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Abstract 

Despite the impact of stress on both physical and psychological health, very few 

people seek professional support in managing their stress. Potential targets for non-

clinical interventions to aid in stress management are therefore a timely area to explore. 

Emerging research has found that holding the belief that stress can have enhancing 

consequences–stress mindset–can have a positive effect on physical and psychological 

wellbeing, coping behaviours, affective outcomes, and performance in response to 

laboratory stressor tasks and ecological stress over short periods of time. Stress mindset 

has also been found to be malleable through brief multimedia interventions and may 

therefore be a suitable target for non-clinical interventions to aid in stress management. 

Mindsets are conceptualised as an individual’s beliefs about whether fundamental 

attributes are fixed or malleable; however, the existing measure of stress mindset 

diverges from this conceptualisation, operationalising stress mindset as strictly 

enhancing or strictly debilitating. There is also a lack of data explaining the mechanisms 

through which stress mindsets influence these stress-related outcomes. Further, 

interventions have only been evaluated in the context of responses to laboratory 

stressors and ecological stressors over a few days. 

The program of research presented in this thesis has three overarching aims. The 

first aim is to develop and evaluate a model that explains the mechanisms through 

which stress mindset influences stress-related outcomes and to evaluate whether the 

structure of the proposed model holds in a different context and sample. The second aim 

is to advance measurement of stress mindset through the development and validation of 

a measure of stress mindset that is theoretically-consistent. The final aim is to develop 

and evaluate the effect of a novel intervention on individuals’ stress mindset, and on 

stress-related outcomes while individuals experience ecological stress over a two-week 
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period. As a thesis by publication, four papers report the four studies that comprise this 

program of research. 

Study 1 aimed to validate the stress control mindset measure (SCMM) across 

samples from Australia (n = 218) and the United Kingdom (n = 214). Confirmatory 

factor analyses indicated a consistent four-factor structure and measurement invariance 

across samples. Construct validity regarding conceptually-related measures and 

reliability was also supported across both samples. Stepwise regression analyses also 

indicated that the SCMM exhibited incremental validity, accounting for significantly 

more variance in health and wellbeing outcomes than the stress mindset measure. The 

SCMM is therefore a valid and reliable measure with good psychometric properties that 

addresses the divergence in measurement and theory of stress mindset. 

To develop an understanding of the mechanisms through which stress mindset 

may influence health and performance outcomes, Study 2 developed and tested a novel 

stress beliefs model. Undergraduate students (n = 218) completed study measures in a 

research laboratory. Findings indicate that behaviours with the goal of proactively 

meeting demands under stress and perceived somatic symptoms are important mediators 

of the effect of stress mindset on health- and performance-related outcomes. Study 3 

aimed to test the stress beliefs model in a sample of police officers, replicating and 

extending upon Study 1 and using a Bayesian analytic technique to provide updated 

estimates of model parameters. Police officers (n = 134) completed study measures in 

an online survey. Findings supported model predictions, with behaviours aimed at 

proactively meeting demands and perceived somatic symptoms mediating the effects of 

stress mindsets on health-related outcomes. The findings from these studies provide 

formative data which can inform the development of future interventions aiming to 

encourage more adaptive responses to stress. 
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Study 4 aimed to develop and test of a novel imagery intervention to change 

stress mindset. The study adopted a pre-registered randomized placebo-controlled trial 

design. University students (n = 150) attended a research laboratory twice over two 

weeks, receiving the intervention or placebo in Session 1, and completing measures in 

both sessions. Students’ academic performance data was collected from university 

records. Large-sized differences in stress mindset were observed in intervention group 

participants immediately following the intervention and at the two-week follow-up 

relative to controls. However, there were no effects of the intervention for the pre-

registered analyses. Further theory guided analyses robust effects of the intervention on 

perceived distress, positive and negative affect, proactive behavior, and academic 

performance at the follow-up in individuals with high baseline perceived stress.  

Overall, the findings of this research program make an important contribution to 

our knowledge of stress mindset and provide important theoretical and practical 

implications. The research provides advances in measurement with the new measure of 

stress mindset, the SCMM, addressing a prior divergence in theory and measurement 

and accounting for more variance in health and wellbeing outcomes than the existing 

measure. The development and testing of the stress beliefs model in students and police 

officers provides foundational theory for understanding how stress mindsets influence 

health and performance, identifying that proactive coping behaviour under stress and 

perceptions of somatic symptoms are mediators in this process.  The final study 

developed and tested a novel mental imagery intervention, and findings indicate that the 

intervention is a promising approach for changing individuals’ stress mindset and that 

changing stress mindset can have beneficial effects on coping with ecological stressors. 

 

Keywords: Stress, coping, mindset, implicit theories, measurement, dual-process 

theories, randomised controlled trial  
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Chapter 1: Introduction to Stress and Health 

Chapter Introduction 

The purpose of this chapter is to provide a background to the program of 

research reported in this these and to outline why it is important to work toward non-

clinical interventions that can help individuals to manage their stress. This chapter 

begins by providing definitions of terminology related to stress that will be used 

throughout the thesis. This is followed by an overview of the theories that have 

dominated the stress literature. An outline of the effect of stress on health and the 

mechanisms through which affects health is then provided. The focus then moves to an 

overview of the impact of stress on health in Australia, the impact of stress on health in 

students, and the impact of stress on health in high-stress occupations. Following on 

from this overview of the negative consequences of stress, the chapter concludes with 

an outline of the positive consequences of stress and why they are important.  

Definitions of Stress 

Stress is most commonly defined as the transaction between a person and their 

environment, whereby the person first appraises events for whether they are stressful 

and subsequently appraises their ability to cope based on their own personal resources 

(Lazarus & Launier, 1978). Building on these early definitions, Lovallo (2015) 

described stress as the result of a process by which a stimulus event, or stressor, 

challenges the integrity or health of the body, a resultant tension occurs (stress 

response), and then a compensatory response to the stressor occurs. The severity of the 

tension is a result of the interaction between the size of the stressor and the 

compensatory response, whereby a larger stressor and a lesser or less effective 

compensation would result in greater tension (Lovallo, 2015). This tension is commonly 

described by people as a state of stress. 
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Stress can be of physical or psychological origin (Lovallo, 2015). Ambient 

stressors, such as temperature, toxic substances, and infection, are examples of physical 

stressors because they pose a direct threat to physical wellbeing (Lovallo, 2015). 

Disappointment (e.g., resulting from failure) or experiencing a social-evaluative 

situation (e.g., public speaking) are examples of psychological stressors, because they 

have the potential to threaten one’s emotional safety and wellbeing (Lovallo, 2015). 

Further, the response to short-term intense stressors (e.g., exams or public speaking) is 

referred to as acute stress, while the response to more enduring stressors (e.g., work 

stress or poverty) is referred to as chronic stress (Ogden, 2012). 

Theories of Stress 

Early theories of stress. In the last century, several theories were developed in 

an attempt to explain the stress response and to inform intervention efforts. Early 

researchers conceptualised stress as the automatic response to an external stressor. One 

of the earliest models was the “fight-or-flight” model of stress, which posited stress as a 

physiological response of increased arousal and increased activity (Cannon, 1932). The 

goal of this response was to allow an individual to manage stress by fighting or escaping 

from the source. Cannon’s approach viewed the stress response as primarily adaptive; 

however, it was recognised that prolonged stress could lead to medical problems. 

Subsequently, a three-stage model of the stress response was developed (Selye, 

1956). Selye’s general adaptation syndrome (GAS) suggests that the first stage in the 

stress response is the alarm phase. In this stage, the threat is identified, and the body is 

in a state of alarm whereby physiological resources such as adrenalin are mobilised to 

create a brief period of arousal that prepares the body for vigorous activity to escape or 

resist the stressor. The second stage is referred to as resistance. This stage involves 

coping with the stressor and a subsequent attempt to reverse the effects of the previous 

stage. If the stressor persists, the final stage is that of an exhaustion of physiological and 
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coping resources, which can result in illness. This stage occurs when the escape or 

resistance does not terminate the stressor and the individual becomes exhausted and 

unable to continue the resistance (Selye, 1956). The GAS approach further suggests that 

the response to stress is physiologically automatic, regardless of the nature of the 

stressor. 

The transactional model of stress. Criticism surrounding the automaticity and 

purely biological focus of the aforementioned approaches led to the development of an 

approach that explored the idea that individuals do not passively respond to stressors, 

but instead interact with them through a process of cognitive appraisal (Lazarus, 1999; 

Lazarus & Folkman, 1984). Lazarus argued that an individual needs to appraise an 

external event as stressful in order for a stress response to be elicited, and that both 

primary and secondary forms of appraisal can occur. Primary appraisal refers to the 

initial appraisal of the event itself, regarding whether or not it is stressful. Lazarus 

theorised that in primary appraisal, events are appraised in one of the following ways: 

irrelevant, benign and positive, or potentially stressful; if the event is perceived as 

potentially stressful, it is further considered as involving either harm (loss), threat, or 

challenge. Secondary appraisal, which occurs after an event is appraised as stressful, 

relates to an individual’s self-appraisal of their ability to cope with the particular 

stressor. The elicitation of a stress response then occurs, or does not need to occur, 

based on the preceding appraisals. 

Providing support for the transactional model of stress, an early experimental 

study found that it is not the event itself that elicits the stress response, but rather the 

appraisal or interpretation of the stressor (Speisman, Lazarus, Mordkoff, & Davison, 

1964). Another study, when comparing physiological markers of stress in terminally ill 

patients who were conscious and unconscious, found that those who were unconscious 

exhibited lower levels of stress-related physiological arousal (Mason, 1975). Hence, 
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because the conscious patients were able to appraise the stressor, it was concluded that 

in order to elicit a stress response a degree of awareness of the stressor was required. 

The transactional model further describes that the actual event is irrelevant, and that the 

elicitation of the stress response depends upon the individual’s cognitive appraisal of 

that event (Lazarus, 1999; Lazarus & Folkman, 1984).  

According to the transactional model, the response to stress takes one of the 

following forms: direct action, seeking information, doing nothing, or employing 

relaxation or defence mechanisms (Lazarus, 1999; Lazarus & Folkman, 1984). These 

efforts to prevent or mitigate harm, threat, loss, or distress are referred to as coping, and 

a range of distinctions have been made in the literature regarding types of coping 

(Carver & Connor-Smith, 2010). Most notable is the distinction between problem-

focused and emotion-focused forms of coping. Problem-focused coping is directed 

toward reducing the magnitude of the stressor itself, and in particular taking steps to 

evade or diminish it, while emotion-focused coping is aimed at reducing the feeling of 

tension or distress—some examples include relaxation, venting, or avoidance (Carver & 

Connor-Smith, 2010). However, these cognitive and behavioural coping responses to 

stress can have health consequences, as can physiological responses to stress that persist 

over an extended period of time and are not attenuated through coping. The following 

section explores these mechanisms through which stress has been found to influence 

health. 

Stress and Health 

Stress has been found to influence health through two key mechanisms: 

physiological responses and changes in behaviour (Cohen, Gianaros, & Manuck, 2016). 

First, stress triggers physiological responses that are designed to prepare the body to 

manage or escape the stressor. Second, given the symptoms associated with the stress 

response, such as fatigue, sleep disturbance, nausea, and muscle tension (Lyon, 2012), 
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individuals often employ emotion-focused coping behaviours aimed at managing the 

felt discomfort and attenuating the heightened arousal. While emotion-focused coping 

can be adaptive in some instances, such as when a stressor is outside of an individual’s 

control, some emotion-focussed strategies can have negative health consequences.  

Stress and changes in physiology. Physiological responses to acute stress occur 

in two parts. First, the stress response triggers activation of the sympathetic nervous 

system with concurrent down-regulation of the parasympathetic nervous system, 

resulting in the production of catecholamines such as adrenaline and noradrenalin. This 

activation results in changes in heart rate, sweat secretion, blood pressure, and pupil 

dilation, which are characteristic of a fight-or-flight response (Cannon, 1932). 

Prolonged activation of the sympathetic nervous system has been found to increase the 

likelihood of blood clot formation, increased blood pressure, arterial plaque formation, 

and immunosuppression (Johnston, 2002). More recently, the magnitude and duration of 

stress-induced catecholamine increases have been shown to exert a significant effect on 

body tissues and immune function (Dhabhar, 2014). Second, stress triggers increases in 

activation of the hypothalamic-pituitary-adrenocortical (HPA) axis (Kunz-Ebrecht, 

Mohamed-Ali, Feldman, Kirschbaum, & Steptoe, 2003; Selye, 1956, 1975), resulting in 

increased production of corticosteroids such as cortisol, which is commonly referred to 

as the “stress hormone”. These allostatic systems are designed to maintain “stability 

through change”, returning the body to homeostasis following the response to an acute 

stressor (Sterling & Eyer, 1988). The body is able to cope effectively with these 

stressors when allostatic systems are efficiently and infrequently activated and 

deactivated. However, overstimulation can prevent these systems from performing 

normally, leading to dysregulated patterns of cortisol secretion (Adam et al., 2017; 

Miller, Chen, & Cole, 2009). This overstimulation is referred to as allostatic load and 

can lead to disease over long periods of time (McEwen, 1998; McEwen, 2008, 2017; 
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McEwen & Stellar, 1993). More recent research has identified that vulnerability to 

physical and psychological health problems occurs through dysregulated patterns of 

cortisol secretion affecting the functioning of bodily systems such as the immune, 

metabolic, nervous, and vascular systems (Adam et al., 2017; Kumari et al., 2009; 

Kumari, Shipley, Stafford, & Kivimaki, 2011). 

Stress and changes in behaviour. In the short term, the subjective experience 

of stress is commonly associated with headaches, fatigue, muscle tension, sleep 

disturbance, and nausea (Lyon, 2012). Given the symptoms associated with the stress 

response, and because the stress response is argued to occur when the demands of the 

stressor outweigh perceived ability to cope (Lazarus & Launier, 1978), it is unsurprising 

that changes in behaviour designed to cope with stress-related symptoms and 

experiences frequently occur. Stress has been linked to a range of negative behavioural 

outcomes, including engagement in health-risk behaviours that directly affect health, 

such as smoking, alcohol consumption, unhealthy eating, and reduced exercise 

(Hamilton, Ansell, Reynolds, Potenza, & Sinha, 2013; Metcalfe et al., 2003; Slopen et 

al., 2013; Stults-Kolehmainen & Sinha, 2014).  

Several studies have also found higher levels of stress to be associated with 

smoking persistence and relapse among those who already smoke (Slopen et al., 2013), 

while other studies have found smoking uptake in adolescence is higher among those 

who have been exposed to stressful life events. Perceived stress has also been linked to 

increased alcohol consumption among those who drink alcohol (Heslop et al., 2001; 

Metcalfe et al., 2003). This observed effect is likely due to the posited tension-reducing 

properties of alcohol (Cappell & Herman, 1972) and the common expectancies of the 

effects of alcohol in reducing tension (Brown, 1985; Goldsmith, Thompson, Black, 

Tran, & Smith, 2012; Kalodner, Delucia, & Ursprung, 1989; Schmidt, Eulenbruch, 

Langer, & Banger, 2013). Eating behaviours, including under- or over-consumption of 
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specific dietary components, as well as increases in snacking behaviour, have also been 

found to be influenced by stress (Newman, O’Connor, & Conner, 2007). Given the 

association between stress and the aforementioned health behaviours, that may be seen 

as emotion-focussed strategies for coping, it is likely that interventions effective in 

curbing the symptoms associated with the subjective experience of stress will reduce 

engagement in these maladaptive behaviours as a means of coping with stress. 

Stress can also result in changes in behaviour that are problem-focussed and 

aimed at reducing the magnitude of the stressor itself (Carver & Connor-Smith, 2010). 

For example, if a student is feeling stressed about an upcoming exam, they may employ 

strategies such as creating a study timetable to ensure that they are well prepared for the 

exam. Similarly, if they are experiencing financial stress they may seek support in 

creating a budget. While in both examples the emotional experience of distress may 

attenuate, these strategies would be considered problem-focussed because of their 

proximal goal of reducing the magnitude of the stressor itself (Carver & Connor-Smith, 

2010).  

The impact of stress on health in Australia. In the Australian Psychological 

Society (APS) Stress and Wellbeing Survey 2014 (Casey, 2014), 72% of Australians 

reported that current stress had at least some impact on their physical health, with 

almost one in five (17%) people reporting that their current stress was having a very 

strong impact. Further, 64% of Australians reported that their current stress had at least 

some impact on their mental health, with one in five (19%) reporting that current stress 

was having a very strong impact. The perceived impact of stress decreased with 

increasing age, and women were significantly more likely to report both physical and 

mental consequences than men (Casey, 2014). Only 13% of Australians, however, 

reported seeking professional assistance for managing stress (Casey, 2014), which is 3% 

lower than the previous year (Casey, 2013). Limited objective data exists on the 
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economic cost of stress and stress-related illness, and research has to date only 

examined economic cost in the context of workplace stress. For example, a report 

commissioned by health insurer Medibank (2008) reported that stress-related 

absenteeism (absence from work) and presenteeism (working while unwell) costs the 

Australian economy AU$14.81 billion per year. Similarly, the American Institute of 

Stress (2019) in the US estimated that job stress alone has an economic impact of 

US$300 billion per year due to expenses such as medical and insurance costs, 

absenteeism, and compensation payments. Given reported impacts of stress on the 

physical and mental health of Australians, along with the low engagement with 

professional support services, developing non-clinical interventions to reduce the 

impact of stress is an important direction for research. 

The impact of stress on health in students and young people. Among the 

general population in Australia, Casey (2014) identified that young adults (aged 18–25 

years) experience the highest levels of stress and distress. Students in particular reported 

one of the lowest levels of wellbeing among those surveyed (Casey, 2014). High levels 

of distress have also been observed in large studies of students in Australia (Larcombe 

et al., 2016) and in students in other developed nations, such as the US (American 

College Health Association, 2017). Research has also identified that a unique group of 

stressors are experienced by university students, such as the need to academically 

perform and balancing studies with other responsibilities (Pitt, Oprescu, Tapia, & Gray, 

2018; Ross, Niebling, & Heckert, 1999). The prevalence of psychological distress in 

students in Australia is also greater than that observed in their non-student peers 

(Stallman, 2010). In addition, while 84% of the 6,479 students sampled by Stallman 

(2010) were experiencing elevated levels of distress, only 34% of those had sought 

professional assistance in managing their stress. 
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The impact of stress on health in high-stress occupations. Aside from the 

significant stress experiences reported by students, high-stress environments are also 

characteristic of some occupations. Emergency services personnel, for example, 

regularly experience critical incidents and are exposed to working in highly stressful 

environments (Nielsen, Mearns, Matthiesen, & Eid, 2011). Police officers operating in 

the field, for example, regularly experience occupational stressors which include 

exposure to verbal abuse, physical harm, and violence (Chopko, Palmieri, & Adams, 

2015). While there are limited high-quality studies examining this topic, a recent 

systematic review revealed an association between stress in police officers and 

cardiovascular disease mortality, and that this association was stronger in the higher-

quality studies (Magnavita, Capitanelli, Garbarino, & Pira, 2018). Police officers are 

therefore an occupational group at high risk of experiencing deleterious stress-related 

health consequences.  

Positive Consequences of Stress 

Despite the negative consequences of stress outlined above, stress also has 

positive consequences. From an evolutionary perspective, stress in the short term is 

designed to be adaptive, whereby the physiological flight-or-fight response helps the 

body to protect itself from harm (Sapolsky, 1996) and provides the necessary 

motivation for achievement of goals (Fiske & Maddi, 1961; Hebb, 1955). Selye (1974) 

described this stress that enhances functioning as eustress, distinguishing it from the 

distress that arises when stress is not resolved through coping. Further, the experience 

of stress has been found to be linked to the concept of stress-related or posttraumatic 

growth; that is, individuals may be fundamentally changed for the better based on a 

stressful experience, through increases in hardiness, appreciation for life, and mental 

toughness (Tedeschi & Calhoun, 2004). Meta-analytic evidence shows that more than 

half of people experience moderate to high posttraumatic growth following a traumatic 
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event (Wu et al., 2019), and another meta-analysis indicates that both positive and 

negative life events can elicit posttraumatic growth (Mangelsdorf, Eid, & Luhmann, 

2019).  

Despite the potential positive consequences of stress outlined above, lay 

descriptions of stress often emphasise the negative consequences of stress (Kinman & 

Jones, 2005; Sharpley & Gardner, 2001). This greater emphasis is important because 

emerging evidence indicates that what an individual believes about stress is associated 

with health and performance outcomes, and that these beliefs may be malleable through 

brief, non-clinical interventions (Crum, Salovey, & Achor, 2013; Keller et al., 2012; 

Nabi et al., 2013). Many people do not seek professional support in managing their 

stress despite elevated levels of distress (Casey, 2014; Stallman, 2010), so potential 

targets for non-clinical interventions, such as beliefs about stress, are a timely area to 

explore. 

Chapter Summary 

Drawing upon early and contemporary stress theories, this chapter provided a 

conceptual overview of the stress process and the potential consequences of 

experiencing stress. Specifically, stress has both physiological and behavioural 

consequences which are designed to be adaptive and to protect the body from harm. 

However, overstimulation of these physiological systems can lead to disease over long 

periods of time (McEwen, 1998; McEwen, 2008, 2017; McEwen & Stellar, 1993). 

Behaviours aimed at attenuating this heightened arousal may also include engagement 

in health-risk behaviours that directly affect health, such as smoking, alcohol 

consumption, unhealthy eating, and reduced exercise (Hamilton et al., 2013; Metcalfe et 

al., 2003; Slopen et al., 2013; Stults-Kolehmainen & Sinha, 2014). Therefore, 

interventions that can help individuals to manage stress may affect health directly by 

reducing activation of physiological systems, and indirectly by reducing engagement in 
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health-risk behaviours as a method for managing stress. While there is limited objective 

data on the prevalence of stress-related illness, this chapter outlined that 72% of 

Australians have reported that current stress had at least some impact on their physical 

health, that there are significant economic costs of workplace stress, and that groups 

within the population such as students and emergency services personnel are at 

particular risk of experiencing the adverse consequences of stress (Casey, 2014; Chopko 

et al., 2015; Larcombe et al., 2016; Nielsen et al., 2011).  

Despite the adverse consequences of stress, stress also has positive 

consequences (Mangelsdorf et al., 2019; Wu et al., 2019). While people tend to place 

greater emphasis on the negative consequences by default (Kinman & Jones, 2005; 

Sharpley & Gardner, 2001), emerging research indicates that believing that stress has 

positive consequences is associated with positive health and performance outcomes, and 

that these beliefs may be malleable through brief, non-clinical interventions (Crum et 

al., 2013; Keller et al., 2012; Nabi et al., 2013). This is important because despite high 

levels of stress, many individuals report not seeking professional support in managing 

their stress (Casey, 2014). The following chapter therefore focusses on beliefs about 

stress and a specific conceptualisation of stress beliefs referred to as stress mindset.  
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Chapter 2: Beliefs about Stress and Stress Mindset 

Chapter Introduction 

Targeting beliefs about stress have emerged as a potential focal point of stress 

management interventions due their association with health and performance outcomes 

and their ability to be manipulated through brief non-clinical interventions. This chapter 

begins an outline of the research that has examined beliefs about stress to date. The 

chapter then moves on to provide an outline of mindsets and mindset theory, which are 

a specific conceptualisation of beliefs about human characteristics or states. The chapter 

then concludes with an overview of the research that has been conducted examining 

stress mindset to date, which provides a background of the state of knowledge in this 

area prior to the current research program. 

Beliefs about Stress 

As has been described in the previous chapter, a considerable body of research 

has established that stress can have both positive and negative consequences across a 

range of domains. However, lay descriptions of stress are often inconsistent with this 

information and predominantly emphasise the negative consequences of stress (Kinman 

& Jones, 2005; Sharpley & Gardner, 2001). These lay descriptions and the suggestion 

that negative beliefs about stress promote anxiety and undermine confidence in an 

individual’s capacity to cope (Pollock, 1988) resulted in researchers beginning to 

examine the relationship between lay beliefs about stress and affective wellbeing. 

Initially, Daniels, Hartley, and Travers (2006) conducted an experience sampling study 

with a sample of human resources workers and a sample of secondary school teachers 

over 5 days. In both samples, the association between levels of a pre-defined stressor 

and momentary negative affect was greatest in those who held the belief that stressors 

increase negative affect. Beliefs about the stressor’s impact on work performance also 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 20 

 

moderated the relationship between average levels of stressors across the five days and 

momentary negative affect in both samples. 

Two national longitudinal studies have also found that beliefs about stress 

influence health outcomes. In a prospective cohort study conducted over 8 years in the 

US, Keller et al. (2012) found an interaction between high levels of stress and the 

perception that stress negatively affects health. High levels of both stress, and the 

perception that stress affects health, were associated with a 43% greater risk of 

premature death. In the Whitehall II prospective cohort study in the UK, Nabi et al. 

(2013) also found the perception that stress affects a person’s health “a lot” or 

“extremely” was associated with a 2.12 times increased risk of non-fatal myocardial 

infarction or coronary death. 

Laferton, Stenzel, and Fischer (2018) reported on the development of a scale that 

measures negative stress beliefs (stress results in negative consequences), positive stress 

beliefs (stress results in positive consequences), and perceived controllability of stress 

(the perception that stress can be influenced through a person’s actions). They found 

that negative stress beliefs in students at the beginning of an academic year predicted 

perceived stress levels during a subsequent exam period; however, the association fell 

just short of the conventionally accepted threshold for statistical significance. In another 

study by these authors, negative stress beliefs were found to prospectively predict 

increased somatic symptoms in students (Fischer, Nater, & Laferton, 2016). Notably, in 

both studies, positive stress beliefs and perceived controllability did not predict the 

aforementioned outcomes. It is possible that negative stress beliefs, positive stress 

beliefs, and controllability are not unique constructs that predict stress-related 

outcomes. For example, theories of mindset, a specific conceptualisation of beliefs, may 

suggest that negative beliefs about a fundamental attribute sit at one end of a spectrum 

of beliefs, while more positive beliefs and beliefs about controllability or the malleable 
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nature of a construct sit at the other end of the spectrum (Dweck, Chiu, & Hong, 1995; 

Yeager & Dweck, 2012). 

Mindsets and Implicit Theories 

With the abundance of information made available by the external environment 

in everyday life, and with the potential for conflicting information, humans frequently 

use heuristics—mental shortcuts—and systems for simplifying and organising 

information and making sense of the world (Gollwitzer, 1999; Williams, Huang, & 

Bargh, 2009). Mindsets, which are otherwise known as implicit theories, are the set of 

beliefs held by individuals about the malleability of personal qualities, and they serve as 

a mental lens through which people judge the meaning of events in their life (Dweck et 

al., 1995; Yeager & Dweck, 2012). The term “implicit” is ascribed to these theories held 

by individuals because they tend not to be explicitly articulated (Dweck et al., 1995; 

Yeager & Dweck, 2012). Dweck and colleagues (1995) identified that individuals hold 

implicit “theories” about personal characteristics (e.g., intelligence, morality, self-

control, anxiety) that may influence their behavioural responses and performance. 

Holding an “entity theory” means to hold the belief that a personal attribute (e.g., 

intelligence, moral character) is fixed, stable, and unchanging. On the other side of the 

spectrum of beliefs, holding an “incremental theory” means that an individual believes 

an attribute to be malleable. 

Extending on these concepts, it is argued that those who hold an entity theory 

will explain that human action and outcomes are based on constant traits, whereas those 

holding an incremental theory will construct explanations based on psychological or 

behavioural mediators (Dweck et al., 1995). Holding an entity theory means that 

individuals are likely to have little flexibility or preference to change in response to 

events that signal incompetence or problems coping with negative events. Incremental 

theorists, on the other hand, are more likely to take action in situations that signal 
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incompetence and to cope better with negative events (Dweck et al., 1995). This link 

has been particularly demonstrated with regard to holding incremental theories of 

intelligence and willpower in the context of academic achievement (Blackwell, 

Trzesniewski, & Dweck, 2007; Job, Walton, Bernecker, & Dweck, 2015). It should also 

be noted that in later research, Dweck referred to entity theories as fixed mindsets and 

incremental theories as growth mindsets (Dweck, 2006; Dweck & Yeager, 2019).  

Overall, the fundamental principle in the mindset literature is that people hold 

beliefs about personal characteristics and states. These beliefs can be through of as a 

spectrum, with beliefs as one end holding the characteristic or state to be fixed, and at 

the other end holding the characteristic or state to be malleable. Drawing upon these 

ideas in the mindset literature, Crum, Salovey, and Achor (2013) applied the mindset 

concept to stress research and sought to investigate whether mindsets regarding stress 

could influence health and performance. 

Stress Mindset 

Stress mindset is defined as a set of beliefs held by individuals about the 

consequences of experiencing stress (Crum et al., 2013; Keech & Hamilton, 2019). This 

includes the belief that stress can have enhancing consequences for learning and growth, 

performance and productivity, and health and vitality, which is associated with adaptive 

outcomes under stress; and the contrasting belief that stress has debilitating 

consequences, which is associated with poorer outcomes (Crum et al., 2013). Crum et 

al. (2013) found that stress mindset was related to important stress-related outcomes 

such as coping and distress, but distinct from other variables in the stress process, 

including amount of stress and stressor appraisal. Further supporting the proposition 

that stress mindset is a distinct construct in the stress process, Kilby and Sherman 

(2016) found stress mindset to be moderately related to challenge appraisal and not 

significantly related to threat appraisal following a mathematics stressor task. Kilby and 
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Sherman (2016) also observed no significant differences in stress mindset scores prior 

to and following the stressor task, which suggests that stress mindset may not be 

influenced by exposure to stressful events, at least in the short term. 

Several experimental and observational studies have observed effects of stress 

mindset on physical and psychological wellbeing, and on physiological, behavioural, 

performance, and affective outcomes in response to laboratory-induced stressors and 

ecological stress experiences over short periods of time. For example, in an 

experimental study, Crum, Akinola, Martin, and Fath (2017) found that people who 

were primed with a stress-is-enhancing mindset exhibited greater positive (but not 

greater negative) affect, greater attentional bias towards images of happy faces, and 

greater cognitive flexibility when anticipating and following a laboratory-induced 

stressor. Other studies have examined the association between stress mindset and 

wellbeing outcomes in the context of ecological stress experiences. For example, Park et 

al. (2018) found that adolescents’ stress mindset moderated the effect of stressful life 

events on perceived distress (the mediator), and in turn on self-control, across a school 

year. Further, in a sample of corporate employees, Crum et al. (2013) observed a small 

effect of priming corporate employees with a stress-is-enhancing mindset manipulation 

on reducing depression and anxiety symptoms, and increasing work performance from 

baseline to 3 days post-intervention. 

Two studies have examined physiological effects of stress mindset when 

participants are exposed to laboratory-induced stressors. Crum et al. (2013) reported 

that stress mindset moderated the effect of a laboratory stressor on salivary cortisol, 

boosting the cortisol response in low cortisol responders to the stressor and buffering 

the response in high responders. This effect is potentially promising, because flattened 

and hyperactive cortisol responses can have negative health implications (Adam et al., 

2017). However, in contrast, Crum et al. (2017) found no effect of stress mindset on 
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salivary cortisol when anticipating, and after, a laboratory stressor. These physiological 

effects of stress mindset on salivary cortisol should therefore be interpreted with 

caution, and further research and replication is required to better understand any 

potential relationship. Crum et al. (2017) also observed a quadratic effect of stress 

mindset on dehydroepiandrosterone sulfate (DHEAS). This quadratic effect meant that 

those in the stress-is-enhancing mindset condition experienced sharper increases and 

sharper declines in DHEAS prior to and following the laboratory stressor. DHEAS is a 

neurosteroid hormone which that may increase vulnerability to neurotoxic effects of 

stress when levels are reduced (Maninger et al. 2009). Crum et al. (2013) also found 

that stress mindset had a strong effect on desire for feedback among university students 

following a public speaking task designed to be stressful. 

One correlational study also observed that stress mindset was associated with 

coping responses in anticipation of an ecological stressor. Measuring workload 

anticipation and approach coping (coping efforts aimed at handling the demand) daily 

over 5 days, Casper, Sonnentag, and Tremmel (2017) found that employees endorsing a 

stress-is-enhancing mindset made more approach-coping efforts in anticipation of a 

high workload, which in turn had favourable implications for performance. 

Several studies have observed that endorsing a stress-is-enhancing mindset is 

associated with favourable outcomes when exposed to or anticipating stressors (Casper 

et al., 2017; Crum et al., 2017; Crum et al., 2013; Park et al., 2018). However, there is a 

lack of theory and a paucity of data on the mechanisms through which stress mindset 

may influence these outcomes. The existing measure of stress mindset, the Stress 

Mindset Measure (Crum et al., 2013), also diverges from mindset theory more broadly, 

in that it conceptualises stress mindset a spectrum ranging from fixed beliefs that stress 

is debilitating to fixed beliefs that stress is enhancing. In contrast, mindset theory 

conceptualises beliefs about an attribute as ranging from fixed through to malleable. In 
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addition, Crum et al. (2013) and Crum et al. (2017) both found that stress mindset can 

be manipulated using brief multimedia videos that show information about the positive 

consequences of stress, and that manipulating stress mindset in this way has favourable 

consequences for a range of stress-related outcomes. While further research is required 

for understanding whether stress mindset can successfully be manipulated beyond the 

three 3-day follow-up demonstrated by Crum et al. (2013), short interventions of this 

nature may hold promise for use in non-clinical interventions aimed at aiding 

individuals in managing stress. 

Chapter Summary 

This chapter outlined that an emerging body of research indicates that beliefs 

about stress can influence a range of outcomes under stress (Crum et al., 2013; Daniels 

et al., 2006; Keller et al., 2012; Nabi et al., 2013). Stress mindset is a specific 

conceptualisation of beliefs about stress which can be described as the extent to which 

and individual believes that stress can have enhancing consequences (Crum et al., 2013; 

Keech & Hamilton, 2019). Several experimental and observational studies have 

observed effects of stress mindset on physical and psychological wellbeing, and on 

physiological, behavioural, performance, and affective outcomes in response to 

laboratory-induced stressors and ecological stress experiences over short periods of time 

(Casper et al., 2017; Crum et al., 2017; Crum et al., 2013; Park et al., 2018). However, 

the existing measure of stress mindset diverges with how mindsets have been 

conceptualised in broader mindset theory. There is a paucity of data on the mechanisms 

through which stress mindset may influence outcomes, and it is not yet known whether 

manipulating stress mindset can be sustained and can aid in the management of 

ecological stressors beyond a period of 3 days. 
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Chapter 3: Advancing Stress Mindset Measurement, Theory, and Intervention 

Chapter Introduction 

As has been described in the previous chapter, stress mindset has emerged as a 

potentially promising focal point for interventions aiming to help individuals to manage 

their stress. However, three key gaps in knowledge remain, and it is important that these 

gaps are addressed prior to prior to translating this research into non-clinical 

interventions. This chapter outlines the gaps in knowledge and proposes a manner 

through which knowledge in each area can be advanced. First, a rationale is outlined for 

advancing measurement of stress mindset. Second, a rationale is provided for advancing 

theory and developing an understanding of the mechanisms through which stress 

mindset influences outcomes under stress. Last, a rationale is provided for advancing 

intervention and developing an understanding of whether stress mindset can be changed 

over longer periods of time and whether these changes positively influence the 

management of ecological stressors. 

