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Differentiation between the Effects of Physical and Psychosocial Stress on 

a Feedback-based Learning Task 

Xiao Yang 

(ABSTRACT: ACADEMIC) 

Feedback-based learning is a process in which decisions are made based on the previous 

feedback. This learning process is influenced by acute stress. However, different laboratory 

stressors elicit different physiological response patterns, which may influence feedback 

processing differently. Moreover, individual differences in stress reactivity may be associated 

with reward sensitivity. Therefore, the present study investigated the effects of psychosocial and 

physical stress on feedback-based learning. The relationship between stress reactivity and reward 

sensitivity was also examined. Ninety-two college-aged subjects were assigned into the mental 

arithmetic (MA) task or the cold pressor task (CPT) group. All subjects performed a feedback-

based learning task prior to and after the stressor. Cardiovascular reactions, stress experiences, 

and learning outcomes were recorded during tasks. Trait differences in behavioral inhibition and 

activation (BIS/BAS) were also measured. Results indicated different patterns of cardiovascular 

reactions to the MA and CPT. Learning outcomes were differentially influenced by the MA and 

CPT.  Moreover, subjective stress scores were negatively correlated with the learning rate in the 

pre-stress learning task. Additionally, BAS Drive subscale score was related to the processing of 

positive feedback. The results suggested that physical and psychosocial stress influence learning 

through distinct neural mechanisms and psychological processes. Motivational processes 

underlie the relationship between stress reactivity and reward sensitivity. This study extended 

research on stress and learning, and the findings have applied implications in various areas. 

  



 

Differentiation between the Effects of Physical and Psychosocial Stress on 

a Feedback-based Learning Task 

Xiao Yang 

(ABSTRACT: GENERAL AUDIENCE) 

People learn to make decisions based on their previous experiences. These processes are 

influenced by a wide range of non-learning factors, such as stress. Different types of stress may 

influence learning and decision-making differently. The present study examined the effects of 

physical and psychosocial stress on a feedback-based learning task. A cold pressor task and a 

mental arithmetic task were used to induce physical and psychosocial stress, respectively. The 

parameters that reflect learning processes and outcomes were calculated by using the standard 

action-value learning algorithm. Physiological measures, including electrocardiograph, 

respiration, and blood pressure, were recorded. Individual differences in motivation were 

measured by self-report questionnaires. The results showed that 1) physical and psychosocial 

stress induced different patterns of stress response; 2) the effects of the two types of stress on 

learning parameters and performance were different; 3) blood pressure was related to the effect 

of stress on learning; 4) individual differences in motivation was also related to feedback-based 

learning. Overall, the present results demonstrated the differences between the effects of the two 

types of stress, and contribute to the literature of learning and stress. These findings will guide 

future studies in this area and have applied implications in various areas. 
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Differentiation between the effects of physical and psychosocial stress on 

a feedback-based learning task 

Introduction 

Research on stress and decision-making has been traditionally viewed as two distinct 

bodies of literature. On one hand, the study of stress has its roots in physiology, and has been 

built on the concept of homeostasis (Cannon, 1935). On the other hand, Cartesian Dualism has 

led to the dual-system approach that is influential in the study of decision-making. According to 

the dual-system approach, there are two separated, opposing decision systems. These systems 

have been expressed in different ways, such as System 1/System 2 (Kahneman, 2011) and the 

hot/cool system (Finger, Mackingley, Wilkening, & Weber, 2009). One decision system is an 

emotional system, which processes affective information automatically and implicitly. The other 

is a cognitive system, which is relatively slow and conscious. Competition between these two 

systems results in decision-making.  

Over last few decades, the study of stress and decision-making have been integrated. 

Regarding stress research and behavioral medicine, a biobehavioral model of disease and 

treatment has been proposed to highlight information exchange at various levels (Lovallo, 2005). 

Importantly, stress has been shown to influence learning and decision-making at a high level of 

information processing (Hartley & Phelps, 2012). Feedback-based learning is a decision-making 

process that is based on previous experiences of feedback, which is also known as reward-based 

learning when focusing on positive reinforcement. Increased attention has been paid to the 

effects of acute stress on feedback-based learning (Petzold, Plessow, Goschke, & Kirschbaum, 

2010). In fact, there are several pathways through which stress influences feedback-based 

learning. First, stress responses involve many neural structures that also play critical roles in 
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feedback-based learning. Moreover, stressors elicit endocrine responses that can influence neural 

processes in feedback-based learning. Second, feedback-based learning has motivational 

mechanisms, which also underlie appraisals of stressors and physiological responses to stress. 

Third, an array of trait differences has been associated with both stress reactivity and reward 

sensitivity in feedback-based learning. 

The integration of these two lines of research is important and has theoretical and 

practical implications. Some major questions were addressed in the present study. First, whether 

acute stress alters the performance in a feedback-based learning task was investigated. Second, 

the present study aimed to differentiate the effects of two types of stressors, physical and 

psychosocial stress, on a feedback-based learning task.  Third, how individual differences in 

motivation moderate the effects of stress on feedback-based learning task were examined. Last, 

the relationship between stress reactivity to acute stress and motivation processes in the 

feedback-based learning task was explored. 

Physiological and Psychological Processes during Stress 

Stress and the Cardiovascular Reactivity Hypothesis 

Stress is an adaptive physiological response to a physical or cognitive demand, which 

may have negative impacts on behavioral, autonomic (ANS) and endocrine systems. It has been 

proposed that stress results from the failure to maintain homeostasis (Cannon, 1935), which has 

provided a framework for subsequent research on stress. Threats to homeostasis elicit both 

specific and non-specific stress responses. Specific responses are unique to stressors. In contrast, 

application of severe stressors in animals constantly inhibits the immune system, enlarges the 

size of adrenal glands, and produces stomach ulcers, which are termed as the general adaptation 

syndrome (GAS, Selye, 1936). There are three stages of the GAS: the alarm reaction, the stage 
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of resistance, and the stage of exhaustion. The concept of the GAS has guided subsequent 

research on stress in human: stress is the response adaptive to immediate situation. This response 

to a new stressor is impaired during the stage of resistance. Tolerance to the stressor is built by 

repeated exposure to moderate stressors; however, prolonged exposure to severe stressors and 

sustained activation of the stress response eventually leads to negative health consequences. 

Additionally, the Transactional Model of Stress focuses on psychological mechanisms and holds 

that an imbalance in the process of appraisal results in a stress response (Lazarus & Folkman, 

1984).    

A fundamental idea that links between stress and health is the cardiovascular reactivity 

hypothesis (Obrist, 1981). According to this hypothesis, heightened and prolonged 

cardiovascular responses to psychological stressors change the structure of the cardiovascular 

system (CVS), impair CVS functioning, and eventually lead to adverse outcomes. The 

relationship between cardiovascular reactivity and the development of cardiovascular disease 

(CVD) has been established by these mechanisms. Physiologically, acute cardiovascular 

reactions to stressors induce rupture of fibrous capping of coronary plaques and the development 

of a thrombus, and translate into adverse cardiovascular events, such as acute myocardial 

infarction, arrhythmias, unstable angina, and sudden cardiac death (Gray & Critchley, 2012). 

Extensive epidemiological evidence has also linked exaggerated cardiovascular activity to 

negative health outcomes, including hypertension, atherosclerosis, increased left ventricular mass 

and hypertrophy of the heart, and cardiovascular disease mortality (Schwartz et al., 2003). 

Individual differences exist in cue to prototypical stressors. Stressors can be categorized 

as physical or psychological stressors, and have effects in terms of activation and appetitive-

aversive qualities (Lovallo, 2005). Based on animal models, there are two prototypical patterns 
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of stress reactions: the defense reaction that is in response to threat to control, and the defeat 

reaction that is in response to failure to control (Lovallo, 2005). The fight-or-flight response is a 

prototype defense reaction to physical stressors, and has been proposed as the default response to 

uncertainty, novelty, and threat (Thayer & Lane, 2009). The fight-or-flight response involves 

temporary sympathoexcitatory preparation for action and changes of activity of cortisol, β-

endorphin, and epinephrine, and is accompanied by negative emotions. These physiological 

responses are associated with the evolutionary advantage of surviving. However, a continual 

default response is associated with dysregulation of hippocampal circuits, ANS and endocrine 

outputs, and cognitive decline (Lovallo, 2005).  

In contrast to physical stressors, psychological stressors influence the body due to their 

psychological meaning to an individual. For example, during the preparatory phase of exercise in 

humans (McArdle, Foglia, & Patti, 1967) and preparation for aggressive encounters in monkeys 

(Smith et al., 1993), heart rate (HR) and blood pressure (BP) are elevated. A prototype 

psychological stressor is mental arithmetic (MA), a family of tasks in which subjects are required 

to calculate answers to arithmetic problems without paper and pencil and to provide answers as a 

check on performance (Brod, 1963). MA elicits substantial increases in HR and cardiac 

contractility, and smaller elevations in vascular resistance, which is driven by sympathetic 

activation and cardiac vagal withdrawal. MA also elevates cortisol levels, and evokes mild 

negative emotion (Lovallo, 2005). 

The appetitive-aversive qualities of stressors influence stress responses. A negative 

contingency between a reaction time task performance and presentation of aversive stimuli (a 

mild electrical shock and noise exposure) were used in a cardiovascular reactivity study (Lovallo 

et al., 1985). In this experiment, subjects reported uncertainty, anxiety, and sustained mental 
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effort. Additionally, cardiovascular and endocrine responses mirrored the fight-or-flight 

response: HR, BP, cardiac contractility, and the level of norepinephrine (NE) and cortisol 

significantly increased. In a subsequent study, the outcome of performing a reaction time task 

was changed to winning monetary reward (Lovallo, Pincomb, & Wilson, 1986). Similar 

behavioral demands and cardiovascular responses to the aversive reaction time task were 

observed. However, only NE level increased, and there was no change in cortisol. Therefore, 

effortful aspects of the reaction time tasks were related to cardiovascular responses whereas 

cortisol release was linked to perceived distress. In addition to appetitive-aversive qualities, 

activation or task difficulty has also been found to influence stress responses to laboratory tasks. 

Cardiovascular reactions increased in magnitude with increasing task difficulty (Ginty, 2013). 

There is also a positive relationship between perceived stress and cardiovascular reactivity 

during tasks (Veldhuijzen van Zanten et al., 2004). 

Interestingly, recent evidence suggests that blunted cardiovascular reactivity to stress may 

also have serious adverse consequences for health behavior. Relatively low cardiovascular and 

cortisol reactions to acute psychological stress have been associated with substance addiction 

(Brenner & Beauchaine, 2011; Panknin et al., 2002), poor self-reported health (De Rooij & 

Roseboom, 2010), exercise addiction (Heaney et al., 2011), eating disorders (Ginty et al., 2012), 

and poorer cognitive function (Ginty et al., 2011). Several mechanisms have been hypothesized 

to explain negative outcomes of blunted cardiovascular reactivity. One hypothesis is that lower 

levels of reactions to stress reflect less effort to perform tasks (Phillips, Ginty, & Hughes, 2013). 

An alternative explanation is that blunted reactivity might reflect reduced perception of stress 

(Phillips et al., 2013). An inability to detect stressors in the environment dampens physiological 

stress responses. Task difficulty might also influence cardiovascular reactivity and interact with 
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motivation intensity in active coping situations (Wright, 1996). Motivational factors in blunted 

reactivity may also result from dysregulation of motivational processing, which is supported by 

the above cited evidence of low levels of stress responses in addictions. Last, reduced 

physiological capacity to respond to stressors can also contribute to blunted stress reactivity. 

Physiological stress responses might be counterbalanced by activity of some other physiological 

response systems. 

Laboratory Stress Manipulations 

Standardized laboratory stress protocols have been developed for researchers to study 

stress under controlled conditions. These laboratory stressors usually involve physical challenges 

(e.g., heat, cold, pain, exercise, and inhalation of carbon dioxide), cognitive demand tasks (e.g., 

mental arithmetic and vigilance-reaction time tasks), and social-evaluative/cognitive threats (e.g., 

anticipation of actual performance of a public speech and verbal interaction). Common 

laboratory stress tasks include the Stroop color-word interference task (Stroop), the cold pressor 

task (CPT), the Trier Social Stress Test (TSST), and the bicycle ergometer task. The Stroop task 

is a cognitive task in which a subject is instructed to name printed colors of congruent, 

incongruent, and control items (Stroop, 1935). The Stroop task requires selective attention and 

behavioral inhibition of a dominant reaction. Similarly, the Multi-Source Interference Task 

(MSIT) that integrates the Stroop, the Eriksen Flanker task, and the Simon effect has been shown 

to reliably activate the brain areas related to cognitive stress (Bush & Shin, 2006), and has been 

used in recent research (e.g., Sheu, Jennings, & Gianaros, 2012). The CPT is thought to elicit 

pain and reflexive responses associated with the hypothalamic-pituitary-adrenal (HPA) axis. In a 

CPT, subjects immerse their hand or foot in very cold water for several minutes. The CPT 

activates the sympathetic nervous system (SNS) and elevates BP, HR, skin conduce level (SCL), 
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and cortisol level (McGinley & Friedman, 2015). The TSST is a well-established protocol to 

elicit psychosocial stress, which consists of a 5-minute mock job interview and a 5-minute MA 

task in front of an evaluative audience and a video camera. The TSST has also shown to reliably 

elicit ANS and endocrine responses (Kirschbaum, Pirke, & Hellhammer, 1993). The bicycle 

ergometer task is another laboratory stressor which requires only physical exertion (Allgrove, 

Gomes, Hough, & Gleeson, 2008). 

These laboratory manipulations can be categorized as predominantly physical and 

psychosocial stressors. The CPT and the bicycle ergometer task are physical stressors, because 

these two tasks involve a bottom-up process of stress induction and require little psychological 

engagement. In contrast, the TSST, the Stroop task, and the MSIT elicit stress through a top-

down process and emphasize psychological responses. Another strategy to categorize laboratory 

stressors is as active or passive coping tasks (Obrist, 1981). The TSST, the Stroop, and the 

bicycle ergometer task are viewed as active coping stressors, whereas the CPT is a typical 

passive coping task. Skoluda et al. (2015) systematically compared the response patterns to the 

TSST, Stroop task, CPT, and bicycle ergometer task, and found that the TSST elicited the 

highest level of perceived stress and HPA axis response and the second highest level of ANS 

response (only lower than ANS responses during the bicycle ergometer task). Meanwhile, the 

CPT evoked the lowest level of perceived stress and ANS responses and the second lowest level 

of the HPA axis response. Together, although different standardized stress protocols reliably 

activate the HPA axis and the ANS and induce subjective stress experiences, these laboratory 

stress manipulations are different in physiological and psychological processes. Different 

laboratory stressors induce different physiological responses patterns and subjective stress 
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experience. Psychosocial and/or cognitive stressors may elicit stronger stress responses than 

physical stressors.   

Cognitive and Neural Mechanisms of Stress Reactivity 

Stress evokes physiological responses through cognitive and neural mechanisms. 

According to the Transactional Model of Stress, appraisal systems are important for person-

environment interactions that lead to bodily stress responses (Lazarus & Folkman, 1984). An 

environmental event triggers the primary appraisal process which is the evaluation of threat 

value of the event. Threats have been defined as challenges to belief systems or commitments. 

