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ABSTRACT 

 Cognitive models of anxiety vulnerability such as Beck‟s (1976) and Bower‟s 

(1981; 1983) models, predict that trait anxiety is associated with cognitive biases, such as 

an attentional bias of preferentially encoding negative information; a memory bias of 

preferentially retrieving negative information; and an interpretive bias of preferentially 

imposing negative interpretations upon ambiguous information.  These models also predict 

that these cognitive biases operate automatically. Automatic processing is generally defined 

as cognitive processes with three characteristics, being: rapid, capacity- independent, and 

unconscious.  

 A number of previous studies have demonstrated empirical support for the 

automaticity of the hypothesised anxiety- linked attentional bias. However, it has not been 

widely investigated as to whether anxiety- linked interpretive bias operates automatically or 

strategically. The present program of research was undertaken to address this general lack 

of attention given to the automaticity of the hypothesised anxiety-linked interpretive bias.  

 The priming paradigm employed by Richards and French‟s (1992) study was used 

in Phase One of the present research to address this issue. It is due to the fact that this study 

is so far the only published study that found empirical support for the hypothesised anxiety-

linked interpretive bias on ambiguous lexical materials that is not amenable to alternative 

explanations. This experimental paradigm is also amenable to experimental manipulations 

in examining the automaticity of such bias. The first three priming tasks in Phase One of 

the present research were conducted to examine whether such bias operates rapidly, and 

whether it is capacity- independent and unconscious.  
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 However, only one of the three priming tasks has demonstrated the evidence that 

both High Trait Anxious and Low Trait Anxious participants processed the semantic 

content of the ambiguous materials, rendering these tasks incapable of comparing the 

interpretations imposed upon the ambiguous materials between the High Trait Anxious and 

Low Trait Anxious participants. The examination of the automaticity of such bias is 

therefore impossible.  

 Phase Two of the present research, therefore, was conducted to select an appropriate 

experimental paradigm to ensure semantic activation of the ambiguous materials actually 

occurred. The prime-target relationship task design was adopted as it actually required the 

participants to process the semantic content of the ambiguous materials to perform the task 

successfully. However, the experiments in Phase Two did not demonstrate empirical 

support for the hypothesised anxiety- linked interpretive bias.  

 Richards and French (1992) offered the only published study demonstrating 

empirical support for the hypothesised anxiety- linked interpretive bias on ambiguous 

lexical materials, which is not amenable to alternative explanations such as a response bias 

of preferentially selecting negative response options. Given the repeated failure to 

demonstrate support for such bias in the present research, it is therefore reasonable to argue 

that the effects demonstrated in Richards and French‟s (1992) study could be a Type I error.  

 Phase One and Phase Two of the present research were followed by two illustrative 

experiments addressing the future directions identified. The first illustrative experiment 

demonstrated findings showing that the High Trait Anxious participants were characterised 

by a response bias of selecting the negative response options, rather than an interpretive 

bias of imposing negative interpretations upon ambiguous lexical materials. It is therefore 
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argued that the obtained effects from previous studies claimed to have found support for the 

hypothesised anxiety- linked interpretive bias on ambiguous lexical materials, in fact reflect 

a response bias rather than an interpretive bias.  

 The second illustrative experiment has demonstrated that the experimental 

paradigms employed in the present research lack ecological validity. A number of studies 

employing ambiguous textual materials rather than lexical materials have provided 

convincing support for the anxiety- linked interpretive bias that is not amenable to 

alternative explanations. These studies generally employed more naturalistic experimental 

designs. It is therefore concluded that more naturalistic experimental paradigms should be 

employed to reveal interpretive processes in real life.  
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INTRODUCTION 

All human beings experience anxiety from time to time. Anxiety is a response 

triggered largely by potentially threatening stimuli or situations in an individual‟s 

environment. Although anxiety is an unpleasant emotional experience, it does serve 

important biological needs by enabling one to take protective measures against danger.  

Some individuals are more vulnerable that others to the emotional arousal of 

anxiety. This can lead to hyper-vigilance towards threat and an exaggerated sense of 

danger. Spielberger, Gorsuch, and Lushene (1970) developed the State-Trait Anxiety 

Inventory (STAI) to measure such individual difference. They distinguished between state 

anxiety and trait anxiety. State anxiety is defined as the transient arousal of the emotional 

state associated with feelings of apprehension, worry and nervousness. Conversely, trait 

anxiety is a relatively stable personality trait that reflects individual differences in 

vulnerability to experience state anxiety.  

Theorists seek to explain the basis of individual differences in trait anxiety for both 

theoretical and practical reasons. There is a theoretical desire to understand the underlying 

causes of these individual differences, especially in the context of anxiety-related illnesses 

and disorders treatment. Trait anxiety is a risk factor for a range of health problems, such as 

hypertension (Jonas, Franks, & Ingram, 1997), coronary heart diseases (Kubzansky et al., 

1997), asthma, ulcers, arthritis and headaches (Friedman & Booth-Kewley, 1987). 

Understanding the causes of disparate anxiety proneness amongst individuals may 

contribute to enhanced intervention targeting of these conditions. Trait Anxiety is also 

associated with a spectrum of anxiety disorders such as Panic Disorder (Richards & 

Bertram, 2000), Post Traumatic Stress Disorder (PTSD; e.g. Blanchard et al., 1995; 
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Lonigan et al., 1994; Sutker et al., 1991), and Generalised Anxiety Disorder (GAD; e.g. 

Eysenck, 1992; Rapee, 1991). Likewise, the treatment of anxiety dysfunction is likely to be 

improved by a greater understanding of the mechanisms that underpin variability in trait 

anxiety. 

The present program of research, therefore, investigates the cognitive mechanisms 

underlying trait anxiety.  

Overview 

It is now well-established that individuals with high-trait anxiety experience a 

higher frequency and intensity of worrisome thoughts than individuals with low-trait 

anxiety (e.g. Beck, Stanley, & Zebb, 1996; Endler, Parker, Bagby, & Cox, 1991). 

Influential models explain this individual difference by proposing that individuals with high 

trait anxiety are characterised by cognitive biases favouring negative information. Some of 

these cognitive models were often employed to explain clinical anxiety, either specific 

anxiety disorders (e.g. Clark, 1986; Clark & Wells, 1995; Rapee & Heimberg, 1997), or 

clinical anxiety in general (e.g. Beck, 1976; Bower, 1981; 1983). Other models were 

developed to explain both clinical anxiety and non-clinical elevation of anxiety 

vulnerability (e.g. Mathews & Mackintosh, 1998; Williams et al., 1997). Nonetheless, they 

generally propose cognitive mechanisms that trigger increased frequency and severity of 

anxiety episodes. The models therefore have the potential to explain trait anxiety.  

Although these cognitive models have proposed very different cognitive 

mechanisms underlying anxiety vulnerability, they offer a common prediction that high-

trait anxiety is associated with three major types of cognitive biases, being: an attentional 

bias favouring selective encoding of negative information; a memory bias favouring 
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selective retrieval of negative information from memory; and an interpretive bias favouring 

negative resolutions of ambiguous information.  

The models also make similar predictions regarding the processing level at which 

these biases will operate. Specifically, Beck (1976) and Bower (1981; 1983) predict that 

these cognitive biases will operate automatically. Automatic cognitive processing is 

generally defined as cognitive processing with three distinct characteristics. Automatic 

cognitive processing: does not require cognitive capacity to take place; operates outside 

conscious awareness; and is relatively rapid (e.g. Bargh, 1992; Moors & De Houwer, 2006; 

De Houwer & Moors, 2007).  

So these cognitive models predict anxiety-linked biases in attention, interpretation 

and memory that operate in a manner that is: rapid; capacity- independent; and unconscious. 

The following section will give a brief review of the cognitive mechanisms proposed by 

these two cognitive models of anxiety vulnerability and the empirical research that 

examined predictions generated by these models.  

Cognitive Models of Anxiety Vulnerability 

Bower (1981, 1983) developed the network model of emotion and cognition which 

is an extension of his network model of memory. Bower‟s (1981, 1983) initial network 

model of memory proposed that information is represented as „nodes‟ within a cognitive 

system. The system comprises interconnected nodes and Bower (1981, 1983) contended 

that information is accessed by activating the relevant nodes to a threshold level which, 

when reached, makes the information available to the cognitive system. Associations 

between nodes are developed and strengthened by simultaneous activation between them. 

Initial activation of the nodes will be spread to other connected nodes when the threshold of 
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activation is reached. The model proposed that this spreading of activation proceeds 

automatically.  

This initial network model of memory was then extended to explain anxiety 

vulnerability through the introduction of „emotional nodes‟. According to the model, the 

„emotional node‟ representing anxiety will be activated in response to threat. The anxiety 

node will develop connections with other simultaneously activated nodes, which will be 

strengthened over time by repeated simultaneous activation.  

 Such simultaneous activation means that high-trait anxious individuals will 

eventually develop a cognitive structure under which anxiety node has a broader, stronger 

network of connections with other nodes. In this case, even relatively mild anxiety states 

would lead to automatic spreading of the initial activation of the anxiety node to other 

connected nodes throughout the cognitive network. High trait anxious individuals will, 

when faced with even mild anxiety levels, therefore more likely to demonstrate anxiety-

linked cognitive biases such as: attention-based bias favouring the encoding of negative 

information; memory bias favouring selective retrieval of negative information; and 

interpretive bias favouring negative interpretations of ambiguous information.  

As the model proposed automatic spreading of activation, these cognitive biases 

were therefore predicted to operate: rapidly; without the need for cognitive capacity; and 

without conscious awareness.  

Aaron Beck and colleagues (1976; Beck, Emery & Greenberg, 1985; Beck, Rush, 

Shaw & Emery, 1979) have proposed a very different cognitive mechanism for anxiety 

vulnerability. Nonetheless, the model‟s predictions are similar to those generated by 

Bowers‟ model.  
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Beck (1976) proposed a „danger schema‟ associated with anxiety vulnerability. A 

schema is a prototypical representation within the long-term memory. That is, a mental 

template to process specific information types received from the external environment. 

Such schema automatically diverts attention towards and enhances retrieval of schema-

congruent information. Incoming information is also structured and hence, processed in a 

schema-congruent manner.  

Beck‟s (1976) danger schema is a prototypical representation of threatening 

situations. When active, this schema guides information processing towards a negative 

manner. This schema can serve adaptive function as it allows people to prepare for 

potential threat and dangers. For example, a person needs to be vigilant to threat in order to 

respond quickly and effectively. Individuals use identifying cues that indicate danger and to 

retrieve danger-related memory. Where unambiguous information is retrieved, the schema 

guides the individual to make negative inferences from this.  

The model proposes that high trait anxious individuals are more likely to employ 

this danger schema to process information from their environment. This model therefore 

predicts that individuals with high trait anxiety: selectively encode negative information; 

preferentially impose negative interpretations upon ambiguous information; and selectively 

retrieve negative information from memory. The model also predicts that anxiety- linked 

cognitive biases should operate automatically, that is: rapidly; without the need for 

cognitive capacity; and without conscious awareness to take place.  

Mathews and Mackintosh (1998) put forward another cognitive model to explain 

anxiety vulnerability. They suggest that anxiety vulnerability is associated with a bias in a 

threat evaluation system that favours the processing of threatening information. This threat 
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evaluation system contains representation of threat-related stimuli and is suggested to 

enhance activation of inputs which find matches in the system. However, this input 

activation only occurs when these stimuli exceed a threshold of threat intens ity.  

Elevated anxiety vulnerability suggested to be related to a sustained lowering of 

threshold required for the activation of threat input, and by a greater breath of 

representation of threat-related stimuli contained within the threat evaluation system. For 

high trait anxious individuals, threat-congruent information is more likely to receive 

enhanced activation from this system, and such activation of threat-congruent information 

will further elevate the level of state anxiety, which will in turn further reduce the threshold 

of the threat evaluation system. It therefore creates a vicious cycle for maintaining and 

exacerbating anxiety.  

Williams and Mackintosh (1998) suggest that the stimuli are automatically matched 

with the representations stored in the threat evaluation system. Similar to the above 

mentioned cognitive models of anxiety vulnerability, the anxiety- linked cognitive biases 

that result from this idiosyncratic threat evaluation system of high trait anxious individuals, 

are therefore suggested to proceed rapidly, without the need for cognitive capacity, and 

without conscious awareness. 

Empirical Evidences for Anxiety-Linked Cognitive Biases 

Many empirical studies have tested the predictions generated by the models referred 

to in this study. Some of the predictions have received empirical support while others have 

not. Experimental designs have varied in terms of their methodological adequacy to 

examine these hypotheses. The following section reviews empirical studies that have 
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examined the predicted existence and automaticity of anxiety-linked memory bias, 

attentional attention-based bias and interpretive bias.  

Anxiety-Linked Memory Bias 

 Both Beck (1976) and Bowers‟ (1981) models predict that individuals with high 

trait anxiety will preferentially retrieve negative information from their memory, and such 

memory bias will operate automatically, that it is rapid, capacity- independent and 

unconcious. However, empirical studies have generated very limited support for this 

predicted anxiety-linked memory bias.  