Advancing Measurement of Stress Mindset 

To date, stress mindset has consistently been measured using the Stress Mindset 

Measure-General (SMM-G; Crum et al., 2013). However, as noted earlier, this measure 

diverges from how stress mindset is conceptualised and how mindsets are 

conceptualised in the literature more broadly. In applying the mindset concept to stress 

research, Crum and colleagues (2013) outlined evidence that stress has both debilitating 

and enhancing consequences, and suggested that the enhancing consequences of stress 

are often not considered by individuals. Crum, Salovey, and Achor (2013) emphasised 

that there is value in holding a more “nuanced view of stress that recognizes that while 

experiencing stress can debilitate health and performance, stress can also fundamentally 

enhance health and performance” (p. 717). The results of their study are also described 
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with the caveat that not all stress is enhancing, but that stress can be utilised in such a 

way as to be enhancing. 

This conceptualisation of stress mindset is consistent with how mindsets have 

been conceptualised in the literature more broadly, whereby mindsets are described as 

the extent to which beliefs about a fundamental human characteristic such as 

intelligence, personality, or willpower reflect that the characteristic is malleable or 

incremental, as opposed to fixed and stable (Job, Dweck, & Walton, 2010; Yeager & 

Dweck, 2012). For example, an individual may endorse a growth mindset about 

intelligence that comprises the belief that intelligence is incremental, and can increase 

or decrease according to the individual’s efforts. In contrast, holding a fixed mindset 

comprises the belief that intelligence is fixed and cannot be changed. The notion that 

stress can be “utilised” is also consistent with broader mindset theory, in which the role 

of the individual in influencing the malleable characteristic is highlighted. For example, 

Blackwell, Trzesniewski, and Dweck (2007) described that those who hold a growth 

mindset regarding intelligence employ strategies such as working harder when 

experiencing setbacks, and that they consider their effort to be the key to their success. 

In contrast, an individual who holds a fixed mindset may consider their success to be 

determined by their fixed amount of intelligence.  

The extent to which intelligence is believed to be malleable (as opposed to 

fixed), and the role of the individual as an active participant in the process, is 

fundamental to how intelligence mindsets are measured. For example, an item used to 

assess intelligence mindset is, “You can always greatly change how intelligent you are” 

(Dweck, 1999). In contrast, the items of the Stress Mindset Measure (SMM; Crum et 

al., 2013) are worded such that stress mindset is operationalised as the consequences of 

stress being fixed-debilitating on one end of the spectrum and fixed-enhancing on the 

other end; items focusing on debilitating effects are reverse-coded, to give an overall 
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index of the extent to which an individual endorses a stress-is-enhancing mindset. For 

example, “Experiencing stress enhances my performance and productivity” (Crum et 

al., 2013, p. 732) is an item from the SMM designed to measure the stress-is-enhancing 

end of the spectrum. This ‘fixed’ conceptualization on both ends of the spectrum of 

stress mindset in the SMM contrasts with how the mindset is described by Crum et al. 

(2013), and how mindsets have traditionally been conceptualised; specifically, the upper 

end of the spectrum would be expected to encompass beliefs about the malleability or 

incremental nature of the attribute. Additionally, and in further contrast to how other 

types of mindset are measured, the items of the SMM are also not worded to reflect the 

role of the individual as an active participant in the process. 

The videos used by Crum et al. (2013) to manipulate stress mindset were 

described as designed to bias attention toward either the enhancing or debilitating 

effects of stress, in order to elicit either a stress-is-enhancing or a stress-is-debilitating 

mindset. In the stress-is-enhancing condition, the video presented information in 

support of the proposition that stress is designed to be enhancing and instructed that the 

individual should learn to enjoy and utilise stress. Measuring fixed-enhancing and 

fixed-debilitating beliefs about the consequences of stress may be appropriate for a 

manipulation check to assess attentional bias toward enhancing or debilitating 

properties of stress, and therefore the SMM may be appropriate for this application. It is 

unclear, however, if the extent to which biased attention towards the enhancing effects 

of stress is responsible for the outcomes observed in laboratory research where these 

stress mindset manipulation videos have been used, or whether a stable mindset change 

is occurring. It is important to note that Crum et al. (2013) found that people tend to see 

stress as debilitating by default across their three studies, and further, that many people 

would have real-life examples of situations when stress was not enhancing. Hence it is 

anticipated that while attentional bias towards the enhancing consequences of stress 
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may be achieved through these manipulation videos and measurable by the SMM, any 

stable changes in mindset are likely to reflect a more nuanced view of stress, 

encompassing the belief that stress has consequences that can be both enhancing and 

debilitating.  

As outlined above, measuring stress mindset as fixed-enhancing and fixed-

debilitating contrasts with current theoretical conceptualisations of stress mindset and 

with broader mindset theory. Further, the SMM may measure only attentional bias 

towards enhancing or debilitating consequences of stress, rather than balanced beliefs 

about stress. Therefore, to advance measurement of the stress mindset construct, it 

would seem reasonable to contend that stress mindset should be framed to measure 

beliefs about the consequences of stress such that “stress can be enhancing” and 

individuals “can use stress to be enhancing”. Measuring stress mindset in this manner 

can facilitate future research aiming to create lasting changes in stress mindset and to 

study the potential effects of stress mindset on health and performance outcomes in 

ecologically valid settings. 

Advancing Theory of Stress Mindset and Understanding Mechanisms of Action 

Several studies have observed that stress mindset is associated with favourable 

outcomes when exposed to or anticipating stressors (Casper, Sonnentag, & Tremmel, 

2017; Crum, Akinola, Martin, & Fath, 2017; Crum et al., 2013; Park et al., 2018). 

However, there is a paucity of data on the mechanisms through which stress mindset 

may influence these outcomes and a lack of theory regarding these potential 

mechanisms. In the following paragraphs, two key mechanisms through which stress 

mindset may influence health and performance outcomes are outlined. These potential 

mechanisms include differences in physiological stress responses and differences in 

coping behaviours. Subsequently, an outline of the potential role of implicit processes in 

how stress mindset influences outcomes is provided. 
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Physiological mechanisms. As previously outlined, stress triggers activation of 

the sympathetic nervous system, which results in production of catecholamines such as 

adrenaline and noradrenaline. This activation produces changes in heart rate, blood 

pressure, pupil dilation, and sweat secretion, characteristic of the fight-or-flight 

response (Cannon, 1932). Stress also triggers increases in HPA axis activation, and 

hence increased production of corticosteroids such as cortisol (Selye, 1956, 1975). 

Crum et al. (2013) found that stress mindset was associated with adaptive cortisol 

reactivity profiles when students were exposed to a laboratory stressor. Specifically, 

stress mindset was associated with lower cortisol responses in those with high cortisol 

reactivity to stress, and with increased cortisol responses in those with low cortisol 

reactivity to stress. 

Two studies have also observed that negative stress beliefs predict increased 

somatic symptoms in students (Fischer, Nater, & Laferton, 2016; Laferton, Stenzel, & 

Fischer, 2018). Prolonged or frequent sympathetic nervous system or HPA activations 

have also been associated with negative health outcomes (Almadi, Cathers, & Chow, 

2013; Dhabhar, 2014; Johnston, 2002), and the stress response may adversely affect 

cognitive processes such as working memory (Banks & Boals, 2017). It is therefore 

expected that if beliefs can influence physiological activations under stress, this may in 

turn lead to better health and wellbeing outcomes, and improved performance. The 

extent to which individuals experience the physiological stress response over a set 

period of time is therefore expected to be a key mechanism through which stress 

mindsets relate to health, wellbeing, and performance outcomes.  

Behavioural mechanisms. Given the symptoms commonly associated with the 

stress response, such as headaches, muscle tension, fatigue, nausea, and sleep 

disturbances (Lyon, 2012), it is reasonable that the goal for individuals engaging in 

coping behaviours is often to manage the feelings of discomfort and to attenuate the 
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heightened arousal. These coping behaviours include emotion-focused strategies aimed 

at reducing the feeling of tension, such as denial and avoidance, self-soothing via 

relaxation, and expression of negative emotion (Carver & Connor-Smith, 2010). In 

contrast, problem-focused strategies are directed toward reducing the magnitude of the 

stressor itself, and include behaviours such as planning, making a start on a task, and 

proactively acquiring resources (Carver & Connor-Smith, 2010). Research has found 

that problem-focused coping is more strongly associated with positive outcomes than 

emotion-focused coping. However, this is not always the case. In particular, when 

stressors are beyond the individual’s control, emotion-focused coping may be the most 

suitable response (Cheng, 2003; Cheng, Lau, & Chan, 2014). 

To date, the effect of stress mindset on behavioural outcomes has been examined 

only in regard to performance-related behaviours. Initially, desire for feedback under 

stress was found to be influenced by stress mindsets (Crum et al., 2013). While seeking 

feedback can be considered a form of proactive coping, it may not represent a 

propensity to use proactive behaviours more broadly when under stress, and it cannot be 

generalised to other active approaches to coping to managing stress. Further, feedback 

may not be available in all stressful situations and is mostly relevant to performance 

outcomes. In addition, Casper et al. (2017) found that employees who endorsed more of 

a stress-is-enhancing mindset made more approach coping efforts in anticipation of a 

high workload, which in turn had favourable implications for performance. These 

findings indicate that changes in proactive and approach coping behaviours under stress 

may play a role in the process through which stress mindsets influence performance 

outcomes. 

However, it is important to explore how a range of proactive behaviours 

employed when under stress (e.g., planning, avoiding procrastination, being proactive) 

may mediate the relationship between stress mindset and performance outcomes. 
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Similar approach-oriented coping styles have been positively associated with physical 

health outcomes in medical students (Park & Adler, 2003). In addition, a recent meta-

analysis (Hagger, Koch, Chatzisarantis, & Orbell, 2017) has indicated that coping 

strategies, including more proactive problem-focused strategies, predict a range of 

illness-related psychological and physical health outcomes, including reductions in 

disease progression, reduced distress, and greater wellbeing. It should therefore also be 

examined whether the use of a range of proactive coping behaviours employed when 

under stress is a key mechanism through which stress mindset influences health and 

wellbeing outcomes. 

Implicit processes. In the previous chapter it was noted that mindsets have been 

widely referred to as ‘implicit theories’ in other domains of mindset research (e.g., 

implicit theories of intelligence, implicit theories of willpower). The term implicit is 

ascribed to these theories held by individuals because they tend not to be explicitly 

articulated (Dweck, Chiu, & Hong, 1995; Yeager & Dweck, 2012). However, it is not 

clear whether these mindsets are truly implicit, in that they operate outside of conscious 

awareness, consistent with dual-process theories of cognition and behaviour (Evans, 

2008; Evans & Stanovich, 2013; Strack & Deutsch, 2004).  

Dual-process theories specify a formal distinction between implicit and explicit 

cognitions that govern behaviour through two pathways. The first of these is a rapid, 

nonconscious pathway that is not reliant on deliberative processing or information 

stored in working memory. The second is a reasoned, deliberative pathway that involves 

drawing upon information stored in working memory and processing information 

regarding potential behaviours (Banks & Boals, 2017). Implicit nonconscious processes 

are likely to regulate behaviour when working memory is limited (Evans & Stanovich, 

2013), such as when under stress (Banks & Boals, 2017). If stress mindset exerts an 

influence on individuals’ behaviour and outcomes under stress, it is possible that, to 
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some degree, they operate implicitly and outside of conscious awareness. Therefore, 

measuring stress mindset implicitly in addition to explicitly may be an important step 

for deepening our understanding of their influence on behaviour and on health and 

performance outcomes.  

Advancing Interventions to Change Stress Mindset 

Changing stress mindset to improve responses to ecological stressors. 

Experimental research to date has observed effects of stress mindset on physical and 

psychological wellbeing, feedback-seeking behaviour, work performance, and affective 

outcomes in response to laboratory stressor tasks and ecological stress over short 

periods of time. Laboratory stressor tasks employ a standardised procedure of applying 

a stressor to participants that induce an acute psychological and physiological stress 

response. A commonly used task is the Trier Social Stress Test (TSSR), which involves 

participants assuming the role of a job applicant being interviewed and informed that 

their performance will be recorded and rated by a panel of experimental confederates 

(Kirschbaum, Pirke, & Hellhammer, 1993). Using a modified version of the TSSR in an 

experimental study examining the influence of stress mindset on a range of outcomes, 

Crum et al. (2013) found that stress mindset moderated the effect of exposure to the 

stressor on perceived stress, and desire for feedback. Crum et al. (2017) also found that 

those participants who were primed with information about the positive consequences 

of stress exhibited greater positive (but not negative) affect in anticipation of, and 

following, a laboratory-induced stressor.  

Ecological stressors refer to “real-world” stressors that in individuals experience 

in their usual environment. With regard to the role of stress mindset in protecting 

against ecological stressors, Crum et al. (2013) also observed a small effect of priming 

corporate employees with a stress-is-enhancing mindset on reducing depression and 

anxiety symptoms and increasing work performance from baseline to 3 days post-
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intervention. These employees worked at a financial services firm during the global 

financial crisis of 2008 and were therefore likely to be experiencing a range of 

ecological stressors in their work environment (i.e., navigating the financial crisis) and 

in their life overall (i.e., potential for job loss). 

While these studies show that brief video manipulations of stress mindset can 

lead to positive outcomes when elicited prior to laboratory-induced stressors and for 

employees experiencing ecological stressors over a short period of time, it is not yet 

known whether these effects on stress mindset endure beyond 3 days, and whether 

effects on subsequent outcomes are meaningful in an ecologically-valid setting over 

longer periods of time. Therefore, to advance our understanding of how stress mindset 

can be leveraged to promote more adaptive responses to stress, effects of stress mindset 

interventions in response to ecological stressors over longer periods of time should be 

investigated. 

Presenting a balanced view of stress. Stress mindset interventions have 

predominately used informational videos aiming to bias attention toward either the 

enhancing or debilitating properties of stress. For example, Crum et al. (2013; 2017) 

used informational videos that presented stress in either a strictly stress-is-enhancing or 

a strictly stress-is-debilitating condition. These polarised, fixed presentations of stress 

contrast with the nuanced view of stress that was theorised by Crum et al. (2013) as 

being of value; they also contrast with mindset theory more broadly, which posits the 

distinction in mindsets about fundamental attributes to be based on beliefs about the 

malleability of the attribute (Job et al., 2010; Yeager & Dweck, 2012). Recent research 

has also found that presenting balanced (i.e., both positive and negative) consequences 

of stress in informational videos resulted in significantly decreased heart rates and 

diastolic blood pressure after a laboratory stressor task, compared to videos outlining 

just positive or negative consequences of stress (Liu, Vickers, Reed, & Hadad, 2017). 
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Stress mindset scores across previous studies indicate that, by default, 

individuals tend to see stress as debilitating (Crum et al., 2017; Crum et al., 2013). It is 

therefore possible that by highlighting only the enhancing consequences of stress, this 

information may be contextualised alongside existing beliefs to create a more nuanced 

view of stress (e.g., the stress response is malleable and can be used to be enhancing). 

Holding a nuanced view of stress may render the intervention effective in part due to 

eliciting perceptions of control, because research has linked perceived control, when 

experiencing stressors and daily hassles, to better physical health outcomes (Infurna, 

Mayer, & Anstey, 2018; Mooney, Elliot, Douthit, Marquis, & Seplaki, 2018). 

Conversely, presenting stress only in terms of the enhancing consequences of stress may 

also be ineffective in changing mindsets for some individuals, because it requires a 

comprehensive paradigm shift in their previous concept of stress. Rather than building 

upon their existing beliefs about stress, the information presented in the video may be 

rejected altogether. With this issue in mind, it could be suggested that in order to 

enhance interventions aimed at encouraging more adaptive stress mindsets, the 

manipulation materials should present information that stress “can be” enhancing, as 

opposed to information that stress “is” enhancing. 

Chapter Summary 

This chapter provided an overview of three existing gaps in knowledge 

regarding stress mindset. First, there is a divergence between mindset theory and 

measurement of stress mindset. It was suggested that to advance measurement of the 

construct, stress mindset should be framed to measure beliefs about the consequences of 

stress such that “stress can be enhancing” and individuals “can use stress to be 

enhancing”. Second, there is a paucity of data on how stress mindset related to stress-

related health and performance outcomes. The chapter then provided a theoretical basis 

for the proposal of two potential mechanisms through which stress mindset may 
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influence outcomes: differences in physiological stress responses and differences in 

coping behaviours. Subsequently, is was suggested that measuring stress mindset 

implicitly in addition to explicitly is an important step for deepening understanding of 

implicit processes in how stress mindset may influence behaviour. Finally, it is not yet 

known whether stress mindset can be manipulated beyond a period of 3 days, and 

whether this can have a subsequent effect on stress-related health and performance 

incomes while individuals experience ecological stressors. It was therefore suggested 

that to advance understanding of how stress mindset can be leveraged to promote 

adaptive responses to stress, stress mindset interventions should be evaluated in the 

context of ecological stressors and over longer periods of time. It was further suggested 

that interventions should present balanced consequences of stress as opposed to 

presenting the positive consequences of stress exclusively such as in the stress mindset 

manipulations used by Crum et al. (2013) and Crum et al. (2017). 
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Chapter 4: Thesis Overview 

It is evident from the preceding chapters that intervening upon stress mindset 

presents a promising opportunity for non-clinical interventions to aid individuals in 

managing their stress. Specifically, the literature supports that holding a stress-is-

enhancing mindset is associated with favourable outcomes when individuals are 

exposed to or anticipating stressors, and that these mindsets are malleable through brief 

multimedia-based manipulations (Casper, Sonnentag, & Tremmel, 2017; Crum, 

Akinola, Martin, & Fath, 2017; Crum, Salovey, & Achor, 2013; Park et al., 2018). 

However, prior to translating this research into non-clinical interventions, several key 

gaps in knowledge need to be addressed. Specifically, there has been challenges in 

measurement of stress mindset, limited understanding of the mechanisms through which 

stress mindset is related to stress-related outcomes, and limited investigation of the 

effects of stress mindset manipulations in aiding the management of ecological 

stressors. The overarching aim of this research program was to build theory regarding 

the mechanisms through which stress mindset relates to stress-related outcomes, to 

improve measurement of stress mindset, and advance intervention approaches to 

changing stress mindset for the management of ecological stressors. To achieve this 

overarching aim, three specific aims are detailed below and are addressed by a series of 

four studies presented in Chapters 5, 6, 7, and 8. Figure 4.1 also provides a visual 

overview of the research program. 

Research Aim 1 

The first aim was to advance measurement of stress mindset through the 

development and validation of a measure of stress mindset that is theoretically 

consistent.  

As has been outlined in Chapter 3, measuring stress mindset as fixed-enhancing 

and fixed-debilitating contrasts with current theoretical conceptualisations of stress 
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mindset and with mindset theory more broadly. Further, the SMM (Crum et al., 2013) 

may measure only attentional bias toward enhancing or debilitating consequences of 

stress, rather than balanced beliefs about stress. Therefore, to advance measurement of 

the stress mindset construct, Study 1 (Chapter 5) reports on the development and 

validation of a self-report measure of stress mindset that operationalises stress mindset 

as the extent to which an individual holds the belief that the consequences of stress “can 

be” enhancing and that the individual “can use” stress to be enhancing. The measure 

contains 15 items and will be referred to as the Stress Control Mindset Measure 

(SCMM). The items were developed based on the domains of stress mindset 

conceptualised by Crum et al. (2013) and used in the SMM: performance and 

productivity, learning and growth, health and vitality, and a general domain. Consistent 

with mindset theory more broadly, the items were also framed to reflect beliefs about 

malleability of the consequences of the stress response, and to emphasise the role of the 

individual as an active participant in the process.  

The psychometric properties of the SCMM were evaluated in two samples of 

undergraduate university students in Study 1. The first sample was recruited from 

Griffith University, Australia, and was also used in Study 1 (N = 218). A second sample 

was collected from the University of Essex, UK (N = 214). Reliability, structural 

validity, convergent validity regarding related measures, discriminant validity regarding 

distinct measures, predictive validity, and incremental validity were examined. 

Measurement invariance between samples was also examined. 

Research Aim 2 

The second aim was to develop and evaluate a model that explains the 

mechanisms through which stress mindset influences stress-related outcomes and to 

evaluate whether the structure of the proposed model holds in different contexts and 

samples.  
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Despite previous research establishing that holding a stress-is-enhancing 

mindset is associated with favourable stress-related outcomes (Casper et al., 2017; 

Crum et al., 2017; Crum et al., 2013; Park et al., 2018), there has been a paucity of data 

on the mechanisms through which stress mindset may influence these outcomes and a 

lack of theory regarding these potential mechanisms. Study 2 (Chapter 6) therefore 

aimed to examine the processes by which explicit and implicit stress mindset relates to 

physical and psychological wellbeing, perceived stress, and academic performance. 

Specifically, the study proposed a stress beliefs model whereby somatic responses to 

stress and coping behaviours mediate the effect of stress mindsets on stress-related 

outcomes. The proposed stress beliefs model was tested using path analysis in a sample 

of undergraduate university students (N = 218) aged 17–25 years who attended a 

research laboratory to complete study measures; in addition, objective academic 

performance data was collected from university records. The study also outlined the 

development and testing of an implicit association test that aimed to measure implicit 

stress mindset. Study 3 (Chapter 7) aimed to test the predictions outlined in the stress 

beliefs model in predicting psychological wellbeing, physical wellbeing, and perceived 

stress in a different sample comprised of individuals experiencing a high degree of 

stressors—a sample of police officers (N = 134) aged 25–59 years. In testing the model, 

Bayesian path analysis was employed to incorporate existing knowledge about model 

paths attained in Study 1 in the estimation of model effects. 

Research Aim 3 

The final aim was to develop and evaluate the effect of a novel intervention on 

individuals’ stress mindset, and on stress-related outcomes while individuals experience 

ecological stress over a two-week period. 

Changing individuals’ stress mindset has emerged as an approach that may be 

effective in aiding stress management; however, limited data exists on the effects of this 
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technique in managing ecological stressors in ‘real world’ contexts beyond a few days. 

Therefore, Study 4 (Chapter 8) aimed to evaluate the efficacy of a novel imagery-based 

stress mindset intervention in generating changes in stress mindset over a period of 2 

weeks, and to evaluate the effect of the intervention on key health and performance 

outcomes over this period. The intervention was initially pilot tested in a sample of 

students from the target population (N = 8), and then the study was pre-registered on the 

Open Science Framework. The main study adopted a randomised controlled trial design, 

and undergraduate university students (N = 150) attended a research laboratory twice 

over 2 weeks, receiving the intervention or control condition stimuli in Session 1, and 

completing study measures in both sessions. Participant grade point average (GPA) 

scores were also collected from university records as an objective measure of academic 

performance. 
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Figure 4.1. Visual overview of the research program.
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Chapter 5: The Stress Control Mindset Measure (SCMM): Psychometric Properties 

in Australian and British Samples (Paper 1) 

This chapter contains a paper based on Aim 1 of the research program that has been 

submitted for publication to the journal Anxiety, Stress, & Coping (Impact Factor 1.981; 

SCImago ranking Q1). Note that this chapter is presented in US English in compliance 

with the requirements of the journal. The PhD Candidate is the first author of the paper and 

co-authors are the supervisory team and Professor Sheina Orbell, an international 

collaborator from University of Essex, UK. The PhD Candidate takes overall responsibility 

for the publication and all co-authors meet criteria for authorship. Electronic 

supplementary material to the paper are attached at the end of the chapter. The data file, 

analysis code, and output files from all are available at the Open Science Framework: 

https://osf.io/6kdgz/?view_only=486a210d2a19474e98eff8686546097f  
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Abstract 

Background and Objectives: Beliefs about the consequences of stress, stress mindset, have 

are associated with health and performance outcomes under stress. This article reports the 

development and examination of the psychometric properties of a measure of stress mindset 

that is consistent with mindset theory and conceptualizes stress mindset as the extent to 

which an individual endorses the belief that stress can be enhancing: the Stress Control 

Mindset Measure (SCMM). Design: Correlational cross-sectional survey design in two 

samples. Methods: Undergraduate students from an Australian university (Sample 1, N=218) 

and a UK university (Sample 2, N=214) completed the new SCMM and measures of health 

and well-being outcomes. Results: Confirmatory factor analyses supported a four-factor 

structure and measurement invariance across samples. Reliability, convergent validity, 

discriminant validity, and predictive validity of the overall SCMM was supported in both 

samples. Incremental validity was supported for most outcomes, accounting for significantly 

more variance in health and wellbeing outcomes than an existing measure. Conclusions: The 

SCMM is a reliable and valid measure with good psychometric properties and theoretically-

consistent relations with health outcomes under stress. Findings provide evidence supporting 

the potential utility of the SCMM in future research examining relations between stress 

mindsets and health and performance outcomes. 

 

Data Availability Statement: The data file, analysis code, and output files from all analyses 

will be available at the Open Science Framework following publication: https://osf.io/6kdgz/ 

 

Keywords: Stress, mindset, coping, stress beliefs, implicit theories 
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Introduction 

Stress is defined as the tension experienced when one perceives an external event to 

outweigh their capacity to cope afforded by their coping resources (Lazarus & Launier, 1978; 

Lovallo, 2015). University students in developed nations such as the US and Australia, in 

particular, report high levels of stress (American College Health Association, 2017; Casey, 

2014). While common guidance is that stress must be reduced or removed (Crum, Salovey, & 

Achor, 2013), barriers to using time-consuming strategies such as relaxation exist in demand-

intensive environments. There is, however, emerging evidence of the potential for positive 

stress-related outcomes, and recent research has found that beliefs about the consequences of 

stress itself may be influential in determining the adaptiveness of the stress response (Crum et 

al., 2013; Keller et al., 2012; Nabi et al., 2013). Crum and colleagues (2013), for example, 

have found that holding a stress-is-enhancing mindset—the belief that stress results in 

increased performance and productivity, health and wellbeing, and learning and growth—is 

associated with favorable self-reported outcomes such as lower perceived stress and health 

symptoms, increased work performance, and more adaptive cortisol reactivity and desire for 

feedback under acute stress. At the other end of the spectrum is a stress-is-debilitating 

mindset, which is the belief that stress results in reduced productivity, health/wellbeing, 

learning, and growth. Stress mindset was also found to be related to, but distinct from, other 

stress-related variables such as amount of stress, stress appraisal, coping skills, and social 

support (Crum et al., 2013).  

At face value, the idea that holding a stress-is-enhancing mindset leads to more 

adaptive outcomes draws parallels with challenge vs. threat appraisals in the transactional 

model (Kilby & Sherman, 2016). In this model, challenge appraisals of stressful stimuli lead 

to more adaptive outcomes (Lazarus & Folkman, 1984). Kilby and Sherman (2016) found 

that stress mindset is positively related to challenge appraisals and inversely related to threat 
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appraisals. However, the associations were small, indicating that although the stress-is-

enhancing and stress-is-debilitating mindsets share the same valences as challenge and threat 

appraisals, they are unique constructs. The key difference is that appraisals relate to situation-

specific evaluations, whereas stress mindset refers to beliefs about the consequences of stress 

and are theorized to apply across situations (Crum et al., 2013). In experimental research, a 

manipulation evoking a stress-is-enhancing mindset was found to result in increased 

cognitive flexibility, attention toward positive stimuli, positive affect, and increased 

dehydroepiandrosterone-sulfate secretion (DHEAS; the anabolic ‘growth’ counterpart of 

cortisol) for both challenging- and threatening-appraised stressors (Crum, Akinola, Martin, & 

Fath, 2017). Together, these findings provide consistent support for the idea that stress 

mindset is an important addition to our understanding of how stress influences health, 

wellbeing and performance. Further, their ability to be manipulated via relatively brief and 

simple interventions suggests that they may be useful for application in non-clinical 

interventions, which is particularly important given that just 13% of Australians report 

seeking professional support in dealing with stress (Casey, 2014). 

Current Divergence in Theory and Measurement of Stress Mindset 

Crum et al. (2013) outlined evidence regarding both debilitating and enhancing 

consequences of stress, suggesting that consideration of the enhancing consequences of stress 

is often neglected. They emphasized the value of a more “nuanced view of stress that 

recognizes that while experiencing stress can debilitate health and performance, stress can 

also fundamentally enhance health and performance” (p. 717). Crum and colleagues (2013) 

also describe their results with the caveat that not all stress is enhancing, but rather that it can 

be utilized to be enhancing. This conceptualization of stress mindset is consistent with 

mindset theory more broadly, which describes mindsets as the extent to which an individual 

believes a fundamental attribute such as intelligence, personality, or willpower to be 
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malleable or incremental, as opposed to being fixed or stable (Dweck, Chiu, & Hong, 1995; 

Dweck & Yeager, 2019; Job, Dweck, & Walton, 2010; Yeager & Dweck, 2012). For 

example, an individual may hold the mindset that intelligence is incremental and can increase 

or decrease, which contrasts with holding the mindset that intelligence is fixed and cannot be 

changed. The idea that stress can be ‘utilized’ adaptively by an individual is also consistent 

with mindset theory more broadly, where the role of the individual in influencing the 

malleable attribute is emphasized. For example, Blackwell, Trzesniewski, and Dweck (2007) 

report that individuals endorsing an incremental mindset about intelligence employ strategies 

such as working harder in the face of setbacks and they consider effort as the key to their 

success. This contrasts with a fixed mindset, where an individual may consider success to be 

determined by their fixed amount of intelligence.  

Further, the extent to which intelligence is believed to be malleable (compared to 

fixed) and the role of the individual as an active participant in the process is central to how 

intelligence mindsets are measured. For example, “You can always greatly change how 

intelligent you are” (Dweck, 1999, p. 177). In contrast, the Stress Mindset Measure (Crum et 

al., 2013) is worded such that it conceptualizes stress mindset as fixed-debilitating on one end 

of the spectrum or fixed-enhancing on the other end1. For example, one item is, 

“Experiencing stress enhances my performance and productivity” (Crum et al., 2013, p. 732). 

This fixed conceptualization on both ends of the spectrum contrasts with how stress mindset 

is described by Crum et al. (2013) and how mindsets are conceptualized more broadly in that 

the upper end of the spectrum would be expected to encompass beliefs about the malleability 

of the attribute. In further contrast to how other types of mindset are measured, the wording 

                                                 

 

1 In the Stress Mindset Measure (Crum et al., 2013), debilitating items are reverse-coded to give an 

overall index of the extent to which an individual endorses a stress-is-enhancing mindset. 
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of the items comprising the Stress Mindset Measure also does not include the role of the 

individual as an active participant in the process. 

The videos used by Crum et al. (2013) to manipulate stress mindset are described as 

being designed to bias attention toward either the enhancing or debilitating effects of stress, 

thus eliciting a stress-is-enhancing or stress-is-debilitating mindset. For example, the stress-

is-enhancing video presents the view that stress is designed to be enhancing and that one 

should learn to enjoy and utilize stress. Measuring beliefs about the consequences of stress as 

fixed-enhancing and fixed-debilitating may be appropriate for a manipulation check of 

attentional bias toward the enhancing or debilitating properties of stress and the Stress 

Mindset Measure may be appropriate for this purpose. However, it is unclear the extent to 

which biased attention toward the enhancing effects of stress is responsible for the positive 

outcomes observed in laboratory studies where these stress mindset manipulations are used, 

or whether a stable mindset is being created. Given that many people can recall examples of 

when stress was not enhancing in their lives and that Crum et al. (2013) found that people 

tend to see stress as debilitating by default across their three studies, we anticipate that while 

attentional bias toward the enhancing consequences of stress may be achieved by these 

manipulations and measurable by the Stress Mindset Measure, any stable changes in beliefs 

about stress are likely to reflect a nuanced view of stress encompassing the belief that stress 

can be both enhancing and debilitating.  

We therefore contend that measurement of stress mindset should be framed to 

measure beliefs about the consequences of stress such that stress can be enhancing and that 

individuals can use stress to be enhancing, on the basis of three arguments: (i) measuring 

stress mindset as fixed-enhancing and fixed-debilitating contrasts with current theoretical 

conceptualizations of stress mindset and with (ii) theory on mindsets more broadly; and, (iii) 

the Stress Mindset Measure may measure just attentional bias toward enhancing or 
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debilitating consequences of stress rather than balanced beliefs about stress. Measuring stress 

mindset in this manner will facilitate future research seeking to create enduring changes in 

stress mindset and to study the potential effects of stress mindset on health and performance 

outcomes in ecologically valid settings. 

The Stress Control Mindset Measure 

In the current study, we designed a self-report measure of stress mindset that 

operationalizes stress mindset as the extent to which an individual holds the belief that the 

consequences of stress can be enhancing and that the individual can use stress to experience 

these enhancing consequences. The items were based on the domains of stress mindset 

conceptualized by Crum et al. (2013) and used in the Stress Mindset Measure: performance 

and productivity, learning and growth, health and vitality, and a general domain. Consistent 

with mindset theory, the items were also framed to reflect beliefs about malleability of the 

consequences of the stress response, and to emphasize the role of the individual as an active 

participant in the process (e.g., “You can use stress to boost your performance and 

productivity”). The measure contains 15 items and will be referred to as the Stress Control 

Mindset Measure (SCMM), with the word “Control” emphasizing the role of the individual 

in utilizing the potential positive consequences of stress.  

The study had six aims to determine the psychometric properties of the SCMM in two 

samples of undergraduate students. We first aimed to refine the items that would comprise 

the SCMM, and to confirm the factor structure. Based on the domains that the measure has 

been designed around consistent with the original Stress Mindset Measure, we expected that 

the SCMM would form a four-factor structure, which underpins an overarching second-order 

factor: stress mindset. The hypothesized factor structure of the SCMM is presented in Figure 

1. It was also expected that the factor structure, factor loadings, and intercepts would be 

invariant across samples, demonstrating full scalar measurement invariance. Second, we 
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sought to evaluate the reliability of the SCMM using coefficient α, composite reliability and 

McDonald’s ω. Our third goal was to examine the convergent validity of the SCMM with the 

existing measure of stress mindset, the Stress Mindset Measure (General and Specific 

Versions; Crum et al., 2013). Fourth, because stress mindset is theorized as being a distinct 

construct from appraisals and stressors exposure, we tested the discriminant validity of the 

SCMM overall from trait challenge and threat appraisal, amount of stress, and stressor 

severity appraisal. Fifth, we examined the predictive validity of the SCMM. Specifically, it 

was hypothesized that the SCMM would predict psychological wellbeing, physical 

wellbeing, perceived stress, proactive behavior under stress, and perceived somatic 

symptoms. Finally, we examined the incremental validity of the SCMM compared with the 

Stress Mindset Measure-General (SMM-G; Crum et al., 2013). Specifically, it was 

hypothesized that due to targeting these stress mindsets in a manner that is consistent with 

theory regarding how mindsets operate, the SCMM will explain significantly more variance 

in psychological wellbeing, physical wellbeing, perceived stress, proactive behavior under 

stress, and perceived somatic symptoms than the SMM-G. 

