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Abstract 

Although it is well established that anxiety and race impact face-recognition accuracy, 

limited research has examined a potential interaction between these factors. This thesis 

compared two hypotheses to examine the interaction between anxiety and race. The first 

hypothesis suggested that anxiety and race could interact, with reduced other-race face-

recognition accuracy occurring when state anxious. The alternative hypothesis indicated 

reduced face-recognition accuracy when state anxious, but no interaction between anxiety 

and race.  

 In Chapter 2, a systematic literature review examined previous findings related to the 

interaction between anxiety and race on face-recognition accuracy, and potential moderators 

of this relationship. Results of this review indicated that limited research had considered the 

interaction between anxiety and race, and the direction of this relationship when found, was 

inconsistent. Further, an interaction was sometimes found incidentally, or when using a 

flawed methodology. The impact of anxiety was also measured when using questionnaires 

that were not sensitive to the dimensions of cognitive and somatic anxiety.  

 Chapter 3 compared the State-Trait Inventory for Cognitive and Somatic Anxiety 

(STICSA), that measures both cognitive and somatic anxiety dimensions, to the State-Trait 

Anxiety Inventory (STAI). Research has suggested that the STAI is an impure measure of 

anxiety, and is confounded by depression, and negative and positive affect. Further, it has 

been indicated that the STAI does not capture variance related to somatic anxiety. This 

chapter (N = 1064) supported these propositions, as the STICSA overall, had better divergent 

validity with measures of depression, and both negative and positive affect, while also having 

superior concurrent validity with other anxiety measures. The somatic subscale of the 

STICSA was also significantly less correlated with depression as compared to the cognitive 
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subscale, indicating the merit of examining somatic anxiety, separately. Further, the factor 

structure of the STICSA was found to be invariant between genders.  

 In Chapters 4 and 5 the findings of the preceding two chapters were incorporated to 

experimentally test whether state anxiety and race could interact to influence face-recognition 

accuracy. As informed by the systematic literature review, a methodology free from 

identified moderators was used. Further, according to Chapter 3, state anxiety was measured 

by the STICSA. Chapter 4 examined the interaction between state anxiety induced by a 

cognitive anxiety induction and race on face-recognition accuracy, when state anxiety was 

induced during encoding (Study 1; N = 53) and retrieval (Study 2; N = 54). State anxiety was 

induced through threat of a public speaking task. Study 1 findings did not support either 

hypothesis, as state anxiety, when induced during encoding, further reduced own-race face-

recognition accuracy. Support for another hypothesis was indicated, where recognition 

accuracy for non-threatening stimuli (own-race) was reduced when state anxious during 

encoding through biased attention towards threat-stimuli (other-race). In Study 2, no 

interaction between state anxiety and race occurred. Findings of Study 1 and 2 indicated that 

state anxiety and race could interact, however, this interaction only occurred when state 

anxiety was induced during encoding.  

Chapter 5 also examined the interaction between state anxiety and race on face-

recognition accuracy, however, state anxiety was induced during encoding (Study 3; N = 24) 

and retrieval (Study 4; N = 24) by a somatic anxiety induction. Specifically, state anxiety was 

induced through inhalation of 7.5% CO2 enriched air via the 7.5% CO2 challenge. Like 

Chapter 4, state anxiety when induced during encoding reduced own-race face-recognition 

accuracy, with no impact of state anxiety induced during retrieval. Findings of Chapter 4 and 

5, did not support hypothesis one or two. Despite an interaction occurring between anxiety 

and race, the direction of this interaction was opposite that expected. These findings also 
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indicated that an interaction could only occur when state anxiety was induced during 

encoding, and not during retrieval. Further, the interaction was in the same direction when 

using both a cognitive and somatic anxiety induction, adding to the robustness of this finding.  

 In summary, my results highlight the importance of examining co-occurring factors 

when measuring the impact of factors on face-recognition accuracy. In the General 

Discussion (Chapter 6), implications of my results specific to the criminal justice setting and 

for advancing theory, are given. Future research directions using my results as a foundation 

are also proposed.  
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Chapter 1 - General Introduction to the Thesis 

You are walking down the street behind an old woman. A hooded man runs past you 

and grabs the old woman’s handbag. Both the man and the old woman struggle, and the 

woman is thrown violently to the ground. Through the struggle, the hood of the man’s jumper 

slips. The man briefly looks at you as he grabs the handbag from the ground and runs away. 

You realise from this that the man is of a different race than your own. You then run over to 

the woman and you are feeling shaken, as watching this incident made you feel very anxious. 

How would your ability to identify the man be affected when witnessing the crime under 

these conditions? (Curtis, 2019). 

During routine circumstances, humans are experts at making face-recognition 

judgements effortlessly and with a high degree of accuracy (Tanaka, 2001). Despite the high 

fidelity of these recognition judgements, however, human memory is fallible (Lindsay, 

Mansour, Bertrand, Kalmet, & Melsom, 2011; Shapiro & Penrod, 1986). Like that illustrated 

in the hypothetical example above, factors such as experiencing increased anxiety, and 

witnessing a crime committed by an individual of another race, affect face-recognition 

accuracy. Research has extensively examined the influence of these two factors on face-

recognition accuracy (anxiety: Deffenbacher, Bornstein, Penrod, & McGorty, 20041, race: 

Malpass & Kravitz, 1969; Meissner & Brigham, 2001). Understanding how these factors 

influence face-recognition accuracy has direct relevance to real-world situations such as 

eyewitness identification (Deffenbacher et al., 2004; Meissner & Brigham, 2001). Within the 

United States alone, over the last three decades, 2364 individuals have been exonerated after 

being wrongfully convicted (Norris, Weintraub, Acker, Redlich, & Bonventre, 2019) with 

 
1 It must be noted that the meta-analysis conducted by Deffenbacher et al. (2004) outlined findings associated 

with face-recognition accuracy in terms of stress, in addition to anxiety. Despite this, however, Deffenbacher et 

al. used these terms interchangeably, and defined stress according to a definition associated with anxiety 

(definition outlined in the next section). Therefore, the meta-analysis by Deffenbacher et al. is discussed 

hereafter, in terms of the influence of anxiety on face-recognition accuracy. 
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63.6 per cent of these (1502 individuals) originally convicted through incorrect identifications 

(Norris et al., 2019). Indeed, these statistics are not unique to the United States with wrongful 

convictions occurring in many countries such as Canada, England, and Australia (Dioso-

Villa, Julian, Kebbell, Weathered, & Westera, 2016). For instance, in Australia, the highly 

publicised case related to David Eastman, who was wrongfully convicted through incorrect 

identification and served 19 years in prison, illustrates the severity of eyewitness 

misidentification (Dioso-Villa, 2015).  

Although extensive research has examined the influence of anxiety and race on face-

recognition accuracy separately, limited literature has examined the potential interaction 

between these factors. According to theoretical reasoning adapted from Brigham (2008), 

anxiety can interact with race to exacerbate face-recognition deficits for other-race faces 

(Curtis, Russ, & Ackland, 2015). This contrasts with predictions based on Attentional Control 

Theory (ACT; Eysenck, Derakshan, Santos, & Manuel, 2007), which suggests that although 

anxiety can reduce cognitive performance, it will not interact with face-race (Deffenbacher et 

al., 2004; Lundh & Öst, 1996). Despite these opposing predictions, a direct comparison 

between these theories has received little attention. In the following section, literature 

examining the influence of anxiety on face-recognition accuracy is discussed.  

Anxiety  

Anxiety can be broadly defined as the anticipation of future threat or danger, 

characterised by anticipatory cognitive, behavioural, and affective changes in response to the 

possibility of uncertain future negative events (Grupe & Nitschke, 2013). Anxiety is 

commonly separated into the subdomains of state and trait anxiety (Endler & Kocovski, 

2001; Kocovski, Endler, Cox, & Swinson, 2004; Spielberger, 1985a, 1985b). State anxiety 

relates to the transient anxiety response and trait anxiety, the stable tendency to become state 

anxious (Endler & Kocovski, 2001; Kocovski et al., 2004; Spielberger, 1985a, 1985b; 
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Spielberger & Sydeman, 1994). In addition to examining anxiety according to these domains, 

recent research has suggested that state and trait anxiety should be further delineated into the 

facets of cognitive and somatic anxiety (Grös, Antony, Simms, & McCabe, 2007; Grös, 

Simms, & Antony, 2010; Roberts, Hart, & Eastwood, 2016). Cognitive anxiety refers to 

anxiety symptoms associated with thought processes, such as worry, intrusive thoughts, 

inability to concentrate and indecisiveness, while somatic anxiety refers to anxiety specific to 

physical symptoms such as sweating, hyperventilation, trembling and palpitations (Ree, 

French, MacLeod, & Locke, 2008; Roberts et al., 2016). Considering these dimensions is 

important, as they influence the magnitude of anxiety elicited, and circumstances in which 

individuals will become state anxious (Ree et al., 2008). Cognitive and somatic state anxiety 

can be elicited through using anxiety induction procedures specific to the desired anxiety 

response (Ree et al., 2008). That is, a cognitive anxiety induction will heighten state anxiety 

initially through cognitive symptoms, while a somatic anxiety induction does this initially 

through somatic symptoms (Ree et al., 2008). Cognitive anxiety inductions commonly used 

within research include the Trier Social Stress Test (Kirschbaum, Pirke, & Hellhammer, 

1993), the threat of public speaking (Ciarrochi & Forgas, 1999; Curtis, 2013; Curtis et al., 

2015; Wilder & Shapiro, 1989a) and anagram tasks with false feedback on performance 

(Curtis & Locke, 2005; 2007; Curtis et al., 2015; Mogg, Mathews, Bird, & Macgregor-

Morris, 1990). Common somatic anxiety inductions include the 7.5% CO2 Challenge 

(Attwood, Catling, Kwong, & Munafò, 2015; Attwood et al., 2017; Attwood, Penton-Voak, 

Burton, & Munafò, 2013) and threat of electric shock (Endler & Shedletsky, 1973; 

Heatherton, Herman, & Polivy, 1991). 

According to Ree et al. (2008), cognitive and somatic anxiety inductions do not 

uniquely induce cognitive and somatic state anxiety symptoms, respectively. Rather, the 

magnitude of the state anxiety response elicited by these anxiety inductions are determined 
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by an individual’s level of cognitive and somatic trait anxiety (Ree et al., 2008). For instance, 

an individual with high cognitive trait anxiety when exposed to a cognitive anxiety induction, 

should theoretically, become more state anxious to this induction than a person with low 

cognitive trait anxiety. The influence of various cognitive anxiety inductions on face-

recognition accuracy have been well validated (for a review see Deffenbacher et al., 2004; 

Bielak & Moscovitch, 2012; Curtis & Locke, 2005, 2007; Curtis et al., 2015; Horry & 

Wright, 2009; Johnson & Fredrickson, 2005; Li, Weerda, Milde, Wolf, & Thiel, 2014). 

Further, use of the 7.5% CO2 Challenge also reduces face-recognition accuracy (Attwood et 

al., 2015; Attwood et al., 2017; Attwood et al., 2013).  

When examining the influence of anxiety on face-recognition accuracy, it is also 

important to examine the stage of memory formation in which the anxiety was induced. 

Memory formation consists of two main stages: encoding (Tulving, Kapur, Craik, 

Moscovitch, & Houle, 1994; Tulving & Thomson, 1973) and retrieval (Huijbers et al., 2013). 

The encoding phase of memory can be defined as a bottom-up process, occurring before 

retrieval, where an individual’s experience of an external event initiates memory storage 

(Tulving et al., 1994; Tulving & Thomson, 1973). During encoding, the internal state of the 

individual influences what information is given precedence and subsequently, encoded 

(Huijbers et al., 2013). For instance, experiencing heightened state anxiety during encoding 

gives precedence to the encoding of threat-related stimuli, regardless of whether this stimuli 

was directly relevant to the event (Cisler & Koster, 2010; Edwards, Edwards, & Lyvers, 

2016; Eysenck, 1979; Eysenck et al., 2007; Fox, Russo, & Georgiou, 2005). According to 

Mueller (1992), state anxiety experienced during encoding, when the task is sufficiently 

difficult, can disrupt task performance, such as during a face-recognition paradigm 

(Deffenbacher et al., 2004). Retrieval, on the other hand, is defined as a top-down process 

where information previously stored in memory is drawn upon to inform decisions (Huijbers 
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et al., 2013). State anxiety experienced during the retrieval phase can interfere with the 

retrieval of the memory previously encoded. This occurs through the new anxious memory 

created during retrieval degrading the originally encoded memory through interference 

(Cadle & Zoladz, 2015). The impact of race on face-recognition accuracy is briefly reviewed 

below.  

Race 

In a separate line of research, the race of an individual as compared to the race of the 

viewed face, also influences face-recognition accuracy (Deffenbacher et al., 2004; Malpass & 

Kravitz, 1969; Meissner & Brigham, 2001). Extensive research (Malpass & Kravitz, 1969; 

Meissner & Brigham, 2001) indicates that individuals are better at recognising faces 

belonging to their own race, as compared to another race. According to signal detection 

measures, as outlined by signal detection theory (Sporer, 2001), individuals are found to have 

fewer hits (correctly identifying a previously seen face), increased false alarms (incorrectly 

perceiving a face as previously seen), lower discrimination accuracy (dꞌ; standardised 

measure of accuracy taking into account hit-rate as compared to false-alarm rate), and a more 

liberal response criterion (heightened tendency to respond affirmatively that a face was seen 

previously) for individuals of another race (Meissner & Brigham, 2001). This finding is 

termed the own-race bias (ORB), cross-race effect or own-ethnicity bias, in the literature 

(Malpass & Kravitz, 1969; Meissner & Brigham, 2001).  

Numerous models have been created to explain the ORB with these categorised as 

either perceptual learning or social cognitive theories (e.g., feature-selection model, see 

Levin, 1996; Rhodes, Locke, Ewing, & Evangelista, 2009; cognitive disregard model, see 

Rodin, 1987, ingroup/outgroup model; IOM, see Sporer, 2001; multidimensional face-space 

model, MDS; see Valentine, 1991; Valentine & Endo, 1992). Although these models all have 
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their merits, the MDS model (Valentine, 1991; Valentine & Endo, 1992) and IOM (Sporer, 

2001) have received the most support.  

According to the MDS model, individuals store memory for faces on a 

multidimensional space where each person’s identity is portrayed by a unique point 

(Valentine, 1991; Valentine & Endo, 1992). Increased perceptual experience with a certain 

type of face refines the face space for faces coming from this category. Individuals 

commonly have more perceptual experience with own-race as compared to other-race faces 

and so their multidimensional space is more refined for the own race. Increased experience 

with own-race faces improves recognition accuracy for these faces, while also creating more 

recognition errors for other-race individuals (Valentine, 1991).  

According to the IOM (Sporer, 2001), the ORB occurs through ingroup as compared 

to outgroup classification. When an individual sees a face belonging to the own race, they 

categorise this face as part of the ingroup, and therefore encode the face on an individual 

basis. In contrast, when individuals encounter someone of another race, they immediately 

categorise the person as part of the outgroup. Outgroup categorisation leads to other-race 

individuals becoming impersonalised when stored into memory, and subsequently impairs 

face-recognition accuracy for these faces. Classifications according to the ingroup as 

compared to outgroup, according to the IOM is not specific to race, and occurs according to 

any ingroup/outgroup clarification, such as gender (own-gender bias; see Cross, Cross, & 

Daly, 1971; Lovén, Herlitz, & Rehnman, 2011; Wright & Sladden, 2003).  

From the literature reviewed, the effect of anxiety and race on face-recognition 

accuracy when considered separately, is well documented. According to the theory adapted 

from Brigham (2008), however, anxiety can interact with race to exacerbate other-race face-

recognition deficits (Brigham, 2008). In contrast, ACT (Eysenck et al., 2007) suggests that 

anxiety will not interact with other variables such as race, and therefore, will reduce face-
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recognition accuracy independently of face-race (Deffenbacher et al., 2004; Eysenck et al., 

2007). A description of these opposing theoretical positions will follow with a review of 

experimental evidence comparing these theories conduced thereafter.  

Attentional Control Theory 

 ACT states that anxious individuals will experience reduced performance on cognitive 

tasks (Eysenck et al., 2007), such as reduced face-recognition accuracy on a face-recognition 

paradigm (Deffenbacher et al., 2004). ACT (Eysenck et al., 2007) is built upon the theoretical 

assumption that there are two attentional control systems that determine how attentional 

resources are allocated (Eysenck et al., 2007). The first is the goal-driven or top-down 

system, and the second, the stimulus-driven or bottom-up attentional control system (Corbetta 

& Shulman, 2002). The goal-driven system influences the ongoing performance of the task at 

hand, while the stimulus-driven system determines attendance to salient and visible stimuli 

(Corbetta & Shulman, 2002). According to ACT, anxiety interferes with the balance between 

these two attentional systems whereby the stimulus-driven system is given preference over 

the goal-driven system (Eysenck et al., 2007). When experiencing anxiety, the stimulus-

driven system automatically processes threat-related stimuli (Fox et al., 2005). Threat stimuli 

can either be internal or external, with internal threat stimuli refering to thoughts (i.e. anxious 

task-irrelevant thoughts), while external threat stimuli relates to stimuli specific to the task 

(i.e. processing task-irrelevant stimuli; Cisler & Koster, 2010; Edwards et al., 2016; Eysenck, 

1979; Eysenck et al., 2007). According to ACT, the effect of anxiety on the stimulus and goal 

driven attentional systems is enhanced when anxiety levels are elevated (Eysenck et al., 

2007). Elevated anxiety can occur through exposure to high levels of situational stress 

eliciting state anxiety, and/or having high levels of trait anxiety (Edwards et al., 2016; 

Eysenck et al., 2007).  
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  According to ACT, anxiety alters the effectiveness and the efficiency of performance 

(Eysenck et al., 2007). Effectiveness relates to the quality of performance, such as the level of 

accuracy an individual has with selecting the correct response. Efficiency refers to the 

relationship between the cognitive resources needed to accomplish the task and how quickly 

the task can be conducted (Edwards et al., 2016; Eysenck, 1979). Efficiency is generally 

affected to a larger degree than effectiveness, as individuals when highly anxious can reduce 

performance deficits through expending extra cognitive resources (Eysenck & Derakshan, 

2011; Eysenck et al., 2007). Expending increased effort, however, increases the time taken to 

complete the task, and therefore reduces the efficiency (Eysenck & Derakshan, 2011).  

Although efficiency is most effected by anxiety, effectiveness can also be equally 

influenced (Eysenck & Derakshan, 2011). Performance effectiveness is reduced when an 

individual is not motivated to expend extra effort needed to overcome anxiety-related 

performance deficits. One such task eliciting low motivation is a face-recognition paradigm, 

as individuals during this task are instructed to passively examine face-stimuli (Attwood et 

al., 2015; Curtis et al., 2015).  

It must be noted that ACT (Eysenck et al., 2007) can be used to examine the drop in 

cognitive performance associated with anxiety in several different contexts, in addition to 

face-recognition accuracy. The drop in cognitive performance that occurs during a face-

recognition paradigm, occurs via insufficient inhibition of task-irrelevant stimuli while 

experiencing anxiety (Eysenck et al., 2007). ACT can also explain impairments on other tasks 

when experiencing anxiety, such as those requiring shifting of attention between multiple 

tasks (Miyake et al. 2000), including the Wisconsin Card Sorting Task (Edwards, Edwards, & 

Lyvers, 2015). ACT can also explain impairments on tasks needing updating and monitoring 

of representations within working memory, such as the Reading Span Task (Edwards, 

Edwards, & Lyvers, 2017). During this PhD project, only the impact of anxiety in the context 
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of face-recognition accuracy was considered. This thesis focused on face-recognition 

accuracy, as it sought to compare theories related to anxiety and race, which is directly 

relevant to this context.  

Theory adapted from Brigham (2008)  

In addition to predictions according to ACT (Eysenck et al., 2007), the theory adapted 

from Brigham (2008) indicates that intergroup anxiety can interact with race to exacerbate 

other-race face-recognition deficits. This occurs through intergroup anxiety reducing face-

recognition accuracy for other-race individuals by increasing reliance on categorisation. 

Increased categorisation occurs through anxiety reducing available cognitive resources 

potentially put towards creating a more efficient category, and therefore, reduces the capacity 

for individuation (Sarason, 1972). Increased categorisation leads faces to be stored in a highly 

prototypic way, and subsequently increases inter-category confusion between faces. Reliance 

on categorisation then increases use of stereotyping as a way of inferring information about 

an individual’s racial group (Bodenhausen, Mussweiler, Gabriel, & Mureno, 2001; Brigham, 

2008; Horry & Wright, 2009; Hugenberg, Young, Bernstein, & Sacco, 2010; Levin, 1996; 

Sarason, 1975; Sporer, 2001; Wilder, 1993). Although stereotypes are efficient, as gaps 

formed through a lack of attention can be filled with stereotypic information (Wilder, 1993; 

Wilder & Shapiro, 1989a, 1989b), they are not accurate (Wilder, 1993). Translating this 

process to the ORB, anxiety exacerbates other-race face-recognition deficits through reducing 

the effectiveness of categorisation, with this reducing discriminability of outgroup 

individuals, and consequently, increasing reliance on stereotyping as a means of 

compensation (Brigham, 2008). The theory by Brigham (2008) can be adapted to situations 

involving other types of anxiety, such as anxiety coming from an external source (i.e. state 

anxiety; Curtis et al., 2015), to explain exacerbated other-race face recognition deficits while 

highly anxious. Supporting this suggestion, according to Bodenhausen (1993), the other 
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group causing the emotion, such as anxiety, does not need to be physically present for the 

emotion to be elicited. Integral affect is elicited while in the presence of the other group, such 

as a highly stereotyped group (Stephan & Stephan, 1985; Wilder & Shapiro, 1989a, 1989b). 

Incidental affect, on the other hand, indicates that affective states, such as anxiety coming 

from a situation unrelated to the intergroup context, can affect perception of other group 

members (Bodenhausen, 1993). The emotion, such as anxiety, can deleteriously impact 

performance, and increase the tendency to stereotype members of the other group, despite the 

situation causing the emotion being unrelated to these outgroup members (Bodenhausen, 

1993). Translating this to face-recognition accuracy, it could be argued that experiencing 

state anxiety via an anxiety induction would impair other-race face recognition accuracy via 

incidental affect.          

Interaction between anxiety and race 

It has been well established that anxiety and race influence face-recognition accuracy 

while acting in isolation. Limited research, however, has considered the potential interaction 

between these factors. Support for the theory adapted from Brigham (2008) comes from 

several studies examining the interaction between anxiety and race. For example, the study 

conducted by Walker and Hewstone (2008) examined the interaction between intergroup 

anxiety and the ORB through use of an implicit association test and face-recognition 

paradigm. In their study, they found that intergroup anxiety reduced face-recognition 

accuracy for other-race faces through narrowing the observers’ focus of attention. A similar 

reduction in face-recognition accuracy for other-race faces occurred while experiencing 

heightened induced anxiety in the study by Johnson and Frederickson (2005).  

Support for the theory adapted from Brigham (2008, i.e., Johnson & Frederickson, 

2005; Walker & Hewstone, 2008) has been challenged by Horry and Wright (2009) whose 

findings supported ACT. They found that trait anxiety was correlated with face-recognition 
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inaccuracy. Like Walker and Hewstone (2008), however, this study was limited, as faces 

were initially presented through a dot-probe task. The dot-probe task (MacLeod, Mathews & 

Tara, 1986), despite being effective for looking at attentional biases, is a suboptimal method 

for examining face-recognition accuracy, as faces are presented concurrently. Findings of this 

study were also correlational, and so causality could not be determined. Further, Johnson and 

Frederickson (2005) did not seek to measure anxiety, and only found a correlation between 

other-race face-recognition accuracy and anxiety within a fear-induction condition.  

Two more recent studies examining the interaction between anxiety and race were 

Curtis et al. (2015) and Attwood et al. (2015). Curtis et al. examined this interaction through 

a face-recognition paradigm and induced state anxiety through a cognitive anxiety induction. 

Attwood et al. also used a face-recognition paradigm, but instead used a somatic anxiety 

induction. Both studies found that state anxiety reduced face-recognition accuracy, with 

Curtis et al. finding a reduction in face-recognition accuracy when state anxiety was induced 

during encoding, while Attwood et al. found this reduction when state anxiety was induced 

during retrieval. Although both studies also found an ORB (Meissner & Brigham, 2001), 

neither found an interaction between state anxiety and race. These findings contrasted with 

the theory adapted from Brigham (2008) and other studies reviewed, but supported ACT 

(Eysenck et al., 2007). Several moderators could have altered results. Inviting the possibility 

of an own-gender bias, both studies used mixed gender participants viewing only male faces 

(Cross et al., 1971; Lovén et al., 2011; Wright & Sladden, 2003). Further, Curtis et al. did not 

control for the emotionality of stimuli used. It is well established that recognition accuracy in 

anxious individuals is affected by valence of face-stimuli (Coles & Hugenberg, 2005; Gilboa-

Schechtman, Erhard-Weiss, & Jeczemien, 2002; Kikutani, 2018; LeMoult & Joornman, 

2012; Luo et al., 2018; Nakashima, Morimoto, Takano, Yoshikawa, & Hugenberg, 2014; 

Paunovic, Lundh, & Öst, 2003). Despite Curtis et al. and Attwood et al. using cognitive and 
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somatic anxiety induction procedures respectively, both also used the State-Trait Anxiety 

Inventory (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) to measure anxiety. 

Although the STAI sufficiently captures state and trait anxiety, this measure is not sensitive 

to the anxiety subdomains of cognitive and somatic anxiety (Ree et al., 2008). 

As illustrated above, controversy exists as to whether anxiety and race can interact 

with each other to alter face-recognition accuracy. Several limitations reported and potential 

moderators, however, might have potentially affected the relationship between anxiety, race, 

and face-recognition accuracy in previous studies. Failing to consider cognitive and somatic 

anxiety does not allow for an examination into how individual differences affect anxiety 

vulnerability to specific anxiety inductions. Further, not controlling for stimuli valance limits 

the ability to determine whether face-recognition deficits are caused purely by anxiety, or 

attributable to preferential processing of certain valenced stimuli. Additionally, using a mixed 

gender sample, according to the IOM can led to potentially uncontrolled ingroup/outgroup 

classifications. 

Overview of the Thesis 

 The studies reported in this research program were designed to test the two 

hypotheses examining the interactive influence of anxiety and race on face-recognition 

accuracy. The first hypothesis (H1), drawing from the theory adapted from Brigham (2008), 

indicates that race can interact with anxiety to influence face-recognition accuracy. 

Consistent with this hypothesis, I predict that experiencing heightened state anxiety while 

completing a racial-face recognition paradign will exacerbate performance deficits for other-

race faces. In contrast to this hypothesis, my second hypothesis (H2) relating to ACT 

(Eysenck et al., 2007) states that anxiety will influence performance on cognitive tasks, such 

as a face-recognition paradigm. Unlike the theory adapted from Brigham, ACT (Eysenck et 

al., 2007) does not predict an interaction between anxiety and race. Therefore, translating this 
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to the domain of face-recognition accuracy, according to this hypothesis, I predict that state 

anxiety induced through an anxiety induction procedure, will reduce overall face-recognition 

accuracy, regardless of race. 

 After this Chapter, the rest of the thesis is structured as a set of journal articles which 

have been submitted to peer-reviewed journals. In Chapter 2, a systematic literature review, 

Chapter 3, a psychometrics examination of the State-Trait Inventory for Cognitive and 

Somatic Anxiety (STICSA), Chapter 4, two studies examining the effect of cognitive 

anxiety on memory for own and other-race faces, and Chapter 5, two studies examining the 

effect of somatic anxiety on own and other-race faces. Chapter 6 was not prepared for 

publication but consists of a discussion that integrates the findings of the previous Chapters.  

 Before testing the opposing hypotheses, the current thesis sought to examine the 

variables potentially affecting the influence of anxiety and race on face-recognition accuracy. 

Specifically, Chapter 2 is a systematic review of the literature examining the influence of 

anxiety and race on face-recognition accuracy. This study concluded that most recent studies 

reviewed (Attwood et al., 2015; Curtis et al., 2015), indicated support for the hypothesis 

informed by ACT. As outlined in this chapter, however, various moderators of this 

relationship existed, potentially influencing the interaction between anxiety and race on face-

recognition accuracy. Most studies examining anxiety and race to date, did not consider these 

moderators, and so this systematic literature review concluded that the impact of moderators 

on anxiety and race were inconclusive. Subsequent studies, therefore needed to control for 

these moderators when examining support for H1 and H2. It must be noted that the 

systematic literature review presented in Chapter 2 was revised according to peer-review. A 

previous version was used to inform the remainder of my PhD. Subsequently, the study by 

Wilson and Hugenberg (2010) which indicated support for a third hypothesis, whereby own-

race face-recognition accuracy was reduced further by increased anxiety, was not considered.    
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As outlined in Chapter 2, it is important to examine the influence of anxiety when 

separated into the domains of cognitive and somatic anxiety (Ree et al., 2008), as they 

differently influence cognitive performance. Most research examining the influence of 

anxiety on performance, however, has used the STAI (Spielberger et al., 1983). In addition to 

not separating between the domains of cognitive and somatic anxiety, the STAI has been 

criticised for being confounded by depression and negative affect (Grös et al., 2007; Grös et 

al. 2010; Roberts et al., 2016). The STICSA (Ree et al., 2008) separates anxiety into the 

subdomains of cognitive and somatic anxiety. Further, this scale is also said be a purer 

measure of anxiety (Roberts et al., 2016). This scale, however, is relatively new, and limited 

evidence is available to support these claims. Therefore, in Chapter 3, we examined the 

factor structure of the STICSA, while also examining the concurrent validity of this scale 

with anxiety measures and the divergent validity of this scale with measures of depression, 

stress, and negative and positive affect. This chapter also explored the measurement 

invariance of the STICSA between genders as only one study has examined this previously 

(Carlucci et al., 2018), while no studies have examined this when using the English version of 

this questionnaire. Additionally, no studies had examined differences in anxiety expression 

between genders when using the STICSA, nor examined the concurrent and divergent 

validity of the STICSA with measures of anxiety, depression and negative and positive affect 

while separating between genders. 

The four studies that follow (Chapters 4 and 5) examined the influence of state 

anxiety inductions on face-recognition accuracy while using own and other-race face-stimuli. 

These studies were conducted as a way of comparing H1 and H2. According to Chapter 2, 

moderators influencing the effect of anxiety and race on face-recognition accuracy were 

controlled through using a methodology free from these influences. Additionally, the 

STICSA was used to measure state anxiety induced, according to recommendations coming 
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from Chapter 3. Study 1 and 2 (Chapter 4) examined the influence of a cognitive state anxiety 

induction on face-recognition accuracy. Research indicates that state anxiety differentially 

influences the encoding (initial) and retrieval (later) phase of memory formation 

(Deffenbacher et al., 2004; Huijbers et al., 2013). Therefore, Study 1 and 2 examined the 

influence of cognitive anxiety when induced during encoding and retrieval, respectively. The 

moderating influence of trait anxiety on induced state anxiety was also measured according to 

predictions stating that trait anxiety directly impacts anxiety reactivity (Eysenck & Van 

Berkum, 1992).  

Studies 3 and 4 (Chapter 5) examined the influence of a somatic anxiety induction on 

face-recognition accuracy. Like with Study 1 and 2, the STICSA was used to measure state 

anxiety. The same methodology in Chapter 4 was used by studies presented within Chapter 5. 

These studies, however, used a somatic, instead of cognitive, state anxiety induction. By 

using two different anxiety induction procedures, I contrasted the influence of a cognitive 

anxiety induction as compared to somatic anxiety induction, on face recognition accuracy, 

when this anxiety was separately induced during encoding (Study 3) and retrieval (Study 4).  

H1 and H2 did not include predictions of directionality related to the impact of 

cognitive and somatic anxiety inductions on a racial face-recognition paradigm when induced 

during encoding and retrieval, separately. At the time that these hypotheses were 

conceptualised through to present, limited research had examined the impact of these anxiety 

subdomains on face-recognition accuracy. Further, the study by Attwood et al. (2015), was 

one of the first to find an impact of state anxiety induced during retrieval within this context. 

No research had directly compared the impact of cognitive and somatic anxiety on the 

encoding and retrieval phases of memory, prior to this thesis. Therefore, an exploratory 

approach was taken when examining the impact of these anxiety subdomains and race on 

face-recognition accuracy when induced during encoding and retrieval, separately.     
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Finally, the findings of Studies 1 to 4, and the subsequent conclusions drawn from 

these, are discussed in Chapter 6. This discussion centres around the relative support for H1 

and H2. Implications of this research specific to informing theory in terms of expanding our 

understanding of the influence of cognitive and somatic anxiety subdomains and race, and 

interaction between these factors, on face-recognition accuracy, are examined. Further, 

practical implications of this research in terms of informing guidelines used within the 

criminal justice setting and situations using facial identification more generally, are 

discussed. Finally, the thesis concludes with recommendations for future research.  
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Abstract 

Wrongful convictions continue to occur through eyewitness misidentification. 

Recognising what factors, or interaction between factors, affect face-recognition is therefore 

imperative. Extensive research indicates that face-recognition accuracy is impacted by 

anxiety and by race. Limited research, however, has examined how these factors interact to 

potentially exacerbate face-recognition deficits. A novel theoretical postulation suggests that 

anxiety exacerbates other-race face-recognition deficits. Conversely, Attentional Control 

Theory predicts that anxiety exacerbates deficits for all faces. This systematic review 

examined existing studies investigating the possible interaction between anxiety and face-

race to compare these theories. Recent studies included in this review found that both anxiety 

and race influence face-recognition accuracy but found no interaction. Potential moderators 

existing in reviewed studies, however, might have influenced their results. Separately, in the 

studies reviewed, anxiety induced during retrieval impacted recognition, contrasting with the 

conclusions of previous reviews. Recommendations for future research are given to address 

moderators potentially impacting results observed previously.  

Keywords: Anxiety, race, own-race bias, face-recognition accuracy. 
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Introduction 

The ability to accurately recognise a face is a vital skill needed for daily functioning. 

Faces are often the key feature we pay attention to when looking at someone and the primary 

information source for discerning whether someone we see is known or unknown (Johnston 

& Edmonds, 2009). Facial recognition ability can be dissociated from both general 

intelligence and other types of recognition memory, such as memory for objects (Wilmer et 

al., 2010). Human beings are considered experts at recognising faces; however, this ability is 

fallible (Lindsay, Mansour, Bertrand, Kalmet, & Melsom, 2011; Tanaka, 2001). Because 

accurately recognising faces is important, extensive research has investigated what affects 

this ability (Lindsay et al., 2011).  

Two factors extensively researched regarding their influence on face-recognition 

accuracy are anxiety (Deffenbacher, Bornstein, Penrod, & McGorty, 2004) and race 

(Meissner & Brigham, 2001). The potential interaction between these variables has direct 

relevance to many real-world situations, such as eyewitness identification (Deffenbacher et 

al., 2004; Meissner & Brigham, 2001). When witnessing a crime, an individual will likely 

become anxious. Further, the individual committing the crime may be from a different racial 

group than the witness. This systematic literature review combines the available literature 

focusing on the influence of anxiety and race on face-recognition accuracy.  

Anxiety   

Anxiety can be broadly defined as the anticipation of future threat or danger, 

characterised by anticipatory cognitive, behavioural, and affective changes in response to the 

possibility of uncertain future negative events (Grupe & Nitschke, 2013). According to 

Attentional Control Theory (ACT; Eysenck, Derakshan, Santos, & Calvo, 2007), anxiety can 

lead to a reduction in performance on cognitive tasks, such as those used to examine face-

recognition accuracy (Deffenbacher et al., 2004; Lundh & Öst, 1996a). ACT states that when 
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people experience anxiety they emphasise the processing of threat-related stimuli, either 

internal (i.e. task-irrelevant thoughts) or external (i.e. processing task-irrelevant stimuli), 

instead of monitoring performance on the task at hand (Eysenck et al., 2007). Therefore, 

anxiety impairs attentional control through interfering with the balance between the stimulus-

driven system (attends to salient and visible stimuli) and goal-driven systems (monitors task 

performance), such that the stimulus-driven system is given precedence (Corbetta & 

Shulman, 2002). Disruption caused by threat processing is directly proportional to the amount 

of anxiety experienced, such that the higher the level of anxiety, the larger the impairment in 

attentional control, and subsequently, the greater the drop in cognitive performance (Eysenck 

et al., 2007). Different sources of anxiety, such as situational stress, and/or having a strong 

innate predisposition to becoming anxious increases the tendency to give precedence to 

processing of task-irrelevant threat stimuli (Eysenck et al., 2007). In the context of face-

recognition accuracy, ACT (Eysenck et al., 2007) would not predict an interaction between 

anxiety and race, and instead argues that anxiety would only reduce performance when acting 

in isolation (Curtis, Russ, & Ackland, 2015).  

 Reviews of closely related, but theoretically distinct, concepts (Christianson, 1992; 

Lovibond & Lovibond, 1995), specifically arousal (Deffenbacher, 1983) and stress 

(Christianson, 1992), indicate that the relationship between negative emotions and 

performance is less clear cut. Deffenbacher (1983) indicated that arousal influences 

performance according to an inverted-U function as specified by the Yerkes-Dobson law 

(Yerkes & Dodson, 1908). This function suggests that performance increases with heightened 

arousal up until an optimal point, with any further increases impairing performance. 

Performance on tasks, such as a face-recognition paradigm would, therefore, be highest under 

medium levels of arousal with reduced performance occurring at both low and high. This 
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argument, however, is considered overly simplistic, as arousal can indicate any type of 

arousal; from a drowsy state (low arousal) to exhilaration (high arousal) (Christianson, 1992). 

In contrast, Christianson (1992) suggested that heightened arousal (stress) would not 

impair performance. Through reference to the Easterbrook (1959) hypothesis, it was 

suggested that memory for peripheral details surrounding a stressful situation would be 

reduced, with no impairment occurring for central details. In terms of a face-recognition 

paradigm, faces would be considered a central focus, and so no difference in performance 

between high and low stress would occur. Christianson’s argument, however, was only 

specific to situations where the to-be-remembered details were the source of stress, and so 

lacks generalisation.  

In addition to the influence of anxiety on face-recognition accuracy, anxiety can also 

be considered a multidimensional concept (Ree, French, MacLeod, & Locke, 2008; 

Spielberger, 1985). Anxiety is commonly separated into the dimensions of state anxiety; the 

transient anxiety response, and trait anxiety; the stable tendency to become state anxious 

(Spielberger, 1985). The State-Trait Anxiety Inventory is often used to measure these forms 

of anxiety (STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). However, recently, 

it has been argued that anxiety should be further separated into the dimensions of cognitive 

anxiety; anxiety symptoms related to thought processes, and somatic anxiety; anxiety related 

to physiological symptoms (Ree et al., 2008).  

Memory Phase of Induced Anxiety 

In addition to seeing anxiety as a multidimensional concept, it is also important to 

consider the phase of memory formation in which the anxiety was induced, as this can also 

influence face-recognition accuracy through disrupting recognition (Attwood, Catling, 

Kwong, & Munafò, 2015; Curtis et al., 2015; Johnson & Fredrickson, 2005). Recognition 

consists of two stages: encoding, where information is stored into memory (Tulving, Kapur, 
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Craik, Moscovitch, & Houle, 1994), and retrieval, where previously-encoded information is 

accessed (Huijbers et al., 2013). Applying the principles of ACT, anxiety can interfere with 

encoding through the preferential allotment of cognitive resources to worrying thoughts, with 

this impairing task performance (Corbetta & Shulman, 2002; Deffenbacher et al., 2004; 

Mueller, 1992). Anxiety experienced during retrieval can also inhibit memory (Attwood et 

al., 2015), through interfering with previously-encoded memories (Cadle & Zoladz, 2015). 

Race 

Race also affects face-recognition accuracy (Meissner & Brigham, 2001). Termed the 

Own-Race Bias (ORB) in the literature, the ORB is the tendency to have lower face-

recognition accuracy, specifically, fewer hits (correctly identifying a previously seen face) 

and hit-rate (probability of correctly responding affirmatively to seeing a face previously) for 

other-race faces. Individuals also have increased false alarms (incorrectly perceiving a face as 

previously seen) and false-alarm rate (probability of incorrectly indicating seeing a face 

previously) for individuals of another race (Horry & Wright, 2009; Meissner & Brigham, 

2001; Sporer, 2001). Further, individuals have a reduced dꞌ and more liberal response 

criterion for other-race faces as compared to own-race faces (Meissner & Brigham, 2001). 

The ORB is highly robust, with this effect exhibited in Caucasian (Horry & Wright, 2009; 

Meissner & Brigham, 2001) and Asian (Kikutani, 2018) individuals viewing Caucasian, 

Asian, African and Middle Eastern faces (Horry & Wright, 2009).  

Many models have been created to explain the ORB, broadly categorised into 

perceptual learning and social cognitive theories (i.e. feature-selection model, see Rhodes, 

Locke, Ewing, & Evangelista, 2009; cognitive disregard model, see Rodin, 1987, 

ingroup/outgroup model, see Sporer, 2001; multidimensional face-space model, see 

Valentine, 1991; Valentine & Endo, 1992). Of these models, research has found most support 



   34 

 

  

for the ingroup/outgroup model of face processing (IOM; Sporer, 2001) and the 

multidimensional face-space model (MDS; Valentine, 1991; Valentine & Endo, 1992).  

According to the IOM (Sporer, 2001), when individuals encounter someone from 

another race, they automatically categorise them as an outgroup exemplar and therefore 

impersonalise them when stored into memory (Hugenberg, Young, Bernstein, & Sacco, 2010; 

Sporer, 2001). Categorisation as part of the outgroup is not specific to race, and 

ingroup/outgroup classifications according to gender (Own-gender bias; see Herlitz & Lovén, 

2013), have also been found. The MDS model suggests that memory for faces is stored in a 

multidimensional space in which each individual’s identity is represented by a unique point 

(Valentine, 1991; Valentine & Endo, 1992). Perceptual experience with different faces 

refines the face space so that it can be used to discriminate identities of highly familiar 

categories, such as human faces (O’Toole & Natu, 2013). Individuals have more perceptual 

experience with individuals of their own-race, and so their multidimensional space consists of 

more own-race, and less other-race examples. This experience leads to better discrimination 

accuracy for own-race, and increased discrimination errors, for other-race individuals 

(Valentine, 1991). Moderating this perceptual experience is the quality of other-race contact 

and the motivation to gain individuating experience (Walker & Hewstone, 2008; Walker, 

Silvert, Hewstone, & Nobre, 2008).  

Anxiety and ORB interaction  

As outlined above, anxiety and race can influence face-recognition accuracy when 

acting separately. However, limited research has investigated whether these two factors can 

interact to alter face-recognition accuracy, and fewer studies have explicitly and purposefully 

examined this question. Brigham (2008) stated that intergroup anxiety and race can interact to 

exacerbate face-recognition deficits for other-race faces. This interaction begins through 

intergroup anxiety reducing face-recognition accuracy for other-race individuals via an 
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increased reliance on categorisation. Anxiety increases categorisation by reducing the 

cognitive resources available for individuation of faces (Sarason, 1972). Increased reliance on 

categorisation subsequently increases the reliance on stereotypes for outgroup individuals, as 

a way of inferring information about the individuals’ racial group (Bodenhausen, Mussweiler, 

Gabriel, & Moreno, 2001; Brigham, 2008; Horry & Wright, 2009; Hugenberg et al., 2010; 

Sporer, 2001; Wilder, 1993). This theory can be adapted to situations involving other types of 

anxiety, such as anxiety coming from an external source (i.e. state anxiety; Curtis et al. 2015) 

to potentially explain exacerbated other-race face-recognition deficits while highly state 

anxious. Supporting this suggestion, Bodenhausen (1993) indicated that incidental affect, 

such as anxiety, can influence outgroup perceptions through increasing stereotyping, despite 

coming from a situation unrelated to the intergroup context. This suggestion is in contrast to 

ACT (Eysenck et al., 2007), which does not predict an interaction between these factors.  

The current study  

The purpose of the present systematic literature review was to examine the possible 

interaction between anxiety and race in the context of face-recognition accuracy. Because 

moderators unique to anxiety and race may influence the relationship between these two 

variables, potential moderators were examined separately. The goals of the current study 

were explored through three sequential steps. Firstly, this review examined how potential 

moderators specific to anxiety could influence the effect of anxiety on face-recognition 

accuracy. For example, we reviewed: how stimuli valence influences face-recognition 

accuracy and the effect of comorbid depression symptoms on the effect of anxiety (LeMoult 

& Joormann, 2012). The influence of anxiety, when induced during either encoding or 

retrieval, was also examined at this point, as according to ACT (Eysenck et al., 2007), 

anxiety, when induced during either encoding or retrieval, can produce memory deficits. The 

second step examined the influence of moderators specific to race. Potential moderators 
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examined were the influence of possible own-gender biases, as outlined in the IOM (Sporer, 

2001) and the impact of perceptual expertise and contact on face-recognition accuracy. 

Lastly, this review aimed to examine whether studies have found an interaction between 

anxiety and race, and whether this interaction was in the direction predicted by the theory 

adapted from Brigham (2008), or if results supported ACT (Eysenck et al., 2007). We also 

discuss at this point, how potential moderators identified by the first two steps reduce 

confidence in results observed.  

Method 

Protocol  

This review was conducted following PRISMA guidelines for systematic reviews and 

meta-analyses (Moher, Liberati, Tetzlaff, & Altman, 2009) and was preregistered on the 

Open Science Framework (https://osf.io/ja28t). 

Search Procedure 

The following electronic databases were searched from their inception through to 7 

February 2020: PubMed, PsycINFO, PsycARTICLES, ProQuest, Scopus, Web of Science 

and Wiley Library2. Search strategies for each database are shown in Appendix A 

(Supplementary Materials). The search was constructed around the differing types of 

“anxiety” and “face recognition” and were adapted for each database. Due to overlap with 

eyewitness memory research, searches also included terms such as "stress", "arousal" and 

"eyewitness memory". Studies measuring related concepts such as stress, however, were only 

included if they defined this concept such that it would meet the definition of anxiety 

provided earlier in this paper.  

 
2 Although searching with Science Direct was also indicated via the pre-registered protocol, due to the 

complexity of the current search and overlap with Scopus, upon recommendation from the librarian this 

database was excluded. 
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Race was not explicitly searched for to broaden results identified, as limited research 

has examined both the influence of anxiety and race together. Therefore, anxiety affecting 

face recognition was examined first, due to this being the first step, and then these studies 

were further examined according to those examining race.  

Search strategies for databases were cleared by a librarian at the University of 

Western Australia. Each database search was modified according to available Boolean terms 

and ability for truncation or proximity searching. Due to common variations in phrasing, 

terms like “face recognition”, were searched via proximity searching. Where proximity 

searching was not available or appropriate, the most common phrase variation was searched 

instead.  

Only articles that were in English, full-text, and peer reviewed were included. 

Abstracts and titles of identified records were screened, and the full articles of potentially 

eligible studies retrieved. Firstly, all duplicates were removed. Two reviewers then screened 

the titles and abstracts of the remaining papers individually and obtained full-text of 

potentially eligible studies. The studies were then checked in detail, with eligible papers 

included in the systematic literature review. Once included papers were selected, backwards 

and forward searching of these papers’ references were conducted to find further eligible 

studies. These articles were then assessed for eligibility according to inclusion and exclusion 

criteria.  

Inclusion and exclusion criteria 

Included studies 1) used an experimental study design, 2) measured face-recognition 

accuracy as one of the main focuses, 3) face stimuli portrayed any emotional valence (e.g. 

happy, sad, neutral) from any race (e.g. Caucasian, Asian, African American), 4) participants 

were ≥18 years, with or without a psychiatric diagnosis and from any gender or race, 5) with 

anxiety explicitly measured, where 6) anxiety was either non-induced (i.e. compared high 
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anxiety to low anxiety), induced through an anxiety induction, or reduced through an anxiety 

reduction procedure.  

