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ABSTRACT 

Both experiencing incidental positive emotion and using reappraisal strategies can help 

people regulate their emotions when coping with stress. Studies exploring individual 

differences have found strong associations between positive emotion and cognitive 

reappraisal success. However, the causal direction between positive emotion and 

reappraisal remains unclear. We hypothesized that incidental positive emotion might 

facilitate cognitive reappraisal through multiple mechanisms, such as cognitive 

facilitation, adaptive meaning-making, and motivational mechanisms. To test the possible 

facilitating effects of positive emotion on reappraisal, we applied virtual reality (VR) to 

elicit positive or neutral emotional contexts, used a speech task to induce stress, and 

instructed participants to reappraise the stressor positively. Participants reported their 

emotions and thoughts throughout the experiment. Although being in an incidental 

positive context helped to increase individuals’ positive emotions, results of the present 

study failed to support the facilitation effects of incidental positive emotion on cognitive 

reappraisal, and possible explanations are provided in the discussion. However, we found 

that being in an incidental positive context facilitated the relations between the increase 

of positive thoughts and increase of positive emotions, and future investigation should 

explore the possible role of individual differences in the facilitation effect of incidental 

positive emotion on relations between emotions and thoughts. 

Keywords: positive emotion, cognitive reappraisal, facilitation effect, VR 
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INTRODUCTION 

As an inevitable part of our daily life, stress is typically defined as either a 

stimulus (stressor) that triggers people’s negative emotion and physiological arousal or a 

response that involves multiple systems to prepare individuals for the stressful events or 

situations (Folkman, 2013). According to a nationwide poll carried out in January 2017 

across the United States (APA, 2017), the percentage of people who suffered physical 

and stressful symptoms, such as feeling anxious and overwhelmed, over the past month 

has significantly increased since 2007, and has risen to almost 80%. Additionally, 

although technology and social media have dramatically improved life for many 

Americans, nearly 40% of adults claim that discussions about culture and politics on 

social media bring about more stress to their life (APA, 2017).  

Stress has its positive and negative sides. Moderate levels of stress have been 

found necessary for personal growth and boost performance in various activities (Kirby et 

al., 2013; Quick, Cooper, Nelson, Quick, & Gavin, 2003). Research suggests that 

manageable levels of perceived stress can counteract the negative effects of oxidative 

damage (Aschbacher et al., 2013), and people who experience moderate levels of stress 

are better able to manage adversity and maintain good mental health compared with those 

who have too little or too much stress (Seery, Leo, Holman, & Silver, 2010). While 

moderate levels of stress can bring about a wide range of benefits that are essential for 

performance and survival, acute stress poses high health risks for individuals. Decades of 

research has found that acute stress not only has profound detrimental effects on physical 

health outcomes but may also add risks to the immune system and make individuals more 

vulnerable to diseases in the long run (Chida & Steptoe, 2010; Folkman & Moskowitz, 
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2000; McNally et al., 2015). Stress was found to be associated with the slow healing of 

wounds (Maple et al., 2015), cortisol response in asthma (Trueba, Simon, Auchus, & 

Ritz, 2016), and the fatigue caused by rheumatoid arthritis (Evers et al., 2014). Poor 

stress regulation may exacerbate the disease symptoms of mental illness including 

anxiety disorders (Campos et al., 2013), post-traumatic stress disorder (PTSD; McNally 

et al., 2015), and substance abuse (Andersen & Teicher, 2009).  

Incidental Positive Emotion and Stress Regulation 

To mitigate the negative impacts of stress, people apply a range of methods to 

promote stress regulation, and one of the most robust protective factors to down-regulate 

stress is experiencing incidental positive emotions. Different from integral emotions 

which arise from the situation itself (e.g., an individual feels anxious about the risky 

choice), incidental emotions are not necessarily related to or originate from the emotion-

eliciting situation but can be carried over from one situation to another, which may 

influence people’s behaviors and emotions (Lerner, Li, Valdesolo, & Kassam, 2015; 

Quigley & Tedeschi, 1996).  

Considerable research shows that incidental positive emotions are highly useful in 

the midst of stress and can reduce the harmful effects of psychological stress, thus 

protecting people from many stress-related diseases (Folkman, 2008; Kent, Davis, & 

Reich, 2013; Okely, Weiss, & Gale, 2017). Researchers have conducted a population-

based longitudinal study to investigate the relationship between positive affect and the 

risk of coronary heart disease (CHD), and the result shows increased positive emotions 

are protective against ten-year incident CHD (Davidson, Mostofsky, & Whang, 2010).  

Fredrickson et al. (2000) posit that incidental positive emotions reduce the negative 
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impact of stress by undoing the cardiovascular aftereffects brought by negative emotions. 

They conducted a physiological study, which explores the undoing effect of incidental 

positive mood in the context of negative emotional arousal. In their study, participants 

first underwent a stressful event by preparing for a judged speech, and then they were 

exposed to different stimuli inducing positive or neutral mood states unrelated to the 

stressful event. Results indicate that incidental positive emotions expedite cardiovascular 

recovery caused by negative stimuli. 

Cognitive Reappraisal and Stress Regulation 

Incidental positive emotions can attenuate negative emotions and physiological 

responses evoked by stress directly. In fact, such effects can be achieved by cognitive 

strategies as well (Gross & Thompson, 2007), such as cognitive reappraisal, suppression, 

and distraction. While some of the regulatory tactics (e.g., suppression) are usually 

regarded as more maladaptive to reduce distress, reappraisal has long been viewed as an 

adaptive tactic to attenuate negative emotions (Gross, 1998).  

Cognitive reappraisal involves reframing or altering the interpretation of a 

stressful situation or a stimulus in a different way that changes the emotional impacts of 

stress responses (Gross, 2001; John & Gross, 2004; Larsen & Prizmic, 2004). 

Experimental evidence suggests that the successful implementation of reappraisal can 

mitigate emotional responses at multiple levels, such as experience, expression, and 

autonomic physiology (Giuliani, McRae, & Gross, 2008; McRae, Ochsner, Mauss, 

Gabrieli, & Gross, 2008). Specifically, by using cognitive reappraisal in the laboratory 

setting, participants experienced a decrease in psychological and physiological indexes of 

emotional reactions after they watched an emotional film clip or saw unpleasant stimuli 
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(Gross, 1998; Jackson, Malmstadt, Larson, & Davidson, 2000). Accumulating evidence 

suggests the same pattern of results indicating cognitive reappraisal is associated with 

more adaptive cardiovascular responses, less negative emotion, better interpersonal 

functioning, and more subjective and psychological well-being (Aldao, Nolen-Hoeksema, 

& Schweizer, 2010; Balzarotti, Biassoni, Villani, Prunas, & Velotti, 2016; Gross & John, 

2003; Mauss, Cook, Cheng, & Gross, 2007). Cognitive reappraisal provides an efficient 

approach to the mitigation of negative emotions in the context of acute stress and distress 

(Engen & Singer, 2015; Garnefski & Kraaij, 2006; Moskowitz, Hult, Bussolari, & Acree, 

2009; Troy, Wilhelm, Shallcross, & Mauss, 2010), and serves as a protective factor for 

positive health outcomes.  

Under the umbrella of cognitive reappraisal, people may implement different 

types of reappraisal to achieve emotional goals (i.e., increasing positive emotions or 

decreasing negative emotions in stressful situations), and these different tactics also 

influence the outcome of cognitive reappraisal (McRae, Ciesielski, & Gross, 2012). For 

example, positive reappraisal involves reinterpreting situational aspects of a target 

stimulus from positive perspectives and finding benefits in the given circumstance. In 

contrast to positive reappraisal, detached reappraisal focuses on thinking about stimuli in 

an unemotional, objectively, and detached way. It requires the disengagement from 

emotional responses to the target situation (Shiota & Levenson, 2009). An fMRI study 

has distinguished the neural mechanisms between the two sub-types of strategies. 

Positive reappraisal may depend on brain areas related to selective attention, language, 

and verbal working memory, including dorsal PFC and left-lateralized systems, while 

detached reappraisal relies more on areas involved in attentional control and self-
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relevance evaluation, such as right PFC and medial systems (Ochsner & Gross, 2008). 