Method 

Participants: Sample 1. Participants (N = 218; 144 female) were undergraduate 

university students aged 17 to 25 years (M = 19.26, SD = 2.19) recruited from a major 

university in South-East Queensland, Australia. Participants were recruited using email and 

Facebook notices, face-to-face at the university, and using posters displayed in common areas 

at the university. Three-quarters (75%) of participants indicated their ethnic identity is 

Australian and 79% of participants were born in Australia. As an incentive for participation, 

first-year psychology students were offered course credit, and other participants were offered 

a voucher for one free coffee and entry into a prize draw for the chance to win a department 

store gift card valued at AU$50. Sample 1 is part of a data set of a larger project. 
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Figure 1. Hypothesized factor structure of the stress control mindset measure. 
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Participants: Sample 2. Participants (N = 214; 141 female) were undergraduate 

university students aged 18 to 25 years (M = 20.82, SD = 1.88) recruited from a major 

university in the UK. Participants were recruited using email and Facebook notices, face-to-

face at the university, and using posters displayed in common areas at the university. Just 

over one-third (38%) of participants indicated their nationality is British and 35% of 

participants were born in the UK. The remainder of the sample indicated a diverse range of 

nationalities and countries of birth. These included countries in Asia, the Middle East, 

Europe, Africa, and Central and North America. As an incentive for participation, 

participants were offered entry into a prize draw for the chance to win an Amazon gift card 

valued at GB£50. 

Measures 

See online supplementary material for full details of all measures used in the study. 

Stress control mindset measure (SCMM) scale development. An initial pool of 16 

items was constructed to measure the four domains of stress mindset identified by Crum et al. 

(2013): performance and productivity, learning and growth, health and vitality, and a general 

domain. In contrast with the Stress Mindset Measure (Crum et al., 2013), the items were 

designed to reflect malleability of the stress response and the respondent as an active 

participant in this process (i.e., you can use stress to…) or a fixed stress response (i.e., you 

are unable to use stress to…). Next, three health psychology experts evaluated the items for 

construct validity and clarity of wording. As a result, one item was dropped, and several 

items were modified for data collection. This resulted in a final item pool of 15 items (see 

Table 1). Responses were scored on six-point Likert scales (1 = strongly disagree and 6 = 

strongly agree). Items 1, 4, 6, 10, 11, 12, 13 and 14 are negatively-worded. 

Stress mindset measure–general (SMM-G). The SMM-G (Crum et al., 2013) is an 

eight-item scale measuring stress mindset as the extent to which the belief that stress-is-
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enhancing is endorsed. Participants were asked to indicate on a five-point Likert scale (0 = 

strongly disagree and 4 = strongly agree) the extent to which they agree with each of the 

statements (e.g., “Experiencing stress enhances my performance and productivity”). The 

SMM-G exhibited good internal consistency in both samples (Sample 1 α = .81; Sample 2 α 

= .74). 

Stress mindset measure–specific (SMM-S). The SMM-S (Crum et al., 2013) is 

identical to the SMM-G, except that it asks participants to respond to questions in relation to 

the primary source of stress in their life currently. The SMM-S exhibited good internal 

consistency in both samples (Sample 1 α = .83; Sample 2 α = .82). 

Perceived stress. The perceived stress scale-10 (PSS-10) was used to measure 

perceived stress (Cohen & Williamson, 1988). Participants responded to questions on five-

point Likert scales (0 = never and 4 = very often). For example, “In the last month, how often 

have you felt nervous and ‘stressed’?”. The PSS-10 exhibited good internal consistency in 

both samples (Sample 1 α = .88; Sample 2 α = .81). The PSS-10 was scored by reverse 

scoring negatively worded items and computing a sum of participants’ scores on all items. 

Psychological wellbeing. The 14-item Warwick-Edinburgh Mental Wellbeing scale 

(WEMWBS) was used to measure psychological wellbeing (Tennant et al., 2007). The 

WEMWBS is measured on five-point Likert scales (1 = none of the time to 5 = all of the 

time). For example, “I’ve been feeling good about myself”. The WEMWBS exhibited good 

internal consistency in both samples (Sample 1 α = .92; Sample 2 α = .90). 

Amount of stress. A single item was used to measure amount of stress. The item was 

measured on a seven-point Likert scale (1 = no stress and 7 = an extreme amount of stress). 

Participants were asked, “Overall, how much stress do you have in your life right now?” This 

single item measure was used by Crum et al. (2013) and exhibited the same strength of 
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correlation with the Stress Mindset Measure as the social readjustment rating scale (Holmes 

& Rahe, 1967). 

Stressor severity appraisal. A single item was used to measure stressor severity 

appraisal. The item was measured on a seven-point Likert scale (1 = not at all stressful and 7 

= an extreme amount of stress). Participants were first asked to indicate the primary source of 

stress in their life at the moment and were then asked to indicate how stressful they perceive 

that stressor to be. This measure was also used by Crum et al. (2013) to examine discriminant 

validity of the Stress Mindset Measure. 

Perceived general somatic symptoms. Perceived general somatic symptoms was 

measured using the 11-item State-Trait Inventory for Cognitive and Somatic Anxiety-Trait 

(STICSA-T) somatic subscale (Ree, French, MacLeod, & Locke, 2008; Ree, MacLeod, 

French, & Locke, 2000). The STICSA-T is measured on four-point Likert scales (1 = almost 

never and 4 = almost always). The STICSA-T somatic subscale was scored by computing the 

sum of all item scores and exhibited good internal consistency in both samples (Sample 1 α 

= .85; Sample 2 α = .87). 

Physical wellbeing. Perceived physical wellbeing was measured using the U.S. 

Centers for Disease Control and Prevention (CDC) Health-Related Quality of Life Healthy 

Days (HRQOL-14) measure (Centers for Disease Control and Prevention., 2000). The 

measure was developed by the CDC as a shorter alternative to the SF-36 and validity has 

been established in several studies (Moriarty, Zack, & Kobau, 2003). The measure was 

designed to include different indicators, as opposed to psychometrically devised subscales, 

that can be combined in different ways to fit different uses (Moriarty et al., 2003). Consistent 

with Keech et al. (2018), we used two items that are measured in days. Participants indicated 

the number of days their physical health was not good or that pain interfered with their daily 

activities in the past month (e.g., “Now thinking about your physical health, which includes 
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physical illness and injury, for how many days during the past 30 days was your physical 

health not good?”) The scores were averaged and subtracted from 30, to give the number of 

“healthy days” experienced in the past month (Moriarty et al., 2003), and internal consistency 

was acceptable in both samples (Sample 1 α = .70; Sample 2 α = .74). 

Trait cognitive appraisal style. Trait cognitive appraisal style was measured using 

the 18-item version of the Cognitive Appraisal Scale (Skinner & Brewer, 2002). The scale is 

measured on a six-point Likert scale (1 = strongly disagree and 6 = strongly agree) and 

comprises two subscales: an eight-item subscale measuring challenge appraisal, and a 10-

item subscale measuring threat appraisal. Prior to completing the measure, participants were 

asked to read the student scenario from Skinner and Brewer (2002). The student scenario is a 

vignette that asks participants to imagine themselves as being about to take an exam of an 

uncertain difficulty that will determine their progression to an important subject in the 

following year. Both the challenge (Sample 1 α = .81; Sample 2 α = .77) and threat (Sample 1 

α = .94; Sample 2 α = .91) subscales exhibited good internal consistency. 

Proactive coping behavior. Proactive coping behavior was measured using the six-

item proactive under stress scale (Keech, Hagger, O’Callaghan, & Hamilton, 2018). 

Participants were asked to indicate on a five-point Likert scale (1 = never and 5 = very often) 

the extent to which they were proactive, engaged in planning, or avoided procrastination 

while under stress or to cope with stress in the past month. For example, “In the last month, 

how often did you avoid procrastination to cope with stress?”. Internal consistency was 

acceptable in Sample 1 (α = .77) and Sample 2 (α = .61). 

Design and Procedure 

Cross-sectional designs were used for both Sample 1 and Sample 2. Data collection 

for each sample was approved by the University Human Research Ethics Committee for 

Sample 1 (reference: 2015/723) and the Faculty of Science and Health Ethics Sub-Committee 
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for Sample 2 (reference: SO1607). Sample 1 participants completed study measures in a 

research laboratory in the psychology department while Sample 2 participants completed 

study measures online at a time of their convenience. The measures were contained within a 

survey hosted on an online survey tool (Qualtrics TM). Using a Monte Carlo approach to 

determining sample size in Mplus (Muthén & Muthén, 2002), Myers, Ahn, and Jin (2011) 

developed a rule of thumb of N ≥ 200 for CFA of a theoretical model. Target sample size for 

the current research was determined based on this rule of thumb for each sample.  

Results 

Preliminary Analyses: Sample 1 and Sample 2 

Normality for each of the SCMM items was assessed based on ratio of skew to SE > 

±3.29 and ratio of kurtosis to SE kurtosis > ±3.29. Minor univariate skewness was indicated 

on six items in Sample 1 and four items for Sample 22. Univariate kurtosis was not indicated 

in either sample. Standardized z scores for each variable were saved to evaluate univariate 

outliers. An outlier was indicated when z > ±3.29. No univariate outliers were detected in 

either sample. Mahalanobis distance indicated the presence of five multivariate outliers in 

Sample 1 and six multivariate outliers in Sample 2. There were no missing data. Negatively-

worded items were reverse-coded for all analyses. 

Factorial Validity 

Four factors of the SCMM were determined a priori and measure stress mindset in 

the following contexts/domains: performance and productivity, learning and growth, health 

and vitality, and a general factor. As the four factors were hypothesized to underpin an 

overarching construct, stress mindset, a second-order CFA was conducted using Mplus 

                                                 

 

2 Sample 1: Item 5 (-5.11), Item 6 (4.01), Item 7 (-5.36), Item 9 (-3.37), Item 12 (3.63) and Item 15 (-

3.45). Sample 2: Item 3 (5.22), Item 7 (-4.07), Item 8 (4.67), and Item 12 (4.98) 
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version 7.4 (Muthén & Muthén, 2015). Maximum-likelihood estimation with robust standard 

errors was used due to the presence of minor skewness and multivariate outliers. As this did 

not produce a substantial change in the overall strength and direction of results compared to 

maximum-likelihood estimation, final analyses were conducted using standard maximum-

likelihood estimation. The measurement models were evaluated against conventional 

standards of model fit (Hu & Bentler, 1999). Initial analysis of the hypothesized structure 

with the Sample 1 data yielded poor model fit (2 (86) = 422.61, p < .001, CFI = .827, TLI 

= .789, SRMR = .067, RMSEA = .134). Further investigation detected the presence of a 

measurement artefact attributable to the reverse-coded items, which according to Brown 

(2014) can be a cause of model misfit. Thus, a latent factor was defined to account for the 

shared variance between reverse-coded items. Because the default assumption of uncorrelated 

residuals may be a source of misfit for similarly worded items (Brown, 2014) residuals were 

allowed to covary for similarly worded items3. Due to conceptual similarities between 

experiencing health and vitality and the “getting the most from life” wording from the 

general domain, the general and health/vitality first-order factors were also allowed to 

correlate (items are presented in Table 1). The final second-order CFA model indicated 

adequate model fit and a consistent four-factor structure in Sample 1 from Australia (2 (72) 

= 122.25, p < .001, CFI= .974, TLI= .962, SRMR= .036, RMSEA= .057), and this was 

replicated in Sample 2 from the UK (2 (72) = 158.35, p < .001, CFI=.949, TLI= .925, 

SRMR= .043, RMSEA= .075). Item wording and factor loadings from both samples are 

presented in Table 1. Inter-item correlations, and item means and standard deviations are 

presented in online supplemental material for both samples. 

 

                                                 

 

3 Items: 2 & 3, 5 & 8, 7 & 9, 1 & 11, 13 & 14 
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Table 1 

Standardized Factor Loadings in Confirmatory Factor Analyses of SCMM Items in Samples 

1 and 2. 

  Sample 1 Sample 2 

First-Order Factors     

Performance and Productivity     

1. You are unable to use stress to enhance your performance and 

productivity (R) 

.612 .600 

5. You can use stress to boost your performance and productivity .875 .865 

7. Stress can be used to enhance your performance and productivity .875 .836 

14. Stress will impair your performance and productivity (R) .655 .616 

  

Learning and Growth 

  
 

9. Stress can be used to enhance your learning and growth .777 .869 

11. You are unable to use stress to enhance your learning and growth (R) .740 .740 

13. Stress will impair your learning and growth (R) .658 .619 

15. You can use stress to facilitate your learning and growth .786 .789 

  

Health and Vitality 

  
 

3. Stress can be used to enhance your health and vitality .736 .747 

6. Stress will impair your health and vitality (R) .454 .307 

8. You can use stress to stimulate your health and vitality .835 .905 

12. You are unable to use stress to enhance your health and vitality (R) .663 .534 

  

General 

  
 

2. Stress can be used as a way to get the most out of your life .708 .664 

4. Stress must be reduced or avoided to get the most out of life (R) .559 .411 

10. The effect of stress on you is negative (R) .644 .574 

  

Second-Order Factors 

    

 Stress Mindset     

    Performance and Productivity .929  .841 

    Learning and Growth .942  .989 

    Health and Vitality .644  .427 

    General .897  .926 

Note. p < .001 for all estimates. R = Item is reverse scored. 

 

Measurement Invariance 

Measurement invariance of the SCMM between the samples from Australia and the 

UK was tested using multi-group CFA. We used a seven-step procedure outlined by 

(Dimitrov, 2017) to test for configural (equal factor structure), metric (equal first and second 

order factor loadings), scalar (equal first order factor and indicator intercepts), and item and 
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factor uniqueness (equal item error variances and factor disturbances) invariance of the 

second-order factor model. Full measurement invariance was supported when the model fit of 

the metric, scalar, and uniqueness invariance models did not differ substantially from the 

configural model as indicated by ΔCFI < .01 (Cheung & Rensvold, 2002). Results of 

invariance testing analyses are presented in Table 2. All models exhibited a good fit with the 

data, with ΔCFI indicating no substantial differences in model fit between the configural, 

metric, scalar, and uniqueness models. We therefore concluded that SCMM exhibited good 

measurement invariance across samples, indicating equality in factor structure, first and 

second order factor loadings, first order factor and indicator intercepts, and item error 

variances and factor disturbances. 

Reliability  

The complete scale exhibited excellent internal consistency and the four subscales 

exhibited good internal consistency in both samples. The composite reliabilities (ρ), 

coefficient α and McDonald’s ω for the complete scale, the subscales, and the second-order 

factors indicated adequate reliability (see Table 3). Omega (total) ω was calculated according 

to McNeish’s (2018) guidelines.  Composite reliabilities were calculated using Colwell’s 

(2016) composite reliability calculator which applied Raykov’s (1997) method. Test-retest 

reliability was evaluated across three time-points using data (n = 70) from the control group 

in Keech, Hagger, and Hamilton (2019), where Time 1 was measured at the start of a 40-

minute lab session, Time 2 was measured at the end of that session, and Time 3 was 

measured two-weeks later. Correlations between administrations of the SCMM indicated 

good test-retest reliability (p < .001): Time 1 to Time 2, r = .91; Time 2 to Time 3 r = .92; 

Time 1 to Time 3 r = .88. 
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Convergent Validity 

The convergent validity of the SCMM was investigated in Samples 1 and 2 by 

computing correlations and 95% CIs about the correlations between the SCMM and the 

SMM-G and SMM-S (Crum et al., 2013). The correlations are presented in Table 4. As 

anticipated, the SCMM exhibited strong correlations with the SMM-G and SMM-S in both 

samples, supporting convergent validity of the SCMM with the existing measure of stress 

mindset. The four SCMM subscales also exhibited strong correlations with the SMM-G and 

moderate–strong correlations with the SMM-S in both samples.  

Discriminant Validity 

The discriminant validity of the subscales of the SCMM was investigated in both 

samples by computing correlations and 95% CIs about the correlation between the SCMM 

and trait challenge and threat appraisal, amount of stress, and stressor severity appraisal (see 

Table 4). Bagozzi and Kimmel (1995) suggest that discriminant validity is supported if the 

factor correlation between two constructs is significantly different from unity. We tested this 

by assessing whether the 95% CIs about the correlation between the overall SCMM (and 

each subscale) and trait challenge and threat appraisal, amount of stress, and stressor severity 

appraisal was different from unity. Correlations and 95% CIs are presented in Table 4.  If the 

CIs do not encompass 1.00, there is evidence for discriminant validity (Anderson & Gerbing, 

1988; Bagozzi, 1980). As anticipated, 95% CIs about the correlations between the overall 

SCMM and trait challenge and threat appraisal, amount of stress, and stressor severity 

appraisal did not include unity, providing support for discriminant validity. We also 

examined 95% CIs about the correlations between the SCMM subscales and trait challenge 

and threat appraisal, amount of stress, and stressor severity appraisal. None of the 95% CIs 

included unity, which also provided support for discriminant validity of the SCMM 

subscales. 
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Predictive Validity 

A series of regression analyses were conducted using SPSS V25.0 to examine 

predictive validity of the SCMM in cross-sectionally predicting five stress-related outcomes 

in both samples (see Table 5). In Sample 1, the SCMM significantly predicted proactive 

behavior (β = .27, R2 = .07, p < .001), perceived somatic symptoms (β = -.24, R2 = .06, p 

< .001), psychological wellbeing (β = .27, R2 = .07, p < .001), perceived stress (β = -.38, R2 

= .14, p < .001), and physical wellbeing (β = .26, R2 = .07, p < .001). In Sample 2, the SCMM 

significantly predicted proactive behavior (β = .19, R2 = .04, p = .007), psychological 

wellbeing (β = .32, R2 = .10, p < .001), perceived stress (β = -.35, R2 = .12, p < .001), and 

physical wellbeing (β = .25, R2 = .06, p < .001); however, the SCMM did not significantly 

predict perceived somatic symptoms (β = -.11, R2 = .01, p = .109). 

Incremental Validity 

A series of stepwise regressions using SPSS V25.0 were conducted to investigate 

whether the SCMM explains unique variance over and above that explained by the SMM-G 

(Crum et al., 2013). For each analysis, the SMM-G was entered into the equation in Step 1, 

and the SCMM was entered in Step 2. An examination of change in R2 across the analyses 

indicated that the SCMM explained significantly more variance than the SMM-G in all of the 

measured constructs with additional variance explained ranging from 2.2% to 5.9% in 

Sample 1, providing support for incremental validity. These results were partially replicated 

in Sample 2, with the SCMM explaining between 3.1% and 3.6% more variance in perceived 

somatic symptoms, psychological wellbeing and perceived stress than the SMM-G. These 

results, however, were not replicated for proactive behavior or physical wellbeing, with a 

non-significant increase in R2. See Table 5 for results specific to each variable.
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Table 2 

Model Fit and Measurement Invariance Tests Across Samples. 

 2 df 2
diff Δdf p RMSEA (90% 

CI) 

CFit SRMR CFI ΔCFI TLI 

Single-group solutions            

Sample 1 (AU) (n = 218) 122.25*** 72 - - - .057  .036 .974 - .962 

Sample 2 (UK) (n = 214) 158.35*** 72 - - - .075  .043 .949 - .925 

            

Measurement invariance            

Equal form (factor 

structures) 

280.60*** 144 - - - .066 .012 .040 .962 - .945 

Equal first-order factor 

loadings  

299.83*** 162 19.23 18 .378 .063 .031 .052 .962 -.000 .951 

Equal second-order factor 

loadings 

310.25*** 165 29.65 21 .099 .064 .021 .066 .960 -.002 .949 

Equal indicator intercepts 333.19*** 179 52.59 35 .028 .063 .022 .068 .958 -.004 .950 

Equal first-order factor 

intercepts 

334.30*** 180 53.70 36 .029 .063 .023 .068 .958 -.004 .950 

Equal first-order factor 

disturbances 

343.27*** 185 62.67 41 .016 .063 .022 .064 .956 -.006 .951 

Equal item residual 

variances 

352.23*** 189 71.63 45 .007 .063 .019 .065 .955 -.007 .950 
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Table 3 

Reliability Statistics for SCMM in Sample 1 and Sample 2. 

  Sample 1   Sample 2  

 ρ ω α ρ ω α 

Single-factor .938 .949 .926 .929 .941 .902 

Second-order factor .919 .919 .885 .888 .888 .842 

Performance and Productivity Subscale .845 .882 .853 .824 .851 .828 

Learning and Growth Subscale .830 .864 .851 .843 .876 .862 

Health and Vitality Subscale .774 .795 .783 .735 .763 .701 

General Subscale .673 .706 .720 .569 .618 .641 

Note: ρ = Composite reliability coefficient; ω = Omega (total); α = Coefficient alpha. 
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Table 4 

 

Correlations and 95% Confidence Intervals between the Stress Control Mindset Measure (SCMM) and Its Subscales, and Other Conceptually 

Related Measures, and Means and Standard Deviations for the SCMM and SCMM Subscales. 

 

Variable SCMM Performance and 

Productivity Subscale 

Health and Vitality 

Subscale 

Learning and 

Growth Subscale 

General Subscale M (SD) 

SMM-Ga                              - S1d .79*** [.73, .84] .69*** [.61, .76] .66*** [.57, .73] .67*** [.58, .74] .72*** [.65, .79] 2.74 (.61) 

                                             - S2e 

 

.73*** [.65, .80] .62*** [.53, .71] .49*** [.36, .59] .65*** [.55, .72] .64*** [.54, .71] 1.69 (.60) 

SMM-Sb                               - S1 .64*** [.54, .73] .52*** [.41, .63] .53*** [.42, .63] .58*** [.47, .67] .60*** [.49, .69] 2.64 (.67) 

                                             - S2 

 

.66*** [.57, .74] .53*** [.43, .63] .49*** [.37, 59] .57*** [.46, .66] .59*** [.49, .69] 1.61 (.71) 

Amount of Stress                 - S1 -.20** [-.33, -.06] -.14* [-.28, .00] -.20** [-.33, -.07] -.16* [-.29, -.02] -.19** [-.33, -.04] 4.52 (1.15) 

                                             - S2 

 

-.17* [-.29, -.04] -.06 [-.19, .07] -.20*** [-.34, -.06] -.15* [-.27, -.02] -.16* [-.29, -.03] 4.37 (1.43) 

Stressor Severity Appraisal - S1 -.24*** [-.36, -.11] -.19** [-.32, -.07] -.25*** [-.38, -.11] -.18** [-.31, -.05] -.19** [-.32, -.06] 5.45 (1.23) 

                                             - S2 

 

-.20** [-.32, -.08] -.08 [-.21, .06] -.28*** [-.42, -.14] -.17* [-.30, -.04] -.15* [-.28, -.02] 5.24 (1.48) 

Challenge Appraisalc           - S1 .28*** [.16, .39] .30*** [.18, .42] .20** [.07, .32] .27*** [.15, .38] .17* [.04, .30] 32.86 (6.40) 

                                             - S2 

 

.26*** [.11, .39] .18** [.02, .34] .21** [.05, .34] .22** [.08, .36] .23** [.09, .36] 33.24 (6.35) 

Threat Appraisalc                 - S1 -.24*** [-.37, -.09] -22** [-.36, -.08] -.10 [-.24, .04] -.29*** [-.41, -.16] -.18* [-.32, -.04] 39.18 (12.15) 

                                             - S2 

 

-.37*** [-.49, -.24] -.26*** [-.39, -.11] -.32*** [-.44, -.19] -.34*** [-.46, -.21] -.30*** [-.42, -.17] 40.21 (10.97) 

M (SD)                                 - S1 

                                             - S2 

3.28 (.81) 

3.21 (.80) 

3.77 (.97) 

3.72 (.99) 

2.63 (.86) 

2.51 (.86) 

3.65 (.96) 

3.49 (1.07) 

3.02 (.96) 

3.07 (.98) 

- 

- 

Note: aSMM-G = Stress mindset measure – general (Crum et al., 2013), bSMM-S = Stress mindset measure – specific (Crum et al., 2013), 
cCognitive Appraisal Scale (Skinner & Brewer, 2002), dS1 - Sample 1; eS2 = Sample 2. *p < .05, **p < .01, ***p < .001 
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Table 5 

 

Stepwise Regressions of Stress Mindset Measure-General (SMM-G; Crum et al., 2013) and Stress Control Mindset Measure (SCMM) Predicting 

Stress-Related Outcomes in Five Models. 

Dependent 

Variable 

 Proactive Behaviorc Somatic Symptomsd Psychological 

Wellbeinge 

Perceived Stressf Physical Wellbeingg 

Sample 1       

   Step 1: SMM-

Ga            

β .217** -.187** .206** -.351*** .207** 

 R2 .047** .035** .042** .123*** .043** 

       

   Step 2: SMM-

Ga            

               SCMMb             

β 

β 

.011 

.261* 

.004 

-.242* 

-.011 

.275* 

-.141 

-.266* 

.004 

.256* 

 R2 .073*** .057** .071*** .150*** .067** 

 ΔR2 .025* .022* .028* .026* .059* 

M (SD)  2.93 (.66) 19.63 (6.09) 44.45 (9.44) 21.91 (6.87) 25.28 (5.49) 

       

Sample 2       

   Step 1: SMM-

Ga            

β .189* -.226** .273*** -.297*** .216** 

 R2 .032* .051** .075*** .088*** .047** 

       

   Step 2: SMM-

Ga            

               SCMMb             

β 

β 

.088 

.122 

-.033 

-.262* 

.079 

263** 

-.091 

-.279** 

.075 

.191 

 R2 .039* .073*** .106*** .124*** .063** 

 ΔR2 .007 .031* .032** .036** .017 

M (SD)  2.96 (.63) 19.15 (6.16) 44.77 (9.22) 22.47 (6.75) 24.03 (5.42) 
aStress mindset measure – general (SMM-G; Crum et al., 2013), bStress control mindset measure (SCMM), cProactive under stress scale (Keech 

et al., 2018), dSTICSA-T Somatic subscale (Ree et al., 2008), eWarwick-Edinburgh Mental Well-being Scale (WEMWBS; Tennant et al., 2007), 
fPerceived stress scale (PSS-10; Cohen & Williamson, 1988), gCDC Healthy Days. *p < .05, **p < .01, ***p < .001.
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Discussion 

The current study reported the development and assessment of the psychometric 

properties of the SCMM in two samples from Australia and the UK. The SCMM was 

developed to measure stress mindset as the extent to which an individual holds the belief that 

the consequences of stress can be enhancing and that the individual can use stress to be 

enhancing. The results of the CFAs on Sample 1 provided initial evidence for the factorial 

validity of the SCMM in a sample of Australian undergraduate university students. The 

results of the analyses on Sample 2 corroborated the factorial validity of the SCMM in an 

ethnically diverse sample of British undergraduate university students. A series of multi-

group CFAs also indicated that the SCMM demonstrated invariant structure, factor loadings, 

intercepts, and item and factor uniqueness across samples. Additionally, the findings 

demonstrate the convergent and discriminant validity of the SCMM. Specifically, the overall 

SCMM and all subscales exhibit a moderate to strong relationship with the original measures 

of stress mindset (SMM-G, SMM-S), supporting convergent validity of the SCMM. It was 

also demonstrated across samples that the overall SCMM and all subscales are distinct from 

trait challenge and threat appraisals, the amount of stress participants were experiencing, and 

the perceived severity of the primary source of stress in their life, providing support for 

discriminant validity.  

Predictive validity of the SCMM in predicting proactive behavior, psychological 

wellbeing, perceived stress, and physical wellbeing was also supported in both samples. 

Predictive validity of the SCMM in predicting perceived somatic symptoms was supported in 

Sample 1 but not Sample 2.  We also assessed the incremental validity of the SCMM against 

the SMM-G in both samples. In Sample 1, the SCMM explained significantly more variance 

than the SMM-G in all of the measured constructs, providing support for incremental 

validity. These results were partially replicated in Sample 2, with the SCMM explaining 
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significantly more variance in perceived somatic symptoms, psychological wellbeing and 

perceived stress than the SMM-G. These results, however, were not replicated for proactive 

behavior or physical wellbeing, with a non-significant increase in variance explained. It is 

noteworthy that there was a substantial difference in internal consistency of the measure of 

proactive behavior between samples with the scale in Sample 2 exhibiting questionable 

internal consistency. It is possible that this is responsible for the discrepancy in results. 

Further, physical wellbeing was measured using two self-report items where participants 

provided their perception of their physical wellbeing in the past month. It is possible that an 

objective measure of health would provide a more accurate measure for this kind of 

assessment.  

Theoretical and Practical Implications 

The current findings indicate that the SCMM is a reliable and valid measure that 

cross-sectionally predicts proactive behavior, perceived somatic symptoms, psychological 

wellbeing, perceived stress, and physical wellbeing. Future studies can therefore apply this 

measure when seeking to further understand how stress mindset may influence outcomes 

under stress. A further practical implication is that the SCMM may be used to evaluate 

interventions aiming to encourage more adaptive responses to stress because it conceptualizes 

and measures stress mindset as the extent to which and individual believes that stress can be 

enhancing–a balanced view of stress. Specifically, stress mindset interventions in the future 

may seek to present a balanced view of stress or that stress can be enhancing. This is 

supported by the evidence for incremental validity attained in the current study, and is 

consistent with Liu, Vickers, Reed, and Hadad (2017), who found that presenting videos 

outlining balanced consequences of stress results in significantly lower heart rates and 

diastolic blood pressure following a lab-induced stressor than when videos outlining strictly 

positive or negative consequences of stress are presented.  
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The finding that the SCMM demonstrated incremental validity, explaining 

significantly more variance than the SMM-G in all outcomes in Sample 1 and all but two 

outcomes in Sample 2 also has theoretical implications. Specifically, this provides 

preliminary evidence that conceptualizing stress mindset as a spectrum of beliefs ranging 

from the consequences of stress being debilitating to the belief that stress can be enhancing 

may be more effective in explaining stress-related outcomes than measuring stress mindset as 

fixed-debilitating to fixed-enhancing. A further theoretical implication is that the stress is 

debilitating items load onto the same factors as the stress can be enhancing items. This is 

consistent with what has been observed with the SMM-G (Crum et al., 2013), and supports 

that beliefs that stress can be enhancing and stress is debilitating can be conceptualized as a 

spectrum of beliefs rather than two independent beliefs operating in parallel. 

Strengths, Limitations and Future Directions 

In the current study, we sought to develop and evaluate the psychometric properties of 

a theoretically-consistent measure of stress mindset. A particular strength of the study is that 

the findings have been tested in two samples from different countries. The Australian sample 

was relatively ethnically homogeneous, while the British sample was ethnically diverse. The 

Australian sample was also collected in a research laboratory, while the British sample was 

collected online. This allowed us to determine that the factor structure of the measure held 

across a range of contexts. To the authors’ knowledge, this is the first study to evaluate the 

psychometric properties and measurement invariance of a measure of stress mindset across 

two international samples. The study must, however, be viewed in light of some limitations. 

Namely, the data was collected cross-sectionally for both samples, meaning that we were 

unable to determine temporal precedence for analysis of predictive validity or longitudinal 

measurement invariance. It is noteworthy that the SCMM showed only a weak correlation 

with the amount of stress participants were experiencing, and that the SCMM exhibited high 
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test-retest reliability. We therefore expect that the SCMM is likely to produce stable and 

invariant measurement over time while stress levels fluctuate but suggest that future research 

should seek to longitudinally examine within-person variation in stress mindset using the 

SCMM. Another important future direction is to understand how the domains of stress 

mindset that are represented by the SCMM subscales may be affected by different types of 

stressful life events, and whether they differentially influence stress-related health and 

performance outcomes. A strength of the SCMM is that it contains four subscales pertaining 

to these domains, which can be used in future investigation of these domains. 

Conclusion 

The current study demonstrated that the SCMM is a valid and reliable measure of 

stress mindset with good psychometric properties. Preliminary evidence for the reliability and 

validity of the SCMM was obtained through analysis of Sample 1 data from Australia, and 

these findings were corroborated through analysis of Sample 2 data from the UK. 

Specifically, the SCMM measures stress mindset as the extent to which individuals believe 

that the consequences of stress can be enhancing, and you can use stress to be enhancing. The 

measure is theoretically-consistent, is related to key stress-related outcomes, and should be 

considered as a useful measure of stress mindset for future research aimed at understanding, 

changing, and tracking stress mindsets across time. 
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Supplemental Online Material 1. Inter-item Correlations, Means and Standard Deviations for SCMM Items in Sample 1 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 M (SD) 

Item 1* –               3.78 (1.27) 

Item 2 .35 –              3.25 (1.20) 

Item 3 .23 .57 –             2.39 (1.08) 

Item 4* .41 .45 .33 –            3.14 (1.18) 

Item 5 .52 .54 .35 .40 –           4.02 (1.12) 

Item 6* .25 .31 .38 .36 .26 –          2.73 (1.05) 

Item 7 .57 .49 .34 .41 .75 .19 –         3.91 (1.08) 

Item 8 .26 .45 .61 .37 .33 .39 .49 –        2.64 (1.05) 

Item 9 .43 .51 .37 .32 .54 .24 .71 .48 –       3.83 (1.13) 

Item 10* .49 .43 .42 .50 .48 .46 .44 .47 .45 –      2.68 (1.23) 

Item 11* .71 .48 .37 .42 .59 .31 .57 .32 .56 .58 –     3.71 (1.24) 

Item 12* .42 .40 .55 .33 .39 .37 .34 .55 .29 .49 .50 –    2.73 (1.22) 

Item 13* .55 .47 .40 .39 .51 .44 .48 .35 .51 .62 .69 .48 –   3.38 (1.15) 

Item 14* .63 .46 .36 .41 .60 .41 .52 .39 .44 .59 .64 .53 .73 –  3.38 (1.18) 

Item 15 .48 .45 .34 .33 .63 .18 .61 .29 .63 .41 .61 .34 .54 .49 – 3.68 (1.08) 

Note: All inter-item correlations significant at p < .01.  
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Supplemental Online Material 2. Inter-item Correlations, Means and Standard Deviations for SCMM Items in Sample 2 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 M (SD) 

Item 1* –               3.82 (1.26) 

Item 2 .42 –              3.39 (1.26) 

Item 3 .21 .44 –             2.33 (1.15) 

Item 4* .32 .29 .21 –            3.10 (1.29) 

Item 5 .53 .49 .24 .23 –           3.90 (1.19) 

Item 6* .06ns .07ns .19 .16 .09ns –          2.68 (1.20) 

Item 7 .53 .47 .26 .23 .73 .06ns –         3.86 (1.19) 

Item 8 .20 .34 .66 .34 .23 .30 .19 –        2.53 (1.16) 

Item 9 .41 .57 .33 .29 .61 .23 .57 .38 –       3.71 (1.23) 

Item 10* .42 .37 .35 .46 .38 .41 .32 .38 .51 –      2.73 (1.29) 

Item 11* .56 .42 .13ns .41 .56 .23 .51 .22 .64 .55 –     3.44 (1.40) 

Item 12* .36 .24 .35 .32 .20 .24 .14 .50 .20 .42 .40 –    2.52 (1.26) 

Item 13* .44 .45 .17 .44 .46 .33 .43 .24 .55 .56 .66 .32 –   3.28 (1.19) 

Item 14* .43 .38 .08 .39 .53 .34 .54 .16 .42 .51 .62 29 .73 –  3.29 (1.24) 

Item 15 .43 .54 .30 .27 .58 .14 .51 .31 .68 .39 .64 .27 .49 .51 – 3.53 (1.26) 

Note: All inter-item correlations significant at p < .01 unless otherwise specified. nsnon-significant
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Supplemental Online Material 3. Items and Response Scales for Study Variables 

Construct Measure Items Scale/Scoring 

Stress mindset SCMM (Keech 

et al., 2018) 

 

You are unable to use stress to enhance your performance and productivity* 

Stress can be used as a way to get the most out of your life 

Stress can be used to enhance your health and vitality 

Stress must be reduced or avoided to get the most out of life* 

You can use stress to boost your performance and productivity 

Stress will impair your health and vitality* 

Stress can be used to enhance your performance and productivity 

You can use stress to stimulate your health and vitality 

Stress can be used to enhance your learning and growth 

The effect of stress on you is negative* 

You are unable to use stress to enhance your learning and growth* 

You are unable to use stress to enhance your health and vitality* 

Stress will impair your learning and growth* 

Stress will impair your performance and productivity* 

You can use stress to facilitate your learning and growth 

1 = strongly 

disagree,  

6 = strongly 

agree / Scale 

calculated: mean 

Stress mindset SMM-G (Crum 

et al., 2013) 

See Crum et al. (2013) for items. 0 = strongly 

disagree, 4 = 

strongly agree / 

Scale calculated: 

mean 

Stress mindset SMM-S (Crum 

et al., 2013) 

See Crum et al. (2013) for items. 0 = strongly 

disagree, 4 = 

strongly agree / 

Scale calculated: 

mean 
Perceived stress 

 
PSS-10 (Cohen 

& Williamson, 

1988) 

See Cohen and Williamson (1988) for items. 0 = never,  

4 = very often / 

Scale calculated: 

sum 

Psychological 

wellbeing 
WEMWBS-14 

(Tennant et al., 

2007) 

See Tennant et al. (2007) for items. 