Excluded studies 1) had a main focus on facial expression, object recognition or 

reaction times, 2) the main focus on anxiety reduction was through a clinical therapy (such as 

cognitive behaviour therapy), 3) examined artificial facial recognition (i.e. through use of 

artificial intelligence), and 4) focused on the influence of another clinical diagnosis (such as 

developmental, intellectual disabilities or traumatic brain injury), in addition to how anxiety 

affects face recognition.  

 The specific number of included and excluded papers at each step, according to the 

inclusion and exclusion criteria are listed in Figure 1.  
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Figure 1. Flowchart of the results for the literature search. 

 

30258 records identified through 

databases searching. 

- 2713 ProQuest 

- 659 PsycARTICLES 

- 4232 PsycINFO 

- 2711 PubMed 

- 7218 Scopus 

- 11359 Web of Science 

- 1366 Wiley Online 

Library 

0 additional record identified through 

other sources. 

20874 of records after duplicates. 

removed. 

20610 of records excluded. 

8 + 264 full-text articles assessed for 

eligibility. 

230 full-text articles excluded 

- 3 no full text. 

- 10 not experimental. 

- 48 face-recognition accuracy 

not one of main focuses. 

- 2 excluded as participants not 

over 18 years old. 

- 29 face expression recognition.  

- 85 no explicit measurement of 

anxiety. 

- 49 not face stimuli. 

- 4 clinical diagnosis main focus. 

 

42 full-text articles included in 

qualitative analysis. 

42 full-text included in quantitative 

analysis.  

8 additional relevant 

articles identified 

through backward and 

forward searching of 

included articles 

references. 
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Data Extraction 

 Articles extracted were subdivided into papers examining the influence of anxiety 

induction/reduction, non-induced anxiety, and the interaction between anxiety and race, on 

face-recognition accuracy.  

In line with the first step, data items were extracted according to moderators affecting 

the influence of anxiety on face-recognition accuracy. Identified moderators included: the 

influence of participant gender and stimuli on results (see Table 2). The interaction between 

stimuli valence and anxiety, within both clinical and non-clinical populations (see Table 3). 

An indication of whether anxiety was measured through the STAI, and the influence of 

inducing anxiety during either encoding or retrieval (also see Table 2). According to the 

second step, the influence of an own-group bias, specifically gender, was examined. Where 

applicable, gender was also presented in Table 3 due to overlapping themes. As specified by 

the third step, the interaction between anxiety and race was examined (see Table 4). Due to 

limited studies commenting on perceptual expertise and contact (n = 2), this information was 

presented in Table 4, as per step two.  

Results specific to each of the three steps were recorded according to the signal 

detection measures they most closely represented (McNicol, 1972; Sporer, 2001); hits/hit-

rate, misses, false alarms/false-alarm rate, correct rejections, response bias, and dꞌ. Not all 

studies examined recognition accuracy via signal detection measures or used a closely related 

measure. These results were therefore labelled ‘general recognition accuracy’ as a way of 

highlighting that they did not align with signal-detection measures.  

Risk of bias and quality assessment. An adapted version of the Cochrane 

Collaboration’s tool for assessing risk of bias (Higgins et al., 2011) assessed bias over five 

categories (see Table 1, for average scores, and Table S1, Supplementary Materials for 

detailed scoring). Selection bias was separated into a) random sequence generation; 
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specifying allocation into different conditions must be described, and b) allocation 

concealment; stating concealment of allocation into experimental and control conditions 

should occur before conducting the experiment. Performance bias consisted of a) participants 

and personnel blinding, which was modified to blinding of participants only, as the 

experimenter needed to know condition assignment to carry out the anxiety 

induction/reduction. 3) Detection bias consisting of blinding of outcome assessment; where 

knowledge of allocation to control or experimental conditions was low risk if this knowledge 

would not affect the outcome measure. 4) Attrition bias consisting of incomplete outcome 

data, and 5) reporting bias (selective reporting), defined as reporting bias due to selectively 

reporting outcome variables. Each study was given a total score, with a maximum score of 6, 

reflecting the five categories (plus the two sub-categories of category one). 

Results 

 Characteristics of Included Studies   

Initially, 30258 records were extracted (see Figure 1). After removing duplicates, 

reading titles and abstracts, and screening full-texts and searching references, 42 articles 

remained. Of these, 15 articles used an anxiety induction, 18 examined non-induced anxiety, 

and nine measured the interaction between anxiety and race. Demographic information 

related to the included papers, specifically, article authors, experimental design, participant 

characteristics, whether an anxiety induction/reduction procedure was used, and relevant 

questionnaires given, are presented in Table 1.  

Risk of Bias 

Most studies were not affected by substantial bias; with average ratings of 4.60, 4.22, 

and 4.22, for studies examining induced anxiety, non-induced anxiety, and the interaction 

between anxiety and race, respectively.
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Table 1  

Characteristics of included studies examining effect of induced anxiety, non-induced anxiety, and anxiety x race, on face-recognition accuracy. 

 

 

Authors 

 

Experiment 

Design 

 

 

N 

Age 

(in 

years) 

 

% 

female 

 

Participant 

Race 

 

 

Population 

Anxiety 

induction/ 

reduction 

 

Anxiety 

manipulation 

 

 

Relevant measures 

Quality 

assessment 

score 

Induced anxiety 

Mueller, Bailis, & 

Goldstein (1979) 

FRT  96 - - - US AI  Orienting task 

under evaluation 

STAI, TAS 5 

Bailis & Mueller 

(1981) 

FRT  120 - 50.00 - US AI/AR/CC Negative vs. 

positive feedback 

vs. no feedback 

TAS, STAI-S 4 

Kassin (1984) Photospread 30 - 46.67 - US AI/CC Mock-crime Self-questionnaire 

including measurement 
of nervousness 

6 

Bothwell, Brigham, 

& Pigott (1987)  

Lineup 128 - 52.34 - US AI Arousing 

situations  

STPI, STAI-S, HR 5 

Ready, Bothwell, & 

Brigham (1997) 

Lineup 100 - - - US AI/CC  Video STPI 5 

Savaskan, Ehrhardt, 

Schulz, Walter, & 
Schächinger (2008)  

FRT  36 27.5 50.00 - - AR/CC Intranasal 

oxytocin 

SPS, SIAS 4 

Valentine & Mesout 

(2009) 

Photospread 56 31.00 51.78 - - AI Horror labyrinth State Anxiety 

Inventory (Valentine & 

Mesout, 2009), STAI-

S, STAI-T, HR  

5 

Bielak & 

Moscovitch (2012)  

FRT  80 18.87 62.50 32.5% 

Caucasian 

US AI Public speech SPIN, DASS-21 3 

Nakashima, 
Morimoto, Takano, 

Yoshikawa, & 

Hugenberg (2014)  

FRT  44 19.57 54.54 Asian US AI/CC Dark vs. light 
room 

STAI-S 3 
 

 

 

 

(continued) 
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Table 1 (continued) 

 

 

Authors 

 

Experiment 

Design 

 

 

N 

 

Age 

(in years) 

 

% 

female 

 

Participant 

Race 

 

 

Population 

Anxiety 

induction/ 

reduction 

 

Anxiety 

manipulation 

 

 

Relevant measures 

Quality 

assessment 

score 

Li, Weerda, 

Milde, Wolf, & 

Thiel (2014) 

FRT 27 24.25 0 - - AI/CC TSST HR, DBP, SBP, 

Multidimensional Mood 

State Questionnaire 

(Steyer, Schwenkmezger, 
Notz, & Eid, 1994) 

3 

Klinkenberg et al. 

(2016)  

FRT, NPU-

paradigm. 

32 23.60 50.00 Caucasian - AI/CC Unpredictable 

vs. predictable 

threat vs. no 

threat 

Stress Adjective 

Checklist Task  

5 

Park, Kim, Jeong, 

Chung, & Yang 

(2016)  

FRT 15 36.40 46.67 - IP AI/CC Anxiety 

provoking 

photos 

Diagnosis of Generalised 

Anxiety Disorder via the 

DSM-IV (SCID-1; First, 

Spitzer, Gibbon, & 

Williams, 2002), Visual 

Analogue Scale 

6 

Bolton & 

Robinson (2017) 

FRT 84 24.70 59.52 - - AI/CC Threat of 

shock 

Retrospective ratings of 

anxiety  

4 

Luo et al. (2018) Letter 

Search Task, 

SRT 

53 22.22 0 - - AI/CC Socially 

evaluated cold 

pressor test 

STAI-S, STAI-T, Coping 

Inventory for Stressful 

Situations (Endler & 

Parker, 1990), HR 

6 

Garibbo, 

Aylward, & 

Robinson, 2019 

FRT 32 27.03 56.25 - - AI/CC Threat of 

shock 

STAI-T, STAI-S, 

retrospective ratings of 

stress 

5 

Non-induced anxiety 

Nowicki, 

Winograd, & 

Millard (1979)  

FRT, OT Exp 1:  

93 

Exp 2:  
76 

- 

 

-  

Exp 1: 

68.82 

Exp 2: 
51.32 

- 

 

- 

US N/A  STAI 5 

Lundh & Öst 

(1996a)  

FRT 40 31.75 -  US, CM N/A  SA-SCS 4 

 

(continued) 

 



   44 

 

  

Table 1 (continued) 

 

 

Authors 

 

Experiment 

Design 

 

 

N 

Age 

(in 

years) 

 

% 

female 

 

Participant 

Race 

 

 

Population 

Anxiety 

induction/ 

reduction 

 

Anxiety 

manipulation 

 

 

Relevant measures 

Quality 

assessment 

score 

Lundh & Öst 

(1996b)  

FRT 40 32.25 80.00 - TS-CM, 

US, CM 

N/A Anxiety Disorder Interview 

Schedule-revised (DiNardo 

& Barlow, 1988), SA-SCS  

4 

Lundh, Thulin, 
Czyzykow, & Öst 

(1998) 

FRT Exp: 
1: 60 

Exp 

2: 60 

Exp 1: 
33.88 

Exp 2: 

38.45  

Exp 1: 
63.33 

Exp 2: 

73.33 

- 
 

- 

TS-CM, 
US, CM 

N/A ADIS, STAI, BDI  4 

Gilboa-

Schechtman, 

Erhard-Weiss, & 

Jeczemien (2002)  

FRT  66 34.36 69.70 - OP, CM N/A  BDI, BAI, STAI-T, STAI-

S 

3 

D'Argembeau, 

Van der Linden, 

Etienne, & 

Comblain (2003)  

FRT 46 19.74 84.78 - US N/A  STAI-T, BDI, SISST, State 

Anxiety Scale (rating 1-10) 

3 

Paunovic, Lundh, 

& Öst (2003) 

FRT 80 33.35 60.00 34.35 TS-CM, 

US, CM 

N/A Post-Traumatic Symptom 

Scale (Foa, Riggs, Dancu, 

& Rothbaum, 1993), 

Clinician Administered 

PTSD Scale (Blake et al., 

1995), ADIS, STAI-T, 

BDI, BAI 

4 

Coles & 

Heimberg (2005) 

FRT 50 30.84 58.00 Caucasian TS-CM, 

CM 

N/A  STAI-S, visual analogue 

scale assessing state 

anxiety, SIAS, SPS, BDI 

4 

Gentili et al. 

(2008)  

O-BRT 15 34.50 46.67 - - N/A  LSSP, IAS, AAS, STAI-S 4 

Davis et al. 

(2011)  

CFMT 138 21.91 60.87 Caucasian US N/A  SIAS, STAI-T 3 

LeMoult & 

Joormann (2012)  

FRT, DPT 73 37.28 57.37 22% 

Caucasian 

CM N/A  BDI-II, LSAS 4 

 

 

(continued) 
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Table 1 (continued) 

 

 

Authors 

 

Experiment 

Design 

 

 

N 

Age 

(in 

years) 

 

% 

female 

 

Participant 

Race 

 

 

Population 

Anxiety 

induction/ 

reduction 

 

Anxiety 

manipulation 

 

 

Relevant measures 

Quality 

assessment 

score 

Wang (2013) FRT 93 18.81 51.61 - US N/A Arousal predisposition 

questionnaire (Coren, 1990), 

Emotion regulation 

questionnaire (Gross & John, 
2003) 

6 

Rauch et al. 

(2014) 

FRT 40 22.65 100.00 - US N/A Mainz Coping Inventory 

(Egloff & Krohne, 1998), 

STAI-S, STAI-T, BDI  

4 

Avery, 

VanDerKlok, 

Heckers, & 

Blackford (2016)  

RFT 52 23.00 65.00 73% 

Caucasian 

- N/A  ASRI, RSRI 6 

Hagemann, 

Straube, & Schulz 

(2016)  

FRT 42 26.98 

 

76.19 Caucasian - N/A 

 

BDI, LSAS, SPS, SIAS 4 

Bobak, 

Pampoulov, & 

Bate (2016) 

CFMT 254 21.40 57.48 Caucasian US, CM N/A STAI-T, SIAS 4 

Turano & 

Viggiano (2017)  

CFMT 158 39.30 60.76 Caucasian CM N/A 

 

STAI-T, SPS, SIAS, BDI-II 4 

Park, Marsh, & 

Johnson (2019) 

Ultimatum 

Game, SRT 

110 19.90 67.27 - US N/A STAI-S, STAI-T 6 

Anxiety x Race interaction 

Brigham, Maass, 

Martinez, & 

Whittenberger 

(1983)  

R-FRT 40 - 50.00 Caucasian  US AI Threat of 

shock 

Self-report of anxiety (0-

100), HR, finger pulse 

volume, Racial contact 

questionnaire and Multifactor 

Facial Attitude Inventory 
(Brigham & Severy, 1973; 

Brigham, Woodmansee, & 

Cook, 1976; Woodmansee & 

Cook, 1967) 

 

6 

 

 

 

 
 

 

 

 

(continued) 
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Table 1 (continued) 

 

 

Authors 

 

Experiment 

Design 

 

 

N 

Age 

(in 

years) 

 

% 

female 

 

Participant 

Race 

 

 

Population 

Anxiety 

induction/ 

reduction 

 

Anxiety 

manipulation 

 

 

Relevant measures 

Quality 

assessment 

score 

Johnson & 

Fredrickson 

(2005)  

R-FRT 89 - 55.06 Caucasian US AI/AR/CC Video Retrospective emotion report 

(including anxiety) 

4 

 

Walker & 
Hewstone (2008) 

IAT, R-
FRT 

39 - 53.85 54% 
Caucasian  

US N/A  25 question survey (questions 
related to: intergroup anxiety, 

social contact and 

individuating experience) 

3 
 

Horry & Wright 

(2009)  

Exp 2: 

DPT,  

R-FRT 

127 22.35 65.00 Caucasian US, Usf  AI/CC Stereotype 

priming 

STAI-T, STAI-S 4 

Wilson & 

Hugenberg (2010) 

R-FRT Exp 1: 

108 

Exp 2: 

191 

- - Caucasian US AI/CC Immigration 

threat 

Emotion report, including 

anxiety, worry and threat 

4 

Wang, Hu, Short, 
& Fu (2012)  

R-FRT 30 20.17 60.00 Asian US  N/A  Cheek and Buss Shyness Scale 
(Cheek, 1983) 

3 

Curtis et al. 

(2015) 

R-FRT Exp 1: 

51 

 

Exp 2: 

110 

22.32 

 

 

 

21.49  

62.74 

 

 

 

73.64 

Caucasian US Exp 1: 

AI/CC 

 

Exp 2: 

AI/CC 

Public speech 

 

 

 

Anagram task 

STAI-T, STAI-S 

 

5 

Attwood et al. 

(2015) 

R-FRT 30 - 50.00 Caucasian USf, US, 

CM 

AI/CC 7.5% CO2 

Challenge 

STAI-T, STAI-S, HR, SBP, 

DBP 

5 

Kikutani (2018) R-FRT 87 19.56 71.26 Asian US N/A  SISST 4 

 Note. University students: US, University staff: Usf, Community members: CM, treatment seeking community members: TS-CM, In-patients: IP, Out-patients: OP, Heart 

rate: HR, Systolic blood pressure: SBP, Diastolic blood pressure: DBP, Anxiety induction: AI, Anxiety reduction: AR, Control condition: CC, Not applicable: N/A, Not 

reported: -, Cambridge Face Memory Task: CMFT, Face recognition task: FRT, Implicit Association Test: IAT (Greenwald, McGhee, & Schwartz, 1998), Neutral, 

predictable and unpredictable threat test paradigm: NPU-paradigm (Schmitz & Grillon, 2012), One-Back Repetition Task: O-BRT, Orienting task: OT, Repeated Faces Task: 
RFT, Racial-face recognition task: R-FRT, Surprise Recognition Task: SRT, Random Sequence generation: RSG, Dot-probe task: DPT, Adult Self-Report of Inhibition: 

ASRI, Retrospective Self-Report of Inhibition: RSRI (Reznick, Hegeman, Kaufman, Woods, & Jacobs, 1992), Anxiety Disorders Interview Schedule: ADIS (Brown, Di 

Nardo, & Barlow, 1994), Audience Anxiousness Scale: AAS (Leary, 1983), Beck Anxiety Inventory: BAI (Beck, Epstein, Brown, & Steer, 1988), Beck Depression 

Inventory (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), Beck Depression Inventory-II: BDI-II (Beck, Steer, & Brown, 1996), Depression Anxiety Stress Scale-21: 

DASS-21 (Lovibond & Lovibond, 1995), Interaction Anxiousness Scale: IAS (Leary & Kowalski, 1993), Liebowitz Scale for Social Phobia: LSSP (Liebowitz, 1987), Social 
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Anxiety subscale on Self-Consciousness Scale: SA-SCS (Fenigstein, Scheier, & Buss, 1975), Social Interaction Anxiety Scale: SIAS (Mattick & Clarke, 1998), Social 

Interaction Self-Statement Test: SISST (Glass, Merluzzi, Biever, & Larsen, 1982), Social Phobia Scale: SPS, Social Phobia Inventory: SPIN (Connor et al., 2000), State and 

Trait Anxiety Inventory; STAI, STAI-state: STAI-S, STAI-trait: STAI-T (Spielberger, Gorsuch, & Lushene, 1970; Spielberger et al., 1983), State-Trait Personality Inventory: 

STPI (Spielberger, 1979), Test Anxiety Scale: TAS (Sarason, 1972), The Leibowitz Social Anxiety Scale: LSAS (Liebowitz,1987).  
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Potential Moderators of Anxiety and Race  

Gender. The impact of gender, and interaction of gender with other variables, within 

included studies are presented in Table 2. Most studies reported on participant gender (n = 

41), face stimuli gender (n = 38) and used a mixed-gender sample of both participants and 

face stimuli (n = 23). No studies used the same gender participants and stimuli. Most studies 

reporting on gender found an impact of gender on face-recognition accuracy (10 out of 16). 

The majority of studies found higher face-recognition accuracy (dꞌ, general recognition 

accuracy and hit-rate/hits) in female participants compared to males (Bobak at al., 2016; 

Nakashima et al., 2014; Nowicki et al., 1979; Wang, 2013). An own-gender bias was also 

present, but only for female participants (Wang, 2013).  

 In one study (Nowicki et al., 1979), gender interacted with anxiety, as a stricter 

response criterion and lower hit-rate occurred in female participants with higher anxiety as 

compared to low. An increased dꞌ for female participants within the moderate-anxiety 

condition compared to high-anxiety condition, was also found in another study (Brigham et 

al., 1983). In two studies (Gilboa-Schechtman et al., 2002; Wang, 2013), although non-

uniform, differences in face-recognition accuracy (hit-rate and general recognition accuracy, 

respectively) between genders occurred according to face-stimuli valence.   

Face-stimuli valence. Impact of face-stimuli valence on results are presented in Table 

3. Most studies used face-stimuli displaying more than one valence (n = 22) and examined 

the influence of stimuli-valence on recognition accuracy (n = 17). Despite this, many studies 

did not comment on the influence of stimuli-valence (n = 12). Only one study (Kikutani, 

2018) measured the impact of stimuli-valence on the interaction between anxiety and race. 

Most clinical anxiety studies (eight out of 10), and a minority of non-clinical anxiety studies 

(nine out of 32), measured the impact of stimuli-valence on face-recognition accuracy. The 

majority of clinical (n = six), and non-clinical anxiety (n = seven) studies examining face-
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valence had a successful anxiety manipulation. Only these studies are discussed due to the 

inability of determining anxiety impact without a successful anxiety manipulation. 

Results concerning the influence of face-stimuli valence on face-recognition accuracy 

were heterogeneous. For example, one study (LeMoult & Joormann, 2012) found higher 

general recognition accuracy for negative (angry) stimuli in non-clinical participants as 

compared to clinical. Another study (Luo et al., 2018) found higher general recognition 

accuracy for negative (fearful) stimuli in non-clinical participants within the anxiety 

condition when under low attentional load, as compared to the control condition. However, in 

another study (Paunovic et al., 2003), general recognition accuracy was highest for non-

negative (non-hostile) stimuli in non-clinical participants as compared to those with an 

anxiety diagnosis. No difference in this study occurred between those with an anxiety 

diagnosis and no diagnosis in terms of negative (hostile) stimuli. In another study (Kikutani, 

2018), stimuli valence interacted with the ORB, as individuals with higher, as compared to 

lower anxiety, reported a reduced happiness advantage for happy own-race faces according to 

dꞌ.  

Comorbid depression/anxiety. Only two studies (Gilboa-Schechtman et al., 2002; 

LeMoult & Joormann, 2012) examined the influence of comorbid depression and anxiety. In 

one of these studies (Gilboa-Schechtman et al., 2002), individuals with comorbid anxiety and 

depression had increased face-recognition accuracy (hit-rate and dꞌ) for negative stimuli, 

while those with an anxiety diagnosis or no diagnosis, had a bias towards non-negative 

stimuli.   
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Table 2  

Gender of participant & stimuli for included studies, with associated results, including interaction with other variables. 

 

First Author (year) 

Mixed Gender 

Stimuli 

Mixed Gender 

Participants 

 

Results 

Induced anxiety 

Mueller (1979) Y Y dꞌ, RB, FAR & HR FP = MP 

Bailis (1981)  Y Y dꞌ FP < MP 

Kassin (1984) MO Y RA FP = MP 

Bothwell (1987) MO Y - 

Ready (1997)  - - - 

Savaskan (2008)  MO Y FAR FP > MP  

Valentine (2009) Y Y RA FP < MP  

Bielak (2012)  Y Y - 

Nakashima (2014)  Y Y dꞌ Ne: FP > MP 

Li (2014) Y MO - 

Klinkenberg (2016)  Y Y - 

Park (2016)  Y Y - 

Bolton (2017)  Y Y - 

Luo (2018) Y MO - 

Garibbo (2019) Y Y - 

Non-induced anxiety 

Nowicki (1979)  Exp 1          FO Y HR sig negative correlation between anxiety and FP: HA < LA; MP: HA = LA 

RB sig positive correlation between FP and RB; FP with LA compared to HA: strict > liberal; MP with 

LA compared to HA: strict = liberal 

Exp 2          FO Y HR trend towards FP > MP 

Lundh (1996a)  Y Y - 

Lundh (1996b) Y Y - 

Lundh (1998) Exp 1            Y 

Exp 2            Y  

Y 

Y 

- 

- 

(continued) 
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Table 2 (continued) 

 

First Author (year) 

Mixed Gender 

Stimuli 

Mixed Gender 

Participants 

 

Results 

Gilboa-Schechtman 

(2002)  

Y Y HR FP: Ne = emotional stimuli; MP: S < A, Ne & H 

dꞌ FP: A & S > H & N; MP: A & H > S 

D’Argembeau 

(2003)  

Y Y - 

Paunovic (2003) Y Y - 

Coles (2005)  Y Y - 

Gentili (2008)  - Y - 

Davis (2011)  - Y RA non sig correlation between gender and RA: FP = MP  

LeMoult (2012)  Y Y - 

Wang (2013) Y Y RA FS > MS; FS: FP > MP; FS: H < Ne; marginal sig. FP > MP; MP & FP: FS > MS; MP & FP: Ne 

MS = emotional MS; MP: FS = MS; MP: Ne FS > Ne MS; MP: A & H FS = A & H MS; FP: FS > MS; 

H FS: FP > MP; Ne & A FS: FP = MP; Ne & A: FP = MP  

Rauch (2014) Y  FO - 

Avery (2016)  Y Y - 

Hagemann (2016)  Y Y - 

Bobak (2016) MO Y RA FP > MP 

Turano (2017) - Y - 

Park (2019) MO Y - 

Anxiety x Race interaction 

Brigham (1983) Y Y dꞌ marginal sig. FP: FS > MS; FP: moderate-anxiety condition > high-anxiety condition 

Johnson (2005) Exp 1          Y Y RA own-race FS > other-race FS; own-race MS & other-race MS 

Exp 2          Y Y RA own-race FS > other-race FS; own-race MS & other-race MS  

Walker (2008)  Y Y - 

Horry (2009)  Exp 2      MO Y - 

Wilson (2010) Exp 1      MO 

Exp 2      MO 

Y 

Y 

dꞌ FP = MP 

dꞌ FP = MP 

Wang (2012)  Y Y - 

 

(continued) 
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Table 2 (continued) 

Note. Yes: Y, No: N, Male only: MO, Female only: FO, Not reported: -, Neutral stimuli: Ne, Happy stimuli: H, Angry stimuli: A, Sad stimuli: S, General recognition 

accuracy: RA, Hit-rate: HR, Response bias: RB, False alarms: FA, False-alarm rate: FAR, Male participants: MP, Female participants: FP, Male stimuli: MS, Female stimuli: 

FS, Lower anxiety: LA, Higher anxiety: HA.  

 

First Author (year) 

Mixed Gender 

Stimuli 

Mixed Gender 

Participants 

 

Results 

Curtis (2015)  Exp 1      MO Y All recognition measures: FP = MP 

Exp 2      MO Y All recognition measures: FP = MP 

Attwood (2015)  MO Y - 

Kikutani (2018)  Y Y All recognition measures: FP = MP 
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Memory phase of anxiety induction  

As seen in Table 3, use of a psychological anxiety induction (n = 15) was more 

prevalent than physiological anxiety induction (n = five). One study used both a 

physiological and psychological anxiety induction (Luo et al., 2018). The anxiety induction 

was successful in most studies examining the influence of anxiety induced/reduced during 

encoding (13 out of 14), retrieval (six out of seven), and during encoding and retrieval (two 

out of two). Only studies with a successful anxiety induction were reviewed due to the 

inability of determining anxiety impact without a successful anxiety manipulation. In several 

studies, when anxiety was induced during encoding, recognition accuracy (dꞌ or general 

recognition accuracy) was higher when experiencing lower anxiety as compared to higher 

anxiety (Bolton & Robinson, 2017; Curtis et al., 2015; Garibbo et al., 2019; Mueller et al., 

1979; Valentine & Endo, 2009).  

In one study (Bothwell et al., 1987), individuals with high neuroticism (related to 

anxiety) in the high-arousal condition had worse general recognition accuracy than those in 

the medium and low-arousal conditions, with better face-recognition also occurring for those 

in the low-arousal condition compared to medium. The reverse trend occurred for those with 

low neuroticism. Individuals with medium state anxiety in another study (Ready et al., 1997), 

however, had better face-recognition accuracy as compared to those with low and high. 

For studies inducing anxiety during retrieval, three reported a difference in 

recognition accuracy between those experiencing high anxiety as compared to low anxiety. 

One of these studies (Attwood et al., 2015) induced anxiety through physiological means, and 

the others (Bailis & Mueller, 1981; Park et al., 2016), through a psychological anxiety 

induction. 

Use of STAI. Most papers using an anxiety induction/reduction measuring state 

and/or trait anxiety used the STAI (10 out of 17). Further, most studies examining 
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physiological anxiety where it was applicable to use the STAI used this scale to measure 

induced anxiety (three out of five).  
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Table 3 

Influence of face stimuli valence and anxiety on face-recognition accuracy, and stage of memory anxiety induced (encoding or retrieval), for 

included studies. 

        Results 

First 

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Induced Anxiety 

Mueller 

(1979) 

N - NC Y Psy E Y - HR HA = LA 

FAR HA > LA 

RB HA compared to LA: liberal > 

strict 

dꞌ HA < LA 

Bailis 

(1981) 

N - NC Y Psy R Y - HR HA > LA 

FAR HA > LA 

dꞌ HA = LA 

RB HA = LA 
Kassin 

(1984) 

N - NC N Psy E N - RA anxiety condition < control 

condition  

Bothwell 

(1987) 

N - NC Y  Psy E Y - RA HA: high-arousal condition < 

medium-arousal condition < low-

arousal condition; LA: high-

arousal condition > medium-

arousal condition > low-arousal 

condition 

Ready 

(1997) 

N V NC Y Psy E N - dꞌ state anxiety at encoding: HA = 

MA = LA; state anxiety at 

retrieval: HA & LA < MA 
Savaskan 

(2008) 

Y H/A/Ne NC N Phy R N/A dꞌ A & Ne: control condition 

< anxiety reduction 

condition; H: control 

condition = anxiety 

reduction condition 

FAR anxiety-reduction condition 

< control condition 

dꞌ control condition < anxiety-

reduction condition 

 

(continued) 
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Table 3 (continued)  

 Results 

First  

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Valentine 

(2009) 

N - NC Y Psy E Y - RA HA < LA 

Bielak 

(2012) 

 

N Ne NC  Y Psy E N/A - Hits HA = LA 

CR HA > LA 

Nakashima 

(2014)  

 

Y H/A/Ne NC Y Psy E Y dꞌ negative correlation 

between STAI-S and A & 

Ne: HA < LA; non sig. 

correlation between STAI-S 

and H: HA = LA 

- 

Li (2014) Y F/Ne NC Y Psy R N RA Ne > F RA anxiety condition = control 

condition 

Klinkenberg 

(2016) 

 

Y F/Ne NC Y Psy E N/A FAR F > Ne 

dꞌ Ne > F 

dꞌ, HR & FAR high-anxiety 

condition = moderate-anxiety 

condition = low-anxiety condition 

Park (2016) 

 

N - C ANX Y Psy R N/A - RA anxiety condition < control 

condition 

Bolton 

(2017) 

N F/H/Ne NC Y Phy E & R N - RA induced anxiety during 

encoding: control condition > 

anxiety condition; induced 
anxiety during retrieval: anxiety 

condition = control condition 

 

 

(continued) 
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Table 3 (continued) 

        Results 

First 

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Luo 

(2018) 

Y F/Ne NC Y Psy & Phy E Y RA high attentional load or 

low attentional load & Ne: 

anxiety condition = control 

condition; low attentional 

load & F: anxiety condition 

> control condition; high 

attentional load & F: anxiety 

condition = control 
condition; F & anxiety 

condition: high attentional 

load < low attentional load; 

F & control condition: high 

attentional load = high 

attentional load        

RA control condition = anxiety 

condition 

Garibbo 

(2019) 

N H/S/Ne NC Y  Phy E & R Y - RA induced anxiety during 

encoding: control condition > 

anxiety condition; induced anxiety 

during retrieval: control condition 

= anxiety condition 

Non-induced anxiety 

Nowicki 
(1979) 

Exp 1   N - NC - N/A Y - - 

Exp 2   N - NC - N/A Y - - 
Lundh 

(1996a)  

 

 

 

Y Cr/Ac NC & C 

ANX 

Y N/A N/A dꞌ ANX: Cr > Ac; NC: 

marginal sig. Ac > Cr 

Hits, FA & dꞌ ANX = NC 

Lundh 

(1996b) 

Y Positive/

Neg/Ne 

NC & C 

ANX 

Y NA N/A Hits Positive & Neg: ANX 

= NC; ANX & NC: Positive 

= Neg 

dꞌ, Hits & FA ANX = NC 

 

 

(continued) 
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Table 3 (continued) 

        Results 

First  

Author 

(year) 

Measured 

face 

valence 

 

Stimuli  

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence  

 

 

Impact of anxiety 

Lundh et al. 

(1998) 

Exp 1 Y  

 

Exp 2 Y  

Cr/Ne/ 

Ac 

Safe/Ne/ 

unsafe 

 

NC & C 

ANX 

NC & C 

ANX 

- 

 

- 

N/A 

 

N/A 

N/A 

 

Y 

 

Hits, FA & dꞌ Ac; Cr & 

Ne: ANX = NC 

Hits ANX: safe > Ne; NC: 

Ne > safe  

& unsafe 

RB ANX: safe > Ne 

Hits, FA, RB & dꞌ ANX = NC  

 

Hits, FA, RB & dꞌ ANX = NC 

 

Gilboa-

Schechtman 
(2002) 

Y H/A/S/ 

Ne 

C COM, C 

ANX & 
NC 

Y N/A Y HR COM: Neg > NN; NC 

and ANX: NN > Neg; S < 
Ne, H & A  

FA Ne > emotional stimuli; 

COM, ANX & NC: NN = 

Neg  

dꞌ COM: Neg > NN; ANX 

and NC: NN > Neg; H & A 

> S  

RB COM and Neg compared to 

NN: strict > liberal; NC Neg 
compared to NN: strict < liberal; 

ANX Neg as compared to NN: 

strict = liberal 

 

D’ 

Argembeau 

(2003) 

Y H/A/Ne NC  Y N/A Y HR H > A HR, RB & dꞌ HA = LA 

 

 

Paunovic 

(2003) 

Y Hostile/ 

non-
hostile/ 

undecided 

C ANX & 

NC 

Y N/A Y RA non-hostile & 

undecided: ANX < NC, 
hostile: ANX = NC; sig. 

positive correlation between 

memory bias in ANX for 

hostile faces and STAI-T 

HR & dꞌ ANX < NC 

FAR ANX = NC 
RB ANX compared to NC: strict 

> liberal 

Coles 

(2005) 

Y Cr/Ac C ANX & 

NC 

Y N/A Y RB NC for Ac compared to 

Cr: strict < liberal; ANX for 

C & Ac: strict = liberal 

HR Cr: ANX > NC 

RB & dꞌ ANX = NC 

 

(continued) 
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Table 3 (continued) 

 

 

 

        Results 

First 

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Gentili 

(2008) 

N A/F/D/H/

Ne 

C ANX & 

NC 

Y N/A Y - RA ANX = NC 

 

Davis 

(2011) 

N Ne NC Y N/A Y - RA sig. negative correlation 

between anxiety and RA: HA < 

LA 

LeMoult 

(2012) 

Y Ne/H/S/

A/D 

C ANX, C 

COM & 

NC 

Y N/A N/A RA angry: COM & ANX < 

NC; COM & ANX: Neg = 

emotional stimuli 

RA COM & ANX = NC 

 

Wang 

(2013) 

Y Ne/H/A NC N N/A N/A RA A > H. Ne = H; Ne = A  RA MP & FP: arousal 

predisposition and emotional 

appraisal non sig. correlated with 

RA 

Rauch 

(2014) 

Y A/H/F/ 

Ne 

NC  Y N/A Y Hits H > A; F & Ne 

FA H & A > Ne 

dꞌ H > Ne 

Hits, FA & dꞌ HA = LA 

  

Avery 

(2016) 

N Ne NC Y 

 

N/A N/A - RA sig. negative correlation 

between RA and anxiety: HA < 

LA 

FAR HA= LA 

Hagemann 
(2016) 

Y Ne/A/H C ANX & 
NC 

Y N/A N/A RA Ne > H & A 

RB A: strict > liberal. Ne: 

strict < liberal 

dꞌ Ne > H & A; H > A 

RA ANX < NC 
RB & dꞌ ANX = NC 

Bobak 

(2016) 

N V NR N N/A N/A - RA non sig. correlation between 

anxiety and RA  

Turano 

(2017) 

N - NC Y N/A Y - RA HA < LA 

(continued) 
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Table 3 (continued) 

       Results 

First 

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Park 

(2019) 

N Ne NC Y NA Y - HR & dꞌ sig. negative 

correlation between STAI-T and 

fair faces: HA > LA; non sig. 

correlation between STAI-T and 
unfair & new faces: HA = LA 

RB sig. positive correlation 

between STAI-T and RB for fair 

faces with LA compared to HA: 

liberal > strict; non sig. 

correlation between STAI-T and 

RB for unfair & new faces with 

LA compared to HA: liberal = 

strict 

Anxiety x Race Interaction 

Brigham 

(1983) 

N - NC  Y (FP only) Phy E N - dꞌ high-anxiety condition < 

moderate-anxiety condition; 
marginal sig. negative 

correlation between heart rate 

and dꞌ: high-anxiety condition < 

moderate-anxiety condition 

Hits high-anxiety condition < 

moderate-anxiety condition  

FA high-anxiety condition > 

moderate-anxiety condition  

 

Johnson 

(2005) 

Exp 1   N Ne NC Y Psy 

 

E N - - 

 
Exp 2   N Ne NC Y Psy R N - - 

(continued) 
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Table 3 (continued) 

        Results 

First 

Author 

(year) 

Measured 

face 

valence 

 

Stimuli 

Valence 

 

Anxiety 

Diagnosis 

Successful 

anxiety 

manipulation 

Induction/ 

Reduction 

Type 

Memory 

phase of 

induction 

 

Used 

STAI 

 

 

Impact of stimuli valence 

 

 

Impact of anxiety 

Walker 

(2008) 

N Ne NC Y N/A N/A - - 

Horry 

(2009) 

Exp 2   N - NC Y Psy E Y - dꞌ marginal sig. negative 

correlation between STAI-T 

and recognition accuracy in 
control condition: HA < LA; 

with opposite relationship 

found for anxiety condition: 

HA > LA 

Wilson 

(2010) 

Exp 1   N 

Exp 2   N 

Ne 

Ne 

NC 

NC 

Y 

- 

Psy 

Psy 

E 

E 

N 

N 

- 

- 

- 

- 

Wang 

(2012) 

N - NC - N/A N/A - RB, dꞌ non sig. correlation 

between shyness with RB or dꞌ  
Curtis 

(2015) 

Exp 1   N - NC Y Psy E Y - dꞌ anxiety condition < control 

condition 

 
Exp 2   N - NC Y Psy R Y - dꞌ anxiety condition = control 

condition 

Attwood 

(2015) 

N Ne NC Y Phy R Y - Hits anxiety condition < 

control condition 

FA, dꞌ & RB anxiety condition 

= control condition 

Kikutani 

(2018) 

Y A/H/Ne NC Y N/A 

 

N/A HR H > A 

dꞌ happiness advantage for 

own-race: HA < LA  

dꞌ HA = LA 

Note. Yes: Y, No: N, Fearful valence: F, Disgust valence: D, Angry valence: A, Happy valence: H, Neutral valence: Ne, Sad valence: S, Various emotions: V, Critical 

valence: Cr, Accepting valence: Ac, Negative stimuli: Neg, Non-negative stimuli: NN, Psychological Induction: Psy, Physiological Induction: Phy, Non-clinical population: 

NC, Clinical population: C, Encoding: E, Retrieval: R, General recognition accuracy: RA, Hit-rate: HR, Correct rejection: CR, Response bias: RB, False alarms: FA, False-

alarm rate: FAR, Lower anxiety: LA, Higher anxiety: HA, Moderate anxiety: MA, Not applicable: N/A, Not reported: -.  
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 Effect of race and interaction between anxiety and race  

Studies examining the interaction between anxiety and race are presented in Table 4. 

All studies examining the relationship between anxiety and race recorded face-race and 

participant race and therefore controlled for the ORB. One study (Johnson & Fredrickson, 

2005) found a significant interaction between anxiety and other-race stimuli according to 

general recognition accuracy, when anxiety was induced by a fear induction, during both 

encoding and retrieval. No elaboration on this interaction, however, was given. This study 

also found an increased hit-rate for other-race faces in less anxious participants. Most other 

studies examining recognition accuracy failed to find a significant interaction between 

anxiety and race (Attwood et al., 2015; Brigham et al., 1983; Curtis et al., 2015; Horry & 

Wright, 2009; Wang et al., 2012).  

Some studies (Curtis et al., 2015; Horry & Wright, 2009), however, did find 

differences between face-recognition accuracy according to level of anxiety. In Horry and 

Wright (2009), a marginally significant negative correlation occurred between anxiety and dꞌ. 

In the control condition, more anxious participants were less accurate, with the opposite 

discovered in the anxiety condition. In Curtis et al. (2015), however, when anxiety was 

induced during encoding in the anxiety condition, dꞌ was significantly worse than the control 

condition.    

Walker and Hewstone (2008), Wilson and Hugenberg (2010) and Johnson and 

Frederickson (2005), however, found an interaction between anxiety and race. In Johnson and 

Frederickson, the ORB was reduced in the anxiety-reduction condition as compared to 

control and anxiety conditions when anxiety was induced both during encoding and retrieval. 

This was related to an increased dꞌ for other-race faces within the anxiety-reduction 

condition. Results in the same direction occurred in Walker and Hewstone when examining 

intergroup anxiety. This study also found that individuating experience and contact with the 



   63 

 

  

other-race correlated with face-recognition accuracy. In another study, however, no 

difference for other-race faces occurred according to dꞌ between the control as compared to 

threat condition (Wilson & Hugenberg, 2010). This study also found a higher dꞌ for own-race 

individuals within the control condition, with this improved recognition effectiveness for 

own-race faces disappearing within the threat condition. Threat condition, however, did not 

impact other-race recognition accuracy.  
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Table 4 

Race of participant and stimuli of studies and results of studies examining the interaction between anxiety and race. 

First Author 

(year) 

  

Face-stimuli race 

 

Participant race 

 

Results 

Brigham 

(1983) 

 Caucasian (own-race) 

African American 

(other-race) 

Caucasian dꞌ, hits & FA high-anxiety condition & own-race = moderate-anxiety condition & other-race; 

high-anxiety condition & own-race = moderate-anxiety condition & other-race; racial attitudes and 

contact with other-race non sig. correlated with dꞌ 

Johnson 

(2005)  

Exp 1 Caucasian (own-race) 

African American 

(other-race) 

Caucasian Exp 1 & 2  

RA negative correlation between anxiety & other-race 

HR HA & other-race < LA & other-race 

FA x 

dꞌ magnitude of ORB: HA > LA caused by increased recognition accuracy for other-race in 

anxiety-reduction condition; anxiety-reduction condition: non sig. ORB caused by increased 

recognition accuracy for other-race faces; ORB: anxiety condition > anxiety-reduction condition 

Exp 2 Caucasian (own-race) 
African American 

(other-race) 

Caucasian  

Walker (2008)   South Asian (own-

race) Caucasian 

(own-race) 

African American 

(other-race) 

South Asian & 

Caucasian 

dꞌ other-race faces: higher-intergroup anxiety < lower-intergroup anxiety; Caucasian (own-race): 

IE sig. positively correlated with dꞌ for South Asian and marginally sig. positive correlation with 

African American; South Asian (own-race): IE, intergroup anxiety & contact sig. positively 

correlated with dꞌ for Caucasian and IE sig. correlated with for dꞌ African American 

 

Horry (2009)  Exp 2 Caucasian (own-race) 

Middle Eastern 

(other-race) 

Caucasian HR, FAR & dꞌ x 

Wilson (2010) Exp 1 
 

Exp 2 

Caucasian (own-race) 
Hispanic (other-race)  

Caucasian (own-race) 

Hispanic (other-race) 

Caucasian  Exp 1 & 2 

dꞌ control condition: own-race > other-race; intergroup threat condition: own-race = other-race; 

own-race: intergroup threat condition < control condition; other-race: intergroup threat = control 

condition 

 

 

 

 

(continued) 
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Table 4 (continued) 

Note. General recognition accuracy: RA, Hit-rate: HR, Response bias: RB, False alarms: FA, False-alarm rate: FAR, Individuating experience: IE, no interaction between 

anxiety and race: x, lower anxiety: LA, higher anxiety: HA.  

 

 

First Author 

(year) 

  

Face-stimuli race 

 

Participant race 

 

Results 

Wang (2012)   Chinese (own-race)  

African American 

(other-race) 

South Asian 

(other-race) 

Chinese RB sig. positive correlation between shyness and own-race faces: liberal > strict criterion 

dꞌ x 

 

 

 

Curtis (2015)  Exp 1 Caucasian (own-

race) 

African American 

(other-race) 

Caucasian RB other-race faces in control as compared to anxiety condition: liberal > strict criterion; bias towards 

liberal criterion for other-race faces: anxiety condition < control condition 

dꞌ x 

Exp 2 Caucasian (own-

race) 
African American 

(other-race) 

Caucasian RB, dꞌ x 

Attwood 

(2015)  

 Caucasian (own-

race) 

Asian (other-race) 

Caucasian Hits, FA x 

Kikutani 

(2018)  

 Asian (own-race) 

Caucasian (other-

race) 

Asian dꞌ x  
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Discussion 

The goal of this systematic literature review was to examine whether anxiety and race, 

when acting together, could affect face-recognition accuracy. Specifically, this review aimed 

to investigate whether results supported an interaction between anxiety and race, as predicted 

by the theory adapted from Brigham (2008); or no interaction, but performance reductions, as 

suggested by ACT (Eysenck et al., 2007). We also explored the influence of moderators 

affecting anxiety and race which could potentially influence this relationship. Separately, the 

influence of anxiety induced during both encoding and retrieval was examined, as a way of 

elucidating whether anxiety can influence face-recognition accuracy when induced during 

both phases of memory. 

Relationship between anxiety and race 

According to the theory adapted from Brigham (2008), anxiety and race can interact 

to influence face-recognition accuracy. The findings of the present review were mixed in 

terms of support for this perspective. In the studies by Johnson and Frederickson (2005) and 

Walker and Hewstone (2008), higher anxiety (induced and intergroup anxiety, respectively), 

reduced face-recognition accuracy for other-race faces. These findings supported the theory 

adapted from Brigham (2008). The relationship between induced anxiety and race in Johnson 

and Frederickson also lends support to the proposition that anxiety unrelated to the intergroup 

context can interact with race to increase face-recognition deficits (Curtis et al., 2015). 

Proposing an alternative interaction to Brigham, however, Wilson and Hugenberg (2010), 

found reduced own-race face-recognition accuracy in the threat condition as compared to 

control condition. The reduction in own-race recognition accuracy was so large in this study 

that recognition accuracy was comparable to other-race face-recognition accuracy. This 

finding was explained according to increased distinctiveness threat for own-race participants 
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when feeling threatened by an outgroup encroaching on their ingroup distinctiveness (Wilson 

& Hugenberg, 2010).  

Despite findings indicating an interaction between anxiety and race, several other 

studies reviewed did not support an interaction. Curtis et al. (2015) and Attwood et al. (2015) 

reported a reduction in face-recognition accuracy when state anxious during encoding and 

retrieval, respectively. Neither study, however, found that face-recognition accuracy for 

other-race faces was influenced by state anxiety. These findings, therefore, supported ACT 

(Eysenck et al., 2007), as anxiety reduced face-recognition accuracy, but did not interact with 

race.  

 Due to the mixed findings of our systematic literature review, it is unclear which 

theory is correct. Further, the findings of Wilson & Hugenberg (2010) was not predicted 

according to either theory. Most recent research examining the relationship between anxiety 

and race (Attwood et al., 2015; Curtis et al., 2015) gave support to ACT. Through the first 

two steps of this systematic literature review, however, several moderators potentially 

influencing the relationship between anxiety and race were identified. 

Moderators 

 Face-stimuli valence. In our review, face-stimuli valence interacted with anxiety in 

both clinical and non-clinical populations. Although the influence of emotional expression on 

memorability was non-uniform, it was clear that valence moderated the influence of anxiety 

on face-recognition accuracy, at least in some studies reviewed (Coles & Hugenberg, 2005; 

Gilboa-Schechtman et al., 2002; Kikutani, 2018; LeMoult & Joornman, 2012; Luo et al., 

2018; Nakashima et al., 2014; Paunovic et al., 2003). The variability of findings has been 

reflected by review articles reporting inconsistent findings on the relationship between face-

stimuli valence and anxiety (non-clinical and clinical anxiety: Bar-Haim, Lamy, Pergamin, 

Bakermans-Kranenburg, & van Ijzendoorn, 2007; anxiety disorders: Cisler & Koster, 2010; 
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clinical and non-clinical social anxiety: Staugaard, 2010). Experiencing depression symptoms 

through having a comorbid depression diagnosis in addition to anxiety (Gilboa-Schechtman 

et al., 2002), also influenced memory biases for negative stimuli. 