Shiota and Levenson (2012) compared the effects of these two strategies by looking at 

emotional experience, thought content, physiological reactivity, and facial expressions of 

emotion. Results show that both types of cognitive reappraisal can reduce overall 

emotional responses to negative stimuli, yet produce different profiles of physiological 

responses. While detached reappraisal seems to reduce cardiac reactivity to stressors, 

positive reappraisal tends to increase it, implying possible differences in mechanisms of 

the two sub-types of reappraisal. Based on the different mechanisms and effect of the two 

types of reappraisal, it is critical to instruct participants to reappraise in a specific way. In 

the present study, we were more interested in how positive reappraisal attenuates the 

negative emotion evoked by stressors, so we followed the rules described in previous 

studies to instruct participants to reinterpret the stressor in a positive way. In addition, 

cognitive reappraisal in this paper refers to the positive reappraisal. 

Incidental Positive Emotions May Promote Cognitive Reappraisal  

Studies exploring individual difference have found strong associations between 

positive emotion and cognitive reappraisal success (McRae, Jacobs, Ray, John, & Gross, 

2012). However, the causal direction between positive emotion and cognitive reappraisal 

remains undetermined, and the mechanism underlying this process is largely unexplored. 

Cognitive reappraisal requires multiple cognitive control abilities (Schmeichel & Tang, 

2015). For instance, cognitive reappraisal requires the ability to inhibit distractors and 

other interfering appraisals (Kalisch, Müller, & Tüscher, 2015). Since positive emotions 

have been found to facilitate a range of cognitive processes (Chermahini & Hommel, 

2012; Chun, Golomb, & Turk-Browne, 2011; Fredrickson, 2004; Fröber & Dreisbach, 
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2014; Vanlessen, Rossi, Raedt, & Pourtois, 2013) and the successful implementation of 

reappraisal relies on cognitive control, we proposed that positive emotions may facilitate 

reappraisal through altering cognitive processes.  

Cognitive facilitation mechanisms. Although the present study does not aim to 

investigate the mechanisms underlying the proposed facilitation effects of positive 

emotion on cognitive reappraisal, we argue that such effect may stem from different 

mechanisms that positive emotion has an impact on, and these mechanisms support our 

investigation of the relation between positive emotion and cognitive reappraisal. First, 

positive emotions might facilitate reappraisal by broadening cognition (Fredrickson, 

2004). According to the broaden-and-build theory, positive and negative emotions are 

independent of each other but still have complementary adaptive functions and 

physiological effect. To prepare individuals against potential dangers and threats, 

negative emotions tend to narrow and focus people’s thoughts and actions in case of fight 

or flight. On the contrary, positive emotions broaden the cognitive repertoire which is 

previously narrowed by negative affect and stimulate a creative and integrative thinking 

style (Chermahini & Hommel, 2012), and the increased flexibility is associated with 

individuals’ ability to use reappraisal (Malooly, Genet, & Siemer, 2013). Specifically, 

affective flexibility is the ability that guarantees people to attend to and disengage from 

emotional stimuli flexibly. When reconsidering the meaning of a stressful event, people 

have to change their perspectives by focusing on emotionally neutral aspects while 

switching from emotionally negative aspects. In such case, people who have experienced 

positive emotions are likely to benefit from their enhanced cognitive flexibility and 
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openness, which facilitate the generation of a new interpretation regarding the given 

stressful situation.  

In addition to the route of broadening cognition, the broaden-and-build theory 

also proposes that positive emotions help to build and restore personal resources, 

especially cognitive resources that refer to the amount of information used for analysis 

and control people have access to (Franconeri, Alvarez, & Cavanagh, 2013), resulting in 

enhanced comprehension and task performance (Fredrickson, 1998). Cognitive resources 

promoted by positive emotions can be drawn on later in different emotional states or at 

other times, contributing to reconsidering the meaning of an event even in a stressful 

situation. As a strategy of emotion regulation, cognitive reappraisal costs cognitive 

resources (Sheppes & Meiran, 2008). With the help of positive emotions,  more cognitive 

resources are available to process information, evaluate stimuli, and control behavioral 

responses (Isen, 2008; Tice, Baumeister, Shmueli, & Muraven, 2007). Meanwhile, 

accumulating resources give rise to an increase in cognitive capacity, and evidence in 

both laboratory and more naturalistic settings has indicated that the increase in cognitive 

capacity is associated with an enhanced emotion regulation ability (Schmeichel & 

Demaree, 2010). Therefore, the ability of cognitive reappraisal may be augmented by 

positive emotions through the production of cognitive resources. These two possible 

mechanisms mentioned above overall can be characterized as the cognitive facilitation 

mechanism, which focuses on the cognitive functions of positive emotion. 

Adaptive meaning-making mechanisms. In addition to the cognitive facilitation 

mechanisms, another route through which positive emotions influence cognitive 

reappraisal is the adaptive meaning-making mechanism. Emotions themselves may serve 
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as information that signals a safe or dangerous environment. Emotions provide people not 

only with a quick and heuristic evaluation of an object but also the evaluative information 

(e.g., value, importance) of the target (Clore & Palmer, 2009). In general, negative 

emotions signal negative attributes of a situation, implying there is a problem in the 

environment that needs to be solved. By contrast, positive emotions signal positive 

attributes of a specific situation, implying everything in the environment is good (Clore & 

Palmer, 2009; Turowski et al., 2014). According to the affect-as-information theory 

(Clore & Palmer, 2009), experiencing a negative stimulus can induce a feeling of 

uncertainty or threat, while experiencing incidental positive emotions in the midst of a 

stressor may provide people with information that the environment is safe, and they are 

supposed to feel optimistic and confident (Gervais & Wilson, 2005). According to the 

adaptive meaning-making mechanism, positive emotions can assist people in changing 

the meaning of their thoughts by infusing prior negative appraisal with incidental positive 

information provided by positive affect, which helps to reduce their negative emotions 

under stress in the end. 

Motivational mechanisms. Apart from the mechanisms of cognitive facilitation 

and adaptive meaning-making, positive emotions may also impact cognitive reappraisal 

through the motivational functions of positive mood. According to the hedonic 

contingency theory, people are motivated to maintain or even improve their pleasant 

feelings, and they will carefully evaluate the outcomes of a decision in order to prolong 

their positive mood (Hirt, Devers, & McCrea, 2008; Tugade & Fredrickson, 2007). 

Therefore, compared with those in a neutral or negative mood state, people in a positive 

mood state have extra motivation to take actions, such as cognitively reappraising a 
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stressful event, to capitalize on the potential for feeling good induced by these incidental 

positive emotions. This may result in a facilitation effect of incidental positive emotion 

on reappraisal.  

In summary, the effects of positive emotions on cognitive reappraisal can be 

achieved by cognitive facilitation (i.e., broadening cognition, and building cognitive 

resources), adaptive meaning-making (i.e., affect-as-information), and motivational 

approaches (i.e., maintaining a positive mood). Based on such predictions, we previously 

conducted two studies to explore the possible facilitation effects of positive emotion on 

cognitive reappraisal. In these two studies, we adapted a widely used and effective 

picture-based reappraisal paradigm. However, results showed that experiencing incidental 

positive emotions did not facilitate the use of reappraisal. Reflections on such results 

inspired us to improve the experiment design of the current research.  

Factors Influencing the Effects of Positive Emotion on Reappraisal  

In the two studies, we used pictures from the International Affective Picture 

System (IAPS) to elicit participants’ incidental positive and neutral mood states. After 

viewing induction pictures, participants were instructed to view a negative or neutral 

target picture selected from IAPS with one of two instructions, either LOOK or 

CHANGE, that required participants to respond naturally (LOOK) or change their 

thoughts to increase positive feelings toward the target picture (CHANGE). 

Subsequently, participants reported their positive and negative feelings. Inconsistent with 

our hypotheses, these studies showed that the interaction of the incidental emotional 

context (positive vs. neutral) and instructions for negative target pictures (LOOK vs. 