 

1 = none of the 

time, 5 = all of the 

time / Scale 

calculated: sum 
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Amount of 

stress 

From (Crum et 

al., 2013) 
Overall, how much stress do you have in your life right now? 1 = no stress,  

7 = an extreme 

amount of stress 

Stressor 

severity 

appraisal 

From (Crum et 

al., 2013) 
What is the primary source of stress in your life right now? (open-ended) 

How stressful do you perceive this stressor to be? 

1 = not at all 

stressful, 7 = an 

extreme amount 

of stress). 

Proactive 

behavior  

Proactive under 

stress scale 

(Keech et al., 

2018) 

In the last month, how often were you proactive to cope with stress? 

In the last month, how often were you not proactive when under stress?* 

In the last month, how often did you engage in planning your time to cope with stress? 

In the last month, how often did you avoid engaging in planning your time when under 

stress?* 

In the last month, how often did you avoid procrastination to cope with stress? 

In the last month, how often did you procrastinate when under stress?* 

1 = never,  

5 = very often / 

Scale calculated: 

mean 

Physical 

wellbeing 

HRQOL-14 

Question 1 

(Centers for 

Disease Control 

and Prevention., 

2000) 

Now thinking about your physical health, which includes physical illness and injury, for 

how many days during the past 30 days was your physical health not good? 

During the past 30 days, for about how many days did PAIN make it hard for you to do 

your usual activities, such as self-care, work, or recreation? 

0 = excellent,  

30 = 30 days / 

Scale calculated: 

mean; Reverse-

coded for 

analysis to 

reflect healthy 

days 

Trait cognitive 

appraisal style 

(challenge and 

threat 

subscales) 

Cognitive 

Appraisal Scale 

(Skinner & 

Brewer, 2002) 

See (Skinner & Brewer, 2002) for items. 1 = strongly 

disagree, 6 = 

strongly agree/ 

Scale calculated: 

sum 

Perceived 

general 

somatic 

symptoms 

STICSA-T 

somatic subscale 

(Ree et al., 

2008; Ree et al., 

2000) 

See Ree et al. (2008) for items. 1 = almost never, 

4 = almost 

always / Scale 

calculated: sum 

*Reverse-coded item
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Stress Control Mindset Measure (SCMM) 

The following questions are designed to assess your ideas about stress. 

As we are interested in YOUR ideas about stress, there are no right or wrong answers. 

Please indicate the extent to which you agree or disagree with the following statements. 

 

 Strongly 

disagree 

Disagree Somewhat 

disagree 

Somewhat 

agree 

Agree Strongly 

agree 

1. You are unable to use stress to enhance 

your performance and productivity* 

 

1 2 3 4 5 6 

2. Stress can be used as a way to get the 

most out of your life 

 

1 2 3 4 5 6 

3. Stress can be used to enhance your 

health and vitality 

 

1 2 3 4 5 6 

4. Stress must be reduced or avoided to get 

the most out of life* 

 

1 2 3 4 5 6 

5. You can use stress to boost your 

performance and productivity 

 

1 2 3 4 5 6 

6. Stress will impair your health and 

vitality* 

 

1 2 3 4 5 6 

7. Stress can be used to enhance your 

performance and productivity 

 

1 2 3 4 5 6 

8. You can use stress to stimulate your 

health and vitality 

 

1 2 3 4 5 6 

9. Stress can be used to enhance your 

learning and growth 

 

1 2 3 4 5 6 

10. The effect of stress on you is negative* 

 

1 2 3 4 5 6 

11. You are unable to use stress to enhance 

your learning and growth* 

 

1 2 3 4 5 6 

12. You are unable to use stress to enhance 

your health and vitality* 

 

1 2 3 4 5 6 

13. Stress will impair your learning and 

growth* 

 

1 2 3 4 5 6 

14. Stress will impair your performance 

and productivity* 

 

1 2 3 4 5 6 

15. You can use stress to facilitate your 

learning and growth 

1 2 3 4 5 6 

* Reverse coded item 

Citation: 

Keech, J. J., Orbell, S., Hagger, M. S., O’Callaghan, F. V. & Hamilton, K. (2019). The Stress Control Mindset 

Measure (SCMM): Psychometric properties in Australian and British samples. doi: 10.31234/osf.io/8x5zu

http://doi.org/10.31234/osf.io/8x5zu
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Chapter 6: The Influence of University Students' Stress Mindsets on Health and 

Performance Outcomes (Paper 2) 

This chapter is a paper based on Aim 2 of the research program that has been 

published in the journal Annals of Behavioral Medicine (Impact Factor 3.575; SCImago 

ranking Q1). Note that this chapter is presented in US English in compliance with the 

requirements of the journal. The PhD Candidate is the first author of the paper and the 

supervisory team are co-authors. The PhD Candidate takes overall responsibility for the 

publication and all co-authors meet criteria for authorship. Electronic supplementary 

material to the paper are attached at the end of the chapter. The data file and output files 

from all analyses can also be accessed on the Open Science Framework: 

https://osf.io/xdvqt  

 

STATEMENT OF CONTRIBUTION TO CO-AUTHORED PUBLISHED PAPER 

This chapter includes a co-authored paper. The bibliographic details of the  

co-authored paper, including all authors, are: 

 

Keech, J. J., Hagger, M. S., O’Callaghan, F. V. & Hamilton, K. (2018). The influence of 

university students' stress mindsets on health and performance outcomes. Annals 

of Behavioral Medicine, 52(12), 1046-1059. doi: 10.1093/abm/kay008 
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Electronic Supplementary Material 1 

Stress Control Mindset Measure (SCMM) Validity Additional Information 

An exploratory factor analysis was initially conducted to explore the factor structure of 

the SCMM. This indicated that there was a measurement artefact occurring due to the 

reverse worded items. A confirmatory factor analysis was then conducted to test the 

hypothesized 4-factor structure that the measure had been conceptualized around, 

controlling for the measurement artefact by creating a latent variable to account for the 

error variance attributed to the reverse coded items. The four factors were stress mindset 

in the context of performance and productivity, learning and growth, health and vitality, 

and the consequences of stress generally. In addition to the variables included in the 

nomological network, the Stress Mindset Measure (General and Specific versions) was 

also administered (5) for the purposes of determining validity of the SCMM. An 

additional confirmatory factor analysis was conducted to assess discriminant validity of 

the SCMM with conceptually-related constructs including stress mindset (Stress 

Mindset Measure General and Specific versions; 5), perceived stress (PSS-10; 38), and 

psychological well-being (WEMWBS; 32). Bagozzi and Kimmel (56) suggest that 

discriminant validity is supported if the factor correlation between two constructs is 

significantly different from unity. They suggest that a significant difference from unity 

and discriminant validity is supported if the factor correlation between two constructs is 

less than 1 minus 1.96 multiplied by the standard error of the correlation. We also 

employed an alternative approach by assessing whether the 95% CI about the latent 

correlation between two constructs includes unity. If the CIs do not encompass 1, there 

is evidence for discriminant validity (57, 58). Discriminant validity of the SCMM with 

measures of stress, well-being and stressor specific stress mindset (Stress Mindset 

Measure-Specific) was supported, with latent factor correlations ranging from r = .12, p 

>.05, 95% CI [-.26, .02] (amount of stress) to r = .68, p < .001, 95% CI [.57, .78] (stress 

mindset measure-specific). Preliminary support for discriminant validity between the 

SCMM and Stress Mindset Measure-General was indicated as the latent correlation 

between the two factors was significantly different from unity 95% CI [.87, .97], 

however, the high latent correlation indicates a large degree of crossover between the 

two constructs, r = .92, p < .001. Full results of factor analyses of the SCMM, items 

included in the SCMM, and goodness-of-fit and validity statistics (5) are available on 

the project website: https://osf.io/xdvqt 

 

 

Note: This paper was published prior to the measure validation paper (Paper 1). This 

information was included in Paper 2 to support the validity of the SCMM. 
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Electronic Supplementary Material 2 

Stress Mindset SC-IAT (Single Category Implicit Association Test) Stimuli Words 

Enhancing Debilitating 

Positive Crippling 

Strengthening Incapacitating 

Developing Devastating 

Enriching Disabling 

Expanding Immobilising 

Elevating Depleting 

Energising Harmful 

Boosting Negative 

Healthy Useless 

Improving Failing 

Growing Exhausting 

Inspiring Inhibiting 

Stimulating Draining 

Heightening Unhealthy 

Thriving Fatiguing 

Vitalising Diminishing 

Flourishing Devitalising 

Beneficial Dysfunctional 

Advancing Limiting 

Productive Unhelpful 

Helpful Restricting 

  
Stress  
Stressful  

Stressed  

Stressor  

Pressure  

Burden  

Tension  

Tense   
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Round 1 and 2 (Compatible Trials) – Screenshot from SC-IAT 

 

 

Round 3 and 4 (Incompatible Trials) – Screenshot from SC-IAT 
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Chapter 7: The Association Between Stress Mindset and Physical and 

Psychological Wellbeing: Testing a Stress Beliefs Model in Police Officers   

(Paper 3) 

This chapter is a paper based on Aim 2 of the research program that has been 

submitted to Psychology & Health (Impact Factor 2.401; SCImago ranking Q1). The 

PhD Candidate is the first author of the paper and co-authors are the supervisory team 

and Kaitlyn Cole. The PhD Candidate takes overall responsibility for the publication 

and all co-authors meet criteria for authorship. Electronic supplementary material to the 

paper are attached at the end of the chapter. 
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Abstract 

Objective: Emergency service workers like police officers experience high levels of 

stress in the course of their regular duties. Holding particular stress mindsets may help 

to mitigate the deleterious effects of stress and promote wellbeing in workers 

experiencing regular stress. The aim of the study was to examine the processes by 

which stress mindsets relate to health and wellbeing in police officers. A stress beliefs 

model in which perceived somatic symptoms and coping behaviours mediate effects of 

stress mindsets on outcomes was tested. Design: Police officers (N=134) completed an 

online survey. Main outcome measures: Perceived somatic symptoms, proactive 

coping behaviours, physical and psychological wellbeing, and perceived stress. Results: 

Bayesian path analysis with informative priors revealed indirect effects of stress 

mindsets on psychological wellbeing and perceived stress through proactive coping 

behaviours and perceived somatic symptoms. Physical and psychological wellbeing, 

and perceived stress were predicted by stress mindsets directly, and through perceived 

somatic symptoms. Conclusion: The findings support model predictions that 

behaviours aimed at proactively meeting demands and perceived somatic symptoms 

mediated the relationship between stress mindset and health-related outcomes. The 

findings provide further foundational knowledge for the mechanisms through which 

stress mindset is associated with outcomes and can inform future research. 

 

Keywords: Stress, mindsets, coping, occupational stress, emergency services 
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Introduction 

Emergency service personnel regularly experience critical incidents and are 

exposed to a highly stressful work environment (Nielsen, Mearns, Matthiesen, & Eid, 

2011). In particular, police officers operating in the field frequently experience 

occupational stressors including exposure to verbal abuse, physical harm, and violence 

(Chopko, Palmieri, & Adams, 2015). They are, therefore, at high risk of experiencing 

deleterious stress-related health consequences. Identifying potentially modifiable factors 

that offer protection from the insidious effects of work-related stress in police officers 

may provide useful formative research on which to base interventions aimed at effective 

stress management in these essential workers. 

One potential protective factor that may influence the impact of the stress 

response on health are peoples’ beliefs about stress itself and several studies have 

considered the association between stress beliefs and stress-related outcomes. Negative 

stress beliefs, in particular, have been found to predict negative affect (Daniels, Hartley, 

& Travers, 2006), somatic symptoms (Laferton, Stenzel, & Fischer, 2018), and 

perceived stress (Fischer, Nater, & Laferton, 2016). A specific conceptualisation of 

beliefs about stress, stress mindset, has also been linked to a broader range of health and 

wellbeing outcomes. Stress mindsets are sets of beliefs that individuals hold about the 

consequences of experiencing stress (Crum, Salovey, & Achor, 2013; Keech & 

Hamilton, 2019). Mindsets refer to beliefs regarding the malleability of personal 

qualities, and serve as a framework through which people make predictions about, and 

judge the meaning of, life events (Dweck, Chiu, & Hong, 1995; Yeager & Dweck, 

2012). Crum et al. (2013) applied the mindset concept to stress research, finding that 

holding a stress-is-enhancing mindset—the belief that stress has positive implications 

for health and performance—was associated with a range of stress-related health and 

wellbeing outcomes. This is contrasted with a stress-is-debilitating mindset—the belief 
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that stress has negative implications for health and performance—which is associated 

with poorer stress-related outcomes.  

Several experimental and observational studies have observed effects of stress 

mindset on physical and psychological wellbeing, and on physiological, behavioural, 

performance, and affective outcomes in response to laboratory-induced stressors and 

ecological stress experiences over short periods of time (Casper, Sonnentag, & 

Tremmel, 2017; Crum, Akinola, Martin, & Fath, 2017; Crum et al., 2013; Keech, 

Hagger, O’Callaghan, & Hamilton, 2018; Park et al., 2018). Crum et al. (2013) also 

found that stress mindset is distinct from other important variables in the stress process 

such as amount of stress and stressor appraisal.  As exposure to many operational 

stressors is unavoidable among emergency service personnel like police officers (e.g., 

sudden exposure to threat of violence), the distinction between stress mindsets and 

amount of stress is particularly relevant to police officers (Ricciardelli, 2018). 

Theoretical Basis of a Stress Beliefs Model 

The stress beliefs model proposes that stress mindset influences health and 

performance through two mechanisms: (1) changes in physiological responses to stress 

and (2) changes in behavioural responses to stress (Keech et al., 2018). It is well 

established that stress triggers activation of the sympathetic nervous system, which 

results in production of catecholamines such as adrenaline and noradrenaline. The 

activation produces changes in heart rate, blood pressure, pupil dilation, and sweat 

secretion, which is characteristic of a “fight-or-flight” response (Cannon, 1932). Stress 

also triggers increases in hypothalamic-pituitary-adrenocortical (HPA) axis activation, 

which results in increased production of corticosteroids such as cortisol (Selye, 1956, 

1975). Crum et al. (2013) found that stress mindset was associated with adaptive 

cortisol reactivity profiles when students were exposed to a laboratory stressor. 

Specifically, stress mindset was associated with lower cortisol responses in those with 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 114 
 

 

 

high cortisol reactivity to stress, and with increased cortisol responses in those with low 

cortisol reactivity to stress. Two other studies have also observed that negative stress 

beliefs predict increased somatic symptoms in students (Fischer et al., 2016; Laferton et 

al., 2018). Prolonged or frequent sympathetic nervous system or HPA activations can 

result in overstimulation of these systems, which is referred to as allostatic load 

(McEwen, 2017). This overstimulation also been associated with negative health and 

wellbeing outcomes (Almadi, Cathers, & Chow, 2013; Dhabhar, 2014; Johnston, 2002). 

It is therefore expected that if beliefs can influence physiological activations under 

stress, this may in turn lead to better health and wellbeing outcomes (Keech et al., 

2018). Specifically, the extent to which individuals experience the physiological stress 

response over a set period of time is expected to be a key mechanism through which 

stress mindset relate to health and wellbeing outcomes. 

Given the symptoms commonly associated with the stress response, such as 

headaches, muscle tension, fatigue, nausea, and sleep disturbances (Lyon, 2012), it is 

reasonable that the goal for individuals engaging in coping behaviours is often to 

manage the feelings of discomfort and to attenuate the heightened arousal. These coping 

behaviours include emotion-focused strategies aimed at reducing the feeling of tension 

(Carver & Connor-Smith, 2010) and problem-focused strategies that are directed toward 

reducing the magnitude of the stressor itself. This includes behaviours such as planning, 

making a start on a task, and proactively acquiring resources (Carver & Connor-Smith, 

2010). To date, the effect of stress mindset on behavioural outcomes has been examined 

only in regard to performance-related behaviours. Initially, desire for feedback under 

stress was found to be influenced by stress mindsets (Crum et al., 2013). While seeking 

feedback can be considered a form of proactive coping, it may not represent a 

propensity to use proactive behaviours more broadly when under stress, and it cannot 

necessarily be generalised to other active approaches to coping to managing stress. 
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Further, feedback may not be available in all stressful situations and is mostly relevant 

to performance outcomes. In addition, Casper et al. (2017) found that employees who 

endorsed more strongly endorsed a stress-is-enhancing mindset made more approach 

coping efforts in anticipation of a high workload, which in turn had favourable 

implications for performance. These findings indicate that changes in proactive and 

approach coping behaviours under stress may play a role in the process through which 

stress mindsets influence performance outcomes. Similar approach-oriented coping 

styles have been positively associated with physical health outcomes in medical 

students (Park & Adler, 2003). In addition, a recent meta-analysis (Hagger, Koch, 

Chatzisarantis, & Orbell, 2017) has indicated that coping strategies, including more 

proactive problem-focused strategies, predict a range of illness-related psychological 

and physical health outcomes, including reductions in disease progression, reduced 

distress, and greater wellbeing. It expected that the use of a range of proactive coping 

behaviours when under stress is a key mechanism through which stress mindset 

influences health and wellbeing outcomes (Keech et al., 2018).  

A recent test of the stress beliefs model supported its predictions in a student 

sample (Keech et al., 2018). Consistent with model predictions proactive coping 

behaviour mediated the association between stress mindset and both psychological 

wellbeing and perceived stress. Somatic symptoms also mediated the association 

between stress mindset and physical and psychological wellbeing, and perceived stress. 

While the stress beliefs model has been evaluated in a sample of university students, it 

has not yet been tested among employees in demanding occupational settings such as 

that experienced by police officers. 

A Bayesian Approach to Testing the Stress Beliefs Model 

Keech and colleagues’ (2018) study provides useful reference data against which 

estimates can be compared when testing the stress beliefs model in a new population. 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 116 
 

 

 

Recent advances in confirmatory analytic techniques using Bayesian procedures affords 

researchers means to test proposed relationships among constructs in a proposed model 

while simultaneously accounting for existing knowledge of those relations. Specifically, 

Bayesian path analyses allows researchers to incorporate existing knowledge when 

testing relations among constructs in model tests which, in turn, provides more precise 

estimates of the relations (van de Schoot et al., 2014; Zyphur & Oswald, 2015). When 

specifying relations among constructs in the model, researchers can specify prior values 

accounting for prior knowledge that are relatively broad and uninformative which 

returns posterior estimates similar to traditional frequentist approaches (Yuan & 

MacKinnon, 2009). Conversely, specifying prior values based on previous empirical 

data is highly informative and, to the extent that the prior values are a good 

representation of the relations among model constructs in the observed data, will yield 

estimates that are more precise (van de Schoot et al., 2014).  

In the current study, we aim to test the stress beliefs model in a sample of police 

officers. We will adopt Bayesian path analysis to incorporate existing knowledge 

among constructs in the stress beliefs model from on previous research (Keech et al., 

2018). Posterior distributions for each proposed relationship among model constructs 

will provide updated estimates of the relations within the stress beliefs model. If the 

priors specified are a good representation of true model effects, the posterior 

distributions of the estimates of model relations will be more precise. This Bayesian 

updating approach allows us to use cumulative data from existing and current research 

to inform further development of the stress beliefs model as it is applied to different 

stressor environments, contexts, and populations. The posterior distributions can be then 

used as prior distributions for future tests of the model. The Bayesian approach has also 

been found to yield more precise parameter estimates compared to conventional 

frequentist approaches when analysing data from smaller samples and using informative 
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priors (Lee & Song, 2004).  

 
Figure 1. The hypothesised stress beliefs model. 

 

Aims and Hypotheses 

The aim of the current study was to test the predictions of the stress beliefs 

model in predicting psychological wellbeing, physical wellbeing, and perceived stress 

in a sample of police officers. The specific predictions in the model are summarised in 

Table 1 and illustrated in Figure 1. We propose that stress mindset will predict greater 

engagement in proactive behaviours when under stress (P1), such as planning to meet 

demands, proactivity toward meeting demands, and avoiding procrastination. It is 

anticipated that stress mindset will predict perceived general somatic symptoms (P2). 

We also expect that proactive behaviour will predict greater psychological wellbeing 

(P3), lower perceived stress (P4), and greater physical wellbeing (P5) (Hagger, Koch, et 

al., 2017; Park & Adler, 2003). We expect that perceived general somatic symptoms 

will predict lower psychological wellbeing (P6), greater perceived stress (P7), and lower 

physical wellbeing (P8). It is also anticipated that stress mindset will predict higher 

psychological wellbeing (P9), lower perceived stress (P10), and higher physical 

wellbeing (P11) directly. We also expect that stress mindset will indirectly predict 

greater psychological wellbeing (P12), lower perceived stress (P13), and greater physical 

wellbeing (P14), mediated by proactive behaviour. In addition, we anticipate that stress 
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mindset will predict greater psychological wellbeing (P15), lower perceived stress (P16), 

and greater physical wellbeing (P17) mediated by perceived general somatic symptoms. 

Table 1 

 

Summary of predicted direct and indirect effects in the proposed stress beliefs model. 

 
Prediction Independent variable → Dependent variable Predictiona 

Direct   

P1 Stress mindset → Proactive behaviour Effect (+) 

P2 Stress mindset → Perceived somatic symptoms Effect (-) 

P3 Proactive behaviour → Psychological wellbeing Effect (+) 

P4 Proactive behaviour → Perceived stress Effect (-) 

P5 Proactive behaviour → Physical wellbeing Effect (+) 

P6 Perceived somatic symptoms → Psychological wellbeing Effect (-) 

P7 Perceived somatic symptoms → Perceived stress Effect (+) 

P8 Perceived somatic symptoms → Physical wellbeing Effect (-) 

P9 Stress mindset → Psychological wellbeing Effect (+) 

P10 Stress mindset → Perceived stress Effect (-) 

P11 Stress mindset → Physical wellbeing 

 

Effect (+) 

Indirect effects via Proactive Behaviour  

P12 Stress mindset → Psychological wellbeing Effect (+) 

P13 Stress mindset → Perceived stress Effect (-) 

P14 Stress mindset → Physical wellbeing 

 

Effect (+) 

Indirect effects via Perceived Somatic Symptoms  

P15 Stress mindset → Psychological wellbeing Effect (+) 

P16 Stress mindset → Perceived stress Effect (-) 

P17 Stress mindset → Physical wellbeing Effect (+) 
aDenotes whether the hypothesis specifies a positive (+) effect, a negative (–) effect, or 

no effect. 

 

Materials and Methods 

Participants and Procedure 

Participants were police officers (N = 134; 90 male, 42 female, 2 undisclosed) 

ranging in age from 25 to 59 years (M = 43.22, SD = 8.29) recruited from one police 

district in [City Masked for Peer Review], Australia via an email notice sent to their 

work account. All operational police officers were eligible to participate, and no 

incentives were provided for participation. The majority (84%) of participants were 

born in Australia and were in a married/de facto relationship (78%). The sample was 

sufficiently heterogenous in terms of rank, and years of service ranged from 1 to 41 (M 
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= 16.72, SD = 9.73). 

The [Masked] University Human Research Ethics Committee (reference: 

2017/574) and [Masked] Police Service Research Committee (DOC17/1298258) 

approved the study. Prior to participating, police officers were provided with details of 

study requirements and provided informed consent. The current study adopted a 

correlational design, with participants completing study measures between March and 

May 2018 in an online survey hosted by the Qualtrics© survey software. All police 

officers in the approved police district were invited to participate.  

Measures 

Stress mindset. Consistent with Keech et al. (2018), stress mindset was 

measured using the Stress Control Mindset Measure (SCMM; Keech, Orbell, Hagger, 

O’Callaghan, & Hamilton, 2019), which measures stress mindset in the context of 

performance and productivity, learning and growth, health and vitality, and in general. 

Participants were presented with a series of statements about the consequences of 

experiencing stress (e.g., “Stress can be used to enhance my performance and 

productivity”), with responses provided on six-point scales (1 = strongly disagree to 6 = 

strongly agree). The SCMM exhibited adequate internal consistency in the current 

study, α = .94. 

Proactive behaviour. Proactive behaviour was measured using a six-item 

proactive under stress scale (Keech et al., 2018). Participants indicated the extent to 

which they engaged in planning, were proactive, and avoided procrastination, to cope 

with stress (e.g., “In the last month, how often did you engage in planning your time to 

cope with stress?”) in the last month with responses provided on five-point scales (1 = 

never to 5 = very often). The scale exhibited adequate internal consistency in the current 

study, α = .70. 

Perceived general somatic symptoms. The State-Trait Inventory for Cognitive 
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and Somatic Anxiety – Trait Version (STICSA-T) somatic subscale (11 items) was used 

as a proxy measure for perceived chronic elevation in sympathetic nervous system 

activation (Ree, French, MacLeod, & Locke, 2008; Ree, MacLeod, French, & Locke, 

2000). Participants were asked to indicate the extent to which they generally experience 

a variety of somatic symptoms (e.g., my breathing is fast and shallow). Responses were 

provided on 4-point scales (1 = almost never to 4 = almost always). The STICSA-T is a 

validated scale that has been associated with to cortisol in prior research (Giles et al., 

2015). The scale exhibited adequate internal consistency in the current study, α = .91. 

Psychological wellbeing. Psychological wellbeing was measured using the 14-

item Warwick-Edinburgh Mental Well-being Scale (WEMWBS; Tennant et al., 2007). 

Participants indicated the extent to which they experience wellbeing states (e.g., “I’ve 

been feeling good about myself”), with responses on five-point scales (1 = none of the 

time to 5 = all of the time). The measure has been widely used in large national studies 

in the UK and Australia (Casey, 2014; Stewart-Brown et al., 2009), and in studies of 

police officers (Rotenberg, Harrison, & Reeves, 2016). The scale exhibited adequate 

internal consistency in the current study, α = .96. 

Perceived stress. Perceived stress was measured using the 10-item Perceived 

Stress Scale (PSS-10), which measures the extent to which life situations over the last 

month are perceived as stressful (Cohen & Williamson, 1988). Participants responded 

(e.g., “In the last month, how often have you felt you were on top of things?”) on five-

point Likert scales (0 = never to 4 = very often). Prior research has found PSS-10 scores 

to be positively associated with physiological indicators of the stress response such as 

cortisol, suppressed immune function, and increased biological markers of aging 

(Cohen & Janicki‐Deverts, 2012). The scale exhibited adequate internal consistency in 

the current study, α = .89. 

Physical wellbeing. Perceived physical wellbeing was measured on a single 
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item from the US CDC Healthy Days (HRQOL-14) measure (Centers for Disease 

Control and Prevention., 2000): “Would you say that in general your health is…” with 

responses provided on a five-point scale (1 = excellent to 5 = poor). The measure has 

demonstrated acceptable criterion validity with the SF-36 (Newschaffer, 1998).  

Amount of stress. Amount of stress was included as a covariate in the analyses 

and was measured on a single item (“Overall, how much stress do you have in your life 

right now?”) with responses provided on a 7-point Likert scale (1 = no stress to 7 = an 

extreme amount of stress). This measure was previously used by Crum et al. (2013) in 

the first study into stress mindset and displayed the same strength of relationship with 

the Stress Mindset Measure as the social readjustment rating scale (Holmes & Rahe, 

1967). 

Data Analysis 

Bayesian path analysis using Mplus version 7.4 (Muthén & Muthén, 2015) was 

employed to estimate the effects within the stress beliefs model. Proposed direct and 

indirect effects within the model are presented in Figure 2 and Table 3 and were set as 

free parameters. Full specification of the settings of the Bayesian path analysis 

implemented in Mplus are provided in the footnote4. Variables in the model were 

manifest variables computed by calculating the mean or sum of scale items (see Table 2 

                                                 

 

4 Bayesian path analysis using Mplus version 7.4 (Muthén & Muthén, 2015) was employed to estimate 

the effects within the stress beliefs model. Models were estimated using a Markov Chain Monte Carlo 

(MCMC) simulation which used Gibbs’ algorithms (Muthén & Asparouhov, 2012). We requested 

100,000 iterations to estimate model paths with Gelman and Rubin (1992) criterion used with a strict 

potential scale reduction value of 1.01 to determine convergence of the Bayesian estimates. To further 

verify convergence, models were estimated a second time using with an increased number of iterations 

fixed at a factor of two (200,000) of the original number of iterations (Muthén & Asparouhov, 2012). In 

Bayesian path analysis, for each relationship in a proposed model, two components are specified: (a) The 

prior distributions of model parameters (‘priors’) provide a plausible range of values for estimating each 

parameter; and, (b) the observed sampling distribution of each parameter based on the newly collected 

data (Muthén & Asparouhov, 2012). These distributions are then combined using Bayes theorem, 

producing posterior distributions for model parameters (Depaoli, Rus, Clifton, van de Schoot, & 

Tiemensma, 2017; van de Schoot et al., 2014; Zyphur & Oswald, 2015). 
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for details). Amount of stress was controlled for by allowing it to predict all other 

variables in the model. We estimated two models. Model 1 was estimated using Mplus 

default ‘flat’ non-informative prior values for model parameters. In this configuration 

each parameter was assigned a prior based on a normal distribution with a mean of zero 

and a variance of infinity (Mplus uses a variance of 1010 to ‘approximate’ infinity). 

Bayesian model estimation using default priors returns similar estimates to frequentist 

estimation methods such as maximum-likelihood (Yuan & MacKinnon, 2009). Model 2 

was estimated using informative prior values for key parameters in the stress beliefs 

model empirically derived from prior research testing the stress beliefs model (Keech et 

al., 2018). While Keech et al. (2018) tested the model in a different population who 

experience different types of stressors, this is the only prior study to test the model and 

therefore is the most logical information on which to base prior values. Mean perceived 

stress scores in the sample of students in Keech et al. (2018) and in the current study 

were also very similar between the studies (although slightly higher in the student 

sample) and while the type of stressor exposure may differ, both samples represent 

high-stress groups when compared to norms for the perceived stress scale (Cohen & 

Williamson, 1988). See Table 3 for prior values and associated variance estimates. 

We employed two forms of posterior predictive checking of the fit of the 

Bayesian model based on chi-square comparison of the proposed model across 

replications in the simulation (Muthén & Asparouhov, 2012). First, the 95% confidence 

intervals of the chi-square value including zero and having a negative lower bound 

value are indicators of satisfactory fit. Second, the posterior predictive p-value (PPP) 

should be greater than .05 and ideally approach .50 for a well-fitting model. With regard 

to the assessment of model paths, the associated credible interval (CrI) should not 

include zero when there is a true effect. The Yuan and MacKinnon (2009) method of 

estimating indirect effects in Bayesian models was also employed. It was anticipated 
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Table 2 

 

Observed Pearson Correlations and Descriptive Statistics for Study Variables and Covariates in the Stress Beliefs Model. 

 

Variable 1 2 3 4 5 6 7 

1. Psychological wellbeing -       

2. Perceived stress -.83*** -      

3. Physical wellbeing .59*** -.47*** -     

4. Proactive behaviour .49*** -.56*** .37*** -    

5. Perceived general somatic symptoms -.62*** .56*** -.52*** -.40*** -   

6. Stress mindset .45*** -.36*** .33*** .41*** -.26** -  

7. Amount of stress -.51*** .50*** -.37*** -.28** .44*** -.23** - 

 M 45.82 19.13 3.01 3.08 15.94 2.83 4.22 

 SD 11.33 7.42 1.03 .63 5.52 .94 1.52 

 Minimum 14 5 1 1 11 1 1 

 Maximum 70 40 5 4.67 44 5 7 

Note: *p < .05. **p < .01. ***p < .001. Scale ranges: Psychological wellbeing – responses summed, possible range 14 to 70; Perceived stress – 

responses summed, possible range 0 to 40; Physical wellbeing – single item, possible range 1 to 5; Proactive behaviour – responses averaged, possible 

range 1 to 5; Perceived general somatic symptoms – responses summed, possible range 0 to 44; Stress mindset – responses averaged, possible range 1 

to 6; Amount of stress – single item, possible range 1 to 7. 
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that if prior distributions were a good representation of the observed data, the path 

model adopting informative priors would yield more precise model estimates, indicated 

by narrowed credible intervals around each parameter (van de Schoot et al., 2014). 

Changes in precision between models will be gauged by examining changes in the 

width of the credible intervals between the model adopting flat priors and the model 

adopting informative priors. While there were missing data on some demographic 

variables, there were no missing data on the analysed variables. Consistent with prior 

research (Keech et al., 2018) the proactive behaviour and perceived somatic symptoms, 

and the perceived stress, and psychological wellbeing and physical wellbeing constructs 

were set to covary. 

Results 

The Bayesian path analyses with flat priors (PPP = .46, 95% CI [-22.21, 25.90]) 

and empirical informative priors (PPP = .36, 95% CI [-19.23, 29.25])5 exhibited good fit 

with the data and the models converged appropriately. Consistent with simulations by 

Muthén and Asparouhov (2012), the PPP value was lower in the model with 

informative priors. Standardised parameter estimates and 95% CrI’s for the structural 

relations among the variables in the stress beliefs model are presented in Table 3 for 

each model. Both models yielded the same inferences (except for P10 and P11 which 

were not supported in Model 1); however, Model 2 (informative priors) yielded more 

precise estimates as indicated by narrowed credible intervals and is reported below. 