Although several studies examining the interaction between anxiety and race 

controlled for face-stimuli valence through using stimuli displaying only one valence 

(Attwood et al., 2015; Johnson & Fredrickson, 2005; Walker & Hewstone, 2008), several 

others did not (Curtis et al., 2015; Horry & Wright, 2009; Wang et al., 2012). Further, only 

one looking at the interaction between anxiety and race (Kikutani, 2018) examined the 

influence of face-stimuli valence on face-recognition accuracy. Future research should either 

examine how facial expression influences face recognition, or control for facial expression 

through using face-stimuli exhibiting only one valence. Additionally, depression should be 

measured to quantify its potential relationship with face-recognition accuracy. 

Gender. Gender also impacted the influence of anxiety on face-recognition accuracy. 

Face-recognition accuracy was altered in females according to anxiety levels (Brigham et al., 

1983; Nowicki et al., 1979); however, no interaction occurred for males (Nowicki et al., 

1979). Female participants also had better face-recognition accuracy for female stimuli when 

experiencing lower levels of anxiety compared to high (Brigham et al., 1983; Nowicki et al., 

1979). Despite these findings being in contrast with Wang (2013), who found no moderation 

of gender on the relationship between anxiety (arousal predisposition) and face-recognition, 

this discrepancy highlights the importance of examining gender differences in face-

recognition research (Bekker & van Mens-Verhulst, 2007; Rehnman & Herlitz, 2007).  

In the current review, gender, like race, acted as an own-group bias (Wang, 2013). 

According to the IOM, categorisation according to race is not the only ingroup/outgroup 

classification (Sporer, 2001). Extensive research (i.e. see Herlitz & Lovén, 2013) has 

suggested that an own-gender bias is reliability exhibited in research examining face-
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recognition accuracy. In the current review female participants exhibited an own-gender bias, 

with better recognition accuracy than males for female stimuli, while male participants did 

not exhibit an own-gender bias (Wang, 2013). This finding also supports previous research, 

which has suggested that an own-gender bias is only present in females (Herlitz & Lovén, 

2013).   

Of studies examining the interaction between anxiety and race, all studies either used 

a mixed-gender sample of participants or did not record the gender of participants. Most 

studies also used a mixed-gender sample of faces. Further, of studies reporting gender, over 

half of studies reviewed did not control for, nor examine, the influence of gender on face-

recognition accuracy. Further, for studies commenting on the influence of gender, these 

discussions were very brief and only mentioned without elaboration. In the study by Brigham 

et al. (1983), gender moderated the influence of anxiety on face-recognition accuracy through 

increased recognition accuracy in female participants within the moderate-anxiety condition 

compared to high-anxiety condition. Further, gender also moderated the own-race bias in 

Johnson and Frederickson (2005) with higher recognition accuracy for female own-race face-

stimuli compared to all other types of face-stimuli. Given extensive research into the 

influence of gender on face-recognition accuracy (for a review see Herlitz & Lovén, 2013), 

and the influence of gender in studies measuring anxiety and race, future research needs to 

actively control for participant and face-stimuli gender or measure the influence of gender 

more extensively.  

Contact and individuating experience. Perceptual expertise (specifically contact 

and individuating experience) also interacted with face-recognition accuracy for different 

race faces (Walker & Hewstone, 2008) such that increased contact was related to better face-

recognition accuracy. This finding is in support of the review article by Brigham (2008) who 

suggested that self-reported interracial contact was positively associated with face-
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recognition accuracy for other-race faces. Therefore, future research should measure the 

moderating influence of perceptual expertise with other-race individuals in future studies.  

Other factors specific to methodology might have impacted studies examining anxiety 

and race. Although most studies used a racial face-recognition paradigm including both an 

encoding; learning phase, and retrieval; test phase, several others did not (Horry & Wright, 

2009; Walker & Hewstone, 2008). In Walker and Hewstone (2008) and Horry and Wright 

(2009), faces were initially presented through a dot-probe task (MacLeod, Mathews, & Tata, 

1986). Although this design is effective for looking at attentional biases, it is a suboptimal 

method for examining face-recognition accuracy, as faces are presented concurrently (Curtis 

et al., 2015).  

Most recent studies (Attwood et al., 2015; Curtis et al. 2015) giving support to ACT 

(Eysenck et al., 2007) as compared to the theory adapted from Brigham (2008) could have 

been influenced by these moderators. For instance, the study by Curtis et al. (2015) did not 

control for face-stimuli valence. Using face-stimuli with uneven emotionality, coupled with 

preference for certain valenced stimuli when anxious, might have influenced results. 

Additionally, Attwood et al. (2015) despite using a mixed gender sample of participants did 

not measure the moderating influence of gender on face-recognition accuracy. Further, 

neither studies included a measure of intergroup contact nor a measure of depression in their 

experiments. Therefore, depression symptoms might also have influenced conclusions while 

contact might have reduced the magnitude of the ORB. Indeed, in the study by Attwood et 

al., a non-significant ORB occurred for hits, with a greater number of hits being expected for 

own-race faces according to the ORB (Meissner & Brigham, 2001). Until these moderators 

are accounted for, it is unclear whether an interaction between anxiety and race exists. 

Memory phase of anxiety induction. Separately from the interaction between 

anxiety and race and relevant moderators, this review examined the influence of anxiety on 
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encoding and retrieval. In several reviewed studies, anxiety induced during encoding 

influenced face-recognition accuracy. These results corroborate with Deffenbacher et al. 

(2004), who stated that anxiety may only influence encoding. Specifically, in reviewed 

studies examining the influence of anxiety induced during encoding, most studies found an 

increased dꞌ and general recognition accuracy when experiencing lower anxiety (i.e. Curtis et 

al., 2015; Mueller et al., 1979; Valentine & Endo, 2009) with increased false alarms when 

experiencing heightened anxiety (Mueller et al., 1979). These results also support ACT, as 

participants experiencing lower levels of anxiety had increased cognitive performance 

compared to those subjected to increased anxiety (Eysenck et al., 2007). Mixed support 

occurred for Deffenbacher (1983), however, who proposed that face-recognition accuracy 

would be increased for individuals experiencing moderate levels of arousal (such as anxiety) 

when compared to high and low. In several studies measuring the influence of medium 

anxiety as compared to high and/or low anxiety on face-recognition accuracy, individuals 

with medium anxiety exhibited better recognition accuracy (Brigham et al., 1983; anxiety at 

retrieval: Ready et al., 1997). However, in other studies, findings were inconsistent (Bothwell 

et al., 1987; anxiety at encoding: Ready et al., 1997), with either a linear increase in face-

recognition accuracy from low to medium to high, or no difference observed. It must be 

noted, however, that studies reviewed examining the influence of moderate anxiety were 

limited, and so conclusions according to this might be incomplete.  

Contrary to Deffenbacher et al. (2004) who suggested that anxiety may only influence 

face-recognition accuracy during encoding, several studies reviewed where the anxiety 

induction was successful, discovered that anxiety induced during retrieval could also 

influence face-recognition accuracy (Attwood et al., 2015; Bailis & Mueller, 1981; Park et 

al., 2016). Why anxiety induced during retrieval reduced face-recognition accuracy is 

unclear. Speculation suggests that these findings occurred because of fundamental differences 
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existing between the anxiety manipulations used in these studies. In Attwood et al. (2015), 

anxiety was altered through physiological means, as state anxiety was induced through the 

7.5% CO2 challenge. In Curtis et al. (2015), anxiety did not affect face-recognition accuracy; 

however, anxiety was induced during retrieval through a cognitive anxiety induction.  

Cognitive manipulations rely on a learned anxiety reaction (Bailey, Dawson, Dourish, 

& Nutt, 2011). That is, to become state anxious to a cognitive manipulation, such as a public 

speaking task (e.g. Curtis et al., 2015), individuals need to have learned through experience to 

become state anxious to this stressor. Physiological anxiety manipulations, on the other hand, 

elicit an unconditioned or innate response (Bailey et al., 2011; Cooper et al., 2011; Diaper et 

al., 2013), leading to a stronger overall reaction. Therefore, the fact that a physiological 

stressor reduced face-recognition accuracy during retrieval, and a cognitive stressor did not, 

suggests that a larger anxiety response is needed to disturb the retrieval, as compared to 

encoding phase of memory. This conclusion is supported by the finding that memory retrieval 

is strongly influenced by acute anxiety (Gagnon & Wagner, 2016).  

This suggestion also explains why increased anxiety (high test anxiety: Bailis & 

Mueller, 1981; anxiety condition: Park et al., 2016), disrupted retrieval, despite relying on a 

cognitive anxiety manipulation. Although cognitive anxiety manipulations relying on a 

learned anxiety response, in Bailis and Mueller (1981), individuals with middle levels of test 

anxiety were excluded, and only those on the extreme ends were used. Further, in the study 

by Park et al. (2016), only participants with generalised anxiety disorder were used. 

Excluding individuals with moderate levels of anxiety, and only testing individuals with an 

anxiety diagnosis, could have ensured that individuals had a learned anxiety response, and 

therefore, became sufficiently anxious.  

Results of the current review, therefore, suggest that anxiety can influence face-

recognition accuracy during retrieval when the anxiety manipulation is physiological, or, if 
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individuals exposed to a cognitive anxiety manipulation either have an anxiety diagnosis or 

are highly anxious. Future research should test this hypothesis by comparing the anxiety 

response elicited by psychological and physiological anxiety inductions during both encoding 

and retrieval in individuals with either an anxiety diagnosis or high levels of anxiety. Such 

research should be done while also measuring if individuals reacting less to psychological 

inductions and having lower anxiety, produce smaller indicators of anxiety (both 

physiological and psychological). This measurement should be done when using an anxiety 

scale specifically measuring physiological anxiety, such as the State-Trait Inventory for 

Cognitive and Somatic Anxiety (STICSA; Ree et al., 2008). Most studies in this review 

measured physiological anxiety using the STAI (Spielberger et al., 1983) which has been 

criticised for not capturing anxiety related to physiological symptoms (Ree et al., 2008; 

Roberts, Hart, & Eastwood, 2016).  

Limitations  

 Several limitations were associated with how the current review was conducted and 

existed within the studies themselves. Although most studies reviewed used signal detection 

measures, some did not. Heterogeneity also existed between studies in terms of the type of 

anxiety examined (i.e. non-clinical anxiety, generalised anxiety disorder). Further, not all 

studies included used a face-recognition paradigm for both the encoding and retrieval phases 

which might have also influenced results.  

Conclusions 

Anxiety was found to reduce face-recognition accuracy when induced during either 

encoding or retrieval. Physiological anxiety was suggested to have a better chance of 

disrupting retrieval due to not relying on a learned anxiety response (Bailey et al., 2011). In 

our review, anxiety was found to disrupt cognitive performance and subsequently influence 

face-recognition accuracy, therefore supporting ACT (Eysenck et al., 2007). Although some 
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results supported the theory adapted from Brigham (2008) related to race-specific recognition 

errors elicited by anxiety, support for this perspective was limited. Further, in one study 

reviewed (Wilson & Hugenberg, 2010), an interaction occurred between anxiety and race; 

however, the direction was contrary to that expected by Brigham. Several moderators were 

identified that potentially affected the relationship between anxiety, race, and face-

recognition accuracy. These moderators could potentially have reduced or altered the ability 

to find an interaction between these factors. Until potential moderators are addressed by 

future research, it cannot be adequately concluded whether anxiety and race can combine to 

affect face-recognition accuracy, and the direction of this relationship.  
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Supplementary Materials 

Appendix A. Search Strategies 

Web of Science: 11359 (7/02/2020) 

((TS=(anxi* OR angst OR "cognitive* anxi*" OR "psychological* anxi*" OR "somatic* 

anxi*" OR "physical* anxi*" OR "physiological* anxi*" OR "physical* stress*" OR 

"physiological* stress*" OR "mental* stress*" OR "psychological* stress*" OR stress* OR 

worry OR worrie* OR nervous* OR apprehens* OR "psychological* arous*" OR 

"physiological* arous*" OR "physical* arous*" OR "mental* arous*" OR arous* OR 

distress* OR "affect* arousal" OR affective OR affect OR "7.5% carbon dioxide" OR "7.5% 

CO2" OR neuroticism)) AND (TS=("fac* perception" OR "perception of fac*" OR "fac* 

recognition" OR "recognition of fac*" OR "fac* memory" OR "memory for fac*" OR "fac* 

identity" OR "identity of fac*" OR "fac* identification" OR "identification of fac*" OR "fac* 

processing" OR "processing of fac*" OR "recognition accuracy" OR "recognition memory" 

OR "eyewitness accuracy" OR "eyewitness memory" OR "eyewitness identification" OR 

"eyewitness id" OR "identity verification" OR "identification verification" OR "id 

verification" OR "identity parade" OR "identification decision accuracy" OR "identification 

accuracy" OR "witness accuracy" OR "witness memory" OR "witness identification" OR 

"witness id" OR "witness verification" OR "familiarity judgement*" OR "familiarity 

recognition" OR lineup OR "line up" OR "photo array" OR "photo display" OR "photo 

spread" OR photospread))) AND LANGUAGE: (English) 

Timespan: All years. Indexes: SCI-EXPANDED, SSCI, A&HCI, CPCI-S, CPCI-SSH, BKCI-

S, BKCI-SSH, ESCI, CCR-EXPANDED, IC. 

 

PsycArticles (Ovid): 659 (7/02/2020)  
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Search 

number 

 

Searches 

 

Results 

1 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).ab. 

 

640 

2 limit 1 to psycarticles 
 

 

614 

3 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

54 
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identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).ti. 

 

4 limit 1 to psycarticles  49 

5 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).kw. 

 

26 

6 limit 1 to psycarticles 25 

9 2 or 4 or 6  659 

 

PsycINFO (Ovid): 4232 (7/02/2020)  
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Search 

number 

 

Searches 

 

Results 

1 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).ab. 

 

5121 

2 limit 1 to (peer reviewed journal and English language) 3937 

3 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

551 
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identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).ti. 

 

4 limit 3 to (peer reviewed journal and English language) 

 

460 

5 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).id 

 

676 

6 limit 5 to (peer reviewed journal and English language) 534 

7 ((anxi* or angst or cognitive* anxi* or psychological* anxi* or 

somatic* anxi* or physical* anxi* or physiological* anxi* or physical* 

stress* or physiological* stress* or mental* stress* or psychological* 

34 
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stress* or stress* or worry or worrie* or nervous* or apprehens* or 

psychological* arous* or physiological* arous* or physical* arous* or 

mental* arous* or arous* or distress* or affect* arousal or affect or 

affective or 7$3 carbon dioxide or 7$3 ?CO2? or neuroticism) and 

((fac* adj2 perception) or (fac* adj2 recognition) or (fac* adj2 

memory) or (fac* adj2 identity) or (fac* adj2 identification) or (fac* 

adj2 processing) or recognition accuracy or recognition memory or 

eyewitness accuracy or eyewitness memory or eyewitness 

identification or eyewitness id or identity verification or identification 

verification or id verification or identity parade or identification 

decision accuracy or identification accuracy or witness accuracy or 

witness memory or witness identification or witness id or witness 

verification or familiarity judgement* or familiarity recognition or 

lineup or line up or photo array or photo display or photo spread or 

photospread)).sh. 

 

8 limit 3 to (peer reviewed journal and English language) 28 

9 2 or 4 or 6 or 8 4232 

 

ProQuest: 2713 (7/02/2020) 

Limit results to English language, full text and peer reviewed.  

Title and Abstract: 2532  

AB,TI(anxi* OR angst OR "cognitive* anxi*" OR "psychological* anxi*" OR "somatic* 

anxi*" OR "physical* anxi*" OR "physiological* anxi*" OR "physical* stress*" OR 

"physiological* stress*" OR "mental* stress*" OR "psychological* stress*" OR stress* OR 

worry OR worrie* OR nervous* OR apprehens* OR "psychological* arous*" OR 

"physiological* arous*" OR "physical* arous*" OR "mental* arous*" OR arous* OR 

distress* OR "affect* arousal" OR affective OR affect OR "7.5% carbon dioxide" OR "7.5% 

CO2" OR neuroticism) AND AB,TI(fac* NEAR/2 perception OR fac* NEAR/2 recognition 

OR fac* NEAR/2 memory OR fac* NEAR/2 identity OR fac* NEAR/2 identification OR 
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fac* NEAR/2 processing OR "recognition accuracy" OR "recognition memory" OR 

"eyewitness accuracy" OR "eyewitness memory" OR "eyewitness identification" OR 

"eyewitness id" OR "identity verification" OR "identification verification" OR "id 

verification" OR "identity parade" OR "identification decision accuracy" OR "identification 

accuracy" OR "witness accuracy" OR "witness memory" OR "witness identification" OR 

"witness id" OR "witness verification" OR "familiarity judgement*" OR "familiarity 

recognition" OR lineup OR "line up" OR "photo array" OR "photo display" OR "photo 

spread" OR photospread) 

Keywords and Subject headings: 181 

IF,SU(anxi* OR angst OR "cognitive* anxi*" OR "psychological* anxi*" OR "somatic* 

anxi*" OR "physical* anxi*" OR "physiological* anxi*" OR "physical* stress*" OR 

"physiological* stress*" OR "mental* stress*" OR "psychological* stress*" OR stress* OR 

worry OR worrie* OR nervous* OR apprehens* OR "psychological* arous*" OR 

"physiological* arous*" OR "physical* arous*" OR "mental* arous*" OR arous* OR 

distress* OR "affect* arousal" OR affective OR affect OR "7.5% carbon dioxide" OR "7.5% 

CO2" OR neuroticism) AND IF,SU(fac* NEAR/2 perception OR fac* NEAR/2 recognition 

OR fac* NEAR/2 memory OR fac* NEAR/2 identity OR fac* NEAR/2 identification OR 

fac* NEAR/2 processing OR "recognition accuracy" OR "recognition memory" OR 

"eyewitness accuracy" OR "eyewitness memory" OR "eyewitness identification" OR 

"eyewitness id" OR "identity verification" OR "identification verification" OR "id 

verification" OR "identity parade" OR "identification decision accuracy" OR "identification 

accuracy" OR "witness accuracy" OR "witness memory" OR "witness identification" OR 

"witness id" OR "witness verification" OR "familiarity judgement*" OR "familiarity 

recognition" OR lineup OR "line up" OR "photo array" OR "photo display" OR "photo 

spread" OR photospread) 
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Scopus: 7218 (7/02/2020)  

( TITLE-ABS-KEY ( anxi*  OR  angst  OR  "cognitive* anxi*"  OR  "psychological* 

anxi*"  OR  "somatic* anxi*"  OR  "physical* anxi*"  OR  "physiological* 

anxi*"  OR  "physical* stress*"  OR  "physiological* stress*"  OR  "mental* 

stress*"  OR  "psychological* 

stress*"  OR  stress* OR  worry  OR  worrie*  OR  nervous*  OR  apprehens*  OR  "psychol

ogical* arous*"  OR  "physiological* arous*"  OR  "physical* arous*"  OR  "mental* 

arous*"  OR  arous*  OR  distress*  OR  "affect*  

arousal"  OR  affective  OR  affect  OR  "7.5% carbon dioxide"  OR  "7.5% 

CO2"  OR  neuroticism ) )  AND  ( TITLE-ABS-

KEY ( fac*  W/2  perception  OR  fac*  W/2  recognition  OR  fac*  W/2  memory  OR  fac* 

 W/2  identity  OR  fac*  W/2  identification  OR  fac*  W/2  processing  OR  "recognition 

accuracy"  OR  "recognition memory"  OR  "eyewitness accuracy"  OR  "eyewitness 

memory"  OR  "eyewitness identification"  OR  "eyewitness id"  OR  "identity 

verification"  OR  "identification verification"  OR  "id verification"  OR  "identity 

parade"  OR  "identification decision accuracy"  OR  "identification accuracy"  OR  "witness 

accuracy"  OR  "witness memory"  OR  "witness identification"  OR  "witness 

id"  OR  "witness verification"  OR  "familiarity judgement*"  OR  "familiarity 

recognition"  OR  lineup  OR  "line up"  OR  "photo array"  OR  "photo display"  OR  "photo 

spread"  OR  photospread) )  AND  ( LIMIT-TO ( LANGUAGE ,  "English" ) )  

 

Wiley Online Library: 1366 (7/02/2020) 

Abstract: 1281  
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"anxi* OR angst OR "cognitive anxiety" OR "cognitively anxious" OR "psychological 

anxiety" OR "psychologically anxious" OR "somatic anxiety" OR "somatically anxious" OR 

"physical anxiety" OR "physically anxious" OR "physiological anxiety" OR "physiologically 

anxious" OR "physical stress" OR "physically stressed" OR "physically stressing" OR 

"physiological stress" OR "physiologically stressed" OR "physiologically stressing" OR 

"mental stress" OR "mentally stressed" OR "mentally stressing" OR "psychological stress" 

OR "psychologically stressed" OR "psychologically stressing" OR stress* OR worrie* OR 

worry OR nervous* OR apprehens* OR "psychological arousal" OR "psychologically 

aroused" OR "psychologically arousing" OR "physiological arousal" OR "physiologically 

aroused" OR "physiologically arousing" OR "physical arousal" OR "physically aroused" OR 

"physically arousing" OR "mental arousal" OR "mentally aroused" OR "mentally arousing" 

OR arous* OR distress* OR "affect arousal" OR "affective arousal" OR affective OR affect 

OR "7.5% carbon dioxide" OR "7.5% CO2" OR neuroticism" in Abstract and ""face 

perception" OR "facial perception" OR "perception of face" OR "perception of facial" OR 

"face recognition" OR "facial recognition" OR "recognition of face" OR "recognition of 

facial" OR "face memory" OR "facial memory" OR "memory for face" OR "memory for 

facial" OR "face identity" OR "facial identity" OR "identity of face" OR "identity of facial" 

OR "face identification" OR "facial identification" OR "identification of face" OR 

"identification of facial" OR "face processing" OR "facial processing" OR "processing of 

face" OR "processing of facial" OR "recognition accuracy" OR "recognition memory" OR 

"eyewitness accuracy" OR "eyewitness memory" OR "eyewitness identification" OR 

"eyewitness id" OR "identity verification" OR "identification verification" OR "id 

verification" OR "identity parade" OR "identification decision accuracy" OR "identification 

accuracy" OR "witness accuracy" OR "witness memory" OR "witness identification" OR 

"witness id" OR "witness verification" OR "familiarity judgement" OR "familiarity 
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judgements" OR "familiarity recognition" OR lineup OR "line up" OR "photo array" OR 

"photo display" OR "photo spread" OR photospread" in Abstract 

Title: 65  

"anxi* OR angst OR "cognitive anxiety" OR "cognitively anxious" OR "psychological 

anxiety" OR "psychologically anxious" OR "somatic anxiety" OR "somatically anxious" OR 

"physical anxiety" OR "physically anxious" OR "physiological anxiety" OR "physiologically 

anxious" OR "physical stress" OR "physically stressed" OR "physically stressing" OR 

"physiological stress" OR "physiologically stressed" OR "physiologically stressing" OR 

"mental stress" OR "mentally stressed" OR "mentally stressing" OR "psychological stress" 

OR "psychologically stressed" OR "psychologically stressing" OR stress* OR worrie* OR 

worry OR nervous* OR apprehens* OR "psychological arousal" OR "psychologically 

aroused" OR "psychologically arousing" OR "physiological arousal" OR "physiologically 

aroused" OR "physiologically arousing" OR "physical arousal" OR "physically aroused" OR 

"physically arousing" OR "mental arousal" OR "mentally aroused" OR "mentally arousing" 

OR arous* OR distress* OR "affect arousal" OR "affective arousal" OR affective OR affect 

OR "7.5% carbon dioxide" OR "7.5% CO2" OR neuroticism" in Title and ""face perception" 

OR "facial perception" OR "perception of face" OR "perception of facial" OR "face 

recognition" OR "facial recognition" OR "recognition of face" OR "recognition of facial" OR 

"face memory" OR "facial memory" OR "memory for face" OR "memory for facial" OR 

"face identity" OR "facial identity" OR "identity of face" OR "identity of facial" OR "face 

identification" OR "facial identification" OR "identification of face" OR "identification of 

facial" OR "face processing" OR "facial processing" OR "processing of face" OR "processing 

of facial" OR "recognition accuracy" OR "recognition memory" OR "eyewitness accuracy" 

OR "eyewitness memory" OR "eyewitness identification" OR "eyewitness id" OR "identity 

verification" OR "identification verification" OR "id verification" OR "identity parade" OR 
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"identification decision accuracy" OR "identification accuracy" OR "witness accuracy" OR 

"witness memory" OR "witness identification" OR "witness id" OR "witness verification" 

OR "familiarity judgement" OR "familiarity judgements" OR "familiarity recognition" OR 

lineup OR "line up" OR "photo array" OR "photo display" OR "photo spread" OR 

photospread" in Title 

Keywords: 20  

"anxi* OR angst OR "cognitive anxiety" OR "cognitively anxious" OR "psychological 

anxiety" OR "psychologically anxious" OR "somatic anxiety" OR "somatically anxious" OR 

"physical anxiety" OR "physically anxious" OR "physiological anxiety" OR "physiologically 

anxious" OR "physical stress" OR "physically stressed" OR "physically stressing" OR 

"physiological stress" OR "physiologically stressed" OR "physiologically stressing" OR 

"mental stress" OR "mentally stressed" OR "mentally stressing" OR "psychological stress" 

OR "psychologically stressed" OR "psychologically stressing" OR stress* OR worrie* OR 

worry OR nervous* OR apprehens* OR "psychological arousal" OR "psychologically 

aroused" OR "psychologically arousing" OR "physiological arousal" OR "physiologically 

aroused" OR "physiologically arousing" OR "physical arousal" OR "physically aroused" OR 

"physically arousing" OR "mental arousal" OR "mentally aroused" OR "mentally arousing" 

OR arous* OR distress* OR "affect arousal" OR "affective arousal" OR affective OR affect 

OR "7.5% carbon dioxide" OR "7.5% CO2" OR neuroticism" in Keywords and ""face 

perception" OR "facial perception" OR "perception of face" OR "perception of facial" OR 

"face recognition" OR "facial recognition" OR "recognition of face" OR "recognition of 

facial" OR "face memory" OR "facial memory" OR "memory for face" OR "memory for 

facial" OR "face identity" OR "facial identity" OR "identity of face" OR "identity of facial" 

OR "face identification" OR "facial identification" OR "identification of face" OR 

"identification of facial" OR "face processing" OR "facial processing" OR "processing of 
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face" OR "processing of facial" OR "recognition accuracy" OR "recognition memory" OR 

"eyewitness accuracy" OR "eyewitness memory" OR "eyewitness identification" OR 

"eyewitness id" OR "identity verification" OR "identification verification" OR "id 

verification" OR "identity parade" OR "identification decision accuracy" OR "identification 

accuracy" OR "witness accuracy" OR "witness memory" OR "witness identification" OR 

"witness id" OR "witness verification" OR "familiarity judgement" OR "familiarity 

judgements" OR "familiarity recognition" OR lineup OR "line up" OR "photo array" OR 

"photo display" OR "photo spread" OR photospread" in Keywords 

 

PubMed: 2711 (7/02/2020)  

Full text and English filter on.  

(anxi*[Title/Abstract] OR angst[Title/Abstract] OR "cognitive anxiety"[Title/Abstract] OR 

"cognitively anxious"[Title/Abstract] OR "psychological anxiety"[Title/Abstract] OR 

"psychologically anxious"[Title/Abstract] OR "somatic anxiety"[Title/Abstract] OR 

"somatically anxious"[Title/Abstract] OR "physical anxiety"[Title/Abstract] OR "physically 

anxious"[Title/Abstract] OR "physiological anxiety"[Title/Abstract] OR "physiologically 

anxious"[Title/Abstract] OR "physical stress"[Title/Abstract] OR "physically 

stress*"[Title/Abstract] OR "physiological stress"[Title/Abstract] OR "physiologically 

stress*"[Title/Abstract] OR "mental stress"[Title/Abstract] OR "mentally 

stress*"[Title/Abstract] OR "psychological stress"[Title/Abstract] OR "psychologically 

stress*"[Title/Abstract] OR stress*[Title/Abstract] OR worrie*[Title/Abstract] OR 

worry[Title/Abstract] OR nervous*[Title/Abstract] OR apprehens*[Title/Abstract] OR 

"psychological arousal"[Title/Abstract] OR "psychologically arous*"[Title/Abstract] OR 

"physiological arousal"[Title/Abstract] OR "physiologically arous*"[Title/Abstract] OR 

"physical arousal"[Title/Abstract] OR "physically arous*"[Title/Abstract] OR "mental 
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arousal"[Title/Abstract] OR "mentally arous*"[Title/Abstract] OR arous*[Title/Abstract] OR 

distress*[Title/Abstract] OR "affect arousal"[Title/Abstract] OR "affective 

arousal"[Title/Abstract] OR affective[Title/Abstract] OR affect[Title/Abstract] OR "7.5% 

carbon dioxide"[Title/Abstract] OR "7.5% CO2"[Title/Abstract] OR 

neuroticism[Title/Abstract]) AND ("face perception"[Title/Abstract] OR "facial 

perception"[Title/Abstract] OR "perception of face"[Title/Abstract] OR "perception of 

facial"[Title/Abstract] OR "face recognition"[Title/Abstract] OR "facial 

recognition"[Title/Abstract] OR "recognition of face"[Title/Abstract] OR "recognition of 

facial"[Title/Abstract] OR "face memory"[Title/Abstract] OR "facial 

memory"[Title/Abstract] OR "memory for face"[Title/Abstract] OR "memory for 

facial"[Title/Abstract] OR "face identity"[Title/Abstract] OR "facial identity"[Title/Abstract] 

OR "identity of face"[Title/Abstract] OR "identity of facial"[Title/Abstract] OR "face 

identification"[Title/Abstract] OR "facial identification"[Title/Abstract] OR "identification of 

face"[Title/Abstract] OR "identification of facial"[Title/Abstract] OR "face 

processing"[Title/Abstract] OR "facial processing"[Title/Abstract] OR "processing of 

face"[Title/Abstract] OR "processing of facial"[Title/Abstract] OR "recognition 

accuracy"[Title/Abstract] OR "recognition memory"[Title/Abstract] OR "eyewitness 

accuracy"[Title/Abstract] OR "eyewitness memory"[Title/Abstract] OR "eyewitness 

identification"[Title/Abstract] OR "eyewitness id"[Title/Abstract] OR "identity 

verification"[Title/Abstract] OR "identification verification"[Title/Abstract] OR "id 

verification"[Title/Abstract] OR "identity parade"[Title/Abstract] OR "identification decision 

accuracy"[Title/Abstract] OR "identification accuracy"[Title/Abstract] OR "witness 

accuracy"[Title/Abstract] OR "witness memory"[Title/Abstract] OR "witness 

identification"[Title/Abstract] OR "witness id"[Title/Abstract] OR "witness 

verification"[Title/Abstract] OR "familiarity judgement*"[Title/Abstract] OR "familiarity 
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recognition"[Title/Abstract] OR lineup[Title/Abstract] OR "line up"[Title/Abstract] OR 

"photo array"[Title/Abstract] OR "photo display"[Title/Abstract] OR "photo 

spread"[Title/Abstract] OR photospread[Title/Abstract]) 
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Table S1  

Risk of Bias Summary for included studies. 
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Induction Anxiety       

Mueller et al. (1979) ? + + + + + 

Bailis & Meuller (1981) + ? + + + - 

Kassin (1984) + + + + + + 

Bothwell et al. (1987) + + + + - + 

Ready et al. (1997) + ? + + + + 

Savaskan et al. (2008) + ? + ? + + 

Valentine & Endo (2009) - + + + + + 

Bielak & Moscovitch (2012) - ? + + ? + 

Nakashima et al. (2014) ? ? + + ? + 

Li et al. (2014) ? ? ? + + + 

Klinkenberg et al. (2016) + + + + - + 

Park et al. (2016) + + + + + + 

Bolton & Robinson (2017) ? ? + + + + 

Luo et al. (2018) + + + + + + 

Garibbo et al. (2019) + + + + ? + 

Non-Induced Anxiety       

Nowicki et al. (1979) + + + + + ? 

Lundh and Öst (1996a) - ? + + + + 

Lundh and Öst (1996b) ? - + + + + 

Lundh et al. (1998) - ? + + + + 

 

(continued) 
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Table S1 (continued) 
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Gilboa-Schechtman et al. (2002) - ? + + + - 

D’Argembeau et al. (2003) - ? + + + ? 

Panuovic et al. (2003) - - + + + + 

Coles & Heimberg (2005) - ? + + + + 

Gentili et al. (2008) - ? + + + + 

Davis et al. (2011) ? ? + + - + 

LeMoult & Joormann (2012) - - + + + + 

Wang (2013) + + + + + + 

Rauch et al (2014) - - + + + + 

Avery et al. (2016) + + + + + + 

Turano & Viggiano (2016) + ? + + + ? 

Hagemann et al. (2016) - ? + + + + 

Bobak et al. (2016) - + + + - + 

Park et al. (2019) + + + + + + 

Anxiety x Race Interaction       

Brigham et al. (1983) + + + + + + 

Johnson & Frederickson (2005) + ? + + - + 

Walker & Hewstone (2008) ? ? ? + + + 

Horry & Wright (2009) + ? + + + - 

Wilson & Hugenberg (2010) + ? + + ? + 

Wang et al. (2012) ? ? + + + ? 

Curtis et al. (2015) + ? + + + + 

Attwood et al. (2015) + + + + + - 

Kikutani (2017) + ? + + + ? 
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Chapter 3: Factor structure of the State-Trait Inventory for 

Cognitive and Somatic Anxiety (STICSA) and comparing validity 

with measures of negative emotionality 
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Abstract 

This study explored the factor structure of the State-Trait Inventory for Cognitive and 

Somatic Anxiety (STICSA) and measurement invariance between genders. We also measured 

concurrent and divergent validity of the STICSA as compared to the State-Trait Anxiety 

Inventory (STAI). A sample of 1064 (N Females = 855) participants completed 

questionnaires, including measures of anxiety, depression, stress, positive and negative affect. 

Confirmatory factor analyses supported the original factor structure of the STICSA, which 

was invariant between genders. Overall, the STICSA had superior concurrent and divergent 

validity as compared to the STAI. The somatic subscales were also significantly less 

correlated with depression, and positive and negative affect. Further, the somatic, as 

compared to cognitive anxiety STICSA subscales were less correlated with depression. This 

suggests that the STICSA, especially the somatic anxiety subscales, might hold the key to 

distinguishing between different types of anxiety, as well as between anxiety and depression.  

Keywords: STICSA, STAI, anxiety, depression, positive affect, somatic anxiety 
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Introduction 

Anxiety can be broadly defined as the anticipation of future threat or danger 

(American Psychiatric Association, 2013), and is also considered to be a multidimensional 

concept (Ree, French, MacLeod, & Locke, 2008; Spielberger, 1985a, 1985b). It has long 

been established that anxiety can be separated into the dimensions of state anxiety: the 

transient anxiety response; and trait anxiety: the stable tendency to become state anxious 

(Endler & Kocovski, 2001; Kocovski, Endler, Cox, & Swinson, 2004; Spielberger, 1985a, b; 

Spielberger & Sydeman, 1994). Traditionally, state and trait anxiety have been measured by 

the State-Trait Anxiety Inventory (STAI; Spielberger Gorsuch, Lushene, Vagg, & Jacobs, 

1983). The STAI has been extensively used in research (Spielberger, 1989) and has sound 

internal consistency and test-retest reliability (Barnes, Harp, & Jung, 2002).  

Despite the generally positive psychometric features of the STAI, the STAI has been 

criticised for being unable to adequately distinguish between anxiety and depression (see 

Grös, Antony, Simms, & McCabe, 2007; Grös, Simms, & Antony, 2010). Furthermore, the 

integrity of the trait anxiety scale has been questioned, as it loads onto negative affect as a 

higher order factor (Bieling, Antony, & Swinson, 1998). The trait scale has also been found 

to correlate strongly with positive affect, where a lack of positive affect is exclusive to 

depression, and not to anxiety (Caci, Baylé, Dossios, Robert, & Boyer, 2003). Recent 

research has also highlighted the inadequacy of the STAI by emphasizing that the STAI does 

not measure the physical and bodily symptoms of anxiety (Ree et al., 2008; Roberts, Hart, & 

Eastwood, 2016). Criticisms of the STAI like those above, have led researchers to suggest 

that the STAI is an inadequate measure of anxiety, and that a better, purer, measure of 

anxiety, is needed (Grös et al., 2007).  
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State Trait Inventory for Cognitive and Somatic Anxiety  

Aiming to address the limitations of the STAI, Ree et al. (2008) developed the State-

Trait Inventory for Cognitive and Somatic Anxiety (STICSA). In addition to distinguishing 

between state and trait anxiety, this measure also divides anxiety into the subdomains of 

cognitive and somatic anxiety (Grös et al., 2007; Ree et al., 2008). Cognitive anxiety is 

specific to anxiety symptoms related to thought processes, such as worry, and inability to 

concentrate, while somatic anxiety relates to physiological anxiety symptoms such as 

hyperventilation, trembling, and palpitations (Ree et al., 2008; Roberts et al., 2016).  

The STICSA, due to the division into cognitive and somatic anxiety, in addition to 

state and trait anxiety, is argued to be superior to the STAI (Grös et al., 2007; Roberts et al., 

2016). Like the STAI, the STICSA includes items capturing cognitive anxiety. Unlike the 

STAI, however, the STICSA also captures variance related to somatic anxiety (Roberts et al., 

2016). It is important to examine both cognitive and somatic anxiety, as an individual’s 

global anxiety score, captured by the STAI, is too broad to allow for determining the separate 

domains of anxiety (Endler & Kockovski, 2001; Koksal & Power, 1990; Schwartz, Davidson, 

& Goleman, 1978). For instance, two individuals with the same global trait anxiety score may 

display quite different profiles of cognitive and somatic trait anxiety (Ree et al., 2008). One 

individual might exhibit low somatic trait anxiety, but high cognitive trait anxiety, while the 

other might exhibit the opposite profile. When both individuals are then exposed to a 

cognitive anxiety induction, the individual with high cognitive trait anxiety may become 

more state anxious than the individual with low cognitive trait anxiety (Ree et al., 2008). The 

difference in anxiety profile, therefore, has implications for an individual’s subjective anxiety 

response, the type of anxiety induction they are more likely to become state anxious to, and 

therefore, their response to specific therapeutic interventions (Koksal, Power, & Sharp, 

1991). 
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Factor Structure of the STICSA 

Due to the potential utility of the STICSA, and the relative infancy of research 

examining this measure, it is important to examine the psychometrics of the STICSA. Ree et 

al. (2008), who originally created the STICSA, through testing an Australian university 

sample, indicated that the STICSA consisted of two separate factors, one related to state 

anxiety, subdivided into cognitive and somatic anxiety, and another, related to trait anxiety, 

also divided into these subdomains (see Figure S1 in Supplementary Materials). Subsequent 

researchers have argued against the original factor structure put forward by Ree et al., and 

have stated that the STICSA could consist of either a two-factor state-trait model (see Figure 

S2 in Supplementary Materials), two-factor cognitive-somatic model (see Figure S3 in 

Supplementary Materials) or four-factor state-trait cognitive-somatic model (Grös et al., 

2007; see Figure S4 in Supplementary Materials). Using a clinical sample, Grös et al. (2007) 

tested these models and found support for the four-factor state-trait cognitive-somatic model. 

Replicating this, Balsamo, Innamorati, Van Dam, Carlucci, and Saggino, (2015) and Roberts 

et al. (2016) indicated support for this model when using an old adult Italian sample and 

Canadian university students, respectively. In extension of Balasamo et al. and Grös et al., 

however, Roberts et al. also put forward an additional model consisting of a hierarchical 

model with a higher order global anxiety factor, and second order intercorrelated state-trait, 

cognitive-somatic anxiety subdomains (see Figure S5 in Supplementary Materials). In 

contrast to these studies, Lancaster, Melka, Klein, and Rodriguez (2015) did not find support 

for the four-factor state-trait cognitive-somatic model while testing African American and 

European American university students. This study, however, was limited, as it did not 

compare the factor structure of the alternative models. Most recently, extending Lancaster et 

al., the study by Carluccci et al. (2018), through a sample of Italian adults, examined the 

factor structure of all five proposed models. In their study, contrary to findings of Balasamo 
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et al., Grös et al. and Roberts et al., but in line with Ree et al., they found evidence for the 

STICSA when divided into separate state (with cognitive and somatic subdomains) and trait 

(with cognitive and somatic subdomains) anxiety scales. Further adding to the literature, 

Carlucci et al. also found this result when examining this factor structure of the STICSA 

while separating between genders.  

As seen above, research investigating the internal factor structure of the STICSA is 

inconsistent (Balsamo et al., 2015; Carlucci et al., 2018; Grös et al., 2007; Lancaster et al., 

2015; Ree et al., 2008; Robert et al., 2016). Only one study to date has tried to replicate the 

factor structure of the hierarchical model (Carlucci et al., 2018), with this model not 

supported. Further, limited research (Carlucci et al., 2018; Roberts et al., 2016) has compared 

all five models within the same study, while only one (Carlucci et al., 2018) has considered 

this factor structure when separating between male and female participants.  

Another caveat with research examining the factor structure of the STICSA has been 

the use of ethnographically diverse samples. Although the STICSA was originally examined 

using an Australian non-clinical university sample, the STICSA has been examined using 

Italian (Balasamo et al., 2015; Carlucci et al., 2018) and African American (Lancaster et al., 

2015) participants of varying ages. For instance, although Carlucci et al. (2018) considered 

all five models of the STICSA, the use of an Italian sample limited generalisation of 

conclusions. Therefore, although Carlucci et al. found support for the original factor structure 

put forward by Ree et al. (2008), this study did not validate the structure of this scale in an 

English-speaking sample. Further, although Roberts et al. (2016) examined the STICSA 

while using English speaking participants, a large amount of these were born in other 

countries (e.g. India, China, and Iran). Additionally, the investigation by Grös et al. (2007) 

tested a clinical sample and so cannot be translated to a non-clinical population.   
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Concurrent and Divergent Validity  

Like with the factor structure of the STICSA, limited research has examined the 

concurrent and divergent validity of the STICSA with other measures of anxiety and 

depression (Carlucci et al. 2018; Grös et al., 2007; Roberts et al., 2016). Despite several 

studies supporting the superior concurrent validity of the STICSA with measures of anxiety, 

and divergent validity with depression, as compared to the STAI (Carlucci et al., 2018; Grös 

et al., 2007; Grös et al. 2010; Roberts et al., 2016), this support is not universal. In the study 

by Balasamo et al. (2015) the correlation between the cognitive subscales of the STICSA and 

measures of depression were higher than the correlation of two depression measures with 

each other. Further, in the study conducted by Lancaster et al. (2015), all subscales of the 

STICSA were found to be more correlated with measures of depression than with measures 

of anxiety. These studies called into question the divergent validity of the STICSA, and 

suggest, as with the STAI, that the STICSA is unable to sufficiently discriminate from 

depression (Lancaster et al., 2015; Williams, Peeters, & Zautra, 2004). Results of these 

studies (Balasamo et al., 2015; Lancaster et al., 2015), however, could be specific to the 

population (older Italian sample) and research questions tested (African American as 

compared to European American participants). Therefore, future research needs to examine 

the relationship between the STICSA and anxiety and depression, when using a more 

representative sample. In addition to examining the divergent validity of the STICSA with 

depression, it is also important to examine the divergent validity of the STICSA with 

measures of negative and positive affect (Roberts et al, 2016). Only one study to date has 

examined negative and positive affect, with this study finding that while the STICSA was 

similarly correlated with negative affect, the STICSA was less correlated with positive affect 

as compared to the STAI (Roberts et al., 2016). Therefore, future research also needs to 

examine the relationship between the STICSA as compared to the STAI in relation to affect.   
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Gender  

Another area that warrants examination is the influence of gender on the factor 

structure of the STICSA as well as concurrent and divergent validity. Only one previous 

study has examined whether the factor structure of the STICSA is invariant across genders 

(Carlucci et al., 2018). Further, no studies have examined how gender affects the expression 

of anxiety and subsequently the concurrent and divergent validity of the STICSA with 

measures of anxiety, depression, and negative and positive affect. Extensive research has 

suggested that women experience anxiety to a larger extent than men (McLean & Anderson, 

2009; McLean, Asnaani, Litz, & Hofmann, 2011). Research has also indicated that gender 

dictates the expression of anxiety, with women found to suffer from somatic anxiety 

symptoms, such as faintness and shortness of breath, to a greater degree than men (Sheikh, 

Leskin, & Klein, 2002). Balsamo et al. (2015) mentioned that women in their study had 

significantly higher scores on both subscales of the STICSA state and trait, however, this 

finding was not explored.  

The Current Study  

The current study, therefore, sought to further validate the STICSA and its subscales, 

and to compare the STICSA with the STAI while examining the influence of gender. 

Specifically, this study aimed to a) compare and contrast the five different proposed factor 

models of the STICSA, b) investigate the concurrent and divergent validity of the STICSA, c) 

compare and contrast the concurrent and divergent validity of the STICSA and STAI and d) 

examine these aims while separating between genders. Examining the influence of gender is 

important to consider, as research (Bishop, 1984; Christiansen, 2015; Kroenke & Spitzer, 

1998; McLean & Anderson, 2009) indicates that women experience increased negative 

emotionality as compared to men, such as anxiety, and experience this anxiety in a different 

way. The STICSA and STAI were compared in terms of concurrent validity with measures of 
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anxiety, that is, the anxiety subscale of the Depression Anxiety Stress Scale (DASS; 

Lovibond & Lovibond, 1995), and the Anxiety Sensitivity Index (ASI; Reiss, Peterson, 

Gursky, & McNally, 1986).  

Divergent validity with measures of depression were compared through examining 

correlations with the Depression Subscale of the DASS (Lovibond & Lovibond, 1995) and 

the Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996). Further, divergent 

validity with measures of positive and negative affect were measured through looking at 

relationships with the Positive and Negative Affect Schedule (PANAS; Watson, Clark, & 

Tellegen, 1988). Divergent validity with stress, as measured through the stress subscale of the 

DASS, was also measured (Lovibond & Lovibond, 1995). Although previous research has 

not examined this comparison, research has indicated that anxiety and stress are theoretically 

distinct (Lovibond & Lovibond, 1995). Specifically, stress relates to the response elicited by 

having insufficient resources needed to cope with a situation and is normally proceeded by a 

distinct event (Lovibond & Lovibond, 1995; Sarason, 1984). While anxiety is specific to the 

anticipation of a future threat, and therefore, not normally situationally based (Lovibond & 

Lovibond, 1995; Sarason, 1984).  

 Due to the exploratory nature of research examining the factor structure of the 

STICSA, a lack of consensus in the literature, and limited research examining the 

measurement invariance of the STICSA between genders, no predictions were made as to 

which model will be the most supported by the sample data. In terms of the concurrent and 

divergent validity of the STICSA, we proposed two main hypotheses. Firstly, it was 

hypothesised that the STICSA would be strongly correlated with measures of anxiety, with a 

stronger correlation expected between the STICSA and these measures as compared to the 

STAI. This hypothesis was informed by previous research (Carlucci et al., 2018; Grös et al., 

2007; Grös et al. 2010; Roberts et al., 2016) and the tripartite model of anxiety and 



115 

 

  

depression (Clark & Watson, 1991). According to the tripartite model (Clark & Watson, 

1991), anxiety uniquely loads onto a somatic anxiety/tension factor. Therefore, because of the 

inclusion of items capturing somatic anxiety within the STICSA, the total scores of both the 

STICSA state and trait, and the somatic anxiety subscales, were expected to be more 

correlated with measures of anxiety than the STAI (Grös et al., 2007; Roberts et al., 2016). 