The secondary appraisal is the evaluation of coping responses, and begins to evolve a plan to 

deal with the event. Appraisals are dynamic and recursive. The appraisal system determines the 

nature and magnitude of psychological and physiological responses to the environment event. 

A wide range of structures in the central nervous system are involved in appraisals and 

the generation of physiological stress response. There are five major steps through which an 

event is processed from sensory intake to stress responses (Lovallo, 2005). The first step is 

sensory intake and interpretation of the environment, which occurs in association areas, the 

prefrontal cortex (PFC), and the hippocampus. At the second step, emotions based on appraisals 

are generated by PFC-amygdala activity. The dorsolateral (DL) PFC is responsible for cognitive 

appraisals via working memory (WM), while connections of the ventromedial (VM) PFC, the 

anterior cingulate cortex (ACC), and the amygdala links feelings and thoughts. At the third step, 

the amygdala is the focal point in initiation of ANS and endocrine response to psychological 

stressors: the amygdala sends information directly and indirectly (through the bed nucleus of the 

stria terminals, or BNST) to the hypothalamus, and connects with the pons and medulla. From 

the hypothalamus and brainstem, ANS and endocrine responses are initialed. The forth step is 
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feedback to the cortex, which is generated in the central feedback subsystem, including 

aminergic nuclei in the brainstem. Last, the lateral and paraventricular hypothalamic nuclei 

release ANS and endocrine outflow, under control of the central nucleus of the amygdala. 

Among these neural structures, the amygdala, ACC, and insula are three key structures 

that integrate cardiovascular functions with cognitive and affective processing (Critchley, 2005; 

Gray & Critchley, 2012). As stated above, the amygdala plays multiple roles in appraisals and 

generation of physiological responses to stressors. Moreover, individual neurons in the amygdala 

are activated in response to baro-and chemoreflexes; stimulation of the amygdala influences 

activity of ventrolateral medulla and cardiovascular function (for a review, see Gray & Critchley, 

2012). During Stroop tasks, activation of the amygdala has been found associated with 

cardiovascular indices. In congruent conditions of Stroop tasks, amygdala activation was 

positively correlated with mean arterial pressure (MAP), which moderated functional 

connectivity between activity of pontine nuclei and bilateral amygdala (Gianaros et al., 2008). 

Additionally, carotid artery intima-media thickness, an indicator of atherosclerosis and CVD 

risk, was related to amygdala activation during facial expression matching of an emotional 

Stroop task, and linked to the correlation between the ACC and the amygdala. 

The ACC is of ultimate importance in emotion-cognition interactions, and plays a 

primary role in the integration of ANS responses with processing in the PFC, insula, and striatal 

regions (Critchley, 2000, 2003). The ACC includes different subareas and specific processing 

modules for sensory, motor, cognitive, and affective information, and integrates inputs from 

various sources, including motivation, detection and evaluation of error, and representations of 

cognitive and emotional networks. The ACC also influences activity in other brain regions and 

modulating cognitive, motor, endocrine and visceral responses (Bush, Luu, & Posner, 2000). The 
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ACC is consistently activated in neuroimaging investigations of stress reactivity (Dedovic, 

D’Aguiar, & Pruessner, 2009). The ACC has been proposed to evaluate the uncontrollability of 

stressors, subsequently determining stress-related subcortical monoaminergic responses and 

hormonal reactivity (Amat et al., 2005).  

Anatomically, the insular cortex is reciprocally connected with the ACC, the amygdala, 

and lower centers of cardiovascular function at the brainstem. Clinical and neuroimaging data 

have shown an association between the insula and cardiovascular functions. It has been 

suggested that the ACC can be considered as the visceromotor cortex that functions to produce 

ANS outflow, while the insula is the viscerosensory cortex that represents bodily states (Craig, 

2005). 

In addition, cardiovascular reactivity is also influenced by the ANS, including the SNS 

and parasympathetic divisions (PNS). Generally, responses to acute stressors include increased 

SNS activation and decreased vagal control of cardiovascular activity (Lovallo, 2005). There are 

two types of NE receptors, α- and β-adrenergic, in the SNS that control various cardiovascular 

activities. α-adrenergic sympathetic activation induces vasoconstriction of veins and increases 

blood pressure; β-adrenergic sympathetic activation increases cardiac output (CO) by increasing 

HR, and enhances contractility by increasing conduction velocity and stroke volume (SV). 

Increased β-adrenergic SNS activation has been associated with various cardiovascular diseases. 

On the other hand, PNS activation decreases HR, reduces CO and increases heart rate variability 

(HRV; Spangler & Friedman, 2015; Vella & Friedman, 2009).  

Notably, a model of neurovisceral integration has been proposed to incorporate the array 

of cognitive and neural processes involved in stress coping (Thayer & Lane, 2000, 2009). HRV 

measures that reflect vagal control have been used as a biomarker of a threat to homeostasis. The 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B3


 

11 

ANS is related to glucose regulation, HPA axis function, and inflammatory processes, and 

attenuated HRV has been associated with increased allostatic load and poor health (Thayer & 

Lane, 2009). Research on HRV and its neural substrates suggest that a predisposition to chronic 

threat perception, amygdala hyperactivation, and exaggerated negativity bias have been 

associated with dysregulated brain-peripheral integration, and thus reduced levels of complex 

neurogenic rhythms and decreased HRV (Thayer & Lane, 2009). It is also important to note that 

psychological disorders, such as anxiety and depression, may be associated with prefrontal 

hypoactivity and a lack of inhibitory neural stimuli. Consistent with these assumptions, a 

reduction of HRV has been associated with depression (Thayer & Lane, 2000) and anxiety 

disorders (Friedman, 2007). Reduced HRV has also been reported in several diseases, including 

myocardial infarction, myocardial dysfunction, diabetes, and tetraplegia, and associated with a 

wide range of risk factors for morality and cardiovascular morbidity (for a review, see Thayer, 

Åhs, Fredrikson, Sollers III, & Wager, 2012). 

Origins of Individual Differences in Stress Reactivity 

There are stable trait differences among people in response to stressors over time and 

tasks (Lovallo et al., 1986). Individual differences in stress reactivity arise from three levels of 

physiological control of stress responses, and have implications for the relationship between 

stress and health (Lovallo, 2005). At the highest level, people differ in primary and secondary 

appraisal processes in the PFC, the amygdala, and the BNST. WM depends on DL PFC function. 

Individual differences in motivational processes are also related stress reactivity, for example, 

the behavioral inhibition and activation systems (Gray, 1982), which will be elaborated below. 

Individual differences in the appraisal processes have been associated with the error-related 

negativity (ERN) in response to stress (Cavanagh & Allen, 2008; Cavanagh, Cohen, & Allen, 
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2009). ERN is an event-related potential (ERP) component that is generated when an incorrect 

response to a task is made. Under social evaluative threat, the ERN amplitude has been observed 

to alter in an inverted-U type fashion as a joint function of trait vulnerability in behavioral 

inhibition and activation and state reactivity (negative affect) to laboratory stress manipulations, 

with the highly punishment sensitive group additionally characterized by poorer post-error 

accuracy (Cavanagh & Allen, 2008). The ERN is thought to be generated in the ACC and 

surrounding medial PFC, and has been thought to reflect the functions of an action monitoring 

system that uses signals of error, conflict or punishment to adapt future behavior (Cavanagh et 

al., 2009).  

There are also individual differences in responsiveness in the hypothalamus, central 

feedback from aminergic nuclei, and interomedial cell column and nucleus solitary tract at the 

lower level of the central nervous system (Lovallo, 2005). Individual differences in 

cardiovascular reactivity that originate from hypothalamic responsiveness have been shown 

consistent across tasks, which are independent of the type of tasks (Lovallo et al., 1986). For 

example, borderline hypertensive individuals showed increased cardiovascular and cortisol 

responses, but not more subjective arousal, to mental stressors (al’Absi, Lovallo, McKey, & 

Pincomb, 1994). 

Finally, individuals also differ in responsivity of peripheral organs. There are individual 

differences in peripheral α- and β-adrenergic receptors (Mills et al., 1994). In fact, abnormal 

peripheral stress responses have been used markers of tissue pathology: elevated BP and 

abnormal electrocardiography (ECG) indicate coronary disease, hypertension, or ANS 

dysfunction, which might stem from coronary artery plaque or vascular wall thickening (Lovallo, 
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2005). Elevated BP to caffeine, but not subjective activation, has been associated with 

hypertensive status (al’Absi, Everson, & Lovallo, 1995).  

Influence of Stress on Feedback-based Learning 

Pathways of Influences of Stress on Learning 

The study of feedback-based learning is a distinct body of literature. However, recent 

research has associated stress with feedback-based learning. Physiologically, activation of the 

HPA axis by stress results in a cascade of neuroendocrine responses that exert a relatively long-

term impact on PFC function and enhance the function of the amygdala. Moreover, stress 

influences dopaminergic (DA) neurons in the ventral tegmental area (VTA) and the striatum 

(Ungless et al., 2010). These physiological effects of stress may persist the stressor is removed 

(Dickerson & Kemeny, 2004). An acute stress-related increase in mesolimbic DA tone has been 

described in human neuroimaging experiments (Pruessner et al., 2004). Increased DA tone is 

suggested to reflect coping with a controllable stressor, whereas decreased tonic DA is suggested 

to reflect reactions to an uncontrollable stressor (Cabib & Puglisi-Allegra, 1994). Critically, both 

the appraisal of controllability and subsequent regulation of DA tone may be determined by the 

medial PFC (Amat et al., 2005). The ACC has been shown to appraise environmental uncertainty 

and subsequently alter learning rates (Behrens et al., 2007), and the PFC may even directly bias 

subcortical functioning to enhance belief-specific learning (Doll et al., 2009).  

Stress influences valuation systems and sensitivity to different feedback. A well-

established phenomenon of decision-making is the tendency to be risk-seeking in the loss 

domain and risk-averse in the gain domain (Kahneman & Tversky, 1979). Exposure to a CPT 

prior to decision-making task exaggerated this tendency, which demonstrates carryover effects of 

acute stress that stress lead decisions to become more automatic or habitual (Porcelli & Delgado, 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B36
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B6
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B3
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B5
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B18
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2009). It has also been shown that decision makers who underwent stress elicited by the TSST 

were more likely to choose disadvantageous options, and had a slower learning rate (Preston 

Buchanan, Stansfield, & Bachara, 2007). Like acute stress, chronic stress also influences the 

expression of goal-directed versus habitual actions in a devaluation task (Dia-Ferreira et al., 

2009).  

These stress-altered cognitive functions in feedback-based learning have been explained 

by impaired PFC function and enhanced striatal circuits (Hartley & Phelps, 2012). PFC function 

is important in goal-directed behavior, whereas the striatum is related to habitual behavior 

(Balleine & O’Doherty, 2010). In fact, evidence indicates that stress impairs PFC-dependent task 

performance, but enhances performance of striatal-dependent tasks (Arnsten, 2009; Packerd & 

Goodman, 2012). Laboratory stressors have been shown to reduce PFC blood-oxygen-level 

dependent (BOLD) responses (Qin, Hermans, van Marle, Luo, & Fernandez, 2009). Stress can 

influence the reinforcer devaluation procedure. The reinforcer devaluation procedure is an 

instrumental conditioning paradigm which includes three sessions. In the first session, a certain 

response in rats is reinforced by reward. In a subsequent devaluation learning session, rats are 

given access to appetitive stimuli (e.g., food). Rats are allowed to eat food to satiety. In the 

testing session, the association between the response and the reinforcer is weakened, which 

demonstrate the devaluation of the reinforcer (Colwill & Rescorla, 1986). However, chronically 

stressed rats did not modify their responses after the reinforcer devaluation procedure (Dia-

Ferreira et al., 2009). These effects of stress on reinforcer devaluation were blocked by 

propranolol, a β-adrenergic blocker that limits the physiological response to stress (Schwabe & 

Wolf, 2009). These findings suggested that stress induces habitual behavior, which is consistent 

with the notion that stress impairs PFC function but enhance striatal activity (Hartley & Phelps, 
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2012). Additionally, the ACC also plays an important role in feedback-based learning 

(Cavanagh, Frank, & Allen, 2011). During a feedback-based learning task, feedback- and 

response-related ACC activity have been shown to be inversely related to each other as learning 

progresses from reliance on external feedback (i.e., larger feedback-related activity to negative 

prediction errors) towards reliance on internal representations (larger response-related activity; 

(Holroyd et al., 2004; Mars et al., 2005). This inverse temporal relationship is thought to depend 

on the slow cortico-striatal computation of ‘action values’ (Holroyd & Coles, 2002; Cavanagh et 

al., 2011). 

Closely related to feedback-based learning, reinforcement learning is a computational 

theory that explains how optimal actions are chosen based on previous feedback (Sutton & 

Barto, 1998). According to this framework, choice behavior results from a combination of two 

value learning systems that operate in parallel: model-based and model-free learning. The 

model-based system is based on a sophisticated computational model of the environment that 

plans candidate actions prospectively. In contrast, model-free learning is not based on any 

computational model, but rather on increased rate of actions that are previously rewarded, which 

is similar to the Law of Effect (Thorndike, 1927) and the Rescorla-Wagner model (Rescorla & 

Wagner, 1972). Neuroimaging data suggests that model-based learning depends on both striatal 

and PFC function, while model-free learning mainly engages striatal-dependent reinforcement 

(Glascher, Daw, Dayan, & O’Doherty, 2010). Stress influences these two types of learning 

differently. Acute stress prior to a decision-making task can impair model-based learning, and 

high WM capacity buffers this effect (Otto, Raio, Chiang, Phelps, & Daw, 2013). However, 

model-free learning in decision-making was not influenced by stress in this study. 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B28
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B34
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B27
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B11
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3110431/#B11
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Taken together, acute stress induced by laboratory stressors has been reliably shown to 

shift PFC-dependent decision-making to habitual choice (i.e., from model-based to model-free 

learning). These behavioral effects of stress on feedback-based learning are due to altered 

function of the PFC, striatum, and ACC. In addition, several underlying mechanisms, including 

dysfunctional strategy use, altered feedback processing, and reward and punishment sensitivity 

have been proposed to account for the influence of stress on feedback-based learning (see a 

review, Starcke & Brand, 2012). 

Individual Differences in Feedback-based Learning 

There are individual differences in sensitivity to reward and punishment during feedback-

based learning. One important domain is the behavioral inhibition and activation system 

(BIS/BAS), which relates to trait differences in motivational processes. Eysenck (1967) proposed 

that the reticulo-cortical and the reticulo-limbic circuits act as the neural basis of the 

extraversion-introversion and neuroticism-stability dimensions of personality. Gray (1981) 

modified Eysenck’s theory and assumed anxiety proneness and impulsivity as the basic 

dimensions of personality. The two orthogonal dimensions of anxiety and impulsivity were 

oriented at 30° relative to Eysenck’s extraversion and neuroticism dimensions, respectively. 

Anxiety and impulsivity reflect individual differences in the sensitivity of two independent 

neural systems. 