Please also see Figure 2 for a graphical representation of Model 2. Stress mindset 

directly predicted proactive behaviour positively (P1) and perceived somatic symptoms 

                                                 

 

5 Note that confidence intervals about PPP values are not expected to narrow in the model with 

informative priors as is the expectation for credible intervals about specific parameters. This is because 

credible intervals reflect precision of model parameters (Yuan & MacKinnon, 2009), whereas the PPP 

and respective confidence intervals are an indicator of the difference in the f statistic for real and observed 

data (Muthén & Asparouhov, 2012). 
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negatively (P2), as anticipated. Proactive behaviour directly predicted psychological 

wellbeing positively (P3) and perceived stress negatively (P4), as anticipated. In contrast 

with predictions, proactive behaviour did not directly predict physical wellbeing (P5). 

Perceived somatic symptoms directly predicted psychological wellbeing (P6) and 

physical wellbeing negatively (P8), and perceived stress positively (P7), as anticipated. 

In line with expectations, stress mindset directly predicted psychological wellbeing 

positively (P9), perceived stress negatively (P10), and physical wellbeing positively 

(P11).  

 
Figure 2. Standardised path coefficients for Bayesian path model of predicted relations 

between stress mindset and three stress-related outcomes, mediated by proactive 

behaviour under stress and perceived general somatic symptoms. 

 

Note. Broken lines between constructs indicate effects estimated in the model that 

yielded credible intervals which encompassed zero. Credible intervals for all estimates 

presented in the figure do not encompass zero. Estimates presented are drawn from 

model adopting informative priors. Effects of variables controlled for in the model are 

not included in the diagram for clarity: amount of stress → stress mindset, β = -.22, 95% 

CrI [-.37, -.06]; amount of stress → proactive behaviour, β = -.21, 95% CrI [-.35, -.05]; 

amount of stress → perceived general somatic symptoms, β = .395, 95% CrI [.25, .52]; 

amount of stress → psychological wellbeing, β = -.29, 95% CrI [-.40, -.17]; amount of 

stress → perceived stress, β = .30, 95% CrI [.17, .41]; amount of stress → physical 

wellbeing, β = -.13, 95% CrI [-.28, .03]. 

 

Turning to the predicted indirect effects, as anticipated, stress mindset indirectly 

predicted psychological wellbeing positively through proactive behaviour (P12). Further, 

stress mindset predicted perceived stress negatively through proactive behaviour (P13) 

as anticipated. However, stress mindset did not indirectly predict physical wellbeing
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Table 3 

 

Prior values, parameter estimates with 95% credible intervals (CrI) for hypothesised effects within the stress beliefs model. 
  Informative 

priors 

Model with flat priors 

Model 1 

Model with empirical 

informative priors 

Model 2 

 

  B SD Estimate 95% CrI Estimate 95% CrI Diff % 

Direct         

P1 Stress mindset → Proactive behaviour* .20 .06 .36 [.20, .50] .33 [.22, .45] -7.2 

P2 Stress mindset → Perceived somatic symptoms* -1.14 .49 -.17 [-.32, -.01] -.18 [-.29, -.07] -7.7 

P3 Proactive behaviour → Psychological wellbeing* 3.58 .79 .17 [.03, .31] .19 [.12, .26] -13.3 

P4 Proactive behaviour → Perceived stress* -2.49 .43 -.34 [-.47, -.20] -.26 [-.33, -.19] -14.2 

P5 Proactive behaviour → Physical wellbeing -.77 .56 .12 [-.05, .29] .08 [-.08, .24] -1.8 

P6 Perceived somatic symptoms → Psychological 

wellbeing* 

-.53 .09 -.39 [-.52, -.25] -.33 [-.41, -.25] -11.2 

P7 Perceived somatic symptoms → Perceived stress* .36 .05 .28 [.13, .42] .27 [.20, .35] -13.8 

P8 Perceived somatic symptoms → Physical wellbeing* -.21 .06 -.37 [-.52, -.20] -.39 [-.53, -.23] -2.1 

P9 Stress mindset → Psychological wellbeing* .44 .65 .22 [.09, .35] .15 [.07, .23] -10.1 

P10 Stress mindset → Perceived stress* -.96 .36 -.09 [-.22, .09] -.09 [-.17, -.01] -16.0 

P11 Stress mindset → Physical wellbeing* 1.32 .47 .15 [-.00, .30] .16 [.01, .30] -1.1 

Indirect via Proactive Behaviour        

P12 Stress mindset → Psychological wellbeing* - - .06 [.01, .12] .06 [.03, .10] -4.8 

P13 Stress mindset → Perceived stress* - - -.12 [-.20, -.05] -.08 [-.13, -.05] -7.1 

P14 Stress mindset → Physical wellbeing - - .04 [-.02, .11] .03 [-.03, .08] -1.8 

Indirect via Perceived Somatic Symptoms        

P15 Stress mindset → Psychological wellbeing* - - .06 [.00, .13] .06 [.02, .10] -5.2 

P16 Stress mindset → Perceived stress* - - -.05 [-.10, -.00] -.05 [-.08, -.02] -3.5 

P17 Stress mindset → Physical wellbeing* - - .06 [.00, .13] .07 [.02, .12] -2.8 

Note. aDenotes whether the prediction specifies a positive (+) effect, a negative (–) effect, or no effect. *Credible intervals for corresponding estimate 

in Model 2 do not encompass zero. Prior B values are expressed as unstandardised path coefficients and associated variance estimates are expressed as 

standard deviations. Model estimates are standardised path coefficients. Diff % represents the difference between credible intervals about model 

parameters between models. Negative values indicate a narrower credible interval for the parameter in Model 2.



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 127 
 

 

 

(P14) through proactive behaviour, indicating a lack of support for this prediction. As 

anticipated, stress mindset indirectly predicted psychological wellbeing positively (P15), 

physical wellbeing positively (P17), and perceived stress negatively (P16) through 

perceived somatic symptoms. 

Discussion 

The aim of the current study was to test the stress beliefs model in a sample of 

police officers, replicating and extending research by Keech et al. (2018), and using a 

Bayesian analytic technique to provide updated estimates of model parameters. Overall, 

the role of the behavioural and physiological mechanisms through which stress mindset 

predicts physical wellbeing, psychological wellbeing, and perceived stress, when 

controlling for amount of stress, were supported. All effects were consistent with Keech 

et al. (2018), with the exception that in the current study the direct effect of stress 

mindset on psychological wellbeing was supported upon entering the mediators, and 

this was not the case in the prior study by Keech et al. (2018). The mediation pathways 

in the current study provide further support for the mechanisms in the stress beliefs 

model and support that these mechanisms are applicable in police officers, a group that 

experiences a high level of potentially uncontrollable stressors (Chopko et al., 2015). 

Additionally, Model 2 that used empirical informative priors drawn from Keech et al. 

(2018) displayed narrowed credible intervals compared to Model 1, which did not 

consider this prior information. This indicates that Model 2 estimates were more precise 

and that the prior values were a good representation of the relations among model 

constructs in the observed data (van de Schoot et al., 2014). 

Contrary to expectations, but consistent with Keech et al. (2018), the indirect 

effect of stress mindset on physical wellbeing via proactive behaviour was not 

supported. A potential explanation for this lack of effect across two studies are that the 

relative importance of the mechanisms in the stress beliefs model may vary across 
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outcomes. That is, stress mindset may predict physical health through physiological 

responses but not through behavioural responses. A further explanation is that physical 

health may be more slowly influenced by behavioural responses than psychological 

states such as psychological wellbeing and perceived stress, and therefore effects may 

not have been captured by the cross-sectional design. Together, this finding provides 

foundational information that can be used to inform further refinement of the stress 

beliefs model, which can be evaluated using longitudinal research designs such as 

experience sampling (Bolger & Laurenceau, 2013). 

Implications of the Current Findings 

The current research makes some important theoretical contributions and also 

highlights areas for further investigation. First, the current study provides further 

support for the predictions within the stress beliefs model and provides updated 

estimates for these predictions. Specifically, the current research provides further 

evidence to support that stress mindsets are associated with the coping behaviours used 

when under stress and the experience of physiological stress symptoms, and that these 

mechanisms in turn predict stress-related health and wellbeing outcomes. This evidence 

was identified in a substantive non-student sample of workers that frequently experience 

occupation-related stress. The paper also further highlights the importance of 

understanding peoples’ subjective cognitive models of stress in determining their 

wellbeing when experiencing stress.  

 Consistent with Keech et al. (2018), we did not observe an indirect effect of 

stress mindset on physical wellbeing through proactive behaviour under stress. 

Together, these findings suggest that for different stress-related outcomes, there may be 

differences in the extent to which, if at all, a particular mechanism is involved in the 

process by which stress mindset influences outcomes. Differences in the relative 

importance of particular constructs and mechanisms in predicting outcomes has also 
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been observed in widely-used models such as the theory of planned behaviour 

(McEachan, Conner, Taylor, & Lawton, 2011). Given that this finding that has now 

been observed in two studies, it suggests that the stress beliefs model may need to be 

revised to consider that different mechanisms may be responsible for the effect of stress 

mindset on different outcomes consistent with the nomological validity approach to 

modelling (Hagger, Gucciardi, & Chatzisarantis, 2017). Examining this process with a 

greater range of stress-related outcomes and using a longitudinal autoregressive design 

to reduce any potential bias in estimates (Maxwell, Cole, & Mitchell, 2011) would be a 

valuable direction for future research to clarify this question and to support revision of 

the model. 

The current study also supports translation of the stress beliefs model to 

understanding how stress mindsets influence stress-related outcomes in police officers 

and therefore has practical implications for stress management in this occupation. 

Together with further research, current findings can provide the foundation for future 

interventions aiming to aid police officers in stress management. For example, research 

could examine potential benefits of intervening upon mechanisms from the stress beliefs 

model in addition to manipulating stress mindset. This could be implemented by 

imparting skills for proactive coping strategies that may be used when experiencing 

stress. Research could then evaluate whether those who receive a stress mindset 

manipulation employ the proactive coping strategies more frequently when under stress 

than a control group who only received the coping strategy training. 

Consistent with prior research (Crum et al., 2017; Crum et al., 2013), Keech et 

al. (2019) revealed that stress mindset measured by the SCMM is distinct from stressor 

appraisals. Kilby and Sherman (2016) also found that stress mindset displayed a 

moderate correlation with challenge appraisal and no correlation with threat appraisal 

following a mathematics stressor task. Together, this suggests that stress mindset is 
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related to health and wellbeing outcomes under stress, independent of stressor 

appraisals. While the stress beliefs model maps key mechanisms through which stress 

mindset is associated with important wellbeing outcomes, the question still remains 

regarding how the effects of stress mindset on stress-related outcomes can be integrated 

with the dominant theoretical approach to understanding stress–the transactional model 

(Lazarus & Folkman, 1984). For example, it is not yet known whether stress mindset 

leads to more challenge and less threat appraisals, or whether stress mindset has an 

effect later in the temporal sequence, after a cognitive appraisal has been made. Future 

research should therefore apply experimental methods to establish the temporal 

sequence in this process and to facilitate theoretical integration.  

Strengths and Limitations 

The current study has several strengths that enhance understanding of how stress 

mindsets influence health and wellbeing outcomes. First, the study examined the role of 

stress mindsets in determining physical and psychological wellbeing, and perceived 

stress in a hard to reach population given the operational environment in which police 

officers work. This is particularly important due increased exposure to critical incidents 

in high-pressure work environments (Nielsen et al., 2011), such as regular operational 

exposure to danger, physical harm, and violence (Chopko et al., 2015). Second, the 

study used a Bayesian analytic technique which provided updated estimates of the 

predictions within the stress beliefs model and provides further information to inform 

the focal points of further research that can inform interventions aimed encouraging 

more adaptive responses to stress among police officers and members of other 

occupational groups experiencing significant potentially uncontrollable stressors.  

It is important to also consider the results of the current study in light of some 

limitations. While there are strong theoretical arguments for the direction of effects in 

the stress beliefs model, temporal precedence cannot be established empirically using a 
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cross-sectional design. Cross-sectional tests of mediation can still make a useful 

contribution to the evaluation of conceptual models, particularly for foundational 

research when theory in a particular area is  lacking (Gaynor & Davila, 2017); and in 

the case of the current study, this design was used due to constraints in recruiting from 

this population. Given that sequential designs generally to not improve the accuracy of 

estimates in tests of mediation relative to cross-sectional designs (Mitchell & Maxwell, 

2013), it is recommended that future tests of the stress beliefs model employ full 

longitudinal designs to estimate autoregressive growth models (Maxwell et al., 2011). 

This will help to empirically establish temporal precedence among model constructs and 

will ensure that the most accurate estimates of model parameters are estimated.  

A further limitation was the use of a self-report measures. This relied on 

participants retrospectively recalling their behaviour, as well as their psychological and 

physiological states. Given potential issues associated with this type of recall in stress 

and coping research (Duvenage et al., 2018), further research is required to link the 

constructs within the stress beliefs model with more objective indicators of the stress 

response, such as physiological and neuroendocrine markers.  

Conclusion 

The current study evaluated the stress beliefs model in a sample from an 

occupational group experiencing high levels of potentially unavoidable stressors–police 

officers. The study demonstrated that the model translates to another sample beyond the 

university student sample it was initially evaluated in and provides updated estimates of 

the effects within the model, maintaining that proactive behaviour under stress and 

perceived general somatic symptoms are mechanisms through which stress mindset 

influences health and wellbeing outcomes. Understanding the mechanisms through 

which stress mindsets influence these outcomes is important for providing the 

foundations of future research aimed at maximising intervention effects and evaluating 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 132 
 

 

 

intervention effectiveness. The current study extends the work of Keech et al. (2018) 

mapping these mechanisms and filling this knowledge gap. The study provides the 

foundation for future experimental research aimed establishing causal links between the 

variables within the stress beliefs model and intervening upon these processes to 

promote adaptive responses to stress in police officers. 
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Chapter 8: Changing Stress mindsets with a Novel Imagery Intervention: A 

Randomised Controlled Trial (Paper 4) 

This chapter contains a paper based on Aim 3 of the research program that has 

been submitted for publication to the journal Emotion (Impact Factor 3.127; SCImago 

ranking Q1). Note that this chapter is presented in US English in compliance with the 

requirements of the journal. Please also note that the construct measured by the 

Perceived Stress Scale (Cohen & Williamson, 1988) is referred to as “perceived 

distress” in Paper 4 due to a request from the journal editor. In the remainder of the 

thesis, the construct has been referred to as perceived stress. The PhD Candidate is the 

first author of the paper and two members of the supervisory team are co-authors. The 

PhD Candidate takes overall responsibility for the publication and all co-authors meet 

criteria for authorship. The study was pre-registered on the Open Science Framework 

prior to data collection. The frozen pre-registration is available at osf.io/en7q8 and is 

included that the beginning of the chapter. This is followed by the full paper. Electronic 

supplementary material to the paper are attached at the end of the chapter. The data file, 

output files from all analyses, and all study and intervention materials can also be 

accessed on the project website at: 

https://osf.io/3rz7n/?view_only=6aa328530e514514b0f34292e7d60a47 
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Open Science Framework Study Preregistration 

Title. Changing stress mindsets with a novel imagery intervention: A 

randomised controlled trial 

Authors. Jacob J. Keech, Martin S. Hagger, Kyra Hamilton 

Research questions. Several studies have found that stress mindsets—beliefs 

about the consequences of stress—are influential in determining stress-related health 

and performance outcomes. Specifically, those who endorse a mindset that stress is, or 

can be, enhancing tend to experience more positive outcomes under stress. This 

contrasts with endorsing a mindset that stress is debilitating. To date, interventions have 

predominately used informational videos aiming to bias attention toward the enhancing 

properties of stress (e.g., Crum, Salovey & Achor, 2013; Crum, Akinola, Martin & Fath, 

2017). However, more recent research suggests that presenting a balanced view of stress 

(i.e. stress is both positive and negative) can result in significantly lower physiological 

indicators of stress than presenting stress as exclusively positive or negative (Liu, 

Vickers, Reed & Haddad, 2017). Presenting stress as balanced (i.e., that stress has both 

enhancing and debilitating consequences) has not yet been examined in a stress mindset 

intervention. Stress mindset interventions have also generally measured responses to 

laboratory stressors or followed up other stress-related outcomes over a short period of 

time. It is therefore unclear how long the effects of such interventions are maintained. 

Keech, Hagger, O’Callaghan & Hamilton (2018) identified mechanisms through which 

stress mindset influences outcomes (such as proactive coping behaviours under stress) 

and suggested that it may be beneficial to intervene upon both stress mindset and 

proactive coping behaviour. Mental imagery interventions (see Hagger & Conroy, 2018 

for a review) facilitate people considering and rehearsing processes. Therefore, to 

further our understanding of how stress mindsets can be leveraged to encourage more 

adaptive responses to stress, the current study has two key aims:  
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(1) To evaluate the effect of a novel imagery intervention on university students’ 

stress mindsets immediately post-intervention, and after two weeks, compared to a 

placebo control.  

(2) As stress mindsets have been found to influence health and performance 

outcomes, we will also evaluate the effect of the intervention on key health and 

performance outcomes, compared to the control group, after two weeks.  

In contrast with using a laboratory-induced stressor, during the two-week period 

between intervention and follow-up, participants will navigate their own ecological 

experience of stress during a university term. 

Hypotheses.  

Hypothesis 1: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher stress mindset scores relative 

to participants allocated to the control condition (a) immediately post-intervention and 

(b) at the follow-up two weeks later. 

Hypothesis 2: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly lower perceived stress scores 

(referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Hypothesis 3: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher psychological wellbeing 

scores (referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Hypothesis 4: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly (a) higher positive affect scores and 

(b) lower negative affect scores (referenced to the past two weeks) relative to 
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participants allocated to the control condition from the baseline to the follow-up two 

weeks later. 

Hypothesis 5: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher perceived physical health 

scores (referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Hypothesis 6: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher proactive behaviour scores 

(referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Hypothesis 7: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly lower perceived somatic symptoms 

(referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Hypothesis 8: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher post-intervention academic 

performance scores relative to participants allocated to the control condition from pre-

intervention GPA scores to post-intervention GPA scores. 

Hypothesis 9: We hypothesise that participants allocated to the imagery 

intervention condition will experience significantly higher academic engagement scores 

(referenced to the past two weeks) relative to participants allocated to the control 

condition from the baseline to the follow-up two weeks later. 

Sampling plan. 

Existing data. Registration prior to creation of data 

Explanation of existing data. Not applicable. 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 145 
 

 

 

Data collection procedures. Participants will be undergraduate university 

students aged 17–25 years and will be recruited through face-to-face and online 

advertisement, including the use of a SONA subject pool. The only inclusion criteria are 

age (17–25 years) and being an undergraduate university student. The study contains 

two parts for participation. Participants who complete Part 1 will receive course credit 

(if a subject pool participant) or a voucher redeemable for one coffee on campus. Part 1 

contains the intervention or control material and will be conducted in a research lab on 

campus. Participants who complete Part 2 will receive course credit (if a subject pool 

participant) and a department store voucher valued at AU$10. Part 2 will be conducted 

in a research lab on campus or online if the participant is unable to attend in person. We 

aim to collect data from July to November 2018. 

Sample size. Our target sample size at the two week follow-up is 90 participants. 

To allow for 40% attrition, we will attempt to recruit 150 participants at the baseline. 

Sample size rationale. An a priori power analysis was conducted using G*Power 

v3.1 for a mixed model ANOVA estimating fixed effects, main effects, and interactions. 

The effect size was set to detect a medium effect (f = .25), with power set to .95 and α 

= .01 (adjusted to protect from inflation of type I error rate due to multiple tests). The 

total minimum sample size required is N = 90 (45 participants in each of the 

intervention and control groups). 

Stopping rule. We will post participant sign-up slots as far in advance as 

possible for the duration of the study term in which the study is being conducted. Once 

100 participants have completed the follow-up survey (to allow for some exclusions due 

to careless responding), we will close sign-up slots so that no participant can be further 

booked in to attend and will cease face-to-face and online recruitment. We will continue 

to collect data until all participants already signed-up have completed the study. We will 

attempt to follow-up (at two-weeks) all participants who have completed the baseline. 
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Variables. 

Manipulated variables. Stress mindset will be the manipulated variable. 

Intervention and placebo control condition stimuli will be delivered using videos 

embedded within an online survey administered using the Qualtrics software. The video 

scripts (attached) are spoken by a narrator during the videos. After providing informed 

consent, all participants watch a video summarising what participating in the study will 

involve. The purpose is to introduce the narrator’s voice and to allow participants to 

calibrate their volume and headphones. After randomization, participants will watch a 

video informing them that the imagery task is about to begin. This is unique to each 

condition. 

Intervention condition: The intervention condition will watch three videos and 

then complete a writing exercise. Video 1 provides balanced (negative and positive) 

information about stress and the consequences of stress. Video 2 is a practice imagery 

exercise entitled the “tangy lemon” mental imagery task. The purpose of this task is to 

introduce participants to imagery and allow them to practice prior to the following 

exercise. Video 3 begins with some examples of the positive consequences of stress 

with regards to six types of stressors identified by students in our prior study. Video 3 

then instructs a process mental imagery exercise, where participants are instructed to 

think about the potential positive consequences of the stress in their life, and the things 

they can do to experience these positive consequences. Following this exercise, 

participants will be asked to write down the things that they imagined in the space 

provided. 

Control condition: The participants in the control condition will complete the 

“tangy lemon” mental imagery task as a placebo. This is the same as the practice mental 

imagery task completed by the intervention group. The study information sheet 

indicates that participants will be asked to complete a mental imagery task which was 
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required by our Human Research Ethics Committee. Therefore, if a placebo mental 

imagery task was not used, participants may guess that they are participating in an 

experiment and that they did not receive the intervention. 

Measured variables. Stress mindset will be measured using the 15-item Stress 

Control Mindset Measure (SCMM; Keech, Hagger, O’Callaghan & Hamilton, 2018). 

Participants are asked to indicate on six-point Likert scales (1 = strongly disagree to 6 = 

strongly agree) their agreement with the presented statements about the consequences of 

stress (e.g., “Stress can be used to enhance my performance and productivity”). Stress 

mindset will be measured at baseline, immediately post-intervention, and at the two-

week follow-up. 

The following variables will be measured at baseline and at the two-week 

follow-up:  

Perceived stress will be measured using the 10-item Perceived Stress Scale 

(PSS-10; Cohen & Williamson, 1988), which measures the extent to which current life 

situations were perceived as stressful over the preceding two weeks (e.g., “In the last 

two weeks, how often have you felt you were on top of things?”) on five-point Likert 

scales (0 = never to 4 = very often). 

Psychological wellbeing will be measured using the 14-item Warwick-

Edinburgh Mental Well-being Scale (WEMWBS-14; Tennant et al., 2007) which 

measures the extent to which people generally experience wellbeing states (e.g., “I’ve 

been feeling good about myself”) on a five-point Likert scales (1 = none of the time to 5 

= all of the time). 

Positive and negative affect will be measured using the 20-item Positive and 

Negative Affect Schedule-Short Form (PANAS-SF; Watson, Clark & Tellegen, 1988) 

modified to reference the past two weeks. Participants will be asked to indicate the 

extent they have felt (e.g., “Excited” – positive affect; “Scared” – negative affect) over 
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the past two weeks on five-point Likert scales (1 = Very slightly or not at all to 5 = 

Extremely). 

Perceived physical health will be measured using a single item which is the first 

question from the CDC Health-Related Quality of Life (HRQOL-14; Centers for 

Disease Control Prevention., 2000) Healthy Days measure, modified to reference the 

past two weeks. Participants will be asked “Over the past two weeks, would you say 

that your general health has been: (1 = excellent to 5 = poor). 

Proactive behaviour will be measured using the six-item Proactive Under Stress 

Scale (Keech et al., 2018) modified to reference the past two weeks rather than the past 

month. Participants were asked to indicate the extent to which they have engaged in 

planning, were proactive, and avoided procrastination, while under stress; and, in order 

to cope with stress in the last month (e.g., “In the last month, how often did you engage 

in planning your time to cope with stress?”) on a five-point Likert scale (1 = never to 5 

= very often). 

Perceived somatic symptoms will be measured using the State-Trait Inventory 

for Cognitive and Somatic Anxiety (STICSA; Ree, French, MacLeod, & Locke, 2008) 

somatic subscale (11 items) as proxy measure for elevation in sympathetic nervous 

system activation (consistent with Keech et al., 2018). However, rather than in general, 

the questions were referenced to the past two weeks for this study. Participants will 

indicate the extent to which they have experience a range of somatic symptoms over the 

past two weeks (e.g., my breathing is fast and shallow) on a 4-point Likert scale (1 = 

almost never to 4 = almost always). 

Academic performance will be measured using participants’ term grade point 

average (GPA) for the term prior to participation, and the term in which participation 

occurs. The GPA will be retrieved from the university system to objectively measure 

academic performance. The GPA score is measured on a 1-7 scale, with scores from 1-3 
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indicating an average grade of less than 50%, 4 indicating an average grade between 

50%-64%, 5 indicating an average grade between 65%-74%, 6 indicating an average 

grade between 75%-84%, and 7 indicating an average grade of 85% or greater. 

Academic engagement will be measured using the 17-item Utrecht Work 

Engagement Scale-Student (UWES-S; Schaufeli, Salanova, Gonzalez-Roma & Bakker, 

2002) modified to reference the past two weeks. Participants will be asked to indicate 

the extent to which they experienced vigor, dedication, and absorption (e.g., I am 

enthusiastic about my studies); scored (0 = never to 6 = always). 

Indices. Each outcome variable will be calculated separately at each time point 

using the following methods:  

Stress mindset – Mean score of the 15 items of the SCMM. Eight items are 

negatively worded so will require reverse-coding prior to mean computation. 

Perceived stress – Summed score of the 10 items of the PSS-10. Four items are 

negatively worded so will require reverse-coding prior to sum computation. 

Psychological wellbeing – Summed score of the 14 items of the WEMWBS-14. 

Positive and negative affect – Summed score of the 10 positive affect items on 

the PANAS-SF for positive affect. Summed score of the 10 negative affect items on the 

PANAS-SF for negative affect. 

Perceived physical health – Scores on the single item measure of perceived 

physical health will be reverse-coded so that higher scores will indicate higher 

perceived physical health. 

Proactive behaviour – Mean score of the six items of the Proactive Under Stress 

Scale. Three items are negatively worded so will require reverse-coding prior to mean 

computation. 

Perceived somatic symptoms – Summed score of the 11 items of the somatic 

subscale of the STICSA. 
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Academic performance – Term GPA will be calculated for the term prior to 

participating in the study (baseline), and term GPA will be calculated for the term in 

which the study is participated in (follow-up). 

Academic engagement – Mean score of the 17 items of the UWES-S. 

Design plan.  

Study type. Experiment - A researcher randomly assigns treatments to study 

subjects, this includes field or lab experiments. This is also known as an intervention 

experiment and includes randomized controlled trials. 

Blinding. For studies that involve human subjects, they will not know the 

treatment group to which they have been assigned. Research personnel who interact 

directly with the study subjects (either human or non-human subjects) will not be aware 

of the assigned treatments. 

Study design. The study will use a two-group mixed (within-between) 

randomised controlled design. 

Randomisation. We will use simple randomization, where each participant will 

be randomised into to one of two groups. The randomisation will be conducted by the 

Qualtrics randomizer feature following completion of the pre-intervention survey. The 

Qualtrics randomizer operates using a Mersenne Twister pseudorandom number 

generator which is seeded using a Unix timestamp (in milliseconds). By nature of this 

method of random assignment, the sequence will not be determined until the participant 

is assigned. 

Analysis plan. 

Statistical models. The effect of the intervention on stress mindsets will be 

evaluated using a 2x3 mixed model ANOVA. Condition/group will be a between-

participants independent variable; Time (pre-intervention, immediately post-
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intervention, two-week follow-up) will be a within-participants variable; and stress 

mindset will be the dependent variable. 

The effect of the intervention on the outcomes will be evaluated using a series of 

2x2 mixed model ANOVAs. Condition/group will be a between-participants 

independent variable; Time (pre-intervention, immediately post-intervention, two-week 

follow-up) will be a within-participants variable; and the outcomes (psychological 

wellbeing, perceived stress, positive and negative affect, perceived physical health, 

proactive behaviour, perceived somatic symptoms, academic performance, and 

academic engagement) will be separate dependent variables. (Alpha level will be 

adjusted to α = .01 to protect from inflation of type I error rate due to multiple tests) 

Note: A 2x3 mixed model ANOVA will be used to evaluate the effect of the 

intervention on stress mindsets because stress mindsets are able to be measured at three 

time points. However, the measures of all other outcomes are referenced to the past two 

weeks and cannot be measured both pre-intervention and immediately post-intervention 

as this would occur in a single session. Therefore, the effect of the intervention on these 

outcomes will be evaluated using 2x2 mixed model ANOVAs. 

Transformations. Where variables meet criteria for significant skewness (ratio 

of skew to SE greater than 3.29) or significant kurtosis (ratio of kurtosis to SE greater 

than 3.29), a square root transformation will be conducted on the variable in question. If 

this transformation does not correct the skewness or kurtosis, a logarithmic 

transformation will be applied to the variable. If this again does not resolve the 

skewness or kurtosis, an inverse transformation will be applied. Analyses will be 

conducted using the final transformation of the variable in question and compared to the 

analyses using the variable prior to transformation. The analysis using the transformed 

variable will only be retained and reported as the primary analysis if it changes the 

conclusion regarding significance of the results. All analyses will be reported. 
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Follow-up analyses. Where an ANOVA indicates that there is a significant 

time*group interaction for any of the outcome variables (stress mindset, psychological 

wellbeing, perceived stress, positive and negative affect, perceived physical health, 

proactive behaviour, perceived somatic symptoms, academic performance, and 

academic engagement), simple effects analyses using estimated marginal means will be 

conducted for that outcome. Specifically, we will compare within-group differences in 

the outcome between time points, and between-group differences in the outcome at each 

time point. 

Inference criteria. Hypotheses will be evaluated using p-values. Because we are 

conducting several tests, we will use α = .01, (and a criterion of p < .01) for determining 

if ANOVA and follow-up tests suggest that the results are significantly different from 

those expected if the null hypothesis were correct. 

Data exclusion. Outliers will not be excluded unless the score falls outside the 

possible range. In this case, the participant will be excluded on the variable in question 

only. Participants will be asked four questions to detect careless responding (e.g., please 

answer choice 2 to ensure you are paying attention). Participants who do not answer 

these four questions correctly will be excluded from the analyses. 

Missing data. Missing data will be imputed using the Expectation-Maximisation 

(E-M) algorithm. 
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Abstract 

Objective: Changing individuals’ stress mindset has emerged as a technique that may 

be effective in aiding stress management, but there is limited data on the effects of this 

technique in managing stress in ‘real world’ contexts beyond a few days. This study 

aimed to (1) evaluate the efficacy of a novel imagery-based intervention in changing 

stress mindset; and, (2) evaluate the effect of the intervention on stress-related 

outcomes, compared to a control, after two weeks. Methods: The study adopted a pre-

registered randomized controlled trial design. University students (N = 150) attended a 

research laboratory twice over two weeks, receiving the intervention or control 

condition stimuli in Session 1, and completing measures in both sessions. Academic 

performance data was collected from university records. Results: Mixed model 

ANOVAs revealed a large-sized difference in stress mindset among intervention group 

participants immediately following the intervention and at the follow-up relative to 

controls. There were also robust effects of the intervention on perceived distress, 

positive and negative affect, proactive behavior, and academic performance at the 

follow-up in individuals with high baseline perceived distress. Conclusions: Findings 

indicate that the intervention is a promising approach for changing individuals’ stress 

mindset and that changing stress mindset can have beneficial effects on coping with 

ecological stressors. Future research should use intensive longitudinal designs to 

examine momentary activation of stress mindset and responses to ecological stress. 

 

Study Registration: Open Science Framework https://osf.io/en7q8/  

Data Availability Statement: The data, analysis code, analysis output, and study 

materials will be available at the Open Science Framework following publication: 

https://osf.io/3rz7n/  

Keywords: Stress, implicit theories, coping, mental imagery, experiment 

https://osf.io/en7q8/
https://osf.io/3rz7n/
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Introduction 

Stress is defined as the feeling of tension that is experienced when an external 

event or stressor is perceived as outweighing one’s capacity to cope afforded by 

personal resources (Lazarus & Launier, 1978; Lovallo, 2015). In developed nations 

such as the United States and Australia, high levels of stress are commonly reported 

among university students (American College Health Association, 2017; Casey, 2014). 

Due to the impact of stress on both physical and psychological health (Cohen, Murphy, 

& Prather, 2019), and considering that just 13% of Australians report seeking 

professional assistance in dealing with stress (Casey, 2014), exploring targets for non-

clinical interventions to aid stress management is a research priority. One potential area 

for non-clinical intervention is changing individuals’ stress mindsets. 

Mindsets, otherwise known as ‘implicit’ theories, refer to individuals’ beliefs 

about the malleability of personal qualities, serving as a mental lens through which 

people judge the meaning of life events (Dweck, Chiu, & Hong, 1995; Yeager & 

Dweck, 2012). Crum, Salovey, and Achor (2013) applied the mindset concept to stress 

research, finding that stress mindset is related to important stress-related outcomes and 

distinct from other variables in the stress process, such as amount of stress and stressor 

appraisal. Stress mindset refers to a set of beliefs held by individuals about the 

consequences of experiencing stress (Crum et al., 2013; Keech & Hamilton, 2019). This 

includes holding the belief that stress can have enhancing consequences for learning and 

growth, performance and productivity, and health and vitality, which has been 

associated with more adaptive outcomes under stress (Crum et al., 2013). This contrasts 

with holding the belief that stress has debilitating consequences, which is associated 

with poorer outcomes.  

Experimental and correlational studies have observed effects of stress mindset 

on physical and psychological wellbeing, coping behaviors, and affective outcomes in 
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response to laboratory stressor tasks and ecological stress over short periods of time. 

For example, in an experimental study examining the influence of stress mindset on a 

range of outcomes in response to a laboratory stressor, Crum, Akinola, Martin, and Fath 

(2017) found that those who were primed with information about the positive 

consequences of stress exhibited greater positive but not negative affect in anticipation 

of and following the stressor. Other studies examining the association between stress 

mindset and health and performance outcomes have shown that those who endorsed a 

stress-is-enhancing mindset had improved coping behaviors, greater perceived physical 

health and wellbeing, and better academic performance when experiencing ecological 

stressors (Casper, Sonnentag, & Tremmel, 2017; Keech, Hagger, O’Callaghan, & 

Hamilton, 2018). 

While these studies indicate that stress mindset influences positive outcomes 

when elicited prior to laboratory-induced stressors and is associated with ecological 

stressors over a short period of time, it is unclear whether these effects on stress mindset 

endure beyond these short follow-up periods and whether effects on stress-related 

outcomes are meaningful in the context of ecological stress over longer periods of time. 