CHANGE) was not significant. More importantly, compared with neutral mood states, 
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positive emotion induction did not significantly influence the effects of reappraisal on 

positive or negative emotion ratings, failing to demonstrate the beneficial effects of 

positive emotion on cognitive reappraisal. 

The previous studies conducted in our lab failed to indicate that incidental 

positive emotions facilitate cognitive reappraisal. However, scrutiny of our experiment 

design revealed several possible factors that potentially lead to non-significant interaction 

between emotional context (positive vs. neutral) and instructions (LOOK vs. CHANGE). 

 We applied a picture-based design in previous research, and emotions induced by 

pictures are relatively fleeting and weak, which may be difficult to carry over to the 

negative target pictures during ratings. Therefore, we adopted a more effective and 

powerful method of emotion induction in our present study. Virtual reality (VR) was 

employed to evoke intense affective feelings (Estupiñán, Rebelo, Noriega, Ferreira, & 

Duarte, 2014). Researchers investigating the effects of VR on mood induction have found 

that virtual environment (e.g., park and village) can elicit different affective states (e.g., 

joy, excitement, anxiety, and sadness) merely by modifying specific characteristics of 

these environments, such as lighting conditions and time of day. For example, a park full 

of beautiful flowers and trees in sunny daytime can induce a relaxed, contented mood. In 

contrast, a gloomy park with a few lanterns can make participants feel anxious and 

uneasy (Toet, van Welie, & Houtkamp, 2009). By enhancing the immersive experience in 

the 3D world, virtual reality appears to be more effective for emotion induction compared 

with other low immersive mood-induced strategies, such as watching a video or playing a 

video game displayed on conventional 2D computer screens (Hupont, Gracia, Sanagustin, 

& Gracia, 2015; Visch, Tan, & Molenaar, 2010). Notably, the ability of VR to elicit a 
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particular emotion not only depends on the virtual scenario presented to users but also 

their subjective experience of the virtual scenario measured by the sense of presence 

(Felnhofer et al., 2015). Therefore, we asked participant in the post-task survey to rate 

their sense of presence as an indicator of successful manipulation of presence in the 

present study.  

In addition to picture-based design, the primary task of our previous experiment 

took participants nearly 40 minutes to complete, giving rise to a total of 100 minutes for 

finishing the entire experiment. During the experiment, participants were likely to feel 

overwhelmed by a large number of images presented during the primary task and 

switching from positive and neutral mood states frequently. Individuals have to apply 

more attentional control to regulate emotion during frequent switching (Johnson, 2009), 

resulting in little attention paid to positive or neutral induction images that may facilitate 

the next reappraisal. Hence, we kept the emotion induction unchanged throughout the 

experiment to ensure that participants were able to immerse themselves in the incidental 

positive context that mechanisms of the facilitation effects of positive emotion on 

cognitive reappraisal were fully activated and subsequent use of incidental emotion 

evoked by VR was available.  

Powerful emotion induction and participants’ high involvement are key to 

investigating the role of positive emotion. However, it is also possible that the effects of 

incidental positive emotion on reappraisal are more salient under certain circumstances. 

Therefore, it is also necessary to create a favorable context when applying reappraisal 

strategies. Controllability, generally defined as the degree to which an individual can 

influence the outcomes of an event or a situation, can influence regulation tactics that 
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individuals tend to apply when confronted with stressors (Heth & Somer, 2002). 

Controllability is an essential component that determines not only the adaptiveness of 

cognitive reappraisal but also efforts people put into stress regulation. Troy et al. (2013) 

suggest that cognitive reappraisal may be more adaptive when stressors are 

uncontrollable and when situations cannot be altered by implementing active coping 

strategies. This is because actively adapting to emotional situations under these contexts 

is the only beneficial thing people can do (Lazarus, 1993). In contrast, when taking 

actions can prevent negative outcomes, cognitive reappraisals can be highly maladaptive 

if they fail to make a move, which may lead to a worsened situation (Troy, Shallcross, & 

Mauss, 2013). Research shows that people in controllable situations tend to be more 

persistent when conquering negative setbacks (Bhanji, Kim, & Delgado, 2016). In 

addition, people in a controllable situation are more likely to use active strategies to solve 

the existing problems, whereas individuals in an uncontrollable situation tend to apply 

emotion-based strategies, such as reappraisal (Bonanno & Burton, 2013). By creating an 

uncontrollable stressful situation, we could promote the use of cognitive reappraisal while 

controlling for efforts put into problem-solving which might confound with efforts 

elicited by incidental positive emotions.  

The Present Study 

The goal of the present study was to investigate the possible effects of positive 

emotion on cognitive reappraisal through improved experiment paradigm and design. VR 

was utilized to elicit participants’ positive or neutral mood state, and speech task was 

used to elicit participants’ stressful feelings. Following the phase of emotion induction, 

participants underwent an uncontrollable stressful event (anticipating an upcoming 
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speech task) with or without the instruction of cognitive reappraisal (i.e., positive 

reappraisal) while viewing specific virtual scenarios. Then they delivered the speech in 

front of a judge and experienced a recovery period during which the emotion induction 

implemented by VR continued. Positive and negative emotions were rated throughout the 

experiment, and participants’ thoughts toward virtual scenario and the speech task were 

also recorded during anticipation and instructed anticipation period. Based on the effects 

of positive emotion on stress regulation, we predicted that compared with being in a 

neutral context, being in a positive context would help to mitigate participants’ negative 

feelings while increasing positive feelings when facing a stressor. Since reappraisal that 

serves as a goal-oriented strategy is typically effective even in neutral contexts (Webb, 

Miles, & Sheeran, 2012), we hypothesized that individuals in both positive and neutral 

emotional contexts would down-regulate their negative emotions and up-regulate their 

positive emotions by responding to the stressful event with cognitive reappraisal. More 

importantly, we hypothesized that being in an incidental positive context might facilitate 

the use of cognitive reappraisal compared with being in a neutral context. This would be 

reflected by higher positive/lower negative emotional ratings at the instructed anticipation 

(stress-evoking) phase during which people were told to reappraise the stressor for those 

in an incidental positive context compared with those in a neutral context. 

In addition to the emotion outcomes, we also examined the thoughts people 

generated while regulating their emotions. When experiencing a stressful event, we 

hypothesized that participants would generate more positive and fewer negative thoughts 

toward the stressor if they were in an incidental positive context than those were in a 

neutral context. Regarding the effects of reappraisal, compared with merely anticipating 



  

 

14 

the stressor without reappraisal instruction, participants would generate more positive and 

fewer negative thoughts toward the stressor (i.e., speech task) when the instruction of 

reappraisal was given. Moreover, being in an incidental positive context may facilitate 

the generation of positive thoughts about the stressful event during the instructed 

anticipation (reappraisal) period than being in a neutral context.  
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METHOD 

Pre-Registration  

This study was pre-registered on March 15, 2018, on the Open Science 

Framework (OSF; project citation: osf.io/kwrmx/). By April 6, we have recruited 128 

participants and achieved our goal of sample size preregistered on OSF. Study materials 

and procedures were strictly implemented as the descriptions in preregistration. In 

Results, we noted which analyses were preregistered as confirmatory or exploratory as 

well as those that were exploratory after we collected the data.  

Participants 

Participants were 128 (71 female) undergraduate students recruited through the 

Wake Forest Introductory Psychology subject pool, aged 18-21 (M = 18.93, SD = .844). 

All participants met our inclusion criterion that participants were not visually impaired 

and had no prior experience of sickness when using virtual reality devices. They were 

granted 0.5 credit towards their psychology course for their participation in our study. 