Secondly, it was hypothesised that the STICSA would be less correlated with 

measures of depression, stress, negative and positive affect as compared to the STAI 

(Carlucci et al., 2018; Clark & Watson, 1991; Grös et al., 2007; Grös et al., 2010; Roberts et 

al., 2016). The somatic subscale of the STICSA was also predicted to correlate less with 

depression than the cognitive subscale through this subscale sharing less common variance 

with depression (Roberts et al., 2016). Further, the STICSA was also predicted to be less 

correlated with positive affect, as a lack of positive affect is exclusive to depression (Clark & 

Watson, 1991). The STAI, unlike the STICSA, however, captures variance related to a lack 

of positive affect (Caci et al., 2003) and so was expected to correlate with positive affect to a 

larger degree.  

Method 

According to Simmons, Nelson, and Simonsohn (2012), “we report how we 

determined our sample size, all data exclusions, all manipulations, and all measures in the 

study” (p. 1). 

Participants  

Based on estimates from previous studies, a minimum sample size of 200 participants 

was required for both male and female samples when conducting confirmatory factor 

analyses (Kline, 2016). Data was collected according to pre-screening for another study, and 

subsequently, data collection continued until the sample size for that study was reached. A 

total of 1924 university students and people from the wider community took part in this 
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study. Five participants were under 18, four did not give consent for their data to be used, 365 

participants did not fully complete all surveys, and 4513 duplicate responses were excluded. 

Further, two random responders were removed through examination of scores on scales with 

reverse scored items and corroborated via examination of consecutive strings of identical 

responses on other scales. Thus, 1097 participants (females: N = 882, Mage = 24.61, SD = 

8.61; range = 18-64, 78.9% Caucasian, 11.8% Asian, 5.3% Other Ethnicity, 2.3% African, 

1.0% Aboriginal/Torres Strait Islander, .7% Hispanic, Latino or of Spanish origin) from 

Murdoch University took part in this study for partial course credit or the chance to win a gift 

card. Ethics approval was acquired from Murdoch University before data collection. 

Measures 

The State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree et 

al., 2008). The STICSA is a self-report questionnaire consisting of 42-items, with 10 items 

measuring cognitive anxiety and 11 items measuring somatic components of anxiety at both 

the state and trait level (Ree et al., 2008). An example item for the cognitive trait scale is “I 

keep busy to avoid uncomfortable thoughts”. Items are rated on a 4-point Likert scale from 1 

(Almost never or Not at all) to 4 (Almost always or Very much so) on the trait and state 

scales, respectively. Items on the trait scale are asked in terms of “how often, in general, the 

statement is true of you”, while state items were answered in terms of “how you feel right 

now, at this very moment”. Higher scores indicate higher levels of anxiety. The STICSA and 

its subscales have demonstrated good internal consistency and reliability in different 

populations (e.g. wider community and university students) within previous studies (trait 

somatic, αs ≥ .78, trait cognitive, αs ≥ .75, state somatic, αs ≥ .75, state cognitive, αs ≥ .84; 

Grös, et al., 2007; Grös et al., 2010; Ree et al., 2008; Roberts et al., 2016). 

 
3 Number of duplicate responses are attributable to combining two testing timepoints from the same university.  
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State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1970; 

Spielberger et al., 1983). The STAI is a self-report questionnaire with 40 items rated on a 4-

point Likert scale from 1 (Almost never or Not at all) to 4 (Almost always or Very much so) 

on the trait and state scale, respectively. This scale measures state and trait anxiety and 

therefore gives a general anxiety score. An example item from the trait version is, “I feel 

inadequate”. Higher scores indicate higher levels of anxiety. The trait and state subscales of 

this scale have demonstrated sound internal consistency and reliability in different 

populations, such as students, previously (trait subscale, αs ≥ .86, state subscale, αs ≥  .83; 

Barnes et al., 2002; Gaudry, Vagg, & Spielberger, 1975; Spielberger et al., 1983).  

Anxiety Sensitivity Index (ASI; Reiss et al., 1986). The ASI is a self-report 

questionnaire measuring fear of arousal-related sensations. Participants rated their agreement 

with 16 statements on a 5-point Likert scale from 0 (Very little) to 4 (Very much), with higher 

scores demonstrating increased anxiety sensitivity. An example item is, “It is important to me 

to stay in control of my emotions”. This scale has demonstrated sound internal consistency 

and reliability previously (α = .88; Peterson & Heilbronner, 1987).   

Depression Anxiety Stress Scale-21 (DASS-21; Lovibond & Lovibond, 1995). The 

DASS-21 is a self-report questionnaire with three 7-item subscales: Depression, Anxiety and 

Stress. Participants rated their agreement with the 21 statements on a 4-point Likert scale 

from 0 (Did not apply to me at all) to 3 (Applied to me very much, or most of the time). Total 

scores for each subscale are multiplied by two to calculate the final score for each scale 

(Lovibond & Lovibond, 1995). Higher scores indicate greater depression, anxiety, or stress 

according to the subscale the score relates to. An example item is “I found it difficult to 

relax”. Subscales of this questionnaire have shown sound internal consistency and reliability 

in non-clinical samples in previous research (depression subscale, α = .94, anxiety subscale, 

α = 87, stress subscale, α = .91; Antony, Bieling, Cox, Enns, & Swinson, 1998).  
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Beck Depression Inventory-II (BDI-II; Beck et al., 1996). The BDI-II is a self-

report questionnaire consisting of 21 items rated on a 4-point Likert scale from 0 to 3, where 

a higher score represents increased depression symptoms. It measures mood, affect and 

physical activity over the past two weeks. For this measure, item 9, “Suicidal Thoughts or 

Wishes” was removed as a requirement from the Human Research Ethics Committee of 

Murdoch University. This scale has shown excellent previous internal consistency and 

reliability when testing university students (α = .93; Beck et al., 1996).  

Positive and Negative Affect Schedule-X (PANAS-X; Watson & Clark, 1994). The 

PANAS is a self-report questionnaire with two 10-item subscales measuring positive and 

negative affect. Participants rated their agreement with the 20 statements on a 5-point Likert 

scale from 1 (Very slightly) to 5 (Extremely). An adapted version of this measure was used, 

with 10 items measuring negative affect (four items from the Sadness, and six from the 

General Negative Affect subscale) and 10 items measuring positive affect (four items from 

the Joviality, and six from the General Positive Affect subscale) (Church et al., 2014). An 

example descriptor of feelings would be the degree to which one felt “afraid”. Higher scores 

on both subscales represented higher negative and positive affect, respectively. The adapted, 

and original version of this scale has shown sound previous internal consistency (positive 

affect subscale, αs ≥ .77, negative affect subscale, αs ≥ .80; Church et al., 2014; Watson & 

Clark, 1994).  

Procedure  

The questionnaires were completed online via Qualtrics as part of pre-screening for 

another study. To allow participants to meet the time requirements needed to gain credit for 

completing these surveys, participants also completed the Cognitive Reflection Test 

(Frederick, 2005), Need Satisfaction and Frustration Scale (Longo, Gunz, Curtis, & Farsides, 

2016), Attitude toward Plagiarism questionnaire (Mavrinac, Brumini, Bilić-Zulle, & 
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Petrovečki, 2010) and Plagiarism Scale (Curtis et al., 2018; Maxwell, Curtis, & Vardanega, 

2008), which were not the main focus of the present study. The questionnaires were presented 

in a random order for each participant. Students were recruited for this study through the 

Murdoch University research participant database and flyers were posted around the 

university. Wider community members were recruited via Social Media, such as through 

Facebook pages. Completion of the survey took approximately 30 minutes. Consent was 

given before completion of the questionnaires.   

Data Analysis  

AMOS (Version 24; IBM SPSS) was used to estimate all confirmatory factor analytic 

(CFA) models. The goodness of fit of the CFA was evaluated with the chi-square goodness-

of-fit tests, the root-mean-square error of approximation (RMSEA), the comparative fit index 

(CFI), goodness-of-fit index (GFI) and tucker-lewis index (TLI). Due to the sensitivity of the 

chi-square goodness-of-fit test to large sample sizes (Hu & Bentler, 1999; Kahn, 2006; Kline, 

1998) the additional fit indices were also used to determine the fit of the models. In the 

present study, GFI, CFI and TLI values of .90 and above were considered to reflect adequate 

fit, while values of .95 and above represented excellent fit (Hooper, Coughlan, & Mullen, 

2008; Hu & Bentler, 1999; Kline, 1998; Knight, Virdin, Ocampo, & Roosa, 1994). RMSEA 

values of .06 - .08 represented acceptable fit (Browne & Cudeck, 1993). For all models 

examined, modification indices between error terms on items associated with each factor 

could correlate, as factors measured (state, trait, cognitive and somatic anxiety) share strong 

theoretical associations (Cole, Ciesla, & Steiger, 2007; Hooper et al., 2008).  

To examine the measurement invariance of the best fitting model across male and 

female participants, multigroup confirmatory factor analytic models were examined 

according to recommendations outlined by Brown (2006). Four levels of measurement 

invariance were tested sequentially (configural, weak, strong, and strict invariance). At each 
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level, additional equality constrains were imposed, with the least strict of these being 

configural and the strictest, strict invariance. Configural invariance tests whether the same 

pattern of free and fixed loading occurs across genders. Weak configural invariance is 

established when factor loadings are constrained across groups. Strong invariance is 

confirmed through constraining item intercepts, in addition to factor loadings. The strictest 

form of measurement invariance is established when the sum of specific and error variance is 

the same across groups, in addition to factor loadings and item intercepts (Putnick & 

Bornstein, 2016). Given the sensitivity of chi-square tests to large sample sizes, other 

measures of fit were used to assess measurement invariance in addition to chi-square (Putnick 

& Bornstein, 2016). Therefore, to assess the four levels of measurement invariance the 

difference (Δ) in CFI and RMSEA were also examined (Chen, 2007). According to this, a 

change in CFI ≤ -.010 and RMSEA ≤ -.015 between sequential models was considered 

evidence for invariance.  

To investigate concurrent and divergent validity of test scores, Pearson correlations 

were calculated between scores on the STICSA and scores on the other measures included. 

According to Cohen’s (1988) descriptors, correlations were examined according to: strong 

±.5; moderate ±.30; weak ±.10. Due to the large number of correlations compared 

investigating concurrent and divergent validity, a new significance of p < .0006 from the 

significance level of p < .05, was used, as 72 multiple comparisons for each gender were 

conducted. For between-subjects t-tests comparing negative emotionality between genders, a 

new critical value of p < .003 was used, as 15 multiple comparisons were conducted. 

Steiger’s (1980) Z tests were also used to compare the concurrent and divergent validity of 

the STICSA and STAI with measures of interest. Many correlations were compared, and so a 

Bonferroni correction was applied while examining concurrent validity, resulting in a new 

critical value of p < .004. This was determined according to 12 multiple comparisons 
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examining concurrent validity for each gender. For divergent validity with depression 

measures, a new critical value of p < .004 was applied according to 12 multiple comparisons 

over each gender. Comparison between the STICSA and STAI in terms of divergent validity, 

with measures of positive affect, negative affect and stress were also examined. To correct for 

six comparisons across each gender, a new critical value of p < .008 was used for these 

comparisons.  

Results 

 Little’s (1988) MCAR test was significant for scores on the negative subscale of the 

PANAS in male participants, however, missing values consisted of < 5 % of the total sample, 

therefore missing values were imputed using Expectation Maximisation (Field, 2009). A z of 

±3.29 was used for assessing univariate outliers (Field, 2009) for male and female responses 

separately. Therefore, responses from 4 male participants and 20 female participants were 

removed. Multivariate outliers were also assessed concurrently using Mahalanobis distance 

and removed according to a significance value of p < .001. According to this, two male 

participants and seven female participants were also removed. The final sample included in 

analyses was therefore 1064 (N = 209 males, 855 females) participants.  

Data was not normally distributed, according to ±1 skew and kurtosis (Morgan, 

Griego, & Gloeckner, 2001) with most scales for both males and females (skew: -.31 – 1.50; 

kurtosis: -1.01 – 1.82) tending to be mildly positively skewed. Subsequently, scores on the 

ASI and somatic subscale of the STICSA state were transformed using the square root and 

inverse transformation, respectively. Sample size was considered large for female 

participants, and so normality could be assumed for measures answered by this sample 

(Ghasemi & Zahediasl, 2012). Therefore, skew and kurtosis were corrected according to 

responses made by male participants, with scores from females on these scales transformed 
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for comparison. For clarity, descriptive statistics, and the direction of correlations reported, 

are according to those prior to transformation.   

Factor Structure of the STICSA  

The two-factor state-trait correlated model, as seen in Figure S2 in Supplementary 

Materials, had an inadequate fit (see Model 1 in Table 1). The two-factor cognitive-somatic 

correlated model, as seen in Figure S3 in Supplementary Materials, also had an inadequate fit 

(see Model 2 in Table 1). In Model 1 RMSEA was higher than recommended and the CFI, 

TLI and GFI were lower than the recommended cut offs. Further, although Model 2 

according to RMSEA did have an acceptable fit, CFI, TLI and GFI were lower than the 

recommended cut offs. The four-factor state-trait cognitive-somatic anxiety correlated model, 

as seen in Figure S4 in Supplementary Materials, and hierarchical model, presented in Figure 

S5 in Supplementary Materials, also had an inadequate fit (see Models 3 and 4 in Table 1, 

respectively). Both models had higher RMSEA than recommended and substantially lower 

CFI, TLI and GFI than the recommended cut offs.  

 The two-factor state and trait model separated into cognitive and somatic anxiety, as 

seen in Figure S1 in Supplementary Materials, fit the data well (see Model 5 in Table 1). The 

RMSEA for the two parts of this model were < .06. Further, CFIs were > .93 and TFIs and 

GFIs were > .92. According to all fit indices, model fit was achieved between the sample data 

and the model. 
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Table 1 

Fit Indices for STICSA Models  

Model χ2 df p RMSEA 95% CI CFI GFI TLI 

1. STICSA: Two 

factor  

(State & Trait)b 

8953.69 794 <.001 .098 .096-.100 .679 .689 .652 

2. STICSA: Two 

factors (Somatic & 

Cognitive)b 

3651.40 775 <.001 .059 .057-.061 .887 .809 .874 

3. STICSA: Four 

factorsb  

7561.53 806 <.001 .089 .087-.091 .734 .755 .716 

4. STICSA: 

Hierarchicalc 

8281.73 808 <.001 .093 .091-.095 .706 .741 .687 

5. STICSA State: 

Two factors 

(Somatic & 

Cognitive) 

841.24 184 <.001 .058 .054-.062 .930 .929 .920 

STICSA Trait: 

Two factors 

(Somatic & 

Cognitive)a  

647.48 185 <.001 .048 .044-.053 .948 .944 .941 

Note. CI = Confidence interval. a Model proposed by Ree et al. (2008). b Models proposed by Grӧs et al. (2007).        

c Model proposed by Roberts et al. (2016).  

 

Standardised factor loadings for Model 5 were all significant (p < .001) and ranged 

from .46 to .79 (see Table 2). The fit indices of this model were superior to the four other 

alternative models examined.  
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Table 2 

Factor Loadings for the STICSA State: Two factors (Somatic & Cognitive) and STICSA 

Trait: Two factors (Somatic & Cognitive) model. 

 Standardised (Unstandardised) Factor Loadings 

 State  Trait 

Item number State Somatic State Cognitive  Trait Somatic Trait Cognitive 

1 .56(1.00)   .56(1.00)  

2 .61(1.32)   .56(1.16)  

6 .56(.76)   .54(.94)  

7 .65(1.24)   .61(1.17)  

8 .65(1.01)   .66(1.20)  

12 .54(.91)   .59(1.15)  

14 .64(1.24)   .59(1.06)  

15 .52(.98)   .60(1.12)  

18 .70(1.04)   .71(1.21)  

20 .63(1.08)   .62(1.18)  

21 .56(.99)   .59(1.15)  

3  .75(1.00)   .72(1.00) 

4  .66(.91)   .59(.86) 

5  .61(.84)   .58(.87) 

9  .68(.88)   .68(.96) 

10  .76(1.14)   .79(1.23) 

11  .54(.77)   .46(.70) 

13  .70(.91)   .72(1.04) 

16  .62(.89)   .60(.93) 

17  .74(1.09)   .76(1.16) 

19  .76(1.12)   .79(1.26) 

Factor Correlations r  SE p 

State Somatic-State Cognitive .70 (.18)  (.01) < .001 

Trait Somatic-Trait Cognitive .69 (.17)  (.01) < .001 

 

Multigroup Factor Structure 

 Comparison between models indicated that the two-factor, state-trait cognitive-

somatic model (Model 5) was the best fitting model of the sample data. Therefore, to 

examine the fit of this model between male and female participants, measurement invariance 
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of this model was examined. First, the fit of the baseline model was measured separately for 

male and female participants. Next, levels of measurement invariance were sequentially 

tested (configural, weak, strong, and strict) using further restrictive models. Results of these 

are reported in Table 3.  

Table 3  

Measurement invariance across male and female samples. 

Model χ2 df Δdf TLI CFI ΔCFI RMSEA 90% CI ΔRMSEA 

State          

Single-group           

    Male (n = 209) 319.01* 184  .916 .927  .059 .048-.070  

    Female (n =   

    855) 

789.50* 184  .909 .920  .062 .058-.067  

Configural 1108.88* 368  .910 .921  .044 .041-.046  

Weak 1139.06* 387 19 .914 .920 -.001 .043 .040-.046 .000 

Strong 1140.58* 390 3 .914 .920 .000 .043 .040-.045 .000 

Strict 1217.17* 415 25 .914 .915 -.005 .043 .040-.045 .000 

Trait          

Single-group           

    Male (n = 209) 311.32* 185  .917 .927  .057 .046-.068  

    Female (n =  

    855) 

593.02* 185  .935 .943  .051 .046-.055  

Configural 904.83* 370  .932 .940  .037 .034-.040  

Weak 923.44* 389 19 .935 .940 .000 .036 .033-.039 .000 

Strong 924.36* 392 3 .936 .940 .000 .036 .033-.039 .000 

Strict 995.95* 416 24 .934 .935 -.005 .036 .033-.039 .000 

Note. * p < .001 

 As can be seen in Table 3, configural, weak, strong, and strict measurement 

invariance was demonstrated for both male and female groups. In all instances, differences in 

CFI and RMSEA for all sequential models were less than thresholds used for assessing 

measurement invariance. Although chi-square difference tests were significant for levels of 

measurement invariance, like said previously, this statistic is overly sensitive to large sample 

sizes (Putnick & Bornstein, 2016). Therefore, for both male and female participants 
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according to the two-factor state-trait cognitive-somatic model, measurement invariance 

between these samples was established.  

Descriptive statistics and internal consistency 

Descriptive statistics and internal consistencies for the measures administrated, 

collapsed across gender, as well as separated by gender, were calculated. Research indicates 

that women experience negative emotionality, such as anxiety, more than men. Further, 

women also experience difference types of anxiety symptoms. Therefore, scores for males 

and females according to emotionality measures were compared via between-subjects t-tests. 

Associated results are shown in Table 4.    
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Table 4 

Descriptive statistics and internal consistencies for measures collapsed across gender, as 

well as separated by gender, and between-subjects t-tests examining gender differences. 

 Total  Male  Female  t-test 

 

Measure  

M  

(SD) 

 

α  

 M  

(SD) 

 

α  

 M  

(SD) 

 

α 

  

t(1062) 

 

d 

STICSA State 34.25 

(10.51) 

.92  33.42  

(10.16) 

.92  34.45  

(10.60) 

.92  1.26 0.10 

STICSA State Somatic  15.20  

(4.79) 

.86  14.83 

(4.64) 

.87  15.29  

(4.83) 

.86  1.46 0.10 

STICSA State Cognitive 19.05  

(6.87) 

.90  18.59 

(6.66) 

.90  19.16  

(6.92) 

.90  1.08 0.08 

STICSA Trait 38.84  

(10.67) 

.92  37.18 

(10.20) 

.91  39.25  

(10.75) 

.92  2.52 0.20 

STICSA Trait Somatic  17.80  

(5.29) 

.86  16.74 

(5.00) 

.87  18.06  

(5.33) 

.86  3.24* 0.26 

STICSA Trait Cognitive  21.04  

(6.56) 

.89  20.43 

(6.40) 

.89  21.19  

(6.59) 

.89  1.50 0.12 

STAI Trait  45.78  

(10.92) 

.93  45.11 

(10.49) 

.92  45.95  

(11.03) 

.93  0.99 0.08 

STAI State  40.89  

(11.75) 

.94  40.21 

(11.38) 

.94  41.05  

(11.84) 

.94  0.93 0.07 

ASI 22.93  

(11.96) 

.90  20.90 

(10.53) 

.87  23.42  

(12.24) 

.90  2.46 0.31 

DASS Anxiety 9.57  

(8.46) 

.82  7.96 

(7.11) 

.78  9.96  

(8.71) 

.83  3.48*† 0.25 

DASS Depression 11.14  

(9.66) 

.89  12.00 

(10.00) 

.89  10.93  

(9.57) 

.89  1.44 0.11 

BDI 13.82  

(9.63) 

.90  12.82 

(9.50) 

.90  14.06  

(9.65) 

.90  1.67 0.13 

PANAS Positive 32.77  

(7.43) 

.90  32.42 

(7.53) 

.90  32.85 

(7.41) 

.91  0.76 0.06 

PANAS Negative 22.00 

 (7.49) 

.89  22.00 

(7.39) 

.88  22.00  

(7.51) 

.89  0.00 0.00 

DASS Stress 14.53  

(9.41) 

.85  12.67 

(9.01) 

.84  14.99  

(9.45) 

.85  3.21* 0.25 

Note. † df = 376.37, * p < .003. 
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As can be seen in Table 4, for both versions of the STICSA, in male and female 

samples, internal consistencies were good (αs > .91; see Table 1). Internal consistencies on 

both versions of the STICSA for cognitive and somatic subscales across male and female 

samples were also acceptable (αs > .86).  

Additionally, across male and female samples, both subscales strongly correlated with 

each other on the state (rs > .63, ps < .0001) and trait versions of the STICSA (rs > .59, ps < 

.0001). The total scores of both versions of the STICSA across male and female samples 

were also strongly correlated (rs > .78, ps < .0001), as were scores on the cognitive subscales 

and somatic subscales, across both versions, respectively (rs > .63, ps < .0001). 

Gender differences in STICSA and STAI 

According to Table 4, female participants had significantly higher somatic trait 

anxiety as measured by the STICSA trait. The STAI however, was not sensitive to this 

difference in trait anxiety between male and female participants. Further, women also had 

significantly higher anxiety and stress as measured by the anxiety and stress subscales of the 

DASS, respectively.  

Concurrent Validity 

Correlations for measures administered to examine concurrent validity, separated by 

gender, are presented in Table 5. According to hypothesis one, it was predicted that the 

STICSA and its subscales would be more strongly correlated with measures of anxiety as 

compared to the STAI. To compare correlations between the STICSA and STAI with 

measures of anxiety, Steiger’s Z values were calculated. Comparisons were conducted by 

comparing STICSA state scores with the STAI state, and STICSA trait scores with scores on 

the STAI trait. Whether Steiger’s Z values were significantly different between the STICSA 

and STAI, are also indicated within Table 5. For actual Steiger’s Z values, see Table S1 in 

Supplementary Materials.   
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Table 5 

Pearson correlations and Steiger’s Z, investigating the concurrent validity of the STICSA and 

STAI with measures of interest.  

 ASI  DASS Anxiety  STAI trait  STAI state 

 Male Female  Male Female  Male Female  Male Female 

STICSA State .44*a .54*a  .70*a .69*a  .62* .68*  .62* .67* 

STICSA State Somatic  .39* .44*  .66*a .62*a  .46* .47*  .53* .55* 

STICSA State Cognitive .41* .53*a  .60* .62*a  .66* .74*  .61* .67* 

STICSA Trait  .51* .59*a  .74*a .73*a  .68* .74*  .59* .62* 

STICSA Trait Somatic  .45* .50*  .76*a .68*  .45* .51*  .45* .49* 

STICSA Trait Cognitive  .46* .56*  .58* .64*  .73* .80*  .59* .62* 

STAI Trait  .37* .51*  .54* .63*  - -  .77* .75* 

STAI State  .27* .40*  .49* .53*  .77* .75*  - - 

Note. a significantly stronger correlation with the STICSA according to Steiger Z scores, b significantly stronger 

correlation with the STAI according to Steiger Z scores.  

* p<.0006. 

As can be seen in Table 5, for both male and female participants, the total scores and 

subscales of the STICSA state and trait were either moderately or strongly correlated with all 

anxiety measures.   

STICSA vs. STAI. According to values in Table 5, the STICSA state and trait were 

significantly more correlated with both anxiety measures than the STAI state and trait, 

respectively, for female participants. For male participants, the STICSA state was 

significantly more correlated with both anxiety measures than the STAI state, while the 

STICSA trait was significantly more correlated with the anxiety subscale of the DASS as 

compared to the STAI trait. The cognitive subscale of the STICSA state was also 

significantly more associated with both anxiety measures than the STAI state for female 

participants. For male participants, the somatic subscale of the STICSA trait had a 

significantly stronger relationship with the anxiety subscale of the DASS as compared to 

STAI trait. Although non-significant for the remainder, the anxiety measures in most 

instances were more correlated with the STICSA for both genders as compared to the STAI.  
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Divergent Validity  

Correlations for measures administered to examine divergent validity, separated by 

gender, are presented in Table 6. According to hypothesis two, it was predicted that the 

STICSA as compared to the STAI would be less correlated with measures of depression, 

stress, negative and positive affect. Steiger’s Z values were created to compare correlations 

between the STICSA and STAI with measures of divergent validity. Whether Steiger’s Z 

values were significantly different between the STAI and STICSA, are also indicated in 

Table 6. For actual Steiger’s Z values see Table S2 in Supplementary Materials. Like with 

examination of concurrent validity, comparisons for divergent validity were done through 

comparing STICSA state scores with the STAI state, and STICSA trait scores with the STAI 

trait. 
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Table 6 

Pearson correlations investigating the divergent validity of the STICSA and STAI with 

measures of interest.  

Note. a significantly stronger correlation with the STICSA according to Steiger Z scores, b significantly stronger 

correlation with the STAI according to Steiger Z scores.  

* p<.0006. 

 

Depression. As can be seen in Table 6, for both male and female samples, the total 

scores and cognitive subscales of both the STICSA state and trait were strongly correlated 

with the depression subscale of the DASS and BDI-II. For both males and females, the 

somatic subscales of the STICSA state were also moderately correlated with the depression 

subscale of the DASS. While the somatic subscale of the STICSA trait, for both males and 

 PANAS 

Negative 

 PANAS 

Positive 

  

DASS Stress 

 DASS 

Depression  

  

BDI-II 

Measure Male Female  Male Female  Male Female  Male  Female   Male Female  

STICSA 

State 

.61* .63*  -.24*b -.38*b  .54* .64*  .55* .63*  .62* .68* 

STICSA 

State 

Somatic  

.46* .47*b  -13b -.26*b  .44* .52*b  .36*b .45*b  .49*b .51*b 

STICSA 

State 

Cognitive 

.62* .66*  -.30*b -.41*b  .54* .64*  .59* .66*  .62* .71* 

STICSA 

Trait  

.69* .70*b  -.28*b -.39*b  .67* .68*  .58*b .65*b  .68* .69*b 

STICSA 

Trait 

Somatic  

.49*b .53*b  -.10b -.24*b  .54* .55*b  .37*b .48*b  .50*b .52*b 

STICSA 

Trait 

Cognitive  

.71* .71*b  -.36*b -.44*b  .64* .67*  .63* .67*b  .69* .70*b 

STAI 

Trait  

.74* .75*  -.60* -.65*  .64* .66*  .70* .73*  .74* .77* 

STAI 

State  

.60* .64*  -.55* -.54*  .56* .60*  .54* .60*  .64* .67* 
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females were strongly correlated with the BDI-II. Further, according to Steiger Z values, 

across genders, the somatic subscales of both the STICSA state and trait were significantly 

less correlated with both depression measures as compared to the cognitive subscales, Zs > -

2.86, ps < .005.  

Positive affect. For male participants, the total score, and somatic subscales of the 

STICSA state and trait, were weakly correlated with a lack of positive affect. While the 

cognitive subscale of the STICSA state and trait for males was moderately correlated. For 

female participants, the total scores and cognitive subscales of the STICSA state and trait, 

were moderately correlated with a lack of positive affect. While the somatic subscales of the 

STICSA state and trait for female participants, were only weakly correlated with a lack of 

positive affect.   

Negative affect. For male and female participants, the total scores, and cognitive 

subscales of the STICSA state and trait were strongly correlated with negative affect. In male 

participants, the somatic subscales were only moderately correlated with negative affect. For 

female participants, the somatic subscale of the STICSA state was also moderately correlated 

with negative affect, while the somatic subscale of the STICSA trait was strongly correlated.  

Stress. For both male and female participants, the total scores, and cognitive 

subscales of the STICSA state and trait were strongly correlated with the stress subscale of 

the DASS. While the somatic subscale of the STICSA state for males was moderately 

correlated with stress.  

STICSA vs. STAI.  

Depression. As can be seen in Table 6, for females, the total score of the STICSA 

trait and both subscales were significantly less correlated with the DASS depression and 

BDI-II as compared to STAI trait. The somatic subscale of the STICSA state was also 

significantly less correlated with both depression measures as compared to STAI state. 
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Further, for male participants, the total score and somatic subscale of the STICSA trait was 

significantly less correlated with the DASS depression than the STAI trait. The somatic 

subscale of the STICSA trait was also significantly less correlated with the BDI-II than the 

STAI trait. No subscale of the STICSA for both male and female participants were 

significantly more correlated with either depression measure than the STAI.  

Positive Affect. Both subscales of the STICSA state and trait for both male and 

female samples were significantly less correlated with positive affect as compared to the 

STAI state and trait.  

Negative Affect. For female participants, the total score of the STICSA trait and both 

subscales of the STICSA trait were significantly less correlated with negative affect as 

compared to STAI trait. Further, the somatic subscale of the STICSA state was significantly 

less correlated with negative affect as compared to the STAI state in female participants. For 

male participants, the somatic subscale of the STICSA trait was significantly less correlated 

with negative affect than the STAI trait. Further, for the remainder, although non-significant, 

the STICSA in most cases was less correlated with negative affect than the STAI. 

Stress. For female participants, the somatic subscale of the STICSA state and trait 

were significantly less correlated with stress as compared to STAI state and trait, 

respectively. Further, although non-significant, within the male sample, the STAI was more 

correlated with the stress subscale of the DASS than the STICSA in most cases.  

Discussion 

 The present study aimed to examine the factor structure of the STICSA and to 

compare the concurrent and divergent validity of the STICSA with the STAI, while 

separating between genders. The best fit of the sample data was the two-factor state-trait 

cognitive-somatic model, supporting the original factor structure put forward by Ree et al. 

(2008). Like Carlucci et al. (2018), the factor structure of this model was invariant between 



134 

 

  

male and female participants. In most cases, for both men and women, the STICSA as 

compared to the STAI, either had a larger or significantly larger relationship with other 

anxiety measures. This finding mostly supported hypothesis one in relation to concurrent 

validity. In most cases, for both genders, the STICSA as compared to the STAI, also had 

either a weaker or significantly weaker relationship with depression, stress, negative and 

positive affect. Therefore, overall, the STICSA also had superior divergent validity than the 

STAI, supporting hypothesis two.  

Factor Models of the STICSA 

The two-factor state-trait cognitive-somatic model was the best fit of the sample data, 

with this structure invariant between genders. This finding supports previous research 

(Carlucci et al., 2018; Ree et al., 2008) and indicates that the STICSA state and trait can be 

administered separately in research to assess dispositional (trait) and situational (state) 

cognitive and somatic anxiety. Our study also extends on these studies, however, as we are 

the first to find support for this factor structure in male and female participants when using an 

English-speaking sample. The findings of the present research are in contrast with Roberts et 

al. (2016) who found support for the hierarchical model, and Grӧs et al. (2007), who found 

support for the four-factor model. Future research should endeavour to examine the factor 

structure of these models using samples specific to Roberts et al. and Grӧs et al. Although 

Roberts et al. did examine the factor structure of the STICSA using the English version of 

this questionnaire, they did indicate that their sample was largely heterogeneous. Therefore, a 

similar sample to Roberts et al. should be tested in future. Further, Grӧs et al. tested a clinical 

sample of participants. This also indicates that although the factor structure originally put 

forward by Ree et al. (2008) was supported and invariant between genders, when using a 

non-clinical sample, this may deviate in samples with clinical levels of anxiety.  
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STICSA versus STAI 

Concurrent Validity. Results of this study also mostly support hypothesis one. The 

STICSA and its subscales were strongly to moderately correlated with all anxiety measures 

for both male and female participants. Interestingly, scores on the STICSA, its subscales and 

the STAI, were less correlated with the ASI in male participants as compared to females. This 

finding supports previous research indicating that anxiety sensitivity is not a strong indicator 

of an anxiety response in men (Deacon, Abramowitz, Woods, & Tolin, 2003; Norr, Albanese, 

Allan, & Schmidt, 2015).   

In addition to superior concurrent validity, in most cases, the total scores of the 

STICSA and somatic subscales had larger correlations with measures of anxiety as compared 

to the STAI. Only the somatic subscale of the STICSA state in females was less correlated 

with the ASI than the STAI. This difference in correlations, however, was minor and not 

statistically significant. Collectively, these findings add to research indicating that the 

STICSA somatic subscales and total scores capture more unique variance related to anxiety 

via inclusion of items capturing somatic anxiety/tension (Clark & Watson, 1991; Grös et al., 

2007; Grös et al., 2010; Roberts et al., 2016). In extension to prior findings, however, we also 

found that the cognitive subscales of the STICSA in most cases, were also more correlated 

with other anxiety measures as compared to the STAI. This indicates, that even though both 

the STICSA and STAI include items capturing cognitive anxiety, the STICSA captures this 

facet to a greater degree. This finding could be attributed to the STAI, in addition to capturing 

negative affect, which is related to cognitive anxiety (Grös et al., 2007), also capturing 

variance related to a lack of positive affect.  

Divergent Validity. Hypothesis two was also mostly supported by the results of this 

study. Although most correlations between the STICSA and measures of depression were 

moderate to strong, the STICSA in most cases, was either less correlated or significantly less 
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correlated with these measures than the STAI. Also supporting previous research and 

consistent with the tripartite model (Clark & Watson, 1991; Roberts et al., 2016), the somatic 

subscales of the STICSA were significantly less correlated with depression than the cognitive 

subscales. These findings support previous research indicating that the STICSA, especially 

the somatic anxiety subscales, are less correlated with depression (Grös et al., 2007; Grös et 

al., 2010; Roberts et al., 2016). The somatic subscales of the STICSA in male and female 

participants, were also non-significantly and weakly correlated with positive affect, 

respectively. Further, total and subscale scores on the STICSA in both samples, were either 

less correlated or significantly less correlated with positive affect than the STAI. This finding 

corroborates our findings related to depression, and previous research (Grös et al., 2007; Grös 

et al., 2010; Roberts et al., 2016) indicating that the STICSA is less correlated with 

depression, as a lack of positive affect is specific to depression and not anxiety (Caci et al., 

2003).  

In light of our findings, future studies should seek to examine whether the STICSA 

and its subscales are less correlated with positive affect and depression within clinical 

samples. While also examining whether these correlations are smaller than those observed 

with the STAI. This would extend on research conducted by Grös et al. (2007) who did not 

measure the STICSA in relation to positive affect and did not separate the STICSA according 

to its subscales. If the STICSA is found to be less correlated with a lack of positive affect and 

depression in future studies, the STICSA could be employed within a clinical setting to help 

minimise misdiagnosis between disorders. Use of this scale could subsequently improve the 

effectiveness of both therapeutic and pharmaceutical interventions (Ballenger, 2000; Tiller, 

2013). For instance, the STICSA in addition to administering a measure of depression, might 

help distinguish between individuals with an anxiety disorder, depressive disorder or 

comorbid anxiety and depression diagnosis.  
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In the study by Roberts et al. (2016), the STICSA trait and its subscales were 

similarly correlated with negative affect as compared to the STAI. In our study, in both men 

and women, the somatic subscale of the STICSA trait was significantly less correlated with 

negative affect than the STAI. This suggests, that although anxiety and depression share high 

levels of negative affect (Clark & Watson, 1991), the somatic subscale of the STICSA trait 

captures less variance related to negative affect, and more unique variance related to somatic 

anxiety/tension. This result has implications for future research within both non-clinical and 

clinical samples. Within the experimental setting, researchers have indicated that anxiety 

inductions frequently do not induce enough state anxiety needed to impair cognitive 

performance (Deffenbacher, Bornstein, Penrod, & McGorty, 2004). Administering the 

STICSA trait version of the somatic subscale, however, prior to testing in future research, 

could ensure that only participants with a vulnerability to this type of induction are tested. 

Future research should also seek to replicate our findings within a clinical sample. Although 

anxiety disorders share variance with negative affect (Clark & Watson, 1991), certain 

disorders have a stronger relationship with somatic anxiety than others (den Hollander-

Gijsman, Beurs, van der Wee, van Rood, & Zitman, 2010). For instance, although panic 

disorder and generalised anxiety disorder share variance with negative affect, panic disorder 

also includes variance specific to somatic anxiety (den Hollander-Gijsman et al., 2010). 

Therefore, future research should seek to examine whether the somatic subscales of the 

STICSA can aid differentiation between such disorders.  

 Within our study in both genders, the stress subscale of the DASS was less correlated 

with the somatic subscales of the STICSA as compared to the STAI. Although the 

comparison between stress and anxiety has been relatively ignored by previous research 

(Carlucci et al. 2018; Roberts et al., 2016), our findings indicate that the STICSA somatic 

subscales share less common variance with stress. According to Lovibond and Lovibond 
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(1995) the stress scale of the DASS captures variance specific to a persistent state of arousal 

with a lower threshold for becoming upset. Further, most overlap between the anxiety and 

stress subscales of the DASS were indicated between items measuring nervous tension and 

energy (Lovibond & Lovibond, 1995). Within both the STAI state and trait, items explicitly 

asking participants how tense, nervous, and jittery, they are, for example, are included. No 

such items are contained within the STICSA somatic subscales. Distinguishing between 

stress and anxiety is essential, as the level of stress experienced by an individual 

differentiates adaptive coping strategies from those that are maladaptive (Lazarus, 1993; 

Lazarus & Folkman, 1984). While anxiety, although related to stress, has important clinical 

implications relevant to determining the risk of developing an anxiety disorder (Rose & 

Devine, 2014). Additionally, anxiety helps identify how a person will act in a variety of 

situations due to indicating a psychological response which generalises between situations 

(Sarason, 1984).    

Gender differences in STICSA 

 Although the factor structure of the two-factor state-trait cognitive-somatic model of 

the STICSA was invariant between genders, differences in the magnitude of anxiety 

symptoms existed between males and female samples. Female participants in our study, had 

significantly higher somatic trait anxiety on the STICSA as compared to men (Balasamo et 

al. 2015). This supports previous research indicating that women within non-clinical samples 

experience physiological anxiety symptoms to a larger extent than men (Stewart, Taylor, & 

Baker, 1997). Further, in our study, women also had higher anxiety as measured by the 

anxiety subscale of the DASS, with this also supporting previous research (Bayram & Bilgel, 

2008; Imam, 2008). No difference in cognitive trait anxiety as measured by the STICSA 

between men and women occurred. Taken together, these findings support the proposition 

that women not only experience anxiety to a greater magnitude than men, but also experience 
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certain anxiety symptoms more frequently (McLean & Anderson, 2009; McLean et al., 

2011). Further, women were also found to experience more stress then men, also supporting 

previous research (Bayram & Bilgel, 2008; Imam, 2008). Our study is the first to find a 

gender division when using the STICSA, and therefore extends on previous research. 

Separately, and of note, the distinction between males and females in term of trait anxiety, 

did not occur according to the STAI. This most likely occurred through omission of variance 

related to somatic anxiety within the STAI (Roberts et al., 2016). The STAI being unable to 

identify gender differences in anxiety responses highlights another limitation associated with 

use of this measure. Findings of our study, therefore, not only indicate that the STICSA is a 

purer measure of anxiety (Grös et al., 2007), but also indicate the STICSA is more sensitive 

to gender differences.  

Limitations 

Several limitations existed within this study. This study consisted of a non-clinical 

sample, which was predominately female and highly educated. Therefore, despite the 

findings of this study having implications for future research into clinical populations, the 

generalisability of our findings to this sample might be limited. Further, the Form-X state 

measure of the STAI (Spielberger et al., 1970) was used instead of the Form-Y. This version 

is suggested to be confounded by depression to a greater degree than the newer version 

(Spielberger et al., 1983). However, this limitation is more pronounced in the trait, rather than 

state version of the Form-X (Hishinuma et al., 2001; Spielberger, et al., 1983). Further, 

according to Spielberger et al. (1983), both the Form-X and Y are highly correlated and can 

be considered essentially equivalent. Additionally, in the current study, the state version of 

the STAI was less correlated with depression than the STAI trait, suggesting minimal impact 

of using this version of the STAI state.  
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Future Directions  

 In our study the two-factor cognitive-somatic state-trait model was the best fitting 

model of the STICSA, supporting the original structure proposed by Ree et al. (2008) and the 

investigation by Carlucci et al. (2018). Further, our study like Carlucci et al. found support 

for the invariance of this structure across genders. Other studies, however, in contrast with 

our findings and previous research, have found support for other models, namely the four-

factor model and the hierarchical model (Grös et al., 2007; Roberts et al., 2016). As 

previously stated, demographic differences existed between the present study and that 

conducted by Grös et al. (2007) and Roberts et al. (2016). Future research should therefore 

aim to replicate the factor structure observed here using a range of populations while 

separating between male and female samples.  

 Like said above, future research should also seek to examine whether the STICSA and 

its subscales are less correlated with depression and a lack of positive affect within clinical 

settings. While also examining if the somatic subscales are less correlated with negative 

affect. The STICSA within these populations might help with diagnosis of certain disorders 

(den Hollander-Gijsman et al., 2010). Specifically, scores on the STICSA might allow for 

differentiating between depression, anxiety and comorbid anxiety and depression. While 

scores on the somatic subscale might help distinguish between individuals with different 

types of anxiety disorders (den Hollander-Gijsman et al., 2010). Further, use of the somatic 

subscale within the experimental setting with non-clinical populations could help determine 

anxiety vulnerability to certain anxiety inductions. As indicated by gender differences on the 

STICSA, future research should examine these avenues while separating between genders.  

Conclusion 

  This study extends on previous research into the reliability and validity of the 

STICSA. Our analysis conducted on the STICSA provides evidence that the cognitive and 
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somatic anxiety items of the STICSA load separately onto state and trait anxiety within an 

English-speaking population (Ree et al., 2008). Our findings also add to the literature as this 

factor structure was invariant between genders. This study extends support for the proposition 

that the STICSA is a purer measure of anxiety as compared to the STAI. The STICSA was 

found to be more correlated with various measures of anxiety as compared to the STAI, 

highlighting its superior concurrent validity. Further, the STICSA overall, was also found to 

be less strongly correlated with measures of depression, negative and positive affect, and 

stress. This highlights that scores on the STICSA might allow for the differentiation of not 

only anxiety and depressive disorders, but also between different anxiety disorders, with this 

having potential implications for treatment.      
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Supplementary Materials 

Figure S1. Two-factor state and trait separated into cognitive and somatic anxiety model for 

the STICSA.  

Figure S2. Two-factor state-trait correlated model of the STICSA.   
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Figure S3. Two-factor cognitive-somatic correlated model of the STICSA.  

 

Figure S4. Four-factor state-trait cognitive-somatic anxiety model of the STICSA.  
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Figure S5. Hierarchical model of the STICSA with a first order global anxiety factor and 

second order intercorrelated state-trait cognitive-somatic subdomains.  
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Table S1 

Comparison between the STICSA and STAI, in terms of their relationship with anxiety.  

 ASI  DASS Anxiety 

Comparison between measures Male Female  Male Female 

STICSA state vs. STAI State 2.95*a 5.62*a  4.54*a 7.74*a 

STICSA state somatic vs. STAI State 1.84a 1.18a  3.40*a 3.81*a 

STICSA state cognitive vs. STAI State 2.34a 5.28*a  2.13a 4.38*a 

STICSA trait vs. STAI Trait 2.81a 4.09*a  5.24*a 6.11*a 

STICSA trait somatic vs. STAI Trait 1.21a -.36b  4.73*a 2.35a 

STICSA trait cognitive vs. STAI Trait 1.91a 2.79a  1.20a .56a 

Note. a significantly stronger correlation with the STICSA according to Steiger Z, b significantly stronger 

correlation with the STAI according to Steiger Z.  

* p<.004. 
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Table S2 

Comparison of the STICSA and the STAI with measures of depression, positive and negative affect, and stress. 

Note. a significantly stronger correlation with the STICSA according to Steiger Z, b significantly stronger correlation with the STAI according to Steiger Z.  

* p < .004, ** p < .008. 

 

 

 DASS Depression  BDI-II  Positive Affect  Negative Affect  DASS Stress 

Comparison 

between measures 

 

Male 

 

Female 

  

Male 

 

Female 

  

Male 

 

Female 

  

Male 

 

Female 

  

Male 

 

Female 

STICSA state vs. 

STAI State 

.10a 1.16a  -.34b .95a  5.96**b 6.92**b  .22a -.30b  -.31b 1.90a 

STICSA state 

somatic vs. STAI 

State 

-3.23*b -5.94*b  -2.93*b -6.38*b  7.15**b 9.92**b  -2.62b -6.58**b  -2.12b -3.50**b 

STICSA state 

cognitive vs. 

STAI State 

1.00a 2.86a  -.40a 2.37a  4.78**b 5.44**b  .33b .75a  -.51b 1.70a 

STICSA trait vs. 

STAI Trait 

-2.91*b -4.57*b  -1.87b -4.99*b  6.77**b 13.25**b  -1.40b -3.40**b  .68a 1.05a 

STICSA trait 

somatic vs. STAI 

Trait 

-5.76*b -10.30*b  -4.88*b -10.94*b  7.83**b 14.83**b  -4.83**b -9.65**b  -1.79b -4.60**b 

STICSA trait 

cognitive vs. 

STAI Trait 

-1.83b -3.55*b  -1.64b -4.52*b  5.52**b 12.11**b  -.83b -3.10**b  -.03b .19b 
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Abstract 

A novel theoretical postulation adapted from Brigham (2008) predicts that state anxiety 

increases recognition deficits for other-race faces. Attention Control Theory (ACT), however, 

suggests that state anxiety will impair face-recognition accuracy but will not interact with 

face-race. We compared both theories using a face-recognition paradigm, to examine how 

cognitive state anxiety affects recognition accuracy for own-race and other-race faces. Using 

a cognitive anxiety induction, we examined the influence of state anxiety induced during 

encoding (Experiment 1, N = 53) and during retrieval (Experiment 2, N = 54). Results of 

Experiment 1 revealed a significant interaction between state anxiety and race, where state 

anxiety increased face-recognition deficits for own-race faces. No significant interaction 

occurred in Experiment 2. Given the unexpected nature of the interaction in Experiment 1, 

neither the theory adapted from Brigham, nor ACT, were supported. A post-hoc explanation 

for observed results, drawing on ACT, suggests reduced recognition accuracy for non-

threatening stimuli (own-race) through biased attention towards threat-stimuli (other-race).  

