 (.79)        -.27 (.13) 

 -.01 (.97)        -.19 (.38) 

 -.15 (.68)        -.09 (.80) 

BRS – whole sample 

BRS – low stress 

BRS – high stress 

 .15 (.42)           .29 (.10) 

 .21 (.33)           .30 (.16) 

-.01 (.95)           .37 (.30) 

          Table 3. Face discrimination accuracy and reaction time results.   
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   Resiliency 

   r (p)              

ΔCortisol    .19 (.33) 

ΔBPS   -.05 (.79) 

ΔBPD    .11 (.53) 

ΔHR   -.10 (.60) 

ΔSTAI-State   .02 (.93) 

Table 4. Resiliency correlations with other stress measures. 
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Discussion 

The present research study examined whether scene perceptual discrimination 

performance is predictive of trait-resiliency, stress reactivity, and stress sensitivity in high and 

low stress conditions, in light of their shared neural basis—the subiculum. The results show that 

participants who had better scene discrimination performance had greater sympathetic and HPA 

axis stress reactivity, but no relationships were found between scene discrimination performance 

and stress sensitivity or trait-resiliency. Opposite to this, participants who demonstrated better 

face and object discrimination performance had less sympathetic stress reactivity and sensitivity 

(object only). This supports the idea that perceptual discrimination may be predictive of stress 

responses, but that this relationship differs based on stimulus type. This pattern of results was 

opposite to what was hypothesized, as it was expected that better scene discrimination 

performance, in particular, would be associated with lower stress reactivity, particularly for the 

HPA axis response. It was also observed that cortisol levels were maintained across the session 

in the high stress group, but decreased in the low stress group, this is likely due to the fact that 

this was overtly advertised as a stress study, and thus participants likely were experiencing 

anticipatory stress upon arrival. 

The differences observed between the perceptual discrimination conditions may be 

explained through the condition itself; the subiculum has shown involvement with scenes but 

face and object conditions do not involve the subiculum to the same extent. These findings may 

also be indicative of the moderate stress effects that may have been experienced in the TSST, as 

opposed to high stress which would have seen impaired performance, as hippocampal-dependent 

tasks have shown this distinction, respectively (e.g., Sandi, 2013). The release of cortisol during 

acute stressors has been shown to play a vital role in the homeostasis of individuals (Yuen et al., 
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2009), this may suggest that those who displayed less stress reactivity and sensitivity were not 

elevated to a high stress level where impairments would be seen due to participants having 

subiculum engagement during the task just prior to the induction of stress. By using the same 

region of the brain, the subiculum, the increased performance may be inhibiting the stress 

regulation response from properly acting. As suggested by earlier research, timing has been 

demonstrated to improve or decrease performance, research has also suggested that dual 

processing of tasks related to memory can also impair performance and capacity (Oberauer & 

Göthe, 2006). While the results suggest this may be the case for the scene condition, face or 

object stimulus do not involve the subiculum to the same degree, this would allow for their 

respective brain regions to function properly with a reduced association with subiculum 

functioning resulting in the reduced stress reactivity and sensitivity being associated with these 

conditions.  

When exploring the results for resiliency it was observed that there were marginal trends 

observed with face and object conditions, indicating resiliency was associated with poorer 

performance on these conditions. For the face condition this may be due to the task condition 

itself; as trait-resiliency has been shown to be associated with facial expression recognition and 

the present study did not ask for any exploration of face expression (Tanzer, Shahar, & Avidan, 

2014). Similarly, for the object condition this may be due to the same reasons; it has been 

suggested that objects are processed similar to faces and through some shared brain regions 

(Gauthier & Logothetis, 2000). Resiliency was unrelated to scene discrimination. As such, this 

may suggest that our behaviour, or how we adapt to stress, is not mediated through the 

subiculum. Further, resiliency was not related to any of the stress reactivity and sensitivity 

measures. Resiliency and the neural substrates of it have only recently become the focus of 



STRESS REACTIVITY PREDICTED USING SCENE DISCRIMINATION 31 

  

study, with Kong and colleagues (2018) suggesting that the orbitofrontal cortex is primarily 

involved with this trait. As we can see, resiliency is not mediated through the subiculum or the 

hippocampus, it may be that it is unimpaired by stress and may serve in an adaptive fashion to 

maintain a level of cognitive well-being that would otherwise be impaired by acute stressors. 

Strengths and limitations  

A strength to this study was through the use of images of real scenes, faces, and objects, 

participants were relatively familiar with the images allowing for a true representation of their 

reaction time and accuracy in assessing the odd-one-out in the perception task, which could have 

an extraneous variable between condition types had one condition relied on computer generated 

images. Another strength in the task was participants were asked to select the image as quickly 

and accurately as possible, however the trial image did not terminate after a set amount of time, 

whereas past studies have only provided a small window for a selection to be made; by allowing 

for participants to take their time they may have provided a true representation of the processing 

time involved to determine the odd one out as opposed to the possibility of guessing the correct 

response which may have led to an extraneous variable in past research. A limitation to this 

study may have been with the images used; while many are assumed to have been of a moderate 

difficulty level, participants may have found the task too easy reducing their reaction time, or 

they may have found the difficulty too hard increasing reaction time and reducing accuracy. 