Studies that claimed to have demonstrated support for this bias frequently 

demonstrated methodological problems. For example, Richards and Whittaker (1990) 

found that high trait anxiety individuals, demonstrated disproportionate speeding in 

retrieving anxiety-related autobiographical memories, in comparison to low trait anxious 

individuals.  

Parallel results were found in clinically anxious participants. For instance, Burke 

and Mathews (1992) found that patients with Generalised Anxiety Disorder (GAD) judged 

their retrieved autobiographical memories more negatively. They also recalled more 

negative autobiographical memories and demonstrated disproportionate speeding in 

retrieving these.  

Studies (e.g. McNally, Lasko, Macklin, & Pitman, 1995; McNally, Litz, Prassas, 

Shin & Weathers, 1994) using similar methods of autobiographical memory cued-recall 

have demonstrated parallel results for post-traumatic stress disorder patients. The pattern of 

results is amenable, however, to alternative explanations and does not yield a definitive 

conclusion that memory retrieval is biased in participants with heightened anxiety. For 



11 
 

instance, individuals prone to anxiety may indeed have experienced a greater number of 

negative events. In this way, the results may reflect differential memory content rather than 

selective memory retrieval.  

 Laboratory experiments aim to control this difference in encoding experience by 

assessing the participants‟ retrieval of emotional stimuli previously encoded in the 

experimental session. Such research has consistently failed to demonstrate support for the 

predicted memory bias of high trait anxious individuals amongst a non-clinical population. 

For example, Dalgleish‟s study (1994) incorporated an unexpected memory test, which 

both high trait and low trait anxious participants completed. High trait anxious participants 

failed to demonstrate better recall of negative words over non-negative words which had 

been presented in an earlier spelling test, when compared to low trait anxious participants.  

Other studies using similar methodologies have demonstrated comparable results on 

high trait anxious participants (e.g. Bradley, Mogg & Williams, 1994; Nugent & Mineka, 

1994). Some high trait anxious participants did demonstrated greater recall of 

experimentally presented negative information. When this occurred, however, it was found 

to be a function of the depression level rather than the anxiety (e.g. Eysenck & Byrne, 

1994; Reidy & Ricahrds, 1997). 

 Similarly, empirical research using laboratory experiments has not yielded reliable 

support for an anxiety-linked memory bias among clinically anxious participants. For 

example, in Mogg, Mathews and Weinman‟s study (1987), GAD patients were given an 

unexpected memory test. The patients did not demonstrate the predicted memory advantage 

to recall previously presented negative items more readily than they did on non-negative 

items.  
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Other studies have used different ways to access the memory, such as cued recall 

(Mathews, Mogg, May, & Eysenck, 1989) or free recall (Becker, Roth, Anrich, & Margraf, 

1999). The results of these studies have not supported the hypothesis that anxious 

individuals have a memory advantage of recalling negative information. Even GAD 

patients who demonstrated attentional bias towards negative stimuli have been found not to 

differ from non-anxious controls‟ performance in their subsequent free recall of such 

stimuli.  

It does not, therefore, appear reliable to conclude that GAD patients have a greater 

ability to recall negative words than non-anxious patients (e.g. Mathews & MacLeod, 1985; 

Mogg, Mathews, & Weinman, 1989). 

 Performance of recognition memory tasks and other „explicit‟ memory tasks, such 

as free recall, can be affected by various strategic retrieval heuristics. In this way, the tasks 

can be considered to be under strategic control. Performance of „implicit‟ memory tasks, 

however, is resistant to such strategic control.  

Researchers have examined the predicted anxiety- linked memory bias using implicit 

memory tasks. Here, participants‟ memories of previously encoded emotional material are 

examined by how these memories affect their performance on a later task. This is in 

comparison to having the participants „explicitly‟ recollect the information.  

Results from implicit memory tasks that compare high trait anxious and low trait 

anxious participants have generated mixed results. For example in Richards and French‟s 

(1991) study, high trait anxious and low trait anxious participants encoded negative and 

non-negative words simply by reading them. The participants then completed word 

fragments comprising these previously presented words. Although the high trait anxious 
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and low trait anxious participants did not differ in their ability to explicitly recall these 

words, the high trait anxious participants produced disproportionately more negative word 

fragments, when compared to the low trait anxious participants. The elevated recall was 

argued to show the implicit memory was greater on negative words amongst the high-trait 

anxious participants. These results have not, however, been replicated by other studies 

employing similar experimental design (Nugent & Mineka, 1994; Russo, Fox, & Bowles, 

1999).  

  Studies using implicit memory tasks have also yielded mixed results regarding the 

predicted implicit memory advantage among clinically anxious participants for negative 

information. Although some studies in the literature have demonstrated empirical results 

consistent with hypothesised implicit memory bias (e.g. MacLeod & McLaughlin, 1995; 

Mathews, Mogg, May & Eysenck., 1989), other studies have failed to yield supporting 

results (e.g. Bradley, Mogg & Williams, 1995; Mathews, Mogg, Kentish & Eysenck, 

1995).  

Mathews, Mogg, May and Eysenck‟s (1989) presented GAD patients and non-

anxious controls with negative words and non-negative words in an encoding task. The 

participants received incomplete word stems of previously presented words and were asked 

to complete these word stems with the first word that came to their mind. The GAD 

patients produced disproportionately more negative than non-negative word stems than the 

non-anxious controls, thus supporting the prediction that the GAD patients exhibited a 

disproportionately greater implicit recall of negative words.  

Mathews, Mogg, Kentish & Eysenck (1995), however, were unable to replicate 

these results with a similar experimental design. The GAD patients, when compared to the 
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non-anxious controls, did not produce more negative word stems than non-negative word 

stems in the word completion task following the presentation of those negative and non-

negative words in an earlier encoding task. Therefore, studies in the literature have not 

yield consistent support for an implicit memory bias.  

 In summary, current literature does not yield cons istent support for Beck‟s (1976) 

and Bower‟s (1981; 1983) predictions that high trait anxious individuals will demonstrate a 

memory advantage for negative information. While some experiments have found that high 

trait anxious individuals demonstrated enhanced memory of negative information in 

implicit memory tasks, these effects have not been consistently replicated and can often be 

explained without implication of an anxiety- linked memory bias. There is, therefore, no 

reliable evidence for the hypothesised anxiety- linked memory bias.  

Anxiety-Linked Attentional Bias 

In contrast, the predictions about the existence and automaticity of an anxiety- linked 

attentional bias have received more consistent empirical support. Supporting studies have 

employed a variety of experimental designs, such as the dichotic listening task, the 

emotional Stroop task and the dot-probe task. 

Mathews and MacLeod (1986) used the dichotic listening paradigm to study GAD 

and non-anxious controls. This study used a central response task whereby participants 

monitored a display via computer and pressed a key as soon as possible upon instruction to 

do so. The participants‟ response latencies were recorded. Simultaneously, negative or non-

negative words were presented to participants in one ear and they were instructed to ignore 

this information.  
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The GAD patients were slower at pressing the computer key when negative words 

were used, in comparison to their response when hearing non-negative words. These results 

indicate that GAD patients preferentially encode negative information even when the 

participants were instructed to ignore it.  

These results have been replicated in studies involving patients with other anxiety 

disorders, such as agoraphobia, social phobia (Burgess et al., 1981) and obsessive-

compulsive disorder (Foa & McNally, 1986).  

Regarding the automaticity of this attentional bias, it appears that high-trait anxiety 

participants did indeed demonstrate attentional bias by favouring the encoding of negative 

content even when not consciously aware of this information. In the study, participants 

were unable to report the identity of the words presented to their unattended ear and unable 

to accurately identify these words on a following recognition task.  

  Such results may be indicative that attention-based bias towards negative 

information operates outside conscious awareness. It remains possible, however, that some 

degree of transient awareness of the stimuli could be present.  

The emotional Stroop task constitutes another interference task that some studies (e.g. 

MacLeod and Hagan, 1992) have used to examine the anxiety-linked attentional bias. The 

emotional Stroop task is similar to the dichotic listening task in that it was designed to 

examine anxiety-linked attentional bias by measuring how negative information distracts 

performance on a central task. In the task, negative words and non-negative words were 

presented in different colours to participants. The participants had to rapidly name the 

colours while ignoring the meaning of the words. Greater interference on color-naming 
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negative words than that of non-negative words can be used as an indication of selective 

attention towards negative information.  

MacLeod and Hagan (1992) found that non-patients with high trait anxiety were 

disproportionately slower at naming colours of the negative words than colours of the non-

negative words, when compared to the low trait anxious participants. Parallel results were 

also demonstrated on GAD patients, for example, Mathews and MacLeod (1985) have 

demonstrated in their study that GAD patients were disproportionately slower in naming 

the colour of the negative words relative to the non-negative words.  

Empirical studies have also used the emotional Stroop test to study the automaticity of 

this attention-based bias. Such studies have generally demonstrated that high trait anxious 

participants‟ preferential encoding of negative information did not require conscious 

awareness to take place. 

Unlike the studies employing the dichotic listening design, rather than simply asking 

the participants to ignore the emotional materials, the studies using the emotional Stroop 

task employed a more robust technique to eliminate conscious awareness of the emotional 

materials. One such method is backward masking. Using this method, participants are given 

a brief presentation of the stimulus words, usually for 20 milliseconds or less. The stimulus 

words were swiftly replaced by a „mask‟ at the same location comprising rotated and 

inverted word fragments. As such, conscious awareness of the stimulus is eliminated.  

This backward masking method has been employed in many experiments. Participants 

have generally demonstrated chance- level performance on forced-choice discrimination of 

the presence or identity of the stimuli. These results bolster the effectiveness of the 

backward masking method in eliminating even transient conscious awareness of the 
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masked stimuli. Despite this elimination of awareness, however, semantic activation of the 

masked stimuli nonetheless occurred (e.g. Kemp-Wheeler & Hill, 1987; Marcel, 1978, 

1980, 1983).  

 The emotional Stroop paradigm has shown that, non-clinical high trait anxious 

participants, when compared to low trait anxious participants, preferentially encoded 

negative emotional words, even when conscious awareness of these was eliminated by 

backward masking.  

MacLeod and Rutherford‟s (1992) study provides an example. Here, coloured 

negative and non-negative words were provided using the backward masking technique. In 

contrast to low-trait anxious participants, high trait anxious participants demonstrated 

delayed colour-naming latencies on negative words in comparison to non-negative words, 

even when these emotional words were masked.  

Mathews and MacLeod (1985) also found that in a study comparing GAD patients 

and non-anxious participants, the GAD patients were disproportionately slower in colour-

naming the masked negative words relative to the masked non-negative words. Such results 

suggest that conscious awareness is not imperative for high trait anxious individuals to have 

an anxiety- linked attentional bias towards negative information.  

The dot-probe task is another experimental paradigm introduced to examine the 

hypothesised anxiety-linked attentional bias. The dot-probe task is distinct in that it does 

not measure how encoding of emotional information interferes with performance of a 

central task. Rather, the dot-probe task examines the hypothesised bias by measuring how 

performance of a task can be facilitated by the encoding of emotional information.  
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The dot-probe task involves presenting a pair of words to participants in each trial. 

One word is emotionally negative while the other is non-negative.  One word is presented 

on the top and the bottom location of a computer screen, respectively. A small dot-probe is 

then presented within the space previously occupied by one of these two words. The 

participants must make a response when the dot-probe is detected.  

MacLeod and Mathews‟ (1988) study used the dot-probe test. Here, non-clinical 

high-trait anxious participants demonstrated disproportionate speeding at detecting the dot-

probes when they appeared in locations previously occupied by examination-related 

negative words, in contrast to those occupied by non-negative words.  

By contrast, the low-trait anxious participants demonstrated slower detection 

latencies of the dot-probes when they appeared in locations previously occupied by 

examination-related negative words, in contrast to those occupied by non-negative words.  

MacLeod, Mathews and Tata (1986) demonstrated that, in contrast to non-anxious 

participants, GAD patients also displayed disproportionately fast detection of the dot-

probes when they appeared in locations previously occupied by examination-related 

negative words.  

Other variants of the dot-probe task have demonstrated similar results. For example, 

Bradley and colleagues (1999) used negative and non-negative pictorial stimuli such as 

faces, and demonstrated that GAD patients, when compared to the non-anxious controls, 

showed disproportionately fast detection of the dot-probes when these appeared in locations 

previously occupied by negative pictorial stimuli, in contrast their non-negative 

counterparts. 
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In the dot-probe task, the hypothesised attentional bias was demonstrated to operate 

outside of conscious awareness which implies automaticity. For example, by presenting the 

word pairs stimuli subliminally using the backward masking method, normal high trait 

anxious participants, relative to low trait anxious participants, continued to show 

disproportionate speeding in detecting the dot-probes when these were presented at the 

location previously occupied by a negative word or negative pictorial stimuli (Mogg & 

Bradley, 1999).Parallel results were also demonstrated by GAD patients (Mogg, Bradley, & 

Williams, 1995).  