Keywords: Cognitive anxiety, race, face-recognition accuracy, encoding, retrieval  
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Introduction 

Despite humans being experts at making face-recognition judgements with a high 

degree of accuracy (Tanaka, 2001), this ability is fallible (Lindsay, Mansour, Bertrand, 

Kalmet, & Melsom, 2011). Verifying face identity within various forensic and security 

settings is important (Wells & Olsen, 2003), thus, research into factors affecting face-

recognition accuracy has received considerable attention. Two factors known to influence 

face-recognition accuracy are anxiety (Deffenbacher, Bornstein, Penrod, & McGorty, 2004) 

and race (Malpass & Kravitz, 1969; Meissner & Brigham, 2001). 

Experiencing high levels of state anxiety and/or trait anxiety, has been shown to 

impair face-recognition accuracy (state anxiety: Curtis, Russ, & Ackland, 2015; 

Deffenbacher et al., 2004, trait anxiety; Horry & Wright, 2009; Nowicki, Winograd, & 

Millard, 1979). Recognition consists of both the encoding (initial) phase and retrieval (later) 

phase of memory formation (Huijbers et al., 2013). Despite both stages being involved in 

memory formation, research suggests that anxiety may only impair encoding (see meta-

analysis by Deffenbacher et al., 2004).  

Individuals also have worse face-recognition accuracy for other-race faces, as 

compared to own-race faces (Malpass & Kravitz, 1969). Collectively termed the Own-Race 

Bias (ORB), this effect is highly robust (Meissner & Brigham, 2001). According to the 

ingroup/outgroup model, outgroup classification (i.e., categorizing the target as a member of 

a social group other than one’s own) is responsible for other-race face-recognition deficits 

(Hugenberg, Young, Bernstein, & Sacco, 2010; Sporer, 2001). Further, according to 

perceptual expertise models (i.e. multidimensional face-space model; Valentine, 1991), the 

ORB may be moderated by contact quality with other-race individuals, and motivation to 

gain individuating experience, such that higher levels of both these factors reduces the ORB 

(Walker & Hewstone, 2008; Walker, Silvert, Hewstone, & Nobre, 2008). Interestingly, 
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despite performance deficits when anxious, and when viewing other-race individuals, 

confidence in face-recognition judgements is relatively unaffected by these factors (anxiety: 

Attwood, Catling, Kwong, & Munafò, 2015, race: Meissner & Brigham, 2001).   

Anxiety and ORB interaction 

Extensive research has been conducted into the influence of anxiety and race on face-

recognition accuracy (anxiety; Deffenbacher et al., 2004, race; Meissner & Brigham, 2001). 

Limited research, however, has examined the potential interaction between anxiety and race 

on face-recognition accuracy. According to Brigham (2008), intergroup anxiety can interact 

with race to exacerbate performance deficits for other-race faces. This occurs through 

increased categorisation and stereotyping of other-race individuals when experiencing high 

levels of intergroup anxiety (Bodenhausen, Mussweiler, Gabriel, & Moreno, 2001; Brigham, 

2008). Adapting this theory to situations where anxiety comes from an external source 

suggests that experiencing high levels of state anxiety will also exacerbate other-race face-

recognition deficits (Curtis et al., 2015). Conversely, Attentional Control Theory (ACT; 

Eysenck, Derakshan, Santos, & Calvo, 2007), predicts impaired face-recognition 

performance through precedence being given to off-task anxious thoughts when people are 

highly state and/or trait anxious, without considering a potential interaction between state 

anxiety and race (Eysenck et al., 2007).   

Two recent studies that examined whether state anxiety and race can interact to 

exacerbate face-recognition deficits were Curtis et al. (2015) and Attwood et al. (2015). Both 

studies found that state anxiety reduced face-recognition accuracy. Curtis et al. found a 

reduction in face-recognition accuracy when state anxiety was induced via a cognitive 

anxiety induction during encoding. Cognitive anxiety is defined as anxiety symptoms related 

to thought process such as worry (Ree, French, MacLeod, & Locke, 2008). In the study by 

Curtis et al., no reduction occurred during their second experiment when state anxiety was 
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induced during retrieval, with this supporting previous research (Deffenbacher et al., 2004). 

In contrast to previous research, and the finding of Curtis et al., Attwood et al. found reduced 

face-recognition accuracy when state anxiety was induced during retrieval through a somatic 

anxiety induction. Somatic anxiety is defined as anxiety symptoms related to physiological 

symptoms such as trembling, shaking and heart palpitations (Ree et al., 2008). Both studies 

also found an ORB (Meissner & Brigham, 2001). Neither study, however, found an 

interaction between state anxiety and race. Results were therefore in contrast with predictions 

based on the theory adapted from Brigham (2008) and were in support of predictions based 

on ACT (Eysenck et al., 2007). 

Limitations in these studies, however, could have weakened the potential for finding 

an interaction between anxiety and face-race. Both studies used a mixed gender sample of 

participants viewing only males’ faces, therefore inviting a potential own-gender bias (see 

Lovén, Herlitz, & Rehnman, 2011). According to the ingroup/outgroup model (Sporer, 2001), 

individuals are better at recognising faces of any ingroup member as compared to those 

belonging to the outgroup. Therefore, it is expected that male participants would be better at 

recognising male faces of both races as compared to females. Further, state anxiety 

experienced through exposure to an anxiety induction is more intense in female participants 

as compared to males (Nowicki et al., 1979), therefore introducing uncontrolled state anxiety 

variability. Curtis et al. (2015) also did not control for the emotionality or distinctiveness of 

face-stimuli. Some stimuli might have displayed a happy facial expression, while others 

could have displayed neutral or sad. When experiencing heightened state anxiety, individuals 

give preferential processing to negative (i.e. angry and sad) face-stimuli, as compared to 

happy or neutral (Doty, Japee, Ingvar, & Ungerleider, 2013). Increased processing therefore 

leads to increased recognition accuracy (Lundh & Öst, 1996). Attwood et al. (2015) also did 

not fully balance their design, as faces of one race might have been overrepresented during 
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the recognition phase of the experiment, due to restrictions imposed by the anxiety induction. 

Therefore, results observed might have been influenced by characteristics inherent to the 

stimuli or race used, rather than solely by induced anxiety and face-race (Attwood et al., 

2015). Limitations described could have therefore heightened error of measurement and 

statistical noise, and subsequently impaired the ability to find an interaction through masking 

effects (Westfall, Judd, & Kenny, 2015). 

An additional limitation is that Curtis et al. (2015) and Attwood et al. (2015), despite 

measuring both state anxiety (transient anxiety response) and trait anxiety (stable tendency to 

become state anxious), with the State-Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, 

Lushene, Vagg, & Jacobs, 1983), did not consider an interaction between these dimensions. 

According to Eysenck et al. (2007), trait anxiety influences state anxiety, whereby higher 

levels of trait anxiety exacerbates state anxiety reactivity during a stressful situation (Eysenck 

& Van Berkum, 1992). Further, although the STAI is sufficient for capturing global or 

general anxiety, it is not sensitive to individual differences affecting sensitivity to cognitive 

anxiety inductions (Ree et al., 2008). To illustrate, an individual with high global trait 

anxiety, but low cognitive (psychological) trait anxiety, might not become highly state 

anxious to a cognitive anxiety induction. Therefore, when using a cognitive anxiety 

induction, it is important to consider the influence of cognitive trait anxiety on face-

recognition accuracy in an ORB task, as trait anxiety might moderate the amount of state 

anxiety elicited.  

Current Research  

 In this study we sought to compare predictions based on ACT and the theory adapted 

from Brigham (2008), as tested in Curtis et al. (2015) and Attwood et al. (2015), while also 

addressing the methodological limitations of their studies. Increased face-recognition 

accuracy for emotional stimuli was overcome through exclusive use of neutral face-stimuli 
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(Edwards, Edwards, & Lyvers, 2017). Unequal distinctiveness of faces was controlled 

through pilot testing, while potential gender biases were addressed through exclusive use of 

female face-stimuli and female participants.  

The current study used a face-recognition paradigm with own and other-race face-

stimuli. Individuals face-recognition accuracy for stimuli of both races was examined 

according to signal detection theory (Sporer, 2001), with cognitive state anxiety manipulated 

between-groups. Face-recognition accuracy was operationalised as the d-prime statistic (d′), 

which gives an unbiased measure of a participant’s ability to correctly identify a target as 

previously seen or unseen. In addition to face-recognition accuracy, response bias was 

measured. Response bias indicates a participant’s tendency to respond either liberally or 

strictly to whether a face has been seen previously, irrespective of their actual face-

recognition accuracy. In Experiment 1 state anxiety was induced during encoding. 

In Experiment 2, state anxiety was induced during retrieval. It is important to examine 

the influence of state anxiety on retrieval, considering the disparity of results between Curtis 

et al. (2015) and Attwood et al. (2015). Unlike Curtis et al., Attwood et al. found an effect of 

state anxiety when induced during retrieval. This finding was novel, and therefore was further 

explored during Experiment 2. Before state anxiety was induced, cognitive trait anxiety was 

measured to allow examination of the interactive influence of cognitive trait anxiety, while 

state anxiety was recorded when participants were actively anxious. The state anxiety 

response was not separated into the domains of cognitive and somatic state anxiety, as only 

cognitive trait anxiety directly relates to the tendency to become state anxious to a cognitive 

anxiety induction (Ree et al., 2008). Once anxious to this type of stressor, both cognitive and 

somatic state anxiety symptoms are elicited (Ree et al., 2008).  

We proposed two opposing novel hypotheses. Firstly, it was proposed that heightened 

cognitive trait anxiety would increase state anxiety reactivity to a cognitive anxiety induction 
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(Ree et al., 2008). The increased state anxiety response as specified by ACT (Eysenck et al., 

2007), will be linked to impaired performance, specifically reduced face-recognition accuracy 

for all faces regardless of race (Deffenbacher et al., 2004). Examining trait anxiety through a 

measure that splits global trait anxiety into the components of cognitive and somatic trait 

anxiety, advances our understanding of the relationship between these trait anxiety 

subdomains, state anxiety, and associated performance deficits. Specifically, in the context of 

this study, the influence of cognitive trait anxiety on state anxiety reactivity to a cognitive 

anxiety induction. If the hypothesis is correct, it was predicted that individuals with high 

cognitive trait anxiety would experience a stronger state anxiety response to the cognitive 

anxiety induction than those with low cognitive trait anxiety. Higher cognitive trait anxiety 

through experiencing more state anxiety, would be associated with reduced face-recognition 

accuracy. Based on previous research, it was also assumed that individuals exposed to the 

anxiety induction would experience increased state anxiety (Eysenck & Van Berkum, 1992), 

and subsequently reduced face-recognition accuracy as compared to those in the control 

condition (Deffenbacher et al., 2004). Further, individuals were expected to be unaware of 

their performance deficits when state anxious according to previous research (Attwood et al., 

2015).   

Secondly, and conversely, as specified by the theory adapted from Brigham (2008), it 

is hypothesised that state anxiety would exacerbate the ORB through reducing face-

recognition accuracy for other-race faces. This hypothesis predicted individuals would 

experience greater face-recognition deficits for other-race faces when experiencing 

heightened state anxiety, as compared to when not state anxious. Although own-race face-

recognition accuracy would also be reduced when state anxious, these performance deficits 

are predicted to be less severe than those for the other-race. No predictions were made as to 
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the influence of state anxiety and race on response bias, as no previous research has examined 

this, and therefore examination of this was exploratory.  

Separately from the main hypotheses, it was also assumed that an ORB when 

collapsed across anxiety-induction condition, would be observed, as specified by previous 

research (Meissner & Brigham, 2001). Additionally, research has indicated, that the strength 

of the ORB will be moderated by individuating experience and social contact with other-race 

individuals (Walker & Hewstone, 2008; Walker et al., 2008), and that individuals would be 

unaware of their other-race face-recognition deficits (Meissner & Brigham, 2001).  

Experiment 1 

Method  

Design. A 2 (Anxiety induction: anxious vs. control) x 2 (Face race: own-race vs. 

other-race) design was used to examine the relationship between state anxiety induced 

through the anxiety-induction and face-race. Face race was manipulated within-group, while 

anxiety-induction was manipulated between-groups. To examine the influence of trait 

anxiety, a moderation model was conducted with trait anxiety acting as the predictor, anxiety-

induction condition as the moderator, and state anxiety as the outcome. If trait anxiety was 

found to influence state anxiety, further examination of the influence of trait anxiety on face-

recognition accuracy would occur. As stated, above, the dependent variables of response bias 

and d′ were measured according to signal detection theory (Sporer, 2001). False-alarm rates 

and hit-rates were used to create response bias (c) and d′ scores. These were log-linear 

adjusted to allow for scores of zero (Stanislaw & Todorov, 1999). Higher d′ represented 

better face-recognition accuracy. Lower response bias values represented an increased bias 

towards responding affirmatively that a face was seen previously (Stanislaw & Todorov, 

1999). False-alarm rate and hit-rate were not examined as they give biased estimates of 

recognition accuracy (Stanislaw & Todorov, 1999). An additional dependent variable was 
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confidence ratings for face-recognition judgements (out of 100)4. We report all measures, 

manipulations, and exclusions in these studies. 

Measures and materials.  

The State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree et al., 

2008). The STICSA examined participants’ cognitive and somatic components of anxiety at 

both the state and trait level (Ree et al., 2008). Both scales consist of 21 items, with 11 related 

to somatic anxiety, and 10 related to cognitive anxiety. An example item for the cognitive 

subscale is, “I think that the worst will happen”, and from the somatic subscale, “My palms 

feel clammy”. Items are rated on a 4-point Likert scale from 1 (Almost never or Not at all) to 

4 (Almost always or Very much so) on the trait and state scales, respectively. Items on the 

trait scale are asked in terms of “how often, in general, the statement is true of you”, while 

state items were answered in terms of “how you feel right now, at this very moment”. Higher 

scores indicate higher levels of anxiety.  

Individuating Experience Questionnaire (IES; Walker & Hewstone, 2006). The IES 

measured participants’ engagement in activities with individuals belonging to the other race. 

The scale consisted of 5-items rated on a 5-point Likert scale from 1 (Never) to 5 (Very 

often). An example item from this scale is, ‘I have looked after or helped an African/Black 

friend when someone was causing trouble or being mean to them’. Higher scores represent 

increased engagement with other-race individuals.  

Social Contact Scale (SCS; Walker et al., 2008). The SCS measured participants’ 

quantity of contact with the other race. The scale consisted of 5-items, rated on a 5-point 

Likert scale. For the first item, ‘How many African/Black people do you know very well?’ 

answer choices were, 1 (Up to 2) to 5 (More than 12). For the remaining items answer 

 
4 Decision time data was also collected; however, no time restrictions were imposed on task completion and so 

this data was not analysed.  
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choices were, 1 (Strongly disagree) to 5 (Strongly agree). An example item using this 

response scale was ‘I often talk to African/Black people at University’. Higher scores 

represent higher levels of contact with the other race.  

 Physiological measure. Heart rate and blood pressure (diastolic and systolic) was 

measured using the Omron HEM-7130 Deluxe Blood Pressure Monitor (OMRON Healthcare 

Ltd). 

Face Stimuli. Faces were of African American (other-race) and Caucasian (own-race) 

females between 18-34 displaying a neutral emotional expression. Only female faces were 

used to control for potential own-gender biases (Lovén et al., 2011). Stimuli came from the 

Centre for Vital Longevity Face Database (Minear & Park, 2004), Psychological Image 

Collection at Stirling (PICS; Hancock, 2008), Multi-racial, mega-resolution database of facial 

stimuli (Strohminger et al., 2016) and the Chicago Face Database (Ma, Correll, & 

Wittenbrink, 2015). To preserve ecological validity, faces could differ with respect to 

physical characteristics related to skin tone, which varies inherently between races (Wiese, 

2012). Faces were displayed on a light grey background with uniform luminosity, to avoid 

low-level differences between photographs (Wiese, 2012). Distinguishing clothing and hair 

were cropped to ensure identification was not due to these features and framed within an area 

of 250 x 295 pixels. Images presented during the recognition phase were mirror images of the 

photos presented during encoding. Images were altered using Adobe Photoshop CC 2017, to 

be 25% brighter than the photos presented during encoding as a way of ensuring the task 

tested recognition of facial features and not visual characteristics. The ORB computer 

program drew randomly from a set of 120 photographs (60 photo pairs) during the 

experiment.  

Before conducting the experiment, face-stimuli were rated according to 

representativeness of race, attractiveness, and memorability by Caucasian female raters. 
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Faces were also rated to ensure only stimuli with a neutral expression were used. Average 

representativeness, memorability, attractiveness, and emotional expression did not differ 

significantly between each race, ps > .456, ds > .14 (See Table S1 in Supplementary 

Materials for complete reporting of ratings).  

Participants. We recruited a total of 55 undergraduate participants who were either 

students from Murdoch University or wider community members (100% female Caucasian, 

Mage = 26.38, SD = 9.49; range = 18-55). Based on a medium effect size (F = 0.25) we 

required a sample size of 48 to achieve 80% power with an alpha level of 5% (GPower 

3.1.9.2). Participants who guessed the purpose of the anxiety induction were excluded from 

this study, therefore over-sampling was conducted to ensure a sufficient sample size. 

Undergraduate students received partial course credit, while community members were 

reimbursed $10 at the end of testing. Eligible participants were randomly allocated into either 

the control (28 participants) or anxiety-induction conditions (27 participants). Sample size 

was determined before any data analysis. Ethics approval was acquired from Murdoch 

University before data collection. 

Anxiety induction. Participants in the anxiety-induction condition were told they had 

to give a 5-minute public speech on the topic of ‘what body part I dislike about myself the 

most, why this is the case, and how I would go about changing this if I could’. Participants 

were told they would have to give this presentation after the first part of the experiment (after 

encoding), and that the speech would be recorded, and subsequently shown to peers to be 

evaluated. This anxiety induction has been used successfully in previous studies (e.g., Curtis 

et al., 2015). Control participants were told they would not have to give a speech, and instead, 

would anonymously evaluate another’s speech.  

ORB Task. The ORB task included both a learning and test phase. During the 

learning phase, 30 faces were presented (50% own-race, 50% other-race) sequentially in a 
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random order, with each face presented for 3000ms. No inter-trial intervals occurred. During 

the learning phase, participants passively viewed the faces to reduce motivation to 

individuate faces. The test phase presented 60 images (balanced for race), 50% of which were 

presented in the learning phase (balanced for race). After each trial of the test phase, 

participants signalled whether they had seen the face previously by either selecting the option 

on the screen indicating the face was ‘old’ (i.e. seen previously) or ‘new’ (i.e. not seen 

previously). Accuracy and decision time for each judgement were recorded. After each 

recognition judgement, participants rated confidence in recognition judgements on a 100-

point sliding scale, with higher values representing greater confidence. The scale remained on 

screen until a response was made. After each response, the next face was presented until task 

completion. 

Procedure. Before the experiment, participants completed a pre-screening survey via 

Qualtrics. This survey collected demographic data. During this survey, participants also 

completed the STICSA trait (Ree et al., 2008) to discern cognitive and somatic trait anxiety. 

To allow participants to meet time requirements for pre-screening survey renumeration, the 

STAI (Spielberger, Gorsuch, Lushene, 1970; Spielberger et al., 1983), BDI-II (Beck, Steer, & 

Brown, 1996) and the STICSA state (Ree et al., 2008), as well as other surveys not the focus 

of this study were completed. Only STICSA trait scores (Ree et al., 2008) were analysed and 

interpreted during the current experiment. Eligible participants (female, Caucasian, without 

psychiatric diagnoses) were contacted. On arrival at the lab, participants read an information 

sheet and, if they gave consent, signed the consent form.  

 Next, blood pressure (diastolic blood pressure; DBP and systolic blood pressure; 

SBP) and heart rate (HR) were measured before experiment completion, to act as a baseline. 

The anxiety induction protocol was also administered at this point. Participants completed the 

learning phase of the ORB task on a computer while seated. After the learning phase, a five-
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minute delay occurred before the test phase. During this delay, participants in the anxiety-

induction condition had blood pressure and heart rate measured. These physiological 

measures were taken while participants were still highly state anxious, as at this point, 

participants still thought they had to present a speech. Participants in all conditions also 

completed the STICSA state subscale during this part of the experiment. Due to the delay 

period lasting five minutes, participants also completed the STAI state and BDI-II5. 

Subsequent to this, participants in the anxiety-induction condition were told that they did not, 

in fact, have to give a speech. This information was delivered before the test phase, to avoid 

elevated state anxiety potentially influencing retrieval. After this, participants then completed 

the test phase of the experiment.  

After experiment completion, blood pressure and heart rate from control participants 

were measured. Control participants were not expected to become state anxious during the 

experiment, and so measurement of physiological anxiety occurred after the experiment. 

Participants in both the anxiety-induction and control condition then completed the SCS and 

IES. At this stage participants also filled out the intergroup anxiety scale (Stephan & Stephan, 

1985) for use in another study. To gauge awareness, participants in the anxiety-induction 

condition were asked whether they believed they had to give a speech. If participants 

believed they did not have to give a speech, they were excluded.   

Results 

Data preparation. Two people from the control condition were excluded from the 

analysis due to having extreme scores on pre-diastolic blood pressure and the STICSA state 

anxiety measure, respectively (Howell, Rogier, Yzerbyt, & Bestgen, 1998). The final sample 

consisted of 26 participants in the control condition and 27 in the anxiety-induction condition. 

 
5 This data was not analysed and was collected to fill the five-minute gap between the learning and test phases 

of the experiment.  
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Scores on the STICSA state were not normally distributed according to ± 2 skew and ±7 

kurtosis (Hair, Black, Babin, & Anderson, 2010), and so were transformed via the Log10 

transformation. For clarity, STICSA descriptive statistics presented are untransformed. All 

other data were normally distributed, and no other statistical assumptions were breached.   

Manipulation check. Anxiety induction effectiveness was checked via two 

MANOVAs comparing the anxiety-induction and control groups, one for pre-induction 

physiological anxiety measures (HR, SBP, DBP) and the other for post-induction 

physiological anxiety measures. The MANOVA examining pre-induction physiological 

anxiety measures (HR, SBP, DBP) revealed a non-significant result, Pillai’s = .13, F(3, 49) = 

2.44, p = .076, ηp² = .13, indicating no significant pre-induction differences between values in 

the control as compared to anxiety-induction condition. A t-test measuring trait scores on the 

STICSA cognitive also revealed a non-significant difference between conditions, t(51) = 

0.57, p = .568, d = 0.16.  

The MANOVA examining post-induction physiological anxiety measures and state 

anxiety according to the STICSA state, revealed a statistically significant effect, Pillai’s = 

.21, F(4, 48) = 3.22, p = .020, ηp² = .21. As can be seen in Table 1, between-subjects 

ANOVAs conducted as follow-up indicated that only the STICSA state ANOVA was 

significant. Therefore, although HR and SBP measures were approaching significance, the 

anxiety induction only successfully increased subjective ratings of anxiety, but not 

physiological.   

 

 

 

 

 



172 
 

  

Table 1  

Between-subject ANOVAs conduced as follow-up to the MANOVA examining post-induction 

state anxiety. 

 Anxiety Condition Control Condition  ANOVA 

Anxiety Measure M(SD) M(SD)  F(1, 51) p ηp² 

HR 81.78(17.13) 73.92(11.30)  3.85 .055 .07 

DBP 79.18(8.56) 76.62(8.81)  1.16 .286 .02 

SBP 120.18(12.67) 113.42(13.39)  3.57 .065 .06 

STICSA state 34.44(7.76) 29.50(7.90)  6.80 .012 .12 

Note. Bolded values indicate statistical significance at p < .05.   

Face-recognition Accuracy. A moderation model was conducted in PROCESS 

within SPSS using Model 1 (Hayes, 2017), to test the prediction that cognitive trait anxiety 

will influence the amount of state anxiety elicited when exposed to the cognitive anxiety 

induction during encoding. For this analysis, scores on the cognitive subscale of the STICSA 

trait was also transformed using Log10 to allow for comparison. According to this model, 

cognitive trait anxiety did not moderate the amount of state anxiety induced by the anxiety-

induction condition, b = -0.12, 95% CI [-0.47, 0.22], t = -0.71, p = .480. Therefore, for 

subsequent analyses the influence of cognitive trait anxiety on face-recognition accuracy was 

not considered.      

To test the two key hypotheses, a series of 2 (Condition: anxiety vs. control) x 2 (Face 

race: own-race vs. other-race) mixed design ANOVAs were conducted. The first hypothesis 

informed by ACT (Eysenck et al., 2007) predicted a main effect of state anxiety on face-

recognition accuracy, but no interaction between state anxiety and race. This would occur 

through lower d′ values when experiencing heightened state anxiety. The second, according 

to the theory adapted from Brigham (2008), predicted worse other-race recognition accuracy 

when experiencing heightened state anxiety. This would be indicated through reduced other 

race d′ values. The influence of state anxiety and race on face recognition accuracy according 

to response bias was also explored. Results are presented in Table 2.    



173 
 

  

Table 2 

Descriptive statistics and ANOVA results examining recognition accuracy and response bias 

when experiencing heightened state anxiety. 

  Anxiety  

Condition 

Control  

Condition 

  

ANOVA 

Performance 

measures 

Face Stimuli 

Race 

 

M(SD) 

 

M(SD) 

  

F(1, 51) 

 

p 

 

ηp² 

d′ Other-race .73(.74) .64(.42) Race 21.04 <.001 .29 

 Own-race 1.00(.59) 1.39(.53) Condition 1.73 .195 .03 

    Race x 

Condition 

4.57 .037 .08 

Response 

Bias  

Other-race -.19(.45) -.01(.29) Race 56.66 <.001 .53 

 Own-race .30(.44) .32(.29) Condition 1.24 .271 .02 

    Race x 

Condition 

2.20 .144 .04 

Note. Bolded values indicate statistical significance at p < .05. 

Face-recognition accuracy (d′). As can be seen in Table 2, for d′, the main effect of 

race was significant, with better recognition accuracy for own-race faces, highlighting the 

presence of an ORB. No significant difference was found between the anxiety-induction and 

control conditions. A significant interaction was observed between race and condition; thus, 

anxiety moderated the own-race bias in terms of d′.  

Two follow-up independent samples t-tests were conducted to further examine this 

interaction. To correct for multiple comparisons, a Bonferroni correction was applied to the 

significance level of p < .05, resulting in a new critical value of p < .025. The d′ was 

significantly lower for Caucasian faces within the anxiety-induction condition, as compared 

to control, t(51) = 2.52, p = .015, d = 0.69. No significant difference occurred for African 

American faces between anxiety-induction conditions, p = .613, d = 0.14. Thus, the 

interaction between state anxiety and race accounted for the poorer recognition accuracy for 

own race faces in the anxiety-induction, as compared to control condition.   
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 Response Bias (c). The main effect of race was significant, highlighting a stricter 

response bias for own-race faces. No significant main effect of condition or interaction 

occurred.  

 Influence of Covariates on Recognition Accuracy. An ANCOVA was conducted to 

explore the influence of covariates; IES and SCS, on face-recognition accuracy results 

observed. The main effect of race became non-significant for d′ and response bias when 

accounting for covariates, Fs < 2.38, ps > .129. Therefore, the covariates moderated the ORB 

to a large extent. The main effect of anxiety-induction condition remained non-significant for 

all measures after entering covariates, Fs < 1.95, ps > .169. Despite entering covariates, the 

interaction effect between state anxiety and race for d′ was still significant, d′: F(1, 49) = 

4.73, p = .034, ηp² = .09. This suggests that despite SCS and IES explaining a large amount 

of variance related to the ORB, they do not account for the interaction between state anxiety 

and race.  

Confidence. To examine whether recognition accuracy was related to confidence in 

recognition judgements, a 2 (Condition: anxiety vs. control) x 2 (Face race: own-race vs. 

other-race) mixed design ANOVA was conducted. The main effect of race was significant, 

with individuals reporting more confidence in recognition judgements for own-race (M = 

67.64, SD = 11.84) as compared to other-race faces (M = 65.08, SD = 12.51), F(1, 51) = 7.48, 

p = .009, ηp² = .13. No other significant main effects or interactions occurred, Fs < 2.11, ps > 

.153. To test the assumption that individuals are unaware of recognition deficits while 

viewing other-race faces and when state anxious, Bayesian modelling was conducted using 

JASP (JASP Team, 2016; jasp-stats.org). A value of BF01 = 0.27 was found for race 

indicating substantial evidence in favour of race affecting confidence ratings. Conversely, a 

BF01 = 3.61 was found for state anxiety, indicating substantial evidence in favour of state 
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anxiety not affecting confidence ratings (Wagenmakers, Wetzels, Borsboom, & van der 

Maas, 2011).  

Discussion 

For all recognition accuracy measures, a significant main effect of race occurred, with 

worse recognition accuracy, and a more liberal response criterion, for other-race faces. This 

supports previous research into the ORB (Meissner & Brigham, 2001). Once individuating 

experience and social contact were entered, however, the ORB disappeared for all measures. 

This accords with previous research highlighting the moderating influence of these covariates 

(Walker & Hewstone, 2008; Walker et al., 2008).  

Despite the cognitive anxiety-induction successfully inducing a state anxiety 

response, state anxiety did not affect overall face-recognition accuracy, in contrast to 

hypothesis one, and subsequently ACT. Further, cognitive trait anxiety did not influence the 

amount of state anxiety elicited by the anxiety induction. State anxiety significantly 

interacted with race, with reduced recognition accuracy occurring for own-race faces for 

participants in the anxiety-induction condition. This finding, however, is contrary to 

hypothesis two examining the theory adapted from Brigham (2008).  

Results of Experiment 1 provides initial evidence for a third scenario, where state 

anxiety and race might potentially interact to reduce own-race face-recognition accuracy. To 

further investigate the discrepancy in findings between Curtis et al. (2015) and Attwood et al. 

(2015), Experiment 2 examined the influence of state anxiety when this anxiety is induced 

during retrieval.  

Experiment 2 

In Experiment 2, we addressed whether state anxiety induced during retrieval could 

impair face-recognition accuracy in an ORB task. The influence of state anxiety on face-

recognition accuracy when induced during retrieval has been the subject of discrepant results 
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(Attwood et al., 2015; Curtis et al., 2015). Attwood et al. (2015) found state anxiety induced 

during retrieval impaired face-recognition accuracy, while Curtis et al. (2015) found no 

effect. Both studies also found no interaction between anxiety and race, supporting ACT 

(Eysenck et al., 2007). Findings of Experiment 1 suggested an interaction between state 

anxiety and race; however, the direction of this effect was opposite that predicted by the 

theory adapted from Brigham (2008).    

Method  

Participants. A total of 58 undergraduate students from Murdoch University, and 

wider community members (100% female Caucasian, Mage = 24.86, SD = 8.79; range = 18-

49) took part in this experiment. Based on a medium effect size (F = 0.25) we required a 

sample size of 48 to achieve 80% power with an alpha level of 5% (GPower 3.1.9.2). Like 

with Experiment 1, participants who guessed they did not have to do a speech were excluded 

from this study, therefore over sampling was conducted to ensure a sufficient sample size. 

Undergraduate students received partial course credit for completion, while community 

members were reimbursed $10. Participants were randomly allocated into either the control 

(29 participants) or anxiety-induction conditions (29 participants). Three participants guessed 

the purpose of the anxiety induction, and were subsequently removed, leaving 26 participants 

in the anxiety-induction condition. Sample size was determined before any data analysis. 

Procedure. The procedure of Experiment 2 was almost identical to that used in 

Experiment 1. The only differences are as follows. To ensure participants were not state 

anxious during encoding (learning phase), participants in both the anxiety-induction and 

control conditions were initially told they did not have to complete a speech. After encoding, 

but before retrieval (mid-experiment), participants in the anxiety-induction condition were 

told that they did, in fact, have to give a speech after the retrieval (test) phase. DBP, SBP and 

HR, STICSA state, STAI state and BDI-II, were subsequently measured after retrieval in both 
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the anxiety-induction and control conditions. It must be noted that participants completed the 

questionnaires and physiological anxiety measurements in the anxiety-induction condition 

while still anxious, as measurements were taken before participants, again, were told they did 

not need to give a speech.  

 Results  

Data preparation. One person was excluded from the analysis due to having an 

extreme score on pre-diastolic blood pressure within the control condition (Howell et al., 

1998). The final sample consisted of 28 participants in the control condition and 26 in the 

anxiety-induction condition. Data was normally distributed according to ± 2 skew and ±7 

kurtosis (Hair et al., 2010), and no statistical assumption breaches were observed.   

Manipulation Check. As in Experiment 1, to ensure the anxiety induction was 

successful, two MANOVAs were conducted to compare the anxiety-induction and control 

groups’ pre-induction and post-induction physiological anxiety scores. The MANOVA 

examining pre-induction physiological anxiety measures (HR, SBP, DBP) revealed a non-

significant result, Pillai’s = .08, F(3, 50) = 1.34, p = .271, ηp² = .08, indicating no significant 

pre-induction differences between values in the control as compared to anxiety-induction 

condition. A t-test measuring trait scores on the STICSA cognitive also revealed a non-

significant difference between conditions, t(52) = 1.56, p = .125, d = 0.42.  

The MANOVA examining post-induction physiological anxiety measures (HR, SBP, 

DBP) and state anxiety according to the STICSA state, revealed a statistically significant 

effect, Pillai’s = .32, F(4, 49) = 5.77, p = .001, ηp² = .32. As can be seen in Table 3, between-

subjects ANOVAs conducted as follow-up indicated that both the physiological anxiety 

measures and STICSA state ANOVAs were significant. Therefore, according to 

physiological and state anxiety measurements, the anxiety induction was successful.  

 



178 
 

  

Table 3 

Between-subject ANOVAs conduced as follow-up to the MANOVA examining post-induction 

anxiety.  

 Anxiety Condition  Control Condition  ANOVA 

Anxiety Measure M(SD)  M(SD)  F(1, 52) p ηp² 

HR 91.12(18.91)  77.32(13.29)  9.73 .003 .16 

DBP 84.38(13.91)  75.21(8.32)  8.79 .005 .14 

SBP 126.92(15.48)  112.25(11.36)  15.93 <.001 .23 

STICSA state 36.15(10.81)  30.54(9.66)  4.07 .049 .07 

Note. Bolded values indicate statistical significance at p < .05.  

Face Recognition Accuracy. A moderation model was conducted in PROCESS 

within SPSS using Model 1 (Hayes, 2017), to test the prediction that cognitive trait anxiety 

will influence the amount of state anxiety elicited when exposed to the cognitive anxiety 

induction during retrieval. According to this model, cognitive trait anxiety did not moderate 

the amount of state anxiety induced by the cognitive anxiety induction condition, b = -.23, 

95% CI [-0.79, 0.32], t = -0.83, p = .408. Therefore, for all subsequent analyses cognitive trait 

anxiety was not considered.      

To test the two key hypotheses, 2 (Condition: anxiety vs. control) x 2 (Face race: 

own-race vs. other-race) mixed design ANOVAs were conducted. The first hypothesis 

predicted that state anxiety induced during retrieval would reduce face-recognition accuracy 

for all faces but would not interact with race. This would occur through lower d′ values when 

experiencing heightened state anxiety. The second, according to the theory adapted from 

Brigham (2008), predicted worse other-race face-recognition accuracy when experiencing 

heightened state anxiety. This would be indicated through reduced other race d′ values. 

Separately, the influence of state anxiety and race on response bias for own and other-race 

individuals was explored. Results for recognition accuracy are represented in Table 4. 
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Table 4 

Descriptive statistics and results of the ANOVAs for recognition accuracy as measured via 

signal detection theory. 

  Anxiety 

Condition 

 Control 

Condition 

   

ANOVA 

Performance 

measures 

Face Stimuli 

Race 

 

M(SD) 

  

M(SD) 

   

F(1, 52) 

 

p 

 

ηp² 

d′ Other-race 0.71(.44)  0.77(.51)  Race 19.13 <.001 .27 

 Own-race 0.95(.51)  1.26(.74)  Condition 2.05 .158 .04 

      Race x 

Condition 

2.16 .148 .04 

Response 

Bias 

Other-race -.15(.38)  -.14(.30)  Race 67.81 <.001 .57 

         

 Own-race .30(.33)  .32(.32)  Condition 0.03 .854 .00 

     Race x 

Condition 

0.00 .956 .00 

Note. Bolded values indicate statistical significance at p < .05.  

 

For d′, the main effect of race was significant, such that individuals were worse at 

recognising other-race faces. Further, a more liberal response bias was used for other-race 

faces, as expected according to an ORB. Like with Experiment 1, no main effect of state 

anxiety occurred. Unlike Experiment 1, however, no interaction effect between state anxiety 

and race in terms of d′ was found when state anxiety was induced during retrieval.   

Influence of Covariates on Recognition Accuracy. To examine the influence of 

covariates; IES and SCS, on results, an ANCOVA was conducted. When accounting for 

covariates, the main effect of race for d′ became non-significant, F = 1.15, p = .288. The 

covariates did not eliminate the ORB in terms of response bias, F(1, 50) = 4.47, p = .039, ηp² 

= .08. Covariate inclusion, however, did reduce the strength of this effect. Before covariate 

inclusion, race accounted for 57% of the variance in response bias, with this reduced to 8% 

after inclusion. This suggests that although covariates did not fully account for the ORB, they 
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greatly reduced this effect. All other main effects and interactions remained non-significant, 

Fs < 1.85, ps > .180. 

 Confidence. To examine whether recognition accuracy results were related to 

confidence in recognition judgements, a 2 (Condition: anxiety vs. control) x 2 (Face race: 

own-race vs. other-race) mixed design ANOVA was conducted. No significant main effects 

or interactions occurred, Fs < 0.53, ps > .468.  

Due to state anxiety not influencing face-recognition accuracy when induced during 

retrieval, confidence between the anxiety-induction and control conditions was not examined. 

To test predictions stating individuals are unaware of recognition deficits while viewing 

other-race faces, Bayesian modelling was conducted using JASP (JASP Team, 2016; jasp-

stats.org). A value of BF01 = 3.36 was found for race, indicating substantial evidence in 

favour of race not affecting confidence ratings (Wagenmakers et al., 2011).  

Discussion 

Like Experiment 1, an ORB was found for all face-recognition accuracy measures, 

supporting previous research (Meissner & Brigham, 2001). Like Experiment 1, the covariates 

explained all variance related to the ORB in terms of dꞌ. Consistent with Experiment 1, the 

covariates also greatly reduced the ORB according to response bias. Further, state and 

cognitive trait anxiety did not influence results. In contrast to Experiment 1, no interaction 

between state anxiety and race occurred. The non-significant influence of state anxiety on 

face-recognition accuracy when induced during retrieval could explain the lack of interaction 

observed. Despite this, examination of the means highlights that results were in the same 

direction as Experiment 1, with reduced own-race face-recognition accuracy when state 

anxious.  

General Discussion 
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Across two studies, we examined the influence of cognitive trait anxiety on the state 

anxiety response when exposed to a cognitive anxiety induction. We also measured the 

influence of state anxiety on face-recognition accuracy for own and other-race faces when 

state anxiety was separately induced during encoding and retrieval. Supporting assumptions 

based on previous research (Malpass & Kravitz, 1969; Meissner & Brigham, 2001), an ORB 

occurred in both studies despite controlling for gender (Lovén et al., 2011). Further, social 

contact and individuating experience either fully accounted for, or significantly reduced, the 

ORB, supporting previous research (race: Meissner & Brigham, 2001, contact: Walker & 

Hewstone, 2006; Walker et al., 2008). Additionally, no difference in confidence occurred 

between the anxiety-induction and control conditions for own-race faces (Attwood et al., 

2015), and individuals were unaware of deficits according to face-race in Experiment 2 

(Meissner & Brigham, 2001). 

Hypothesis one which tested predictions related to ACT (Eysenck et al., 2007) was 

not supported. Cognitive trait anxiety did not moderate the strength of the state anxiety 

response induced by the cognitive anxiety induction. It was also predicted that heightened 

state anxiety would impair face-recognition accuracy. Results of Experiment 1 and 2, mostly 

did not support this. Although state anxiety reduced face-recognition accuracy for own-race 

faces in Experiment 1, no reduction for other-race faces occurred. Further, state anxiety failed 

to affect face-recognition accuracy for either race in Experiment 2.  

Although an interaction between state anxiety and race was found in Experiment 1, 

the direction of this effect according to d′ was opposite that expected by hypothesis two. 

According to the theory adapted from Brigham (2008), heightened state anxiety would 

exacerbate other-race face-recognition deficits. In Experiment 1 and 2, state anxiety only 

largely reduced own-race face-recognition accuracy, with a significant reduction in 

Experiment 1.  
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Cognitive Trait Anxiety 

Within both Experiment 1 and 2, cognitive trait anxiety did not moderate the 

relationship between state anxiety and anxiety-induction condition. Therefore, the influence 

of cognitive trait anxiety on face-recognition accuracy could not be examined. Despite this 

finding, the results of this study are novel, as they are the first to measure the relationship 

between cognitive state and trait anxiety via a measure sensitive to cognitive trait anxiety 

(STICSA), when using a face-recognition paradigm (Ree et al., 2008). Our study is also the 

first to examine this relationship when state anxiety induced via a cognitive anxiety induction 

was elicited separately during encoding and retrieval.  

Anxiety and face recognition accuracy  

Although state anxiety induced during encoding decreased own-race face-recognition 

accuracy, no reduction occurred for other-race face-recognition accuracy. The findings of 

Experiment 1 therefore contrast with previous research suggesting anxiety influences 

encoding (Curtis et al., 2015; Deffenbacher et al., 2004). In Experiment 2, state anxiety 

induced during retrieval did not impact face-recognition accuracy for either race. Although 

contrary to predictions related to hypothesis one, this finding supports previous research 

suggesting a non-significant effect of state anxiety on retrieval (Curtis et al., 2015; 

Deffenbacher et al., 2004). This finding, however, contrasts with Attwood et al. (2015), who 

found impaired face-recognition accuracy when state anxious during retrieval. According to 

Deffenbacher et al (2004), when physiological anxiety symptoms, in addition to cognitive, 

are elicited, individuals have entered the activation mode of attention control. In contrast, 

when no physiological symptoms occur, the arousal mode is active. Face-recognition 

accuracy is only impaired during the activation mode of attentional control, as the arousal 

mode improves memory.  
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In Experiment 2, like that of Attwood et al. (2015) physiological and cognitive 

anxiety symptoms were significantly higher when state anxious. Therefore, the non-

significant influence of state anxiety when induced during retrieval, cannot be attributed to 

insufficient anxiety reactivity. Instead, it is plausible that differences between the results of 

our study and Attwood et al.’s occurred because of fundamental differences existing between 

the state anxiety response elicited by a somatic, as compared to cognitive anxiety induction 

(Ree et al., 2008). It could also be argued, however, that the drop in face-recognition 

accuracy observed in Attwood et al. occurred through a stronger overall state anxiety 

response, rather than a response specific to a somatic anxiety induction. This is possible, 

considering the larger effect size (d = 1.06) for state anxiety observed by Attwood et al., 

compared to our study (ηp² = .12, equivalent to d = 0.63). Therefore, rather than somatic 

anxiety being responsible for performance deficits, the findings of Attwood et al. might be 

explained by the contention that retrieval is more affected by acute anxiety (Gagnon & 

Wagner, 2016). Future research needs to examine the influence of a somatic anxiety 

induction during both encoding and retrieval, while testing whether somatic or cognitive state 

anxiety symptoms are more strongly related to performance deficits. This can be tested 

through using the STICSA when using a somatic anxiety induction (Ree et al., 2008).     

Our findings do not support the prediction derived from ACT (Eysenck et al., 2007) 

or the theory adapted from Brigham (2008). Although an interaction was found in 

Experiment 1, state anxiety reduced face-recognition accuracy for own-race, instead of other-

race faces. Two theoretical explanations can clarify the direction of the interaction observed 

in Experiment 1. Both theories relate to ACT (Eysenck et al., 2007), through preferential 

allotment of cognitive resources towards threat stimuli, however, the interpretation of what 

constitutes a threat is different for each prediction.   
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According to the first interpretation, appearing prejudiced towards other-race 

individuals can constitute a major threat to individuals. According to Richeson and Shelton 

(2003) and Richeson and Trawalter (2005), dominant racial group members expend increased 

cognitive resources when interacting with other-race individuals by engaging in self-

regulation to supress stereotypic beliefs and to appear less prejudiced. Self-regulation 

depletes cognitive resources directed towards the task at hand, and subsequently, impairs 

performance. In Experiment 1, heightened state anxiety would have already depleted 

cognitive resources of individuals within the anxiety-induction condition. Therefore, while 

state anxious, and directing more resources towards the other-race (Richeson & Shelton, 

2003), own-race face-recognition accuracy would be impaired. Other-race face-recognition 

accuracy, however, would not be further impaired within the anxiety-induction condition. 

Individuals would have directed their limited cognitive resources towards other-race faces, as 

inadequate recognition of these faces would be perceived as a social threat (Shelton, 2003). 

This explanation could be tested through future research incorporating an implicit association 

test (IAT; Greenwald, McGhee, & Schwartz, 1998) into the face-recognition paradigm used 

here, to gauge the level of implicit prejudice and stereotypes held towards faces of each race. 

 In the second theoretical explanation, what constitutes a threat is dependent on threat 

perception when anxious. Individuals with high trait anxiety, and those experiencing 

heightened state anxiety, orient attention towards threat-stimuli (Chen, Lewin, & Craske, 

1996; MacLeod & Mathews, 1988). Outgroup faces, such as African American faces, are 

more threatening via association with negative stereotypes (Donders, Correll, & Wittenbrink, 

2008). Translating this to our study, when experiencing heightened state anxiety, individuals 

will have increased attentional orientation towards threat-stimuli (African American faces), 

coupled with reduced attentional orientation towards non-threatening stimuli (Caucasian 

faces). Reduced attention subsequently impairs own-race face-recognition accuracy. Further, 
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increased allocation of attentional resources towards other-race faces would increase other-

race face-recognition accuracy. However, this increase would not be substantial, as 

individuals would have inadequate contact and perceptual expertise with the other-race 

(Valentine, 1991; Walker & Hewstone, 2008; Walker et al., 2008). As seen in our study, the 

bias towards threat would not occur in the control condition as biased attentional orientation 

does not occur when experiencing low state anxiety (MacLeod & Mathews, 1988; MacLeod, 

Mathews, & Tata, 1986). To experimentally test this prediction, future research could have 

participants rate how threatening stimuli from each race is, both when in the control and 

anxiety-induction condition.  

Confidence 

In support of previous research (Attwood et al., 2015), no difference in confidence 

ratings between the anxiety-induction and control conditions, occurred in either studies. In 

Experiment 1, no difference was found, despite reduced own-race face-recognition accuracy 

when state anxious. This finding suggests that state anxious individuals are unaware of their 

reduction in performance. In Experiment 2, a non-significant difference was found between 

confidence in own as compared to other-race faces supporting predictions and other studies 

(Meissner & Brigham, 2001). However, in Experiment 1, individuals exhibited increased 

confidence in recognition judgements for own-race as compared to other-race faces. 

Therefore, future research should repeat our methodology to further examine our results.  

Limitations 

 The current study improved upon limitations existing within previous studies, to 

maximise the potential of isolating main or interaction effects of state anxiety and race on 

face recognition. Despite the current study addressing some limitations, one limitation should 

be acknowledged. In between the encoding and retrieval phases of memory formation, is the 

consolidation phase (Straube, 2012). The consolidation phase defines the process where 
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previously encoded information is converted from short-term memory into long-term 

memory, to be retrieved at a later stage.  

The length of consolidation, or retention interval, between encoding and retrieval, 

affects eyewitness identification accuracy (Cutler, 2006). According to Deffenbacher, 

Bornstein, McGorty, and Penrod (2008), as the retention interval increases, recognition 

accuracy for faces decreases. Our study did not examine the influence of consolidation on 

recognition accuracy, albeit that the consolidation period was the same for both experiments. 

Future research should therefore seek to quantify the degree of memory distortion produced 

by different retention intervals.  