Sample size rationale. There was no research indicating the effect size of 

interaction between emotion induction (positive, neutral) and instruction (reappraisal, 

control) during stress anticipation. Instead, we calculated a predicted effect size in our 

study based on a hypothesized ratio of the effect size of the interaction to an established 

main effect size of the instructions. To do so, we first carefully selected studies from a 

meta-analysis paper (Webb, Miles, & Sheeran, 2012) which had within-subjects designs 

and compared instructions of reappraising emotional stimulus with no instruction or 

instructions of looking naturally. The average main effect (f) of reappraisal instruction vs. 

no instruction/look naturally instruction from previous relevant studies was 0.30. We 
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estimated that the effect size of interaction was around half of the main effect size of the 

instructions, so the effect sizes (f) for the interaction of emotion induction and instruction 

during stress should be .15. We then conducted a power analysis using G*Power, 

determining that we need 120 participants to obtain 90% power at alpha = .051. To 

account for the possibility that some of the participants might be excluded in data 

analysis, we increased the sample size to 128. 

Materials 

Virtual reality. Virtual scenarios were more effective to induce consistent and 

lasting mood states (Felnhofer et al., 2015). In this study, we used virtual scenarios 

constructed by our lab to induce positive or neutral emotions. In a pilot study, participants 

viewed different virtual scenarios (e.g., office, waterfall, Aurora, beach) which were used 

to induce positive or neutral mood states. After viewing each scenario, participants rated 

how pleasant and unpleasant they felt when exploring these scenarios. In the end, the 

beach and office VR scenarios were selected because they outperformed other videos in 

reliably inducing positive and neutral mood states, respectively. Therefore, we applied 

these two scenarios in the present study, and the manipulation check confirmed that VR 

worked effectively in emotion induction.  

Virtual scenarios were programmed with WebVR and displayed with a mounted 

VR headset (Oculus Rift) which has an externally applied head tracking system so that 

participants can have a first-person view of these scenarios. We also played the sound of 

these scenarios using built-in headphones of the VR headset to enhance participants’ 

                                                 
1 Considering that we adopted a two-tailed .025 alpha for each omnibus test in confirmatory analyses, we 

recalculated the effective power for 99 participants who were not excluded and ultimately got the actual 

power of the present study, which was .76.  
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immersive experiences. Throughout the experiment, participants were asked to explore 

the virtual setting while remaining seated on the chair when the headset was on.  

Self-reported emotion. Positive and negative emotions were measured 

throughout the experiment using a 10-point scale (1 = not at all, 10 = very much). To 

facilitate participants’ responses, however, what participants viewed on the VR display 

was a shaded bar which was white on the left side (indicating “not at all”) and black on 

the right side (indicating “very much”). Participants’ responses fell within different 

ranges of the bar were transformed into numbers (1-10) by the program. When rating 

scales popped up on the VR display, participants used an Oculus controller to report their 

current emotions (e.g., “How positive/negative do you feel right now”). The controller 

generated a blue laser line in VR headset that enabled participants to point the laser at a 

certain spot, and participants could press a trigger to confirm their responses. 

Thought Content Questionnaire. The Thought Content Questionnaire (TCQ) in 

the present study was a 14-item self-report inventory, which was revised from a prior 

similar experiment in our lab (Yang et al., 2018). This questionnaire was designed to 

capture participants’ thought processes when they were anticipating a stressful event (i.e., 

speech task). The 14 items were intentionally grouped into five categories: negative 

thoughts about the virtual scenario, positive thoughts about the virtual scenario, negative 

thoughts about the speech task (not including virtual scenarios), positive thoughts about 

the speech task, and other thoughts irrelevant to the speech task or the virtual scenario. 

With the controller, participants rated on a 10-point scale (1 = not at All; 10 = very much) 

when questions asking how much time they engaged in these thoughts popped up on VR 

display. To analyze different thoughts, we calculated and used the means of ratings for 
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each category as an indicator of participants’ thought processes. If participants missed 

more than one item per subscale, their means of this subscale were labeled as missing.  

Post-task questionnaire. Post-task survey was comprised of basic demographic 

questions and manipulation checks. Given that the sense of presence may affect 

individuals’ immersive and emotional experience (Felnhofer et al., 2015), participants 

were asked to rate their experienced presence of virtual environment with a single 

question (i.e., “Did you have a sense of ‘being there’ when exploring the virtual reality 

world in the study?”), which was commonly used in previous studies related to presense 

(Price, Mehta, Tone, & Anderson, 2011; Riva et al., 2007; Schuemie, Van Der Straaten, 

Krijn, & Van Der Mast, 2001). In manipulation checks, participants answered questions 

regarding the speech task and about the purposes of the experiment, and this was to test 

whether they were able to correctly follow the instructions given halfway through the 

anticipation of the speech task. Participants were also asked to assess how difficult it is to 

follow the reappraisal instructions and what percentage of time they were able to follow 

the instruction in anticipation of the speech task.  

Procedure 

Pre-task procedure. Upon arrival, participants were required to provide their 

written consent form in compliance with the Institutional Review Board guidelines at 

Wake Forest University. After participants provided their informed consent, the 

experimenter helped participants to put on the VR headset and adjusted the VR device to 

have the optimal display resolution. Subsequently, participants viewed a neutral virtual 

scenario that was distinct from scenarios presented at the emotion induction phase to 
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experience VR. Then participants were trained to use a controller to rate their emotions 

and thoughts on a 10-point scale shown on the VR display.  

At the end of the training, participants were pseudorandomly assigned to one of 

two groups (Emotion Induction: positive, neutral). The pseudorandom number list for 

assigning participants was created before conducting the experiment. This was to 

guarantee that both groups had an equal sample size of 30 participants. In order to avoid 

possible training biases from the experimenter, the experimenter did not know which 

condition the participant was assigned to until the end of the training. To do so, we made 

a pack of cards in advance, which had participants’ experiment ID on one side and 

Emotion Induction assignment on the other side. The experimenter flipped the card to 

check condition after participants finished the training session.  

Baseline. Following training, participants were asked to relax for 2 minutes, 

during which they saw a cross on a white blank screen through the VR headset. At the 

end of baseline period, 10-point scales were presented on the blank VR display, asking 

participants to report how positive and negative they felt at that moment (see Figure 1).  

 

 

Figure 1. Timeline of the present experiment (phases in VR setting were highlighted in green) 

Emotion induction. After the baseline phase, participants were assigned to either  

 

positive or neutral induction conditions and viewed different VR scenarios depending on 

their assigned condition. For those in the positive group, a positive emotional context was 
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induced by displaying the positive scenario (i.e., beach) on participants’ VR headset, 

whereas a neutral context was induced by the neutral office scenario for those in the 

neutral group. Participants were asked to freely explore the scenarios presented to them 

while remaining seated on the chair until they were told to complete the next task. Then 

the experimenter left the room. At the end of the 2-minute induction period, questions 

regarding positive and negative emotions popped up the VR display, and participants had 

maximum 10 seconds to answer each question. Following ratings was an instruction for 

participants to say ‘done,’ and it was at this time that the experimenter reentered the 

room.  

Anticipation phase. When coming back to the room, the experimenter told 

participants that they were going to perform a speech task in a few minutes. Research has 

shown that merely anticipating a stressor (speech task) is efficient in inducing stress 

(Waugh, Panage, Mendes, & Gotlib, 2010). In the present study, participants were told 

that they were going to deliver an impromptu speech later in front of a judge. The judge 

would assess the clarity, coherence, and persuasiveness of their argument. However, the 

speech topic specific to each participant had not been decided yet. Before the judge 

arrived in a few minutes, participants were asked to wait quietly and keep exploring the 

virtual scenario freely. Then the experimenter left the room, leaving participants viewing 

the virtual scenario and reporting their emotions at the end of the 2-minute anticipation 

period. Subsequently, participants completed the first Thought Content Questionnaire 

(see Appendix) item by item displayed on the VR headset. 

Instructed anticipation phase. After finishing the first TCQ, an instruction 

appeared on the VR display, telling participants to reappraise the upcoming speech task 
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in a positive way while exploring the virtual scenario and waiting for the judge (“While 

keeping exploring the VR environment, please reinterpret or re-consider the upcoming 

speech task so that you feel as positive as you can. The judge will come shortly”). The 

reappraisal instruction was followed by another 2-minute experience of the same positive 

or neutral virtual scenario they had seen before. Participants rated their emotions at the 

end of the 2-minute instructed anticipation period and completed the second thought 

content questionnaire. 