While this may indicate a limitation, all participants received the same testing conditions and 

stimuli conditions in a randomized order, as such, these effects do not suggest they played a large 

impact in the results found.  

The use of the university’s psychology participant pool to recruit participants is a strength 

as it provided easy access to participants, limited between-subject variability, and is a common 
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source of participants across studies, globally, allowing for comparison to other studies. This use 

is limited in that same nature, the population is not a random sample, but rather a restrictive 

sample of university students. While this limits generalizability across populations, it provides a 

strong indication of findings that may be seen in a larger sample of university students it may 

further suggest that a larger sample outside of the subgroup of university students would 

demonstrate similar results as the university population maintains a level of diversity within its 

population. Furthermore, the sample size of 33 participants limits the rigor of the findings.  

 The exclusion of participants based on factors that affect cortisol concentrations was 

mitigated through the criteria being posted at the time of signing up for the study, as well as in a 

reminder email sent 24 hours prior to the testing session. Participants were asked to complete a 

salvia screening questionnaire at the beginning of the session in which they were asked if they 

had followed the instructions. While the aim was to reduce the number of participants being 

excluded due to these factors, a number of participants arrived and had reported not abiding by 

the criteria. To limit the cortisol variance, we removed these participants from analysis, 

subsequently lowering the sample size and thereby reducing the power to find significant results, 

had we included these participants it would have also led to an increased variability unrelated to 

the sample. Reliance on self-report for the salvia screening, psychiatric, and medical conditions 

is also a potential limitation, allowing for individuals to participate that may have medical or 

psychiatric conditions they are unaware of. However, due to the constraints of this study there 

was no other way to assess the exclusion criteria other than through self-report. Additionally, 

exclusion criteria related to hormones were used to ensure the integrity of saliva samples. In 

total, 10 participants were excluded to eliminate variability that would negatively affect the 

integrity of the saliva samples. 
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Future directions  

   Due to the relatively small sample size, a future replication study could be completed to 

increase the number of participants, in doing so, the research may determine if there is more to 

the trends seen in this study. It may also further distinguish any differences seen between the 

stimuli conditions which may further support the findings that stress reactivity and sensitivity 

can be predicted through the different perceptual discrimination tasks.  

Future research may explore whether practicing perceptual discrimination tasks can 

improve healthy responses to stress. If scene discrimination and stress reactivity are related this 

may allow for the tailoring of cognitive training programs which improve scene discrimination 

and other subiculum-dependent spatial abilities and, as a result, improve stress regulation 

control. If this hypothesis is correct, it could further provide improvements in those suffering 

from post-traumatic stress disorder who suffer from elevated cortisol levels (Young & Breslau, 

2004). 

By indexing subiculum functionality through the perceptual discrimination task it may be 

possible to predict vulnerability to stress—increased sensitivity and reactivity, and reduced trait-

resiliency. By predicating vulnerability to stress individuals would be more aware of limits that 

may exist or the potential for growth in problematic behaviour areas affected by stress. This 

would provide a simple objective means of predicting individual differences in stress responses. 

Through activating the subiculum with discrimination tasks individuals may be able to alter 

stress sensitivity, reactivity, and trait-resiliency to meet the needs they require. This may 

additionally allow for the creation of interventions that include a cognitive training program to 

enhance subiculum functionality. 
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The use of a perceptual discrimination task may also be used to explore the role of the 

subiculum in memory; however, the present study did not explore this aspect of subiculum 

functioning it has been suggested that the hippocampus is activated in relation to perceptual 

discrimination tasks as well as during memory tasks with some studies suggesting that the 

subiculum is also activated during these tasks (Paul et al., 2016). If a study were to further 

explore the findings in addition to encompassing a memory component, it may be determined 

what role memory plays in mediating the relationship between perceptual discrimination and 

stress reactivity and sensitivity.  

Conclusion    

This study attempted to explore if perceptual discrimination is predictive of stress 

sensitivity, reactivity, and trait-resiliency. Past research has shown that there is shared 

functionality of the subiculum with its role in the stress response and in scene discrimination. 

The study of the subiculum is relatively limited due to a lack of research studies and absence of 

functional imaging studies that can distinguish the small regions of the subiculum. To date, and 

our knowledge, no studies have attempted to determine if there is a relationship between the two 

primary functions of the subiculum; the present study found that those who performed better on 

scene discrimination displayed greater stress reactivity, however, those who performed better on 

face or object discrimination tasks displayed less stress reactivity and sensitivity. Overall, a 

relationship was found between perceptual discrimination and stress—this relationship appears 

to be mediated by the type of stimuli encountered though. Further research is suggested above, 

which may enable a clearer understanding of this relationship, which would allow for an 

understanding of how shared brain processes influence one another while also exploring how this 

behaviour affects stress.   
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