Future Research  

 Based on our results, several avenues for future research should be explored. The 

significant interaction evidenced by reduced own-race face recognition when anxious during 

encoding, is novel. According to Ree et al. (2008), however, to gauge the full anxiogenic 

response, both cognitive and somatic anxiety needs to be considered. Future research should 

examine the influence of somatic state anxiety induced through a somatic anxiety induction 

during encoding. Examining this would be valuable because Attwood et al. (2015) only 

examined the impact of somatic state anxiety on face-recognition accuracy when induced 

during retrieval. 

 In Experiment 2, cognitive state anxiety was unable to affect performance or interact 

with race when induced during retrieval. Despite this, it is important to explore this 

interaction. In our study, a lack of state anxiety was not responsible for this finding, as both 

cognitive and physiological state anxiety symptoms were elicited (Deffenbacher et al., 2004). 

Therefore, when using the present studies improved methodology, somatic state anxiety 

might be able to interact with race to exacerbate recognition deficits when induced during 

retrieval.  
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Conclusions  

The present study is novel and extends on literature examining the effect of race and 

anxiety on face-recognition accuracy. This study is the first to examine how these variables 

interact to exacerbate face-recognition deficits, when using a methodology free from previous 

limitations. Our study highlights the robustness of the ORB, through manifestation of this 

effect despite controlling for an own-gender bias. Additionally, this study extends on research 

by emphasizing the importance of looking at social contact and individuating experience as 

moderators of the ORB (Walker & Hewstone, 2008; Walker et al., 2008).  

This study lends support to the proposition that state anxiety induced through a 

cognitive anxiety induction during retrieval does not affect face-recognition accuracy (Curtis 

et al., 2015; Deffenbacher et al., 2004), and is also the first to use the STICSA (Ree et al., 

2008) within this context. Use of the STICSA allows for separation between cognitive and 

somatic trait anxiety, to measure the specific influence of cognitive trait anxiety on anxiety 

reactivity. This extends previous research (Curtis et al., 2015) where the STAI was used to 

measure anxiety (Spielberger et al., 1983). Our study adds a unique contribution to the 

literature, as it is the first to find an interaction between anxiety and race when state anxiety 

was induced during encoding through a cognitive anxiety induction, and this interaction was 

different from theoretical expectations. In our study own-race face-recognition accuracy was 

severely reduced when state anxious during encoding, with own-race face recognition 

comparable to that expected according to the ORB. This finding has direct implications for 

research into variables affecting eyewitness memory. Despite the non-significant interaction 

between race and state anxiety induced during retrieval, our study is the first to examine this 

while controlling for potential methodological limitations. Future research now needs to 

extend on the findings of this study, and that conducted by Attwood et al (2015), through 
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examining the influence of somatic state anxiety on face-recognition accuracy, when induced 

during both encoding and retrieval.  
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Supplementary Material 

Table S1 

Average representativeness, memorability, attractiveness, and emotional expression of 

African American and Caucasian face-stimuli.  

 African American   Caucasian   Paired samples t-tests 

Measure M(SD)   M(SD)   t(29) p d 

Representativeness 4.19(.14)   4.21(.24)   0.49 .672 .08 

Attractiveness 2.86(.32)   2.78(.46)   0.76 .456 .14 

Memorability 3.09(.22)   3.10(.22)   0.11 .916 .02 

Emotionality 1.94(.32)   1.95(.32)   0.22 .828 .04 

Note. Face-stimuli rated on representativeness of race, attractiveness and memorability using a five-point Likert 

scale, representativeness from 1 (Very Unrepresentative) to 5 (Very Representative), attractiveness from 1 (Very 

Unattractive) to 5 (Very Attractive) and memorability from 1 (Very Unmemorable) to 5 (Very Memorable). 

Faces were also rated based on facial expression, with 1 (Happy), 2 (Neutral) or 3 (Sad).  
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Abstract 

It has been proposed that state anxiety will interact with race to further exacerbate face-

recognition deficits for other-race faces. It has also been suggested that state anxiety, 

despite impairing face-recognition accuracy, will reduce performance for all faces 

regardless of race. In contrast to both perspectives, it has been recently argued that state 

anxiety, while exacerbating face-recognition deficits, will impair own-race face-

recognition accuracy. We compared these opposing predictions using a face-recognition 

paradigm to examine how a physiological anxiety induction, specifically the 7.5% CO2 

challenge, influences face-recognition accuracy. This was explored when state anxiety was 

induced during encoding of faces (Experiment 1, N = 24) and during retrieval of faces 

(Experiment 2, N = 24). In support of previous findings, state anxiety impaired own-race 

face-recognition accuracy. In contrast to previous research, however, state anxiety did not 

impair face-recognition accuracy when induced during retrieval. Our findings suggest that 

state anxiety induced while witnessing an event will reduce subsequent face-recognition 

accuracy for non-threatening stimuli (own race), and that state anxiety experienced during 

remembering does not impair previously encoded memories.  

Keywords: 7.5% CO2 challenge, somatic anxiety, race, face-recognition accuracy, 

encoding, retrieval 
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Introduction 

Humans are experts at making face recognition judgments with a high degree of 

accuracy (Tanaka, 2001). Despite this, human memory is fallible (Lindsay, Mansour, 

Bertrand, Kalmet, & Melsom, 2011). Two factors identified as affecting face-recognition 

accuracy are anxiety and race (anxiety: Deffenbacher, Bornstein, Penrod, & McGorty, 

2004, race: Malpass & Kravitz, 1969; Meissner & Brigham, 2001). Extensive research has 

measured either the influence of state anxiety or race on face-recognition accuracy (for 

reviews see: anxiety; Deffenbacher et al., 2004, race; Meissner & Brigham, 2001). Limited 

research, however, has examined the potential interaction of these factors in terms of their 

potential combined effect on face-recognition accuracy.  

According to Brigham (2008), intergroup anxiety can interact with race to further 

increase face-recognition deficits. This occurs through intergroup anxiety increasing 

reliance on categorisation and stereotyping to aid recognition (Bodenhausen, Mussweiler, 

Gabriel, & Moreno, 2001; Brigham, 2008). The theory by Brigham can be adapted to 

situations where anxiety comes from an external source, such as experiencing heightening 

state anxiety during an anxiety provoking event (Curtis, Russ, & Ackland, 2015). Therefore, 

increased state anxiety can also exacerbate other-race face-recognition deficits (Curtis et al., 

2015). In contrast, Attentional Control Theory (ACT; Eysenck, Derakshan, Santos, & 

Calvo, 2007) indicates that cognitive performance will be impaired when people are highly 

state and/or trait anxious, by giving precedence to internal off-task worries (Eysenck et al., 

2007; Eysenck, 1979). ACT, however, does not predict an interaction between state anxiety 

and race.  

Two studies addressing the gap in the literature are those by Curtis et al. (2015) and 

Attwood, Catling, Kwong, and Munafò (2015). These studies examined how state anxiety 

and race interacted, and whether these factors altered face-recognition accuracy. State 
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anxiety impaired face-recognition accuracy in both studies, with state anxiety induced 

during encoding by Curtis et al. and retrieval by Attwood et al.. Curtis et al. used a 

cognitive anxiety induction, in contrast, Attwood et al., used a somatic anxiety induction 

(7.5% carbon dioxide (CO2) challenge). The well replicated own-race bias (ORB; Meissner 

& Brigham, 2001) characterised by increased face-recognition accuracy for own-race faces 

as compared to the other-race, also occurred in both studies. Neither study, however, found 

an interaction between state anxiety and race. Results were therefore in contrast with 

predictions based on Brigham, (2008). Conversely, findings by Attwood et al. and Curtis et 

al. supported predictions based on ACT (Eysenck et al., 2007).  

Several limitations within these studies might have weakened the potential for 

finding an interaction between anxiety and face-race in terms of face-recognition. Both 

studies measured anxiety using the State-Trait Anxiety Inventory; STAI (Spielberger, 

Gorsuch, Lushene, Vagg, & Jacobs, 1983). This measure is not sensitive to individual 

differences affecting the tendency to become state anxious to cognitive and somatic anxiety 

stressors (Ree, French, MacLeod, & Locke, 2008). Additionally, according to the 

ingroup/outgroup model (Sporer, 2001) potential ingroup/outgroup confounds, in addition 

to race, such as gender, might have influenced results. Both Curtis et al. (2015) and 

Attwood et al. (2015) used a mixed-gender sample viewing only male faces. Therefore, an 

own-gender bias might have influenced the ORB through impairing face-recognition 

accuracy according to gender. This would have increased statistical noise and error of 

measurement and subsequently impaired the ability to find an interaction that involved face-

race (Westfall, Judd, & Kenny, 2015).   

A recent study (Tindall, Curtis, Notebaert, & Locke, 2019) examined the interaction 

between state anxiety and race while addressing the above limitations. Through use of a 

cognitive anxiety induction, this study found an interaction between state anxiety and race. In 
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opposition to the theory adapted from Brigham (2008), individuals experiencing high state 

anxiety were worse at recognising own-race faces. Through adapting ACT (Eysenck et al., 

2007) it was suggested that high levels of state anxiety increased orientating towards external 

threat stimuli (Chen, Lewin, & Craske, 1996; MacLeod & Mathews, 1988). In the context of 

a face-recognition paradigm using own and other-race faces, other-race faces may be 

considered threatening and therefore, given attentional precedence to the detriment of own-

race faces (Donders, Correll, & Wittenbrink, 2008; MacLeod & Mathews, 1988). Despite 

being given attentional precedence, however, individuals would not have substantially 

increased other-race face-recognition accuracy due to inadequate perceptual experience with 

these faces (Tindall et al., 2019; Valentine, 1991; Walker & Hewstone, 2008; Walker, Silvert, 

Hewstone, & Nobre, 2008). 

Tindall et al. (2019) also examined the impact of state anxiety induced by a cognitive 

anxiety induction during encoding and retrieval. In this study, state anxiety influenced face-

recognition accuracy when induced during encoding, but not when induced during retrieval. 

This occurred despite state anxiety during retrieval increasing participants’ physiological 

arousal and cognitive anxiety response (Deffenbacher et al., 2004). This finding contrasted 

with Attwood et al. (2015), who found a reduction in face-recognition accuracy when 

participants were state anxious during retrieval via a somatic anxiety induction. It was 

concluded that state anxiety induced through a somatic anxiety induction has a distinct effect 

on performance as compared to cognitive anxiety (i.e. Mella et al., 2018).   

Current Research 

In this study we compared predictions based on ACT, the theory adapted from 

Brigham (2008), and the findings of Tindall et al. (2019), while addressing methodological 

limitations of previous studies. To eliminate the own-gender bias (Cross, Cross, & Daly, 

1971), only female participants were recruited, and only female face-stimuli used. 
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Participants completed a face-recognition paradigm using own and other-race faces while 

inhaling 7.5% CO2-enriched air (somatic-anxiety condition) and medical air (control 

condition). The 7.5% CO2 challenge is a somatic anxiety induction model and therefore the 

State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree et al., 2008) was 

used to capture somatic anxiety induced. Individuals’ face-recognition was examined 

according to signal detection theory (Sporer, 2001). Face-recognition accuracy was 

operationalised as the d-prime statistic (dꞌ), which gives an unbiased measure of an 

individual’s ability to correctly identify a target face as previously seen or unseen. Response 

bias, which indicates a participant’s tendency to respond liberally or strictly to previously 

seeing a face, irrespective of actual face-recognition accuracy, was also measured. False-

alarm rate, which refers to incorrectly identifying someone as previously seen, was also 

considered. False-alarm rate is a sub-component of response bias and is often elevated for 

other-race faces. It is also important to consider false-alarm rates given the severity of 

incorrectly identifying someone as a culprit within a criminal justice setting (i.e. prison 

sentence, Doyle, 2001). In Experiment 1, state anxiety was induced during encoding, while 

in Experiment 2, state anxiety was induced during retrieval. Inducing state anxiety during 

encoding in a face-recognition paradigm through the 7.5% CO2 challenge is novel, as 

Attwood et al. (2015) only induced anxiety during retrieval.  

The anxiety response to the 7.5% CO2 challenge is considered unconditioned 

(Cooper et al., 2011), whereby most people become state anxious when exposed. Despite 

this, it has been recently suggested that trait anxiety moderates the state anxiety elicited by 

this induction (Fluharty, Attwood, & Munafò, 2016). Therefore, we also examined the link 

between state and trait anxiety in response to the 7.5% CO2 challenge. In contrast to 

Fluharty et al. (2016), we used the STICSA instead of the STAI to measure this anxiety, 

which allowed for examining cognitive and somatic anxiety separately.  



203 
 

  

According to pre-registration (https://osf.io/pvdnj), our hypotheses and associated 

predictions and assumptions were as follows. According to research into the influence of 

race and state anxiety on confidence in face-recognition judgements (state anxiety: Attwood 

et al., 2015, race: Meissner & Brigham, 2001), our predictions that individuals would have 

increased confidence in own-race judgments and when not state anxious were amended. It 

was now predicted that individuals would be unaware of performance deficits when state 

anxious, and when viewing other-race faces. Further, although during pre-registration we 

did not consider the influence of contact on the ORB, the importance of examining this 

became apparent after examining a recent paper into their influence (Tindall et al., 2019). 

This study found that social contact and individuating experiencing with other-race 

individuals either eliminated, or greatly reduced the ORB (Tindall et al., 2019; Walker & 

Hewstone, 2008; Walker, Silvert, Hewstone, & Nobre, 2008). Additionally, according to 

research into intergroup anxiety (Walker & Hewstone, 2008), whereby increased intergroup 

anxiety leads to reduced face-recognition accuracy for other-race individuals, this was also 

considered. In the present study, we proposed three opposing novel hypotheses. Drawing on 

ACT, it was hypothesised (H1) that state anxiety induced by inhaling CO2-enriched air 

would influence face-recognition accuracy for all faces regardless of race (Attwood et al., 

2015; Deffenbacher et al., 2004; Eysenck et al., 2007). If our hypothesis was correct, it was 

predicted that individuals within the somatic-anxiety condition would experience increased 

performance deficits compared to those in the control condition. It was also predicted that 

somatic trait anxiety would moderate the state anxiety response elicited by the somatic 

anxiety induction, and subsequently influence face-recognition accuracy (Fluharty et al., 

2016; Ree et al., 2008).  

Conversely, from the theory adapted from Brigham (2008), it was hypothesised (H2) 

that state anxiety would exacerbate the ORB through reducing face-recognition accuracy. 
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This hypothesis predicted that individuals would exhibit greater face-recognition deficits for 

other-race faces when experiencing heightened state anxiety, as compared to when not state 

anxious.  

In opposition to both the theory adapted from Brigham (2008) and ACT, it was lastly 

hypothesised (H3) that state anxiety would reduce own-race face-recognition accuracy. This 

hypothesis was informed by the theory suggested by Tindall et al. (2019), indicating that 

individuals would give preferential processing to threat-stimuli (i.e. other-race) while state 

anxious, to the detriment of non-threatening stimuli (i.e. own-race). Therefore, it was 

predicted that individuals experiencing increased somatic state anxiety would exhibit reduced 

own-race face-recognition accuracy, as compared to when not state anxious.  

Separately from the main hypotheses, several assumptions based on previous 

research were made. Considering the ORB is well-established (Meissner & Brigham, 2001), 

it was assumed that face-recognition accuracy would be lower for other-race faces 

regardless of an interaction between state anxiety and race. Further, it was assumed that the 

ORB would be moderated by individuating experience, social contact with other-race 

individuals (Walker & Hewstone, 2008; Walker et al., 2008) and intergroup anxiety 

(Walker & Hewstone, 2008). Separately from face-recognition accuracy, it was assumed 

that individuals would be unaware of face-recognition deficits when state anxious (Attwood 

et al., 2015) and when viewing other-race faces (Meissner & Brigham, 2001). Additionally, 

decision times were expected to be longer when state anxious and for other-race faces 

according to previous findings (Attwood et al., 2015; Diaper et al., 2012; Hills & Pake, 

2013).   

Experiment 1 
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Method  

Design. A 2 (Condition: somatic-anxiety vs. control condition) x 2 (Face-race: own-

race vs. other-race) within-subjects design was used to measure the relationship between 

face-race and state anxiety. Pre-registration stated that individuals with high and low somatic 

trait anxiety would be compared, however, due to safety restrictions related to psychiatric 

health, recruited participants had relatively low trait anxiety. Subsequently, the influence of 

somatic trait anxiety was examined as a continuous variable using a moderated regression 

model with somatic trait anxiety acting as the independent variable (IV), and effect of the 

somatic-anxiety induction as the dependent variable (DV). The DVs for face-recognition 

accuracy were measured via dꞌ, false-alarm rate, and response bias (c) according to signal 

detection theory (McNicol, 1972). False-alarm rates and hit-rates were used to create 

response bias and d′ scores. and were log-linear adjusted to allow for scores of zero 

(Stanislaw & Todorov, 1999). Higher values on dꞌ and a lower false-alarms rate represented 

better accuracy, while lower response bias indicated an increased tendency toward 

responding affirmatively to seeing a face previously. Additional DVs included were 

confidence ratings for recognition judgements (out of 100) and decision time (in 

milliseconds, ms).  

Measures and materials. Although pre-registered, due to the STAI (Spielberger, 

Gorsuch, & Lushene, 1970; Spielberger et al., 1983) and Beck Depression Inventory-II (BDI; 

Beck, Steer, & Brown, 1996) not being of main interest to this study, descriptions of these 

measures can be found in the Supplementary Materials.   

The State-Trait Inventory for Cognitive and Somatic Anxiety (STICSA; Ree et al., 

2008). The STICSA measures an individual’s level of somatic and cognitive anxiety at both 

the state and trait level. Both scales consist of 21 items, with 11 concerning somatic anxiety 

symptoms, and 10 items specific to cognitive. Responses are indicated via a 4-likert scale 
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ranging from 1 (Almost never or Not at all) to 4 (Almost always or Very much so). An 

example item from the somatic subscale is “I feel dizzy”, and “I picture some future 

misfortune” from the cognitive subscale. The trait scale asked participants to make responses 

based on “how often, in general, the statement is true of you”, while the state, “how you feel 

right now, at this very moment”. For both scales, higher values indicated higher anxiety.  

Individuating Experience Questionnaire (IES; Walker & Hewstone, 2006). The IES 

measures engagement in activities with other-race members. Five items were rated on a 5-

point Likert scale from 1 (Never) to 5 (Very often). An example item is, “An African/Black 

friend has looked after me or helped me when someone was causing me trouble or being 

mean to me”. Greater other-race engagement is indicated by higher scores.  

Social Contact Scale (SCS; Walker et al., 2008). The SCS measures quality of 

contact with the other race. The five items were rated on a 5-point Likert scale. For the first 

item, “How many African/Black people do you know very well?”, items were rated from 1 

(Up to 2) to 5 (More than 12). The other four items were rated from 1 (Strongly disagree) to 

5 (Strongly agree). An example item using this scale was “I often hang out with 

African/Black people”.  

Intergroup Anxiety Scale (IAS; Stephan & Stephan, 1985; Stephan et al., 2002). The 

IAS measures intergroup anxiety towards other-race members. This scale consisted of 12 

items, with 6 concerning positively perceived, and 6 negatively perceived interactions with 

other-race individuals. Participants were asked, ‘If you were the only member of your ethnic 

group and you were interacting with people from another ethnic group (e.g., talking with 

them, working on a project with them, etc.), how would you feel compared with occasions 

when you are interacting with people from your own ethnic group? Items were rated on a 10-

point Likert scale from 1 (Not at all) to 10 (Extremely). An example item asked people to rate 

how ‘uncertain’ they would feel in this situation. Positively perceived questions were 
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reversed scored to allow creation of a total score. Higher scores denoted increased intergroup 

anxiety.   

Physiological measures. Heart rate (HR), systolic blood pressure (SBP) and diastolic 

blood pressure (DBP) were measured using the OMRON HEM-7130 Deluxe Blood Pressure 

Monitor (OMRON Healthcare Ltd.).  

Face stimuli. Stimuli were of Caucasian (own-race) and African American (other-

race) females between 18-34 with a neutral facial expression. Only female stimuli were used 

to control for a potential own-gender bias (Cross et al., 1971). Faces came from the Centre 

for Vital Longevity Face Database (Minear & Park, 2004), the NimStim Face Stimulus Set 

(Tottenham et al., 2009), the Chicago Face Database (Ma, Correll, & Wittenbrink, 2015) and 

the multi-racial, mega-resolution database of facial stimuli (Strohminger et al., 2016). 

Ecological validity was preserved through allowing faces to differ depending on physical 

characteristics specific to skin tone which varies between races (Wiese, 2012). Stimuli were 

displayed on a light grey background, with uniform luminosity to avoid low level differences 

between photographs (Wiese, 2012). Clothing, hair, jewellery, and distinguishing features 

were cropped to ensure identification was not due to these features (Curtis et al., 2015). 

Images presented during retrieval were mirror images of those presented during encoding. 

Adobe Photoshop CC 2017 was used to alter images so that those presented during retrieval 

were 25% brighter than images seen during encoding, to ensure recall of facial features was 

tested and not visual characteristics.  

Participants completed the face-recognition paradigm twice as a within-subjects 

design was used. To control for practice effects, two comparable versions of the task were 

produced, with the only difference being the version of face-stimuli used6. The task version 

 
6 One duplicate face existed between the two datasets. Subsequently, the duplicate face was removed from the 

analyses when this face was seen for the second time (counterbalanced between datasets and condition) to 

control for practice effects.  
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participants saw first was counterbalanced. For both versions of the task, the ORB task drew 

randomly from a set of 120 photographs (60 photo pairs).  

Face stimuli were pre-rated according to race representability, attractiveness, and 

memorability by Caucasian female raters. Faces were also rated to ensure only stimuli 

displaying a neutral facial expression were used. Representability, memorability, 

attractiveness, and emotionality did not differ significantly between each race, or task 

version, ts < 1.91, ps > .061. For explicit breakdown of results associated with faces, please 

see Supplementary Materials, Table S1.  

Participants. According to pre-registration for this experiment (https://osf.io/pvdnj; 

labelled Study one on the pre-registration); we initially intended to recruit 16 participants. 

This was based on previous research (Attwood et al., 2015) examining the influence of the 

7.5% CO2 challenge and race on face-recognition accuracy. In this study an effect size of d = 

1.06 for a difference in state anxiety between 7.5% CO2 inhalation compared to medical air 

was observed. This effect size was considered large using standards by Cohen (1988). 

Therefore, we needed a sample size of 16 to achieve a large effect size (F = 0.40) with 80% 

power at an alpha level of 5% using a within-design (GPower 3.1.9.2). A total of 24 

university students from Murdoch University and individuals from the wider community 

(100% female Caucasian, Mage = 24.63, SD = 9.49; range = 18-51, university students: n = 

19, wider community: n = 5) were tested. Oversampling was conducted to allow for drop-out 

expected due to the nature of the CO2-inhalation. No participants dropped out of this study or 

were excluded for not meeting inclusion criteria. Therefore, 24 participants were included in 

the final sample. Participants were required to be between 18-60 years old, female, and 

Caucasian, with no physical or psychiatric diagnoses. Additional exclusion criteria included 

using prescription medication (within the last 8 weeks: excluding birth control or occasional 

mild analgesic medications), smoking daily, having asthma, suffering from migraines, illicit 
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drug use and being pregnant or potentially pregnant. Individuals were also excluded if they 

had high blood pressure (greater than 140/90mmHg), tachycardia (>90 beats per minute), 

bradycardia (<50 beats per minute) or a body mass index (BMI) outside the heathy range (18-

30 kg/m2). Participants were also asked to abstain from alcohol for 36 hours and smoking for 

12 hours, before the experiment (Attwood et al., 2015; Attwood et al., 2017). Ethics approval 

was acquired from Murdoch University before data collection.  

Somatic-anxiety induction. Participants were randomly assigned to either inhale the 

CO2-enriched air (somatic-anxiety condition), or medical air (control condition) first. The 

order of inhalations was counterbalanced over testing sessions. This anxiety manipulation has 

been used successfully previously (e.g. Attwood et al., 2015). Before the oro-nasal mask was 

fitted, participants were told they could stop the inhalation at any time without prejudice. To 

allow for initialisation and stabilisation of the anxiogenic response, participants breathed the 

gas for two minutes before the learning phase. Participants breathed the gas mixture for the 

duration of the learning phase (approximately four minutes).  

ORB Task. The ORB task consisted of both a learning and test phase. During the 

learning phase, 30 faces were presented (50% other-race, 50% own-race) sequentially in a 

random order. Faces stayed on screen for 3000ms. No inter-trial intervals occurred. 

Participants were told to passively view the faces during the learning phase, to reduce 

motivation to individuate. During the test phase, 60 images were presented, with 50% 

previously seen during learning (balanced for race). After each trail, individuals rated their 

confidence in face-recognition judgements. Decision times for each judgement was also 

recorded. The next face was presented after each response, until task completion.  

Procedure. Before the experiment, participants completed the pre-screening survey 

online. This survey collected demographic data, and ensured participants met inclusion 

criteria. Participants also completed the STICSA trait (Ree et al., 2008) to measure somatic 
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trait anxiety at this stage. To allow participants to meet the time requirements needed to gain 

course credit for completing the pre-screening survey, participants also completed the 

STICSA state (Ree et al., 2008), STAI (Spielberger et al., 1983), BDI-II (Beck et al., 1996), 

as well as other surveys not the focus of this study. Only scores on the STICSA trait (Ree et 

al., 2008) were analysed and interpreted during the current experiment. If participants met 

eligibility criteria for the experiment, they were given an invitation code and subsequently 

signed up to attend two testing sessions approximately one-week apart. Two days before 

experiment completion, eligible participants were contacted to remind them to abstain from 

alcohol for 36 hours and smoking for 12 hours.  

Upon arrival to the lab, participants were again asked the pre-screening questions to 

ensure no significant change to psychiatric and physical health since completing the pre-

screening. Once participants read the information sheets and gave written informed consent, 

heart rate and blood pressure were measured to act as a baseline. Participants assigned to the 

somatic-anxiety condition inhaled the CO2-enriched air at this point, while those assigned to 

the control inhaled medical air. Inhalation of gas was administered single-blind due to safety 

restrictions associated with inhaling the gases (Attwood et al., 2015). All participants 

completed both inhalations, one in each testing session, with order of inhalation 

counterbalanced between participants. Participants then completed the learning phase of the 

ORB task while seated. After the learning phase, a five-minute delay occurred prior to the 

test phase. Participants in both the control and somatic-anxiety conditions had their heart rate 

and blood pressure measured immediately after finishing the learning phase. Participants also 

completed the STICSA state at this point and were asked to rate their responses according to 

how they felt during the inhalation. As there was a five-minute gap between the learning and 

test phase of the ORB task, participants also completed the STAI state and BDI-II. 

Participants then completed the test phase.  
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At the end of the experiment, as a safety measure, heart rate and blood pressure were 

measured to ensure levels were comparable to baseline. During this time, participants also 

completed the IES, SCS and IAS (second session only). Participants were then asked if they 

were feeling back to normal and were required to stay in the laboratory until they had fully 

recovered. After completing both testing sessions participants were debriefed and reimbursed.  

Results 

Data preparation. Little’s (1988) MCAR test was non-significant for all scales with 

missing values (STAI state and IAS), except for the STICSA state within the control 

condition. However, for this scale, missing values accounted for < 5% of the data and was 

therefore imputed using Expectation Maximisation (Field, 2009). Scores on the BDI-II within 

both the somatic-anxiety and control conditions, pre-inhalation diastolic blood pressure  

within the control condition, and decision times for own-race faces within the control 

condition, were not normally distributed according to ± 2 skew and ±7 kurtosis (Hair, Black, 

Babin, & Anderson, 2010). Scores were subsequently transformed using a square root 

transformation. Pre-inhalation diastolic blood pressure within the somatic-anxiety condition, 

and decision times for both races within the somatic-anxiety and control conditions, were 

transformed to allow for comparison. To aid clarity, untransformed descriptive statistics prior 

to transformation are reported. No other statistical assumptions were breached.  

 Manipulation check. The effectiveness of the CO2 inhalation compared to medical 

air was checked through two MANOVAs. Although it was pre-registered that t-tests would 

be used for the manipulation check, to correct for multiple comparisons, MANOVAs were 

conducted. The first examined pre-inhalation HR, SBP and DBP in the somatic-anxiety as 

compared to control condition. Due to a within-design being used, trait anxiety was not 

compared between conditions. The second analysis examined post-inhalation HR, SBP and 

DBP, and state anxiety as measured via the STICSA state between conditions. Measurements 
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from the STAI state and BDI-II were not of main interest, and so their post-inhalation values 

are presented in Supplementary Materials Table S2.  

The repeated measures MANOVA examining pre-inhalation physiological anxiety 

measures (HR, SBP, DBP) revealed a non-significant result, Pillai’s = .05, F(3, 21) = .38, p = 

.765, ηp² = .05, indicating no significant pre-inhalation differences between values in the 

control as compared to somatic-anxiety condition.  

The repeated measures MANOVA examining post-inhalation physiological anxiety 

measures (HR, SBP, DBP) and state anxiety according to the STICSA state, revealed a 

statistically significant effect, Pillai’s = .54, F(4, 20) = 5.94, p = .003, ηp² = .54. According to 

Table 1, repeated-measure ANOVAs conducted as follow-up indicated that HR and STICSA 

state scores were significantly increased by the anxiety inhalation, while SBP and DBP 

remained unaffected.   

Table 1  

Repeated-measures ANOVAs conduced as follow-up examining post-inhalation state 

anxiety and physiological arousal. 

  Somatic-anxiety Condition  Control Condition  ANOVA 

Anxiety Measure  M(SD)  M(SD)  F(1, 23) p ηp² 

HR  81.17(12.95)  75.38(11.40)  11.90 .002 .34 

SBP  110.33(9.92)  109.29(10.40)  0.33 .571 .01 

DBP  68.50(6.54)  69.25(8.44)  0.24 .632 .01 

STICSA state  31.65(8.60)  26.34(3.87)  9.38 .006 .29 

Note. Bolded values indicate statistical significance at p < .05.  

Face-recognition Accuracy. To test the prediction that somatic trait anxiety would 

influence the state anxiety response when exposed to a somatic stressor during encoding, a 

moderated model was conducted. A within-design was used, and so directions outlined by 

Judd, Kenny, and McCleland (2001) were followed. The influence of anxiety induction on 

STICSA state scores between the somatic-anxiety and control conditions was estimated by 
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subtracting the mean STICSA state score in the control condition from the mean within the 

somatic-anxiety condition. Somatic trait anxiety was also mean centred. A linear regression 

was subsequently conducted with somatic trait anxiety acting as the IV and the influence of 

anxiety inhalation as the DV. According to this, somatic trait anxiety did not moderate state 

anxiety elicited by the anxiety inhalation, p = .139. Therefore, the influence of somatic trait 

anxiety for subsequent analysis was not considered.     

To test the three key hypotheses, 2 (Condition: somatic-anxiety vs. control condition) 

x 2 (Face-race: own-race vs. other-race) within-design ANOVAs were conducted. H1 

predicted state anxiety induced during encoding would reduce face-recognition accuracy for 

all faces regardless of race. This would be indicated by a lower dꞌ and an increased false-

alarm rate while state anxious. H2, expected lower dꞌ values and increased false-alarm rate 

for other-race individuals while state anxious. H3, instead predicted lower dꞌ values and 

increased false-alarm rate for own-race faces when experiencing heightened state anxiety. 

Results are presented in Table 2.  
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Table 2 

Descriptive statistics and results of the ANOVAs examining signal detection measures. 

  Somatic-anxiety 

Condition 

 Control 

Condition 

 

 

 

ANOVA 

 

Performance 

measures 

Face 

Stimuli 

Race 

 

 

M(SD) 

  

 

M(SD) 

   

 

F(1, 23) 

 

 

p 

 

 

ηp² 

dꞌ Other-race 0.64(.39)  0.79(.67)  Race 16.17 <.001 .41 

 Own-race 0.87(.59)  1.21(.61)  Condition 3.14 .090 .12 

      Race x 

Condition 

0.86 .364 .04 

False-alarm 

rate 

Other-race .33(.13)  .35(.20)  Race 33.11 <.001 .59 

 Own-race .25(.15)  .17(.11)  Condition 1.00 .329 .04 

      Race x 

Condition 

5.74 .025 .20 

Response 

Bias 

Other-race .17(.40)  .07(.49)  Race 15.48 <.001 .40 

 Own-race .33(.44)  .46(.35)  Condition 0.03 .855 .00 

      Race x 

Condition 

4.44 .046 .16 

Note. Bolded values indicate statistical significance at p < .05.  

Face-recognition accuracy (dꞌ). The main effect of race was significant, with worse 

recognition accuracy for other-race, as compared to own-race faces. No difference in face-

recognition accuracy occurred between the somatic-anxiety and control conditions. Further, 

no significant interaction was found (see Table 2). Therefore, state anxiety induced via the 

anxiety inhalation did not moderate the ORB.    

False-alarm rate. The main effect of race was significant with an increased false-

alarm rate for other-race individuals. No difference in false-alarm rate occurred according to 

somatic-anxiety condition. A significant interaction occurred between race and state anxiety, 

as state anxiety moderated the ORB according to false-alarm rate.  

Two follow up paired samples t-tests were conducted to examine this interaction. To 

correct for multiple comparisons, a Bonferroni correction was applied to the significance 
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level of p < .05, resulting in a new critical value of p < .025. For false-alarm rate, a 

statistically significant difference between the somatic-anxiety and control conditions for 

Caucasian faces occurred, t(23) = 2.50, p = .020, d = .51. For African American faces, no 

difference occurred between conditions, p = .500, d = .14. Therefore, the interaction between 

state anxiety and race accounted for the increased false-alarm rate for Caucasian faces within 

the somatic-anxiety condition.  

Response Bias (c). The main effect of race was significant, with a laxer response 

criterion used for other-race faces. No difference in response bias occurred between the 

somatic-anxiety and control conditions. A significant interaction occurred between race and 

state anxiety, as state anxiety moderated the ORB according to response bias (see Table 2). 

Two follow up paired samples t-tests were conducted to examine this interaction. To 

correct for multiple comparisons, a Bonferroni correction was applied to the significance 

level of p < .05, resulting in a new critical value of p < .025. Individuals used a laxer response 

criterion for other-race faces within the control as compared to somatic-anxiety condition. 

Whereas a stricter response criterion was used for own-race faces within the control as 

compared to somatic-anxiety condition. Differences between conditions for both African 

American and Caucasian faces, however, were not significant, ps > .095, ds < .35. Therefore, 

although both Caucasian and African American response bias values were significantly 

different to each other in the somatic-anxiety as compared to control condition, these values 

were not significantly different from zero.  

 Influence of Covariates on Recognition Accuracy.  

Social Contact and Individuating Experience. The influence of SCS and IES on 

face-recognition accuracy, were examined using ANCOVAs. When accounting for 

covariates, the main effect of race for false-alarm rate and response criterion became non-

significant, Fs < 1.63, ps > .215. The covariates did not eliminate the ORB in terms of dꞌ, 
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F(1, 21) = 7.96, p = .010, ηp² = .28. Covariate inclusion, however, did reduce the strength of 

this effect. Before covariate inclusion, race accounted for 41.3% of the variance in dꞌ, with 

this reduced to 28%, after inclusion. This suggests that despite covariates impacting race, 

they do not fully account for the ORB in terms of dꞌ.  

Intergroup Anxiety. To examine the influence of intergroup anxiety on face-

recognition accuracy intergroup anxiety was entered as a covariate. According to dꞌ, 

intergroup anxiety significantly interacted with somatic-anxiety in terms of face-recognition 

accuracy, F(1, 22) = 5.79, p = .025, ηp² = .21. Further, once intergroup anxiety was entered as 

a covariate, the influence of somatic-anxiety on face-recognition accuracy became 

significant, F(1, 22) = 8.85, p = .007, ηp² = .29. This suggests the influence of somatic-

anxiety on face-recognition accuracy differed according to level of intergroup anxiety. 

Further, intergroup anxiety acted as a suppressor variable masking the influence of somatic-

anxiety on face-recognition accuracy. Once intergroup anxiety was included, the influence of 

race on all signal detection measures became non-significant, Fs < 2.98, ps > .098.  

Therefore, intergroup anxiety accounted for a large amount of the variance related to race. All 

other interactions and main effects remained non-significant, Fs < 2.96, ps > .099. 

Confidence. To measure whether face-recognition accuracy was related to confidence 

in recognition judgements, a 2 (Face-race: own-race vs. other-race) x 2 (Condition: somatic-

anxiety vs. control condition) repeated-measures ANOVA was conducted. No significant 

main effects or interactions occurred, Fs < 3.78, p > .064. To test the assumption that 

participants were unaware of recognition deficits when state anxious or when viewing other-

race faces, Bayesian modelling was conducted using JASP (JASP Team, 2016; jasp-

stats.org). A value of BF01 = 1.11 and BF01 = 1.76 occurred for the somatic-anxiety condition 

and face-race, respectively. According to Wagenmakers, Wetzels, Borsboom, and van der 
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Mass (2011), the scores for somatic-anxiety condition and face-race provides “anecdotal” 

evidence in support of the null hypothesis.   

Reaction Time. To supplement findings related to face-recognition accuracy, a 2 

(Condition: somatic-anxiety vs. control condition) x 2 (Face-race: own-race vs. other-race) 

repeated-measures ANOVA was conducted. A significant main effect of condition was 

found, with quicker reaction times in the somatic-anxiety condition (M = 3361.16, SE = 

209.62) as compared to control (M = 3663.56, SE = 206.67), F (1, 23) = 4.54, p = .044, ηp² = 

.16. No other significant main effects or interactions occurred, Fs < 3.46, ps > .076.  

Discussion 

Supporting previous research (Meissner & Brigham, 2001), an ORB occurred for all 

face-recognition accuracy measures. Once individuating experience and social contact were 

entered, the ORB either disappeared, or was reduced, with this supporting previous research 

(Walker & Hewstone, 2008; Walker et al., 2008). Intergroup anxiety also accounted for a 

large amount of variance related to race. Interestingly, according to dꞌ, intergroup anxiety 

interacted with somatic-anxiety to alter the degree of impairment in face-recognition 

accuracy while state anxious. Further, including intergroup anxiety in the model strengthened 

the influence of somatic-anxiety on dꞌ suggesting that intergroup anxiety acted as a 

suppressor variable.  

Despite increased HR and subjective anxiety within the somatic-anxiety condition, 

state anxiety did not affect face-recognition accuracy. Trait anxiety also did not influence 

results. Contrary to predictions, decision times were quicker in the somatic-anxiety condition 

compared to control. State anxiety significantly interacted with race, with increased false-

alarm rates occurring for own-race faces within the somatic-anxiety condition. This finding is 

contrary to H1 and H2 based on both the ACT and the theory adapted from Brigham (2008). 

Results of Experiment 1 instead provide support for H3, based on Tindall et al (2019). A 
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significant interaction also occurred according to response bias between anxiety and race, 

however, values were not significantly different from zero according to follow-up tests. 

Experiment 2 examined the influence of state anxiety when induced during retrieval rather 

than encoding.  

Experiment 2 

Experiment 2 addressed whether state anxiety induced during retrieval impairs face-

recognition accuracy during an ORB task. Previous research (Curtis et al., 2015; 

Deffenbacher et al., 2004) suggests that state anxiety does not disrupt retrieval. In contrast, 

Attwood et al. (2015) found reduced face-recognition accuracy when state anxiety was 

induced during retrieval when using a somatic anxiety induction. Experiment 2 sought to 

replicate the findings of Attwood et al. using the same induction. Further, Attwood et al. 

found no interaction between state anxiety and race, supporting ACT (Eysenck et al., 2007). 

Results of Experiment 1 suggested an interaction between state anxiety and race, however, 

the direction of this was opposite that predicted by the theory adapted from Brigham (2008). 

Findings of Experiment 1 were instead in support of Tindall et al. (2019).    

Method  

Participants. As with Experiment 1, according to pre-registration for this experiment 

(https://osf.io/pvdnj; labelled Study two on the pre-registration) we needed to recruit 16 

participants. This number of participants was determined in the same way as Experiment 1. A 

total of 25 undergraduate university students and individuals from the wider community 

(100% female Caucasian, Mage = 29.28, SD = 11.61; range = 18-59, university students: n = 

15, wider community: n = 10) took part in this experiment. Oversampling was conducted to 

allow for drop-out expected due to the nature of the somatic-anxiety induction. One 

participant was excluded due to not meeting inclusion criteria. Therefore, 24 participants 
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were included in the final sample. Inclusion and exclusion criteria for Experiment 2 was 

identical to Experiment 1.  

Procedure. The procedure of Experiment 2 was almost the same as Experiment 1. 

Differences were as follows. Instead of inhaling the gas mixtures during encoding (learning 

phase), participants in both conditions inhaled the gases during retrieval (test phase). In the 

five-minute delay, two minutes before the start of the test phase, participants inhaled gas 

mixtures to allow for the anxiogenic response to initialise and stabilise. Participants’ blood 

pressure, heart rate and STICSA state, STAI state and BDI-II were subsequently measured 

immediately after the retrieval phase. As in Experiment 1, participants were asked to 

complete these scales based on how they felt during the inhalation (when acutely anxious).  

 Results  

Data preparation. Little’s (1988) MCAR test was non-significant for all scales with 

missing values (STICSA state, BDI-II) and missing values accounted for < 5% of the data, 

therefore missing data was imputed using Expectation Maximisation (Tabachnick & Fidell, 

1996). Scores on the BDI-II within the control condition were not normally distributed 

according to ± 2 skew and ±7 kurtosis (Hair et al., 2010), and were subsequently transformed 

using a square root transformation. Scores on the BDI-II within the somatic-anxiety condition 

were subsequently transformed for comparison. To aid clarity, untransformed descriptive 

statistics prior to transformation are reported. No other statistical assumptions were breached.  

Manipulation check. Effectiveness of the somatic-anxiety was checked through two 

repeated-measures MANOVAs. The first examined pre-inhalation HR, SBP and DBP within 

the somatic-anxiety as compared to control condition. Due to a within-design being used, trait 

anxiety was not compared between conditions. The second analysis compared post-inhalation 

HR, SBP and DBP, and state anxiety measured via the STICSA state between the somatic-
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anxiety and control conditions. STAI state and BDI-II measurements were not of main 

interest, and so their measurements are reported in Supplementary Materials Table S3.  

The repeated measures MANOVA examining pre-inhalation physiological anxiety 

(HR, SBP, DBP) was non-significant, Pillai’s = .02, F(3, 21) = .18, p = .912, ηp² = .02, 

indicating no pre-inhalation differences between values in the control as compared to 

somatic-anxiety condition.  

The MANOVA examining post-inhalation physiological anxiety measures (HR, SBP, 

DBP) and state anxiety, revealed a statistically significant effect, Pillai’s = .53, F(4, 20) = 

5.60, p = .003, ηp² = .53. According to Table 3, repeated-measures ANOVAs conducted as 

follow-up indicated the STICSA state ANOVA was significant. Therefore, although HR was 

approaching significance, the somatic-anxiety condition only successfully increased 

subjective ratings of anxiety. 

Table 3 

Repeated-measures ANOVAs conduced as follow-up examining post-inhalation state 

and physiological anxiety. 

  Somatic-anxiety 

Condition 

  

Control Condition 

  

ANOVA 

Anxiety 

Measure 

  

M(SD) 

  

M(SD) 

  

F(1,23) 

 

p 

 

ηp² 

HR  76.71(13.44)  72.83(9.68)  3.29 .083 .12 

SBP  111.46(12.73)  109.58(16.02)  0.41 .529 .02 

DBP  70.04(7.10)  73.92(13.68)  2.50 .128 .10 

STICSA state  36.44(9.80)  29.22(7.39)  15.33 <.001 .40 

Note. Bolded values indicate statistical significance at p < .05.  

Face-recognition Accuracy. Like in Experiment 1, the influence of somatic trait 

anxiety on state anxiety elicited was examined through a moderated model using directions 

outlined by Judd et al. (2001). A linear regression was conducted with somatic trait anxiety 

(mean centred) acting as the IV and the influence of anxiety inhalation as the DV. Somatic 
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trait anxiety did not moderate the amount of state anxiety elicited, p = .934. Therefore, for all 

subsequent analyses, the influence of somatic trait anxiety was not considered.  

To test the three key hypotheses, 2 (Condition: CO2 vs. medical air) x 2 (Face-race: 

own-race vs. other-race) within-design ANOVAs were conducted. These hypotheses were the 

same as those tested in Experiment 1, however, they were tested with state anxiety induced 

during retrieval (See Table 4).  

Table 4 

Descriptive statistics and results of the ANOVAs examining signal detection measures. 

  Somatic-anxiety 

Condition 

 Control 

Condition 

  

ANOVA 

Performance 

measures 

Face Stimuli 

Race 

 

M(SD) 

  

M(SD) 

   

F(1, 23) 

 

p 

 

ηp² 

dꞌ Other-race  0.87(.53)  .78(.66)  Race 8.24 .009 .26 

 Own-race 1.22(.60)  1.13(.67)  Condition 0.48 .496 .02 

      Race x 

Condition 

0.00 .968 .00 

False-alarm 

rate 

Other-race  .32(.19)  .35(.19)  Race 27.04 <.001 .54 

 Own-race .18(.12)  .18(.13)  Condition 0.39 .539 .02 

      Race x 

Condition 

0.22 .644 .01 

Response 

Bias 

Other-race  .09(.47)  .08(.42)  Race 49.64 <.001 .68 

 Own-race .42(.41)  .44(.34)  Condition 0.02 .877 .00 

      Race x 

Condition 

0.09 .769 .00 

Note. Bolded values indicate statistical significance at p < .05.  

For dꞌ and false-alarm rate, the main effect of race was significant, indicating worse 

overall face-recognition accuracy and increased false alarms for other-race, as compared to 

own-race faces. Further, a laxer response criterion was used for other as compared to own-

race faces. No significant difference occurred between the somatic-anxiety and control 
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conditions and no significant interaction was found (see Table 4). Therefore, state anxiety 

induced during retrieval did not moderate the ORB in terms of any signal detection measures.    

Influence of Covariates on Recognition Accuracy.  

Social contact and Individuating Experience. ANCOVAs were conducted to 

examine the influence of covariates (IES and SCS). The main effect of race became non-

significant for dꞌ, F = .61, p = .444. Therefore, the covariates moderated the ORB to a large 

extent according to dꞌ. The covariates did not eliminate the ORB for false-alarm rate and 

response bias; false alarms: F(1, 21) = 6.88, p = .016, ηp² = .25, response bias: F(1, 21) = 

10.57, p = .004, ηp² = .34. Covariate inclusion, however, did reduce the strength of this 

effect. Before covariate inclusion, race accounted for 54.0%, and 68.3% of the variance in 

false-alarm rates and response bias respectively, with this reduced to 24.7% and 33.5% 

respectively, after inclusion. This suggests that the covariates do not fully explain the ORB.  

Intergroup anxiety. Next, the influence of intergroup anxiety on face-recognition 

accuracy was examined via entering intergroup anxiety as a covariate. Intergroup anxiety did 

not eliminate the ORB for all signal detection measures, dꞌ: F(1, 22) = 6.78, p = .016, ηp² = 

.24, false-alarm rate: F(1, 22) = 10.69, p = .004, ηp² = .33, response bias: F(1, 22) = 11.63, p 

= .003, ηp² = .35. Therefore, intergroup anxiety did not moderate the influence of race when 

anxiety was induced during retrieval. All other interactions and main effects remained non-

significant, Fs < 1.92, ps > .179.  