Speech phase. After completing the second TCQ, experimenter entered the room, 

told participants to take off the VR headset, and then left. Then a judge entered the room 

and told participants that they would be given 15 seconds to prepare for a 2-min 

persuasive public speech about “why you are a good friend.” Then participants gave the 

speech in front of the judge during which the judge timed speech using a stopwatch and 

wrote down comments (this was to make participants believe that the judge was assessing 

their performance). After delivering the speech, participant put on the VR headset again 

to rate how positive and negative they felt at that time. 

Recovery. After speech delivery phase, participants kept viewing the virtual 

scenario they had seen before. At the end of the 2-minute recovery period, participants 

reported their levels of positive and negative emotions.  

Post-Task Procedure. At the end of the experiment, participants completed a 

post-task survey which consisted of demographic questions and manipulation checks on 

Qualtrics. Finally, participants were debriefed and granted credits for their participation.  
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Data Analysis  

Inference criteria. As reflected by materials and procedures, we collected data 

on positive and negative ratings at different phases of the experiment and scores from two 

Thought Content Questionnaires. Because all the analyses in our study were performed 

twice, once for positive and once for negative ratings, we adopted a two-tailed .025 alpha 

for each omnibus test and a .05 alpha for follow-up contrast tests, but we still interpreted 

p-values between .025 and .05 in results.   

 Preregistered data exclusion. We strictly followed the rules of data exclusion 

that we preregistered. In manipulation checks, participants answered questions regarding 

instructions given in anticipation of the speech task and about the purposes of the 

experiment. We excluded the data from participants who demonstrated they failed to 

understand or failed to follow the instructions to reappraise the stressful event (n = 20). 

We also excluded those who were explicitly suspicious about the speech task (did not 

believe they that would have to give one) and who showed a complementary lack of 

increase in negative emotion/decrease in positive emotion during anticipation phase (n = 

10). In addition, participants who showed no variability (all of their responses are the 

same) in emotional ratings across all phases (n = 2) were excluded as well, considering 

that these participants may not reflect on their emotions or that they did not follow 

instructions. In our preregistration, we also added another exclusion criterion that 

participants who refused to put on VR headset and/or gave an impromptu speech would 

be excluded, yet no participants were non-compliant. In total, we excluded 29 out of 128 

participants (some participants qualified for multiple exclusion criteria) for a final n = 99 

for further analyses. Excluding participants based on missing data were handled on an 
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analysis by analysis basis, so that only participants who had all ratings for certain 

analysis were included in the analysis.   
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RESULTS 

Preregistered Manipulation Check 

To check the effectiveness of emotion induction in the current experiment, we 

first conducted two 2 (Emotion Induction: positive, neutral) x 2 (Phase: baseline, emotion 

induction) repeated-measures ANOVAs, with Emotion Induction as between-subjects 

variable, Phase as within-subjects variables, and the positive/negative ratings of emotions 

as dependent variables. Consistent with our expectations, for positive emotion, there was 

a significant interaction of Emotion Induction and Phase, F(1, 88) = 15.00, p < .001, 

η
partial
2  = .146. The main effects of Phase, F(1, 88) = 49.74, p < .001, η

partial
2  = .361, and 

Emotion Induction, F(1, 88) = 15.16, p < .001, η
partial
2  = .147, were also significant. 

Follow-up comparisons of simple effects revealed that the significant interaction was due 

to a non-significant difference between the positive (M = 5.08, SD = 2.66) and neutral 

group (M = 4.58, SD = 2.46) at baseline, F(1, 88) = 0.86, p = .357, η
partial
2  = .010, and a 

significant difference between two groups at emotion induction phase. Specifically, 

participants in an incidental positive context reported a higher level of positive emotion 

(M = 8.00, SD = 1.62) than those in a neutral context (M = 5.43, SD = 2.16), F(1, 88) = 

41.86, p < .001, η
partial
2  = .322, at emotion induction period, indicating that positive and 

neutral virtual scenarios were successful in inducing corresponding mood states. For 

negative emotion, there was a significant effect of Phase, F(1, 92) = 13.81, p < .001, 

η
partial
2  = .131, such that participants reported a decrease in negative emotion from 

baseline (M = 3.55, SD = 2.21) to emotion induction phase (M = 2.73, SD = 1.70). The 

effect of Emotion Induction, F(1, 92) = 5.68, p = .019, η
partial
2  = .058, was also significant, 
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and participants in a neutral context (M = 3.55, SD = 1.65) reported more negative 

feelings than those in an incidental positive context (M = 2.73, SD = 1.65). However, the 

interaction of Phase and Emotion Induction, F(1,92) = 2.39, p =.126, η
partial
2  = .025, was 

not significant.  

Considering that presence is an indicator of the effectiveness of VR, we 

conducted a t-test on presence scores, which showed that there was not a significant 

difference between the positive and neutral group, t(97) = .781, p = .437, reflecting the 

comparable immersion experiences of VR as mood induction method for both conditions. 

To test whether anticipation of the speech task in our study was sufficiently 

stressful, we compared emotion ratings from induction to anticipation phase by 

conducting two paired sample t-tests. There was a significant increase in negative 

emotion, t(91) = 5.00, p < .001, and a decrease in positive emotion, t(64) = 4.79, p < .001, 

from induction to anticipation phase in response to the stressful task. This confirmed that 

anticipating the speech task was effective in inducing stress.  

Preregistered Confirmatory Analyses 

 We hypothesized that, relative to anticipation phase during which participants 

were not given any instructions to regulation stress, participants in the instructed 

anticipation phase when the instruction of reappraisal was conveyed would experience 

higher positive emotion and lower negative emotion, and the disparity of emotion 

between two phases could be further enlarged by positive emotions evoked in virtual 

scenarios. To test this primary hypothesis, we conducted two 2 (Emotion Induction: 

positive, neutral) x 2 (Phase: anticipation, instructed anticipation) mixed ANCOVA 

analyses, with self-reported positive and negative emotion as the dependent variables, 
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respectively. For both ANCOVA analyses, Emotion Induction was between-subjects 

variable, and Phase was within-subjects variable, while emotion ratings of baseline 

served as a covariate to account for differences in emotion between participants upon 

arriving the lab.  

For positive emotion, the main effect of Emotion Induction was significant, F(1, 

80) = 27.10, p < .001, η
partial
2  = .253, and participants in an incidental positive context (M 

= 6.95, SD = 1.71) overall reported more positive feelings than those in a neutral context 

(M = 4.96, SD = 1.71). However, the effect of Phase was not significant, F(1, 80) = 1.03, 

p = .314, η
partial
2  = .013. There was a significant interaction of Phase and Emotion 

Induction, F(1, 80) = 10.31, p = .002, η
partial
2  = .114, suggesting that changes from 

anticipation to instructed anticipation varied with Emotion Induction. To clarify the 

significant two-way interaction of Phase and Emotional Induction, we conducted a 

planned contrast to assess whether the change in ratings from anticipation to instructed 

anticipation phase was larger in the positive group than that of the neutral group. The 

planned contrast revealed that relative to individuals who were in a neutral context, 

individuals in an incidental positive context had a significantly smaller change in 

emotional ratings, t(80) = -3.26, p = .002. Comparisons of simple effects revealed that 

while participants in the neutral group experienced an increase in positive emotional 

rating from anticipation (M = 4.33, SD = 2.04) to instructed anticipation phase (M = 5.25, 

SD = 2.26), F(1, 80) = 8.15, p = .005, η
partial
2  = .092, the difference between anticipation 

(M = 7.32, SD = 2.01) and instructed anticipation phase (M = 6.85, SD = 2.17) for 

participants in the positive group was not significant (see Figure 2), F(1, 80) = 2.71, p 
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= .103, η
partial
2  = .033. These results failed to support our hypothesis that positive emotions 

may facilitate cognitive reappraisal.  

 

Figure 2. Self-reported positive emotion from anticipation to instructed anticipation phase. Error 

bars represent standard errors. 