Despite the similarity between the pattern of results demonstrated in the above 

studies between GAD patients and non-clinical participants with elevated levels of trait 

anxiety, empirical studies have also demonstrated results elucidated on important 

differences between these two different types of anxiety. For example, as discussed earlier, 

both GAD patients and non-clinical high trait anxious participants demonstrated the 

disproportionate delay in colour-naming the threatening words relative to the non-

threatening words in the masked version of the emotional Stroop task (e.g. MacLeod & 

Hagan, 1992; MacLeod and Rutherford‟s, 1992; Mathews and MacLeod, 1985). However, 

only the GAD patients, but not the non-clinical high trait anxious participants, continued to 

demonstrate the same pattern of results in the unmasked version of the same task (MacLeod 

& Hagan, 1992). This could be an indication that when the bias operates automatically, the 

non-clinical high trait anxious individuals differ from the GAD patients that they can exert 

strategic control over the automatically initiated attentional bias.  

In summary, empirical studies in the literature have demonstrated support for the 

predictions generated by Beck‟s and Bower‟s models that normal and clinically high trait 

anxious participants preferentially encode negative information.  
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These empirical studies have used different experimental paradigms. Nonetheless 

the majority found that the hypothesised anxiety- linked attentional bias is automatic and 

operates outside of conscious awareness. Whether such bias operates rapidly or whether it 

is capacity- independent has not, however, been tested.  

Anxiety-Linked Interpretive Bias 

 The existence of the hypothesised anxiety- linked interpretive bias, that normal and 

clinically high trait anxious participants preferentially interpret ambiguous information 

negatively, has received empirical support from different studies varying in their 

methodological adequacy. Despite this, it has not been widely investigated as to whether 

the hypothesised anxiety- linked interpretive bias operates automatically or strategically.  

The lack of empirical study of this question has arisen because many experimental 

designs do not permit discrimination between the contributions made by automatic and 

strategic processing. More specifically, these tasks usually required conscious judgements 

to be made upon the ambiguous materials making it difficult to determine whether such 

bias operates automatically or strategically.  

The present research, therefore, examines the predicted automaticity of the 

hypothesised anxiety- linked interpretive bias. This research is based on an experimental 

design capable of dissociating the influence of automatic and strategic processing o n such 

bias.  

The following section presents a brief review of previous studies in the literature, 

which use a wide array of experimental designs and stimulus materials to examine the 

anxiety- linked interpretive bias. Empirical studies on both GAD patients and non-clinical 

participants with high trait anxiety will be reviewed in the following section. As discussed 
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in the previous sections, there are both similarities and discrepancies in information 

processing selectivity between the GAD patients and the non-clinical population with high 

trait anxiety.  However, a review of the literature on the studies examining the hypothesised 

anxiety- linked interpretive bias reveals a very similar pattern of results between these two 

groups of participants. This could be an indication that the hypothesised anxiety- linked 

interpretive could represent a shared feature between these two types of anxiety.  

 Different types of ambiguous stimulus materials have been employed to examine 

the anxiety-linked interpretive bias. Some researchers assessed the interpretations imposed 

by participants upon ambiguous textual materials describing scenarios permitting both 

negative and non-negative interpretations.  

Butler and Mathews (1983) employed ambiguous textual materials in their self-

report study. Here, GAD patients and non-anxious participants were presented with short 

texts describing ambiguous situations such as hearing unusual noises in the middle of the 

night. A set of possible interpretations for each ambiguous text was then presented to the 

participants. Some interpretations were non-negative, such as the noise being caused by the 

wind. Some interpretations were negative, such as the noise being caused by a burglar 

breaking in. The participants ranked the likelihood of these interpretations according to 

which would first come to mind if they found themselves in these ambiguous situations in 

real life.  

Butler and Mathews (1983) found that the GAD patients ranked negative 

interpretations more highly than non-negative interpretations, in comparison to the non-

anxious participants. It was argued, however, that self- report paradigms are likely to be 

influenced by experimental demand effects.  
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Using similar methodology, comparable findings were obtained for patients 

suffering from panic disorder relative to non-anxious controls (e.g. Clark et al, 1997; 

Kamieniecki, Wade & Tsourtos, 1997; Richards, Austin & Alvarenga, 2001). Social 

phobics were also found to rank threat-congruent interpretations of socially-relevant 

scenarios more highly than non-anxious controls (Amir, Foa & Coles, 1998; Stopa & Clark, 

2000). 

Nisbett & Wilson (1977), moreover, have suggested such introspective reports only 

reflect the participants‟ own personal theories on how they would interpret the situation but 

not a true reflection of how they would actually interpret these situations. The participant 

might believe that he or she would interpret the noise at night was due to a break-in, but 

this belief may be inaccurate.  

Researchers have employed experimental paradigms using task performance to 

avoid the limitations of self-report paradigms. These experimental paradigms do not require 

participants to make introspective reports of their interpretations, therefore, the results are 

not amenable to the alternative explanation of personal theories. Moreover, the 

transparency of these studies was reduced as participants were not informed of the 

materials‟ ambiguity. As a result, responses were less likely to be affected by demand 

characteristics.  

The recognition memory paradigm is an example of a task performance-based study 

method. Eysenck, Mogg, May, Richards and Mathews (1991) gave GAD patients and non-

anxious participants an initial encoding task. Here, all participants were presented with an 

array of sentences, some of which permitted both negative and non-negative interpretations 

(e.g. “The two men discussed the best way to blow up the boat”).  
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Participants were then presented with another array of sentences, in which 

disambiguated versions of the ambiguous sentences from the encoding task were 

embedded. Some of the sentences were constrained to the negative meanings (e.g. “The 

men talked about how they should destroy the boat”) while some were constrained to the 

non-negative meanings (e.g. “The men talked about how they should inflate the boat”) of 

the ambiguous sentences. Participants were asked to determine which of these sentences 

were presented earlier.  

In comparison to the non-anxious controls, the GAD patients recognised more of the 

negative than the non-negative disambiguated sentences. The researchers argued that this 

pattern of results indicated the high trait anxious participants preferentially imposed 

negative interpretations upon the ambiguous sentences, thus supporting the hypothesis. 

Emotionally valenced foils were also included to ensure that the observed effect was not 

caused by a response bias of selecting the more negative response options.   

MacLeod and Cohen (1993), however, counter-argued that the observed effect could be 

attributed to an anxiety- linked memory bias rather than an interpretive bias. The GAD 

patients may have imposed negative and non-negative interpretations on the ambiguous 

sentences with equal frequency, but better remembered the sentences upon which they 

imposed negative meanings.  

The self-report paradigm and the recognition memory paradigm in the studies 

mentioned above both used “offline” measures of the hypothesised interpretive bias. 

Mathews and MacLeod (2005) suggested that it is important to differentiate between online 

and offline measures. An effect observed using „online‟ measures can be considered to 

occur online, in the sense that the interpretations are made at the time of encountering the 
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ambiguous information. An effect observed when measuring interpretation „offline‟ could 

have occurred online. However, the interpretation reflected by the observed effect from an 

offline measure could also have occurred offline, in the sense the effect reflects an 

interpretation that was made in the past or an interpretation that would be made in the 

future.  

Later studies therefore employed online measures of the hypothesised anxiety- linked 

interpretive bias, by using experimental designs that examined how interpretations imposed 

on ambiguous materials facilitate processing of semantically related materials.  

For example, MacLeod and Cohen (1993) employed this experimental paradigm. Here, 

high trait anxious and low trait anxious participants were given a reading comprehension 

task to assess their interpretations of textual ambiguous materia ls.  

  A pair of sentences was presented in each trial; the first sentence was ambiguous 

and permitted a negative and a non-negative interpretation, such as “The strength of the 

punch took Alan by surprise”. The second sentence was a continuation from the first, 

related to either the negative or non-negative interpretation of the ambiguity such as “He 

had not expected the blow to have such an effect on him” or “He had no expected the 

alcohol to have such an effect on him”. The participants‟ speed of reading the continuation 

sentences was recorded.  

The researchers suggested that if negative interpretation is imposed upon the ambiguous 

sentence, it will facilitate the processing of the negative continuation sentence. On the other 

hand, if the non-negative interpretation is imposed upon the ambiguous sentence, it will 

facilitate the processing of the non-negative continuation sentence. As predicted, the high 

trait anxious participants, relative to the low trait anxious participants, demonstrated 
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disproportionately greater facilitation upon the negative continuation sentences, in 

comparison to the non-negative continuation sentences.  

Comparable results were found in Calvo and Castillo (2001) using similar 

methodology. Participants were asked to read texts describing ambiguous situations, 

followed by continuations that confirm or disconfirm a threatening outcome resulting from 

these scenarios. High trait anxious individuals were found to be faster in reading the 

continuations that disconfirm than those confirm a threatening outcome, when compared to 

the low trait anxious participants.   

Similar results were also found in Hirsch and Mathews‟ (1997) study. Here, non-

clinical high trait and low trait anxious participants were presented with ambiguous 

sentences embedded in a short passage depicting an interview scenario. The participants 

were then asked to make lexical decisions on words following these sentences. The high 

trait anxious participants, relative to the low trait anxious participants, demonstrated 

disproportionately fast lexical decisions on words semantically related to negative 

interpretations, than words semantically related to non-negative interpretations, of the 

preceding ambiguous sentences. Parallel results were also found in Beard & Amir‟s study 

(2009) among socially anxious individuals by using a similar method.  

The studies examined have demonstrated empirical support for the hypothesised 

anxiety- linked interpretive bias on ambiguous textual materials in a range of experimental 

designs. The prediction made by Beck‟s (1976) and Bower‟s (1981, 1983) model that such 

bias operates automatically, however, was not tested in these studies.  

Other studies in the literature examined the hypothesised interpretive bias upon 

ambiguous lexical materials that permitted both negative and non-negative interpretations, 



26 
 

such as homophones and homographs. Two major experimental paradigms employed for 

examining the anxiety- linked interpretive bias on lexical materials are the homophone 

spelling paradigm and priming paradigm. 

Under the homophone spelling paradigm, non-clinical high-trait anxious participants 

and low-trait anxious participants were given a spelling test under which they had to write 

down words presented on an audiotape. Some of these words were homophones s uch as 

“die/dye”, “war/wore”, which allow both negative and non-negative interpretation.  

The results demonstrated that the high trait anxious participants, relative to low trait 

anxious participants, wrote down more negative spellings than non-negative spellings of 

these homophones. This supported the hypothesis and suggested that high trait anxious 

participants selectively imposed negative interpretations upon the homophones (e.g. Byrne 

& Eysenck, 1993; Richards, Reynolds, & French, 1993; Russo, Patterson, Roberson, & 

Stevenson, 1996).  

GAD patients also provided more negative spellings for homophones than their non-

anxious counterparts (e.g. Mathews, Richards & Eysenck, 1989; Mogg, Bradley, Miller & 

Potts, 1994).  

Research using homophone spelling paradigm suffered, however, from another 

methodological limitation. Arguably the observed effect could be a reflection of an 

underlying response bias rather than an interpretive bias (Mathews & MacLeod, 1994). 

This response bias account makes the same prediction as the hypothesised anxiety- linked 

interpretive bias, that the high-trait anxious participants will provide disproportionately 

more negative than non-negative spellings of the homophones when compared to the low 
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trait anxious participants. The observed effects of the homophones spelling task are 

therefore amenable to the alternative explanation of a response bias.  

To eliminate the potential influence of any anxiety- linked response bias, the priming 

paradigm was introduced to examine the anxiety- linked interpretive bias on lexical 

materials. Priming describes the facilitated processing of a target stimuli, when it is 

preceded by semantically related ‟prime‟ (Neely, 1991). For example, the processing of the 

target word „nurse‟ will be facilitated by a preceding prime word „doctor‟.  

Marcel (1980) employed a priming paradigm to examine which of the two possible 

interpretations of a homograph was endorsed by the participants. For example, a 

homograph prime such as “palm” was presented before a target. The prime will either 

facilitate the processing of target “hand” or “tree”, depending on which meaning the 

participant imposes upon it.  

Researchers have therefore capitalised on this priming effect to examine the anxiety-

linked interpretive bias. In conducting their studies, researchers now make their prime 

stimuli ambiguous materials that permit both negative and non-negative interpretations. 

Semantically-related words are then provided to participants as targets. Researchers then 

access the amount of facilitation upon the negative or non-negative target semantically 

related to the negative or non-negative interpretation of the ambiguous prime by the 

participant.  

Richards and French (1992) have employed homographs that permit both negative and 

non-negative interpretations in the priming paradigm, to investigate the automaticity of the 

anxiety- linked interpretive bias. For example, “patient” is a homograph which permits a 

negative (a person under medical treatment) and a non-negative interpretation (endurance). 
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The homograph of each trial was first presented as the prime, then immediately followed by 

a target which was either a word or a non-word. The participants‟ task was to make lexical 

decisions on the target to determine whether it was a word or not.  