      The BIS consists of the septo-hippocampal system (SHS), monoaminergic afferents from 

the brainstem, and projections from the SHS to the frontal lobe (Gray, 1981). The BIS regulates 

aversive motivation and is sensitive to signals of punishment, non-reward, novelty, and innate 

fear stimuli, and inhibits behaviors that can lead to negative outcomes and movement toward 

goals (Gray & McNaughton, 1982). The BAS is responsible for appetitive motivation. This 



 

17 

system facilitates the response to signals of reward and non-punishment. The BAS is comprised 

of catecholaminergic, especially dopaminergic, pathways. Its activation promotes approach 

behaviors and the experience of positive feelings when an organism is presented with cues of 

impending reward. 

      It is worth noting that the original BIS/BAS model did not contain the amygdala, which 

plays a vital role in startle modification (Gray, 1982). However, the amygdala has been involved 

in the revised BIS/BAS model as a part of the fight-flight-freezing system (FFFS) (McNaughton 

& Gray, 2000). The FFFS controls the primary responses to explicit dangers. Concurrent 

activation of the FFFS and the BAS activates the BIS, which increases arousal and attention of 

the organism. The FFFS is envisaged as the mechanism of fear, while the BIS is viewed as the 

mechanism of anxiety that involves inhibition of the prepotent behavior. 

Lower BIS sensitivity has been found to predict better reward learning and poorer 

punishment learning; the opposite pattern has been found in high BIS sensitivity individuals 

(Cavanagh et al., 2011). In addition, increasing state-level negative affect induced by the TSST 

was related to punishment learning accuracy in highly BIS sensitive individuals, but this 

relationship was inverse in low BIS individuals. Importantly, ERP data and computational 

estimations of learning parameters suggest that BIS/BAS and state vulnerability to social stress 

alter cortico-striatal functioning during reinforcement learning, possibly mediated via medio-

frontal cortical systems (Cavanagh et al., 2011). 

Sex is another important moderator of the effects of stress on feedback-based learning. 

Sex differences have been shown to influence valuation systems under stress. The balloon 

analogue risk task (BART, Lejuez et al., 2002) is a paradigm of decision-making in which 

subjects receive points for inflating a series of balloons on the screen. The larger a balloon gets 
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the more points it is worth. However, with each pump, the probability of the balloon exploding 

increases, in which case the subject receives nothing. In the BART, men under stress tended to 

increase risk taking, while stressed women decreased risk taking (Lighthall et al., 2009). Similar 

sex differences have also been shown in the Iowa Gambling Task (IGT), another decision-

making paradigm. In the IGT, the subject is required to make choices among four card decks of 

different payoff values (Damasio, Tranel, & Damasio, 1991; Bechara, Damasio, Damasio, & 

Anderson, 1994). The IGT involves exploratory decisions under both risk and ambiguity with 

variable contingencies over time. Stress elicited by the anticipation of giving a public speech 

slowed learning of the S-R contingencies (Preston et al., 2007). Moreover, stressed female 

subjects had more explicit knowledge and more advantageous performance, whereas stressed 

male subjects had poorer explicit knowledge and less advantageous performance. 

Functional magnetic resonance imaging (fMRI) evidence has shown that stressed men 

have greater insula and putamen activation while making decisions, whereas stressed women 

show lower activation in these two areas (Lighthall et al., 2012). The insula has been implicated 

in signaling aversive outcomes and emotional states, while the putamen plays an integral role in 

associating actions with outcomes, as well as generating motor plans (Balleine & O’Doherty, 

2010) 

In sum, stress has been shown to influence reward responsiveness (Bogdan & Pizzagalli, 

2006), executive control (Hains & Arnsten, 2008), and learning from positive and negative 

outcomes (Lighthall et al., 2012; Petzold et al., 2010). In addition, the impact of stress on 

cognition most likely depends on the individual’s reactivity to stress, and studies have shown 

that there is a great deal of inter-individual variability in how stressors are perceived and how 

stress responses are regulated. 
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 Stress Reactivity and Reward Sensitivity 

There is a reciprocal relationship between stress and reward processing in the brain. 

Animal studies indicate that exposure to rewards buffers the effect of stressors on HPA activity, 

and stress increases reward-seeking behavior and activity of dopaminergic systems (Ulrich-Lai 

& Herman, 2009).  Experiences with rewarding stimuli generally evoke stress-like HPA and 

ANS responses, because reward can be considered as an interruption of homeostasis (Lovallo, 

2005). The medial PFC and the basolateral nuclei of the amygdala regulate stress responses and 

are involved in processing of affective stimuli, so these structures are likely to regulate HPA and 

ANS responses to reward exposure. 

It has also been suggested that blunted reactivity to stress and to reward share common 

physiological mechanisms (Ginty, 2013). Reactivity to reward is related to learning and decision-

making. Some individuals display blunted physiological responses to reward tasks. Diverse 

groups of people have shown blunted reactivity to reward tasks, including individuals with 

ADHD, eating disorders, alcoholism, and gambling addiction, depression, obesity, and anti-

social behaviors (see a review, for Ginty, 2013). Dysregulation in DA function caused by a 

genetic deficit in the DA D2 receptor and the limbic system may explain blunted biological 

reactions to reward (Blum et al., 2011). Another explanation is hypoactivation of the BAS. The 

BAS is activated when rewards are present and when an individual need to avoid punishment, 

and in situations that require active behavior (Fowles, 1980, 1988). Activation of the BAS 

requires effort mobilization, and is associated with increases in cardiovascular activity 

(Beauchaine, 2001; Richter, 2011). Lower BAS sensitivity has been related to depression (Kasch 

et al., 2002; McFarland et al., 2006), increased problematic gambling (Atkinson et al., 2012), 

http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0215
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0050
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0340
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0340
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0410
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0030
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and eating disorders (Harrison et al., 2011). In addition, low BAS activation has been attributed 

to diminished dopamine levels (Goldstein & Volkow, 2002). 

A model of biological disengagement has been proposed to connect blunted activity to 

stress and reward tasks (see Figure 1, Ginty, 2013). In this model, individuals with blunted 

biological reactions are characterized by hypoactivation of limbic regions that are associated 

with evaluating challenging aspects of the environment, and with activating motivational 

responses necessary for appropriate adaptations to such challenges, as well as with deficient DA 

system function.  

In sum, the two lines of study, stress and feedback-based learning, are connected on 

several aspects. First, stress influences cognitive feedback processes, which has been 

demonstrated by behavioral data summarized above. Second, there is considerable anatomical 

overlap among the brain regions that subserve reward processing and stress responses. The PFC, 

amygdala, ACC, and insula are of great importance in the central integration of stress responses. 

The PFC and striatum have been identified as two primary structures in goal-directed and 

habitual behavior, respectively, in feedback processing. Stress has been consistently observed to 

impair PFC function and enhance amygdala activation, through which decision-making is 

influenced by stress. Third, there are stable individual differences in both stress reactivity and 

feedback-based learning. Trait-like differences in stress reactivity arise from multiple levels, 

including motivational processes. Individual differences in motivational processes also influence 

feedback processing. Altered dopaminergic system functions serve as the neural mechanisms of 

these individual differences in motivation. A model of biological disengagement has been 

proposed to connect blunted stress activity with blunted reward activity, which bridges stress 

reactivity and decision-making. 

http://topics.sciencedirect.com/topics/page/Eating_disorders
http://www.sciencedirect.com/science/article/pii/S0167876013001797#bb0300
http://topics.sciencedirect.com/topics/page/Dopamine
http://topics.sciencedirect.com/topics/page/Dopamine
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Unsolved Issues in Study of Stress and Learning 

However, some issues remain unclear in research on stress and feedback-based learning. 

First, the CPT and the TSST, laboratory tasks that have been widely used in studies of feedback-

based learning, differ on both nature and response patterns. The CPT is a passive coping, 

physical stressor, and thought to primarily induce SNS activation, while the TSST is a 

psychosocial stressor that involves a top-down process at a higher level. The TSST induces 

stronger HPA and ANS responses than does the CPT. Effects of the CPT and the TSST on 

feedback-based learning might be different. The TSST reduces use of negative feedback, but 

does not influence processing of positive feedback (Petzold et al., 2010). In contrast, the CPT 

enhances learning of positive but not of negative feedback (Lighthall, Gorlick, Schoeke, Frank, 

& Mather, 2013). There is no extant study that systematically compares the effects of the CPT 

and the TSST on feedback-based learning. One reason is that the duration of the CPT and TSST 

are different. The laboratory stressors have been used in most studies without differentiation of 

the effects on learning. Therefore, it is necessary to define the nature of the stress task when 

examining influences of stress on feedback-based learning. 

Second, in spite of the theoretical relationship between stress reactivity and reward 

sensitivity, how stress reactivity links to feedback-based learning has not been well studied. In 

one study, physiological responses to stress were used as the predictor in the regression model 

with the weight of model-based or model-free learning as the dependent variables (Otto et al., 

2013). However, cortisol level, instead of cardiovascular reactivity measures, was used. Because 

cortisol level can only reflect appetitive-aversive qualities of stressors, whereas cardiovascular 

measures may index various characteristics of stressors, cardiovascular measures may provide 
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more comprehensive information regarding how acute stress influences decision-making and 

learning. 

Last, few studies have included individual differences in BIS/BAS sensitivity in the study 

of stress and feedback-based learning. The BIS/BAS framework (Gray, 1981) has been 

separately associated with stress and reinforcement learning, and the BIA/BAS has been 

proposed as motivational mechanism of stress reactivity. It is surprising that the BIS/BAS has 

seldom included in research on stress and feedback-based learning. 

Specific Aims and Hypotheses 

In the present study, the effects of different types of laboratory stressors on feedback-

based learning and the relationships between stress reactivity and reward sensitivity were 

examined. Based on unresolved issues in the literature, the aims of the present study were to 1) 

investigate the effects of physical and psychosocial stress on feedback-based learning; 2) 

examine the relationship of cardiovascular response to stress, affective processes during the 

stressors, and the performance on a feedback-based learning task; 3) examine individual 

difference in BIS/BAS sensitivity as moderators of the effects of stress on feedback-based 

learning. 

Hypotheses are made based on the reviewed literature and aims, which are stated as 

below: 

Hypothesis 1: Learning rates of the probability of reward associated with 

different stimuli in the feedback-based learning task prior to the 

stressor would be negatively correlated with cardiovascular 

responses and self-report stress scores in the MA group; however, 

there would be no such relationships in the CPT group. 
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Previous studies have shown a negative relationship between reactivity to 

psychological stress and to positive emotions related to reward experiences. Stress 

sensitivity may be manifested as changes in physiological measures or in self-reported 

emotional experiences during psychological stress. However, physical stress may not 

involve such motivational/affective processes. Therefore, the relationship between stress 

reactivity and reward sensitivity was not expected in the CPT group.  

Hypothesis 2: Learning rates of different stimuli in the feedback-based learning 

task prior to the stressor would be lower than learning rates in the 

learning task after the stressor. 

Both types of laboratory stressor would result in HPA and ANS activation and increase 

striatal function via neural and endocrine pathways. Therefore, it was expected that the stress 

manipulations enhance learning in the feedback-based learning task. No prediction of 

differentiated effects of the stressors on learning rates were made, due to the lack of the data. 

However, group differences were tested to explore the effects of the stress type on the learning 

parameter. 

Hypothesis 3: MA would decrease the accuracy of avoiding the stimulus associated with 

a high probability of punishment in the testing trials, whereas the CPT 

would increase the accuracy of selecting the stimulus associated with a 

high probability of reward in the testing trials. 

Although both stressors are expected to enhance the performance of the testing trials in 

the feedback-based learning trials, the mechanisms of the different stressors might be different. 

Extant studies suggest such differences: for example, the social MA task, a part of the TSST, 

significantly decreased the number of trials of avoiding the worse option (Petzold et al., 2010), 
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whereas the CPT significantly increased the number of trials of selecting the better option 

(Lighthall et al., 2013). In addition to analyses of the accuracy of avoiding the bad option and 

selecting the good option, the performance of other types of testing trials was explored. 

Hypothesis 4: Stress reactivity would moderate the effects of stress on learning 

rates and testing performance in the feedback-based learning task. 

Cardiovascular measures and subjective stress rating scores may index the strength of 

stress responses. Therefore, the hypothesis about the moderation effect of stress reactivity was 

made. This effect was expected to influence both learning and testing of the feedback-based 

learning task. 

Hypothesis 5: BAS score would be positively correlated with the accuracy of 

selecting the stimulus associated with positive feedback in the 

testing trials, while BIS score would be positively correlated with 

the accuracy of avoiding the stimulus associated with negative 

feedback in the testing trials. 

Based on the framework of the BIS/BAS (Gray, 1981), BIS sensitivity is associated with 

sensitivity to punishment, whereas BAS is associated with sensitivity to reward, which are 

expected to be indexed by avoiding bad options and choosing good options in the testing trials, 

respectively. 

Method 

Subjects 

One hundred and four college-aged subjects were recruited from undergraduate 

psychology courses at Virginia Polytechnic Institute and State University. Subjects were 

screened for history of neurologic and psychiatric illness, drug abuse, and psychotropic 
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medication. Four subjects failed to meet the behavioral criteria in the learning task (which is 

described in the later section); two subjects understood Japanese and were familiar with 

Hiragana characters used in the present learning tasks, which interfered with learning, and were 

excluded for this reason. Equipment failure occurred during physiological recording of six other 

subjects. Hence, 12 subjects were deleted from analyses. Analyses were performed on the 

remaining 92 subjects (Mage = 19.09 years; SD = 1.42 years; 50 female). All subjects were non-

smokers and were required to abstain from alcohol for at least 12 hours and from caffeine for at 

least six hours prior to participation. These subjects were randomly assigned into the MA or CPT 

groups. The MA group consisted of 46 subjects (Mage = 18.87 years; SD = 1.11 years; 24 

female); the CPT group consisted of 46 subjects (Mage = 19.30 years; SD = 1.66 years; 26 

female). Subjects received course credit for their participation and monetary reward based their 

performance in the learning task. Approval for the study was obtained from the Virginia Tech 

Institutional Review Board; the informed consent was obtained from subjects. 

Task Format 

Feedback-based Learning Task 

The feedback-based learning task was a modified probabilistic selection task (Frank, 

Seeberger, & O’Reilly, 2004). This task consisted of a learning phase and a testing phase. In the 

learning phase, subjects learned to choose favorable stimuli over less favorable ones while these 

stimuli were associated with probabilistic reward. Selection of favorable stimuli can be 

accomplished by either learning to choose rewarded stimuli, by learning to avoid penalized 

stimuli, or both. The testing phase determined the subject’s performance on choosing the best 

stimulus that was most often rewarded with positive feedback during the learning phase and 

performance of avoiding the worst stimulus that was most often penalized with negative 
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feedback during the learning phase. Conceptually, choosing the best stimulus rely on the 

processing of positive feedback, while avoiding the worst stimulus were based on the processing 

of negative feedback. 

Two sets of Japanese Hiragana characters were randomly assigned as the set of stimuli 

for the pre- and post-stress feedback-based learning tasks. The task format and probabilities of 

stimuli in the pre- and post- stress learning task were the same. In the feedback-based learning 

task, stimuli were presented in horizontally aligned pairs, and subjects were asked to choose one 

of the two stimuli by pressing “1” or “3” on a keyboard. In the learning phase, each trial began 

with a fixation period with 1,000-ms duration, followed by the stimulus pair. The feedback was 

presented 1,500 ms after the key pressing, which was either “Correct” in green with a picture of 

five cents (the positive feedback), or “Incorrect, Nothing” in red (the negative feedback). If no 

response was detected within 6 seconds, the message “No response detected” was displayed in 

red on the screen. 