 

 

For negative emotion, neither the main effect of Emotion Induction, F(1, 85) = 

2.65, p = .107, η
partial
2  = .030, nor the main effect of Phase, F(1, 85) = .798, p = .374, 

η
partial
2  = .009, was significant. In addition, the interaction of Emotion Induction and Phase 

was not significant, F(1, 85) = .253, p = .616, η
partial
2  = .003. The planned contrast 

investigating the changes across two phases for participants in the positive and neutral 

group was not significant as well, t(85) = 0.51, p = .610. 

To unravel the thought processes during anticipation and instructed anticipation 

period, we also performed two 2 (Emotion Induction: positive, neutral) x 2 (Phase: 

anticipation, instructed anticipation) repeated-measures ANOVAs, with Emotion 
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Induction as between-subjects variable, Phase as within-subjects variable, and the 

positive/negative ratings of thoughts about speech task as dependent variables.  

For positive thoughts regarding the speech task, the main effect of Phase was 

significant, F(1, 77) = 17.34, p < .001, η
partial
2  = .184, and participants engaged in more 

positive thoughts about the speech task when they were told to reinterpret the task (M = 

5.13, SD = 2.15) than when they were given no instruction (M = 4.19, SD = 2.02), which 

was also true for both groups. However, the main effect of Emotion Induction and 

interaction of Phase and Emotion Induction were not significant, ps > .5, suggesting that 

participants in both groups generated more positive thoughts about speech task when they 

were instructed to do so, regardless of the virtual scenarios they were exploring (see 

Figure 3). 

 

Figure 3. Positive thoughts about speech task for both groups. Error bars represent standard 

errors. 

 

 

Similar to the results of positive thoughts, only the main effect of Phase was 
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= .141, and participants generated fewer negative thoughts during the instructed 

anticipation phase (M = 3.47, SD = 1.96) than anticipation phase (M = 4.28, SD = 2.24). 

The main effect of Emotion induction, the interaction of Emotion Induction and Phase, 

and the planned contrast across two phases were all non-significant, ps > .3. Taken 

together, we are quite certain that participants were able to follow instruction shown on 

the VR display to reinterpret the speech task in a positive manner, whereas being in an 

incidental positive context or not may be irrelevant for the generation of positive thoughts 

regarding the stressful event. In addition, evidence coming from analyses of thoughts 

failed to support our proposed facilitation effects of positive emotion on cognitive 

reappraisal.  

Preregistered Exploratory Analyses 

To capture participants’ emotional changes throughout the entire experiment, we 

conducted two 2 (Emotion Induction: positive, neutral) x 5 (Phase: induction, 

anticipation, instructed anticipation, speech, recovery) mixed ANCOVA analyses, with 

Emotion Induction as between-subjects variable, Phase as within-subjects variable, 

emotional ratings at baseline as a covariate and self-reported positive and negative 

emotion as the dependent variables, respectively. For positive emotion, the main effect of 

Emotion Induction was significant, F(1, 75) = 33.70, p < .001, η
partial
2  = .310, while the 

main effect of Phase was not significant, F(4, 300) = 2.28, p = .061, η
partial
2  = .029. There 

was a significant interaction of Emotion Induction and Phase, F(4, 300) = 9.06, p < .001, 

η
partial
2  = .108. Comparisons of simple effects revealed that participants in an incidental 

positive context reported more positive feelings at emotion induction, anticipation, 

instructed anticipation, recovery phases (see Figure 4) than those in a neutral context, all 
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ps < .01, except that the difference of positive emotion between the positive and neutral 

group was not significant at the speech phase. 

For negative emotion, the main effect of Emotion Induction was not significant, 

F(1,81) = 0.71, p = .402, η
partial
2  = .009, but the main effect of Phase was significant, F(4, 

324) = 5.17, p < .001, η
partial
2  = .060. Also, the interaction of Emotion Induction and Phase 

was not significant at the .05 alpha level, F(4, 324) = 2.10, p = .081, η
partial
2  = .025. 

  

 

Figure 4. Emotional changes across difference phases. Error bars represent standard errors. EI is 

emotion induction phase. AT is anticipation phase. IAT is instructed anticipation phase. SP is 

speech phase. RC is recovery phase. 
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Thought Target as within-subjects variables, and the ratings of thoughts as dependent 

variables. None of the main effects were significant. Also, the four-way interaction was 

not significant overall, F(1, 64) = 0.96, p = .331, η
partial
2  = .015. However, both the three-

way interaction of Thought Valence, Emotion Induction, and Target, F(1, 64) = 24.51, p 

< .001, η
partial
2  = .277, and three-way interaction of Thought Valence, Phase, and Target, 

F(1, 64) = 35.99, p < .001, η
partial
2  = .360, were significant. Two-way interaction of 

Thought Valence and Emotion Induction, F(1, 64) = 12.82, p = .001, η
partial
2  = .167, and 

two-way interaction of Thought Valence and Phase, F(1, 64) = 9.44, p = .003, η
partial
2  

= .128, were also significant. Other three-way or two-way interactions were all non-

significant.  

Simple comparisons following the two-way interaction of Thought Valence and 

Emotion Induction revealed that participants in the neutral context had fewer positive 

thoughts, F(1, 64) = 9.66, p = .003, η
partial
2  = .131, and more negative thoughts, F(1, 64) = 

6.73, p = .012, η
partial
2  = .095, than those in an incidental positive context. However, the 

relations between Thought Valence and Emotion Induction were different for Thought 

Target. Specifically, compared with those of the positive group, participants of the 

neutral group had fewer positive and more negative thoughts about VR, ps < .001, but 

had comparable positive and negative thoughts about the speech task, ps > .85.  

Simple comparisons following the two-way interaction of Thought Valence and 

Phase showed that participants had a decrease in negative thoughts, F(1, 64) = 5.09, p 

= .027, η
partial
2  = .074, and an increase in positive thoughts, F(1, 64) = 7.17, p = .009, 

η
partial
2  = .101, from anticipation to instructed anticipation phase. Such relations between 
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Phase and Thought Valence only held true for thoughts about speech task, ps < .001. As 

for VR, both positive and negative thoughts about VR remained the same from 

anticipation to instructed anticipation phase, ps > .660. 

 

 

Figure 5. Positive and negative thoughts at anticipation and instructed anticipation phases. Error 

bars represent standard errors. AT is anticipation phase. IAT is instructed anticipation phase. 

 

 

Non-Preregistered Exploratory Analyses 

Analyses of other thoughts. Inconsistent with our hypothesis, the preregistered 

confirmatory and exploratory analyses indicated that positive emotion might not facilitate 

cognitive reappraisal. Participants in an incidental positive context engaged in as many 

positive thoughts about the upcoming stressful event as those in a neutral context did, 

while their overall emotional rating remained unchanged from anticipation to instructed 

anticipation phase. We speculated that participants in an incidental positive context were 
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more likely to get distracted from the anticipation of a stressor, and the distraction may 

stem from their immersion in the VR and irrelevant thoughts they might have during the 

experiment. Additionally, the decrease of distraction from anticipation to instructed 

anticipation phase, resulting from cognitive reappraisal, may cancel out the positive 

impact brought by reappraisal. To test this speculation, we conducted two 2 (Emotion 

Induction: positive, neutral) x 2 (Phase: anticipation, instructed anticipation) repeated-

measures ANOVAs, with thoughts about virtual scenarios and other thoughts irrelevant 

to speech task and VR as dependent variables, separately. For positive thoughts about 

VR, results indicated that the main effect of Phase, F(1, 86) = 0.24, p = .624, η
partial
2  

= .003, and the interaction of Emotion Induction and Phase, F(1, 86) = 0.65, p = .421, 

η
partial
2  = .008, were not significant. However, the main effect of Emotion Induction was 

significant, F(1, 86) = 38.34, p < .001, η
partial
2  = .308, and participants of the positive 

group (M = 6.14, SD = 1.64) had more positive thoughts about VR than those of the 

neutral group (M = 3.96, SD = 1.63).  