In trials where the targets were indeed words, the targets can be semantically related 

(related targets) or unrelated (unrelated targets) to the preceding homographs. The related 

targets can be related to either the negative meanings of the homograph primes (negative  

related targets), such as “hospital” or related to the non-negative meanings of the 

homograph primes (non-negative related targets), such as “calm”. If the participants 

preferentially imposed the negative interpretations upon the homographs, they should 

demonstrate greater priming effect on the lexical decision of the negative target words 

when compared to the non-negative target words.  

As predicted by Beck‟s (1976) and Bower‟s (1981, 1983) models, in comparison to low 

trait anxious participants, high trait anxious participants demonstrated disproportionately 

greater priming effect on the negative target words when compared to the non-negative 

target words. The researchers concluded that this pattern of results supported the hypothesis 

that high trait anxious individuals preferentially impose negative interpretations upon 

ambiguous information when compared to non-anxious individuals.  

Most importantly, the observed results from this priming paradigm were not susceptible 

to alternative explanations such as a response bias. First, unlike the experiments using the 

homophone spelling paradigm, Richards and French‟s (1992) priming task does not involve 

selection between a negative and a non-negative response option in each trial. Additionally, 

each negative related target was presented as a negative unrelated target for another 
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participant. Such that across participants, each negative target was appeared as both 

negative related target and negative unrelated target.  

Therefore, the hypothesised anxiety- linked interpretive on lexical materials has also 

received empirical support.  

 More recent studies of anxiety- linked interpretive bias focused on the casual role 

such bias plays on the development of anxiety vulnerability. The most direct way of 

examining such prediction is to develop a task capable of manipulating interpretive bias 

and measure the impact of such manipulation on anxiety. One such task was developed by 

Grey and Mathews (2000).  This study consisted of both training phase and assessment 

phase. A homograph permitting both threatening and non-threatening interpretations was 

presented in each trial of this study. Each of these homographs was followed by word 

fragment that can be completed by a word only associated with one meaning of the 

homograph. In the training phase the participants were allocated to either the threat training 

or non-threat training condition. In the threatening training condition, the word fragments 

only permitted targets associated with the threatening meaning of the homographs. In the 

non-threatening training condition, the word fragments only permitted completions that 

yield targets associated with the non-threatening meaning of the homographs. The training 

session was followed by an assessment phase. A variant of Richards and Frenc h‟s (1992) 

lexical decision priming task was employed in the assessment phase. The participants 

allocated to the threatening training condition displayed shorter lexical decision latencies 

on threatening targets than non-threatening targets, when compared to participants that 

received non-negative training. This pattern of results demonstrated the training was 

capable of inducing an interpretive bias favouring threatening interpretations of ambiguous 

materials.  
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 Using a similar methodology, Wilson et al (2006) have demonstrate that successful 

induction of an interpretive bias favouring threatening interpretation of homographs led to 

elevated anxiety reactivity towards stressors. By using textual materials depicting 

ambiguous social scenarios followed by a word fragment in their training phase, Mathews 

and Mackintosh (2000) found that anxious mood state increased among the participants in 

the threatening training condition, and decreased among those in the non-threatening 

training condition. Parallel findings were also found in other studies (e.g. Mackintosh et al., 

2006; Salemink, van den Hout, & Kindt, 2007; 2009). 

However, the predictions made by Beck‟s (1976) and Bower‟s (1981, 1983) models 

regarding the automaticity of such bias have not, however, received much attention in the 

literature. Richards and French‟s (1992) study is currently the only study in the literature 

that attempted to address this issue.  

Richards and French (1992) have conducted three parallel priming tasks, each using 

a different prime-target Stimulus Onset Asynchrony (SOA). An SOA is the amount of time 

between the onset of the prime and the onset of the target in each trial.  

Richards and French (1992) have only yielded the predicted effect for the 

hypothesised anxiety-linked interpretive bias in an experiment with a SOA of 750 

milliseconds. They did not find this bias in the experiment with a SOA of 500 milliseconds. 

Richards and French (1992) concluded that the hypothesised anxiety- linked interpretive 

bias does not operate automatically because the predicted effects did not occur when the 

SOA was shorter. They argued that the bias was not automatic because the SOA of 500 

milliseconds did not allow enough time for the bias to operate strategically.  
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Neely (1977), however, suggested that prime-target SOAs of 250 milliseconds or 

below are required to clearly examine the automaticity of the priming effect.  

Purpose of the Present Program of Research 

The present program of research was undertaken to address the general lack of 

attention given by current literature to the automaticity of the hypothesised anxiety- linked 

interpretive bias.  

The priming paradigm employed by Richards and French (1992) is considered an 

appropriate experimental design for this purpose, as this paradigm has resolved many 

methodological issues faced by earlier studies on the hypothesised anxiety- linked 

interpretive bias in the literature.  

First, the priming paradigm is less likely to be affected by demand characteristics 

when compared to the self-report approach, due to the lower level of transparency. Second, 

this approach accessed the participants‟ actual interpretation of the homographs rather than 

relying on their introspective self-report of how they would interpret the ambiguous 

materials. As such, this priming task does not reflect the participants‟ personal theories 

about how they believe they would interpret the ambiguous information. Moreover, the 

observed effect is not vulnerable to alternative explanation of a response bias as the task 

does not involve selection between a negatively-valenced and a non-negatively-valenced 

response option.  

This priming paradigm is amenable to experimental manipulations to examine the 

automaticity of the hypothesised anxiety- linked interpretive bias. First, similar to what 

Richards and French (1992) did in their study, the definition of automatic processing that it 
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operates relatively rapidly when compared to strategic processing, can be examined by 

manipulating the prime-target SOA in each trial.  

As mentioned earlier, this prime-target SOA is the amount of time between the onset of 

the prime and the onset of the target in each trial. Strategic processing of the hypothesised 

anxiety- linked interpretive bias upon the homographs can be limited by reducing this 

prime-target SOA to the point that there is not enough time for such bias to operate 

strategically. If the predicted effects of the hypothesised anxiety- linked interpretive bias 

continue to occur when the prime-target SOA is short enough to preclude strategic 

processing (such as 250 milliseconds or below), this could be served as evidence that such 

bias is automatic because it continues to operate even when there is not enough time for 

strategic processing to take place.  

The prediction that the hypothesised anxiety- linked interpretive bias is capacity-

independent can be tested by manipulating the amount of cognitive resources available for 

the bias to operate in each trial. A dual-task paradigm can be employed to achieve this 

purpose.  

A secondary task can be introduced to perform concurrently with the priming task. This 

secondary task will compete for cognitive resources with the hypothesised anxiety- linked 

interpretive bias. If such bias is indeed capacity- independent, it should not be influenced by 

the cognitive load imposed by the secondary task.  

The priming paradigm is also amenable to experimental manipulation for the 

examination of whether the bias requires conscious awareness. The backward masking 

method mentioned earlier could be employed to present the homographs subliminally. If 
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the anxiety- linked interpretive bias is indeed unconscious then it should be evident even 

when the homographs are masked.  

The following section outlines the plan upon which the present research program was 

based, to examine the automaticity of the anxiety- linked interpretive bias. The plan required 

an appropriate experimental paradigm that satisfied two key criteria being:  

 The observed results generated by the experimental design must not be 

influenced by any systematic difference between the high trait anxious and low 

trait anxious participants, other than the hypothesised anxiety- linked interpretive 

bias. That is, it needs to be able to minimise issues such as demand 

characteristics, a memory bias of selective retrieval of negative information and 

a response bias favouring the selection of negative response options.  

 The experimental paradigm must be amenable to experimental manipulations 

for examining the three definitions of automaticity of the hypothesised anxiety-

linked interpretive bias.  

The priming paradigm employed in Richards and French‟s (1992) satisfies both 

criteria. Therefore, this priming task design was employed in the present program of 

research to examine the automaticity of the hypothesised anxiety- linked interpretive bias. 

More specifically, the research examines whether such bias operates rapidly and whether it 

is capacity- independent and unconscious. These specific aspects were examined by 

introducing different experimental manipulations into the priming task design.  
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INTRODUCTION TO PHASE ONE PRIMING TASKS 

The purpose of the Phase One experiments is to examine the predictions made by 

Beck‟s and Bower‟s cognitive models of anxiety vulnerability. The hypothesis is that the 

high trait anxious individuals‟ anxiety- linked interpretive bias operates automatically. That 

is, the bias is rapid, capacity- independent and unconscious.  

The priming tasks employed by Richards and French (1992) were chosen and 

modified in Phase One to distinguish the contribution of automatic and strategic processing 

upon the hypothesised anxiety- linked interpretive bias.  

This experimental paradigm was chosen because the Richards and French‟s (1992) 

study is currently the only one to yield empirical evidence consistent with the anxiety-

linked interpretive bias operating on ambiguous lexical materials. In addition, the 

experimental design is not affected by methodological issues such that the results are not 

vulnerable to alternative explanations, other than the hypothesised anxiety- linked 

interpretive bias.  

Phase One conducted three parallel experiments and one additional experiment 

employing this priming paradigm. The experiments sought to examine the automaticity of 

the hypothesised anxiety- linked interpretive bias.  

Dual models of cognitive processing (e.g. Broadbent, 1958; Deutsch and Deutsch, 

1963; Shiffrin & Schneider, 1977) generally propose that automatic processing involves 

relatively rapid parallel processing of materials. This is in contrast to strategic processing 

which involves relatively slow serial processing which takes up cognitive resources.  
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These models also proposed that automatic processing, unlike strategic processing, 

operates outside of conscious awareness. It is therefore a consensus among experimental 

psychologists that automatic processing, as opposed to strategic processing, comprises 

three components, being: rapid; capacity- independent; and unconscious. (e.g. Bargh, 1992; 

Moors & De Houwer, 2006; De Houwer & Moors, 2007).  

However, cognitive psychologists argued that automaticity is not a unitary concept 

as these different features do not necessarily covary (e.g. Bargh, 1992; Moskowitz, 

Salomon, & Taylor, 2000; De Houwer et al, 2009). As different process could be automatic 

in different ways, it is therefore important to clearly distinguish these different types of 

automaticity and to clearly identify which automaticity one is referring to (De Houwer et al, 

2009). Three parallel experiments were therefore conducted in Phase One of the present 

study to distinguish these three different types of automaticity, in order to determine in 

what sense the hypothesised anxiety- linked interpretive bias is automatic.  

These three different features of automatic processing were examined by previous 

studies in the literature employing different methodologies. For example, prime-target 

Stimulus Onset Asynchrony (SOA) was often used to preclude strategic processing of the 

prime materials since this requires more time to occur.  

On the other hand, the capacity- independent nature of automatic processing was 

usually examined by the dual-task paradigm (e.g. Baddeley et al, 1986; Rogers, Bertus, & 

Gilbert, 1994). These experiments examined whether the performance of a primary task 

was capacity- independent, by introducing a demanding secondary task that imposed a 

heavy cognitive load upon the participants‟ limited cognitive resources.  
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Finally Phase One used the backward masking technique, such as that employed by 

Mogg and Bradley (1999) in the dot-probe task and in MacLeod and Rutherford‟s (1992) 

emotional Stroop task mentioned earlier, to eliminate conscious awareness of the stimulus 

materials. As such, these three different techniques being prime-target SOA, Cognitive 

Load and Backward masking, were employed in three parallel experiments in Phase One. 

The techniques sought to examine the three attributes of automatic processing.  

These first three experiments in Phase One were conducted concurrently to ensure 

the emotional dimensions of the participants, such as trait anxiety, state anxiety and 

depression, do not differ across these three experiments during different time periods of the 

semester.  
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EXPERIMENT 1 

PRIMING TASK WITH SOA MANIPULATION 

The aim of the following experiment is to examine the automaticity of the 

hypothesised anxiety- linked interpretive bias of high trait anxious individuals by 

determining whether such bias operates rapidly. To achieve this purpose, the experimental 

paradigm for the current study must satisfy the following two criteria:  

 It must be capable of detecting the anxiety- linked interpretive bias. As 

discussed earlier, many previous studies which claimed found empirical 

support for the anxiety- linked interpretive bias are compromised by 

methodological problems, such that the results are vulnerable to alternative 

explanations other than the hypothesised anxiety-linked interpretive bias.  

 It must be conducive to manipulation to distinguish the involvement of 

automatic and strategic processes respectively, on the observed effects.  

The priming paradigm in Richards and French‟s (1992) study was therefore 

employed in Phase One of the present program of research.  

 Facilitation of information processing occurs when it is preceded by semantically-

related information (e.g. Meyer & Schvaneveldt, 1971). Such facilitation is called the 

„priming effect‟. For example, the processing of the word ‟football‟ will be facilitated when 

it is preceded and „primed‟ by a semantically-related word, such as „sports‟. This is in 

comparison to „unprimed‟ condition, when the word is preceded by a semantica lly-

unrelated word.  
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Richards and French (1992) capitalised on this effect in their priming task designed 

to measure the anxiety- linked interpretive bias. Each trial within their study began with a 

homograph prime which permitted two different interpretations. This was followed by a 

target letter string, which could be either a word or a pronounceable non-word. The 

participants‟ task was to make a „lexical decision‟, that to determine whether the target is a 

word or a non-word. Lexical decision latencies for the target letter strings were recorded.  