In each feedback-based learning task, three different stimulus pairs (henceforth referred 

to as AB, CD, and EF) were presented in a random order, and randomized to each side of the 

computer screen. The feedback of stimulus selection was probabilistic such that choosing 

stimulus A led to positive feedback in 80% and negative feedback in 20% of AB trials, whereas 

choosing stimulus B led to positive feedback in 20% and negative feedback in 80% of AB trials. 

For CD trials, stimulus C was associated with 70% positive feedback and 30% negative 

feedback, whereas stimulus D was associated with 30% positive feedback and 70% negative 

feedback. For EF trails, choosing E linked to 60%   positive feedback, while choosing F linked to 

40%.  Therefore, stimulus A was the overall best stimulus while stimulus B was the overall worst 

stimulus. In the learning phase, subjects completed 60 trials (20 AB trials, 20 CD trials, and 20 
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EF trials) in a block. After each block, the number of correct trials was calculated. If a subject 

selected the stimulus with the higher probability of positive feedback in 70% AB trials or more, 

60% CD trials or more, and 50% EF trials or more in a learning block, then the subject would 

start the testing phase. If the subject did not reach the minimum criterion, the subject would be 

given another learning block until she or he reached the criterion. However, the maximum 

number of learning block was six. In other word, after six learning blocks, no matter subjects 

reached the criterion or not, they would start the testing phase (see Figure 2). 

The testing phase was comprised of 90 trials. All possible combinations (i.e., AB, AC, 

AD, AE, AF, BC, BD, BE, BF, CD, CE, CF, DE, DF, and EF) were presented in a random order. 

There were six trials for each combination. Subjects were instructed to choose the better stimulus 

in the pair of each trial by “following their gut feeling”. Stimuli were presented maximally six 

seconds until key press. No feedback was provided in the testing phase.  

Cold Pressor Task 

A CPT was used as an acute passive-coping physical stress. Subjects were asked to 

immerse their left foot into cold water (~9 °C) for three minutes (McGinley & Friedman, 2015). 

This temperature was chosen to avoid sharp pain. The foot CPT would allow subjects to wear the 

physiological recording device on their left wrist through all tasks. 

Social Mental Arithmetic Task 

To compare the effects of psychosocial and physical stress, the TSST was trimmed to 

match the length of duration of the CPT. An MA task was used as an acute active-coping 

psychosocial stressor. Subjects were asked to subtract thirteen from one thousand and report the 

result verbally. To avoid artifacts in physiological recording, subjects were required not to speak 

too loud. If the result was correct, the subject was asked to subtract thirteen from the correct 
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result and report the new result. If the result was incorrect, the subject was asked to redo the 

calculation until the correct result was provided. Subjects performed the MA task in front of an 

audience. The audience did not communicate with the subject except indicating that the subject 

reported an incorrect result. In addition, subjects were told that they were videotaped and their 

performances would be further evaluated by a group of professors. The social MA task lasted for 

three minutes. 

Backward Digit Span Task 

A backward digit span task was delivered to subjects to measure memory span, which 

may indicate individual differences in working memory capacity (Wechsler, 1997; Otto et al., 

2013). In the backward digit span task, digit sequences were presented beginning with a length 

of two digits, and two trials were presented at each increasing list length. Subjects were asked to 

memorize the digit sequences and report the digits in the reversed-order. The task ceased when 

the subject failed to accurately report either trial at one sequence length. The backward digit span 

score was recoded as the longest length of the digit sequence that the subject was able to report 

correctly for at least one trial.  

Questionnaires 

Depression Anxiety Stress Scales 

The stress subscale of the Depression Anxiety Stress Scales (DASS, Lovibond & 

Lovibond, 1995) was used to assess state stress. The DASS is comprised of three subscales, 

including Depression, Anxiety, and Stress subscale. Each subscale contains 14 questions that are 

rated on a four-point Likert scale. Subjects were asked questions about frequency and severity of 

experiencing stress over the last week in the stress subscale. The DASS stress subscale was used 
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in the present study (see Appendix A). The internal consistency of all three DASS subscales is 

high. Cronbach’s alpha for the stress scale was .93 (Lovibond & Lovibond, 1995). 

Subjective Experiences of Laboratory Stress 

Immediately after stress tasks, subjects also indicated how stressful they felt during the 

tasks on a scale ranging from 0 (not at all) to 9 (very much). 

The BIS/BAS Scales 

      The BIS/BAS scales were based on Carver and White’s work (1994). The scales consist 

of 24 items, on which respondents indicate the extent to which they agree using a four-point 

scale, from “very false for me” to “very true for me” (see Appendix B). The BAS scale is 

comprised of three subscales: drive, fun seeking, and reward responsiveness. Three BAS scales 

contain total 13 items. The overall BAS scores were calculated by summing three BAS subscales 

scores together. The BIS scale includes seven items. 

      The BIS/BAS scales have adequate psychometric properties. Test-retest reliabilities for 

the BIS and BAS scales have been reported as .81 and .82, respectively, and internal consistency 

reliabilities reported as .82 for the BIS and .85 for the BAS (Sutton & Davison, 1997). Factor 

analyses have shown the convergent and divergent validity of the BIS/BAS scales were also 

adequate for psychological studies (Heubeck, Wilkinson, & Cologon, 1998). 

The Gray-Wilson Personality Questionnaire 

The Gray-Wilson Personality Questionnaire (GWPQ; Wilson, Barrett, & Gray, 1989) 

was developed to measure traits that relate to reward and punishment learning. These traits 

include Approach, Active Avoidance, Passive Avoidance, Extinction, and Fight/Flight, among 

which Approach and Active Avoidance comprise the Activation system, while Passive 

Avoidance and Extinction comprise the Inhibition system. The Activation and Inhibition systems 
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have been considered as similar constructs to BAS/BIS (Carver & White, 1994). A short version 

of the GWPQ (Slobodskaya, Knyazev, Safronova, & Wilson, 2003) was used to measure the 

Inhibition and Activation systems, which were compared with BIS and BAS scores. The short 

version GWPQ contains 28 items: 14 Inhibition items and 14 Activation items (see Appendix C). 

The internal consistency of the Inhibition scale and the Activation scale have been reported 

as .64 and .67, respectively (Slobodskaya et al., 2003). 

The State-Trait Anxiety Inventory 

The State-Trait Anxiety Inventory (STAI, Spielberger, Gorsuch, Lushene, Vagg, & 

Jacob, 1983) trait subscale was used to measure trait anxiety. The trait anxiety subscale includes 

20 items that would be rated on a 4-point Likert scale (see Appendix D). Internal consistency 

coefficients for the scale range from .86 to .95; test-retest reliability coefficients range from .65 

to .75 (Spielberger et al., 1983).  

The Positive and Negative Affect Schedule 

The Positive and Negative Affect Schedule (PANAS) was developed to measure 

general affective states of subjects (Watson, Clark, & Tellegen, 1988). To complete the PANAS, 

subjects were asked to rate the extent of 20 emotions that they experienced on a 5-point Likert 

Scale, ranging from “very slightly” to “very much” (see Appendix E). The positive and negative 

affect score was calculated as the sum of the score of positive emotions and negative emotions, 

respectively. The PANAS negative affect score was used to indicate subjective emotional 

experience of stress.  

Physiological Recording and Apparatus 

Physiological data were collected using a BIOPAC MP150 system (BIOPAC Systems 

Inc, Goleta, CA). Raw signals recorded from the device were digitized at 1,000 Hz (16 bit) and 
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analyzed by BIOPAC AcqKnowledge software 4.4 (BIOPAC Systems Inc, Goleta, CA). ECG 

was measured from CONMED disposable, pre-gelled stress-testing spot electrodes using a 

modified lead II configuration. Cardiac measures, including HR and HRV, were derived from 

ECG data and analyzed by Kubios HRV analysis software v2.0 (Biosignal Analysis and Medical 

Imaging Group, Kuopio, Finland). Impedance cardiograph (ICG) was measured from four 

electrodes attached to the back of the torso at the cervical and thoracic level of subjects. BP was 

continuously measured during the tasks using a Fusion Noninvasive Blood Pressure monitor 

(Medwave, Inc., St. Paul, MN). BP data were collected from a cuff that was placed on subject’s 

left wrist. Respiratory signals were recorded from a respiration gauge placed at the thoracic level 

of subjects. 

Procedure 

Upon arrival in the lab, subjects were asked to sign a consent form and complete the 

DASS stress subscale, the BIS/BAS scales, and the Mind-Body Lab Health Questionnaire (see 

Appendix F). Note that subjects were assigned into either the MA group or the CPT group at this 

time. However, they were not informed about their group membership until the stressor was 

delivered. Afterwards, sensors for physiological data recording were attached to subjects. 

Subjects were then asked to sit quietly and watch a neutral video clip, which depicts natural 

scenes, for a three-minute baseline measure. After completing the baseline, subjects were 

instructed to perform the backward digit span task. Following the backward digit span task, 

subjects took a short break. The experimenter then introduced the feedback-based learning task 

to subjects, after which subjects practiced the learning task for 50 trials. After the practice trials, 

subjects were allowed to ask any question to make sure they understood the rules of the 

feedback-based learning task. The first formal feedback-based learning task (i.e., the pre-stress 



 

32 

learning task) was then administrated. During the feedback-based learning task, subjects were 

informed whether they would perform another learning block or could start the testing session 

after each block. After the testing session, subjects were asked to complete the GWPQ and the 

STAI, and take a 20-minute break. This duration of the break was selected to wash out potential 

effects of the learning task on physiological measures. Afterwards, there was another three-

minute baseline period, during which subjects watched another neutral video clip. Immediately 

after the second baseline, subjects were told that they would perform a physically or mentally 

challenging task. Verbal consent was obtained again before the stress tasks. The MA or the CPT 

were then administrated. At the end of the stress tasks, subjects were asked to rate their 

subjective emotional experiences by the PANAS and the subjective rating question. The second 

feedback-based learning task (i.e., the post-stress learning task) was then given to subjects. The 

format of the post-stress learning task was exactly as the same as the pre-stress learning tasks. A 

different set of Japanese Hiragana characters were used in the post-stress learning task. After the 

post-stress learning task, subjects were asked to sit quietly for two minutes to recover from 

emotional experiences of the stressor and the learning tasks. The device was removed from 

subjects after the recovery period. Subjects were debriefed and thanked, and obtained the 

monetary reward (5-20 dollars) that was calculated from their overall rate of correct responses in 

learning blocks (see Figure 3). 

Data Reduction 

HR was defined as the mean beats per minute (BPM) during a given time interval. Inter-

beat intervals (IBIs) were detected by a BIOPAC analysis routine as time intervals between two 

successive ECG R-waves. HRV was assessed by both time-domain and frequency-domain 

method, as the root mean squared successive differences (RMSSD) and the high frequency 
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component (HF, .15-.40 Hz) of HRV, which have been thought to represent vagally mediated 

cardiac activity (Task Force, 1996; Berntson et al., 1997). Both the RMSSD and HF HRV were 

calculated from IBIs that were derived from the ECG signals. HF HRV was normalized by 

taking the natural logarithm (base 10) of spectral estimate of absolute power that was computed 

by using the Fourier transformation. 

Systolic and diastolic blood pressure (SBP and DBP) were derived from BP data. The 

respiratory rate was calculated as the average number of respiratory cycles per minute. The 

respiratory data were used to check artifacts of ECG signals. ICG data was not processed in the 

present project, but will be analyzed in the future. The reactivity of the cardiovascular measures 

to stress were calculated as the delta change score, by subtracting HR, IBI, RMSSD, HF HRV, 

SBP, and DBP during the second baseline from the values of these measures during the 

laboratory stressors. Although the residualized change score has also been proposed to assess 

cardiovascular reactivity, the delta change score was showed the better reliability and specificity 

in indexing cardiovascular reactivity than the residualized score (Llabre, Spitzer, Saab, Ironson, 

& Schneiderman, 1991). Therefore, only the delta change score of these cardiovascular measures 

were used in the present study. 

Behavioral outcomes of the feedback-based learning task include the performance in the 

testing phase and the learning parameters that were derived from the learning sessions. There 

were 15 combinations of the characters (which were described above), and six trials for each 

combination. The 15 pairs include four types: the replication trials (i.e., AB/CD/EF) that were 

presented in the learning sessions; the Go trials (i.e., AC/AD/AE/AF) in which the stimulus A 

was always the correct choice; the No-Go trials (i.e., BC/BD/BE/BF) in which the stimulus B 

was always the incorrect choice; and the high conflict trials (i.e., CE/CF/DE/DF) in which the 
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stimulus C was better than D, E, and F, the stimulus E was better than D and F, the stimulus F 

was better than D (Frank et al., 2004; Cavanagh et al., 2011). Accuracy was recorded as the 

percentage of correct selection in total number of trials in each type. Note that there were 18 

replication trials and 24 trials for three other types. Response times (RT) of the testing trials were 

also recorded. RT was defined as the time delay from the onset of stimulus presentation in each 

testing trial to the detected response. RTs were then averaged across each type of testing trials. 

Accuracy and mean RT were calculated for each type of testing trials in both the pre- and the 

post-stress learning task. 

A standard algorithm of action-value learning was fitted to the behavioral data in the 

learning sessions. For each pair of stimuli, the model estimated the expected values of choosing 

the two stimuli, on the basis of individual sequences of choices and outcomes. The action-value 

algorithm combines the Rescorla-Wagner model (Rescorla & Wagner, 1972) and a softmax 

decision rule. According to the Rescorla-Wagner, the expected values were set at zero at the 

beginning of learning. After every trial t (t > 0), the value of the chosen stimulus (e.g., stimulus 

A and its expected value Qa) was updated, according to the rule: 

Qa(t + 1) = Qa(t) + α * δ(t) 

The outcome prediction error, δ(t), is the difference between the actual and the expected 

outcome: 

δ(t) = R(t) – Qa(t) 

The reinforcement R(t) was either 5 cents or 0. The softmax decision rule estimates choice 

probability as a sigmoid function of the difference between the two options (i.e., Qa and Qb). 

According the the softmax rule, given the expected values, the probability of the observed choice 

was estimated as: 
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Pa(t) = exp(Qa(t)/β)/{exp[Qa(t)/ β] + exp[Qb(t)/ β]} 

The parameter alpha is the learning rate, reflecting the extent to which the newly acquired 

information will override the old information. The parameter beta is the temperature or the 

exploration parameters, which reflects the degree of randomness in selection. The learning rate 

and the temperature were adjusted to maximize the likelihood of the actual choices under the 

model across all subjects. In order to examine the learning rate for different pairs and the effects 

of stress on the learning rate, beta was fixed for the three pairs in the pre- and the post-stress 

learning task. The fixed beta was estimated by using all learning trials of each subject.  