 
Figure 6. Positive thoughts about VR in anticipation and instructed anticipation phase. Error bars 

represent standard errors. 
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In terms of irrelevant thoughts, the main effect of Emotion Induction, F(1, 75) = 

0.35, p = .559, η
partial
2  = .005, and the main effect of Phase, F(1, 75) = 2.64, p = .108, 

η
partial
2  = .034, were not significant. Although there was a tendency that participants in an 

incidental positive context had fewer irrelevant thoughts from anticipation to instructed 

anticipation phase, F(1, 75) = 3.30, p = .073, η
partial
2  = .042, while participants in a neutral 

context had comparable amount of irrelevant thoughts across the two phases, F(1, 75) = 

0.687, p = .410, η
partial
2  = .009, the interaction of Emotion Induction and Phase was not 

significant (see Figure 7), F(1, 75) = 3.36, p = .072, η
partial
2  = .043.  

 

 
Figure 7. Other thoughts irrelevant to speech task and VR in anticipation and instructed 

anticipation phase. Error bars represent standard errors. 
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in whether the change of thoughts after participants were instructed to reinterpret the 

speech task positively contributed to the change of positive emotion from anticipation to 

instructed anticipation phase. Hence, we first computed the increments of positive 

emotion and positive/negative thoughts about speech/VR (Increment of X = X at 

instructed anticipation phase – X at anticipation phase) and then calculated bivariate 

correlations among these increments of emotions and thoughts (see Table I). 

  
Table 1. 

Bivariate correlations between increments of emotions and thoughts 

 

 

IncPosVR 

 

IncNegVR 

 

IncPosSP 

 

IncNegSP 

 

 

IncOther 

 

Neutral 
IncPosEmo .125 -.150 .042 -.396* -.020 

N 35 37 30 31 29 

Positive 

 

IncPosEmo 

 

.483** -.100 .473** -.552***  .252 

N 

 

45 

 

50 

 

42 

 

43 

 

40 

 

 

Note. IncPosE is the increment of positive emotion from anticipation to instructed anticipation 

phase. Similarly, IncPosVR is the increment of positive thought of VR; IncNegVR is the 

increment of negative thought of VR; IncPosSP is the increment of positive thought; IncNegSP is 

the increment of negative thought of speech task; IncOther is the increment of irrelevant thought. 

* p < .05. ** p < .01. *** p < .001. 

 

 

 

The possible moderating role of Emotion Induction was examined in a series of 

hierarchical regression analyses, including increments of emotion and thoughts in Step 1 

before adding their interaction terms (Increment of thoughts × increment of positive 

emotion) in Step 2. We conducted hierarchical regression models for all five categories of 

thoughts, separately. The only significant moderation effect of Emotion Induction was  
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found on the relation between the increment of positive thoughts about speech task and 

increment of positive emotion. As shown in Table II, the addition of interaction term at 

Step 2 added significant incremental variance, R2
change = .05, Fchange (1, 68) = 4.62, p 

= .035.  

 
Table 2. 

 

Results of moderated multiple regression models predicting increment of positive emotion with 

the condition as a moderator between increments of positive emotion and positive thoughts about 

speech task 

 

 

Condition/ Predictors 

 

 

R 

 

Adj R2 

 

Δ R2 

 

F 

 

β 

 

t 

 

Step 1 .467 .195 .218*** 9.61***   

   IncPosSP        .261  2.44* 

   Emotion Induction     -1.574 -3.68*** 

 

Step 2 .517 .235 .050* 8.28***   

   IncPosSP     .295  2.79** 

   Emotion Induction     -1.571 -3.77*** 

   IncPosSP x  Emotion Induction 

     

   .450 

 

 2.15* 

 

 

Note. * p < .05. ** p < .01. *** p < .001. 

 

 

For the neutral group, the increment of positive thoughts about speech task was 

not related to that of positive emotion, and the simple slope was not significantly 

different from zero, b = .035, t(68) = .23, p = .817. For the positive group, however, the 

increment of positive thoughts about speech task was positively related to that of positive 

emotion, and the simple slope was significantly different from zero, b = .484, t(68) = 

3.29, p < .01, as can be seen in Figure 8. Results of the moderation effect indicated that 

when participants followed the instruction to reappraise the stressor, positive thoughts 

they generated may help them feel positive if they were in an incidental positive context. 
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In contrast, if they were in a neutral context, whether they generated more positive 

thoughts or not did not influence their positive feelings.  

 

 

Figure 8.  The increment of positive emotion regressed on increments of positive thoughts about 

speech task for the neutral and positive group. 
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DISCUSSION 

We applied different virtual scenarios in inducing positive or neutral mood states 

in the present study, and the results demonstrated the effectiveness of VR. Compared 

with those in a neutral context, participants in an incidental positive context experienced 

more positive feelings across different phases when the virtual scenarios were available 

to them. However, during the speech phase when participants took off the VR headset 

and gave the speech in front of a judge, there was no difference in their emotional ratings.   

Based on several different mechanisms we proposed that might support the 

facilitation effects of positive emotion on cognitive reappraisal, we hypothesized that 

compared with those in a neutral context, participants in an incidental positive context 

would report more positive emotion and less negative emotion when they were 

anticipating the speech task and instructed to reinterpret the stressor. However, results of 

confirmatory analyses failed to demonstrate that positive emotion facilitated cognitive 

reappraisal. In fact, participants of the positive group reported almost equivalent positive 

emotion at anticipation and instructed anticipation phases, while participants of the 

neutral group experienced a significant increase in positive emotion across the two 

phases. By analyzing the thoughts about speech task, we are certain that participants 

followed the instruction to reconsider the stressor in a positive way. Participants of both 

groups engaged in more positive and less negative thoughts about speech task at 

instructed anticipation phase compared with anticipation phase. However, being in an 

incidental positive context was not beneficial for generating more positive thoughts about 

speech task, implying that positive emotion may not facilitate reappraisal.  
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Such non-facilitation effects of positive emotion on cognitive reappraisal may 

result from the goal-oriented aspect of cognitive reappraisal. Cognitive reappraisal is a 

powerful goal-oriented regulatory strategy that can alleviate individuals’ negative 

feelings and enhance their positive mood states at the same time (Hajcak & Nieuwenhuis, 

2006; Kim & Hamann, 2007; McRae et al., 2010). It is possible that when individuals 

focus on their goal of changing the meaning of a stressful event, whether they are in a 

positive or neutral context may be irrelevant to the pursuit of the goal and such that the 

emotional contexts may have little influence on reappraisal. This plausible explanation is 

supported by the affect-as-information theory, which indicates that extraneous affect may 

exert an impact on information processing only when individuals believe the affect is 

relevant (Schwarz & Clore, 1983). When using reappraisal, the goal-oriented strategy, to 

regulate their emotional reactions, people may deem being in an incidental positive 

context as irrelevant and thus fail to infuse the effects of positive emotion into 

reinterpreting processes.  

Regarding positive emotion during the anticipation and instructed anticipation 

phases, we did not expect that participants in an incidental positive context would report 

relatively equivalent positive emotions, while participants in a neutral group experienced 

more positive feelings during the instructed anticipation period. Given that participants of 

both groups followed the instruction to reappraise and increased positive thoughts could 

contribute to overall positive feelings, we speculated that participants in the positive 

context were more likely to get distracted from the stressor partly due to the positive 

virtual scenario they were exploring and irrelevant thoughts they generated, especially 

when they were not told to reinterpret the stressor (Dreisbach & Goschke, 2004). 
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Analyses of positive thoughts about the virtual scenario and other thoughts irrelevant to 

speech task and VR supported our speculation to some extent. For the positive group, 

positive thoughts about VR remained at the same level from anticipation to instructed 

anticipation phase, but irrelevant thoughts tended to drop across the two phases, while 

positive thoughts about speech task rose. Thus, the effects of cognitive reappraisal at 

instructed anticipation phase might be canceled out by the reduced effects of distraction, 

giving rise to unchanged emotional states across two phases. However, participants in a 

neutral context had comparable positive thought about VR and irrelevant thoughts across 

the two phases. Hence, trying to reconsider the stressor in a positive way may make them 

feel better.  