To advance understanding of how stress mindsets can be leveraged to promote more 

adaptive responses to stress, it is important to investigate intervention effects in 

response to ecological stressors over a longer period of time and to use stronger 

intervention approaches aimed at strengthening these effects. 

Interventions to Change Stress Mindsets 

To date, stress mindset interventions have predominately used informational 

videos aiming to bias attention toward either the enhancing or debilitating properties of 

stress in separate experimental conditions. For example, Crum et al. (2013; 2017) used 

informational videos that presented stress in either strictly stress-is-enhancing or strictly 

stress-is-debilitating conditions. These polarized fixed presentations of stress contrast 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 157 
 

 

 

with the nuanced view of stress that was theorized by Crum et al. (2013) as being of 

value and also with mindset theory more broadly which posit the distinction in mindsets 

about fundamental attributes to be based on beliefs about the malleability of the 

attribute (Job, Dweck, & Walton, 2010; Yeager & Dweck, 2012). More recent research 

has also found that presenting the balanced consequences of stress using informational 

videos resulted in significantly decreased heart rates and diastolic blood pressure after a 

lab-induced stressor compared to videos outlining only positive or negative 

consequences of stress (Liu, Vickers, Reed, & Hadad, 2017). We therefore contend that 

interventions aimed at encouraging more adaptive stress mindsets should present that 

stress “can be” rather than “is” enhancing.  

Adopting this view, Keech et al. (2018) tested a stress beliefs model that 

identified mechanisms through which stress mindset influences outcomes (such as 

proactive coping behaviors under stress) and suggested that it may be beneficial to 

intervene upon both stress mindset and proactive coping behavior to strengthen 

intervention effects. Mental imagery interventions facilitate the process of representing 

and rehearsing future actions and consequences (Conroy & Hagger, 2018; Kavanagh, 

Andrade, & May, 2005; Pham & Taylor, 1999) and Conroy and Hagger (2018) provide 

meta-analytic evidence supporting effects of these interventions on belief-informed 

constructs and behaviors, and that they are effective even in interventions with 

relatively low intensity.  

Mental imagery is also an effective means of rehearsing and instilling 

psychological states which, in turn, influence behavior, with interventions of this nature 

being successfully applied to increasing self-efficacy (Weibull, Cumming, Cooley, & 

Burns, 2015), increasing motivation (Vasquez & Buehler, 2007), reducing fear of 

reinjury in injury rehabilitation (Multhaupt & Beuth, 2018), and improving affective 

responses to exercise (Stanley & Cumming, 2010). Similar to observational learning, 
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mental rehearsal may also stimulate neural networks related to what is being imagined, 

making them salient and accessible for when the individual finds themselves in a similar 

situation and having a resultant non-conscious influence on behavior in that later 

situation (Conroy & Hagger, 2018; Kosslyn & Moulton, 2009). This is particularly 

relevant to interventions aiming to aid individuals in stress management, because dual-

process theories of cognition and behavior (Evans, 2008; Evans & Stanovich, 2013; 

Strack & Deutsch, 2004) suggest that implicit non-conscious processes are likely to 

regulate behaviour when working memory is limited (Evans & Stanovich, 2013), such 

as when under stress (Banks & Boals, 2017). Mental imagery may therefore be 

particularly suited to intervening upon stress mindset and proactive coping behavior 

simultaneously. The mental imagery technique differs from other visualization-based 

strategies such as mental contrasting and implementation intentions (Gollwitzer, 1999) 

in that the former instructs explicitly comparing current and future (fantasized) states 

(Oettingen et al., 2009) and the latter instructs the development of concrete “if-then” 

plans to be evoked in particular situations, while the mental imagery intervention 

process usually comprises self-directed imagining of specific events or actions, with the 

purpose of increasing motivation toward the target action (Conroy & Hagger, 2018).  

The Current Study 

The aim of the current pre-registered study was (1) to evaluate the effect of a 

novel mental imagery-based intervention in changing university students’ stress 

mindsets and (2) to evaluate the effect of the intervention on stress-related outcomes, 

immediately post-intervention, and after two weeks, compared to a control condition. 

University students from a large Australian university were selected as the target sample 

for this study because high levels of distress have been observed in large studies of 

students in Australia (Larcombe et al., 2016) and the prevalence of psychological 

distress in students in Australia is greater than their non-student peers (Stallman, 2010). 
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Further, in our previous study which sampled students from the same university (Keech 

et al., 2018), mean perceived distress scores were considerably higher than norms for 

the perceived stress scale in young adults (Cohen & Williamson, 1988). We therefore 

considered this to be a vulnerable population and expected that all individuals would 

experience at least some benefit from the intervention. In contrast with using a 

laboratory stressor, the two-week period between intervention and follow-up occurred 

during a university term, and participants navigated their own ecological stressors in 

this time. The two-week follow-up period was determined based on three key factors. 

First, there is meta-analytic evidence of a dose effect of mental imagery interventions 

and specifically that effects can decline over time and that boosters may be required 

over longer periods (Conroy & Hagger, 2018). Second, the longest follow-up period for 

a stress mindset manipulation in the published literature is three days (Crum et al., 

2013). We aimed to extend the follow-up period in a modest way to develop an 

understanding of whether stress mindset can be influenced over a longer period of time. 

Finally, effects of stress mindset manipulations have been observed on affective, 

psychological, some behavioral outcomes, and health symptoms over short periods of 

time (e.g., Crum et al., 2013; 2017). Again, we sought to extend the follow-up period in 

a modest way in examining the impact of the intervention on these outcomes. 

Pre-registered hypotheses. Nine pre-registered hypotheses were tested in the 

current study. First, it was hypothesized that participants in the intervention condition 

would experience significantly higher stress mindset scores relative to participants in 

the control condition (a) immediately post-intervention and (b) at the follow-up two 

weeks later (H1). Turning to the secondary outcomes, it was hypothesized that 

participants in the intervention condition would experience significantly lower 

perceived distress (H2), higher psychological wellbeing (H3), higher positive affect 

(H4a), lower negative affect (H4b), higher perceived physical health (H5), higher 
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proactive behavior (H6), lower perceived somatic symptoms (H7), higher academic 

performance (H8), and higher academic engagement (H9), relative to participants in the 

control condition from baseline to the two week follow-up. 

Theory-guided hypotheses. After conducting the pre-registered analyses and 

observing non-significant effects of the intervention for the overall sample, we 

consulted theory to guide further analyses. Specifically, the wise interventions 

framework provides a theoretical framework for testing interventions that target 

psychological processes (Walton, 2014; Walton & Wilson, 2018). Consistent with Park 

et al. (2018), who found that stress mindset moderated the effect of stressful life events 

on perceived distress, a key vulnerability mechanism targeted by the current 

intervention was the influence of stressors on distress. However, in the situation that an 

individual is coping well and not experiencing a considerable level of distress in the 

presence of a stressor, they may experience little benefit from a wise intervention 

targeting this stressor to the distress process. A similar issue was encountered by 

Yeager, Lee, and Jamieson (2016), where the wise intervention being tested was 

hypothesized to moderate the relationship between daily social-evaluative stressors and 

neuroendocrine indicators of the stress response, but on some days of the intervention 

period a relationship between the stressors and the neuroendocrine indicators was not 

observed. The effect of their intervention was therefore tested for the days where this 

relationship was observed, and a strong effect of the intervention was found by (Yeager 

et al., 2016). 

Guided by the theory and empirical studies outlined above, we developed further 

hypotheses to examine whether those with high baseline perceived distress experienced 

greater benefits from the intervention than those with low baseline perceived distress. 

Specifically, it was hypothesized that changes in stress mindset across time would be 

greater in those with high baseline perceived distress. Turning to the secondary 
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outcomes, we also hypothesized that those with high baseline perceived distress would 

experience greater reductions in perceived distress, increases in psychological wellbeing 

and positive affect, decreases in negative affect, increases in perceived physical health 

and proactive behavior, decreases in perceived somatic symptoms, and increases in 

academic performance and academic engagement over time when exposed to the 

intervention than those with low baseline perceived distress.  

Method 

The study has been reported in accordance with the CONSORT 2010 checklist 

for reporting randomized trials (Schulz, Altman, Moher, & the CONSORT Group, 

2010). 

Participants 

Participants were young undergraduate university students (N = 150, 64% 

female) ranging in age from 17 to 25 years (M = 19.11, SD = 1.94) recruited from a 

major university in South East Queensland, Australia (see Appendix A, supplementary 

material for sample demographic characteristics). Participants were recruited through 

online advertisement, including a university participant pool. Eligibility criteria 

included age (17–25 years) and current registration as an undergraduate university 

student. Students received course credit or coffee and department store vouchers as a 

token of appreciation for their participation. 

An a priori power analysis was conducted using G*Power v3.1 for a mixed 

model ANOVA estimating fixed effects, main effects, and interactions. The effect size 

was set to detect a medium effect (f = .25), with power set to .95 and α = .01 (adjusted 

to protect from inflation of type I error rate due to multiple tests). The total minimum 

sample size required was N = 90 (45 participants in each condition). To allow for 40% 

attrition, the target sample size was 150 participants at the baseline. A stopping rule was 
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used to govern when to cease recruitment6. 

Design and Procedure 

The study was pre-registered prior to data collection on the Open Science 

Framework: https://osf.io/en7q8/. The Griffith University Human Research Ethics 

Committee approved the study (reference: 2018/019). Data were collected between July 

and October 2018. Participants visited a university laboratory for two sessions, two-

weeks apart. In Session 1, participants received study information and provided 

informed consent, and then completed baseline measures of study variables followed by 

the intervention or control condition material. Stress mindset was also measured 

immediately post-intervention. In Session 2, participants completed follow-up 

measures. See Figure 1 for full details of the study structure and Appendix B 

(supplementary material) for the flow of participants through the study. The study 

adopted a parallel two-group mixed (within-between) randomized controlled design. 

The study was double-blinded such that both the participant and the experimenter were 

blinded to the condition to which participants were assigned. The experimenter 

followed a standardized script and procedure in administering the study to minimize 

bias. The study was advertised as a study on “understanding beliefs about stress and 

mental imagery” given that both groups complete a mental imagery task and answer 

questions about their beliefs about stress. No unintended consequences, harms, or 

adverse events were reported in the course of the study and there were no deviations 

from the pre-registered protocol. For further details of the study design and procedure, 

see the study pre-registration: https://osf.io/en7q8/ 

                                                 

 

6 Online participant sign-up slots were posted as far in advance as possible for the duration of the study 

term. Once 100 participants had completed the follow-up survey (to allow for some exclusions due to 

careless responding), sign-up slots were closed so that no participant can be further booked in to attend 

and face-to-face and online recruitment ceased. Data collection continued until all participants already 

signed-up had participated in the study. 

https://osf.io/en7q8/
https://osf.io/en7q8/
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Intervention development and optimization. The intervention materials were 

developed based on examples and mechanisms identified in our prior research (Keech et 

al., 2018); the three domains of stress mindset (performance and productivity, health 

and vitality, and learning and growth; Crum et al., 2013); and best-practice techniques 

for mental imagery interventions (Conroy & Hagger, 2018; Hamilton, Keech, Peden, & 

Hagger, 2019). Prior to recording, the imagery scripts were reviewed by a panel of 

experts, and by two members of the target population. Based on initial expert and 

member feedback, refinements to script wording were made. The scripts were then 

audio-recorded using a voiceover actor and developed into multimedia videos. The 

videos then underwent further expert review and a rigorous pilot test with members of 

the target population based on the procedures outlined by Hamilton et al. (2019). The 

pilot involved participants (n = 8) completing the baseline survey, the intervention, the 

post-intervention survey, and then a semi-structured interview where they were asked 

broadly to share their thoughts and feedback regarding the imagery exercise. The pilot 

participants were also asked for specific information regarding clarity and timing of the 

imagery exercises and information presented in the videos. Based on qualitative 

feedback provided by pilot participants, data-driven refinements to the presentation and 

timing allocated to the exercises were made. Intervention and control condition videos, 

scripts, and materials can be accessed on the Open Science Framework: 

https://osf.io/3rz7n/ 

Intervention condition. Participants in the intervention condition watched a 

series videos and then completed a writing exercise as outlined in Figure 1. Part 1 was a 

brief introduction to the activity. Part 2 provided balanced (negative and positive) 

information about stress and the consequences of stress. Part 3 was a practice imagery 

exercise entitled the “tangy lemon” mental imagery task (Holmes & Mathews, 2005). 

The purpose of this task was to introduce participants to imagery and allow them to 

https://osf.io/3rz7n/
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Figure 1. Randomized controlled trial design.
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practice prior to the following exercise. Part 4 began with some examples of the positive 

consequences of stress with regard to six types of stressors identified by students in our 

prior study (Keech et al., 2018). Part 4 then instructed a process mental imagery 

exercise, where participants were instructed to think about the potential positive 

consequences of the stress in their life, and the things they can do to experience these 

positive consequences. Following this exercise, participants were asked to write down 

the things that they imagined in the space provided.  

Control condition. Participants in the no instruction control condition 

completed the “tangy lemon” mental imagery task. This was the same as the practice 

mental imagery task completed by the intervention group. 

Randomization. Simple randomization was used with each participant being 

randomized into to one of two groups. The randomization was conducted by the 

Qualtrics randomization feature following completion of the pre-intervention survey. 

The Qualtrics randomization feature uses a Mersenne Twister pseudorandom number 

generator which is seeded using a Unix timestamp (in milliseconds).  

Measures 

Stress mindset was measured at baseline, immediately post-intervention, and at 

the two-week follow-up. All other variables were measured at baseline and at the 

follow-up. See Appendix C (supplementary material) for details of all measures used in 

the study. 

Stress mindset. Stress mindset was measured using the 15-item Stress Control 

Mindset Measure (SCMM; Keech et al., 2018).  

Perceived distress. Perceived distress was measured using the 10-item 

Perceived Stress Scale (PSS-10; Cohen & Williamson, 1988), which measures the 

extent to which current life situations were perceived as stressful over the preceding two 

weeks.  
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Psychological wellbeing. Psychological wellbeing was measured using the 14-

item Warwick-Edinburgh Mental Well-being Scale (WEMWBS-14; Tennant et al., 

2007) which measures the extent to which people generally experience wellbeing states. 

Affect. Positive and negative affect was measured using the 20-item Positive 

and Negative Affect Schedule-Short Form (PANAS-SF; Watson, Clark, & Tellegen, 

1988) modified to reference the past two weeks.  

Perceived physical health. Perceived physical health was measured using a 

single item which was the first question from the CDC Health-Related Quality of Life 

(HRQOL-14; Centers for Disease Control and Prevention., 2000) Healthy Days 

measure, modified to reference the past two weeks. 

Proactive behavior. Proactive behavior was measured using the six-item 

Proactive Under Stress Scale (Keech et al., 2018) modified to reference the past two 

weeks.  

Perceived somatic symptoms. Perceived somatic symptoms was measured 

using the State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree, 

French, MacLeod, & Locke, 2008) somatic subscale (11 items) as proxy measure for 

elevation in sympathetic nervous system activation (consistent with Keech et al., 2018). 

However, rather than in general, the questions were modified to reference the past two 

weeks for this study.  

Academic performance. Academic performance was measured using 

participants’ term grade point average (GPA) for the term prior to participating in the 

intervention (considered pre-intervention academic performance), and at the end of the 

term in which participation occurred (considered post-intervention academic 

performance). Academic terms were 12 weeks in length and, therefore, for practical 

reasons academic performance was measured on a different scale of time to the other 

outcome measures. GPA was retrieved from the university system to objectively 
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measure academic performance.  

Academic engagement. Academic engagement was measured using the 17-item 

Utrecht Work Engagement Scale-Student (UWES-S; Schaufeli, Salanova, González-

Romá, & Bakker, 2002) modified to reference the past two weeks.  

Baseline participant characteristics. A range of participant characteristics 

were measured at the baseline to examine variability between the groups: gender, age, 

marital status, children, study load, employment status, work hours, personal income, 

English as a second language (ESL), domestic/international student status, and imagery 

ability. 

Data quality questions. Four questions were used to detect careless responding 

(Maniaci & Rogge, 2014; Schroder, Dawood, Yalch, Donnellan, & Moser, 2016), with 

two used in the questionnaire in each session (e.g., “Please select option two to ensure 

you are paying attention”). The eight participants who did not answer all four of the 

questions correctly were excluded prior to data analysis. Visual inspection of the data 

supported the decision to exclude, with evidence of inattentive responding. 

Pre-Registered Data Analysis Plan 

The effect of the intervention on stress mindset was evaluated using a 2 x 3 

mixed model ANOVA in SPSS v.25. Condition/group was the between-subjects 

independent variable; time (pre-intervention, immediately post-intervention, two-week 

follow-up) was the within-subjects variable; and stress mindset was the dependent 

variable. The effect of the intervention on the stress-related outcomes was evaluated 

using a series of 2 x 2 mixed model ANOVAs7. Condition/group was the between-

                                                 

 

7 A 2 x 3 mixed model ANOVA was used to evaluate the effect of the intervention on stress mindsets 

because stress mindsets were able to be measured at three time points. Measures of all other outcomes 

were referenced to the past two weeks and could not be measured both pre-intervention and immediately 

post-intervention as this would occur in a single session. Therefore, the effect of the intervention on these 

outcomes was evaluated using 2 x 2 mixed model ANOVAs. 
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participants independent variable; time (pre-intervention, immediately post-intervention, 

two-week follow-up) was the within-participants variable; and the stress-related 

outcomes (psychological wellbeing, perceived distress, positive and negative affect, 

perceived physical health, proactive behavior, perceived somatic symptoms, academic 

performance, and academic engagement) were separate dependent variables. Alpha 

level for inference was adjusted to α = .01 to protect from inflation of type I error rate 

due to multiple tests. Where an ANOVA indicated a significant time × group interaction 

for any of the outcome variables, simple effects analyses using estimated marginal 

means were examined for that outcome. Specifically, within-group differences in the 

outcome between time points, and between-group differences in the outcome at each 

time point were compared. Outliers were retained due to no scores falling outside the 

possible range. 

Theory-Guided Data Analysis Procedure 

To understand individual differences in responses to the intervention, and in 

order to aid in hypothesis generation for future research, a series of analyses guided by 

the wise interventions framework (Walton, 2014; Walton & Wilson, 2018) were 

conducted. It was expected that participants not experiencing a considerable amount of 

perceived distress may already be experiencing positive wellbeing states and, therefore, 

would be less likely to need to reconsider their beliefs about stress and in turn less likely 

to experience the same degree of change in stress-related outcomes as those 

experiencing higher stress. The overall sample was divided into two groups using the 

median of participants’ baseline perceived distress scores. Those with a score less than 

20 formed the “low perceived distress” group and those with perceived distress scores 

greater than or equal to 20 formed the “high perceived distress” group. A series of 2 x 2 

x 2 mixed model ANOVAs were run to test all theory-guided hypotheses, with a 2 x 2 x 

3 configuration used when stress mindset was the dependent variable. Interaction effects 
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were followed-up with simple effects analyses using estimated marginal means, and α = 

.05 was used as the threshold for statistical significance. 

Results 

Pre-Registered Analyses 

Aside from the three participants who were lost to follow-up, there were no 

missing data on any of the study variables except for academic performance. The extent 

of missing data for academic performance was 19% (27 cases) at the baseline and 4% 

(six cases) at the follow-up. Little’s test indicated that the academic performance data 

was not missing at random and therefore E-M imputation was not implemented and 

listwise deletion was used for analyses using academic performance (see footnote 5 for 

ancillary regression analyses using the full-information maximum likelihood (FIML) 

procedure. All pre-registered hypotheses were tested using α = .01 adjusted to protect 

against error inflation due to multiple tests. Estimated marginal means, standard errors, 

and 99% confidence intervals of study variables by time and group are reported in Table 

1. Estimated marginal means are graphically presented in Figure 2 for stress mindset 

and Appendix D (supplementary materials) for secondary outcomes. Data and output 

files for all analyses can be accessed on the Open Science Framework: 

https://osf.io/3rz7n/  

Stress mindset. A mixed model ANOVA revealed a statistically significant time 

× intervention group interaction effect on stress mindset with a large effect size, F (1.59, 

217.64) = 51.44, p < .001, ηp
2 = .278. This indicates that changes in stress mindset 

across time points were not equivalent between groups and provides support for 

Hypothesis 1. To probe the interaction effect, simple effects were examined using 99% 

                                                 

 

8 The Greenhouse-Geiser correction was applied due to Mauchly’s test indicating sphericity cannot be 

assumed. 

https://osf.io/3rz7n/
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confidence intervals about estimated marginal means. There was no significant 

difference between the intervention and control groups at the baseline (p = .58, ηp
2 = 

.00) and the control group did not change over time. However, stress mindset was 

significantly higher for the intervention group compared to the control group 

immediately post-intervention (p < .001, ηp
2 = .26) and at the two-week follow-up (p < 

.001, ηp
2 = .18). Stress mindset scores increased significantly for the intervention group 

from pre-intervention to immediately post-intervention (p < .001, ηp
2 = .18). Stress 

mindset decreased significantly between the measure immediately post-intervention and 

the follow-up; however, the effect size remained large and at a level still significantly 

greater than pre-intervention. 

Secondary outcomes. Turning to the secondary outcomes9, mixed model 

ANOVAs revealed no statistically significant time × group interaction effects on 

perceived distress (F (1, 137) = 9.75, p = .47, ηp
2 = .00) psychological wellbeing, (F (1, 

137) = .00, p = .99, ηp
2 = .00); positive affect (F (1, 137) = 1.16, p = .28, ηp

2 = .01); 

negative affect (F (1, 137) = 1.46, p = .23, ηp
2 = .01); perceived physical health (F (1, 

137) = .58, p = .45, ηp
2 = .00); proactive behavior (F (1, 137) = 2.30, p = .13, ηp

2 = .02); 

somatic symptoms (F (1, 137) = 2.69, p = .25, ηp
2 = .00); academic performance (F (1, 

107) = 1.31, p = .26, ηp
2 = .01); or academic engagement (F (1, 137) = 1.20, p = .28, ηp

2 

= .01). Effect sizes were also consistently small. Therefore, Hypotheses 2 to 9 were 

rejected10. 

                                                 

 

9 There were no significant differences between the intervention and control groups at the baseline for 

any of the secondary outcomes, including perceived distress (p = .12, ηp
2 = .02), psychological wellbeing 

(p = .08, ηp
2 = .02), positive affect (p = .27, ηp

2 = .01), negative affect (p = .32, ηp
2 = .01), physical health 

(p = .33, ηp
2 = .01), proactive behavior (p = .08, ηp

2 = .02), perceived somatic symptoms (p = .46, ηp
2 

= .00), academic performance (p = .08, ηp
2 = .03), and academic engagement (p = .63, ηp

2 = .00). 

 
10 Baseline levels of psychological wellbeing, proactive behavior, and academic performance approached 

conventional levels indicating statistically significant differences, which may compromise internal 

validity. There was also missing academic performance data. For completeness, ancillary analyses were 

conducted in R (R Core Team, 2019) using the lavaan (Rosseel, 2012) package to control for baseline 
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Theory-Guided Analyses 

Estimated marginal means, standard errors, and 95% confidence intervals of 

study variables by time and subgroup are reported in Table 2, and estimated marginal 

means are graphically presented in Figures 2–4. 

Stress mindset. A three-way mixed model ANOVA revealed a significant time 

× group × baseline perceived distress interaction effect on stress mindset, F (6, 270) = 

17.73, p < .001, ηp
2 = .28. This indicates that changes in stress mindset across time 

points between the intervention and control group were different for those with high and 

low levels of baseline perceived distress. To probe the interaction effect, simple effects 

were examined. Estimated marginal means indicated that there were no significant 

baseline differences in stress mindset between the control and intervention groups for 

those with low baseline perceived distress (p = .128, ηp
2 = .02), or high baseline 

perceived distress (p = .055, ηp
2 = .03). However, there was a significant difference 

between the control and intervention groups for those with low perceived distress (p = 

.001, ηp
2 = .07) and high perceived distress (p < .001, ηp

2 = .25) immediately post-

intervention, and at the two-week follow-up such that the intervention had a stronger 

effect on those in the high perceived distress group (p < .001, ηp
2 = .17) than those in 

the low perceived distress group (p = .018, ηp
2 = .04). 

Secondary outcomes. Three-way mixed model ANOVAs revealed statistically 

significant time × group × baseline perceived distress effects on perceived distress, F (3, 

135) = 9.69, p < .001, ηp
2 = .18; psychological wellbeing, F (3, 135) = 3.31, p = .022, 

                                                 

 

differences in the pre-registered analyses and to estimate values for the missing academic performance 

data. The ancillary analyses were regression analyses for each of the Time 2 dependent variables, 

controlling for baseline levels of psychological wellbeing, proactive behavior, academic performance, and 

the dependent variable in each analysis. Missing data was estimated using the full-information maximum 

likelihood (FIML) procedure. There were no differences in the pattern of effects for any of the dependent 

variables, with the exception that in the analysis predicting proactive behavior, the effect of group was 

approaching our specified cutoff for statistical significance (p = .027). Readers are directed to the online 

supplemental material for details of these analyses. 
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ηp
2 = .07; positive affect, F (3, 135) = 3.17, p = .027, ηp

2 = .07; proactive behavior, F (3, 

135) = 4.37, p = .006, ηp
2 = .09; and academic performance, F (3, 105) = 2.97, p = .035, 

ηp
2 = .0811. The time × group × baseline distress interaction effect on negative affect fell 

just short of the conventionally-accepted level for statistical significance; however, a 

medium-sized effect was observed, F (3, 135) = 2.66, p = .051, ηp
2 = .06. This indicates 

that changes in perceived distress, psychological wellbeing, positive affect, proactive 

behavior, academic performance, and potentially negative affect across time points 

between the intervention and control group were different for those with high and low 

levels of baseline perceived distress. Estimated marginal means indicated that there 

were no significant differences in perceived distress, psychological wellbeing, positive 

affect, proactive behavior, academic performance, and negative affect between the 

control and intervention groups for those with low perceived distress or high perceived 

distress at the baseline12. 

Probing the interaction effects revealed that there were no significant differences 

in perceived distress (p = .868, ηp
2 = .00), psychological wellbeing (p = .915, ηp

2 = .00), 

positive affect (p = .898, ηp
2 = .00), proactive behavior (p = .546, ηp

2 = .00), academic 

performance (p = .653, ηp
2 = .00), and negative affect (p = .876, ηp

2 = .00) between the 

control and intervention groups at the follow-up in those with low baseline perceived 

distress. For those with high perceived distress at the baseline, the intervention group 

had significantly lower perceived distress (p = .014, ηp
2 = .04), higher positive affect (p 

                                                 

 

11 For completeness, the effect of the intervention on each subgroup was examined using a multi-group 

regression analysis in R (R Core Team, 2019) using the lavaan (Rosseel, 2012) package to estimate 

missing data with the FIML procedure. 
12 Low perceived distress group: perceived distress (p = .396, ηp

2 = .01), psychological wellbeing (p 

= .892, ηp
2 = .00), positive affect (p = .717, ηp

2 = .00), proactive behavior (p = .524, ηp
2 = .00), academic 

performance (p = .174, ηp
2 = .02), and negative affect (p = .880, ηp

2 = .00). High perceived distress group: 

perceived distress (p = .124, ηp
2 = .02), psychological wellbeing (p = .141, ηp

2 = .02), positive affect (p 

= .420, ηp
2 = .01), proactive behavior (p = .281, ηp

2 = .01), academic performance (p = .300, ηp
2 = .01), 

and negative affect (p = .975, ηp
2 = .00). 
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= .037, ηp
2 = .03), higher proactive behavior (p = .001, ηp

2 = .08), higher academic 

performance (p = .021, ηp
2 = .05), and lower negative affect (p = .035, ηp

2 = .03) than 

the control group at the follow-up. Further, for those with high perceived distress at the 

baseline, the intervention group exhibited higher psychological wellbeing than the 

control group at the follow-up, however, the difference was not significant (p = .138, ηp
2 

= .02).  

Three-way mixed model ANOVAs revealed no time × group × baseline 

perceived distress interaction effects on perceived physical health, F (3, 135) = 1.34, p = 

.266, ηp
2 = .03; perceived somatic symptoms, F (3, 135) = .39, p = .763, ηp

2 = .01; and 

academic engagement, F (3, 135) = 1.17, p = .325, ηp
2 = .03. This indicates that changes 

in negative affect, perceived physical health, perceived somatic symptoms, and 

academic engagement across time points between the intervention and control group 

were not different for those with high and low levels of baseline perceived distress. 

Estimated marginal means indicated that there were no significant differences in 

negative affect, perceived physical health, perceived somatic symptoms, and academic 

engagement between the control and intervention groups for those with low perceived 

distress or high perceived distress at the baseline13. 

Further Analyses 

Following the mental imagery exercise, intervention group participants were 

asked to note down a few sentences summarizing what they visualized. We examined 

this data to develop an understanding of: (1) whether participants in the intervention 

                                                 

 

13 Low perceived distress group: perceived physical health (p = .456, ηp
2 = .00), perceived somatic 

symptoms (p = .850, ηp
2 = .00), and academic engagement (p = .663, ηp

2 = .00). High perceived distress 

group: perceived physical health (p = .284, ηp
2 = .01), perceived somatic symptoms (p = .836, ηp

2 = .00), 

and academic engagement (p = .532, ηp
2 = .00). 
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Table 1 

 

Estimated marginal means, standard errors, and confidence intervals of study variables by time and group (n=139). 

 
 Baseline  Follow-up 

 Control  Intervention  Control  Intervention 

 M SE 99% CI  M SE 99% CI  M SE 99% CI  M SE 99% CI 

Stress mindset 3.27 .10 3.01, 3.53  3.35 .10 3.09, 3.61  3.22 .10 2.95, 3.49  4.02 .10 3.75, 4.29 

Perceived distress 20.71 .94 18.26, 23.17  18.96 .95 16.49, 21.43  20.03 .87 17.76, 22.30  17.52 .88 15.24, 19.81 

Psychological 

wellbeing 

43.39 1.22 40.19, 46.58  46.04 1.23 42.83, 49.26  44.33 1.22 41.15, 47.51  47.00 1.23 43.80, 50.20 

Positive affect 30.61 .93 28.18, 33.05  31.73 .94 29.27, 34.18  29.76 .89 27.43, 32.08  32.07 .90 29.73, 34.42 

Negative affect 25.23 1.00 22.63, 27.83  24.20 1.00 21.58, 26.83  23.24 .94 20.78, 25.71  20.81 .95 18.33, 23.30 

Physical health 3.17 .12 2.86, 3.49  3.31 .12 3.00, 3.64  3.16 .13 2.83, 3.48  3.42 .13 3.09, 3.75 

Proactive 

behavior 

2.88 .08 2.68, 3.09  3.07 .08 2.80, 3.20  3.00 .08 2.80, 3.20  3.32 .08 3.12, 3.52 

Somatic 

symptoms 

21.13 .78 19.10, 23.15  20.64 .78 18.60, 22.68  19.96 .77 17.96, 21.96  19.07 .77 17.06, 21.09 

Academic 

performance 

4.93 .13 4.60, 5.26  5.26 .13 4.93, 5.59  4.93 .16 4.50, 5.35  5.41 .16 4.99, 5.59 

Academic 

engagement 

4.25 .11 3.96, 4.54  4.32 .11 4.02, 4.61  4.27 .11 3.98, 4.56  4.44 .11 4.15, 4.74 

Note: Follow-up = Two-week follow-up post-intervention. Stress mindset was also measured immediately post-intervention (Control: M = 3.28, SE = 

.10, 99%CI [3.02, 3.55]; Intervention: M = 4.27, SE = .10, 99%CI [4.01, 4.54]). Participants lost to attrition (n = 3) and participants excluded due to 

failing attention check questions (n = 8) are not included in estimates. Control group n = 70; intervention group n = 69. Due to missing data n = 109 (n 

= 54 control; n = 55 intervention) participants were used for academic performance analyses. 
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Table 2. Estimated marginal means, standard errors, and confidence intervals for 

subgroups 

 Baseline   Follow-up   

 M SE 95% CI M SE 95% CI 

Stress mindset 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

3.68 

3.39 

2.91 

3.29 

 

.14 

.12 

.13 

.15 

 

3.40, 3.95 

3.15, 3.64 

2.66, 3.17 

3.00, 3.58 

 

3.65 

4.11 

2.85 

3.90 

 

.14 

.13 

.14 

.15 

 

3.37, 3.93 

3.85, 4.36 

2.58, 3.11 

3.60, 4.20 

Perceived stress 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

13.06 

13.90 

27.54 

25.93 

 

.73 

.66 

.69 

.78 

 

11.62, 14.50 

12.59, 15.21 

26.18, 28.90 

22.87, 26.75 

 

14.67 

14.90 

24.81 

21.14 

 

1.04 

.94 

.98 

1.11 

 

12.62, 16.72 

13.04, 16.76 

22.87, 26.75 

18.95, 23.33 

Psychological wellbeing 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

51.15 

50.90 

39.57 

39.35 

 

1.37 

1.24 

1.29 

1.46 

 

48.45, 53.85 

48.45, 53.36 

33.91, 39.01 

36.46, 42.23 

 

49.67 

49.90 

39.57 

43.00 

 

1.61 

1.47 

1.53 

1.72 

 

46.47, 52.86 

47.00, 52.80 

36.55, 42.59 

39.59, 46.41 

Positive affect 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

34.85 

34.25 

26.84 

28.24 

 

1.22 

1.11 

1.15 

1.30 

 

32.44, 37.26 

32.06, 36.44 

24.56, 29.11 

26.67, 30.81 

 

32.76 

32.98 

27.08 

30.83 

 

1.25 

1.14 

1.18 

1.33 

 

30.28, 35.23 

30.73, 35.22 

24.75, 29.42 

28.19, 33.47 

Negative affect 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

19.67 

19.90 

30.19 

30.14 

 

1.15 

1.04 

1.08 

1.22 

 

17.40, 21.93 

17.84, 21.96 

28.05, 32.33 

27.72, 32.55 

 

18.00 

18.25 

27.92 

24.35 

 

1.18 

1.07 

1.12 

1.26 

 

15.67, 20.34 

16.13, 20.37 

25.71, 30.12 

21.85, 26.84 

Physical health 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

3.85 

3.70 

2.57 

2.79 

 

.15 

.13 

.14 

.16 

 

3.56, 4.14 

3.44, 3.96 

2.29, 2.84 

2.48, 3.10 

 

3.70 

3.68 

2.68 

3.07 

 

.17 

.15 

.16 

.18 

 

3.37, 4.03 

3.37, 3.98 

2.36, 2.99 

2.72, 3.42 

Proactive behavior 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

3.21 

3.30 

2.59 

2.75 

 

1.02 

.09 

.10 

.11 

 

3.01, 3.41 

3.12, 3.48 

2.40, 2.78 

2.53, 2.96 

 

3.29 

3.38 

2.73 

3.25 

 

.11 

.10 

.10 

.11 

 

3.08, 3.50 

3.19, 3.57 

2.54, 2.93 

3.02, 3.47 

Somatic symptoms 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

17.46 

17.70 

24.41 

24.69 

 

.96 

.87 

.91 

1.02 

 

15.56, 19.35 

15.98, 19.42 

22.62, 26.20 

22.67, 26.71 

 

16.73 

16.43 

22.84 

22.72 

 

.98 

.89 

.93 

1.05 

 

14.78, 18.67 

14.66, 18.19 

21.00, 24.68 

20.65, 24.80 

Academic performance 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

5.11 

5.45 

4.78 

5.04 

 

.18 

.17 

.17 

.18 

 

4.74, 5.47 

5.12, 5.78 

4.44, 5.11 

4.67, 5.40 

 

5.34 

5.48 

4.57 

5.32 

 

.24 

.21 

.22 

.24 

 

4.88, 5.81 

5.06, 5.91 

4.14, 5.00 

4.86, 5.79 

Academic engagement 

    Low PSS control 

    Low PSS intervention 

    High PSS control 

    High PSS intervention 

 

4.56 

4.46 

3.97 

4.11 

 

.16 

.14 

.15 

.17 

 

4.24, 4.87 

4.18, 4.75 

3.68, 4.27 

3.78, 4.45 

 

4.53 

4.51 

4.04 

4.35 

 

.16 

.15 

.15 

.17 

 

4.21, 4.85 

4.23, 4.80 

3.74, 4.34 

4.01, 4.69 

 

 
Stress mindset was also measured immediately post-intervention (Low PSS control: M = 3.79, SE = .13, 

95%CI [3.52, 4.05]; Low PSS intervention: M = 4.38, SE = .12, 95%CI [4.14, 4.62]; High PSS control: M = 

2.83, SE = .13, 95%CI [2.59, 3.08]; High PSS intervention: M = 4.12, SE = .14, 95%CI [3.84, 4.40]). 
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Figure 2. Stress mindset over time across intervention and control groups (top), and by 

subgroup (bottom). Intervention or control stimuli delivered between pre and post 

measures. Follow-up measure taken after two weeks. Error bars depict 95% confidence 

intervals. 
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Figure 3. Secondary outcomes over time for intervention and control groups divided by 

baseline perceived distress where effects were observed for high baseline distress 

subgroup. Intervention or control condition stimuli delivered after pre measures. 