Analysis Strategy 

The present study used a between-subjects pretest-posttest design. To test the 

relationships between stress reactivity and reward sensitivity in different groups Hypothesis 1, 

the stress group membership and the change scores of cardiovascular measures or the self-report 

measures during the stressors were entered into mixed models to predict the pre-stress learning 

rates. Specifically, a set of regression models were created to test the linear relationship between 

stress reactivity and reward sensitivity: 

LR = β0 + β1 * Reactivity + β2 * Group + β3 * Reactivity * Group 

In the regression models, LR is the pre-stress learning rate. The learning rate for different pairs 

were tested separately. Reactivity represents the change score of HR, RMSSD, HF HRV, SBP, 

and DBP, the PANAS negative affect score, and the subjective stress rating. Each reactivity 

score was entered into the model separately. Group was a categorical variable, and had two 

levels: the MA or the CPT group. Reactivity * Group was the interaction term of the two 

predictors. 
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The learning and testing performance data were submitted to repeated measures analyses 

of variance (ANOVA) to test Hypothesis 2 to 5. There were three steps to perform the ANOVA. 

In the first step, a 2 × 3 × 2 repeated measures ANOVA was used to examine the effects of stress 

on the learning rate of different pairs (Hypothesis 2). The stress manipulation (which had two 

levels: pre- and post-stress) and the type of stimulus pair (which had three levels: AB/CD/EF) 

were the within-subjects factors; the stress group (which had two levels: the MA and CPT) was 

the between-subjects factor. Another 2 × 4 × 2 repeated measures ANOVA was constructed to 

examine the effects of stress on the accuracy for different types of testing trials (Hypothesis 3). 

The stress manipulation (pre- and post-stress) and the type of testing trials (which had four 

levels: the replication, Go, No-Go, and high conflict trials) were the within-subjects factors; the 

stress group (the MA and CPT) was the between-subjects factor. The RT data were also 

submitted to the 2 × 4 × 2 repeated measures ANOVA to complement the accuracy data. 

Preplanned contrasts were performed. 

In the second step, stress reactivity measures, including change score of HR, RMSSD, 

HF HRV, SBP, and DBP, the PANAS negative affect score, and the subjective stress rating, 

were entered into the ANOVA models as the covariate to test the modulatory effects of stress 

reactivity on the relationship of stress manipulation and learning (Hypothesis 4). In the third step, 

BIS/BAS scores were entered into the ANOVA models as the covariates to test the effects of 

trait differences in behavioral inhibition and activation on the learning rate and the processing of 

positive and negative stimuli (Hypothesis 5). State stress level in subjects before the experiment, 

which was measured as DASS score, was controlled in all these analyses. 

Results 
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The internal consistency of the questionnaires was computed as Cronbach’s α (see Table 

1). Among the questionnaires, the STAI and the GWPQ were relatively low and not included in 

the further analyses. Descriptive statistics of self-report measures and baseline physiological 

measures are presented in Table 2 and 3. There were no differences in these measures between 

the MA and the CPT group. 

Stress Reactivity 

The cardiovascular measures during the first baseline were not different from these 

measures during the second baseline. The second baseline served as the baseline before the stress 

manipulation. Paired t-tests were performed to check the effects of stress manipulation on 

cardiovascular measures; a one-way ANOVA was performed to compare the PANAS negative 

affect score and subjective stress rating between the two groups. Additionally, Pearson 

correlations among the physiological measures were calculated for both groups. The results of 

comparisons between the second baseline measures and the measures during the MA or the CPT 

are shown in Table 4. For the MA group, IBI, RMSSD, HF HRV significantly decreased during 

the stress manipulation, while SBP and DBP increased during the MA in relative to the baseline. 

However, only changes in IBI, SBP and DBP were evident in the CPT group. RMSSD and HF 

HRV were not different during the baseline and the CPT. 

The results of the PANAS score and subjective stress rating are shown in Table 5. 

Subjective rating for the CPT was significantly higher than the rating of the MA, which indicated 

that subjects perceived the CPT as the more aversive stressor than the MA. However, there was 

no significant difference in the PANAS negative affect score between the groups. 

The relationships between the cardiovascular measures were also different in the MA and 

the CPT group (see Table 6). The performance on the backward digit span task was negatively 
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correlated with SBP and DBP changes, and positively correlated with RMSSD change in the 

CPT group, but there were no such relationships in the MA group. Moreover, SBP and DBP 

changes were negatively correlated with IBI, RMSSD, and HF HRV changes in the CPT group, 

whereas BP changes were only negatively correlated with IBI changes, not other cardiac 

measures, in the MA group. 

Behavioral Outcomes of Feedback-based Learning 

 The number of learning blocks (S.D.) that subjects need to reach the minimum criterion 

were 1.60 (1.01) for the pre-stress learning, and 1.49 (0.96) for the post-stress learning, which 

did not significantly differ from each other. The temperature was fixed at 1.33, which was 

estimated based on all learning trials (including different types of pairs and both pre- and post-

stress conditions) in all subjects. The mean learning rate (S.D.) for different conditions were: 

0.34 (0.15) for pre-stress learning of the AB pair (80 vs. 20%); 0.28 (0.16) for pre-stress learning 

of the CD pair (70 vs. 30%); 0.32 (0.12) for pre-stress learning of the EF pair (60 vs. 40%); 0.39 

(0.12) for post-stress learning of AB; 0.32 (0.13) for post-stress learning of CD; and, 0.29 (0.12) 

for post-stress learning of EF. The results of accuracy and RTs in the pre- and post-stress testing 

trials are presented in Table 7. There was no difference in any behavioral outcomes in the pre-

stress learning and testing indices between the MA and CPT group, Fs < 1.44, ps > .254. 

Relationship between Stress Reactivity and Learning Rate 

The results of regression models revealed that no relationship between cardiovascular 

measure change scores and pre-stress learning rates, ps > 2.41. However, there was a linear 

relationship between the pre-stress learning rate for the AB pair and the subjective stress rating, 

R2
Adjusted = .125, p = .003; there was also an interaction between stress group and the subjective 

rating, β3 = -.059, p < .001 (see Table 8). Moreover, there was a linear between the pre-stress 
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learning rate for the EF pair and the PANAS negative affect score, R2
Adjusted = .095, p = .045. The 

pre-stress learning rate for the AB pair was linearly related to the PANAS negative affect score, 

R2
Adjusted = .069, p = .033, which moderated by stress group, β3 = .013, p = .012. (see Table 8). 

Effects of Stress Manipulation and Group on Learning and Testing Performance 

In the ANOVA model of the learning rate, the type of stimulus pair influenced the 

learning rate; there was a marginal trend towards the significant effect of stress manipulation 

(pre- vs. post-stress) and a significant interaction between type and stress manipulation (see 

Table 9). The planned contrasts indicated that the stress manipulation, regardless of type, 

increased the learning rate for the AB pair, F = 8.98, p = .004, ηp
2 = .098, and the CD pair, F = 

4.06, p = .047, ηp
2 = .047, but not the EF pair, F = 1.47, p = .229, ηp

2 = .017 (see Figure 4). 

For the performance in the testing trials, the type of testing trials influenced the accuracy; 

there was an interaction between stress group and stress manipulation, and a marginal trend 

towards the effects of stress manipulation (see Table 10). The planned contrasts revealed that the 

stress manipulation only increased the accuracy of the Go trials, F = 6.86, p = .010, ηp
2 = .070. 

Moreover, the effect of stress manipulation on the accuracy of the Go trials was driven by the 

CPT, F = 7.35, p = .009, ηp
2 = .140, but not the MA, F = 0.75, p = .391, ηp

2 = .016. The effects of 

the stress manipulation were not significant for other three types of trials. Specifically, the 

accuracy of the No-Go trials was not influenced by the MA, F = 0.14, p = .715, ηp
2 = .003, or the 

CPT, F = 1.34, p = .254, ηp
2 = .029. The accuracy of the replication trials was not influenced by 

the stress manipulation in both groups either, Fs < .18, ps > .673. Additionally, the stress 

manipulation did not influence the accuracy of the high conflict trials, F = 0.12, p = .912, ηp
2 = 

.001. However, there were marginal trends to towards significant effects in both groups. The MA 

tended to decrease the accuracy of the high conflict trials, F = 3.2, p = .080, ηp
2 = .066, whereas 
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the CPT tended to enhance the accuracy of the high conflict trials, F = 3.7, p = .060, ηp
2 = .076 

(see Figure 5). RTs of testing trials were only influenced by stress manipulation and the type of 

trials (see Table 11). 

Modulatory Effects of Stress Reactivity on Influences of Stressor on Learning 

SBP reactivity and the PANAS negative affect score were interacted with the stress 

manipulation and the type of learning: SBP reactivity moderated the effects of acute stress on the 

learning rate for the AB pair, F = 5.32, p = .024, ηp
2 = .062, but not other two pairs; the PANAS 

negative affect score moderated the effect of acute stress on the learning rate for the EF pair, F = 

7.03, p = .010, ηp
2 = .079, but not other two pairs. There was no interaction between other stress 

reactivity measures and learning rates. 

The effects of stress on accuracy of the No-Go trials were moderated by the PANAS 

negative score, F = 4.92, p = .032, ηp
2 = .100, and the subjective stress rating, F = 8.00, p = .007, 

ηp
2 = .154, in the MA group. Moreover, the effects of stress on accuracy of the high conflict trials 

were moderated by HF HRV reactivity, F = 8.71, p = .005, ηp
2 = .165, in the MA group. There 

was also a marginal trend towards the modulatory effects of RMSSD reactivity, F = 3.80, p = 

.058, ηp
2 = .079, in the MA group. There was no interaction between stress reactivity measures 

and accuracy of testing trials in the CPT group. 

Influence of BIS/BAS on Feedback Processing 

There was a marginal trend towards the significant interaction between BAS Drive score 

and the type of testing trials, F = 2.71, p = .051, ηp
2 = .030. Post hoc analyses revealed that BAS 

Drive score was positively correlated with the accuracy of the pre-stress Go trials, r = .24, p = 

.025. BIS score did not have significant relationships with learning rates or testing accuracy. 

BIS/BAS scores did not influence feedback processing in the post-stress task. 
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Discussion 

In the present study, the relationship between stress reactivity and reward sensitivity was 

examined by the analyses of cardiovascular and self-report measures during the stressors, and by 

behavioral outcomes in the pre-stress learning task. Moreover, the action-value learning 

algorithm was used to fit subjects’ choices during the learning phase and derive the learning rate 

for the three pairs of stimuli with differentiated probabilities to obtain monetary rewards. The 

learning rate during feedback-based learning and performance in the testing phase were 

compared between the pre- and the post-stress learning tasks to investigate the effects of the two 

laboratory stressors (MA and CPT) on the learning. Accuracy and RTs of testing trials in the 

testing phase were recorded to analyze the processing of positive and negative feedback. 

Additionally, BIS/BAS scores were analyzed as covariates in the ANOVA models to examine 

the modulatory effects of trait differences in BIS and BAS sensitivity on feedback processing. 

The results partly supported the hypotheses. For Hypothesis 1, there was a negative 

relationship between self-report measures (i.e., the PANAS score and the subjective stress rating) 

and reward sensitivity (indicted by the learning rate) in the MA group, but not in the CPT group. 

However, cardiovascular responses did not show the predicted relationships with reward 

sensitivity. There were differences in cardiovascular reactivity and the effects of stress on the 

accuracy of testing trials between the MA and the CPT group, which was consistent with 

Hypothesis 2. The differentiated cardiovascular response patterns between the two stressors were 

also related to the different modulatory effects of stress reactivity measures on the influences of 

stress on the learning and the testing performance, which supported Hypotheses 3 and 4. Last, 

Hypothesis 5 was partly supported: BAS Drive subscale score was related to the processing of 
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the positive feedback (Go trials), although BIS score did not influence the processing of negative 

feedback. 

Cardiovascular Response Patterns in MA and CPT 

 MA and CPT elicited different patterns of cardiovascular responses. Subjects’ IBI was 

shortened while SBP and DBP increased during the three-minute foot cold pressor, but no 

significant changes in HRV measures occurred. These findings replicated previous work from 

our lab in which the CPT increased BP and decreased IBI, but did not significantly affect HF 

HRV or RMSSD (McGinley & Friedman, 2015). In contrast, MA not only shortened IBI and 

elevated BP, but also decreased HF HRV and RMSSD, also consistent with previous studies 

from our lab (Spangler & Friedman, 2015; Vella & Friedman, 2009). The findings in the present 

study suggest that although both physical and psychosocial stressors can induce stress responses 

as indexed by the cortisol level measured a certain amount of time after the acute stressor, the 

psychological processes and the central mechanisms of ANS control during these two types of 

stressors might be different. This notion was further supported by the differentiated relationships 

among backward digit span and ANS measures during CPT and MA. IBI reactivity was 

correlated with HRV reactivity and BP reactivity in both groups. However, the relationships of 

BP reactivity, the backward digit span, and HRV reactivity were only evident in the CPT group. 

The patterns of cardiovascular responses to stress indicated a dissociation between cardiac vagal 

control and the central control of other cardiovascular responses (i.e., BP and HR reactivity) 

during stress. 

This dissociation of cardiovascular measures might be explained by the allocation of 

cognitive resources during stress. MA is a psychosocial stressor that requires WM resources. 

When performing MA, subjects use WM resources for the cognitive portion of the task. Given 
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that WM resources are limited and there are individual differences in WM capacity (Engel, 

2002), cognitive processing during the MA taxed WM resources, which resulted in fewer 

resources to cope with stress. HRV measures have been proposed to index the flexible allocation 

of cognitive resources (Thayer & Lane, 2000, 2009). Therefore, the relationships between BP 

measures and HRV measure were relatively weak during MA, and WM capacity, indexed by 

backward digit span, were not related to cardiovascular reactivity to MA. In contrast, CPT is 

primarily a physical stressor that requires little cognitive resources. During CPT, WM resources 

can be used to cope with stress, and is related to affective processing. Therefore, BP responses 

were related to WM capacity, and HRV responses to CPT. 

This explanation is supported by findings of emotion-cognition interactions in emotion 

regulation. WM has been shown as an important construct to bridge affective and cognitive 

phenomena. WM tasks can attenuate the intensity of emotional responses (Schaefer et al., 2003; 

King & Schaefer, 2011). The DL PFC, which is involved in WM processes, is also activated in 

cognitive down-regulation of negative emotions (Drevets & Raichle, 1998; Ochsner & Gross, 

2008; Schaefer et al., 2003). However, WM tasks have been shown not only to inhibit, but also 

to facilitate affective processes (for a review, see Banich, Mackiewicz, Depue, Whitmer, Miller, 

& Heller, 2009). WM may even display a curvilinear relationship to other cognitive processes 

(e.g., attention) in affective contexts (Spangler & Friedman, 2017). 

The neural mechanisms of emotion-cognition interactions have been well studied. The 

structures involved in emotion-cognition interactions overlapped with the network of ANS 

central control. A set of neural structures have been identified as the central autonomic network 

(CAN, Benarroch, 1993). The CAN includes the ACC, insula, VM PFC, the central nucleus of 

the amygdala, the paraventricular and related nuclei of the hypothalamus, the periaqueductal 
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gray matter, the parabrachial nucleus, the nucleus of the solitary tract, the nucleus ambiguus, the 

ventrolateral medulla, the ventromedial medulla, and the medullary tegmental field. Among 

these structures, the ACC is important for the integration of emotional and cognitive processes. 