Confidence. To measure whether face-recognition accuracy was related to confidence 

in recognition judgements, a 2 (Face-race: own-race vs. other-race) x 2 (Condition: somatic-

anxiety vs. control condition) mixed-design ANOVA was conducted. No significant main 

effects or interactions occurred, Fs < 2.01, ps > .170. To test the hypothesis that participants 

would be unaware of recognition deficits for other-race faces, Bayesian modelling was 

conducted using JASP (JASP Team, 2016; jasp-stats.org). A value of BF01 = 1.92 was found 
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for face-race. According to Wagenmakers et al. (2011), this score provides “anecdotal” 

evidence in support of the null hypothesis indicating participants were unaware of other-race 

face-recognition deficits. State anxiety did not influence face-recognition accuracy when 

induced during retrieval, therefore the confidence effect related to the somatic-anxiety 

condition was not examined.   

Reaction Time. To supplement the findings related to face-recognition accuracy, a 2 

(Condition: somatic-anxiety vs. control condition) x 2 (Face-race: own-race vs. other-race) 

mixed-design ANOVA was conducted. No significant main effects or interactions occurred, 

Fs < 1.94, ps > .177. Therefore, decision times did not differ according to face-race or 

somatic-anxiety condition.  

Discussion 

Like Experiment 1, an ORB was found according to all signal detection measures 

supporting previous research (Meissner & Brigham, 2001). Further, covariates explained 

variance related to the ORB according to dꞌ. Unlike Experiment 1, the ORB was still 

significant for false-alarm rate and response bias. The strength of this effect, however, was 

reduced by covariate inclusion. State and trait anxiety did not influence face-recognition 

accuracy. This finding contrasts with Attwood et al. (2015) where state anxiety induced 

during retrieval impaired performance. Findings of this study, however, are in line with 

previous research (e.g., Curtis et al., 2015; Deffenbacher et al., 2004). Further, in contrast to 

Experiment 1, no interaction between state anxiety and race occurred.  

General Discussion 

Across two experiments, we examined the influence of the 7.5% CO2 challenge on 

own and other-race face-recognition accuracy, when state anxiety was induced separately 

during encoding and retrieval. As predicted, an ORB occurred for all measures across both 

experiments. Further, as predicted, individuating experience and social contact moderated the 
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ORB (Walker & Hewstone, 2008; Walker et al., 2008). In Experiment 1, these covariates 

fully accounted for the ORB in false-alarm rate and response bias. While in Experiment 2, 

they fully explained the ORB in dꞌ. Intergroup anxiety moderated results during Experiment 

1, supporting assumptions suggesting intergroup anxiety moderates the influence of race on 

face-recognition accuracy (Stephan & Stephan, 1985). Confidence in recognition judgements 

were unaffected by anxiety and face-race, with these supporting predictions (anxiety: 

Attwood et al., 2015, race: Meissner & Brigham, 2001).  

Trait anxiety did not influence face-recognition accuracy in either experiment. State 

anxiety induced by the somatic anxiety induction also did not influence results. Therefore, 

results do not support ACT (Eysenck et al., 2007). Although an interaction occurred for state 

anxiety and race in terms of false-alarm rate, the direction of this effect did not support H2, 

and therefore the theory adapted from Brigham (2008). Results of Experiment 1 instead 

supported predictions based on Tindall et al. (2019) as individuals had worse face-recognition 

for own-race faces while state anxious. Contrary to predictions, decision times during 

Experiment 1, were also shorter when participants were state anxious, and were similar when 

making judgements about own and other-race faces. 

Somatic Trait Anxiety  

Challenging Fluharty et al. (2016), trait anxiety did not moderate the relationship 

between somatic-anxiety and state anxiety in either experiment. Therefore, the relationship 

between trait anxiety and face-recognition accuracy could not be examined. Despite this, 

results of this study are novel, as they are the first to measure the relationship between state 

and trait anxiety via a measure sensitive to somatic trait anxiety (STICSA), while also 

measuring performance on a face-recognition paradigm. Our study is also the first to examine 

this relationship when using a somatic anxiety induction to induce state anxiety during 

retrieval. It must be noted, however, that exclusion criteria related to use of the 7.5% CO2 
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Challenge might have reduced variability in terms trait anxiety scores. This might have 

reduced the potential influence of trait anxiety on results. Therefore, future research should 

examine the influence of trait anxiety when using a more diverse sample.    

State anxiety and face-recognition accuracy 

 Although state anxiety induced during encoding increased own-race false-alarm rates, 

no difference occurred for other-race faces. The findings of Experiment 1, therefore contrast 

with previous research (Curtis et al., 2015; Deffenbacher et al., 2004). An explanation for this 

might come from examination of the relationship between intergroup anxiety and state 

anxiety observed during Experiment 1. Once intergroup anxiety was entered as a covariate, 

state anxiety significantly reduced face-recognition accuracy. This suggests that intergroup 

anxiety was acting as a suppressor variable. Although it was initially predicted that intergroup 

anxiety would moderate the influence of race on performance, our findings suggest that 

intergroup anxiety also moderates state anxiety. Supporting these predictions is the study by 

Birtel and Crisp (2012) who found that intergroup anxiety was associated with impaired 

cognitive performance when imagining intergroup contact. Future studies should therefore 

control for intergroup anxiety when considering the impact of state anxiety when encoding 

other-race faces.   

In Experiment 2, state anxiety induced during retrieval also did not impact face-

recognition accuracy for either race. Although contrary to H1, this finding supports previous 

research (Curtis et al., 2015; Deffenbacher et al., 2015; Tindall et al., 2019). Our findings, 

however, contrast with Attwood et al. (2015) who found state anxiety induced during 

retrieval reduced face-recognition accuracy. A lack of power was not responsible for this 

result, as our sample size was sufficient according to a priori calculations. Therefore, 

methodological differences between the current study and that of Attwood et al. might be 

responsible for this finding. In Attwood et al., during the retrieval phase, face-stimuli 
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appeared on the screen for a maximum of 10,000ms regardless of a response being made. In 

our study, stimuli remained on screen until a response was made, without a maximum 

presentation time enforced. According to ACT when anxious, performance effectiveness 

(accuracy) and efficiency (speed-accuracy trade off) are impaired (see Eysenck et al., 2007; 

Eysenck & Derakshan, 2011). Experiencing high levels of anxiety has a greater impact on 

efficiency than effectiveness, as individuals overcome deficits through expending extra 

cognitive resources. Expending increased cognitive resources, however, increases time taken 

to complete the task (Eysenck & Darakshan, 2011). Therefore, unlike in Attwood et al., 

participants in our study could overcome performance deficits through making slower 

responses. This suggestion is supported by participants in our study taking ~50% longer to 

complete the retrieval phase of our task. Future research should consider increasing the 

intertrial intervals systematically to see if this effects results.  

Although an interaction occurred between state anxiety and race in Experiment 1 in 

terms of false-alarm rate, this was opposite predictions according to the theory adapted from 

Brigham (2008), and H2. State anxiety increased own-race false-alarm rates and subsequently 

supports H3 (Tindall et al., 2019). Although face-recognition accuracy was reduced in both 

our study and Tindall et al. (2019), signal detection measures affected were slightly different. 

In Tindall et al., the interaction between state anxiety induced during encoding and race, 

occurred according to dꞌ. According to the duel process model of memory (Yonelinas, 1999), 

recognition judgements are based on familiarity or recollection judgements. Familiarity 

judgements are made according to how familiar stimuli seems, while recollections occur 

based on recalling qualitative information about the context in which the memory was 

initially encoded (Yonelinas, 1999, 2002). Face-recognition accuracy as measured by dꞌ, 

relies partly on recollection judgements (through inclusion of hit-rate). The stimulus 

presented at retrieval is compared to recalled aspects of the memory trace previously encoded 
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(Yonelinas, 1999). False-alarm rates do not depend on recall, as no previous details about the 

face previously encoded are necessary (as it is a new face), therefore judgements are based 

purely on how familiar the face seems. The fact that a cognitive anxiety induction disrupted 

dꞌ, while a somatic anxiety induction impaired false-alarm rate, suggests that cognitive 

anxiety might affect judgements based on recollection, while somatic, those based on 

familiarity.  

Social contact and individuating experience 

 Social contact and individuating experience accounted for most variance related to the 

ORB. These findings lend support to previous research into these covariates (Walker & 

Hewstone, 2006; Walker et al., 2008). These covariates, however, did not fully account for 

the ORB, therefore supporting models suggesting perceptual expertise with other-race faces 

(Valentine, 1991) cannot fully account for the ORB (i.e. ingroup/outgroup model; Sporer, 

2001).    

Confidence 

 Supporting assumptions based on previous research (Attwood et al. 2015), no 

differences occurred between confidence in recognition judgements between the somatic-

anxiety and control conditions. This finding occurred despite an increased false-alarm rate for 

own-race faces when state anxious. Further, in support of predictions and previous research 

(Meissner & Brigham, 2001), no difference in confidence ratings occurred between own-race 

and other-race faces during either experiment. These findings need to be interpreted with 

caution, however, as the Bayes factor, in most cases, only gave anecdotal evidence in favour 

of the null hypothesis. Further research should therefore replicate our study to see if the same 

results are found.  
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Limitations 

 Although the current study improved on weaknesses present in previous studies, a 

limitation should be mentioned. For both the somatic-anxiety and control conditions, gases 

were delivered through an oro-nasal mask. According to previous research (Ritchie, 2001), 

wearing a gas mask can be inherently stressful. While wearing a gas mask, individuals can 

experience heightened levels of physiological arousal. Therefore, although inhalation of 

medical air is less stressful than inhaling CO2 enriched air, delivery through the oro-nasal 

mask was also anxiety provoking. Therefore, future research should endeavour to avoid using 

the oro-nasal mask to administer both the medical and CO2-enriched air. An example could 

be to use a climate chamber (Even-Tzur et al., 2010). Climate chambers are commonly used 

in human research, and are self-contained, allowing for respiratory airflows (such as air with 

certain gas mixtures) to be administered without the need of an oro-nasal mask.  

Future Research  

 Based on results from this study, several avenues for future research could be 

considered. In the present study, we were restricted to testing participants without a clinical 

diagnosis, due to safety restrictions. Therefore, a limited number of individuals with high 

levels of somatic trait anxiety were tested. Examination of somatic trait anxiety scores in our 

sample supports this conclusion. Most participants in our experiments had trait anxiety scores 

below the middle point of maximum scores possible. Therefore, despite looking at somatic 

trait anxiety on a continuous scale, most scores were representative of individuals with low 

trait anxiety. Testing individuals with a clinical anxiety disorder, such as generalised anxiety 

disorder (Seddon et al. 2011) and comparing them to healthy controls would allow for a 

wider spread of anxiety scores. This would allow for a comparison between individuals with 

high trait anxiety as compared to low, and presumably would increase the difference in state 

anxiety scores, and subsequently the influence of this anxiety on cognitive performance. As 
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demonstrated in Seddon et al. (2011), individuals with a generalised anxiety disorder can 

inhale the 7.5% CO2-enriched air without extensive drop out, while under appropriate 

supervision from a health professional.  

Conclusions  

 The current study is novel and extends on previous research. This study is the first to 

examine the influence of the 7.5% CO2 challenge on the encoding phase of memory 

formation while using a face-recognition task. This study is also the first to examine the 

interaction between state anxiety and race, when using a somatic anxiety induction during 

encoding, while also using a methodology free from previous limitations (Attwood et al., 

2015; Curtis et al., 2015). This study also supports the notion that social contact and 

individuating experience are moderators of the ORB (Walker & Hewstone, 2008; Walker et 

al., 2008). Our research also indicates the influence of intergroup anxiety on state anxiety 

while using a face-recognition task consisting of racially diverse stimuli. This finding adds to 

the literature, as the influence of intergroup anxiety has only been emphasised according to 

its influence on race (Stephan & Stephan, 1985).  

 This study also lends support to previous research suggesting state anxiety induced 

during retrieval cannot affect face-recognition accuracy (Curtis et al., 2015; Deffenbacher et 

al., 2004), and is the first to measure state anxiety through the STICSA within this context 

(Ree et al., 2008). This study, however, also challenges research by Attwood et al. (2015) 

who suggested that state anxiety induced during retrieval through a somatic anxiety induction 

impairs face-recognition accuracy (Attwood et al., 2015). Differences in findings occurred 

through our study examining the influence of state anxiety on performance effectiveness 

(Eysenck et al., 2007), rather than efficacy, like Attwood et al.. Therefore, although it can be 

concluded that anxiety induced during retrieval does not affect performance effectiveness, 

future research needs to examine whether state anxiety affects performance efficacy. Our 
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study lends support to initial predictions coming from Tindall et al. (2019) indicating that 

state anxiety and race can interact to reduce own-race face-recognition accuracy. This finding 

has direct implications for research examining eyewitness memory. Taken together, both 

studies highlight the importance of examining the influence of any anxiety provoking event 

on face-recognition accuracy, regardless of whether the initial anxiety came from 

physiological or psychological means.  
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Supplementary Materials 

Table S1 

Average representativeness, memorability, attractiveness, and emotional expression of 

African American and Caucasian face stimuli.  

   

African American 

  

Caucasian 

 Paired samples  

t-tests 

Measure Task Version M(SD)  M(SD)  t(29) p d 

Representativeness 1 4.30(.20)  4.35(.23)  0.89 .381 0.16 

 2 4.34(.17)  4.40(.21)  1.13 .267 0.02 

  Task version x African American   0.99 .331 0.18 

  Task version x Caucasian   0.69 .497 0.12 

Attractiveness 1 2.73(.31)  2.86(.33)  1.51 .142 0.28 

 2 2.86(.32)  2.78(.30)  1.26 .217 0.23 

  Task version x African American   1.53 .138 0.28 

   Task version x Caucasian   0.95 .352 0.17 

Memorability 1 3.16(.25)  3.24(.20)  1.47 .153 0.27 

 2 3.15(.17)  3.22(.21)  1.78 .086 0.32 

  Task version x African American   0.13 .895 0.02 

   Task version x Caucasian   0.42 .678 0.08 

Emotionality 1 1.93(.27)  2.02(.21)  1.74 .092 0.32 

 2 2.07(.35)  1.92(.28)  1.75 .091 0.32 

  Task version x African American   1.90 .068 0.35 

   Task version x Caucasian   1.81 .080 0.33 

Note. Face-stimuli rated on representativeness of race, attractiveness and memorability using a five-point Likert 

scale, representativeness from 1 (Very Unrepresentative) to 5 (Very Representative), attractiveness from 1 (Very 

Unattractive) to 5 (Very Attractive) and memorability from 1 (Very Unmemorable) to 5 (Very Memorable). 

Faces were also rated based on facial expression, with 1 (Happy), 2 (Neutral) or 3 (Sad).  
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Measures and materials 

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

Spielberger et al., 1983). The STAI consists of 40 items: 20 items on the trait, and 20 items 

on the state scale. Responses are rated on a 4-point Likert scale from 1 (Almost never or Not 

at all) to 4 (Almost always or Very much so) on the trait and state scale respectively. An 

example item on the STAI state is, “I am presently worrying over possible misfortunes”. 

Higher scores indicate higher levels of anxiety.  

Beck Depression Inventory-II (BDI-II; Beck et al., 1996). The BDI-II consists of 21 

items rated on a 4-point Likert scale from 0-3. It measures mood and affect. Normally 

individuals are asked to rate items based on how they have felt over the past two weeks. 

However, in this experiment, participants were asked how they felt during inhaling the gas 

mixture. Item 9 of this measure, “Suicidal Thoughts or Wishes”, was removed as a 

requirement from the Human Research Ethics Committee of Murdoch University. Higher 

values indicate more severe depression symptoms.  
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Table S2 

Repeated measures ANOVAs conduced as follow-up examining post-induction depression 

and state anxiety as measured by the STAI state when induced during encoding. 

 Somatic-anxiety Condition  Control Condition  ANOVA 

Anxiety Measure M(SD)  M(SD)  F(1, 23) p ηp² 

BDI-II 6.04(7.12)  4.88(6.11)  1.58 .221 .06 

STAI state 36.78(8.47)  32.17(5.73)  8.29 .008 .26 

 

 

 

Table S3 

Repeated measures ANOVAs conduced as follow-up examining post-induction depression 

and state anxiety as measured by the STAI state when induced during retrieval. 

  Somatic-anxiety Condition  Control Condition  ANOVA 

Anxiety Measure  M(SD)  M(SD)  F(1, 23) p ηp² 

BDI-II  8.25(6.94)  5.85(6.89)  6.87 .015 .23 

STAI state  42.75(10.64)  32.38(7.20)  15.81 .001 .41 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



241 
 

  

Chapter 6 - General Discussion 

In this final thesis chapter, I will summarise experimental findings, discuss 

implications of results, both theoretical and practical, and consider avenues for future 

research. In this thesis I aimed to test two hypotheses related to whether state anxiety and 

race could interact with each other to influence face-recognition accuracy. Support for H1, 

which was based on the theory adapted from Brigham (2008), would occur if other-race face-

recognition deficits were exacerbated by people experiencing heightened state anxiety. The 

alternative hypothesis (H2), informed by Attentional Control Theory (Eysenck, Derakshan, 

Santos, & Calvo, 2007), would be favoured if heightened state anxiety impaired face-

recognition accuracy, independent of face-race.  

In Chapter 2 of this thesis, I reported a systematic literature review to examine how 

the interaction between anxiety and race affects face-recognition accuracy, while also 

examining potential moderators of this interaction. In some studies reviewed, an interaction 

between anxiety and race occurred. Despite this, in most recent studies, although both anxiety 

and race influenced face-recognition accuracy, no interaction between these factors was 

found. Potential moderators of this interaction, however, were identified, and subsequently 

considered within Chapters 4 and 5. These potential moderators were the own-gender bias 

(Lovén, Herlitz, & Rehnman, 2011), face-stimuli valence (i.e. Kikutani, 2017; Lundh & Öst, 

1996), and the influence of intergroup contact and individuating experience with other-race 

individuals (Brigham, 2008; Walker & Hewstone, 2008; Walker, Silvert, Hewstone, & 

Nobre, 2008). The own-gender bias (Lovén et al., 2011) was controlled within Chapters 4 and 

5, through using only female participants and female stimuli. Further, only face-stimuli with a 

neutral expression were included to ensure uniform stimuli emotionality. Measures of social 

contact and individuating experience (Walker & Hewstone, 2006; Walker et al., 2008) were 

also included to examine their impact on the own-race bias (ORB; Meissner & Brigham, 
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2001). Other potential moderators related to race representativeness, memorability, and 

attractiveness were also considered according to previous research (Light, Kayra-Stuart, & 

Hollander, 1979; Valentine & Endo, 1992).  

Chapter 3 of this thesis validated the State-Trait Inventory for Cognitive and Somatic 

Anxiety (STICSA; Ree, French, MacLeod, & Locke, 2008) as an effective anxiety measure 

and established its effectiveness and suitability when compared to the State-Trait Anxiety 

Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1983). In this chapter, I found that the 

STICSA overall, had superior concurrent validity with other measures of anxiety, and 

divergent validity with measures of depression, and negative and positive affect, as compared 

to the STAI. Despite this chapter indicating measurement invariance of the STICSA between 

genders, female participants had higher levels of anxiety as measured by the anxiety subscale 

of the Depression Anxiety Stress Scale-21 (Lovibond & Lovibond, 1995), and the somatic 

anxiety subscale of the STICSA trait (Ree et al., 2008). Although female participants within 

Chapters 4 and 5 were used partly due to convenience sampling, findings of Chapter 3 further 

supported the use of female participants. Previous research (Deffenbacher, Bonstein, Penrod, 

& McGorty, 2004) had indicated that anxiety inductions do not always increase state anxiety 

substantially. Therefore, use of female participants, due to increased anxiety reactivity, also 

maximised the anxiety response to the anxiety induction. Ensuring a large state anxiety 

response would then increase the likelihood of finding an impact of state anxiety on face-

recognition accuracy.       

For the remainder of this chapter, I discuss results related to the interaction between 

anxiety and race observed in Chapter 4 (Study 1 and 2) and Chapter 5 (Study 3 and 4) and 

provide potential explanations for these results. Further, I review findings specific to the 

separate impact of anxiety, race, intergroup contact, and confidence, in terms of their effect 

on face-recognition accuracy. Throughout, I incorporated additional results not reported in 
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these chapters into my discussion. Both chapters were written for publication, and 

consequently face-recognition accuracy was only measured according to the most relevant 

signal detection measures. Theoretical and practical implications of my findings, collectively, 

are then discussed. After this, I outline limitations of this research program and the 

implications of my thesis in terms of future research directions. During discussion of future 

research directions, I also suggest ways of expanding on my key thesis findings. This chapter 

concludes with a final summary.   

Key thesis findings 

Interaction between anxiety and race 

 Within Chapter 4, a cognitive anxiety induction, specifically, a public speaking task, 

was used to induce state anxiety separately during encoding (Study 1) and retrieval (Study 2). 

In Chapter 5, state anxiety was also induced separately during encoding (Study 3) and 

retrieval (Study 4), however, a somatic anxiety induction, specifically the 7.5% CO2 

challenge (Attwood, Catling, Kwong, & Munafò, 2015), was used. A summary of research 

findings presented in these two chapters, are presented in Table 1. 
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Table 1 

Summary of results for Chapter 4 (Cognitive Anxiety Induction: Study 1 and 2) and Chapter 

5 (Somatic Anxiety Induction: Study 3 and 4).  

 Type of Anxiety Induction 

Memory phase 

of anxiety 

induction 

 

 

Cognitive  

 

 

Somatic 

Encoding Study 1 Study 3 

    Anxiety No main effect of anxiety. No main effect of anxiety. 

    Race ORB according to dꞌ, response bias and 

false-alarm rate.  

ORB according to dꞌ, response bias and 

false-alarm rate. 

    Interaction Reduced own-race face-recognition 

accuracy within anxiety condition as 

compared to the control condition 

according to dꞌ.  

Reduced own-race face-recognition accuracy 

within anxiety condition as compared to the 

control condition according to false-alarm 

rate.  

Retrieval Study 2 Study 4 

    Anxiety No main effect of anxiety. No main effect of anxiety. 

    Race ORB according to dꞌ, response bias and 

false-alarm rate. 

ORB according to dꞌ, response bias and 

false-alarm rate. 

    Interaction No interaction between anxiety and race 

according to any measures.  

No interaction between anxiety and race 

according to any measures. 

 

As seen in Table 1, an interaction between anxiety and race was found when state 

anxiety was induced during encoding through both a cognitive and somatic anxiety induction. 

The direction of the interaction observed when using both anxiety inductions, however, was 

opposite to that predicted by H1. When state anxiety was induced by the cognitive anxiety 

induction during encoding, within Study 1, own-race face-recognition accuracy was lower 

within the anxiety condition as compared to the control condition. Own-race face-recognition 

accuracy was also reduced when state anxiety was induced by a somatic anxiety induction 

during encoding in Study 3.  

Although reduced own-race face-recognition accuracy occurred within the anxiety 

condition, as compared to the control condition, in both studies, the signal detection measures 
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affected were different. As seen in Table 1, the cognitive anxiety induction reduced own-race 

face-recognition accuracy according to dꞌ. When state anxiety was induced by a somatic 

anxiety induction, however, the interaction occurred only for false-alarm rate. A possible 

explanation for the difference in signal detection measures affected by state anxiety when 

induced by a cognitive, as compared to somatic anxiety induction is discussed below. Before 

this, however, additional analyses associated with signal detection measures not reported in 

Chapters 4 and 5, are presented below. The signal detection measure d', was used consistently 

throughout Chapters 4 and 5, as dꞌ gives an unbiased measure of face-recognition accuracy. 

The signal detection measure d' considers both an individual’s tendency towards responding 

affirmatively (hit-rate) and negatively (false-alarm rate) when determining if a face has been 

seen previously (Stanislaw & Todorov, 1999). Therefore, this measure is not confounded by 

an individual’s decision criterion (Stanislaw & Todorov, 1999). Response bias was also 

consistently reported throughout Chapters 4 and 5, as this measure provides an estimate of an 

individual’s general tendency towards adopting a more liberal or strict decision criterion, 

when indicating if a face has been seen previously. Although these measures are effective in 

capturing an individual’s response style and accuracy, they do not consider whether hit-rate 

or false-alarm rate was responsible for results. For instance, a higher dꞌ for own-race faces as 

compared to other-race faces, might have been driven by either an increased false-alarm rate 

for other-race faces, or, by a reduced hit-rate for other-race faces. According to Meissner and 

Brigham (2001), the ORB is driven by both a reduced hit-rate and increased false-alarm rate 

for other-race faces. Whether hit-rate or false-alarm rate is responsible for an individual’s d' 

or response bias, is also important to consider practically. For instance, an increased ORB 

driven by an increased false-alarm rate is practically important, as it suggests that an 

individual is more likely to incorrectly identify someone as a culprit within a criminal justice 

setting (i.e. prison sentence, Doyle, 2001). Further, examining both hit-rate and false-alarm 
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rate in addition to d' and response bias, allows for a more in-depth examination of finding 

differences between studies reported in Chapters 4 and 5.   

Additional Analyses. Additional analyses not presented in Chapters 4 and 5 are 

summarised in Table 2.  
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Table 2 

Additional Analyses not reported in Chapters 4 (Study 1 and 2) or 5 (Study 3 and 4) related 

to hit-rate and false-alarm rate. 

  Anxiety 

Condition 

 Control 

Condition 

  

ANOVA 

Performance 

measures 

Face Stimuli 

Race 

 

M(SD) 

  

M(SD) 

   

F(1, df) 

 

p 

 

ηp² 

Study 1          

    Hit-rate Other-race 0.70(.12)  .62(.12)  Race 6.74(1, 51)  .012 .12 

 Own-race 0.58(.17)  .64(.14)  Condition 0.04(1, 51) .838 .00 

      Race x 

Condition 

11.84(1, 51) .001 .19 

    False-alarm     

    rate 

Other-race 0.44(.24)  0.38(.13)  Race 53.18(1, 51)  <.001 .51 

 Own-race 0.25(.16)  0.17(.11)  Condition 3.28(1, 51)  .076 .06 

      Race x 

Condition 

0.05(1, 51)  .826 .00 

Study 2          

    Hit-rate Other-race 0.68(.11)  0.69(.12)  Race 18.93(1, 52) <.001 .27 

 Own-race 0.56(.13)  0.61(.14)  Condition 0.82(1, 52) .369 .02 

      Race x 

Condition 

0.97(1, 52) .330 .02 

    False-alarm  

    rate 

Other-race 0.43(.18)  0.41(.15)  Race 82.13(1, 52) <.001 .61 

 Own-race 0.24(.13)  0.20(.14)  Condition 0.78(1, 52) .382 .02 

      Race x 

Condition 

0.09(1, 52) .767 .00 

Study 3          

    Hit-rate Other-race 0.55(.16)  0.61(.18)  Race 1.52(1, 23) .230 .06 

 Own-race 0.54(.18)  0.55(.16)  Condition 1.43(1, 23) .244 .06 

      Race x 

Condition 

0.75(1, 23) .394 .03 

Study 4          

    Hit-rate Other-race 0.62(.16)  0.61(.13)  Race 6.99(1, 23) .015 .23 

 Own-race 0.57(.18)  0.55(.16)  Condition 0.22(1, 23) .643 .01 

      Race x 

Condition 

0.10(1, 23) .760 .00 

Note. Bolded values indicate statistical significance at p < .05.  
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As seen in Table 2, in Study 1, a significant interaction between anxiety and race also 

occurred for hit-rate. This finding was driven primarily by an increased hit-rate for other-race 

faces in the anxiety condition, t(51) = 2.31, p = .025, d = 0.63. Hit-rate for own-race faces 

was also reduced within the anxiety condition as compared to the control condition, however, 

this difference was non-significant, p = .159, d = 0.39. False-alarm rate was also higher for 

other-race faces as compared to own-race, but no significant interaction occurred with state 

anxiety. These findings indicate that individuals had an increased tendency to affirmatively 

indicate that they had seen an African American face previously within the anxiety condition 

as compared to the control condition, irrespective of whether this face had been seen 

previously. This suggestion was supported by a higher false-alarm rate and more liberal 

responding for other-race individuals as compared to the own-race observed in this study. In 

Study 3, as presented in Table 1 and 2, no interaction between state anxiety and race occurred 

when state anxiety was induced during encoding according to dꞌ, hit-rate or response bias. 

Further, in Studies 2 and 4, no interaction between anxiety and race occurred when state 

anxiety was induced during retrieval. Collectively, results of this thesis indicated that state 

anxiety could interact with face-race when induced during encoding, but not when induced 

during retrieval. The interactions observed in Studies 1 and 3, were not in the direction 

predicted by H1, which indicated that individuals would have worse recognition accuracy for 

other-race faces when experiencing heightened state anxiety. Therefore, results observed in 

Chapters 4 and 5 did not support H1. However, the presence of an interaction between these 

factors also does not support H2, which was based on ACT (Eysenck et al., 2007). 

Contrasting findings Chapters 4 and 5. Own-race face-recognition accuracy was 

reduced when state anxiety was induced during encoding when the anxiety induction was 

both cognitive and somatic. The signal detection measures impaired, however, were different 

depending on the type of anxiety induction used.   
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As mentioned in the general discussion of Chapter 5, according to the dual-process 

model of memory, recognition judgements are based on either familiarity or recollection 

(Yonelinas, 1999, 2002). Familiarity judgements are made according to how familiar stimuli 

seem, while recollections occur based on recalling qualitative information about the context 

in which the memory was initially encoded (Yonelinas, 1999, 2002). Face-recognition 

accuracy as measured by dꞌ, relies partly on recollection judgements (via inclusion of hit-

rate). Recollection occurs through the stimulus presented at retrieval being compared to 

recalled aspects of the previously encoded memory (Yonelinas, 1999, 2002). False-alarm rate 

on the other hand, does not depend on recall, as no earlier details about the face previously 

encoded are necessary (as it is a new face), therefore judgements are based purely on how 

familiar the face seems (Yonelinas, 2002). In Study 1, the cognitive anxiety induction further 

impaired own-race face-recognition accuracy according to dꞌ. In Study 3, however, the 

somatic anxiety induction increased the own-race false-alarm rate. This suggests that 

cognitive anxiety might affect recognition judgements based partly on recollection. Somatic 

anxiety, on the other hand, might only impact face-recognition judgements based purely on 

familiarity.  

 Research into the impact of anxiety and race on familiarity and recollection 

judgements is limited. Further, no studies have examined the interaction between state 

anxiety and race, or how the different subdomains of cognitive and somatic anxiety, are 

associated with these recognition judgements. Some studies have examined the impact of 

stress (related to anxiety) on these judgements (see meta-analysis by Shields, Sazma, 

McCullough, & Yonelinas, 2017; Wiemers, Hamacher-Dang, Yonelinas, & Wolf, 2019). 

According to Shields et al. (2017) and Wiemers et al. (2019), it was indicated that familiarity 

judgements are impaired by high levels of cortisol through increased hypothalamus-pituitary 

adrenal (HPA) axis activity. Inhalation of 35% CO2 elicits significant HPA axis activation 
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and increases cortisol (Argyropoulos et al., 2002). Further, although inconclusive, it has also 

been suggested that inhalation of 5-7.5% CO2 might increase cortisol levels (Seddon et al. 

2011; Woods, Charney, Goodman, & Heninger, 1988). Despite suggestions that cognitive 

anxiety inductions can also increase cortisol levels (Allen, Kennedy, Cryan, Dinan, & Clarke, 

2014), these inductions elicit cortisol unreliably (Biondi & Picardi, 1999). Therefore, within 

Study 1, the cognitive anxiety induction might have impacted judgements of recollection, 

more than familiarity, through this induction not substantially increasing cortisol. The 

interaction between state anxiety and race observed for hit-rate and not for false-alarm rate in 

Study 1, supports this perspective. Differences in cortisol production might also explain why 

the somatic anxiety induction was able to disrupt familiarity judgements for own-race faces, 

as inhalation of 7.5% CO2 might have elicited larger amounts of cortisol.  

 The impairment in recollection judgements for own-race faces, associated with the 

cognitive anxiety induction, is also consistent with research into the ORB (Meissner, 

Brigham, & Butz, 2005). It has been suggested that the ORB primarily occurs through 

improved recollections for own-race faces as compared to the other-race (Meissner et al., 

2005). Therefore, when individuals were experiencing increased state anxiety during 

encoding, within Study 1, recollection judgements may have been impaired, with this 

reducing own-race face-recognition accuracy. Consistent with this suggestion, recollection 

quality is said to be reduced when attentional resources are low (Meissner et al., 2005; 

Yonelinas, 2002). Heightened state anxiety decreases attentional capacity (Eysenck et al., 

2007), and therefore, might have reduced the quality of recollections for own-race faces 

through resources being directed towards off-task anxious thoughts. 

Recollections for other-race faces, however, would not be further impaired through 

heightened state anxiety. Although state anxiety reduces available cognitive resources 

(Eysenck et al., 2007), experiencing heightened state anxiety also biases attention towards 
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threat-stimuli (Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van Ijzendoorn, 2007; 

Chen, Lewin, & Craske, 1996; MacLeod & Mathews, 1988). Other-race faces are perceived 

as threatening through association with negative stereotypes (Donders, Correll, & 

Wittenbrink, 2008). Therefore, heightened state anxiety would increase cognitive resources 

directed towards other-race faces. Indeed, in Study 1, other-race recognition accuracy as 

measured by dꞌ, was higher within the anxiety condition as compared to the control condition. 

The increase in recognition accuracy for other-race faces, however, was non-significant. 

Although heightened state anxiety would have directed attentional resources towards other-

race faces, individuals would still be unable to adequately recognise these faces through 

limited perceptual experience (Meissner & Brigham, 2001; Valentine, 1991; Valentine & 

Endo, 1992; Walker & Hewstone, 2008; Walker et al., 2008). This suggestion also explains 

the increased hit-rate for other-race faces when experiencing heightened state anxiety 

observed in Study 1, as reported in the additional analyses section. However, as said above, 

this finding likely occurred through an overall, more lax responding style for the other-race, 

rather than improved recollections of the other-race when experiencing heightened state 

anxiety. 

Increased state anxiety induced by the somatic anxiety induction, may also have been 

responsible for reduced own-race face-recognition accuracy found in Study 3. Although 

familiarity judgements for own-race faces are less associated with the ORB, they still 

contribute to this effect (Meissner et al., 2005). Therefore, the 7.5% CO2 Challenge through 

eliciting increased cortisol and disrupting familiarity judgements for own-race faces, may 

have increased the own-race false-alarm rate. Allocation of attentional resources towards 

threat-stimuli by people experiencing heightened state anxiety (Bar-Haim et al., 2007; Chen 

et al., 1996; MacLeod & Mathews, 1988), however, would improve other-race familiarity 

judgements. Indeed, the false-alarm rate for other-race faces was reduced for participants 
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experiencing heightened state anxiety. This effect, however, was not statistically significant, 

as individuals had inadequate perceptual experience with other-race faces (Meissner & 

Brigham, 2001; Valentine, 1991; Valentine & Endo, 1992; Walker & Hewstone, 2008; 

Walker et al., 2008). In the next section the impact of state anxiety on face-recognition 

accuracy when induced separately during encoding and retrieval, is reviewed.    

Impact of Anxiety on Face-Recognition Accuracy 

State anxiety induced during encoding. According to ACT (Eysenck et al., 2007), 

individuals experiencing heightened anxiety will have impaired cognitive performance, such 

as on a face-recognition task (Deffenbacher et al., 2004; Lundh & Öst, 1996). The meta-

analysis by Deffenbacher et al. (2004) indicated that anxiety impairs face-recognition 

accuracy when induced during encoding. The systematic literature review reported in Chapter 

2, supports this perspective.  

Study 1 examined the influence of state anxiety induced during encoding through a 

cognitive anxiety induction. Although own-race face-recognition accuracy was reduced 

within the anxiety condition as compared to control condition, no impairment occurred for 

other-race faces. Therefore, a main effect of state anxiety when induced during encoding did 

not occur. This finding does not support H2 based on ACT (Eysenck et al., 2007) which 

indicates reduced cognitive performance when experiencing heightened state anxiety. This 

finding also contrasted with previous research (Curtis, Russ, & Ackland, 2015; Deffenbacher 

et al., 2004). In Study 3, however, the same pattern of results occurred when a somatic 

anxiety induction was used to induce state anxiety during encoding. Results of both studies 

therefore contrasted with previous research and did not support H2.  

The intergroup context created through using face-stimuli coming from the own-race 

(Caucasian) and other-race (African American), might explain the non-significant main effect 

of state anxiety. In Study 3 within Chapter 5, once intergroup anxiety was included as a 
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covariate, the main effect of state anxiety on dꞌ became significant, with reduced face-

recognition accuracy in the anxiety condition as compared to the control condition. This 

indicated that intergroup anxiety may have been acting as a suppressor variable, masking the 

influence of state anxiety on face-recognition accuracy. Specifically, the influence of state 

anxiety on face-recognition accuracy differed according to an individual’s levels of 

intergroup anxiety. The impact of intergroup anxiety on anxiety induction was not expected 

according to conclusions drawn from the systematic literature review (Chapter 2). Although it 

was identified that intergroup anxiety may moderate the relationship between race and face-

recognition accuracy, the impact of intergroup anxiety on state anxiety was not considered.  

Responses related to intergroup anxiety were collected in Chapter 4, however, data 

related to these were not reported. Considering the findings of Study 3, it was important to 

also examine the impact of intergroup anxiety on Study 1 within Chapter 4. Further, in both 

Chapters 4 and 5, hit-rate was not considered. As said above, only information related to key 

arguments were presented in these papers as they were written for publication. Examination 

of signal detection measures dꞌ and response bias do not consider whether hit-rate or false-

alarm rate are responsible for results observed. Reporting additional analyses associated with 

the impact of intergroup anxiety, considering Study 3 findings, allows for a more in-depth 

understanding of why findings associated with state anxiety occurred. In the next section, 

additional analyses examining the impact of intergroup anxiety acting as a covariate when 

state anxiety was induced during encoding, are therefore reported below. 

Additional Analyses. Additional analyses related to the impact of intergroup anxiety 

on results in Study 1 and Study 3, are presented in Table 3. It must be noted that intergroup 

anxiety significantly interacted with the independent variable; anxiety condition in Study 1, 

and hence, the assumption of homogeneity of regression slopes was violated for this analysis. 
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Therefore, the impact of intergroup anxiety entered as a covariate on hit-rate is not reported 

for Study 1.  

Table 3 

Additional analyses examining the impact of anxiety induced during encoding when 

controlling for intergroup anxiety. 

 ANCOVA 

Performance measures F(df) p ηp² 

Study 1    

    False-alarm rate 4.15(1, 50) .047 .08 

    dꞌ 2.37(1, 50) .130 .04 

    Response bas 1.44(1, 50) .235 .03 

Study 3    

    Hit-rate 5.41(1, 22) .030 .20 

Note. Bolded values indicate statistical significance at p < .05.  

As seen in Table 3, once intergroup anxiety was entered as a covariate, state anxiety 

significantly reduced face-recognition accuracy when induced during encoding. Specifically, 

when intergroup anxiety was accounted for, an increased false-alarm rate was found within 

the anxiety condition as compared to control condition, in Study 1. In Study 3, when 

intergroup anxiety was accounted for, hit-rate was also significantly reduced in the anxiety 

condition as compared to the control condition. These additional results support the 

suggestion that intergroup anxiety may have been suppressing the impact of state anxiety 

induced during encoding on face-recognition accuracy. Findings of Studies 1 and 3 therefore 

indicate that state anxiety can impact face-recognition accuracy when induced during 

encoding. However, the strength of this effect might have been altered when using racially 

diverse stimuli. For instance, in the study by Ofan, Rubin, and Amodio (2014), it was 

suggested that intergroup anxiety is elicited within the context of face processing, when 

outgroup faces (i.e. African American faces) are presented alongside ingroup faces (i.e. 

Caucasian faces; Amodio, Harmon-Jones, & Devine, 2003). Further, like state anxiety, 

intergroup anxiety can deplete available cognitive recourses put towards tasks, as individuals 
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are preoccupied with off-task worry thoughts associated with negative outgroup expectations 

(Stephan, 2014). It has also been suggested that experiencing intergroup anxiety can increase 

the magnitude of state anxiety felt within an intergroup context (Britt, Boniecki, Vescio, & 

Biernat, 1996). Therefore, even though the anxiety manipulation induced state anxiety, 

intergroup anxiety might have also been elicited through use of stimuli belonging to the own-

race and other-race. Further, preoccupation with thoughts associated with the other-race, 

might have also reduced face-recognition accuracy. Subsequently, the impact of intergroup 

anxiety on the state anxiety response might have supressed the influence of state anxiety 

induced during encoding on face-recognition accuracy and contributed to the lack of support 

for H2.    

State anxiety induced during retrieval. This thesis also examined the impact of 

state anxiety when induced during retreival. In both Studies 2 and 4, when state anxiety was 

induced during retrieval by a cognitive and somatic anxiety induction, respectively, no 

reduction in face-recognition accuracy occurred. These results supported previous research 

indicating that state anxiety may only impact face-recognition accuracy when induced during 

encoding (Deffenbacher et al., 2004). The non-significant impact of the cognitive anxiety 

induction used to induce state anxiety during retrieval in Study 2, also supports the study by 

Curtis et al. (2015) who found a non-significant impact of a cognitive anxiety induction on 

retrieval. Findings of Study 4 challenged Attwood et al. (2015), where a somatic anxiety 

induction, specifically use of the 7.5% CO2 Challenge, was able to disrupt retrieval. Study 4 

results, however, support recent research conducted by Bolton and Robinson (2017) and 

Garribo, Aylward, and Robinson, (2019). In both studies, threat of an unpredictable electric 

shock -a somatic anxiety induction according to Edwards, Edwards and Lyvers (2017)- did 

not impact face-recognition accuracy during retrieval. These findings occurred despite the 

somatic anxiety induction effect size in both Bolton and Robinson (2017), d = 1.32, and 



256 
 

  

Garibbo et al. (2019), d = 1.70, being larger than Attwood et al.’s (2015), d = 1.06. Therefore, 

the non-significant impact of the somatic anxiety induction on retrieval may not be attributed 

to an insufficient state anxiety response.  

The difference between findings of Study 4 and Attwood et al. (2015), may therefore 

be explained through consideration of signal detection measures used to draw conclusions. In 

the study by Attwood et al., the somatic anxiety induction impacted face-recognition 

accuracy, measured as hits, when state anxiety was induced during retrieval. Hits do not 

consider the amount of false alarms, misses or correct rejections (McNicol, 1972; Sporer, 

2001). For instance, someone with a large amount of hits, might say ‘yes’ to seeing many 

faces previously, with this also increasing the amount of false-alarms and reducing correct 

rejections. Therefore, use of dꞌ; an unbiased measure of recognition sensitivity, that considers 

an individual’s hit-rate and false-alarm rate, should also be examined when drawing 

conclusions. It must be noted, however, that examination of the false-alarm rate is also 

important to consider given the severity of incorrectly identifying someone as a culprit within 

a criminal justice setting (Doyle, 2001). Further, examination of hit-rate should also be 

explored when investigating whether hit-rate or false-alarm rate drove results observed. 

Examination of dꞌ from Attwood et al.’s study indicated a non-significant impact of state 

anxiety induced during retrieval. Further, although false alarms (which indicate the amount of 

incorrect affirmative responses to seeing faces previously), rather than false-alarm rate 

(examines the probability of incorrectly responding affirmatively to seeing a face previously), 

was examined in the study by Attwood et al., no difference in false alarms occurred between 

the anxiety and control conditions. Therefore, when considering both dꞌ and false alarms, 

results of Study 4 are consistent with those of Attwood et al..  

The impact of intergroup anxiety on state anxiety induced during retrieval on outcome 

measures that were not reported in either Chapters 4 or 5 are reported below. As mentioned 
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throughout this discussion, examination of signal detection measures dꞌ and response bias do 

not consider whether hit-rate or false-alarm rate were associated with results observed. 

Intergroup anxiety supressed the influence of state anxiety on face-recognition accuracy 

during Study 3 in terms of dꞌ (as reported in Chapter 5), and hit-rate, as well as according to 

false-alarm rate, in Study 1. Therefore, it was important to examine whether intergroup 

anxiety was also suppressing the impact of state anxiety on face-recognition accuracy when 

induced during retrieval.   

Additional Analyses. The impact of intergroup anxiety on state anxiety induced 

during retrieval, is presented in Table 4.  

Table 4 

Additional analyses examining the impact of anxiety induced during retrieval when 

accounting for intergroup anxiety. 

 ANCOVA 

Performance measures F(df) p ηp² 

Study 2    

    Hit-rate 0.56(1, 51) .456 .01 

    False-alarm rate 1.26(1, 51) .267 .02 

    dꞌ 2.30(1, 51) .135 .04 

    Response bas 0.19(1, 51) .664 .00 

Study 4    

    Hit-rate 0.66(1, 22) .426 .03 

 

As seen in Table 4, intergroup anxiety did not moderate the impact of state anxiety 

induced during retrieval on face-recognition accuracy in either Study 2 or 4. These findings 

add further support to my thesis conclusions indicating that state anxiety induced during 

retrieval may not impact face-recognition accuracy when induced by either a cognitive or 

somatic anxiety induction.  
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Own-Race Bias 

 Confirming previous research (Meissner & Brigham, 2001), an own-race bias was 

consistently found throughout all studies within Chapter 4 and 5 (see Table 2). Across all 

studies, individuals had a lower d′, increased false-alarm rate and a more liberal response 

criterion for other-race faces as compared to the own-race. These findings support previous 

research on the ORB (Meissner & Brigham, 2001). In Studies 1 to 4, however, hit-rate was 

either no different, or significantly higher for other-race faces as compared to own-race faces. 

These findings are contrary to expectations according to the ORB, which also predicts a 

reduced hit-rate for other-race faces (Meissner & Brigham, 2001). Specifically, according to 

Meissner and Brigham (2001), the ORB is suggested to be driven by a ‘mirror effect’, where 

individuals have both a reduced hit-rate and increased false-alarm rate, for other-race faces. 

Findings observed in Studies 1 to 4, however, support Curtis et al. (2015) who also found that 

hit-rate was either no different, or significantly higher for other-race faces as compared to the 

own-race faces. Therefore, as with Curtis et al., and in Studies 1 to 4, the own-race bias was 

driven by a higher false-alarm rate for other-race faces, rather than being driven by both a 

reduced other-race hit-rate and increased other-race false-alarm rate.  

Intergroup contact and individuating experience. In accordance with perceptual 

expertise models (i.e. multidimensional face-space model; Valentine, 1991; Valentine & 

Endo, 1992), contact with other-race individuals moderates the ORB, with increased contact 

associated with a reduced bias (Brigham, 2008; Woo, Quinn, Méary, Lee, & Pascalis, 2020). 

Throughout Chapters 4 and 5, intergroup contact was measured with the social contact scale 

(Walker et al., 2008) and individuating experience questionnaire (Walker & Hewstone, 

2006). The social contact scale measured the quantity of contact individuals had with other-

race individuals, while the individuating experience questionnaire measured the amount of 

high-quality individuating experience individuals have had previously with other-race 
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individuals. Therefore, additional analyses according to signal detection measures not 

reported in these chapters associated with the impact of these intergroup contact measures on 

the ORB are presented in Table 5. As said throughout this discussion chapter, consideration 

of signal detection measures dꞌ and response bias do not consider whether hit-rate or false-

alarm rate were driving the results observed according to dꞌ and response bias. Therefore, it is 

important to also consider these measures.  

Table 5 

Additional analyses examining the impact of social contact and individuating experience on 

the effect of race on face-recognition accuracy. 

 ANCOVA 

Performance measures F(df) p ηp² 

Study 1    

    Hit-rate 1.05(1, 49) .310 .02 

    False-alarm rate 0.52(1, 49) .476 .01 

Study 2    

    Hit-rate 1.11(1, 50) .298 .02 

    False-alarm rate 6.29(1, 50) .015 .12 

Study 3    

    Hit-rate 1.82(1, 21) .191 .08 

Study 4    

    Hit-rate 2.48(1, 21) .131 .10 

Note. Bolded values indicate statistical significance at p < .05.  