Follow-up measures taken two weeks later. Error bars depict 95% confidence intervals. 
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Figure 4. Secondary outcomes over time for intervention and control groups divided by 

baseline perceived distress where no significant effects were observed in either 

subgroup. Intervention or control condition stimuli delivered after pre measures. 

Follow-up measures taken two weeks later. 
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group were able to imagine a stressor and the things they can do to experience the 

potential positive consequences of the stressor; and, (2) whether participants in the 

intervention group made specific mention of the potential positive consequences of their 

stressor during the imagery exercise which may provide insight into the potential for 

demand characteristics influencing stress mindset scores. With regard to the first 

question, all participants in the intervention group reported visualizing a stressor during 

the mental imagery exercise. This suggests that while not all participants were 

experiencing significant distress, they were all experiencing stressors that they were 

able to consider in completing the imagery exercise. With regard to the second question, 

76% of participants in the intervention group made specific mention of the positive 

consequences of stress, while the remaining 24% simply described the things they 

thought about doing. We speculate that instruction regarding the positive consequences 

of stress was more salient for those that made specific mention of positive consequences 

in their descriptions. Therefore, it could be expected that if demand characteristics were 

having a meaningful impact on post-intervention stress mindset scores, the individuals 

for who this was more salient would exhibit a greater change in stress mindset scores. 

However, an independent samples t-test revealed no significant difference in average 

change in stress mindset scores (from pre to immediately post-intervention) between 

those who mentioned positive consequences of stress in their imagery descriptions (M = 

.95, SD = .73) and those who did not (M = 1.02, SD = 1.06), t(69) = -.32, p = .749. This 

is further supported by the distribution of stress mindset scores on individual items 

immediately post-intervention. For all items, a small proportion of participants in the 

intervention group (between 2.80% and 16.70%) selected the highest scale point (M = 

7.67%, SD = 4.48). 

Discussion 

The purpose of the current study was to develop and test the efficacy of a novel 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 180 
 

 

 

mental imagery-based intervention in changing stress mindsets immediately post-

intervention, and at a two-week follow-up using a pre-registered randomized controlled 

design. The study also aimed to evaluate the effect of the intervention on a range of 

health and performance-related outcomes. As predicted, the intervention yielded a large 

effect on stress mindset immediately post-intervention which was maintained at the 

two-week follow-up. Contrary to expectations, no effect of the intervention from 

baseline to the two-week follow-up was observed for any of the secondary health and 

performance-related outcomes. While estimated marginal means of the outcomes were 

more favorable in the expected directions for those in the intervention group at follow-

up, effect sizes were small and did not reach conventional levels of statistical 

significance. Subsequent theory-guided analyses based on subgroups indicated that the 

intervention demonstrated robust effects on perceived distress, positive and negative 

affect, proactive behavior, and academic performance at the follow-up in individuals 

with high baseline perceived distress. Effects of the intervention on stress mindset were 

also stronger in individuals with high baseline perceived distress. 

Current findings have several important theoretical and practical implications, 

with implications for future research. This study is the first to establish the efficacy of a 

mental imagery-based intervention to effect a change in stress mindset that was retained 

at a two-week follow-up. This builds on existing stress mindset manipulations which 

have focused on eliciting an attentional bias toward the positive consequences of stress 

and have been followed-up a few days post-intervention (e.g., Crum et al., 2017; Crum 

et al., 2013). Results indicate that mindset change beyond a brief attentional bias is 

possible in the context of stress mindset. It should be noted, however, that at the two-

week follow-up the effect size of the intervention on stress mindset was smaller, 

suggesting that the strength of the effect declined over time. This may be due to beliefs 

not being reinforced over the two-week period; or, consistent with prior research, an 
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attentional bias toward positive stress-related information being induced immediately 

following the intervention that dissipates over time (e.g., Crum et al., 2017; Crum et al., 

2013). To better understand these processes, future research should examine the 

trajectory of stress mindsets over a longer period of time following the intervention and 

consider increasing the dose through the use of additional imagery sessions across the 

study period. Research should also seek to test the potential mechanisms that determine 

the induction of a stress mindset, and its subsequent decay, over time, by including 

measures of attentional bias toward positive interpretation of stress-related information 

and conducting mediation analyses. 

In contrast to our pre-registered hypotheses, no effect of the intervention on the 

secondary outcomes at the two-week follow-up was detected. A possible explanation 

for this is that despite all participants reporting exposure to stressors, there was 

considerable heterogeneity in baseline levels of distress among the overall sample. 

Subsequent analyses guided by the wise interventions framework (Walton, 2014; 

Walton & Wilson, 2018) and prior research revealed robust effects of the intervention 

on perceived distress, positive and negative affect, proactive behavior, and academic 

performance at the follow-up in individuals with high baseline perceived distress. It is 

likely that individuals with low baseline perceived distress were already coping well 

and had little need to apply what they had learned in the intervention. Park and 

colleagues’ (2018) findings indicate that stress mindset moderates the effect of stressful 

life events on perceived distress and, therefore, where individuals’ exposure to stressors 

is not currently leading to distress, there is no psychological mechanism of vulnerability 

for the wise intervention to yield an effect on. Yeager et al. (2016) also observed no 

effect of an incremental theories of personality intervention on neuroendocrine 

outcomes on days when stressor exposure was not influencing these outcomes. This is 

not to suggest that those not experiencing distress would never benefit from the 
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intervention tested in the current study; however, examining potential stress inoculation 

benefits in these individuals would require longitudinal research over an extended 

period of time and would be best examined independently of studying distressed 

individuals. 

While trends in the predicted directions were observed, no statistically 

significant effect of the intervention was observed on psychological wellbeing, 

perceived physical health and somatic symptoms, and academic engagement in high 

baseline perceived distress individuals, which contrasted with our theory-guided 

hypotheses. There are several possible explanations for this lack of observed effect. The 

study used retrospective recall of wellbeing, affective states, and behavior over a two-

week period which may not adequately capture momentary responses to stressors. 

Momentary responses to ecological stressors may in fact be similar to the momentary 

responses to laboratory stressors observed in prior research (e.g., Crum et al., 2017; 

Crum et al., 2013) and they may not necessarily be captured through retrospective recall 

at the end of a two-week period. Beyond potential issues with retrospective recall, a 

longer period of time may be required for changes in momentary responses to 

ecological stress to translate into overall improvements in these outcomes. For example, 

impacts of distress on physical health tend to occur with chronic stress over longer 

periods of time (Cohen, Gianaros, & Manuck, 2016). Prior research has observed 

effects of a stress mindset manipulation on health symptoms (Crum et al., 2017; Crum 

et al., 2013), which may be more proximal to when an individual experiences stress. 

Further, behaviors such as academic engagement may involve complex self-regulatory 

processes, for example habits around procrastination, and these may require more time 

and simultaneous intervention upon other mechanisms to change (Schnauber-

Stockmann, Meier, & Reinecke, 2018). 

Together, these findings provide further insight into when stress mindset 
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interventions may be beneficial for improving stress-related outcomes. Specifically, the 

findings indicate that there may be a requisite baseline level of perceived distress for the 

induction of a stress mindset to make observable differences in adaptive outcomes such 

as wellbeing, affect, behavior, and performance. This extends upon current knowledge 

from studies that have observed beneficial effects of stress mindset interventions in 

response to laboratory-induced stressors that are designed to be as uniform as possible 

(e.g., Crum et al., 2017; Crum et al., 2013). The current study is the first to examine the 

effect of a stress mindset intervention on stress-related outcomes in response to an 

ecologically-valid setting beyond a few days and, therefore, these findings should be 

replicated and extended upon in future pre-registered studies of individuals with high 

perceived stress. To address the questions outlined above, future research should also 

seek to use methods such as ecological momentary assessment (Bolger & Laurenceau, 

2013) to measure stress mindsets, wellbeing, affective responses, and behavior to 

examine within-subjects trajectories of these constructs when ecological stress is 

experienced prior to and following the intervention. It would also be valuable in future 

research to test mediation models to examine whether changes in the stress-related 

outcomes in those who receive the intervention occur via changes in stress mindset, or 

whether there are other processes that may explain these effects. 

Study Strengths and Limitations 

The current study has several strengths that enhance understanding of the effects 

of stress mindsets on health and performance outcomes. First, the study tested a novel 

imagery-based intervention which was rigorously pilot tested and informed by prior 

research into stress mindset (Keech et al., 2018), and best practice guidelines for 

imagery interventions (Conroy & Hagger, 2018; Hamilton et al., 2019). Second, the 

study sought to minimize bias using a pre-registered double-blinded randomized 

controlled trial design. Third, the study used student grade point average (GPA) scores 



STRESS MINDSET THEORY, MEASUREMENT, AND INTERVENTION 184 
 

 

 

from university student records to provide an objective measure of academic 

performance.  

Current findings should also be considered in light of some limitations. First, 

with the exception of academic performance, measures of the secondary outcomes 

relied on retrospective recall of behavioral and affective states. While the self-report 

measures used have adequate validity and reliability, they do not allow for a fine-

grained examination of how stress mindsets may affect stress responses in a given 

moment. Future research using ecological momentary assessment methods (Bolger & 

Laurenceau, 2013) may help to overcome this limitation by frequently measuring 

exposure to stressors and momentary responses prior to and following a stress mindset 

intervention.  

For the pre-registered hypotheses, all effects were considerably smaller than 

anticipated, and power and sample size were not calculated for the scenario of 

conducting subgroup analyses which divide the size of the sample. It is possible, 

therefore, that the study was not sufficiently powered to detect potentially smaller 

effects of the intervention on psychological wellbeing, perceived physical health, 

perceived somatic symptoms, and academic performance. An important direction for 

future research is to replicate these findings in another pre-registered study sampling 

individuals’ experiencing high levels of distress (i.e., through screening potential 

participants) to ensure a sufficiently powered sample is recruited to examine the effects 

of the intervention on those who are likely to benefit most.  

In an effort to minimize demand characteristics, the current study was designed 

to blind participants regarding the aims and the fact that the study was an intervention. 

As opposed to providing firm instruction to persuade participants that stress is positive, 

the intervention exercises were designed to encourage participants to consider that stress 

can have positive consequences and to consider potential positive consequences of the 
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stress they are experiencing. We therefore expected that considering this would lead to a 

change in stress mindset for individuals who were able to visualize positive 

consequences of their stress and that changes in mindset scores would be unlikely to be 

due to demand characteristics. Examination of item distributions on the measure of 

stress mindset and analysis of qualitative data from intervention group participants 

provides some evidence to support this assertion. Further, a large-sized change in stress 

mindset was maintained at the two-week follow-up, where we expect that the aims of 

the experiment, if guessed by participants, would have been less salient and therefore 

less likely to influence responses to the measure of stress mindset. While this 

information provides some evidence that changes in stress mindset scores were not due 

to demand characteristics, they cannot be entirely ruled out.  

A further limitation of the design of the current study is that we did not control 

for differences in expectancy effects between conditions due to factors such as 

credibility of the stimuli as an intervention, expectancy of outcomes, and time and 

effort. Given that expected success in emotion regulation is a well-established 

determinant of actual emotion regulation (Bigman, Mauss, Gross, & Tamir, 2016; 

Tamir, Bigman, & Pietromonaco, 2018; Tamir, Bigman, Rhodes, Salerno, & Schreier, 

2015), it is important that possible expectancy effects are accounted for in future tests of 

this intervention. This could be implemented by designing a placebo control condition 

that is matched with the intervention condition on credibility of the stimuli as an 

intervention, on the expected benefits of having been exposed to the stimuli, and on the 

time and effort required for exposure to the stimuli. 

Conclusion 

The current study provided the first test of a mental-imagery based stress 

mindset intervention. The intervention had a large effect on stress mindset scores 

immediately post-intervention and although stress mindset had started to decline, a large 
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effect was retained after two weeks. While changes in the secondary outcomes were in 

the expected directions for the pre-registered analyses, they were not statistically 

significant for the overall sample and this is likely due to not all individuals 

experiencing the stress response in the intervention period. Further theory-guided 

analyses indicated that there were robust effects of the intervention on perceived 

distress, positive and negative affect, proactive behavior, and academic performance at 

the follow-up in individuals with high baseline perceived distress. Together, these 

findings show that the intervention is a promising approach to changing individuals’ 

stress mindset and that changing stress mindset can have beneficial effects on coping 

with ecological stressors. Further research is needed to replicate and extend these 

findings in a sample of individuals experiencing high levels of distress and to eliminate 

the potential role of expectancy effects in influencing the outcomes under investigation. 

To better understand the role of stress mindsets in managing ecological stressors, future 

research should employ ecological momentary assessment to measure exposure to 

stressors and momentary responses prior to and following a stress mindset intervention. 

This method can also aid in understanding trajectories of stress mindset following an 

intervention, including whether booster doses are required to create longer term mindset 

change, and whether the mindsets are activated and salient in stressful situations.  
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Appendix A. Participant baseline demographic characteristics (n = 142). 

 
Variable Total Sample (n 

= 142) 

Intervention 

(n = 70) 

Control 

(n = 72) 

 

p-valuea 

Gender 

     Male 

     Female 

 

53 (37.3%) 

89 (62.7%) 

 

25 (34.7%) 

47 (65.3%) 

 

28 (40.0%) 

42 (60.0%) 

 

.52 

Age 19.08 (1.92) 19.10 (1.76) 19.07 (2.08) .94 

Marital status 

     Never married 

     Married registered 

 

141 (99.3%) 

1 (0.7%) 

 

70 (100%) 

0 (0%) 

 

71 (98.6%) 

1 (1.4%) 

 

.32 

Children 

     Yes 

     No 

 

0 (0%) 

142 (100%) 

 

0 (0%) 

70 (100%) 

 

0 (0%) 

72 (100%) 

- 

Study load 

     Full-time 

     Part-time 

 

135 (95.1%) 

7 (4.9%) 

 

67 (93.1%) 

5 (6.9%) 

 

68 (97.1%) 

2 (2.9%) 

 

.26 

Employment status 

     Studying only  

     Full-time work 

     Part-time work 

 

51 (35.9%) 

1 (0.7%) 

90 (63.4%) 

 

30 (41.7%) 

0 (0%) 

42 (58.3%) 

 

21 (30.0%) 

1 (1.4%) 

48 (68.6%) 

 

.23 

Work hours 9.65 (9.45) 8.78 (9.43) 10.53 (9.46) .27 

Personal income (Weekly) 

     Nil income 

     $1–$199 

     $200–$299 

     $300-$399 

     $400–$599 

     $600–$799 

     $800–$999  

     $1,000–$1,249 

     $1,250–$1,499 

     $1,500–$1,999 

     $2,000 and above 

 

39 (27.5%) 

34 (23.9%) 

30 (21.1%) 

14 (9.9%) 

17 (12.0%) 

4 (2.8%) 

2 (1.4%) 

1 (0.7%) 

0 (0%) 

1 (0.7%) 

0 (0%) 

 

23 (31.9%) 

14 (19.4%) 

14 (19.4%) 

10 (13.9%) 

7 (9.7%) 

2 (2.8%) 

1 (1.4%) 

0 (0%) 

0 (0%) 

1 (1.4%) 

0 (0%) 

 

16 (22.9%) 

20 (28.6%) 

16 (22.9%) 

4 (5.7%) 

10 (14.3%) 

2 (2.9%) 

1 (1.4%) 

1 (1.4%) 

0 (0%) 

0 (0%) 

0 (0%)  

 

.48 

ESOL 

     Yes 

     No 

 

40 (28.2%) 

102 (71.8%) 

 

22 (30.6%) 

50 (69.4%) 

 

18 (25.7%) 

52 (74.3%) 

 

.52 

Student type 

     Domestic 

     International 

 

136 (95.8%) 

6 (4.2%) 

 

136 (93.1%) 

6 (6.9%) 

 

69 (98.6%) 

1 (1.4%) 

 

.10 

Imagery ability 3.66 (.45) 3.67 (.43) 3.66 (.47) .87 
aIndependent samples t-test used for comparing continuous data, chi-square test used for 

comparing categorical data, between intervention and control groups. 
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Appendix B. Consort flow diagram of participant progression through the study 

 

 
 

Note: Potential participants were advised of eligibility criteria prior to indicating interest in 

participating. Participants self-enrolled and all that were screened were eligible. 
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Appendix C. Items and Response Scales for Study Variables 

Construct Measure  α Items Scale/Scoring 

Stress mindset SCMM (Keech 

et al., 2018) 

 

Baseline: .93 

Post-

intervention: 

.95  

Follow-up: .95 

You are unable to use stress to enhance your performance and productivity* 

Stress can be used as a way to get the most out of your life 

Stress can be used to enhance your health and vitality 

Stress must be reduced or avoided to get the most out of life* 

You can use stress to boost your performance and productivity 

Stress will impair your health and vitality* 

Stress can be used to enhance your performance and productivity 

You can use stress to stimulate your health and vitality 

Stress can be used to enhance your learning and growth 

The effect of stress on you is negative* 

You are unable to use stress to enhance your learning and growth* 

You are unable to use stress to enhance your health and vitality* 

Stress will impair your learning and growth* 

Stress will impair your performance and productivity* 

You can use stress to facilitate your learning and growth 

1 = strongly 

disagree,  

6 = strongly 

agree / Scale 

calculated: mean 

Perceived 

distress 

 

PSS-10 (Cohen 

& Williamson, 

1988) 

Baseline: .91 

Follow-up: .90 

See Cohen and Williamson (1988) for items. 0 = never,  

4 = very often / 

Scale calculated: 

sum 

Psychological 

wellbeing 

WEMWBS-14 

(Tennant et al., 

2007) 

Baseline: .93 

Follow-up: .94 

See Tennant et al. (2007) for items. 

 

1 = none of the 

time, 5 = all of 

the time / Scale 

calculated: sum 

Affect PANAS-SF 

(Watson et al., 

1988) 

Positive- 

Baseline: .90 

Follow-up: .91 

Negative- 

Baseline: .88 

Follow-up: .90 

See Watson et al. (1988) for items. 1 = very slightly 

or not at all, 5 = 

extremely / 

Scale calculated: 

sum 

Proactive 

behavior  

Proactive under 

stress scale 

(Keech et al., 

2018) 

Baseline: .74 

Follow-up: .78 

In the last month, how often were you proactive to cope with stress? 

In the last month, how often were you not proactive when under stress?* 

In the last month, how often did you engage in planning your time to cope with stress? 

In the last month, how often did you avoid engaging in planning your time when under 

stress?* 

1 = never,  

5 = very often / 

Scale calculated: 

mean 
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In the last month, how often did you avoid procrastination to cope with stress? 

In the last month, how often did you procrastinate when under stress?* 

Physical 

wellbeing 

HRQOL-14 

Question 1 

(Centers for 

Disease Control 

and Prevention., 

2000) 

- Would you say that in general your health is: 1 = excellent,  

5 = poor / 

Reverse-coded 

for analysis 

Perceived 

general 

somatic 

symptoms 

STICSA-T 

somatic subscale 

(Ree et al., 

2008; Ree, 

MacLeod, 

French, & 

Locke, 2000) 

Baseline: .87 

Follow-up: .89 

See Ree et al. (2008) for items. 1 = almost 

never, 

4 = almost 

always / Scale 

calculated: sum 

Academic 

performance 

Official 

university 

records 

- The grade point average (GPA) score is measured on a 1-7 scale, with scores from 1-3 

indicating an average grade of less than 50%, 4 indicating an average grade between 50-

64%, 5 indicating an average grade between 65-74%, 6 indicating an average grade of 75-

84%, and 7 indicating an average grade of 85% or greater. 

 

Academic 

engagement 

(UWES-S) 

(Schaufeli et al., 

2002) 

Baseline: .92 

Follow-up: .93 

See Schaufeli et al. (2002) for items. 0 = never, 6 = 

always / Scale 

calculated: mean 

Imagery ability International 

Personality Item 

Pool factor V 

(intellect and 

imagination) of 

Goldberg’s Big-

Five Factor 

Markers 

(Goldberg, 

1992, 1999) 

.68 Typically, I… Have a rich vocabulary 

Typically, I… Have difficulty understanding abstract ideas 

Typically, I… Have a vivid imagination 

Typically, I… Am not interested in abstract ideas 

Typically, I… Have excellent ideas 

Typically, I… Do not have a good imagination 

Typically, I… Am quick to understand things 

Typically, I… Use difficult words 

Typically, I… Spend time reflecting on things 

Typically, I… Am full of ideas 

1 = very 

inaccurate, 5 = 

very accurate / 

Scale calculated: 

mean 

*Reverse-coded item
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Appendix D. Secondary outcomes over time across intervention and control groups for pre-registered 

analyses. Intervention or control condition stimuli delivered after pre measures. Follow-up measures taken 

two weeks later. 
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Appendix E. Ancillary analyses 

 

Ancillary Analyses 1 

A series of regression analyses were conducted using the maximum-likelihood 

estimator in R (R Core Team, 2019) using the lavaan (Rosseel, 2012) package. 

Dependent variables were the follow-up value for each outcome. Baseline values of the 

dependent variable, group, and baseline values of psychological wellbeing, proactive 

behavior, academic performance were entered as predictors. Missing data was estimated 

using the full-information maximum likelihood (FIML) procedure. 

Stress mindset. The overall model predicted significant variance in stress mindset 

immediately post-intervention (R2 = .64, p < .001). A significant main effect of group 

on post-intervention stress mindset scores was also observed (B = .89, 95% CI [.70, 

1.09], SE = .10, β = .46, p < .001). Similarly, the overall model predicted significant 

variance in follow-up stress mindset scores (R2 = .63, p < .001). A significant main 

effect of group on follow-up stress mindset scores was also observed (B = .69, 95% CI 

[.50, .89], SE = .10, β = .37, p < .001). 

Perceived stress. The overall model predicted significant variance in follow-up 

psychological wellbeing (R2 = .48, p < .001). However, no significant main effect of 

group on follow-up psychological wellbeing was observed (B = -1.56, 95% CI [-3.37, 

.26], SE = .93, β = -.11, p = .093). 

Psychological wellbeing. The overall model predicted significant variance in follow-up 

psychological wellbeing (R2 = .41, p < .001). However, no significant main effect of 

group on follow-up psychological wellbeing was observed (B = .80, 95% CI [-1.89, 

3.50], β = .04, p = .558). 

Positive affect. The overall model predicted significant variance in follow-up positive 

affect (R2 = .41, p < .001). However, no significant main effect of group on follow-up 

positive affect was observed (B = 1.41, 95% CI [-.56, 3.38], SE = 1.00, β = .09, p = 

.161). 

Negative affect. The overall model predicted significant variance in follow-up negative 

affect (R2 = .43, p < .001). However, no significant main effect of group on follow-up 

negative affect was observed (B = -1.63, 95% CI [-3.67, .42], SE = 1.04, β = -.10, p = 

.119). 

Perceived physical health. The overall model predicted significant variance in follow-

up perceived physical health (R2 = .41, p < .001). However, no significant main effect of 

group on follow-up perceived physical health was observed (B = .14, 95% CI [-.14, 

.42], SE = .14, β = .07, p = .316). 

Proactive behavior. The overall model predicted significant variance in follow-up 

proactive behavior (R2 = .45, p < .001). The main effect of group on follow-up proactive 

behavior was also approaching our specified cutoff for statistical significance (B = .19, 

95% CI [.02, .35], SE = .09, β = .15, p = .027).  
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Perceived somatic symptoms. The overall model predicted significant variance in 

follow-up perceived somatic symptoms (R2 = .55, p < .001). However, no significant 

main effect of group on follow-up perceived somatic symptoms was observed (B = -.34, 

95% CI [-1.80, 1.13], SE = .75, β = -.03, p = .649). 

Academic performance. The overall model predicted significant variance in follow-up 

academic performance (R2 = .71, p < .001). However, no significant main effect of 

group on follow-up academic performance was observed (B = .07, 95% CI [-.18, .33], 

SE = .13, β = .03, p = .57). 

Academic engagement. The overall model predicted significant variance in follow-up 

academic performance (R2 = .67, p < .001). However, no significant main effect of 

group on follow-up academic engagement was observed (B = .09, 95% CI [-.09, .28], 

SE = .09, β = .05, p = .33). 

 

Ancillary Analyses 2 

Academic performance. The effect of the intervention on each subgroup was examined 

using a multi-group regression analysis in R (R Core Team, 2019) using the lavaan 

(Rosseel, 2012) package to estimate missing data with the FIML procedure. For the low 

perceived stress subgroup, the overall model predicted significant variance in follow-up 

academic performance (R2 = .70, p < .001). However, no significant main effect of 

group on follow-up academic performance was observed (B = -.27, 95% CI [-.61, .07], 

SE = .17, β = -.11, p = .119). For the high perceived stress subgroup, the overall model 

predicted significant variance in follow-up academic performance (R2 = .72, p < .001). 

A main effect of group on follow-up academic performance was also observed (B = .49, 

95% CI [.13, .86], SE = .19, β = .19, p = .009). 
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Chapter 9: General Discussion 

Chapter Introduction 

Experiencing stress has both physiological and behavioural consequences. While 

these physiological systems are designed to be adaptive and to protect the body from 

harm, overstimulation of these physiological systems can lead to disease over long 

periods of time (McEwen, 1998; McEwen, 2008; McEwen & Stellar, 1993). Behaviours 

aimed at attenuating the heightened arousal characteristic of the stress response may 

also include engagement in health-risk behaviours that directly affect health, such as 

smoking, alcohol consumption, unhealthy eating, and reduced exercise (Hamilton, 

Ansell, Reynolds, Potenza, & Sinha, 2013; Metcalfe et al., 2003; Slopen et al., 2013; 

Stults-Kolehmainen & Sinha, 2014).  

The majority of Australians report that their current stress has at least some 

impact on their physical health, there are significant economic costs of workplace stress, 

and there are groups within the population such as students and emergency services 

personnel that are at particular risk of experiencing the adverse consequences of stress 

(Casey, 2014; Chopko, Palmieri, & Adams, 2015; Larcombe et al., 2016; Nielsen, 

Mearns, Matthiesen, & Eid, 2011). A growing body of literature supports that holding a 

stress-is-enhancing mindset is associated with favourable outcomes when exposed to or 

anticipating stressors, and that these mindsets can be influenced through brief 

multimedia-based manipulations (Casper, Sonnentag, & Tremmel, 2017; Crum, 

Akinola, Martin, & Fath, 2017; Crum, Salovey, & Achor, 2013; Park et al., 2018). This 

is important because despite high levels of stress, many individuals report not seeking 

professional support in managing their stress (Casey, 2014). However, there are several 

key gaps in knowledge that need to be addressed prior to translating this research into 

non-clinical interventions. Specifically, there have been challenges in measurement of 

stress mindset, there has been a limited understanding of the mechanisms through which 
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stress mindset is related to stress-related outcomes, and there has been limited 

investigation of the effects of stress mindset manipulations in supporting the 

management of ecological stressors. The overarching aim of the research program was 

to improve measurement of stress mindset, to build theory regarding the mechanisms 

through which stress mindset may relate to stress-related health and performance 

outcomes, and to advance intervention approaches for changing stress mindset to aid in 

the management of ecological stressors in daily life.  

The first paper (Chapter 5) presented in this thesis addressed the first aim of the 

research program and reported the development and validation of the SCMM. The 

SCMM was designed to measure stress mindset in a theoretically-consistent manner, 

conceptualising stress mindset as the extent to which an individual holds the belief that 

the consequences of stress can be enhancing and that the individual can use stress to 

experience these enhancing consequences. Reliability, validity, and measurement 

invariance of the SCMM were assessed in two samples of students drawn from 

Australia and the UK. Key findings for the first research aim, including theoretical and 

practical implications are presented visually in Figure 9.1. 

The second paper (Chapter 6) addressed the second aim of the research program 

and reported on the conceptualisation and first empirical test of a stress beliefs model 

that proposes mechanisms through which stress mindset relates to health and 

performance outcomes. The study also reported on the development and evaluation of 

an implicit association test designed to implicitly measure stress mindset. Following on 

from testing the stress beliefs model in a sample of students, the third paper (Chapter 7) 

reported on a test of the model in a different sample experiencing a high level of 

stressors—police officers. The purpose of this paper was to provide a second test of the 

stress beliefs model and to examine whether the predictions of the model were 
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supported in another context. Key findings for the second research aim, including 

theoretical and practical implications are presented visually in Figure 9.2. 

The fourth paper (Chapter 8) addressed the third aim of the research program 

and reported on the development and evaluation, through a randomised controlled trial, 

of a novel imagery-based intervention to change stress mindset over a period of two 

weeks. The study further examined the effect of the intervention on perceived stress, 

psychological wellbeing, positive and negative affect, perceived physical health, 

proactive behaviour, perceived somatic symptoms, and academic engagement over this 

period while participants navigated “real-world” ecological stressors in an academic 

term. Effects on term academic performance were also examined. Key findings for the 

third research aim, including theoretical and practical implications are presented 

visually in Figure 9.3. 

This final general discussion chapter provides a discussion of the key findings of 

the research program. The chapter begins with a discussion of the overall contribution 

of the current findings to knowledge. This is followed by a section outlining the 

theoretical and practical implications of the research program. The strengths and 

limitations of the research program are then outlined, and this is followed by an in-depth 

discussion of the recommendations for future research arising from this research 

program. The chapter ends with a concluding summary of the research program.  

Contribution of the Key Findings to Knowledge 

The Stress Control Mindset Measure (SCMM). The SCMM was developed 

and reported upon in Study 1 (Paper 1/Chapter 5) to overcome a divergence between 

mindset theory and how the existing Stress Mindset Measure (SMM; Crum et al., 2013) 

has conceptualised stress mindset. Specifically, the SMM (Crum et al., 2013) is worded 

such that stress mindset is conceptualised as fixed-debilitating on one end of the 

spectrum and fixed-enhancing on the other end. This contrasts with current theoretical 
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conceptualisations of stress mindset (Crum et al., 2013) and with theory on mindsets 

more broadly (Dweck, Chiu, & Hong, 1995; Dweck & Yeager, 2019; Job, Dweck, & 

Walton, 2010; Yeager & Dweck, 2012). Drawing upon the three domains of stress 

mindset conceptualised by Crum and colleagues (2013) and broader mindset theory, the 

SCMM operationalised stress mindset as the extent to which an individual holds the 

belief that the consequences of stress can be enhancing and that the individual can use 

stress to experience these enhancing consequences. 

Study 1 examined the psychometric properties of the newly developed SCMM 

in a sample of students from Australia (Sample 1) and a sample of students from the UK 

(Sample 2). Confirmatory factor analyses (CFA) supported the hypothesised four-factor 

structure across both samples. A series of multi-group CFAs also revealed that the 

SCMM demonstrated invariant factor structure, factor loadings, intercepts, and item and 

factor uniqueness across samples; supporting full measurement invariance. The SCMM 

was also found to be reliable, exhibiting good internal consistency across both samples, 

and evidence of test-retest reliability was attained through further analysis of data from 

Study 4. Study 1 also found that the SCMM exhibited a moderate to strong relationship 

with the original measures of stress mindset in both samples, which supported 

convergent validity of the SCMM. In addition, the SCMM was distinct from trait 

challenge and threat appraisals, the amount of stress participants were experiencing, and 

the perceived severity of the primary source of stress in their life, providing support for 

discriminant validity in both samples.  

The SCMM was also found to predict proactive behaviour, perceived somatic 

symptoms, psychological wellbeing, perceived stress, and physical wellbeing, 

supporting predictive validity in both samples. Incremental validity of the SCMM 

against the Stress Mindset Measure General Version (SMM-G; Crum et al., 2013) was 

also assessed in both samples. In Sample 1, the SCMM explained significantly more 
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variance than the SMM-G in proactive behaviour, perceived somatic symptoms, 

psychological wellbeing, perceived stress, and physical wellbeing, providing support for 

incremental validity. These findings were partially replicated in Sample 2, with the 

SCMM explaining significantly more variance in perceived somatic symptoms, 

psychological wellbeing and perceived stress than the SMM-G. In contrast, the findings 

were not replicated for proactive behaviour or physical wellbeing, with a non-significant 

increase in variance explained when the SCMM was added into the regression equation. 

It is important to note, however, that internal consistency of the measure of proactive 

behaviour was considerably lower in Sample 2 and therefore it should be considered 

that this could be responsible for the discrepancy in the results for this outcome.  

In summary, Study 1 makes a significant contribution to knowledge in that it 

reported on the development of a new and theoretically-consistent measure of stress 

mindset, the SCMM, and demonstrated that the SCMM is a valid and reliable measure 

of stress mindset with good psychometric properties. Specifically, across two samples 

of students from Australia and the UK, the SCMM exhibited a consistent four-factor 

structure and full measurement invariance. Convergent, discriminant, and predictive 

validity were also supported. Incremental validity was supported for all of the outcomes 

examined in Sample 1 (proactive behaviour, perceived somatic symptoms, 

psychological wellbeing, perceived stress, and physical wellbeing), and for all outcomes 

except for proactive behaviour and physical wellbeing for Sample 2. This suggests that 

the theoretically-consistent approach to measuring stress mindset that is employed in the 

SCMM accounts for more variance in key outcomes than the original SMM-G (Crum et 

al., 2013). 
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Figure 9.1. Summary of the key findings for the first research aim, including theoretical 

and practical implications. 