Different ACC subareas are differentially linked to affective or cognitive processes. The ACC is 

also a part of a circuit involved in attention that serves both affective and cognitive processing 

(Bush, Luu, & Posner, 2000). Gianaros and colleagues (2008) reported a positive correlation 

between MAP and BOLD activation in the ACC during a stressful Stroop task, suggesting that 

the ACC plays a critical role in regulating BP reactions to stress. The regulation of cardiac 

activity has also been associated with the structures in the CAN. Regional cerebral blood flow in 

the right ACC and the left insula were found to be related to HR and HRV changes induced by a 

stressful WM task (Gianaros, van der Veen, & Jennings, 2004). The relevance of the same set of 

brain areas to the control of resting HF HRV has been also established (Allen, Jennings, Thayer, 

Gianaros, & Manuck, 2015; Thayer et al., 2012). Together, central ANS control involves brain 

areas that are also related to cognitive processes. Loading WM with cognitive tasks influences 

affective processing, which might account for the differentiated effects of MA and the CPT on 

cardiovascular measures during stress. 

Subjective Experiences during MA and CPT 

The results of the two self-report measures during the MA and the CPT were inconsistent. 

The CPT was rated as more stressful than the MA, based on the subject stress rating. However, 

the PANAS negative affect score indicated no difference in negative affects experienced during 

the stressor between the MA and the CPT group. This inconsistency might result from framing of 

the different self-report measures. For the subjective stress rating, subjects were asked to rate 

stress level they experienced during the stressor, which was general experience. The subjective 
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rating could be considered as the valence of the stressor. On the other hand, the PANAS required 

subject to report specific emotions experienced during the stressor. It is possible that subjects 

focused more on the task when rating stress, whereas they attended more to their motions when 

completing the PANAS. Because the limited cognitive resources were shared by mental 

manipulations and affective coping with stress in the MA group, subjects might pay less 

attention to their emotional experiences during the MA. In contrast, the subjects in the CPT 

group were more likely to focus on emotional experiences that related to stress coping. However, 

when being asked to rate specific emotions in the PANAS, all subjects were asked to recall 

negative affect experienced during the stressors. This explanation is consistent with the 

physiological response patterns and the relationships among cardiovascular measures in the MA 

and the CPT group. 

Relationships between Stress Reactivity and Reward Sensitivity 

The pretest-posttest design in the present study allowed for the examination of the 

relationship between stress response and the reward sensitivity indices in the pre-stress learning 

task. Negative correlations between self-report measures of stress and learning rates in the MA 

group suggest that subjects who experienced a higher level of negative emotions and perceived 

the MA as more stressful were less sensitive to reward when learning the AB and EF pair than 

those who experienced less negative emotions. These findings are consistent with the literature 

on relationships between stress reactivity and positive emotions that are associated with reward 

experiences (Pizzagalli et al., 2008; Wichers et al., 2009).  

The results did not seem to support the model of biological disengagement (Ginty, 2013). 

No relationship appeared between cardiovascular measures and learning rates. According to this 

model, individuals with adverse behavioral and health outcomes are characterized by blunted 
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reactions to aspects of life that require emotional processing, motivation, or mental effort. These 

motivation mechanisms also underlie blunted reactions to acute psychological stress (Ginty, 

2013). Therefore, motivational processes play a central role in this model. If affective processes 

during stress can be consider as a part of the biological disengagement system, the present results 

might not necessarily be inconsistent with the prediction of this model. In fact, the PANAS has 

been used to index motivational processes (Wichers et al., 2009). The null results of the 

relationship between cardiovascular responses to stress and reward sensitivity might be because 

the subjects in the present study were healthy young adults. However, the model of biological 

disengagement was proposed primarily based on the data of clinical populations, for example, 

depression, addiction, bulimia, and ADHD (Ginty, 2013). Compared to the clinical populations, 

the subjects in the present study showed less extreme physiological responses to stress.      

Differentiated Effects of MA and CPT on Feedback-based Learning 

Two sets of behavioral outcomes were examined to evaluate feedback-based learning: the 

learning rate for different stimulus pairs in the learning phase and the accuracy of different types 

of testing trials. The feedback-based learning task was designed to separate the processing of 

positive and negative feedback: the accuracy of the Go trials indicated the processing of positive 

feedback, while the accuracy of the No-Go trials indicated the processing of negative feedback 

(Frank et al., 2004). Dopamine medication has been shown to reverse the negative bias in 

Parkinson’s patients (Frank et al., 2004). In the present study, the performance in the Go trials 

was better than the performance in the No-Go and other types of trials in both the pre- and post-

stress learning. Importantly, the stress manipulation enlarged the differences between the 

accuracy in the Go and No-Go trials, which supports that stress enhances the processing of 

positive feedback (Lighthall et al., 2013; Otto et al., 2013). 
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The type of acute stressor also influenced the effects of stress on testing performance. 

Although the predicted inhibition of the processing of negative feedback by the MA was not 

evident, the processing of positive feedback was better facilitated by the CPT than by MA. There 

are two possible explanations for these results. First, MA elicited less stress responses than the 

CPT in the present study. Although psychosocial stressors have been shown to induce stronger 

stress response than physical stressors (Skoluda et al., 2015), the duration of the laboratory 

psychosocial and physical stress manipulations were usually not comparable. The TSST lasts 

approximately 15 minutes, while the CPT is no longer than three minutes. In the present study, 

only the social MA part of the TSST was administrated for three minutes, in order to match the 

length of the CPT. Therefore, the MA was less effective in inducing stress responses than the 

standard TSST and the CPT. This explanation was supported by the results of subjective stress 

rating. Less stress responses to the MA resulted in weaker effects on feedback-based learning. 

The second explanation would be that the psychosocial stress primed subjects to pay more 

attention to negative stimuli. In the present MA task or the TSST, subjects’ performance of 

mental arithmetic was judged by the experimenters. Correct answers were not rewarded, while 

incorrect answers were always associated with social threat and negative emotional experience. 

Given the lack of positive feedback and the amount of negative feedback subjects experience in 

the MA, subjects might have discounted negative feedback in the subsequent learning task in 

favor of positive feedback (Petzold et al., 2010). These authors also suggested the specificity of 

stress induction in modulating learning. de Berker and colleagues (2016) combined the features 

of both physical and psychosocial stress in a socially evaluated CPT and found that stress 

specifically impaired learning to produce an action, irrespective of the valence of the outcome in 

a Go/NoGo task with reward or punishment. These two explanations might not be mutually 
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exclusive. In fact, there were modulatory effects of the PANAS negative affect score and 

subjective stress rating on the relationship between stress manipulation and the accuracy of the 

No-Go trials in the MA group. A high rating of negative emotional experiences during the MA 

predicted a great decrease in the processing of negative feedback, which is consistent with both 

explanations. 

Selection of a previously rewarded stimulus or avoidance of a previous punishment in 

testing trials requires maintenance of recent reinforcement experience in working memory 

(Frank et al., 2004; Lighthall et al., 2013). Therefore, the testing trials may be considered as 

memory tests, rather than a direct measure of reward sensitivity. Learning rate would be a better 

index of reward sensitivity. The stress manipulation increased the learning rate for the AB and 

CD pair, suggesting stress enhances updating information based on recent reward history 

(Lighthall et al., 2013; Otto et al., 2013). These results are also consistent with the notion that 

acute stress impairs PFC function and enhance striatal circuits (Hartley & Phelps, 2012). The 

learning rate data were consistent with the accuracy data of the testing trials: stress increased 

reward sensitivity to the stimulus A, which in turn enhanced the accuracy of the Go trials. 

However, there was no group difference. Therefore, the specificity of stress induction may occur 

in the periods of maintaining information about the different stimuli, but not during the learning 

phase.  

An alternative explanation for increased learning rates and the accuracy in the testing 

trials would be the practice effect. Although the stimuli were different in the pre- and the post-

stress learning task, the format and procedure were the same in the two tasks. RTs for all 

different types of testing trials were shorter in the post-stress learning task than RTs in the pre-

stress task. The faster RTs after the stressors may indicate enhanced information processing. 
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However, there are some reasons why the practice effect alone could not account for the changes 

in behavioral outcomes of feedback-based learning. First, the accuracy of the replication and 

high conflict trials were not significantly increased. The replication trials directly tested the 

memory of the comparison between the two paired stimuli in the learning phase. If the practice 

effect influenced the performance in the testing phase, the replication trials would be influenced 

most by the repetition of the task format. However, no changes in the accuracy of the replication 

trials were observed in the post-stress learning. The accuracy of the high conflict trials did not 

differ in the pre- and post-stress learning tasks either. Moreover, stress group moderated the 

relationship between the accuracy of the high conflict trials pre- and post-stress. MA even 

decreased the accuracy of the high conflicts trials. In contrast, the practice effect should enhance 

performance, and is not supposed to interact with stress group. The effects of stress on RTs did 

not interact with the type of testing trial or stress group. Therefore, RTs in the testing trials were 

subject to practice effects, whereas the accuracy of the testing trials was more likely to be 

influenced by the effects of acute stress.   

BIS/BAS Sensitivity and Feedback Processing 

BAS Drive subscale score was positively correlated with the accuracy of the Go trials in 

the pre-stress learning task in the present study. High scores on BAS Drive and Reward 

Responsiveness have been associated with a strategy in economic games to maximize the 

likelihood and amount of reward (Scheres & Sanfey, 2006). The BAS Drive scale measures the 

persistent pursuit of desired goals and rewards, and the Reward Responsiveness scale measures 

positive emotions associated with the occurrence or anticipation of reward. The present results 

only confirmed the relationship between BAS Drive score and the processing of positive 

feedback. As discussed above, the test trials may only test the maintenance of the recent 
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reinforcement history rather than affective processes related to reward, which might explain why 

the BAS Reward Responsiveness score was not associated with the accuracy of the Go trials. 

Further investigations should examine whether the physiological responses during the learning 

phase are associated with Reward Responsiveness. The relationship between BAS Drive score 

and the accuracy of the pre-stress Go trials suggested that BAS Drive reflects the relative value 

of reward to stimuli not related to reward. Consistent with this notion, BAS Drive score 

significantly predicted activation to appetizing relative to bland food in the brain regions 

implicated reward, including the right ventral striatum, the left amygdala, substantia nigra/ventral 

tegmental areas of the midbrain, the left orbitofrontal cortex, and the left ventral pallidum 

(Beaver et al., 2006). Therefore, the present results suggested that it might be more proper to 

examine BAS subscales separately in the study of feedback processing. 

Implications 

The integration of stress and feedback-based learning in the present study has both 

theoretical and applied implications. The present findings contribute to the literature of stress and 

feedback-based learning. First, using multiple prototype stressors, rather than a single stress 

manipulation, elucidated the effects of stress arising from stressors of different natures. Second, 

stress reactivity and reward sensitivity in a healthy adult population were investigated, which 

extends research on individual differences in stress reactivity and feedback-based learning. 

Third, both the trial-by-trial adjustment in the learning phase and accuracy score in the testing 

phase were calculated, which allowed quantitative analyses of behavioral outcomes of learning. 

Lastly, the investigation of BIS/BAS sensitivity that has been linked to risk-taking and 

impulsivity fills gap in the study of how stress influences learning and decision-making. 
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The present study also has applied implications in many areas. In everyday life, people 

often make decisions and learn from decision outcomes under stress. This study could help 

people adapt to positive or negative feedback and avoid deleterious effects of stress on learning 

and decision-making. The cognitive benefits of stress coping enhance laboratory decision-

making and learning performance and buffer the effects of negative emotions (Otto et al., 2013). 

The present results support the role of cognitive processes in coping with psychosocial stress. 

There were not only affective effects of acute stress but also carryover cognitive effects of MA. 

Moreover, individual differences in decision-making and learning are profound and related to the 

risk of cardiovascular disease. The present study furthers the understanding of these trait 

differences and inform people on how to modify the behaviors associated with adverse 

consequences. Although the present results failed to provide direct support for the model of 

biological disengagement (Ginty, 2013), these results indicate that motivational processes 

underlie the biological disengagement system. Finally, this study would help people cope with 

aging and guide treatments for the diseases and disorders that involve dysfunctions of the PFC 

and dopaminergic systems. The feedback-based learning paradigm has also been used to study 

aging (Mather & Schoeker, 2011; Lighthall et al., 2013) and pathological conditions involving 

DA dysfunctions, including Parkinson’s disease (Frank et al., 2004), addiction (Myers et al., 

2016), affective disorders (Pizzagalli et al., 2008), anhedonia (Chase et al., 2010; Karcher, 

Barthlow, Martin, & Kerns, 2017), and inflammation (Harrison et al., 2005). These populations 

are also selectively influenced by different types of stress. Therefore, the present study would 

shed light on future examinations of the interaction between neurophysiological and behavioral 

factors which play a critical role in aging and the development of the disorders, and pave the way 

for improving human health.  
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Limitation and Future Direction 

There are some limitations in the present study. First, cortisol level was not evaluated. 

The measurement of cortisol has become the “golden standard” in stress research (e.g., Lighthall 

et al., 2013; Otto et al., 2013; Petzold et al., 2010). Although the present study was designed to 

investigate the immediate effects of acute stressors and establish the relationship between 

cardiovascular measures and the effects of stress on feedback-based learning, it is still important 

to measure the baseline cortisol level and cortisol reactivity shortly after the stressors as control 

factors. One important argument based on the present results is that stress involves multiple 

mechanisms and influences learning and decision-making through various pathways, rather than 

only via the HPA pathway. Controlling cortisol level would strengthen the argument. Moreover, 

the relationship between endocrine and cardiovascular measures is unclear. Some evidence 

showed that cortisol response to stress was associated with impaired memory, whereas ANS 

responses did not predict memory impairment (Buchanna, Tranel, & Adolphs, 2006). However, 

it also has been shown that SNS and adrenergic activation is necessary for the impairing effects 

of stress-induced cortisol response on WM (Elzinga & Roelofs, 2005). Therefore, including 

cardiovascular and endocrine indices and self-report measures of stress is important for future 

studies in this area. 

Second, there was no direct measures of the central processing of feedback. 

Electrophysiological measures of brain activity and neuroimaging techniques should be included 

in future investigations of feedback-based learning. Cavanagh et al. (2011) examined feedback-

based learning under a simultaneous social threat using EEG, which directly provides 

information of the influences of social stress on feedback processing. Similarly, the processing of 

feedback in the pre- and post-stress learning task could be better compared by incorporating EEG 
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data. Event-related designs, for example, measuring the stimulus preceding negativity and fMRI, 

would provide additional data about how feedback valence is processed and on the interaction of 

feedback valence and stress manipulations. Similarly, these techniques could also be used to 

index neural processes during stress. For example, functional near-infrared spectroscopy (fNIRS) 

has been used to measure continuous BOLD responses during laboratory stressors (Barati et al., 

2013). 

The third limitation is that the practice effect cannot not be ruled out by the present 

design. Although efforts were made to decrease the influence of the repetition of the feedback-

based learning task (e.g., giving the practice trials prior to the two formal learning tasks, using 

different sets of Japanese Hiragana characters, and prolonging the interval between the two 

learning tasks), the practice effect in the pretest-posttest design was inevitable. Subjects were 

expected to understand the rules and procedure of the learning task, which is why the practice 

trials were delivered before the formal learning tasks. Presumably, the familiarity of the rules and 

task format would not influence learning in the two formal learning tasks after the practice trials. 