 Under the critical trials, the primes were Threat/Neutral homographs and permitted 

both negative and non-negative interpretations, such as „arms‟. When the following target 

was a word, it was either „primed‟ by a semantically-related Threat/Neutral Homograph, or 

„unprimed‟, that is preceded by a semantically-unrelated Threat/Neutral Homograph.  

The priming effect was demonstrated by the relative speeding on the „primed‟ trials 

in comparison to the „unprimed‟ trials. The primed targets were either related to the 

negative meaning of the homograph prime, such as „weapon‟, or to the non-negative 

meaning such as „hand‟.  

In using Threat/Neutral Homographs, Richards and French (1992) found that high 

trait anxious participants demonstrated greater priming effect on primed targets 

semantically related to negative meanings, than to primed targets semantically related to 

non-negative meanings. Such pattern of results was not evident amongst the low trait 

anxious participants.  

Richards and French (1992) concluded that the observed pattern of results confirms 

an anxiety- linked interpretive bias. Specifically, they argued that these findings indicate 

that the high trait anxious participants interpreted supplied homographs in a negative 

manner. That is, the negative interpretations of these homographs „primed‟ the processing 
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of the negative targets to a disproportionately greater degree than the non-negative targets 

among the high trait anxious participants, when compared to the low trait anxious 

participants.  

Phase One also used the lexical decision task employed by Richards and French 

(1992). This task was selected as it has been proven capable of detecting anxiety- linked 

interpretive bias.   

Manipulation was introduced in this priming task to distinguish the differential 

involvement of automatic and strategic processing on the anxiety- linked interpretive bias. 

The present experiment capitalised on the rapid nature of automatic processing, to 

differentiate automatically mediated from strategically mediated effects.  

It has been generally agreed among cognitive psychologists that automatic 

processing is relatively fast compared to strategic processing (e.g. Neely, 1977; Posner & 

Snyder, 1975; Moors & De Houwer, 2006). Various models of cognitive processing have 

suggested that automatic cognitive processes process information in parallel rather than 

serially. This is in contrast to strategic cognitive processes. Automatic processing, 

therefore, proceeds more rapidly than strategic processing (e.g. Broadbent, 1958; Deutsch 

& Deutsch, 1963; Schiffrin & Schneider, 1977).   

Posner and Snyder‟s (1975) two- factor theory of attention have also suggested that 

the automatic spreading-activation process is rapid, whereas the strategic mechanism is 

relatively slow. Prime-target Stimulus Onset Asynchronies (SOA) were manipulated to 

vary the amount of time available for participants to process of the homographs.  

 Prime-Target SOA has been employed by many researchers (e.g. Neely, 1977; 

Marcel, 1980; Richards & French, 1992) to manipulate the amount of time available for 
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processing the primes in a priming task. Prime-target SOA is the amount of time between 

the onset of the prime and the onset of the target.  

Figure 1 is a representation of SOA between the onset of the prime and target. For 

example, the trial begins with the presentation of the prime at T1, until it is replaced by the 

presentation of the target at T2. The time between T1 and T2 is the prime-target SOA.  

Figure 1. SOA between prime and target 

Neely (1977) suggested that when the onset of the prime and the target is separated 

by a long SOA, that is where the time lag between the onset of the prime and the onset of 

the target is longer, there will be sufficient time to process the prime strategically. 

Conversely, when the onsets are separated by a short SOA there will be less time for 

strategic processing but automatic processing will be little affected.  

In Richards and French‟s (1992) study, three parallel priming tasks were conducted.  

Each used a different prime-target SOA of 500 milliseconds, 750 milliseconds and 1250 

milliseconds respectively. Richards and French (1992) found results supporting the 

hypothesised anxiety-linked interpretive bias only in the experiment with 750 milliseconds 

SOA. Such results were not replicated in the experiments with 500 milliseconds SOA and 

1250 SOA. The researchers concluded that, based on the results, such bias does not operate 

automatically at the shortest SOA of 500 milliseconds. They argued that the negative 

interpretations of the homographs only became dominant for the high trait anxious 

Prime onset 

Prime disappears 

Target onset 

T2 T1 
SOA 
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participants at the longer SOA of 750 milliseconds when strategic processing was allowed 

to take place. However, Neely (1977) has suggested that a prime-target SOA of 250 

milliseconds or less is needed to substantiate a convincing claim for automatic processing.  

In the present experiment, the SOA between the onset of the homograph prime and 

the onset of the target was therefore manipulated. The experiment used two different SOA 

lengths, being 250 milliseconds as the Short SOA and 750 milliseconds as the Long SOA.  

250 milliseconds was chosen as the Short SOA based on Neely‟s (1977) suggestion. 750 

milliseconds was chosen as the Long SOA due to the fact that Richards and French (1992) 

found only empirical support for the anxiety-linked interpretive bias at this SOA.  

When this SOA is Short, then there is less opportunity for strategic processing to 

take place, without affecting the opportunity for automatic processing. The differential 

involvement of automatic and strategic processing underlying the anxiety- linked 

interpretive bias can therefore be detected.  

Factors 

Table 1 below shows that this experiment has a 2X2X2X2 mixed design, with Trait 

Anxiety Group as the between-group factor (High Trait Anxiety Group VS Low Trait 

Anxiety Group) and the following three within-subject factors: 

1) Priming Condition (Primed VS Unprimed) 

2) Target Valence (Negative VS Non-Negative) 

3) SOA Condition (Short SOA VS Long SOA) 

Details of each of these three within-subject factors will be described below. 
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Table 1. Factor table for the priming task with SOA manipulation (Experiment One)  

Trait 

Anxiety 

Group 

SOA 

Condition 

Target 

Valence 

Priming 

Condition 

High Trait 

Anxiety 

Group 

Short SOA 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Long SOA 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low Trait 

Anxiety 

Group 

Short SOA 

Negative 
Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Long SOA 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

 

Priming Condition (Primed VS Unprimed): Half of the trials were conducted under the 

Primed Condition. Here, the homographs were followed by targets semantically related to 
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either one of their two alternative interpretations. The remaining half of the trials were 

conducted under the Unprimed Condition. Here, the homographs were followed by targets 

semantically unrelated to either of their two alternative interpretations.  

Target Valence (Negative VS Non-Negative): In half of the trials, the target words were 

Negative in valence while in the other half, the target words were Non-Negative in valence.  

SOA Condition (Short SOA VS Long SOA): Two different SOA lengths were used across 

the trials.  Under the Long SOA condition, the prime-target SOA was 750 milliseconds. 

This Long SOA should leave both strategic and automatic processing barely affected. 

Under the Short SOA condition, the prime-target SOA was 250 milliseconds. If strategic 

processing is relatively slow to take place, the short SOA should attenuate the strategic 

processing more strongly but leave the opportunity for automatic processing to occur 

relatively unaffected. 

 

 

 

 

 

 

 

 



44 
 

Methods 

Participants 

Participants were drawn from undergraduate psychology students from the 

University of Western Australia. Students interested in participating in the study were 

invited to complete the Spielberger Trait Anxiety Inventory (Spielberger et al., 1983).  

A group of 350 students who had completed the Inventory were the potential 

participants. From this group, 32 students who scored among the top quartile on the 

inventory (45 or above) participated this study and were assigned to the High Trait Anxiety 

Group. Another 32 students who scored among the bottom quartile (38 or below) were 

assigned to the Low Trait Anxiety Group. The characteristics of these 64 participants are 

presented under Table 2 below.  

Table 2. Characteristics of participants in Experiment One (Standard Deviations in 

brackets) 

 

 The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 2 shows, 13 participants in the High 

Trait Anxiety group were males while 19 were females. This contrasts with the Low Trait 

 Gender Mean Age Mean STAI –T (Trait Anxiety) 

score  Male N Female 

N 

High Trait Anxiety 

Group 

13 19 19.03 

(1.66) 

51.72 

(11.22) 

Low Trait Anxiety 

Group 

16 16 18.53 

(2.13) 

29.75 

(10.22) 
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Anxiety group, in which 16 participants were males and 16 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups: χ2 (1, N = 64) = 

0.57, p = .45.  

The High Trait Anxiety Group had a mean age of 19.03 (SD = 1.66), whereas the 

mean age of the Low Trait Anxiety Group was 18.53 (SD = 2.13). The mean age of the 

participants in each Trait Anxiety Group was not significantly different: t(62) = 1.63, p = 

.11 d = 0.45.  

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 51.72 (SD = 11.22) while the 

average STAI-T score of the Low Trait Anxiety group was 29.75 (SD = 10.22). The STAI-

T scores of the two groups were, therefore, significantly different from each other, t(62) = 

11.32, p < .001, d = 2.05. 

Materials 

Stimulus Materials 

 The stimulus materials in Richards and French‟s (1992) study were used. The 

present study expanded these, however, to permit the doubling of trial numbers. Such 

doubling was required to retain statistical power while introducing the new factor of SOA 

Condition in the current study.  
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The stimulus materials used in the present experiment consisted of 160 „quintets‟ 

(sets of five items). Each item was made up of one homograph and four candidate targets. 

Two of the candidate targets were semantically related to either one of the two alternative 

meanings of the homograph while the other two candidate targets were semantically 

unrelated to either meaning of the homograph.  

Experimental Homograph Quintets. Eighty of these quintets were „Experimental 

Homograph‟ quintets which consisted of the following items: 

1. Experimental Homograph  

This was a word with two alternative meanings that differed in their emotional 

tone. One carried a negative interpretation and the other, a non-negative 

interpretation (e.g. „patient‟, „sink‟, „sentence‟)  

2. Negative Associate 

This was a word semantically related to the negative meaning of the 

Experimental Homograph within the same quintet. For instance, „hospital‟ is 

related to the negative meaning of the Experimental Homograph „patient‟.  

3. Non-Negative Associate  

This was a word semantically related to the non-negative meaning of the 

Experimental Homograph within the same quintet. For example, „calm‟ is related 

to the non-negative meaning of „patient‟. 

4. Negative Foil 

This was a word unrelated to either meaning of the Experimental Homograph 
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within the same quintet. It was the Negative Associate of another Experimental 

Homograph quintet. For example, „thief‟ is unrelated to either meaning of 

„patient‟. 

5. Non-Negative Foil 

This was a word with unrelated to either meaning of the Experimental 

Homograph within the same quintet. It was the Non-Negative Associate of 

another Experimental Homograph quintet. For example, „cow‟ is unrelated to 

either meaning of „patient‟.  

Examples of Experimental Homograph Quintets are summarised in Table 3 below.  

Table 3.Examples of Experimental Homograph Quintets  

 

These 80 Experimental Homographs and their candidate targets under the 80 

Experimental Homograph quintets were extracted from the normative word associations 

data set compiled by French and Richards (1992), where the experimental stimuli in 

Richards and French‟s study (1992) were originally from.  

Experimental 

Homograph 

Negative 

Associate 

Non-Negative 

Associate 

Negative Foil Non-Negative 

Foil 

Patient Hospital Calm Thief Cow 

Sink Drowned Kitchen War Sweet 

Sentence Prison Words Brain Acute 
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The four candidate targets for each Experimental Homograph quintet were selected in 

exactly the same manner as the targets in Richards and French‟s (1992) study. That is, the 

most common associate related to the negative meaning of the homograph was selected as 

the Negative Associate. The most common associate related to the non-negative meaning of 

the homograph was selected as the Non-Negative Associate.  

The Negative and Non-Negative Foils were created by selecting one Negative 

Associate and one Non-Negative Associate of another homograph. Care was taken to 

ensure none of these foils were in any way semantically related to the ho mographs they 

were paired up with.  

Filler Homograph Quintets. The other 80 quintets were Filler Homograph Quintets 

which consisted of the following items: 

1. Filler Homograph  

This was a word with two alternative meanings, both non-negative in their 

emotional tones (e.g. „bowl‟, „mint‟, „marble‟).  

2. Associate A 

This was a non-negative word semantically related to one of the two meanings of 

the Filler Homograph within the same quintet. For instance, „ball‟ is related to 

one of the meanings of the Filler Homograph „bowl‟. 

3. Associate B 

This was a non-negative word semantically related to the other meaning of the 

Filler Homograph within the same quintet. For example, „cereal‟ is related to 
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another meaning of „bowl‟.  

4 and 5.   Foils A/B 

Foils were two words with non-negative emotional tones, unrelated to either meaning 

of the Filler Homograph within the same quintet. For example, neither „calculator‟ nor 

„clean‟ is semantically related to „bowl‟.  

Examples of Filler Homograph quintets are presented in Table 4 below.  

Table 4. Examples of Filler Homograph Quintets 

Filler 

Homograph 

Associate A Associate B Foil A Foil B 

Bowl Ball Cereal Calculator Clean 

Mint Flavour Money Maple Warm 

Marble Play Table Greeting Poker 

 

The 80 Filler Homographs and their candidate targets were extracted from the 

normative word associations data set compiled by Nelson, McEnyoy, Walling, and Wheeler 

(1980). This is the same source from which Richards and French (1992) selected their Filler 

Homographs and their candidate targets.  