The stress beliefs model. Study 2 (Paper 2/Chapter 6) reported on the 

conceptualisation and first empirical test of the stress beliefs model in a sample of 

undergraduate university students in Australia. The stress beliefs model posits that 

stress mindset influences stress-related health, wellbeing, and performance outcomes 

via two mechanisms: changes in coping behaviour, and changes in perceptions of the 

physiological stress response, when controlling for amount of stress and stressor 

severity appraisals. In Study 2, stress mindset directly predicted higher proactive 

behaviour and lower perceived general somatic symptoms. Proactive behaviour directly 

predicted higher psychological wellbeing and lower perceived stress but did not predict 

physical wellbeing or academic performance. Perceived general somatic symptoms 

directly predicted lower psychological wellbeing, physical wellbeing, and academic 

performance, and higher perceived stress.  

Stress mindset directly predicted perceived stress and physical wellbeing, and 

indirectly predicted psychological wellbeing and perceived stress through both 
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proactive behaviour and perceived general somatic symptoms. These results indicate 

that stress mindset was associated with uptake of more proactive and problem-focused 

behaviours when under stress, which in turn was associated with increased 

psychological wellbeing and reduced levels of perceived stress. Further, stress mindset 

was associated with lower perceived general somatic symptoms, which in turn was 

associated with higher psychological wellbeing, lower perceived stress, and higher 

physical health. Stress mindset also indirectly predicted physical wellbeing and 

academic performance through perceived general somatic symptoms, but not through 

proactive behaviour. This suggests that the lower subjective tension afforded by stress 

mindsets when under stress may be an important mechanism for the effect of mindset 

on physical health and academic performance.  

In contrast and contrary to expectations, stress mindset did not predict academic 

performance directly or indirectly through proactive behaviour. A potential explanation 

for this lack of effect are that the relative importance of the mechanisms may vary 

across outcomes. Differences in the relative importance of particular constructs and 

mechanisms in predicting outcomes has also been observed in widely-used models such 

as the theory of planned behaviour (McEachan, Conner, Taylor, & Lawton, 2011). 

Given that this finding that has now been observed in two studies, it suggests that the 

stress beliefs model may need to be revised to consider that different mechanisms may 

be responsible for the effect of stress mindset on different outcomes consistent with the 

nomological validity approach to modelling (Hagger, Gucciardi, & Chatzisarantis, 

2017). Further, physical health and academic performance may be more slowly 

influenced than psychological states such as psychological wellbeing and perceived 

stress, and therefore effects may not have been captured by the cross-sectional design. 

Another potential explanation is that stress mindset may represent an individual 

difference that affects individuals’ behaviour beyond their awareness, but the implicit 
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measure was insufficiently sensitive to capture any shared variance between stress 

mindset and academic performance attributable to this potential “impulsive” pathway. 

This explanation is supported by the mediation of the effect of stress mindset on 

academic performance by somatic symptoms, an emotional response consistent with 

more impulsive, non-conscious behaviour.  

Further, the implicit measure of stress mindset did not predict proactive 

behaviour as was anticipated and the measure was also not related to any of the study 

outcomes. This prediction was based on dual-process theories of cognition (Evans, 

2008; Evans & Stanovich, 2013), which suggest that behaviour is regulated by Type 1 

(intuitive) and Type 2 (reflective) processes, with the Type 1 processes predominantly 

regulating behaviour when working memory is limited, such as when an individual is 

stressed (Banks & Boals, 2017). To speculate, there are two possible explanations for 

the lack of effect. First, the implicit measure of stress mindset recorded the speed that 

participants matched stress-related words with words that represent the enhancing or 

debilitating categories. Henderson, Orbell, and Hagger (2009) identified that successful 

past coping strategies were encoded in schematic representations of illness. Similarly, 

behaviours previously effective in rapidly reducing stress, such as emotion-focused 

strategies, may also be encoded in schematic representations of stress. Because stress is 

generally labelled as a potential health threat that must be reduced or removed (Crum et 

al., 2013), these schematic representations may be for the most part incongruous to the 

stress mindset being measured implicitly and, therefore, potentially unlikely to predict 

proactive coping behaviours. Second, the single category implicit association task (SC-

IAT) used in Study 2 to measure implicit stress mindset may not have been adequate. 

The standard SC-IAT procedure (Karpinski & Steinman, 2006) used 21 words as 

stimuli to represent each of the two attribute categories (categories were “good” and 

“bad”). In the SC-IAT used in Study 2, the attribute categories were labelled as 
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“enhancing” and “debilitating” and the stimuli words were 21 synonyms for each 

category. It is possible that these stimuli words and attribute categories may not have 

been sufficiently familiar compared with stimuli used in prior research to adequately 

capture the implicit beliefs. For example, respondents may take longer to process 

unfamiliar words, evoking a conscious and reasoned response. 

Replicating and extending upon the findings of Study 2, Study 3 (Paper 

3/Chapter 7) aimed to test the stress beliefs model in a sample of police officers. Study 

3 also used a Bayesian analytic technique to provide updated estimates of parameters 

within the stress beliefs model, which considered prior data from Study 2 and the newly 

collected data from Study 3 to estimate model parameters. Aside from not measuring 

implicit stress mindset or performance, and that stress mindset did not directly predict 

psychological wellbeing after entering the mediators into the model in Study 3, all 

model effects were consistent with Study 2. Specifically, in Study 3, stress mindset 

directly predicted higher proactive behaviour and perceived general somatic symptoms. 

Proactive behaviour directly predicted higher psychological wellbeing and lower 

perceived stress but did not directly predict physical wellbeing. Perceived general 

somatic symptoms directly predicted lower physical and psychological wellbeing and 

higher perceived stress. Stress mindset directly predicted lower perceived stress and 

higher psychological wellbeing, and indirectly predicted psychological wellbeing and 

perceived stress, mediated by proactive behaviour and perceived general somatic 

symptoms. Stress mindset also predicted physical wellbeing indirectly, mediated by 

perceived general somatic symptoms. In contrast with expectations but consistent with 

Study 2, the indirect effect of stress mindset on physical wellbeing via proactive 

behaviour was not supported. Overall, Study 3 provided further support for the 

mechanisms proposed in the stress beliefs model and supported that these mechanisms 

are applicable for police officers, an occupational group that experiences a high level of 
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potentially uncontrollable stressors.  

 

Figure 9.2. Summary of the key findings for the second research aim, including 

theoretical and practical implications. 

Together, Study 2 and Study 3 fill a significant gap in knowledge in that they 

begin the process of understanding the mechanisms through which stress mindset may 

influence important health, wellbeing, and performance outcomes. Specifically, the 

stress beliefs model identifies key indirect pathways through which stress mindset 

predicts health and performance outcomes. The model was tested in two samples 

experiencing a high level of stress, university students and police officers, and the 

majority of the predictions within the model were supported in both samples. Study 2 

provided the first empirical test of the stress beliefs model and Study 3 demonstrated 

that the model translates to another sample beyond the university student sample it was 

initially evaluated in and provided updated estimates of the parameters within the 

model. This provided further support that proactive behaviour and perceived general 

somatic symptoms are mechanisms through which stress mindset influences health and 

wellbeing outcomes. 
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A mental imagery-based stress mindset intervention. Study 4 (Paper 

4/Chapter 7) reported on the development and evaluation of a novel imagery-based 

stress mindset intervention. This included a rigorous development process, a pilot study, 

and a pre-registered randomised controlled trial. The intervention yielded a large effect 

on stress mindset immediately post-intervention. While the effect had started to decline 

at the follow-up, it remained large relative to the baseline. In contrast to the pre-

registered hypotheses, no effect of the intervention from baseline to the two-week 

follow-up was observed for any of the secondary outcomes (perceived stress, 

psychological wellbeing, positive affect, negative affect, perceived physical health, 

proactive behaviour, perceived somatic symptoms, academic performance, and higher 

academic engagement). While trends in the outcomes from baseline to follow-up were 

more favourable in the expected directions for those in the intervention group, effect 

sizes were small and did not reach conventional levels for statistical significance.  

After conducting the pre-registered analyses and observing non-significant 

effects of the intervention for the overall sample, theory was consulted to guide further 

analyses. The wise interventions framework, in particular, provides a theoretical 

framework for testing interventions that target psychological processes (Walton, 2014; 

Walton & Wilson, 2018). Consistent with Park et al. (2018), who found that stress 

mindset moderated the effect of stressful life events on perceived stress, the influence of 

stressors on stress was a key mechanism targeted by the intervention in Study 4. 

Therefore, in situations where an individual participant was coping well and not 

experiencing a considerable level of stress in the presence of a stressor, they may have 

experienced little benefit from a psychological intervention targeting this stressor to the 

distress process. The theory-guided analyses which divided the sample into high and 

low baseline perceived stress subgroups indicated that the intervention had robust 

effects on perceived stress, positive and negative affect, proactive behaviour, and 
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academic performance at the follow-up in individuals with high baseline perceived 

stress. The effect of the intervention on stress mindset was also stronger in individuals 

with high baseline perceived stress. A similar issue was encountered by Yeager, Lee, 

and Jamieson (2016), where an intervention that was designed to moderate the 

relationship between daily social-evaluative stressors and neuroendocrine indicators of 

stress, could not be tested on days when this relationship was not observed. Yeager et 

al. (2016) therefore tested their intervention on the days where this relationship was 

observed, and a strong effect of the intervention was found. 

In summary, Study 4 makes a significant contribution to knowledge in that it 

provided the first test of a mental-imagery based stress mindset intervention. Study 4 

also provided the first test of the effect of a stress mindset intervention on health and 

performance outcomes in the context of real-world ecological stressors beyond the 

period of three days that has been used to date in the extant literature. Results showed 

that the intervention was effective in changing stress mindset and that these effects were 

retained over a two-week period. Effects of the intervention on perceived stress, positive 

and negative affect, proactive behaviour, and academic performance at the follow-up 

were also observed in individuals with high baseline perceived stress. Together, these 

findings show that the intervention is a promising approach to changing individuals’ 

stress mindset and that changing stress mindset can have beneficial effects on coping 

with ecological stressors and warrants continued research investigation.  
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Figure 9.3. Summary of the key findings for the third research aim, including 

theoretical and practical implications. 

Implications of the Research Program 

Theoretical implications. The research program has several theoretical 

implications. The finding in Study 1 that the SCMM explains significantly more 

variance than the SMM-G in all outcomes in Sample 1 and all but two outcomes in 

Sample 2 provided preliminary evidence that conceptualising stress mindset as a 

spectrum ranging from beliefs that the consequences of stress are debilitating to the 

beliefs that stress can be enhancing may be more effective in predicting stress-related 

outcomes than measuring stress mindset as ranging from fixed-debilitating to fixed-

enhancing. A further theoretical implication arises from the items measuring beliefs that 

stress can be enhancing loading onto the same factors as the items measuring beliefs 

that stress is debilitating. This is consistent with what has been found using the SMM-G 

(Crum et al., 2013) and supports that stress mindset can be conceptualised as a spectrum 
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of beliefs rather than two independent beliefs operating in parallel (i.e., a stress-is-

enhancing mindset and a stress-is-debilitating mindset). 

There are also theoretical implications of Study 2 and Study 3, which reported 

on the conceptualisation and testing of the stress beliefs model in two different samples. 

Across both studies, the role of proactive behaviour and perceived somatic symptoms as 

mediators of the association between stress mindset and key stress-related outcomes 

was supported. In Study 2, indirect effects were observed on perceived stress, 

psychological wellbeing, physical wellbeing, and academic performance. These effects 

were also observed in Study 3 with the exception that there was no measure of 

performance. Effects were also estimated while controlling for traditional stress-

influencing variables such as amount of stress and stressor severity appraisal. The stress 

beliefs model provides a framework for understanding the mechanisms through which 

stress mindset influences outcomes and can be used as a basis for continuing to develop 

an understanding of stress mindset and how to advance stress mindset interventions. 

Study 4 was the first study to establish the efficacy of a mental imagery-based 

intervention to change stress mindset and observe that a large effect was retained at a 

two-week follow-up. This builds on existing research where stress mindset 

manipulations which have focused on eliciting an attentional bias towards the positive 

consequences of stress and have been followed-up only three days post-intervention 

(e.g., Crum et al., 2017; Crum et al., 2013). This indicates that mindset change beyond a 

brief attentional bias is possible in the context of stress mindset. It should be noted that 

while still a large effect relative to the baseline, the effect of the intervention on stress 

mindset was smaller at the follow-up than immediately post-intervention, which 

suggests that the strength of the effect declined over time. To speculate, this may be due 

to beliefs not being self-reinforced over the two-week period, which suggests that 

booster doses of the intervention may be necessary to effect lasting change. 
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Alternatively, consistent with prior research (e.g., Crum et al., 2017; Crum et al., 2013), 

the intervention may result in an attentional bias towards positive stress-related 

information being induced immediately following the intervention. This attentional bias 

may then dissipate over time, with the residual effects attributed to a more lasting 

change in stress mindset. Further research is required to provide additional insight into 

these questions and suggestions are outlined in the following section. 

Following the pre-registered analyses of the full sample in Study 4, further 

analyses were conducted that were guided by the wise interventions framework, which 

provides a theoretical framework for testing interventions that target psychological 

processes (Walton, 2014; Walton & Wilson, 2018). Consistent with Park et al. (2018), 

who found that stress mindset moderated the effect of stressful life events on perceived 

distress, the key vulnerability mechanism targeted by the intervention in Study 4 was 

the influence of stressors on distress. Effects of the intervention were therefore 

examined in those with high baseline perceived stress and those with low baseline 

perceived stress. Robust effects were observed in those with high baseline perceived 

stress for most outcomes; however, no effects were observed in those with low baseline 

perceived stress. The theoretical implication of this is that evaluating the effect of a 

stress mindset intervention in those experiencing high levels of perceived stress presents 

a different research question to evaluating any potential stress inoculation effects of an 

intervention on those not currently experiencing distress. For example, an individual 

may be coping well and not experiencing a considerable level of distress in the presence 

of a stressor and they may experience little immediate benefit from a wise intervention 

targeting this stressor to the distress process. A different research design implemented 

over a longer period of time would therefore be required to examine any potential stress 

inoculation effect in those not experiencing current distress in the intervention period. 
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Study 4 also presented a balanced view of stress such that stress can be used to 

be enhancing, which contrasts with prior research that has presented exclusively 

positive consequences of stress in the stress mindset intervention group (Crum et al., 

2017; Crum et al., 2013). While Study 4 did not compare these two approaches, the 

large change in stress mindset that was observed and the robust effects on the outcomes 

in those with high baseline perceived stress indicates that presenting the consequences 

of stress as balanced in a stress mindset intervention is a useful approach. This is the 

first study to do this in the context of stress mindset, and is consistent with Liu, Vickers, 

Reed, and Hadad (2017), who found that presenting videos outlining balanced 

consequences of stress resulted in significantly lower heart rates and diastolic blood 

pressure following a lab-induced stressor than when videos outlining strictly positive or 

negative consequences of stress are presented. 

Practical implications. The research program also has several practical 

ramifications.  Study 1 found that the SCMM is a reliable and valid measure with good 

psychometric properties that cross-sectionally predicts proactive behaviour, perceived 

somatic symptoms, psychological wellbeing, perceived stress, and physical wellbeing. 

Further utility of the SCMM was demonstrated with its use in the nomological networks 

that were estimated to test the stress beliefs model in Study 2 and Study 3. 

Subsequently, the SCMM was used in Study 4 and for testing the effect of the 

intervention, which presented balanced information about the consequences of stress 

prior to the imagery exercise. A key practical implication is therefore that the SCMM 

can be used in future observational studies that seek to measure stress mindset in a 

manner that is theoretically consistent, and in experimental studies aiming to assess the 

effect of interventions aiming to promote beliefs about stress as being balanced and 

malleable. 
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As conceptualised in the stress beliefs model, Study 2 and Study 3 supported the 

role of proactive behaviour, and perceived somatic symptoms were supported as 

mediators of the association between stress mindset and key stress-related outcomes. As 

was done in Study 4, these mechanisms identified in the stress beliefs model can be 

targeted in interventions alongside changing individuals’ stress mindset with the goal of 

maximising intervention effects. Study 4 specifically focussed on getting participants to 

consider proactive coping strategies in the imagery exercise that aimed to change their 

stress mindset. The intervention had a large effect on stress mindset and robust effects 

on perceived stress, positive and negative affect, proactive behaviour, and academic 

performance at the follow-up in those with high baseline perceived stress. A practical 

implication therefore is that the imagery-based stress mindset intervention used in Study 

4 can be implemented in further research. For example, the intervention could be 

translated into a format that could be used on a larger scale, such as within an online e-

health tool, which could then be further evaluated in that form. Given the effect of the 

intervention on academic performance among students with high baseline perceived 

stress, which was measured at the end of the academic term, the intervention may also 

exert longer term effects on the health outcomes. The potential effect of the intervention 

on these health outcomes could therefore be examined over a longer period of time, 

such as for an entire academic term, to examine further benefits and utility of the 

intervention for students. While police reported slightly lower perceived stress on 

average than students between Study 2 and Study 3, their mean perceived stress scores 

were still considerably higher than norms for the perceived stress scale (Cohen & 

Williamson, 1988). The intervention on health and performance could therefore also be 

tested among police officers experiencing high levels of perceived stress. 
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Strengths and Limitations 

Strengths. The research program presented in this thesis has several strengths. 

First, the development of the SCMM items was grounded in the strong theoretical 

framework surrounding mindset research (Dweck et al., 1995; Dweck & Yeager, 2019; 

Job et al., 2010; Yeager & Dweck, 2012) and the item wording was reviewed by a panel 

of experts prior to data collection. The validation procedure for the SCMM was also 

conducted using two samples from different countries and contemporary statistical 

methods such as measurement invariance testing were employed in this process. 

Second, two different population groups were sampled to test the stress beliefs model. 

The model in Study 3 was also estimated using Bayesian path analysis which allowed 

existing knowledge from Study 2 to be incorporated when testing relations among 

constructs in the model which, in turn, provided more precise estimates of the model 

paths (van de Schoot et al., 2014; Zyphur & Oswald, 2015). 

Third, Study 4 tested a novel imagery-based intervention which was rigorously 

pilot tested and informed by prior research into stress mindset (Study 2 and Study 3), 

and best practice guidelines for imagery interventions (Conroy & Hagger, 2018; 

Hamilton, Keech, Peden, & Hagger, 2019). The study also sought to minimize bias 

using a pre-registered double-blinded randomised controlled trial design. Follow-up 

analyses that were not pre-registered were grounded in a strong theoretical framework 

for testing psychological interventions (Walton, 2014; Walton & Wilson, 2018), recent 

extant literature on stress mindset (Park et al., 2018), and previous mindset interventions 

(Yeager et al., 2016). Study 2 and Study 4 also used an objective measure of academic 

performance, student grade point average (GPA) scores, which were sourced directly 

from university databases with the students’ consent. 

A final strength of the research program is the use of open and transparent 

scientific practices throughout. The data for Study 1, Study 2, and Study 4 has been 
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made available on the Open Science Framework. All measures developed in the 

research program, and the intervention used in Study 4 have also been made publicly 

available. Study 4 was also pre-registered prior to data collection. Due to the data 

collection agreement with the organisation, data for Study 3 has not been made publicly 

available. Links to open data and materials have been included within each paper. 

Limitations. Despite the strengths of the research program outlined above, the 

results should be considered in light of some limitations which may serve to inform 

future enquiry. Study 1 provided evidence for the reliability and validity of the SCMM; 

however, it is important to note that data was collected cross-sectionally for both 

samples. This means that temporal precedence for analyses of predictive validity, and 

incremental validity were unable to be determined. This cross-sectional design also 

meant that longitudinal measurement invariance was unable to be determined. While 

tests of longitudinal measurement invariance remain relatively uncommon, they are an 

important step in the process of establishing the validity of a measure because 

longitudinal measurement invariance of a measure allows temporal change in scores to 

be attributed to change in the construct (Brown, 2014). 

While Study 2 and Study 3 provided the first empirical tests of the stress beliefs 

model in two samples experiencing a high level of stressors, both studies used cross-

sectional designs. There are strong theoretical arguments for the direction of effects in 

the stress beliefs model that are described in the papers; however, temporal precedence 

of the constructs within the model cannot be established empirically using cross-

sectional designs. To empirically support temporal precedence, it would need to be 

established that change in the mediators occurred prior to change in the outcomes using 

a longitudinal design (Kazdin, 2007). However, it is important to note that cross-

sectional tests of mediation can still make a useful contribution to the evaluation of 
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conceptual models, particularly for foundational research when theory in a particular 

area is lacking (Gaynor & Davila, 2017).  

Additionally, despite a rigorous development and pilot process, the implicit 

measure of stress mindset used in Study 2 was not related to any of the study variables 

and may not have been adequate. Specifically, it is possible that the stimuli words and 

attribute categories that were used may not have been sufficiently familiar to 

participants, therefore resulting in participants needing to invoke explicit reasoned 

processes to respond. This contrasts with responses based on rapid non-conscious 

processing that are influenced by implicit beliefs (Evans & Stanovich, 2013) and which 

the SC-IAT is designed to measure (Karpinski & Steinman, 2006).  

While Study 4 was designed to minimise demand characteristics for responses to 

the measure of stress mindset and results provide some evidence that demand 

characteristics were not responsible for changes in stress mindset, the effect of demand 

characteristics on changes in stress mindset scores cannot be entirely ruled out. The 

inability to rule out demand characteristics has also been present in prior research that 

has manipulated stress mindset (e.g., Crum et al., 2017; Crum et al., 2013). Study 4 also 

did not control for potential differences in expectancy effects between the intervention 

and control conditions. This limitation is important to consider because prior research 

has found that expected success in emotion regulation predicts actual success in 

emotion regulation (Bigman, Mauss, Gross, & Tamir, 2016; Tamir, Bigman, & 

Pietromonaco, 2018; Tamir, Bigman, Rhodes, Salerno, & Schreier, 2015). 

Undergraduate university students (Study 1, 2, and 4) and police officers (Study 

3) were chosen as the target populations due to their relatively high exposure to 

stressors and the reported prevalence of adverse consequences of stress in these groups 

(Chopko et al., 2015; Larcombe et al., 2016; Nielsen et al., 2011; Stallman, 2010). 

However, it cannot be assumed that these findings can be generalised beyond these 
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populations, and therefore further research is required to understand whether these 

findings apply to other populations that may benefit from stress mindset interventions. 

Other populations that may be considered for these interventions are those experiencing 

high levels of stress such as adolescents and people from disadvantaged backgrounds. 

Mindset interventions in other domains such as growth mindset interventions regarding 

intelligence have typically observed more meaningful effects in young people with low 

socioeconomic status and those who are academically at-risk (Sisk, Burgoyne, Sun, 

Butler, & Macnamara, 2018). 

Finally, with the exception of the objective measures of academic performance 

and the implicit measure of stress mindset, all of the studies predominantly used self-

report measures. This relied on participants retrospectively recalling their behaviour, as 

well as their psychological, affective, and physiological states. Given potential issues 

associated with this type of recall in stress and coping research (Duvenage et al., 2018), 

and the possible influence of factors such as demand characteristics (Nichols & Maner, 

2008); further research is required to link the SCMM, the constructs within the stress 

beliefs model, and the imagery-based stress mindset intervention with more objective 

indicators of the stress response, such as physiological and neuroendocrine markers. 

Suggestions for Future Research 

Measurement. The use of cross-sectional data for both samples in Study 1 

means that temporal precedence for analyses of predictive validity and incremental 

validity, and longitudinal measurement invariance were unable to be determined. Future 

research should therefore seek to establish temporal precedence for the SCMM 

predicting outcomes and longitudinal measurement invariance using longitudinal 

designs. This would serve to provide stronger evidence for the validity of the SCMM 

and would increase the utility of the measure in further applied research. Specifically, 

when a measure demonstrates longitudinal measurement invariance, a researcher can 
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conclude that temporal changes in an individual’s scores on the measure can be 

attributed to true change in the construct (Brown, 2014). 

Theory development. While there are strong theoretical arguments for the 

direction of effects in the stress beliefs model, the cross-sectional designs used in Study 

2 and Study 3 were not able to provide empirical evidence of temporal precedence of 

the constructs within the model. Research also indicates that cross-sectional designs 

may produce biased estimates of model parameters (Maxwell & Cole, 2007), and that 

the use of sequential designs (i.e., independent variable measured at first time point, 

mediator measured at second time point, outcome measured at third time point) 

generally does not improve the accuracy of estimates (Mitchell & Maxwell, 2013). 

Future tests of the stress beliefs model should therefore use full longitudinal designs to 

estimate autoregressive growth models (Maxwell, Cole, & Mitchell, 2011). This will 

help to empirically establish temporal precedence among model constructs and will 

ensure that the most accurate estimates of model parameters are estimated. 

Understanding non-conscious processes. In contrast with expectations, the 

implicit measure of stress mindset used in Study 2 did not predict proactive coping 

behaviour under stress. A lack of familiarity with the attribute categories and stimuli 

words was one possible explanation for this lack of effect and suggests that the test may 

not have been fit for purpose (Nosek, Greenwald, & Banaji, 2005). Given the frequent 

characterisation of mindsets as implicit theories and the suggestion that they are not 

often explicitly articulated (Dweck et al., 1995; Yeager & Dweck, 2012), understanding 

the potential implicit processes of stress mindsets is still an important area of 

investigation. Future studies aiming to improve the implicit measurement of stress 

mindset should seek to use more common attribute categories and stimulus words such 

as in the standard test (Karpinski & Steinman, 2006). Alternatively, dual-category 

implicit association tests use a smaller range of words for each attribute category 
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(Greenwald, Nosek, & Banaji, 2003), which may help to reduce the potential for lack of 

familiarity with the stimuli. Nosek et al. (2005) suggest that a small number of stimuli 

words that provide an excellent representation of the target category are optimal for 

maximising construct validity. Further refinement of implicit measurement of stress 

mindset will help to answer the question of whether stress mindset affects stress-related 

outcomes outside of conscious awareness to at least some degree, or whether their 

influence occurs solely through creating a tendency to consciously utilise a technique 

for interpreting the stress response in a given moment. For example, an emerging body 

of research has found that techniques for reappraising the physiological arousal 

associated with stress and anxiety in a given moment results in lower perceived stress 

and greater performance in stressful situations (Beltzer, Nock, Peters, & Jamieson, 

2014; Brooks, 2014; Jackson, Compton, Thornton, & Dimmock, 2017; Jamieson, 

Mendes, & Nock, 2013; Jamieson, Nock, & Mendes, 2012, 2013). 

Intervention. The intervention developed and tested in Study 4 had strong 

effects on stress mindset for the overall sample, and effects on perceived stress, positive 

and negative affect, proactive behaviour, and academic performance at the follow-up for 

individuals experiencing high baseline perceived stress, but no effect on those 

experiencing low baseline perceived stress. It is important to note that while the analysis 

of subgroups based on baseline perceived stress was guided by theory, these analyses 

were not pre-registered. Further pre-registered research is required to replicate these 

findings in high perceived stress individuals and to ensure that they are reproducible 

(Munafò et al., 2017). There are also measurement considerations for future research in 

relation to the outcomes that the intervention did not have an effect in high perceived 

stress individuals—psychological wellbeing, perceived physical health, perceived 

somatic symptoms, and academic engagement. Specifically, future research should seek 

to use methods such as ecological momentary assessment (Bolger & Laurenceau, 2013) 
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to measure stress mindsets and relevant outcome variables to examine within-subjects 

trajectories of these variables when ecological stress is experienced prior to and 

following the intervention. Testing mediation models in future research to examine 

whether changes in the stress-related outcomes in those who receive the intervention 

occur via changes in stress mindset would also provide further insight into the effects of 

the intervention, and specifically whether they are occurring through changes in mindset 

or attributable to other potential mediators. This would provide an indication of whether 

changes in stress-related outcomes among those who receive the intervention are due to 

change in stress mindset, or whether they may be attributable to other factors such as 

extraneous variables or changes in coping behaviours alone. 

While a large effect of the intervention on stress mindset was retained at the 

follow-up; relative to immediately post-intervention, stress mindset had started to 

decline after two weeks. To better understand why this occurs, future research should 

examine the trajectory of stress mindsets over a longer period of time following the 

intervention. There is also meta-analytic evidence of a dose effect of mental imagery 

interventions and specifically that effects can decline over time and that boosters may 

be required over longer periods (Conroy & Hagger, 2018). Researchers should therefore 

consider examining the effect of increasing the dose through the use of additional 

imagery sessions across the study period. Despite employing design features such as 

double-blinding and concealment of the study aims aiming to limit demand 

characteristics, the effect of demand characteristics on changes in stress mindset scores 

cannot be entirely ruled out in Study 4. Participants may have been able to guess the 

study aims and prior research suggests that participants may seek to respond in a 

manner that confirms study hypotheses (Nichols & Maner, 2008). Therefore, seeking to 

eliminate demand characteristics regarding the effect of the intervention on stress 

mindset is an important consideration for designing future studies. Study 4 also did not 
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control for potential differences in expectancy effects between the intervention and 

control conditions. To strengthen evidence for the effects of this intervention, future 

research should also aim to compare the intervention to a placebo control condition that 

is matched with the intervention condition on credibility of the stimuli as an 

intervention, expected benefits of having been exposed to the stimuli, and time and 

effort required for exposure to the stimuli. This is important because expected success 

in emotion regulation is a well-established determinant of actual emotion regulation 

(Bigman et al., 2016; Tamir et al., 2018; Tamir et al., 2015). 

Physiological responses to stress. Given that measurement of physiological 

markers of stress responses such as cortisol and DHEAS were outside the scope of the 

current research program, it is important that future research seeks to examine potential 

associations between the SCMM and these markers, and the potential influence of the 

imagery-based stress mindset intervention on these markers. This would also contribute 

to broader knowledge on the influence of stress mindset on physiological markers, as 

current evidence based on prior research is mixed (Crum et al., 2017; Crum et al., 

2013). Aside from Crum et al. (2017) measuring DHEAS, Crum et al. (2013) and Crum 

et al. (2017) examined only salivary cortisol in response to a laboratory-induced 

stressor, which is an indicator of acute responses to stress. Other methods of examining 

cortisol responses such as testing hair cortisol have emerged in recent years, which 

provide a snapshot of chronic stress (Meyer, Novak, Hamel, & Rosenberg, 2014; 

Russell, Koren, Rieder, & Van Uum, 2012). For example, the centimetre of hair closest 

to the scalp provides an indication of cortisol over the course of one month (Russell et 

al., 2012). This is important because chronic stress and resultant allostatic load are more 

closely associated with adverse health consequences than acute stress (Cohen, Murphy, 

& Prather, 2019; McEwen, 1998; McEwen, 2008). This form of cortisol testing is well 

suited to examining the effect of the imagery-based stress mindset intervention 
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developed in Study 4 on chronic physiological responses to ecological stress in future 

research.  

A case for theoretical integration. Consistent with prior research (Crum et al., 

2017; Crum et al., 2013), Study 1 revealed that stress mindset as measured by the 

SCMM is distinct from stressor appraisals. Kilby and Sherman (2016) also found that 

stress mindset exhibited a moderate correlation with challenge appraisal and no 

correlation with threat appraisal following a mathematics stressor task. In testing the 

stress beliefs model in the current research program, amount of stress and stressor 

severity appraisal were also controlled for to estimate model parameters over and above 

the effects of traditional stress-influencing variables. The majority of predictions within 

the model were supported under these conditions on two samples. Together, this 

suggests that stress mindset is related to outcomes under stress, independent of 

traditional challenge and threat appraisals.  

While beyond the scope of the current research program, the question still 

remains regarding how the effects of stress mindset on stress-related outcomes can be 

integrated with the dominant theoretical approach to understanding stress–the 

transactional model (Lazarus & Folkman, 1984). For example, it is not yet known 

whether stress mindset leads to more challenge and less threat appraisals, or whether 

stress mindset has an effect later in the temporal sequence, after a cognitive appraisal 

has been made. Future research should therefore apply experimental methods to 

establish the temporal sequence in this process. For example, this could be tested in an 

experiment using an anticipatory stressor such as workload anticipation which was used 

by (Casper et al., 2017). In contrast with ecological workload anticipation, anticipation 

of performance on a task could be induced in a laboratory to ensure that the stressor is 

uniform between participants. Cognitive appraisal of the anticipated stressor could then 

be measured before and after receiving a stress mindset manipulation. A change in 
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cognitive appraisals following the manipulation would likely indicate that a change in 

stress mindset had a downward influence on appraisals and no change would likely 

indicate that appraisals are stable, regardless of an individual’s stress mindset. 

Conclusion 

Given the reported impacts of stress on the physical and mental health of 

Australians, along with the low engagement with professional support services despite 

elevated levels of distress (Casey, 2014; Stallman, 2010), developing non-clinical 

interventions to reduce the impact of stress is an important direction for research. Due to 

their ability to be influenced through brief multimedia-based manipulations and their 

association with favourable outcomes under stress (Crum et al., 2017; Crum et al., 

2013), interventions focusing on stress mindset present a promising opportunity for 

non-clinical interventions to aid individuals in managing their stress. The current 

program of research aimed to address a series of gaps in knowledge that should be 

closed prior to translating stress mindset research into applied non-clinical 

interventions. 

Through a series of four studies, the current program of research has advanced 

knowledge in terms of measurement of stress mindset, understanding of the 

mechanisms through which stress mindset is associated with stress-related outcomes, 

and approaches to intervening upon stress mindset that aid individuals in managing 

“real-word” ecological stressors. First, a new and theoretically-consistent measure of 

stress mindset, the SCMM, was developed and the measure demonstrated good 

psychometric properties across two samples of undergraduate university students. 

Second, a novel stress beliefs model was conceptualised and tested in a sample of 

undergraduate university students and a sample of police officers. Both studies 

supported that proactive behaviour and perceived somatic symptoms are mechanisms 

through which stress mindset predicts stress-related outcomes. Last, a novel imagery-
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based stress mindset intervention was developed and evaluated in a randomised 

controlled trial. The intervention yielded large effects on stress mindset which were 

retained at a two-week follow-up, and effects on perceived stress, positive and negative 

affect, proactive behaviour, and academic performance at the follow-up for individuals 

experiencing high baseline perceived stress. The SCMM can be used in future research 

aiming to deepen our understanding of stress mindset and to evaluate future 

interventions that present the balanced consequences of stress in an effort to change 

people’s stress mindset. The stress beliefs model also provides a theoretical framework 

through which to continue to study the mechanisms of action for stress mindset in future 

longitudinal research. Finally, the imagery-based stress mindset intervention is a 

promising approach for changing individuals’ stress mindset and the current research 

indicates changing stress mindset can have beneficial consequences for coping with 

ecological stressors. This intervention approach should be studied in further pre-

registered research to better understand its efficacy. The intervention can then be 

translated into a format that could be implemented on a larger scale, such as within an 

online e-health tool, and can subsequently be evaluated in that format. Together, the 

findings of the current research program and continued investigations may serve to 

inform non-clinical interventions that can be efficiently disseminated on a large scale to 

aid people in managing their stress and improving their health and performance.  
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