However, subjects’ performance might be still improved from the pre-stress learning task to the 

post-stress learning task, merely because of repetition. Enhanced RTs demonstrated the practice 

effect. Although the accuracy data suggested other effects (i.e., the effects of acute stress), faster 

RTs indicated a higher level of familiarity in the testing trials, which might result in increased 

cognitive resources in learning and testing. These effects might in turn influence the learning 

outcomes. To avoid this alternative explanation of increased learning rates in the post-stress 

learning rate, a between-subjects design is necessary to compare the effects of stress between the 

experimental and the control (e.g., Lighthall et al., 2013; Petzold et al., 2010). However, this 

methodology would increase the sample size and individual and group variances in the outcomes 
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measures. Therefore, a systematically comparison among different studies and a standard 

experimental paradigm are of great importance in this research area. 

Fourth, the temperature parameter in the action-value learning model was fixed, which 

would be unable to reflect random exploration in learning. It is common to fix the temperature 

parameter to compare the learning rate in the model, which was important to examine the effects 

of stress on learning. However, this method might not be appropriate when comparing the 

learning rate for different pairs. A given subject’s learning rate in a learning task was supposed 

to be the same. Differences between the processes of learning different stimuli, therefore, might 

be reflected by the temperature. It would be better to fix the learning rate and compare the 

temperature for different stimuli in a learning task. 

Last, cardiovascular responses during the learning tasks should also be examined in 

future studies of this area. The attempts to use learning and conditioning to create experimental 

models of cardiovascular responses and their health outcomes have been made (Engle & 

Schneiderman, 1984). Preejection period (PEP) reactivity has been shown to increase with 

increasing monetary reward (Richter & Gendolla, 2009). Additionally, HRV reactivity may also 

reflect the mental engagement in the learning task and influence the learning rate and the 

exploration parameter. There might be a quadratic relationship between HRV reactivity and task 

performance (Spangler & Friedman, 2017). Therefore, whether PEP and HRV measures are 

related to the learning rate is expected to be examined in future studies. For example, PEP 

reactivity that could be derived from the ICG data during the pre-stress learning task is expected 

to positively correlate with the learning rate in the present study. Greater PEP responses during 

feedback-based learning may indicate a higher level of reward sensitivity, which in turn would 

be related to the learning rate. Moreover, PEP reactivity during the learning phase may also 
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predict the performance of the testing trials. For HRV measures, whether HRV reactivity is 

related to learning outcomes and whether the relationship between HRV and the learning 

outcomes is linear or curvilinear are expected to be examined in the future.  

Summary and Conclusions 

Stress induces physiological responses at multiple levels, from PFC-amygdala systems to 

peripheral organs. Cardiovascular responses to stress arise from all these levels, and serve as the 

mediator of CVD risk. Stress influences feedback-based learning. Cognitive and neural 

mechanisms of feedback-based learning and the mechanisms of stress reactivity overlap to a 

large extent. The present study investigated the effects of physical and psychosocial stress on a 

feedback-based learning task and the relationship between stress reactivity and reward 

sensitivity. A between-subjects pretest-posttest design was used in the present study to examine 

the effects of stress on the learning rate and testing performance in a feedback-based learning 

task that was prior to or after laboratory stress manipulations. The influences of individual 

differences in BIS/BAS sensitivity on feedback processing were also examined. Results 

indicated that the MA and the CPT induced different patterns of cardiovascular stress reactions 

and differentially influenced feedback-based learning. There were also relationships between 

subjective stress experiences and the learning rate in the pre-stress learning task. Additionally, 

BAS sensitivity was related to the processing of positive feedback. These findings suggest that 

physical and psychosocial stress might influence learning through distinct neural mechanisms 

and psychological processes. Motivational processes underlie the relationship between stress 

reactivity and reward sensitivity. This study contributes to the literatures of stress and feedback-

based learning, and have applied implications in various areas. 
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Table 1. Internal Consistency of Different Questions 

Questionnaires Cronbach's α 

DASS .91 

BAS D .82 

BAS FS .72 

BAS RR .92 

BIS .75 

STAI .52 

GWPQ I .64 

GWPQ A .42 

PANAS N .85 

 

Note: DASS: Depression Anxiety Stress Scales; BAS D: Behavioral 

Activation Drive subscale; BAS FS: Behavioral Activation Fun Seeking 

subscale; BAS RR: Behavioral Activation Reward Responsiveness subscale; 

BIS: Behavioral Inhibition scale; STAI: State-Trait Anxiety Inventory; 

GWPQ I: Gray-Wilson Personality Questionnaire Inhibition System subscale; 

GWPQ A: Gray-Wilson Personality Questionnaire Activation System 

subscale; PANAS N: Positive and Negative Affect Schedule negative affect. 

STAI and GWPQ had low Cronbach’s α, and thus were not included in further 

analyses. 
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Table 2. Self-Report Measures for Mental Arithmetic and Cold Pressor Task Group 

Self-Report 

Measure 

Mean (S.D.) 

MA CPT 

DASS 12.41 (7.11) 10.52 (8.39) 

BAS D 9.22 (2.52) 8.59 (2.79) 

BAS FS 8.93 (3.09) 8.50 (2.21) 

BAS RR 8.89 (4.36) 8.76 (4.36) 

BIS 15.27 (3.76) 15.80 (4.44) 

 

Note: DASS: Depression Anxiety Stress Scales; BAS D: Behavioral 

Activation Drive subscale; BAS FS: Behavioral Activation Fun Seeking 

subscale; BAS RR: Behavioral Activation Reward Responsiveness subscale; 

BIS: Behavioral Inhibition scale. MA is the mental arithmetic group; CPT is 

the cold pressor task group. 
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Table 3. Baseline Physiological Measures for Mental Arithmetic and Cold Pressor Task Group 

Physiological 

Measure 

Mean (S.D.) 

MA CPT 

BMI (kg/m2) 23.79 (3.20) 23.94 (4.37) 

Backward Digit Span 5.67 (1.38) 5.88 (1.37) 

IBI (ms) 834.69 (116.35) 821.49 (131.37) 

RMSSD (ms) 46.96 (24.29) 45.83 (28.23) 

HF HRV (log ms2) 2.82 (0.59) 2.78 (0.61) 

SBP (mmHg) 114.13 (10.92) 115.28 (11.32) 

DBP (mmHg) 65.57 (9.54) 66.37 (8.64) 

 

Note: BMI: body mass index; IBI: inter-beat interval; RMSSD: root mean square 

of successive differences; HF HRV: high frequency component of heart rate 

variability; SBP: systolic blood pressure; DBP diastolic blood pressure. MA is the 

mental arithmetic group; CPT is the cold pressor task group. These cardiovascular 

indices were measured during the first baseline period. 
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Table 4. Cardiovascular Reactivity in Mental Arithmetic and Cold Pressor Task Group 

Cardiovascular 

Measure 

Mean (S.D.) 

t Value p Value 

Baseline Task 

MA     

IBI (ms) 839.03 (113.70) 769.31 (97.78) 5.84 < .001 

RMSSD (ms) 46.25 (21.83) 39.44 (19.64) 2.48 .017 

HF HRV (log ms2) 2.76 (0.52) 2.61 (0.64) 2.31 .026 

SBP (mmHg) 114.14 (12.09) 125.58 (16.90) -7.02 < .001 

DBP (mmHg) 65.48 (9.31) 74.23 (13.42) -7.42 < .001 

CPT     

IBI (ms) 816.35 (119.95) 779.42 (101.36) 4.09 < .001 

RMSSD (ms) 45.66 (27.73) 47.64 (30.25) -0.85 .399 

HF HRV (log ms2) 2.76 (0.57) 2.77 (0.58) -0.20 .844 

SBP (mmHg) 113.41 (9.05) 124.33 (15.00) -5.33 < .001 

DBP (mmHg) 64. 64 (7.43) 73.21 (10.92) -5.88 < .001 

 

Note: BMI: body mass index; IBI: inter-beat interval; RMSSD: root mean square of 

successive differences; HF HRV: high frequency component of heart rate variability; 

SBP: systolic blood pressure; DBP diastolic blood pressure. MA is the mental arithmetic 

group; CPT is the cold pressor task group. These cardiovascular indices were measured 

during the second baseline period. 
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Table 5. Self-report Measures of Subject Experiences during Stressors 

Self-Report 

Measure 

Mean (S.D.) F Value (p Value) 

MA CPT MA vs. CPT 

PANAS N 16.98 (7.21) 16.13 (5.50) 0.40 (.528) 

Subjective Rating 3.26 (1.93) 4.57 (2.00) 10.17 (.002) 

 

Note: PANAS N: Positive and Negative Affect Schedule negative affect; 

Subjective Rating is a 10-point Likert scale of unpleasantness and/or stress 

experienced during the stressors. MA is the mental arithmetic group; CPT is 

the cold pressor task group. 
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Table 6. Correlations among Cardiovascular Reactivity Measures 

 Δ IBI Δ RMSSD Δ HF HRV Δ SBP Δ DBP 

MA      

Backward Digit Span -.074 .015 -.012 -.092 -.105 

Δ IBI ─ .600** .361* -.523** -.610** 

Δ RMSSD ─ ─ .529** -.097 -.216 

Δ HF HRV ─ ─ ─ -.005 -.114 

CPT      

Backward Digit Span .248 .458 .231 -.429** -.384* 

Δ IBI ─ .495** .522** -.621** -.691** 

Δ RMSSD ─ ─ .646** -.546** -.446** 

Δ HF HRV ─ ─ ─ -.464** -.468** 

 

Note: Δ IBI: inter-beat interval change from the second baseline to the 

stressor; Δ RMSSD: root mean square of successive differences changes from 

the second baseline to the stressor; Δ HF HRV: high frequency component of 

heart rate variability change from the second baseline to the stressor; Δ SBP: 

systolic blood pressure change from the second baseline to the stressor; Δ 

DBP diastolic blood pressure change from the second baseline to the stressor. 

MA is the mental arithmetic group; CPT is the cold pressor task group. 

 

 

 

 

  



 

84 

Table 7. Performance in Testing Trials of Pre- and Post-Stress Learning Task 

Trial Type 

Pre-stress  Post-stress 

Accuracy 

(%; S.D.) 

RT 

(ms; S.D.) 
 

Accuracy 

(%; S.D.) 

RT 

(ms; S.D.) 

Replication 

86.1 

(17.4) 

1079.71 

(309.4) 
 

86.7 

(15.5) 

988.91 

(280.90) 

Go 

82.7 

(19.2) 

1042.9 

(334.6) 
 

88.7 

(12.6) 

899.11 

(246.32) 

No-Go 

76.5 

(19.8) 

1246.44 

(316.79) 
 

77.8 

(21.5) 

1166.03 

(337.78) 

High Conflict 

71.7 

(17.5) 

1269.10 

(342.73) 
 

71.9 

(16.9) 

1169.19 

(350.85) 

 

Note: Replication: AB/CD/EF trials that were the same pairs as in the 

learning phase; Go: AC/AD/AE/AF trials, in which A was always the 

correct choice; No-Go: BC/BD/BE/BF trials, in which B was always the 

incorrect choice; High Conflict: CE/CF/DE/DF trials. 

 

 

 

 

 

 

 

 

 



 

85 

Table 8. Correlations among Cardiovascular Reactivity Measures and Learning Rates 

 Δ IBI Δ RMSSD Δ HF HRV Δ SBP Δ DBP PANAS  Stress Rating 

MA        

LR 1 -.006 .029 .074 .002 .023 -.395** -.345* 

LR 2 -.038 .203 .176 .147 .192 -.057 -.277 

LR 3 .103 .234 .173 .105 .067 -.357* -.304* 

CPT        

LR 1 -.192 -.227 -.226 .132 .089 .181 .441** 

LR 2 -.143 .180 .074 -.115 -.063 -.028 .135 

LR 3 -.086 -.161 -.079 -.141 -.019 -.222 .093 

 

Note: Δ IBI: inter-beat interval change from the second baseline to the stressor; Δ RMSSD: root 

mean square of successive differences changes from the second baseline to the stressor; Δ HF 

HRV: high frequency component of heart rate variability change from the second baseline to the 

stressor; Δ SBP: systolic blood pressure change from the second baseline to the stressor; Δ DBP 

diastolic blood pressure change from the second baseline to the stressor. PANAS: Positive and 

Negative Affect Schedule negative affect score. LR1: learning rate for the AB pair in the pre-

stress learning phase; LR2: learning rate for the CD pair in the pre-stress learning phase; LR3: 

learning rate for the EF pair in the pre-stress learning phase. MA is the mental arithmetic group; 

CPT is the cold pressor task group 
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Table 9. Results of 2 (Stress Manipulation) × 3 (Type of Learning Rate) × 2 (Stress Group) 

Repeated Measures ANOVA on Learning Rate 

 

Source MS df F p ηp
2 

Stress Manipulation 0.070 1 2.69 .105 .032 

LR Type 0.229 2 20.41 < .001 .199 

Stressor Group 0.010 1 0.16 .687 .002 

Stress × Type 0.087 2 5.51 .005 .063 

Stress × Group 0.002 1 0.06 .802 .001 

Type × Group 0.001 2 0.07 .930 .001 

Stress × Type × Group 0.003 2 0.19 .830 .002 

 

Note: Stress Manipulation has two levels: pre- and post-stress; Type of 

Learning Rate has three levels: the AB pair, the CD pair, and the EF pair; 

Stress Group has two levels: the MA and the CPT group; Stress × Type is 

the interaction term between Stress Manipulation and Type of Learning 

Rate; Stress × Group is the interaction term between Stress Manipulation 

and Stress Group; Type × Group is the interaction term between Type of 

Learning Rate and Stress Group; Stress × Type × Group is the three-way 

interaction among Stress Manipulation, Type of Learning Rate, and Stress 

Group. 
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Table 10. Results of 2 (Stress Manipulation) × 4 (Type of Testing Trials) × 2 (Stress Group) 

Repeated Measures ANOVA on Accuracy of Testing Trials 

 

Source MS df F p ηp
2 

Stress Manipulation 0.079 1 3.27 .074 .035 

Testing Type 0.911 3 36.48 < .001 .288 

Stressor Group 0.121 1 1.68 .199 .018 

Stress × Type 0.034 3 1.29 .280 .014 

Stress × Group 0.149 1 6.18 .015 .064 

Type × Group 0.010 3 0.41 .728 .005 

Stress × Type × Group 0.039 3 1.26 .288 .014 

 

Note: Stress Manipulation has two levels: pre- and post-stress; Type of 

Testing Trials has four levels: the replication trials, the Go trials, the No-

Go trials, and the high conflict trials; Stress Group has two levels: the MA 

and the CPT group; Stress × Type is the interaction term between Stress 

Manipulation and Type of Testing Trials; Stress × Group is the interaction 

term between Stress Manipulation and Stress Group; Type × Group is the 

interaction term between Type of Learning Rate and Stress Group; Stress 

× Type × Group is the three-way interaction among Stress Manipulation, 

Type of Testing Trials, and Stress Group. 
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Table 11. Results of 2 (Stress Manipulation) × 4 (Type of Testing Trials) × 2 (Stress Group) 

Repeated Measures ANOVA on Response Time of Testing Trials 

 

Source MS df F p ηp
2 

Stress Manipulation 1979728.774 1 20.65 < .001 .187 

Testing Type 2833647.102 3 120.58 < .001 .573 

Stressor Group 933072.463 1 1.66 .201 .018 

Stress × Type 49736.346 3 1.53 .219 .017 

Stress × Group 15620.152 1 0.16 .687 .002 

Type × Group 27165.088 3 1.16 .327 .005 

Stress × Type × Group 41326.792 3 1.27 .285 .013 

 

Note: Stress Manipulation has two levels: pre- and post-stress; Type of Testing 

Trials has four levels: the replication trials, the Go trials, the No-Go trials, and the 

high conflict trials; Stress Group has two levels: the MA and the CPT group; 

Stress × Type is the interaction term between Stress Manipulation and Type of 

Testing Trials; Stress × Group is the interaction term between Stress Manipulation 

and Stress Group; Type × Group is the interaction term between Type of Learning 

Rate and Stress Group; Stress × Type × Group is the three-way interaction among 

Stress Manipulation, Type of Testing Trials, and Stress Group. 
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Figure 1. A Model of Biological Disengagement (adapted from Ginty, 2013) 
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Figure 2. Stimulus Presentation in Each Trial of the Feedback-based Learning Task (adapted from Cavanagh et al., 2011) 
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Figure 3. Procedure of the Experiment 
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Figure 4. Learning Rate for Different Stimulus Pairs in the MA and the CPT Group 
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Figure 5. Accuracy of Testing Trials in the MA and the CPT Group 
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Appendix A 

Depression Anxiety Stress Scales (DASS) 

Direction 

Each item of this questionnaire is a statement that a person may either agree with or disagree 

with.  For each item, indicate how much you agree or disagree with what the item says.  Please 

respond to all the items; do not leave any blank.  Choose only one response to each 

statement.  Please be as accurate and honest as you can be.  Respond to each item as if it were 

the only item.  That is, don't worry about being "consistent" in your responses.  Choose from the 

following four response options: 

 

 

                   circle #:                                                             if the statement is: 

                         0                                                              Did not apply me at all; 

                         1                                   Applied to me to some degree or for some of the time; 

                         2                             Applied to me to a considerable degree or a good part of time; 

                         3                                             Applied to me very much or most of the time. 
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1. I found myself getting upset by quite trivial things. 