Resembling word selection carried out by Richards and French (1992), the most 

common word related to the two meanings of each Filler Homographs were selected as 

Associate A and Associate B respectively. The two foils were chosen by selecting 

associates of other Filler Homographs. 
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 Non-words were also needed for this lexical decision task. They were created by 

changing one letter of each of the 640 candidate targets within the quintets into 

pronounceable non-words. 

Emotional Questionnaires 

Trait Anxiety Scale. The Trait Anxiety Scale subscale of the State-Trait Anxiety 

Inventory (STAI; Spielberger et al., 1983) was used to assess the levels of trait anxiety 

within each participant. The STAI trait anxiety scale consists of 20 items. Each participant 

is asked to circle the number that best describes how they generally feel with the following 

four-point frequency scale:  

1. almost never  

2. sometimes  

3. often 

4. almost always.  

All anxiety-absent (positively worded) items are reverse scored (i.e., five-original 

score). The scores on this scale range from 20-80, with a higher score indicating a higher 

level of trait anxiety. 

 A large scale reliability generalisation study conducted by Barnes, Harp, & Yung 

(2002) has provided mean reliability coefficients of .89 for internal consistency and .88 for 

test-retest reliability.  

State Anxiety Scale. The State Anxiety subscale of State-Trait Anxiety Inventory 

(STAI; Spielberger et al., 1983) was used to measure the level of state anxiety within each 
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participant. This measure consists of 20 items. Each participant is asked to circle the 

number that best describes how they are feeling „right now, at this moment‟ with the 

following four-point scale:  

1. not at all  

2. somewhat  

3 moderately so  

4 very much so.  

 All anxiety-absent (positively worded) items are reverse scored (i.e., five-original 

score). The scores on this scale range from 20-80, when a higher score indicates a higher 

level of trait anxiety. 

 The State Anxiety subscale has obtained a high internal consistency coefficient of 

.91, with an expected lower average test-retest coefficient of .70 (Barnes, Harp, & Yung, 

2002) since this subscale was designed to assess transient mood changes of state anxiety.  

The State Trait Anxiety Inventory have demonstrated a high concurrent validity with a high 

correlation of .80 between its scores and those of Taylor‟s (1953) Manifest Anxiety Scale, 

plus a correlation of .75 with the IPAT Anxiety Questionnaire (Cattell & Scheier, 1963) 

(Spielberger et al., 1983). 

Beck Depression Inventory – Version two. Since depression was often found to 

comorbid with anxiety (e.g. Hirschfeld, 2001), version two of the Beck Depression 

Inventory (BDI-II; Beck, Steer & Brown, 1996) was employed to measure depression 

symptoms within each participant. This inventory measures three major components of 
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depression symptoms, being: behavioural; cognitive; and emotional. The inventory 

comprises 21 sets of statements, each set measuring the self-report level of a particular 

symptom. Participants were given instructions to select the statement in each set that best 

described how they felt over the past two weeks leading to the experimental session. 

Statement choice is scored from 0-3, with  a high score indicating a higher level of 

depression. 

 The inventory has demonstrated good psychometric properties. For example, it has: 

shown high test-retest reliability (r = .93) over a one-week period (Beck, Steer, & Brown, 

1996); demonstrated good internal consistency with a Cronbach‟s alpha of .91 (Beck, Steer,  

& Brown, 1996); and high concurrent validity when correlated against other self- report 

measures of depression such as Hamilton Depression Rating Scale with a Pearson r of .71 

(Beck, Steer, & Brown, 1996). 

Experimental Hardware 

A selection of hardware was used to present the stimulus materials and record the 

participants‟ speed and accuracy on the task. This comprised an Acorn Archimedes 5000 

computer, a 15-inch high resolution colour monitor and a standard three-button mouse. 

Task Structure 

Structure of Individual Trial 

 The experiment consisted of 320 trials. In each trial, the participants had to perform 

a lexical decision task which required them to determine whether or not a target letter string 

was a word.  
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The structure of each Long SOA trial is presented in Figure 2 and that of each Short 

SOA trial is presented in Figure 3 below. Each trial began with a tone indicating a new 

trial, and this was followed by two white crosses in the middle of the screen for two 

seconds. These were immediately followed by a white colour homograph at the centre of 

the screen. The homograph stayed on the screen for 750 milliseconds in the Long SOA 

trials and 250 milliseconds in the Short SOA trials.  

After the white homograph disappeared from the screen, either a word or a non-

word target was presented in yellow at the same location and remained there until all 

participants made a response by clicking the mouse. The participants were instructed to 

left-click the mouse if the target was a word and right-click if the target was not a word. 

The speed and accuracy of each participant‟s responses were recorded by the computer.  

There was a two-second inter-trial interval displaying a blank screen before the next 

trial began. The participants were given the option to take a self-paced break after every 40 

trials. 

 

Figure 2. Structure of Long SOA trials of the priming task with SOA manipulation 

(Experiment One) 

++

2000 ms

White 
homograph

750 ms

Yellow target

--> mouse click

Blank screen

2000 ms
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Figure 3. Structure of Short SOA trials of the priming task with SOA manipulation 

(Experiment One) 

Trial Structure across Task 

 As mentioned above, 160 stimulus quintets were used in the present experiment. 

Each quintet consists of one homograph and four candidate targets. Eighty were 

Experimental Homograph quintets, each containing an Experimental Homograph. 80 were 

Filler Homograph quintets, each containing a Filler Homograph.  

Half of the trials were the experimental trials, each of which began with an 

Experimental Homograph. The other half of the trials were filler trials, each of which 

began with a Filler Homograph. Filler trials were introduced as per Richards and French‟s 

(1992) original study, to reduce the salience of the differential emotional tones of the 

Experimental Homographs‟ alternative interpretations.  

Experimental Trials. Eighty Experimental Homographs were each presented twice 

as primes across the 160 experimental trials, once in the Short SOA Condition and once in 

the Long SOA Condition. Eighty of these 160 experimental trials were word target trials, 

whereas the remaining 80 were non-word target trials.  

++

2000 ms

White 
homograph

250 ms

Yellow target

--> mouse click

Blank screen

2000 ms
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The data of interest came from the 80 word target trials. These trials could appear 

in the following conditions, summarised in Table 5 below.  

Table 5. Experimental word target trials across different conditions (number of trials in 

brackets) 

 
Experimental (80) 

Priming 

Condition 

Primed (40) Unprimed (40) 

Target 

Valence 

Negative Associate 

(20) 

Non-Negative 

Associate (20) 
Negative Foil (20) 

Non-Negative 

 Foil (20) 

SOA 

Condition 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

Short 

SOA 

(10)  

Long 

SOA (10) 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

 

Referring to Table 5 above, half of the word target trials appeared with targets 

semantically related to their Experimental Homographs. These were the Primed trials. By 

comparison, the remaining 40 word target trials appeared with targets semantically 

unrelated to either meaning of their Experimental Homographs. These were the Unprimed 

trials. 

 Twenty of the 40 Primed trials were presented with Negative Associates related to 

the negative meaning of their Experimental Homographs as targets. These were the 

Negative Target trials.  
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 Ten Negative Target trials appeared with SOA of 250 milliseconds. These were the 

Short SOA trials. The other 10 appeared with SOA of 750 milliseconds. These were the 

Long SOA trials.  

The other 20 Primed trials were presented with Non-Negative Associates related to 

the non-negative meaning of their Experimental Homographs as targets. These trials were 

presented in the Non-Negative Target condition. Ten trials were presented in the Short 

SOA Condition and the other 10 were presented in the Long SOA Condition.  

 Half of the 40 Unprimed trials were presented with Negative Foils unrelated to the 

Experimental Homographs as targets. These were the Negative Target trials.  

Ten Negative Target trials appeared in the Short SOA Condition, while the other 10 

appeared in the Long SOA Condition.  

The other 20 Unprimed trials were presented with Non-Negative Foils unrelated to 

the Experimental Homographs as targets. These were the Non-Negative Target trials. Ten 

trials appeared in the Short SOA Condition, while the other 10 appeared in the Long SOA 

Condition. 

 Finally, the remaining 80 experimental trials were non-word target trials. Half of 

these were presented in the Short SOA Condition, while the remaining half were presented 

in the Long SOA Condition.  

 Filler Trials. Each of the 80 Filler Homographs was presented as primes twice 

across the 160 filler trials, being once in the Short SOA Condition and once in the Long 

SOA Condition. Eighty of these 160 filler trials were word target trials whereas the 
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remaining 80 filler trials were non-word target trials. The word target trials are summarised 

in Table 6. 

Table 6. Filler word target trials across different conditions (number of trials in brackets)  

  Fillers (80) 

Priming 

Condition 
Primed (40) Unprimed (40) 

 
Associate A (20) Associate B (20) Foil A (20) Foil B (20) 

SOA 

Condiiton 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

Short 

SOA 

(10)  

Long 

SOA 

(10) 

 

Referring to Table 6 above, half of the word target trials appeared with targets 

semantically related to their Filler Homographs. These were the Primed trials. The 

remaining 40 word target trials appeared with targets semantically unrelated to either 

meaning of their Filler Homographs. These were the Unprimed trials.  

Twenty of the 40 Primed trials were presented with Associate A as targets, which 

was related to one meaning of the Filler Homographs. 10 trials appeared in the Short SOA 

Condition. The other 10 appeared in the Long SOA Condition.  

The other 20 Primed trials were presented with Associate B as targets, which was 

related to the other meaning of their Filler Homographs. 10 of these trials were presented in 

the Long SOA Condition, while the other 10 were presented in the Short SOA Condition.  
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Half of the 40 Unprimed trials were presented with Foil A as targets. 10 trials 

appeared in the Short SOA Condition, and the other 10 appeared in the Long SOA 

Condition. The other 20 of the Unprimed trials were presented in trials with Foil B as 

targets. 10 trials appeared in the Short SOA Condition, and the other 10 appeared in the 

Long SOA Condition. 

Finally, the remaining 80 filler trials were non-word target trials. Half of the trials 

were presented in the Short SOA Condition while the remaining half presented in the Long 

SOA Condition.  

Assignment of stimulus quintets to experimental conditions was balanced across 

participants. After every 16 participants in each group were tested, each homograph had 

been presented once in each of the 16 possible conditions.  

Table 7. Critical trials of the priming task with SOA manipulation (Experiment One)
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All the 320 trials of the present experiment are summarised in Table 7 above. The 

latencies for correctly identifying word targets as words in the experimental trials formed 

the data capable of testing the High Trait Anxious participants‟ interpretive bias, favouring 

the negative interpretation of the Experimental Homographs. This was compared to the 

interpretations of the Low Trait Anxious participants. Only the latencies in making correct 

responses on these trials were, therefore, important in assessing the anxiety- linked 

interpretive bias.  

Moreover, participants showing low overall accuracy on lexical decision-making 

might not yield useful data for testing the anxiety-linked interpretive bias. As a result, 

participants showing less than 75% overall accuracy were excluded from the analyses. This 

data were affected by the three within-subject factors, being: Priming Condition, Target 

Valence and SOA Condition. 

If the High Trait Anxious participants favoured the negative interpretations of the 

Experimental Homographs, their degree of speeding on the lexical decision in the Primed 

trial will be greater when the Target Valence was Negative as opposed to Non-Negative. 

The degree of speeding is referenced against such speeding in the Unprimed trials. Of 

course, High Trait Anxious participant results were also compared to Low Trait Anxious 

participant results.  

If such an anxiety- linked interpretive bias operates automatically, then the above effect 

should be equally evident in the Short SOA and Long SOA Condition. However, if the 

anxiety- linked interpretive bias operates strategically it thus requires longer to take place.  

The above effect will, therefore, be attenuated in the Short SOA Condition because the 
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Short SOA will reduce the amount of time for strategic processing while leaving the Long 

SOA Condition relatively unaffected.  

Procedure 

 Participants began by reading an information sheet about the experiment and 

signing an informed consent form. Next, participants completed the: 

 State Anxiety subscale of the State-Trait Anxiety Inventory (STAI-S; Spielberger et 

al., 1983) 

 Trait Anxiety subscale of the State-Trait Anxiety Inventory (STAI-T; Spielberger et 

al., 1983)  

 Beck Depression Inventory II (BDI-II; Beck, Steer & Brown, 1996).  

 The participants then read detailed instructions as to how to perform the computer 

task. 

Participants were informed that each trial was indicated by a tone and they must 

fixate centrally on the two white crosses on the computer screen, not taking any action 

when the white word appeared. Participants were advised that when the yellow target 

appeared on screen, they must indicate whether it was a word or not as quickly as possible 

by clicking on the mouse. A left-click indicated it was a word while a right-click indicated 

it was not.  

Before the actual experimental session began, each participant performed 32 

practice trials similar to the priming task of the actual experiment. Half of these practice 
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trials had short SOA of 250 milliseconds and the other half of them had long SOA of 750 

milliseconds.  

The primes of these practice trials were all unambiguous non-negative words. In 

half the trials, the primes were followed by word targets while in the other half they were 

followed by non-word targets.  