In Chapter 4 and 5, and the additional analyses presented in Table 5, intergroup 

contact, in most cases, either fully explained the ORB, or reduced the magnitude of this 

effect. From the findings of this thesis, it can be concluded that contact greatly contributed to 

the ORB. However, the fact that the ORB in some certain circumstances was still significant, 

indicates that contact and individuating experience are not solely responsible for this effect. 

These findings support researchers indicating that perceptual expertise is associated with the 

ORB (Valentine, 1991; Valentine & Endo, 1992). However, findings also indicate that 
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perceptual expertise cannot fully account for the ORB, and that other models of the ORB also 

need to be considered (e.g., ingroup/outgroup model; Sporer, 2001).    

Confidence in recognition judgements 

 In Studies 1 and 3, confidence in recognition judgements were not significantly 

different between the anxiety condition as compared to the control condition when state 

anxiety was induced during encoding. The impact of state anxiety on confidence when 

induced during retrieval was not examined, as state anxiety induced during retrieval did not 

impact face-recognition accuracy. Findings of Studies 1 and 3 supports previous research 

(Attwood et al., 2015; Curtis et al., 2015) indicating that state anxious individuals are 

unaware of their recognition deficits. Thesis findings also extend previous research into 

confidence, as no difference in reported confidence occurred when state anxiety was induced 

during encoding and retrieval, separately. Findings also indicate that cognitive and somatic 

anxiety inductions, despite inducing state anxiety through initially different anxiety 

dimensions (Ree et al., 2008; Roberts, Hart, & Eastwood, 2016), share the same relationship 

with confidence. It must be noted that university students and wider community members 

were tested in this thesis, and so, my findings are not directly generalisable to the criminal 

justice setting. My findings, however, suggest that no matter the type of anxiety-provoking 

situation a witness may be in during encoding, their confidence in subsequent recognition 

judgements may be similarly unimpacted.  

 Across Studies 2 to 4, no difference in confidence was found for any measures of 

face-recognition accuracy according to race. This occurred despite a consistent ORB 

occurring according to false-alarm rate, dꞌ and response bias in these studies. Although our 

findings contrast with Attwood et al. (2015) where participants indicated increased 

confidence in own-race judgements, our findings support other previous research where such 

increased confidence for own-race faces was not observed (Meissner & Brigham, 2001). My 
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thesis findings provide further evidence to the notion that accuracy in recognition judgements 

are generally not reflected by confidence ratings (Brigham, Bennett, Meissner, & Mitchell, 

2007; Wixted & Wells, 2017). Within the criminal justice setting, caution should be taken 

when using confidence as a measure of accuracy (Brigham et al., 2007; Wixted & Wells, 

2017). 

Summary of thesis findings 

 To summarise the above sections, while controlling for the impact of intergroup 

anxiety, state anxiety induced during encoding significantly impaired face-recognition 

accuracy. When accounting for intergroup anxiety, results were consistent with ACT. In 

opposition to H2, however, an interaction between state anxiety and race occurred. 

Specifically, performance deficits for own-race faces were exacerbated by state anxiety. This 

interaction occurred when state anxiety was induced by both a cognitive and somatic anxiety 

induction during encoding. Thesis findings, therefore, also contrasted with H1, where it was 

suggested that exacerbated other-race deficits would occur when experiencing heightened 

state anxiety. Findings of my thesis instead provide support for a third hypothesis, in which 

heightened state anxiety selectively impairs own-race face-recognition accuracy.  

In Studies 2 and 4, state anxiety did not impact face-recognition accuracy when 

induced during retrieval despite controlling for intergroup anxiety. These findings support 

recent research examining the impact of cognitive and somatic anxiety inductions on retrieval 

(cognitive: Curtis et al., 2015, somatic: Bolton & Robinson, 2017; Garribo et al., 2019). 

Supporting previous research (Curtis et al., 2015; Meissner & Brigham, 2001), an ORB was 

also found as measured by dꞌ, false-alarm rate and response bias, but did not occur for hit-

rate. Confidence in recognition judgements were unaffected by stimuli race or state anxiety, 

in the majority of studies, also supporting previous research (race: Meissner & Brigham 
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2001, anxiety: Attwood et al., 2015). In the next section theoretical and practical implications 

associated with thesis findings are discussed.  

Theoretical implications 

The findings of my thesis have numerous theoretical implications. Although an 

interaction between anxiety and race was found in this thesis, the interaction only occurred in 

Studies 1 and 3, when state anxiety was induced during encoding. Findings of Studies 2 and 4 

indicated that state anxiety induced during retrieval may not influence face-recognition 

accuracy. Therefore, state anxiety induced during this phase of memory, may be unable to 

interact with other variables, such as race. The non-significant impact of anxiety on retrieval, 

and the lack of interaction with race during retrieval, is theoretically important. In Chapter 1 

(thesis introduction), it was indicated that an exploratory approach was taken when 

examining the impact of cognitive and somatic anxiety induced during encoding and 

retrieval, as limited research had examined these variables. Although findings of Studies 1 to 

4, do not support H1 or H2, they do inform theory in terms of the impact of these anxiety 

subdomains on encoding and retrieval. From my results, it is suggested that both cognitive 

and somatic anxiety will similarly impair face-recognition performance when state anxiety is 

induced during encoding. These anxiety subdomains, however, may not impact performance 

when state anxiety is induced during retrieval.  

Potential explanations for thesis findings related to the third, post-hoc hypothesis 

based on a modified version of ACT (Eysenck et al., 2007), in terms of preferential allocation 

of cognitive resources towards threat stimuli when experiencing heightened state anxiety, are 

now discussed. The first two explanations are based on those mentioned previously in 

Chapter 4, while the third explanation is informed by the systematic literature review 

(Chapter 2). It must be noted that these explanations are exclusive to the effect of state 

anxiety induced during encoding, as my thesis findings indicate that state anxiety induced 
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during retrieval may not have an effect on face-recognition accuracy. To reiterate findings 

related to the interaction between anxiety and race, in Study 1, own-race dꞌ was reduced in 

the anxiety condition as compared to the control condition. Further, in Study 3, an increased 

own-race false-alarm rate also occurred when experiencing heightened state anxiety. 

Appearing prejudiced may be threatening 

The first explanation for the anxiety-linked impairment in own-race face recognition 

indicated that appearing prejudiced towards other-race individuals is perceived as a major 

threat. Dominant racial group members expend extra cognitive resources when interacting 

with other-race individuals by engaging in self-regulation to suppress stereotypic beliefs, 

appear less prejudiced, and to ensure behaviour is socially appropriate (Richeson & Shelton, 

2003; Richeson & Trawalter, 2005; Shelton, 2003). Self-regulation further depletes already-

exhausted cognitive resources depleted by experiencing heightened state anxiety (Richeson & 

Shelton, 2003). Therefore, when experiencing heightened state anxiety within the anxiety 

condition, and directing more cognitive resources towards the other-race (Richeson & 

Shelton, 2003), own-race face-recognition accuracy is further impaired. Other-race 

recognition accuracy, however, would not be further reduced by heightened state anxiety. 

Individuals would already be directing their limited cognitive resources towards other-race 

faces, as being unable to adequately recognise these faces would be perceived as a social 

threat (Shelton, 2003). This explanation is plausible, considering findings from Studies 1 to 4 

indicating not only an increased hit-rate, but also an increased false-alarm rate for other-race 

faces. Further, in Study 1, hit-rate for other-race individuals was significantly higher in the 

anxiety condition as compared to control condition, also supporting this explanation. Anxious 

individuals might have been worried about appearing prejudiced, and so, indicated seeing 

more other-race faces during encoding to ensure they looked like they were paying attention 

to these faces. The study by Ciarrochi and Forgas (1999) supports this perspective, as 
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individuals with high trait-anxiety, when given an aversive mood induction, were less 

prejudiced and more liberal, when making judgments about the outgroup. This may have 

occurred because high trait-anxious individuals, when experiencing increased adverse mood, 

wanted to compensate for potentially socially-undesirable judgements, to appear less 

prejudiced.  

The theoretical suggestion related to appearing prejudice being seen as threatening, 

however, is in contrast with findings from Study 3, where false-alarm rate for own-race faces 

was significantly higher within the anxiety condition as compared to control condition. No 

difference occurred for other-race faces when individuals were experiencing heightened state 

anxiety. An increased likelihood of indicating other-race faces were seen previously should 

also have increased the other-race false-alarm rate within the anxiety condition, as compared 

to control condition. Therefore, although this theoretical explanation is plausible, it does not 

fully explain the results of Studies 1 and 3 in terms of the influence of heightened state 

anxiety induced during encoding on own-race and other-race face-recognition accuracy. An 

additional two explanations for the third, post-hoc hypothesis, are subsequently discussed to 

explain the results of this thesis.  

State anxiety increases attention towards threat 

According to the second theoretical explanation, also put forward in Chapter 4, 

reduced own-race face-recognition accuracy occurred according to classification of threat 

when experiencing heightened state anxiety. Highly state anxious individuals increase 

orientation of attention towards threatening stimuli (Bar-Haim et al., 2007; Chen et al., 1996; 

MacLeod & Mathews, 1988). Other-race faces (African American), may be considered more 

threatening via association with negative stereotypes (Donders et al., 2008). In Studies 1 and 

3, individuals within the anxiety condition would have increased attention towards threat-

stimuli (African American faces), while having reduced attention towards non-threatening 
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stimuli (Caucasian faces). Reduced attention towards own-race faces would then reduce face-

recognition accuracy for these faces. Further, increased attention towards other-race faces 

would also increase other-race face-recognition accuracy. However, due to individuals not 

having adequate contact and perceptual expertise (Valentine, 1991; Valentine & Endo, 1992; 

Walker & Hewstone, 2008; Walker et al., 2008) with other-race faces, this increase in 

recognition accuracy would not be substantial.  

This theoretical reasoning is consistent with the significantly reduced dꞌ for own-race 

faces within the anxiety condition as compared to control condition found in Study 1. The 

findings of Study 3 were also consistent with this explanation as there was a significantly 

higher own-race false-alarm rate within the anxiety condition as compared to control 

condition. Further, in Study 1, individuals did have an increased dꞌ for other-race faces within 

the anxiety condition as compared to the control condition, however, this increase was non-

significant. Additionally, in Study 3, a slight, and non-significant reduction in the other-race 

false-alarm rate occurred in the anxiety condition as compared to control condition. Increased 

orientation of attention towards threat stimuli, would not occur within the control condition as 

biased attention towards threat is less likely to occur when experiencing low state anxiety 

(MacLeod & Mathews, 1988; MacLeod, Mathews, & Tata, 1986). Findings of Studies 1 and 

3 also supports this finding, as the magnitude of the ORB was larger in the control condition 

as compared to anxiety condition in terms of dꞌ and false-alarm rate.  

In Chapter 5, it was suggested that this theoretical explanation could be tested through 

individuals rating perceived level of threat for own and other-race face-stimuli within the 

anxiety condition and control condition. Self-reported perception of threat, however, might be 

confounded by self-presentation bias or provide strong demand characteristics to participants 

(Bigler & Hughes, 2010; West, Hotchin, & Wood, 2017). Further, asking the same 

participants to rate the stimuli and complete the experiment might also alert participants to 
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the nature of the experiment. Although the valence of all faces used were labelled neutral 

within original face databases and were pre-rated in our study to corroborate, faces were not 

rated according to threat valence. In future studies, faces should be pre-rated according to 

threat valence in addition to emotional expression, allowing threat valence to be manipulated 

or controlled within studies (Curtis & Locke, 2005; Curtis & Locke, 2007). It has also been 

indicated that neutral faces, because of the ambiguous nature of this expression, can be 

perceived as threatening by people experiencing heightened state anxiety (Somerville, Kim, 

Johnstone, Alexander, & Whalen, 2004; Wieser & Brosch, 2012). Further, African American 

faces displaying an ambiguous (i.e. neutral) facial expression may be perceived as more 

threatening (Donders et al., 2008). Therefore, in addition to pre-rating stimuli according to 

threat perception, stimuli altered to be less emotionally ambiguous should be used. For 

instance, neutral stimuli could be altered to be 25% more happy to reduce the ambiguity 

associated with neutral stimuli. These stimuli are still considered neutral by participants 

(Phillips et al., 1998), but are considered less emotionally ambiguous (Somerville et al., 

2004).  

State anxiety reduces ingroup distinctiveness 

The third theoretical explanation for results observed in Studies 1 and 3 comes from 

the findings of Wilson and Hugenberg (2010). Although this study was reviewed during the 

systematic literature review in Chapter 2, Chapter 4 and 5 were completed after an initial 

version of Chapter 2 was completed. After submission of Chapter 2 to a journal, the search 

criteria for included studies was expanded. Therefore, predictions based on Chapter 2 that 

informed Chapter 4 and 5 did not consider the findings of Wilson and Hugenberg. 

Nevertheless, the theoretical explanation informed by Wilson and Hugenberg can be 

explained via a modified revision of ACT (Eysenck et al., 2007).  
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In the study by Wilson and Hugenberg (2010), ingroup-distinctiveness threat created 

by a threat induction via increased perceptions of ingroup homogeneity, reduced ingroup 

salience, and subsequently, decreased own-race face-recognition accuracy. Normally, 

according to the outgroup homogeneity effect (Ostrom & Sedikides, 1992), individuals 

display an increased perception of outgroup members, such as other-race individuals, as more 

similar to each other. This increased perception of similarity reduces outgroup face-

recognition accuracy (Ostrom & Sedikides, 1992). When presented with a potential loss of 

ingroup homogeneity, however, individuals increase their perception of ingroup similarity to 

make their group feel more distinct from the outgroup (Wilson & Hugenberg, 2010). This 

occurred through the threat induction decreasing the perception of ingroup distinctiveness, 

via individuals believing their ethnic distinctiveness was being threatened by an encroaching 

out-group (Wilson & Hugenberg, 2010). Individuals thinking about an impending loss of 

ingroup distinctiveness, subsequently experienced an increased perception of ingroup 

homogeneity, leading to a reduced own-race face-recognition accuracy. Within this study, 

impaired own-race face-recognition accuracy only occurred within the threat condition.  

Although the induction used by Wilson and Hugenberg (2010) increased threat 

perception through a potential loss of ingroup distinctiveness, rather than via state anxiety, as 

done in my thesis, results are comparable. In Studies 1 to 4, increased state anxiety via the 

anxiety induction heightened attentional orientation towards threat-stimuli (Eysenck & 

Derackshan, 2011; Eysenck et al., 2007). Further, as said in Chapter 1, according to 

Bodenhausen (1993), incidental affect, such as anxiety coming from a situation unrelated to 

the intergroup context, can affect perceptions of the outgroup. Use of stimuli coming from 

two races, might have created an intergroup context, and therefore, magnified perceptions of 

the ingroup as compared to the outgroup. In sum, experiencing heightened state anxiety 

within an intergroup context might have induced an ingroup-distinctiveness threat. This 
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would subsequently increase perceptions of ingroup homogeneity, and therefore, reduce own-

race face-recognition accuracy. Adding to this suggestion, Wilson and Hugenberg, found a 

marginal significant increase in feelings of worry within the threat condition as compared to 

control condition. Worry is a symptom associated with anxiety (Grupe & Nitschke, 2013), 

and so, this increase in worry within the threat condition, suggests further support for the 

relationship between threat perception and anxiety.                 

The theoretical explanation informed by Wilson and Hugenberg (2010), supports 

results of Studies 1 and 3 in terms of reduced own-race recognition accuracy within the 

anxiety condition, as measured by dꞌ and false-alarm rate, respectively. Further, according to 

suggestions coming from Wilson and Hugenberg, despite reduced own-race face-recognition 

accuracy, a complete reversal of the ORB would not occur within the threat (anxiety) 

condition (Wilson & Hugenberg 2010). Results from Studies 1 and 3 support this proposed 

theory. In these studies, although an interaction occurred between state anxiety and race, 

face-recognition accuracy within the anxiety condition was still higher for the own-race as 

compared to other-race.  

 Although there are numerous models used to explain the ORB (i.e. feature-selection 

model, see Levin, 1996; Levin, 2000; Rhodes et al., 2009; cognitive disregard model, see 

Rodin, 1987, ingroup/outgroup model, see Sporer, 2001; Multidimensional face-space model, 

see Valentine, 1991; Valentine & Endo, 1992), it was indicated by Chapter 2 that the most 

supported of these models were the multidimensional face-space model (Valentine, 1991; 

Valentine & Endo, 1992) and ingroup/outgroup model (Sporer, 2001; Hugenberg, Young, 

Bernstein, & Sacco, 2010). Findings of Wilson and Hugenberg (2010) and this thesis, give 

support to the proposition that ingroup/outgroup classifications are partly responsible for the 

ORB. The last two explanations for the third, post-hoc hypothesis, are both plausible and 

explain findings of this thesis sufficiently. In the future research directions section below, I 
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attempt to create an experimental research design that can be used to both replicate my thesis 

findings and elucidate which of the last two theoretical explanations are the most supported. 

Prior to this however, practical implications and limitations of my thesis findings are 

explored.   

Practical Implications 

 This thesis’s findings, in addition to having theoretical implications, are important 

practically to both the criminal justice setting and other situations requiring facial recognition 

more generally. Although humans are considered experts at recognising faces (Tanaka, 

2001), this ability is fallible (Lindsay, Mansour, Bertrand, Kalmet, & Melsom, 2011). It is 

well established within the criminal justice setting that anxiety (or, at least, stress) when 

witnessing a crime impacts face-recognition accuracy, whereby face-recognition accuracy is 

generally reduced under high-anxiety (or stressful) situations (Deffenbacher et al., 2004; 

Lindsay et al., 2011). Further, is it also well documented that recognition accuracy will be 

better for own-race individuals as compared to the other-race (Lindsay et al., 2011; Mesissner 

& Brigham, 2001). The importance of considering the impact of anxiety and race on 

eyewitness identification, is indicated by recommendations presented by the American 

Psychological Association on the influence of these factors (Semmler, Dunn, Mickes, & 

Wixted, 2018). Before my thesis, however, limited research had investigated whether these 

two factors could interact with each other to alter face-recognition accuracy. Fewer studies 

still, had explicitly and purposefully examined the interaction between state anxiety and race. 

Further, no research had directly considered the impact of state anxiety and race when state 

anxiety was induced by a cognitive and somatic anxiety induction, separately.   

In Studies 1 and 3 it was demonstrated that own-race face-recognition accuracy was 

reduced by state anxiety induced during encoding, regardless of whether the initial source of 

anxiety was cognitive or somatic. While witnessing a crime, individuals can experience 
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increased anxiety symptoms initially coming from either a cognitive or somatic anxiety 

source. For instance, witnessing a robbery, where the perpetrator takes cash from a register, 

could be associated with experiencing anxious cognitions, such as worry thoughts about 

one’s own safety (Odinot, Wolters, & van Koppen, 2009). This scenario is an example of a 

real-life stressor initially inducing state anxiety through a cognitive induction. Being a solder 

in the military (Brunyé & Mahoney, 2019) or officer in the police force (Marins, David, & 

Del Vecchio, 2019; Silk, Savage, Larsen, & Aisbett, 2018), requires sustained and intense 

periods of physiological arousal by nature of the occupation, such as when having to chase an 

assailant (Silk et al. 2018). More generally, a civilian chasing after a culprit, would also elicit 

physiological arousal, as, indeed, would a civilian struggling to breathe because of the use of 

teargas at a protest. These situations are examples of real-life scenarios initially inducing 

performance deficits through somatic means (Chang, 2009).  

In Study 1, state anxiety induced by a cognitive anxiety induction exacerbated own-

race recognition deficits during encoding, as measured by dꞌ. As said previously, face-

recognition accuracy, as measured by dꞌ, relies partly on recollection judgements (through 

inclusion of hit-rate). Although dꞌ also relies partly on familiarity, the non-significant 

interaction between state anxiety and race, in terms of false-alarm rate, observed in Study 1, 

suggests that dꞌ might have been primarily impacted by judgements of recollection. 

Therefore, the findings from my thesis indicate that recollection judgments may be impaired 

when state anxiety is initially induced by a cognitive anxiety induction during encoding. 

Translating this to the criminal justice setting, judgements of recollection, and subsequently, 

the ability to identify an own-race suspect from a target-present line-up (Wixted, 2020), may 

be impaired when individuals witness a crime initially causing state anxiety through cognitive 

anxiety symptoms.  
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State anxiety induced through a somatic anxiety induction in Study 3 also exacerbated 

own-race recognition deficits during encoding. However, recognition deficits occurred 

according to an increased false-alarm rate for own-race faces. Therefore, the findings from 

this thesis suggest that individuals will be more likely to incorrectly identify an own-race foil 

from a target-absent line-up (Megreya & Burton, 2007), when the crime experience initially 

elicited state anxiety through somatic anxiety symptoms. It must be noted, however, that 

conclusions drawn from my thesis cannot be directly generalised to eyewitness identification 

scenarios within the criminal justice setting. Experiments in this thesis were conducted within 

a lab-based setting. Although use of lab-based settings allows for a high degree of 

experimental control, whereby reducing error variance and extraneous variables (Kirk, 2012), 

they limit the ecological validity of findings (Schmuckler, 2001). Future research, therefore, 

needs to clarify whether own-race face-recognition accuracy is impaired when experiencing 

heightened state anxiety within a more naturalistic setting. For instance, use of a live staged 

crime, such as theft, which is witnessed by participants and followed up with identification 

from a line-up, might produce more ecologically valid results (Krix et al., 2016; Sauerland et 

al., 2016).    

Although state anxiety at the time of encoding reduced subsequent recognition 

accuracy, state anxiety induced during retrieval did not impair face-recognition accuracy, 

regardless of whether the anxiety induction was cognitive or somatic. These findings indicate 

that although it is possible that the witnesses making recognition judgement after witnessing 

a crime, might be experiencing state anxiety, this state anxiety should not impact their 

subsequent identification accuracy. Collectively, my thesis indicates that individuals will be 

less accurate when making a subsequent identification if they were experiencing heightened 

state anxiety at the time of memory encoding. The type of impairment, however, is dependent 

on the initial source of this state anxiety. Therefore, law enforcement needs to consider how 
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anxiety impairs subsequent accuracy, not only in terms of whether the crime experience 

elicited state anxiety, but also the initial type of stressor inducing this anxiety.  

If the initial anxiety stressor is hard to determine, however, law enforcement should 

maintain caution when considering an identification made by a witness who was state 

anxious while witnessing a crime. Adding to this suggestion are the findings of my thesis 

related to confidence. Individuals, despite being less accurate in their identifications, were 

seemingly unaware of this potential impairment as their confidence was unaffected, despite 

state anxiety impairing recognition accuracy. This finding also supports previous research 

(Attwood et al., 2015; Curtis et al., 2015; Meissner & Brigham, 2001). 

As noted at the start of this section, it is well established that individuals are worse at 

recognising other-race faces as compared to own-race faces (Meissner & Brigham, 2001). 

This finding is important practically and has been used to inform recommendations for the 

criminal justice setting (Lindsay et al., 2011). In this thesis, despite reduced own-race face-

recognition accuracy when experiencing heightened state anxiety, overall, face-recognition 

accuracy was still lowest for other-race faces. Individuals had an increased false-alarm rate, 

more liberal response criterion and reduced d' for other-race faces, as expected by the ORB 

(Meissner & Brigham, 2001).  

In addition, however, individuals had either a significantly higher, or comparable hit-

rate for the other-race as compared to own-race faces. According to the ORB individuals are 

expected to have a lower hit-rate for other-race faces (Meissner & Brigham, 2001). Although 

a higher hit-rate might indicate an increased recognition accuracy, results for false-alarm rate 

and response bias in my thesis, do not support this suggestion. The magnitude of the ORB for 

false-alarm rate and response bias, according to estimates of effect size were considered large 

(false-alarm rate: ηp²s > .51, response bias: ηp²s > .40). These effect sizes can be compared to 

meta-analytic results coming from Meissner and Brigham (2001) where the ORB effect size 
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according to false-alarm rate and response bias, were small-to-medium (false-alarm rate: gU = 

.39, response bias: gU = .30). The magnitude of the ORB observed in this thesis was therefore 

larger than expected, indicating even worse other-race face-recognition accuracy.  

According to previous research intergroup contact and individuating experience 

(Brigham, 2008; Walker & Hewstone, 2008; Walker et al., 2008) moderates the ORB. 

Findings of this thesis supported this suggestion. Average scores on the individuating 

experiencing and social contact scales across Studies 1 to 4 were 13.50 and 13.64 out of 25, 

respectively. The score on the individuating experience questionnaire indicated that 

participants, on average, were reporting that they either ‘hardly ever’, or ‘sometimes’, had 

experience engaging in activities with African/Black individuals. Further, on the social 

contact scale this score indicated that participants either ‘sort of disagreed’ or were ‘unsure’ 

whether they had contact with African/Black individuals. Indeed, faces of individuals from 

African ancestry were used in this thesis to minimise the potential reduction in the ORB that 

occurs with increased contact within multicultural countries (Wright, Boyd, & Tredoux, 

2003; Tan, Stephen, Whitehead, & Sheppard, 2012; Tham, Bremner, & Hay, 2017). 

Specifically, within Australia, according to the 2016 census (Australian Bureau of Statistics, 

2016), individuals with sub-Saharan African ancestry only constituted ~1% of the total 

population, as compared to other ethnic minority groups within Australia, such as individuals 

with South-East Asian, North-East Asian, and Southern and Central Asian ancestry, which 

collectively, account for ~13% of the total population. Within the 1st two decades (Udah, 

Singh, & Chamberlain, 2019), however, migration of non-white individuals coming from the 

sub-Saharan African region (Gebrekidan, 2018; Uduh & Singh, 2018; Udah et al., 2019) has 

greatly increased. Considering the lack of personal interaction with sub-Saharan African 

individuals and the magnitude of the ORB observed in my thesis, the potential for future 

misidentification within the criminal justice setting is concerning.  
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Adding to the finding associated with a large ORB, participants in most of my studies 

were no less confident in their recognition judgements for the other-race as compared to own-

race. This indicated a lack of awareness into their performance deficits. Lab-based exposure 

to other-race faces and individuating instructions have been found to reduce the ORB 

(Rhodes et al., 2009; Tanaka & Pierce, 2009). Further, although not largely tested, social 

programs fostering positive interaction that allows for rich exposure to other-race individuals 

might also reduce the ORB at a faster rate (Anzures et al., 2013). Therefore, community 

social programs focusing on increasing quality interaction between own-race and other-race 

individuals should be considered in future.  

 The findings of the current thesis are also practically important to situations where 

identity needs to be verified more generally (Fysh & Bindermann, 2017). For instance, in 

airports, border control officials need to compare passengers to their passport photograph. 

Although checking passenger’s identification against passport photographs does not directly 

invoke anxiety, the fast paced, stressful environment of working within an airport might lead 

to elevated cognitive anxiety (Bassetti, 2018). It is also highly likely that individuals of 

another race to border control officials will need their identity verified. Indeed, in the study 

by Meissner, Susa, and Ross (2013), individuals exhibited an ORB when trying to make 

identifications from passport photos belonging to own-race and other-race individuals. 

Although airports are moving towards identity checks using face-recognition software, use of 

this software is not yet universal (del Rio, Moctezuma, Conde, de Diego, & Cabello, 2016). 

Further, it has been recently indicated that face-recognition software is more accurate for 

some races as compared to others (Grother, Ngan, & Hanaoka, 2019). For instance, face-

recognition algorithms were up to 100 times more likely to incorrectly identify individuals 

(commit a false alarm) from East and West Africa, as well as East Asia, as compared to 
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Caucasian individuals (Grother et al., 2019). Therefore, until face-recognition algorithm 

accuracy is improved, incorrect face-recognition by humans is still imperative to consider.     

Limitations 

Although my thesis improved on previous studies (e.g., Attwood et al., 2015; Curtis et 

al., 2015) in terms of controlling for potential methodological moderators, several limitations 

remained. It was initially suggested in the systematic literature review (Chapter 2) that a 

cognitive anxiety induction might be able to disrupt retrieval, if individuals with an anxiety 

diagnosis or the extreme ends of the anxiety response (upper and lower quartiles) were tested. 

Reasoning for this suggestion came from findings indicating that retrieval is especially 

susceptible to an acute anxiety response (Gagnon & Wagner, 2016). This would also explain 

why the 7.5% CO2 challenge used in the study by Attwood et al. (2015) was able to disrupt 

retrieval, as this induction was considered an acute anxiety stressor (Bailey, Dawson, 

Dourish, & Nutt, 2011; Cooper et al., 2011; Diaper, Nutt, Munafò, White, & Farmer, 2013).  

Throughout Studies 1 to 4, due to ethical restrictions, individuals with a diagnosed 

anxiety disorder could not be examined. Further, in Study 2, according to ethical restrictions 

we had to disclose the possibility of a public speech, and so individuals could self-exclude. 

This resulted in few individuals with high levels of cognitive trait anxiety being examined in 

Study 2. In Study 2, 7.5% of participants had cognitive trait anxiety scores within the upper 

quartile. Therefore, comparing the extreme ends of the distribution or testing individuals with 

a diagnosed anxiety disorder, could not be done. Nevertheless, cognitive trait anxiety acting 

as a moderator of state anxiety was considered. Moderation analyses, however, indicated that 

cognitive trait anxiety did not impact the state anxiety response elicited by the cognitive 

anxiety induction. Therefore, the influence of cognitive trait anxiety on face-recognition 

accuracy was not examined. Although an individual’s stable tendency to become state 

anxious could not be considered, the non-significant result indicated that trait anxiety was 
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unlikely to have impacted face-recognition accuracy. Nevertheless, future research should 

examine face-recognition accuracy in individuals with clinical levels of anxiety, or test 

participants scoring in the upper and lower quartiles on the cognitive trait anxiety subscale. 

To mitigate these potential limitations in future, experimental testing could be conducted 

within inpatient or outpatient psychiatric facilities under medical supervision. This would 

allow access to populations with an anxiety diagnosis. Further, to gain access to individuals 

with high levels of cognitive trait anxiety without an anxiety diagnosis, more targeted 

recruitment of potentially high anxiety populations could occur. For instance, with 

permission, fliers could be placed in mental health clinics to recruit treatment seeking 

individuals that are highly anxious, but do not have a clinical diagnosis.   

It could also be argued that the non-significant moderation for cognitive trait anxiety 

occurred through studies being underpowered to detect this effect. Although the study was 

powered to detect a 2-way interaction between state anxiety and race, there was not sufficient 

power to detect the moderation of cognitive trait anxiety. As mentioned above, however, 

considering the non-significant impact of inhalation of 7.5% CO2 on face-recognition 

accuracy found in Study 4, and recent study findings (Bolton & Robinson, 2017; Curtis et al. 

2015; Garribo et al. 2019), state anxiety might not impact retrieval. Nevertheless, future 

research should consider utilisation of a larger sample size when examining this moderation.  

Studies were also potentially underpowered to detect the moderation of somatic trait 

anxiety on the state anxiety response elicited by the 7.5% CO2 Challenge within Chapter 5. 

Further, like in Study 2, we were bound by ethical restrictions during Study 4, in terms of 

participant eligibility. Additionally, although gas inhalation was administered single blind, 

participants were given information sheets and safety datasheets about each gas prior to 

inhalation, according to ethical guidelines. This also allowed participants to self-exclude from 

the study. Indeed, some participants, after reading the information and safety datasheets 
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decided to not partake in the experiment. Further, individuals might have read the study 

description related to the study prior, and therefore chosen not to sign-up for the study. The 

impact of these potential limitations within Study 4, however, was reduced, as use of the 

7.5% CO2 Challenge elicits an unconditioned anxiety response, where most participants will 

become state anxious (Cooper et al., 2011). Indeed, the effect size in Study 4 was considered 

large (ηp² = .44) while the effect size in Study 2 was considered medium (ηp² = .07). Further, 

the effect size in Study 4 was over double the size of that observed in Study 2. This occurred 

despite the total trait anxiety scores (Study 2: M = 36.18, SD = 10.74; Study 4: M = 36.75, SD 

= 11.04), somatic trait scores (Study 2: M = 16.46, SD = 4.84; Study 4: M = 16.92, SD = 

4.35) and cognitive trait scores (Study 2: M = 19.72, SD = 6.94; Study 4: M = 19.83, SD = 

7.37) on the STICSA being comparable between these two studies. 

Another potential limitation of my thesis relates to an uncontrolled own-group bias. 

Specifically, although the own-gender bias was considered, the own-age bias was not 

explicitly controlled (Bryce & Dodson, 2013; Rhodes & Anastasi, 2012). According to the 

own-age bias, individuals have better recognition accuracy for own-age faces as compared to 

those of another age. Across face databases used to gain face-stimuli for experimental 

studies, where age of stimuli was recorded, the age range of stimuli was 18 to 34. In the 

meta-analysis conducted by Rhodes and Anastasi (2012), however, young adults were coded 

as any individuals falling within the age range of 18 to 35. Therefore, none of the face-stimuli 

used, where age was recorded, were above this criterion. Further, during initial collection of 

face-stimuli, a conscious effort was made to only include stimuli falling within this age range. 

Nevertheless, future research should actively gain face-stimuli from databases recording age 

of stimuli, or pre-screen stimuli to ensure stimuli of a targeted age group are included. 

Additionally, the own-age bias is said to be more pronounced in younger individuals 

when trying to recognise older adults, with extensive research indicating that older adults do 
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not exhibit an own-age bias (eg. Bryce & Dodson, 2013; Rhodes, Castel, & Jacoby, 2008; 

Wiese, Schweinberger, & Hansen, 2008). Therefore, although the age range of participants 

used across Studies 1 to 4 was 18 to 59, it is unlikely that participants outside the age range 

considered ‘young adult’ would have experienced reduced face-recognition accuracy for 

younger faces. Despite this, however, future research should also consider using participants 

within a certain age range, for instance, only including individuals considered ‘young adult’ 

in their study.      

Future research directions 

 Based on findings from Studies 1 to 4, several future research directions should be 

considered. In future research, during the retrieval phase of the face-recognition task, a time-

limit should be imposed when making recognition decisions. As mentioned in Chapter 5, the 

methodology of Studies 1 to 4 measured performance effectiveness, rather than efficiency 

(Eysenck et al., 2007; Eysenck & Derakshan, 2011). Specifically, performance effectiveness 

relates to the quality of performance, such as accuracy when selecting the correct response, 

while processing efficiency relates to the relationship between performance effectiveness and 

time to perform the task (Edwards et al., 2017; Eysenck et al., 2007). In my thesis, however, 

to ensure that effectiveness was successfully measured, motivation associated with 

overcoming performance deficits was kept low (Berggren & Derakshan, 2013) through 

asking participants to passively view faces. Further, the goal of the task was kept unclear by 

giving limited directions during the encoding phase. Under these circumstances, performance 

effectiveness should also be affected by anxiety (Eysenck & Darakshan, 2011). Although a 

measure of decision time to make recognition judgements was included, participants were not 

instructed to make decisions within a certain timeframe. Further, a deadline to make 

decisions was not imposed. Therefore, although rudimentary conclusions based on the 

influence of state anxiety on processing efficiency could be made, concrete conclusions 
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related to reaction time could not. As described in Chapter 5, future research would need to 

impose a deadline on recognition decisions to allow for a direct comparison with Attwood et 

al. (2015). Measuring processing efficiency in the context of state anxiety induced by a 

cognitive induction, would also extend conclusions drawn from Chapter 4.  

It is possible that an increased cognitive load (Petrucci & Pecchinenda, 2017), instead 

of state anxiety, was responsible for face-recognition deficits observed during Study 1. For 

instance, participants might have experienced increased cognitive load when thinking about 

what they were going to say during their public speech, with this further impairing face-

recognition accuracy, in addition to elevated state anxiety impairing performance. This is 

possible considering previous research indicating that state anxiety can increase cognitive 

load by impacting working memory capacity (Berggren, Richards, Taylor, & Derakshan, 

2013; Eysenck et al. 2007). Despite the potential interplay between cognitive load and state 

anxiety observed in Study 1, state anxiety induced during encoding in Study 3, also impaired 

face-recognition accuracy, when using the 7.5% CO2 Challenge. In Study 3, it is unlikely that 

cognitive load unrelated to state anxiety mediated the relationship between state anxiety and 

face-recognition accuracy, as the 7.5% CO2 Challenge induces acute anxiety during task 

completion (Attwood et al., 2015). Further, this induction elicits an unconditioned anxiety 

response reliably in participants and initially induces state anxiety through physiological 

anxiety symptoms rather than cognitions (Bailey et al., 2011; Cooper et al. 2011). 

Specifically, although working memory capacity might be depleted via state anxiety, this 

capacity will not be further impacted by thinking about what to say on an upcoming task. 

Therefore, face-recognition deficits observed within Study 3, most likely occurred via 

heightened state anxiety increasing cognitive load, rather than cognitive load from an external 

source further exacerbating deficits. Subsequently, similar face-recognition deficits occurring 
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in both Study 1 and 3, indicate that further increased cognitive load independent of state 

anxiety, was not responsible for Study 1 findings.  

Nevertheless, future research should examine the influence of high cognitive load 

through comparing three conditions: a high cognitive-load condition, anxiety condition and 

low cognitive-load condition. In the high cognitive-load condition, heightened cognitive load 

could be imposed through imbedding a counting task into the face-recognition paradigm, 

where participants count backwards in multiples of seven. This task is considered quite 

complex, as it not only requires maintaining information, but also monitoring, computing, 

and updating number representations within working memory (Petrucci & Pecchinenda, 

2017; Rao & Braddeley, 2013). This task has successfully imposed high cognitive load in 

previous studies (Baddeley, Hitch, & Allen, 2009; Pecchinenda & Petrucci, 2016; Pertucci & 

Pecchinenda, 2017; Rao & Baddeley, 2013). The anxiety condition would have state anxiety 

induced during encoding, with the anxiety induction used dependent on the examination of 

cognitive or somatic anxiety. The low cognitive-load condition would not induce either state 

anxiety or impose heightened cognitive load. For instance, participants could be asked to 

count forwards in steps of two (Petrucci & Pecchinenda, 2017). This task has successfully 

been used as a low cognitive-load condition previously (Pecchinenda & Petrucci, 2016; 

Pertucci & Pecchinenda, 2017). If theoretical explanations outlined above, related to 

increased attention to threat when experiencing heightened state anxiety are supported, own-

race face-recognition accuracy would be similarity impaired in both the anxiety condition and 

high-cognitive load condition. Own-race face-recognition performance, however, would not 

be impaired within the low-cognitive load condition.  

The last future research direction is specific to Studies 3 and 4. In these studies, 

although a difference in self-reported state anxiety was reported between the anxiety and 

control conditions, variability in physiological anxiety was minimal. It was suggested after 
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discussion with Dr. Attwood (A. Attwood, personal communication, January 26, 2020) that 

future studies could include a habituation session to the oro-nasal mask. This would 

potentially reduce the impact of anxiety symptoms associated with wearing the mask 

(Ritchie, 2001). Habituation, however, would not reduce anticipatory anxiety associated with 

the uncertainty related to not knowing which gas is being inhaled, and so, a third condition 

where no gas is inhaled should also be included. It must be noted, however, that this elevated 

anxiety in the control condition is unlikely to explain the non-significant influence of state 

anxiety induced via a somatic anxiety induction during retrieval in Study 4, as results of this 

thesis support previous research (Bolton & Robinson, 2017; Garribo et al. 2019).  

Exploring the novel post-hoc hypothesis 

As said in the theoretical implications section, an experimental design that could 

further test my findings associated with the novel, third post-hoc hypothesis, would be 

described. This experimental design could be used to replicate my findings and also elucidate 

whether state anxiety reduced own-race face-recognition accuracy through a) preferential 

processing of threat-stimuli generally, or b) reduced salience of the ingroup via increased 

ingroup-distinctiveness threat within an intergroup context.  

According to the second theoretical suggestion for the third post-hoc hypothesis, own-

race face-recognition accuracy was reduced, as state anxiety increased attention towards 

threat-stimuli. In the context of my face-recognition paradigm using own-race and other-race 

face-stimuli, other-race faces were considered threatening via association with negative 

stereotypes (Donders et al., 2008). According to this theoretical suggestion, however, 

increased attentional orientation towards threat stimuli may not have been specific to the 

intergroup context. Heightened state anxiety is associated with preferential processing of any 

type of threat-stimuli (Eysenck & Derakshan, 2011; Eysenck et al., 2007). Indeed, 

threatening non-face emotional images are preferentially processed at the expense of neutral 
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non-face images when experiencing heightened state anxiety (see Quigley, Nelson, Carriere, 

Smilek, & Purdon, 2012; Rossi & Pourtois, 2017). According to the third theoretical 

suggestion, however, the intergroup context created through using racially diverse stimuli 

was integral to the reduction in own-race face-recognition accuracy that occurred when 

experiencing heightened state anxiety. Specifically, state anxiety increased perceptions of 

ingroup homogeneity with this reducing own-race face-recognition accuracy.    

To experimentally test these theoretical suggestions, two conditions could be utilised. 

The first condition would act as the anxiety condition where state anxiety is induced through 

an anxiety induction during encoding. The second condition would act as the control 

condition, where no state anxiety is induced. In both conditions, non-threat and threat stimuli 

consisting of both face-stimuli and non-face images would be presented to participants. If the 

second theoretical suggestion is supported, individuals within the anxiety condition would 

experience impaired recognition accuracy for both non-threatening own-race face-stimuli and 

non-face images. Participants would also experience improved recognition accuracy for both 

threatening non-face stimuli and other-race faces. It must be noted that performance for 

other-race stimuli might not be as elevated when compared to threatening non-face images, as 

individuals would not have the required perceptual experience with these faces (Valentine, 

1991; Valentine & Endo, 1992; Walker & Hewstone, 2008; Walker et al., 2008). These 

findings would occur as individuals would have a general bias towards directing attentional 

resources towards any type of threat stimuli to the detriment of non-threat stimuli, when 

experiencing heightened state anxiety. 

If the third theoretical suggestion were instead supported, individuals would have the 

greatest reduction in recognition performance for own-race face-stimuli, compared to all 

other-types of stimuli. Use of stimuli belonging to own-race and other-race faces, regardless 

the addition of non-face images, it is assumed, would be sufficient for creating an intergroup 
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context. Therefore, individuals through experiencing increased ingroup-distinctiveness threat 

(Wilson & Hugenberg, 2010), would perceive ingroup faces as more homogeneous. 

Recognition accuracy for images of non-face stimuli might also be reduced through 

attentional resources being directed towards internal off-task thoughts (Eysenck et al., 2007), 

however, this reduction would not be to the same magnitude as for own-race faces. Own-race 

face-recognition accuracy would be impaired according to both attentional resources being 

directed to internal off-task thoughts and the perception of own-race faces as more 

homogeneous. Face-stimuli and non-face images should also be presented within the same 

block, as presentation of different types of stimuli separately, would not allow for the creation 

of an intergroup context when initially encoding and retrieving both types of stimuli. Indeed, 

it has been argued that stimuli are only interpreted within the same context when they are 

presented within the same block (Techentin & Voyer, 2007).   

Conclusions 

In this thesis, I sought to test two hypotheses examining the interaction between 

anxiety and race in terms of their combined impact on face-recognition accuracy. H1 was 

informed by the theory adapted from Brigham (2008) and suggested that state anxiety could 

interact with race to exacerbate other-race face-recognition deficits. As informed by ACT 

(Eysenck et al. 2007), H2 also indicated that state anxiety would impair face-recognition 

accuracy. According to H2, however, a greater impairment in other-race face-recognition 

accuracy as compared to the own-race, was not expected when experiencing heightened state 

anxiety. In Chapter 2, a systematic literature review was reported that examined whether an 

interaction between anxiety and race could occur, and potential moderators of this interaction. 

Chapter 3 measured the psychometric properties of the STICSA, its factor structure, and 

whether this scale displayed measurement invariance between genders. This chapter also 

sought to compare the concurrent and divergent validity of the STICSA with the STAI. 
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Chapter 4 (Study 1 and 2) and Chapter 5 (Studies 3 and 4), using a methodology informed by 

Chapter 2, and anxiety questionnaire validated by Chapter 3, experimentally tested H1 and 

H2 through a face-recognition paradigm. In Chapter 4, a cognitive anxiety induction was 

used to induce state anxiety during encoding and retrieval, separately. Chapter 5 also 

examined state anxiety induced during encoding and retrieval, but instead used a somatic 

anxiety induction. Although Chapter 4 and 5 did not support either hypothesis, my findings 

extended previous research and formed the basis for formulating a novel post-hoc hypothesis. 

In both Chapter 4 and 5, state anxiety induced during encoding by both anxiety inductions 

exacerbated own-race face-recognition deficits. This finding was explained through an 

adapted version of ACT (Eysenck et al., 2007) indicating preferential processing of threat-

stimuli to the detriment of non-threat-stimuli, when experiencing heightened state anxiety 

during encoding. As indicated above, further exploration of this novel post-hoc hypothesis 

should be the focus of future research aiming to test the validity, and theoretical 

underpinnings of this hypothesis.   

My thesis also adds to previous research related to the impact of intergroup anxiety on 

state anxiety and race. My findings supported previous research indicating that intergroup 

anxiety can temper the influence of race on face-recognition accuracy. My findings, however, 

also extend on previous research, as I found that intergroup anxiety also influenced the 

relationship between state anxiety and face-recognition accuracy, when racially diverse 

stimuli are used. I found this impact of intergroup anxiety when state anxiety was induced by 

both a cognitive and somatic anxiety induction, indicating the robustness of this finding. My 

findings also extend the literature examining the impact of the somatic anxiety induction, the 

7.5% CO2 Challenge, on face-recognition accuracy. Only one study had examined the impact 

of this anxiety induction on face-recognition accuracy when induced during retrieval 

(Attwood et al., 2015). Further, no studies had used this anxiety induction to induce state 
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anxiety during encoding, when using a face-recognition paradigm. My thesis findings add to 

the growing body of literature (Bolton & Robinson, 2017; Curtis et al., 2015; Garribo et al., 

2015) suggesting that state anxiety, regardless of the anxiety induction being cognitive or 

somatic, does not impact face-recognition accuracy when used during retrieval.  

My thesis is also the first to examine the influence of a cognitive anxiety induction on 

face-recognition accuracy, when state anxiety was induced during encoding and retrieval, 

separately, while using a methodology controlling for moderating variables. Further, when 

using this methodology, my thesis is the first to find an interaction between anxiety and race 

on face-recognition accuracy. My thesis is also the first to replicate this interaction when 

using two different anxiety inductions. Findings of my thesis also add to the literature, as I 

found throughout the majority of my studies, that individuals when experiencing heightened 

state anxiety and when viewing other-race stimuli, were unaware of their performance 

deficits.  

Collectively, my findings are important both for expanding theory, and practically. 

Theoretically, my thesis indicates that individuals are worse at recognising own-race faces 

when experiencing heightened state anxiety. This suggests that a third, novel post-hoc 

hypothesis relating to the perception of threat when experiencing heightened state anxiety, 

therefore, needs to be considered. Practically, my findings also indicate that individuals are 

worse at recognising own-race individuals if they were state anxious when initially seeing 

this face. This finding indicates that the criminal justice setting needs to be aware of reduced 

recognition accuracy for the own-race when experiencing heightened state anxiety when 

witnessing a crime. Despite experiencing this reduction in own-race recognition accuracy, 

however, individuals will still reliability exhibit an ORB. Alarmingly, my findings indicated 

an own-race bias, larger than was expected according to previous meta-analytic findings 

(Meissner & Brigham, 2001). The magnitude of the ORB observed for other-race faces in 
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which individuals do not have extensive previous contact, indicates the impact of perceptual 

expertise on recognition accuracy. The criminal justice setting needs to be hyper vigilant 

when considering an identification of an individual coming from an ethnic minority group, in 

which the witness does not have extensive contact. Considering the magnitude of the ORB 

observed in this thesis, and the potential severity of misidentifications (Deffenbacher et al., 

2004; Meissner & Brigham, 2001; Norris, Weintraub, Acker, Redlich, & Bonventre, 2019), 

taking my findings into consideration is imperative.   
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