An alternative explanation for the emotional changes from anticipation to 

instructed anticipation phase is that participants in a neutral context were more motivated 

to regulate the stressor and increase positive emotions than those in an incidental positive 

context. Existing literature implies that positive emotion may not always facilitate the use 

of reappraisal. In addition to the mechanisms we mentioned above, the mood-as-input 

account proposes that positive mood makes people feel satisfied with their performance 

and achievement they already have (Hawksley & Davey, 2010; Park & Banaji, 2000). 

Thus, compared with those in neutral mood states, people in positive mood states are less 

likely to put more effort in the processes of emotion regulation, which hinders the 

increase of positive emotion. In addition to the motivational account, some investigators 

propose that positive emotions do not broaden people’s cognitive scope directly. Instead, 

positive emotions influence the balance between internal and external attention and adjust 

the mobilization of mental resource allocated between internal and external information 
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(Vanlessen, De Raedt, Koster, & Pourtois, 2016). Negative emotions trigger individuals’ 

tendency toward a detail-oriented processing style, hindering the intake and processing of 

external new information (Clore & Palmer, 2009; Huntsinger, Isbell, & Clore, 2014). 

Positive emotions can trigger a transition from internal processing to external processing, 

facilitating the exploration and intake of external information. Such processes might be 

influenced by task demand. When the task is demanding, inward attention prevails, and 

processing of internal information is dominant. Taken together, when the demands of 

cognitive tasks are low and do not exceed cognitive resources, positive emotions can 

trigger the exploration of external information. However, when the tasks are more 

challenging, cognitive resources can be reoriented more to internal processes, such as 

cognitive control, by changing attentional mechanisms (Chun et al., 2011), and this 

guarantees proper resources can be utilized for task resolution. Notably, compared with 

positive moods, neutral mood favors the processes of internal information to a greater 

extent in both high and low cognitive demand. Given that reappraisal relies on internal 

processes and costs mental resources, implementation of this cognitively demanding 

strategy may be more successful in neutral mood states than in positive mood states, 

which implies the beneficial effects of neutral mood states rather than positive mood 

states. This may explain why participants in a neutral context experienced more positive 

emotion after they reappraised the stressor but not those in an incidental positive context.  

Although results of our study failed to support the facilitation effects of positive 

emotion on cognitive reappraisal, we found that being in an incidental positive context 

facilitated the relation between increments of positive emotion and positive thoughts 

about speech task from anticipation to instructed anticipation phase. Specifically, 
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participants of the positive group who generated more positive thoughts about speech 

task when they were told to reappraise were more likely to experience a greater increase 

in positive emotion. In contrast, the increase of positive thoughts about speech task was 

not associated with the increase of positive emotion among participants in a neutral 

context. Considerable research has shown that cognitive reappraisal facilitates the down-

regulation of negative emotions, reflected by an increase in positive emotions (John & 

Gross, 2004; Ochsner & Gross, 2008). Therefore, it is not surprising to find the positive 

association between the increase of positive thoughts about speech and increase of 

positive emotion for participants of the positive group. Generating more positive thoughts 

about the stressor helped participants to experience more positive emotions, while such 

effects of reappraisal might be canceled out by the decrease of distraction, leading to 

unchanged emotional states from anticipation to instructed anticipation phase. On the 

contrary, the increase of positive thoughts about speech task failed to predict the increase 

of positive emotion in a neutral context, but participants of the neutral group did 

experience more positive feelings and engaged in more positive thoughts about speech 

task from anticipation to instructed anticipation phase. Unlike participants of the positive 

group, participants of the neutral group had almost equivalent positive thoughts about VR 

and irrelevant thoughts across the two phases. Taken all these facts into account, we 

suppose that the increase of positive emotion for the neutral group may not result from 

the effects of cognitive reappraisal but rather distraction. Participants exploring the 

neutral scenarios might get bored easily from emotion induction to anticipation phase. 

When they viewed the instruction to reappraise the stressor halfway through their 

anticipation of the speech task, they got something new to do and were likely to be 
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distracted by the instruction. In such case, even though participants of the neutral group 

followed the instruction to generate more positive thoughts about speech task, their 

increase positive feelings originated from the distraction, resulting in an unrelated 

relation between the increase of positive emotion and increase of positive thoughts about 

speech across phases.   

By drawing regression lines for each group, we also noticed that several 

participants of the positive group engaged in fewer positive thoughts about speech task 

and had less positive emotion when they stepped into the instructed anticipation phase, 

which bolstered the positive relationship between increments of thought and emotion for 

the positive group and let to overall no change between the two phases. Due to the time 

limit of our experiment, we were unable to assess participants’ individual differences 

(e.g., resilience, trait reappraisal) and distinguish these participants from others. Future 

studies should measure these personality traits and investigate how this moderation effect 

of being in an incidental positive context on relations between the increase of positive 

emotion and positive thought may be influenced by individual difference.  

In conclusion, being in an incidental positive context is conducive for individuals 

to increase their positive emotions. Participants generated more positive and fewer 

negative thoughts about speech task when they were instructed to reappraise, regardless 

of virtual scenarios they viewed. Although we hypothesized that positive emotion might 

facilitate cognitive reappraisal based on cognitive and motivational mechanisms we 

proposed, results of the present study failed to support the facilitation effects of positive 

emotion. However, being in an incidental positive context facilitated the relations 

between the increase of positive thoughts and increase of positive emotions. For those in 
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an incidental positive context, an increase in positive thoughts about stressor during 

reappraisal period may give rise to an increase in positive emotion. However, the increase 

of positive thoughts was not related to the increase of positive emotion, which might 

result from distractions. Future investigation should explore the possible role of 

distractions and individual difference in the moderating effect of incidental emotional 

contexts.  
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APPENDIX 

Questionnaire A (only used at anticipation phase) 

We are interested in what thoughts you might have had in last couple of minutes while 

you were exploring the virtual scenario after you knew you were going to give an 

impromptu speech. Please read the following statements and indicate how much time you 

engaged in these thoughts while you were viewing the scenario. Please try as much as 

possible to indicate 

1. I had pleasant thoughts about the content of the virtual scenario. 

2. I had unpleasant thoughts about the content of the virtual scenario. 

3. I thought that the virtual scenario was calming. 

4. I thought that the virtual scenario was boring. 

5. I thought that the virtual scenario was exciting. 

6. I thought that the virtual scenario was annoying.  

7. I had mostly positive thoughts about the upcoming speech task. 

8. I had mostly negative thoughts about the upcoming speech task. 

9. I thought about how frustrated I was with the upcoming speech task. 

10. I thought about how stressful I was with the upcoming speech task. 

11. I thought about how fine I was with the upcoming speech task. 

12. I thought about how content I was with the upcoming speech task.  

13. I thought about things unrelated to the upcoming speech task or the virtual 

scenario. 

14. I thought about other things besides this experiment. 
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Questionnaire B (only used at instructed anticipation phase) 

We are interested in what thoughts you might have had in last couple of minutes after you 

were told to “reinterpret or re-consider the upcoming speech task so that you feel as 

positive as you can” while you kept exploring the virtual scenario. Please read the 

following statements and indicate how much time you engaged in these thoughts while 

you were viewing the scenario. Please try as much as possible to indicate  

1. I had pleasant thoughts about the content of the virtual scenario. 

2. I had unpleasant thoughts about the content of the virtual scenario. 

3. I thought that the virtual scenario was calming. 

4. I thought that the virtual scenario was boring. 

5. I thought that the virtual scenario was exciting. 

6. I thought that the virtual scenario was annoying.  

7. I had mostly positive thoughts about the upcoming speech task. 

8. I had mostly negative thoughts about the upcoming speech task. 

9. I thought about how frustrated I was with the upcoming speech task. 

10. I thought about how stressful I was with the upcoming speech task. 

11. I thought about how fine I was with the upcoming speech task. 

12. I thought about how content I was with the upcoming speech task.  

13. I thought about things unrelated to the upcoming speech task or the virtual 

scenario. 

14. I thought about other things besides this experiment. 
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