Among the word target trials, half of the targets were semantically related to the 

primes while the other half were unrelated. Any questions from the participants were 

addressed prior to the actual experiment.                     
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Results 

The experiment met a challenge in that some participants that had attained either 

High Trait Anxious or High Trait Anxious classification based on their STAI-T score 

during the initial screening, no longer warranted their classifications at the test time. While 

this is inevitable to some extent, it is still of concern to the present experiment.  

The challenge was addressed by performing a median split on the STAI-T score affected 

participants received during the experimental session. This resulted in the following 

participants being excluded: 

 High Trait Anxious participants whose STAI-T score at test time fell into the lower 

half of the median split 

 Low Trait Anxious participants whose STAI-T scores at the test time fell into the 

upper half, of the median split 

These exclusions were in addition to those mentioned earlier, whereby participants 

whose overall accuracy level fell below 75 % in the task were also excluded from the 

analyses below. In total, 16 participants were excluded based on these exclusion criteria. 

Eleven High Trait Anxiuos participants and no Low Trait Anxious participants were 

excluded based on the STAI-T scores; 2 High Trait Anxious participants and 3 Low Trait 

Anxious participants were excluded based on their accuracy on the task. The remaining 19 

participants in the High Trait Anxiety Group and the 29 participants in the Low Trait 

Anxiety Group were included in the following analysis.  
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Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 57.26 (SD = 8.75) while that of the Low Trait Anxiety group was 30.03 

(SD = 3.72). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment: t(46) = 13.31, p < .001, d  = 4.37.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 

analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 48.79 (SD = 11.47) while that of the Low Trait Anxiety group was 30.28 (SD = 7.38).  

The two groups were significantly different from each other in STAI-S scores, t(46) = 

6.82, p < .001, d = 1.96. The average score on the Beck Depression Inventory (BDI-II) for 

the High Trait Anxiety group was 18.47 (SD = 8.12) while that of the Low Trait Anxiety 

group was 4.83 (SD = 3.57).  

The two groups were significantly different from each other in terms of their BDI 

scores, t(46) = 12.82, p < .001, d = 2.33. The average scores and the standard deviations (in 

brackets) on the above three emotional measures of the High Trait Anxiety and Low Trait 

Anxiety groups, are presented in Table 8 below. 



64 
 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference  in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Nine participants in the High Trait 

Anxiety Group were males and 10 were females. Fourteen participants in the Low Trait 

Anxiety Group were males while 15 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 48) = 0.004, p = .951.  

The High Trait Anxiety Group had a mean age of 19.21 (SD = 1.84), whereas the 

mean age of the Low Trait Anxiety Group was 18.62 (SD = 2.19). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(46) = 0.97, p = 

.34 d = 0.29.  
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Table 8. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of the Lexical Decision Latencies 

Table 9 below presents the average median lexical decision latencies under each of 

the eight conditions for the High Trait Anxious and Low Trait Anxious Groups. The lexical 

decision latencies data are shown in milliseconds and standard deviations are shown in 

brackets. Medians were used as the preferred central tendency measure for the following 

analysis because they are less likely to be affected by outliers. A number of studies in the 

literature have also employed median reaction latencies data in their analyses for the same 

reason (e.g. Anderson, 1999; Beauducel & Brocke, 1993; Miller & Lopes, 1988; 

Tellinghuisen & Nowak, 2003). 

 

 Mean STAI –

T (Trait 

Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-II 

score 

Gender Mean Age 

Male N Female 

N 

High Trait 

Anxiety 

Group 

57.26 

(8.75) 

 

48.79  

(11.47) 

18.47 

(8.12) 

9 10 19.21 

(1.84) 

Low Trait 

Anxiety 

Group 

30.03 

(3.72) 

30.28 

(7.38) 

 

4.83 

(3.57) 

14 15 19.62 

(2.19) 
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Table 9. Median lexical decision latencies (with standard deviations in brackets)  

SOA 

Condition 

Target Valence Prime Condition Trait Anxiety Group 

High Trait Anxiety 

Group 

Low Trait Anxiety 

Group 

Short SOA 

Condition 

Negative 

Target 

Primed Condition 581.00 (132.28) 602.81 (121.02) 

Unprimed Condition 
584.17 (129.87) 636.41 (139.79) 

Non-Negative 

Target 

Primed Condition 575.33 (108.94) 593.13 (106.40) 

Unprimed Condition 576.67 (105.06) 612.34 (122.41) 

Long SOA 

Condition 

Negative 

Target 

Primed Condition 585.50 (98.89) 629.22 (122.91) 

Unprimed Condition 616.00 134.37 630.78 (152.17) 

Non-Negative 

Target 

Primed Condition 589.17 (124.01) 630.47 (144.54) 

Unprimed Condition 617.33 (140.44) 635.78 (104.69) 

 

These data were analysed using a 2X2X2X2 four-way mixed design analysis of 

variance (ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS 

Low Trait Anxiety Group) as the between-group factor, together with the three within-

subject factors being: Priming Condition (Primed Condition VS Unprimed Condition); 

Target Valence (Negative Target VS Non-Negative Target); and SOA Condition (Short 

SOA Condition VS Long SOA Condition).  

 Two statistically significant main effects emerged from this analysis. First, there 

was a significant main effect of SOA Condition, F(1, 46) = 4.53, p = .04, η=.09, due to the 

fact that the participants demonstrated shorter lexical decision latencies under the Short 
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SOA Condition (M = 613.52, SD = 121.62) than under the Long SOA Condition (M = 

631.67, SD = 127.28).  

There was also a significant main effect of Priming Condition F(1, 46) = 7.22, p 

=.01, η=.14. The participants generally demonstrated shorter lexical decision latencies 

under the Primed condition (M = 613.44, SD = 116.11), when the targets were preceded by 

a semantically related prime, than under the Unprimed condition (M = 631.74, SD = 

132.79), when the targets were preceded by a semantically unrelated prime. This main 

effect of Priming Condition confirms that, as predicted, the processing of targets was faster 

when preceded by semantically related prime.  

Most importantly, the predicted Priming condition X Target Valence X Trait 

Anxiety Group interaction was not significant F(1, 46) = 0.18, p = .68, η=.00. This meant 

that the High Trait Anxious participants, relative to the Low Trait Anxious participants, did 

not demonstrate significantly greater priming effect on the Negative Targets in comparison 

to the Non-Negative targets. Neither such interaction included a higher order interactive 

effect including SOA Condition, as the four-way interaction of all four factors did not 

approach significance, F(1, 46)  = 0.06, p = .80, η=.00. 

Subsidiary Analyses 

One can never confidently conclude that an effect does not exist on the basis of the 

lack of statistically significant results. This lack of effect could be explained by limitations 

of the measures, therefore, it is appropriate to conduct subsidiary analyses to address these 

possibilities before a conclusion is drawn. The present experiment required such subsidiary 

analysis before concluding that the High Trait Anxious participants did not demonstrate the 

hypothesised anxiety-linked interpretive bias.  
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For example, if the effects were to be manifested by unusually longer latencies in 

one condition relative to another, rather than a general shift in latencies, the effects will be 

undetectable in the median lexical decision latencies data. This might emerge, however, if 

mean lexical decision latencies data is being analysed.  

Moreover, the exclusion of participants using the above mentioned criteria might 

also limit the statistical power of the analysis by rendering it less sensitive in detecting the 

effect. The following subsidiary analyses were therefore carried out:  

Mean lexical decision latencies data were analysed 1. The analysis generated the 

same pattern of results as the earlier median lexical decision latencies data analysis. 

Specifically, there was a significant main effect of SOA Condition F(1, 46) = 4.62, p = .04, 

η=.09. The participants demonstrated shorter lexical decision latencies under the Short 

SOA Condition (M = 613.57, SD = 121.54) than under the Long SOA Condition (M = 

631.95, SD = 127.06).  

There was also a significant main effect of Priming Condition, F(1, 46) = 6.94, p 

=.01, η=0.13. The participants demonstrated shorter lexical decision latencies under the 

Primed condition (M = 613.78, SD = 115.81) than under the Unprimed condition (M = 

631.74, SD = 132.79). However, the Priming Condition X Target Valence X Trait Anxiety 

Group interaction was not significant, F(1, 46) = 0.18, p = .67, η=.00. Neither such 

interaction included in a higher order interactive effect including SOA condition, as the 

                                                                 
1
 For the mean lexical decision latencies data, apart from the trials associated with an incorrect response,  the 

trials with response latencies shorter than 200 milliseconds or longer than 3000 milliseconds were also 

marked as errors. The upper limit of 3000 milliseconds was the one chosen in Richards and French‟s (1992) 

original study. The 200-millisecond lower limit was chosen based on the research evidences which agreed 

upon the mean reaction time for v isual stimuli is between 180 to 200 milliseconds (Brebner and Welford, 

1980; Fieandt et al., 1956; Galton, 1899;  Welford, 1980;Woodworth and Schlosberg, 1954).  
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Priming Condition X Target Valence X Trait Anxiety Group X SOA condition four-way 

did not reach significant, F = 0.06, p = .81, η=.00. 

  The median and mean lexical decision latencies data were then re-analysed. This 

time all 64 participants were included. There were no exclusions being made. These 

analyses again generated very similar patterns of results. The only difference was a 

significant Priming Condition X Trait Anxiety Group X SOA Condition interaction on both 

the median lexical decision latencies data F(1, 46) = 4.23, p =.04, η=0.07, and the mean 

lexical decision latencies data, F(1, 46) = 4.83, p =.03, η=.07. Breaking down this three-

way interaction has demonstrated that under the Long SOA Condition, the simple main 

effect of Priming Condition was only significant among the High Trait Anxious 

participants F (1, 29) = 12.67, p < .001, η= 0.34, but not significant among the Low Trait 

Anxious participants F (1, 31) = .119, p = .732, η= 0.00. 2 

 However, this three-way interaction was not included in a higher order interaction 

including Target Pair Valence. The four-way Priming Condition X Trait Anxiety Group X 

SOA Condition X Target Valence interaction was not significant, F(1, 46) = 0.14, p =.71, 

η=.00. There is no evidence to show that, in the Long SOA trials, the High Trait Anxiety 

Group demonstrated greater priming effect on the Negative Targets relative to the Non-

Negative Targets, relative to the Low Trait Anxiety Group.  

  Additional 2X2X2X2 4-way ANOVA was also performed with BDI (High BDI VS 

Low BDI), rather than Trait Anxiety, as the between-group factor, on the median lexical 

decision latencies data. A median split was first performed on the BDI scores, those who 

                                                                 
2
 These simple main effects of Priming Condition listed were on the median lexical decision latencies data.  
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fell into the upper half of the split were allocated to the Low BDI group and those who fell 

into the upper half were allocated to the High BDI group.  

Neither the three-way Priming Condition X Target Valence X BDI interaction, F(1, 

60) = 0.04, p =.85, η=.001, nor the four-way Priming Condition X Target Valence X SOA 

X BDI interaction, F(1, 60) = 0.00, p =.99, η=.00, was statistically significant. Therefore, 

depression was not found to be associated with an interpretive bias favouring negative 

interpretation of ambiguous words favouring both negative and non-negative 

interpretations.  

Discussion 

In summary, the data generated by the analyses does not support the hypothesised 

anxiety- linked interpretive bias. The statistically significant main effect of Priming 

Condition indicated that the Experimental Homographs successfully primed the processing 

of the semantically related targets. The relative magnitude of such priming effect upon the 

Negative Associates and the Non-Negative Associates did not, however, differ between the 

High Trait Anxiety and Low Trait Anxiety Group.  

The results indicated that the High Trait Anxious participants did not preferentially 

impose negative interpretations upon the Experimental Homographs when compared to the 

Low Trait Anxious participants, regardless of whether or not the prime-target SOA allowed 

this hypothesised interpretive bias to operate strategically.  The results did not, therefore, 

support the hypothesis that the High Trait Anxious individuals preferentially impose 

negative interpretation upon ambiguous homographs that allow both negative and non-

negative interpretations, either automatically or strategically. 
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EXPERIMENT TWO 

PRIMING TASK WITH COGNITIVE LOAD MANIPULATION 

The present experiment also employed the priming task used by Richards and 

French (1992) to test the hypothesised anxiety- linked interpretive bias. It capitalised upon 

the capacity- independent nature of automatic cognitive processing to distinguish 

automatically mediated from strategically mediated effects.  

As earlier discussed, models generally agree that automatic cognitive processing is 

capacity- independent (e.g. Broadbent, 1958; Deutsch & Deutsch, 1963; Schiffrin & 

Schneider, 1977). The dual-task paradigm was often used to determine whether the 

performance of a task requires cognitive resources to take place.  

 According to the perceptual load theory proposed by Nilli Lavie (Lavie, 1995; 

Lavie & Tsal, 1994) proposes that attentional capacity is limited. The amount of attentional 

capacity allocated to a task depends on its perceptual load. When the perceptual load of a 

task is low thus does not consume much cognitive resources, this will leave spare cognitive 

capacity to „spill over‟ and allow processing of other information. On the other hand, if the 

perceptual load of the task is high this should consume full capacity, leaving no cognitive 

resources available for perceiving other information.  