                              0                 1                 2                 3 

2. I tended to over-react to situations. 

                               0                 1                 2                 3 

3. I found it difficult to relax. 

                               0                 1                 2                 3 

4. I found myself getting upset rather easily. 

                               0                 1                 2                 3 

5. I felt that I was using a lot of nervous energy. 

                               0                 1                 2                 3 

6. I found myself getting impatient when I was delayed in anyway (e.g. lifts, traffic lights, being 

kept waiting). 

                               0                 1                 2                 3 

7. I felt that I was rather touchy. 

                               0                 1                 2                 3 

8. I found it hard to wind down. 

                               0                 1                 2                 3 

9. I found that I was very irritable. 

                               0                 1                 2                 3 

10. I found it hard to calm down after something upset me. 

                               0                 1                 2                 3 

11. I found it difficult to tolerate interruptions to what I was doing. 

                               0                 1                 2                 3 
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12. I found myself getting agitated. 

                               0                 1                 2                 3 

13. I was in a state of nervous tension. 

                               0                 1                 2                 3 

14. I was intolerant of anything that kept me from getting on with what I was doing. 

                               0                 1                 2                 3 
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Appendix B 

BEHAVIORAL INHIBITION AND APPROACH SCALES 

Direction 

Each item of this questionnaire is a statement that a person may either agree with or disagree 

with.  For each item, indicate how much you agree or disagree with what the item says.  Please 

respond to all the items; do not leave any blank.  Choose only one response to each 

statement.  Please be as accurate and honest as you can be.  Respond to each item as if it were 

the only item.  That is, don't worry about being "consistent" in your responses.  Choose from the 

following four response options: 

 

 

 

 

circle #:                             if the statement is: 

                                             1                                           very true for me  

                                             2                                      somewhat true for me  

                                             3                                     somewhat false for me  

                                             4                                          very false for me 
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1.  A person's family is the most important thing in life. 

                  1                 2                 3                 4 

2.  Even if something bad is about to happen to me, I rarely experience fear or nervousness.  

                  1                 2                 3                 4 

3.  I go out of my way to get things I want.  

                  1                 2                 3                 4 

4.  When I'm doing well at something I love to keep at it.  

                  1                 2                 3                 4 

5.  I'm always willing to try something new if I think it will be fun.  

                  1                 2                 3                 4 

6.  How I dress is important to me.  

                  1                 2                 3                 4 

7.  When I get something I want, I feel excited and energized.  

                  1                 2                 3                 4 

8.  Criticism or scolding hurts me quite a bit.  

                  1                 2                 3                 4 

9.  When I want something I usually go all-out to get it.  

                  1                 2                 3                 4 

10.  I will often do things for no other reason than that they might be fun. 

                  1                 2                 3                 4 

11.  It's hard for me to find the time to do things such as get a haircut.  

                  1                 2                 3                 4 
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12.  If I see a chance to get something I want I move on it right away.  

                  1                 2                 3                 4 

13.  I feel pretty worried or upset when I think or know somebody is angry at me.  

                  1                 2                 3                 4 

14.  When I see an opportunity for something I like I get excited right away.  

                  1                 2                 3                 4 

15.  I often act on the spur of the moment.  

                  1                 2                 3                 4 

16.  If I think something unpleasant is going to happen I usually get pretty "worked up."  

                  1                 2                 3                 4 

17.  I often wonder why people act the way they do.  

                  1                 2                 3                 4 

18.  When good things happen to me, it affects me strongly.  

                  1                 2                 3                 4 

19.  I feel worried when I think I have done poorly at something important.  

                  1                 2                 3                 4 

20.  I crave excitement and new sensations. 

                  1                 2                 3                 4 

21.  When I go after something I use a "no holds barred" approach.  

                  1                 2                 3                 4 

22.  I have very few fears compared to my friends.  

                  1                 2                 3                 4 
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23.  It would excite me to win a contest.  

                  1                 2                 3                 4 

24.  I worry about making mistakes.  

                  1                 2                 3                 4 
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Appendix C 

Gray-Wilson Personality Questionnaire 

 

Please answer each question below by putting a circle around either the ‘yes’ or ‘no’. If you find 

it impossible to answer for any reason, put a circle around the ‘? Work quickly and do not worry 

too much about the exact meaning of questions-there are no right or wrong answers and no trick 

questions.  
 

 

1. Are you inclined to curse audibly if something goes wrong?                                 YES       ?       NO         

 

 

 2. Could you remain still and calm if faced with 

      a dangerous animal?                                                                                               YES       ?       NO         

 

 

 3. If someone is late for an appointment, do you wait patiently 

     for them?                                                                                                                  YES       ?       NO         

 

 

 4. If you were accosted in the street by muggers, would you 

     probably scream and run?                                                                                        YES       ?       NO                         

 

 

 5. Have you ever felt like killing someone?                                                                 YES       ?       NO         
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 6. At school, were you fairly brave if you fell over and hurt yourself?                       YES       ?       NO         

 

 

 7. If rain is forecast do you remember to carry a coat or umbrella 

     when you go out?                                                                                                     YES       ?       NO         

 

 

 8. If you had to make a public speech, might you be ‘lost for words’?                       YES       ?       NO                 

 

 

 9. Are you inclined to tell lies if you think they will get you out of 

     trouble?                                                                                                                     YES       ?       NO             

 

 

10. Could you remain calm and silent if you hit your thumb with 

       a hammer?                                                                                                               YES       ?       NO            

 

 

11. Would you avoid talking as much as possible if you had a throat 

       infection?                                                                                                                 YES       ?       NO         

 

 

12. Would the sight of blood cause you to turn away from the scene 

       of an accident?                                                                                                         YES       ?       NO         
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13. If you saw some clothes you liked in a shop when you were in 

      a hurry would you be likely to buy them without trying them on 

      properly?                                                                                                                   YES       ?       NO                      

 

 

14. Could you work effectively in a medical job that involved 

       attending to severe wounds?                                                                                    YES       ?       NO         

 

 

15. As a schoolchild were you careful to do any homework 

      required of you?                                                                                                      YES       ?       NO         

         

 

16. Do you take it to heart and ‘fall to pieces’ if someone  

      criticizes you?                                                                                                         YES       ?       NO         

         

 

17. As a child, did you get involved in physical fights with other 

      children?                                                                                                                 YES       ?       NO         

 

 

18. Are you fairly stalwart and courageous when it comes to 

      medical procedures that involve you in short-term pain?                                      YES       ?       NO         
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19. Do you find it hard to imagine how anyone could become 

      so angry as to commit murder?                                                                              YES       ?       NO         

 

 

20. Do you avoid competitive games and sports if there is a high 

      probability you will lose?                                                                                       YES       ?       NO         

 

 

21. Are you inclined to run up debts if credit facilities are readily 

      available?                                                                                                                YES       ?       NO         

 

 

22. Do you enjoy the challenge of playing games against people 

      who are superior to you?                                                                                        YES       ?       NO         

 

 

23. Do you think carefully about whether you can afford 

      something before going ahead and buying it?                                                        YES       ?       NO         

  

 

 

24. Are you likely to yelp with pain if you twist your ankle or 

      prick yourself accidentally?                                                                                    YES       ?       NO         

 

 

25. If you hurt yourself accidentally, do you sometimes blame 
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      somebody who happens to be nearby even though you realize, 

      on reflection, that they were not responsible?                                                        YES       ?       NO         

  

 

26. Can you remain fairly relaxed when you hear a police or 

      ambulance siren?                                                                                         YES       ?       NO         

 

 

27. If your boss was displeased with your work, would you 

      redouble your efforts?                                                                                 YES       ?       NO         

 

 

28. Are you easily upset by socially embarrassing situations?                         YES       ?       NO                            

 

 

  



 

106 

Appendix D 

STAI-T 

DIRECTIONS: A number of statements which people have used to describe themselves are given below.  

Read each statement and then circle the appropriate number to the right of the statement to indicate how 

you GENERALLY feel.  There are no right or wrong answers.  Do not spend too much time on any one 

statement but give the answer which seems to describe how you generally feel. 

 

             

                                                                   ALMOST                                                                 ALMOST 

                                                                                                                 NEVER          SOMETIMES        OFTEN            ALWAYS 

1.  I feel pleasant……………………………...………….       1               2                  3               4 

2.  I tire quickly…………………………………………..      1               2                  3               4 

3.  I feel like crying………………………………..……..       1               2                  3               4 

4.  I wish I could be as happy as others seem to be….…..       1               2                  3               4  

5. I am losing out on things because 

I can’t make up my mind soon enough……………….       1               2                  3               4  

6.  I feel rested…………………………………………..        1               2                  3               4 

7.  I am “calm, cool, and collected”……………………..       1               2                  3               4  

8.  I feel that difficulties are piling up 

      so that I cannot overcome them……………………..       1               2                  3               4 

9.  I worry too much over something 

     that really doesn’t matter…………………………….       1               2                  3               4 

10. I am happy…………………………………………..       1               2                  3               4 

11. I am inclined to take things hard……………………       1               2                  3               4 

12. I lack self-confidence……………………………….       1               2                  3               4 

13. I feel secure…………………………………………       1               2                  3               4 

14. I try to avoid facing a crisis or difficulty……………      1               2                  3               4  

15. I feel blue……………………………………………      1               2                  3               4 
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16. I am content…………………………………………      1               2                  3               4 

17. Some unimportant thought runs 

      through my mind and bothers me…………………...     1               2                  3               4 

18. I take disappointments so keenly that 

      I can’t put them out of my mind……….……………     1               2                  3               4 

19. I am a steady person…………………………………    1               2                  3               4 

20. I become tense and upset when 

      I think about my present concerns…………………      1               2                  3               4 
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Appendix E 

The Positive and Negative Affect Schedule (PANAS) 
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Appendix F 

Mind-Body Laboratory Health History Questionnaire  

A very brief medical history must be obtained as part of the experimental protocol. It is very 

important that you be completely honest. This information will be kept strictly confidential.  

 

1. What is your age, height, weight, and gender?  

Age: _____ years  

Height: _____ feet, _____ inches  

Weight: _____ pounds  

Sex: ___M ___F  

Handedness: ___R ___L 

 

2. Since birth, have you ever been hospitalized or had any major medical problems?  

___ Yes ___ No  

If Yes, briefly explain:  

 

3. Have you ever experienced a concussion or lost consciousness due to a blow to the head?  

___ Yes ___ No  

If Yes, briefly explain:  

 

4. Have you ever had problems that required you to see a counselor, psychologist, or 

psychiatrist?  

___ Yes ___ No  
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If Yes, briefly explain: 

 

5. Do you use tobacco products of any kind?  

___ Yes ___ No  

If Yes, describe what kind how often/much:  

 

 

6. Have you ever been diagnosed with a psychological disorder?  

___ Yes ___ No  

If Yes, briefly explain:  

 

 

7. Do you currently have or have you ever had any of the following?  

___ Yes ___ No Strong reaction to cold weather  

___ Yes ___ No Circulatory problems  

___ Yes ___ No Tissue disease  

___ Yes ___ No Skin disorders (other than facial acne)  

___ Yes ___ No Arthritis  

___ Yes ___ No Asthma  

___ Yes ___ No Lung problems  

___ Yes ___ No Cardiovascular disorder/disease  

___ Yes ___ No Diabetes  

___ Yes ___ No Hypoglycemia  
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___ Yes ___ No Hypertension (high blood pressure)  

___ Yes ___ No Hypotension (low blood pressure)  

___ Yes ___ No Hepatitis  

___ Yes ___ No Neurological problems  

___ Yes ___ No Epilepsy or seizures  

___ Yes ___ No Brain disorder  

___ Yes ___ No Stroke  

If you responded Yes to any of the above conditions, briefly explain:  

 

8. Have you ever been diagnosed as having:  

___ Yes ___ No Learning deficiency or disorder  

___ Yes ___ No Reading deficiency or disorder  

___ Yes ___ No Attention deficit disorder  

___ Yes ___ No Attention deficit hyperactivity disorder;  

 

9. Do you have:  

___ Yes ___ No Claustrophobia (extreme fear of small closed spaces)  

___ Yes ___ No Blood phobia (extreme fear of needles or blood)  

___ Yes ___ No Phobia of any type (if Yes, briefly explain:)  

___ Yes ___ No Generalized anxiety disorder  

___ Yes ___ No Anxiety disorder of any type (if Yes, briefly explain:)  

If you responded Yes, briefly explain here:  
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10. Do you have:  

___ Yes ___ No Open sores on foot 

___ Yes ___ No Plantar’s warts 

___ Yes ___ No Fugal toe infections 

___ Yes ___ No Other physical ailments related to foot (if Yes, briefly explain:) 

If you responded Yes, briefly explain here: 

 

11. List any over-the-counter or prescription medications you are currently taking: 

 

12. List the symptoms that these drugs are treating  

 

13. List any other medical conditions that you have or have had in the past:  

 

14. What is your average daily caffeine consumption (approximate number of cups/glasses of 

coffee, tea, or caffeinated soda)?  

 

15. What is your average weekly alcohol consumption (approximate number of alcoholic 

beverages)?  

 

16. How many hours of sleep do you average per night? 

 