 Therefore, if the hypothesised anxiety- linked interpretive bias is low on perceptual 

load and does not require much cognitive resources to take place, the processing of the bias 

would still be permitted even when the individual has to perform a task with high 

perceptual load concurrently. However, if such bias requires huge amount of cognitive 

resources to take place, there will not be sufficient cognitive resources for the bias to 

operate if the cognitive capacity is fully occupied by performing the other task with high 
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perceptual load simultaneously. For example, various technique such as imposing an 

additional memory load or a dual task load, were introduced to interfere with the amount of 

cognitive resources available for the main task (e.g. D‟Abrescia & Lavie, 2007; Lavie, 

2004). 

The dual-task technique involved participants completing a central task that was 

performed simultaneously with a demanding secondary task requiring plenty of cognitive 

resources to be completed successfully. An example of the secondary task could be 

memorising strings of digits. In Hermans, Crombez, and Eelen (2000) study, the 

participants were asked to perform a priming task while they recited a series of digits. The 

magnitude of priming effect was found to be unaffected by the amount of mental load 

imposed by reciting the series of digits, indicating that the priming effect is capacity-

independent. 

If the central task operates strategically it will compete with the secondary task for 

the limited pool of cognitive resources, thus the performance will deteriorate. Alternatively, 

if the central task operates automatically its performance will not be interfered by the 

secondary task because a lack of capacity is not an issue.  

This dual task method was often used to investigate changes in performance during 

skill acquisition. Dual-task interference often reduced or even disappeared after sufficient 

training on the central task, indicating that performance of a novel task will become 

automatic as training proceeds (e.g. Bahrick & Shelly, 1958; Spelke, Hirst, & Neisser, 

1976).  
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The present experiment has therefore incorporated a digit string maintenance task as 

secondary task. Here, participants had to maintain a digit string in their memory while 

performing the primary priming task.  

The amount of cognitive load imposed by the digit strings was manipulated. In half 

of the trials, memorising the digit strings did not impose much cognitive load. By 

comparison, in the other half of the trials, the digit str ings required plenty of cognitive 

resources to be maintained in one‟s memory.  

When this cognitive load is high, it should more strongly attenuate the opportunity 

for strategic processing without affecting the opportunity for automatic processing. The 

differential involvement of automatic and strategic processing underlying the anxiety-

linked interpretive bias can therefore be detected.  

 In a review of the dual- task paradigm, Baddeley (1988) suggested that a digit string 

length of about six digits was often found to be sufficient to demonstrate clear and reliable 

interference on the primary task performance. A digit string length of six digits was 

therefore employed in the present experiment.  

Factors 

As shown in Table 10 below, this experiment has a 2X2X2X2 mixed design.  Similar to 

Experiment 1, Trait Anxiety Group is the between-group factor (High Trait Anxiety Group 

VS Low Trait Anxiety Group), Priming Condition (Primed VS Unprimed) and Target 

Valence (Negative VS Non-Negative) are the within-subject factors. The within-subject 

factor associated with automaticity is Cognitive Load Condition (High Cognitive Load VS 

Low Cognitive Load) in the present experiment.  
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Table 10. Factor table for the priming task with cognitive load manipulation (Experiment 

Two) 

Trait 

Anxiety 

Group 

Cognitive 

Load 

Condition 

Target 

Valence 

Priming 

Condition 

High Trait 

Anxiety 

Group 

High 

Cognitive 

Load 

Negative 
Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low 

Cognitive 

Load 

Negative 
Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low Trait 

Anxiety 

Group 

High 

Cognitive 

Load 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low 

Cognitive 

Load 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 
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Cognitive Load Condition (High Cognitive Load VS Low Cognitive Load): The participants 

had to maintain a six-digit string presented to them at the beginning of each trial and 

maintain it in their memory during the priming task. The amount of cognitive load imposed 

by the digit string maintenance task was manipulated. Half of the trials were under the Low 

Cognitive Load Condition, in which the participants had to maintain a six-digit string of 

„000000 in their memory while they were performing the priming task. Since this digit 

string maintenance task imposed minimal cognitive load to take place, it should leave the 

opportunity for both strategic and automatic processing little affected.  

 The other half of the trials were under the High Cognitive Load Condition, in which 

the participants had to maintain a random six-digit string such as „798563‟ in their memory 

while they were performing the priming task. This relatively High Cognitive Load should 

more strongly influence the opportunity for strategic processing while leaving the 

opportunity for automatic processing relatively unaffected. Only strategic processing, not 

automatic processing should therefore be compromised in the High Cognitive Load relative 

to the Low Cognitive Load Condition.  

Methods 

Participants 

The 64 participants in the present experiment were selected in exactly the same 

manner as in Experiment 1. The characteristics of these 64 participants are presented under 

Table 11 below.  
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Table 11. Characteristics of participants in Experiment Two (Standard Deviations in 

brackets) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 11 shows, 9 participants in the High 

Trait Anxiety group were males while 23 were females. This contrasts with the Low Trait 

Anxiety group, in which 10 participants were males and 22 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups, χ2 (1, N = 64) = 0 

.08, p = .78. 

The High Trait Anxiety Group had a mean age of 18.00 (SD = 1.24), whereas the 

mean age of the Low Trait Anxiety Group was 18.22 (SD = 1.86). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(62) = 0.55, p = 

.58 d = 0.14. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

 Gender Mean Age Mean STAI –T (Trait 

Anxiety) score  Male N Female N 

High Trait Anxiety Group 9 23 18.00 

(1.24) 

48.91 

(7.12) 

Low Trait Anxiety Group 10 22 18.22 

(1.86) 

29.19 

(5.06) 
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Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 48.91 (SD = 7.12), while the 

average STAI-T score of the Low Trait Anxiety group was 29.19 (SD = 5.06). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(62) = 

12.78, p < .001, d = 3.24. 

Materials 

 The stimulus materials, emotional questionnaires and experimental hardware 

employed in the current experiment are exactly the same as those employed in Experiment 

One.  

Task Structure 

Structure of Individual Trial 

The experiment consisted of 320 trials. In each trial, the participants had to perform 

two tasks concurrently, being:  

The primary task: This was the original priming task under which participants had 

to make lexical decision on the target letter string to determine whether it was a word or a 

non-word.  

The secondary task: This was the digit string maintenance task, which required 

participants to maintain a digit string in memory throughout the whole trial. The aim was to 

determine whether a final digit string presented at the end of the trial was the same as the 

one presented at the commencement of the trial.  
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The structure of each individual trial is presented in Figure 4 below. Each trial began 

with a tone that indicated a new trial. This was followed by two white crosses in the middle 

of the screen for two seconds. A white digit string of six digits was then presented at the 

centre of the computer screen for 750 milliseconds. The participants had to memorise this 

digit string and maintain it in their memory throughout the trial by repeating it out loud. 

The digit string was then followed by the presentation of a white homograph which 

replaced the white digit string at the same location and stayed on the screen for another 750 

milliseconds. 

 

Figure 4. Structure of individual trial of the priming task with load manipulation 

(Experiment Two) 

After the white homograph disappeared from the screen, either a word or a non-

word target was presented in yellow at the same location. It remained there until the 

participants made a response by clicking the mouse. A left-click indicated the target was a 

word, while a right-click indicated it was not. The speed and accuracy of each participant‟s 

response were recorded by the computer.  

Registration of participants‟ response resulted in the presentation of a yellow digit 

string of six digits at the centre of the screen. This was either the same as or different from 

++

2000 ms

White digit 
string

750 ms

White 
homograph

750 ms

Yellow target

--> mouse click

Yellow digit 
string

--> mouse click

Blank screen

2000 ms
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the first white digit string. This digit string remained on the screen until the participants 

responded by clicking the mouse. A left-click indicated that the first and the second digit 

strings presented on that trial were the same. A right-click indicated they were different. 

The speed of each participant‟s response was recorded by the computer.  

There was a two-second inter-trial interval displaying a blank screen before the next 

trial began. The participants were given the option to take a self-paced break after every 40 

trials.  

Trial Structure across Task 

The trial structure across task of the present experiment is the same as that of 

Experiment 1 with the exception that the trials associated with automaticity are the High 

Cognitive Load trials and the Low Cognitive Load trials. The experimental word target 

trials are summarised in Table 12 and the filler word target trials were summarised in Table 

13. 
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Table 12. Experimental word target trials across different conditions (number of trials in 

brackets) 

 

 Experimental Trials. Referring to Table 12 above, half of the experimental word 

target trials were Primed trials and the other half were Unprimed trials.  

 Among the Primed trials, half were Negative Target trials, 10 of these appeared in 

trials under which the digit strings were made up of six random numbers, which imposed 

high cognitive load on the participants.  These were the High Cognitive Load trials. The 

other 10 appeared in trials under which the digit strings were „000000‟ which imposed low 

cognitive load on the participants. These were the Low Cognitive Load trials.  

 The remaining half of the Primed trials were Non-Negative Target trials, 10 of these 

trials were High Cognitive Load trials and the other 10 were Low Cognitive Load trials. . 

These trials were presented in the Non-Negative Target condition. Ten of these 20 Non-

Negative Target trials were presented in the High Cognitive Load Condition, while the 

other 10 were presented in the Low Cognitive Load Condition.  

 

Experimental (80) 

Priming 

Condition 

Primed (40) Unprimed (40) 

Target 

Valence 

Negative Associate 

(20) 

Non-Negative 

Associate (20) 

Negative Foil (20) 

Non-Negative 

 Foil (20) 

Cognitive 

Load 

Condition 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 
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 The remaining 40 experimental word target trials were Unprimed trials. Twenty of 

these trials appeared under the Negative Target condition, 10 of them were Low Cognitive 

Load trials and the other 10 were High Cognitive Load trials. The other Twenty of these 

trials appeared under the Non-Negative Target condition, 10 of them were Low Cognitive 

Load trials and the other 10 were High Cognitive Load trials.  

 Finally, the remaining 80 experimental trials were non-word target trials. Half of 

these were presented in the High Cognitive Load Condition, while the remaining half 

presented in the Low Cognitive Load Condition.  

 Filler Trials. Eighty of the 160 filler trials were word target trials, whereas the 

remaining 80 were non-word target trials.  

Table 13. Filler word target trials across different conditions (number of trials in brackets)  

 

 Referring to Table 13 above, half of the word target trials were Primed trials. The 

remaining 40 word target trials were Unprimed trials.  

  Fillers (80) 

Priming 

Condition 

Primed (40) Unprimed (40) 

 

Associate A (20) Associate B (20) Foil A (20) Foil B (20) 

Cognitive 

Load 

Condition 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 

High 

Cognitive 

Load 

(10)  

Low 

Cognitive 

Load 

(10) 
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 Twenty of the 40 Primed trials were presented with Associate A as target, 10 of 

these 20 trials appeared in the High Cognitive Load Condition. The other 10 appeared in 

the Low Cognitive Load Condition.  

 The other 20 Primed trials were presented with Associate B as target, 10 trials were 

presented in the Low Cognitive Load Condition, while the other 10 were presented in the 

High Cognitive Load Condition.   

 Half of the 40 Unprimed trials were presented with Foil A as targets. Ten of these 

20 trials appeared in the High Cognitive Load Condition, while the other 10 appeared in the 

Low Cognitive Load Condition.   

 The other 20 Unprimed trials were presented with Foil B as targets. Ten of these 20 

trials appeared in the High Cognitive Load Condition, while the other 10 appeared in the 

Low Cognitive Load Condition. 

 Finally, the remaining 80 filler trials were non-word target trials. Half of these were 

presented in the High Cognitive Load Condition, while the remaining half were presented 

in the Low Cognitive Load Condition.  

 Similar to Experiment One, assignment of stimulus quintets to experimental 

conditions was balanced across participants.  
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Table 14. Critical trials of the priming task with cognitive load manipulation (Experiment 

Two)

 

 All the 320 trials of the present experiment are summarised in table 14 above. 

Similar to Experiment One, only the latencies for correctly identifying word targets as 

words in the experimental trials were analysed.  Additionally, participants showing less 

than 75% overall accuracy were also excluded from the analyses. These data were affected 

by the three within-subject factors: Priming Condition, Target Valence and Cognitive Load 

Condition.  

 If the High Trait Anxious participants favoured the Negative interpretations of the 

Experimental Homographs, their degree of speeding on the lexical decision of the Primed 

relative to the Unprimed trials, in other words, the priming effect, will be greater when the 
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Target Valence was Negative than when the Target Valence was Non-Negative. This is 

relative to the results for Low Trait Anxious participants.  

 If such an anxiety-linked interpretive bias operates automatically, then the above 

effect should be equally evident in the High Cognitive Load and the Low Cognitive Load 

Condition. If the anxiety- linked interpretive bias operates strategically, however and 

requires a relatively large amount of cognitive capacity to occur then the above effect will 

be attenuated in the High Cognitive Load Condition. This is because the High Cognitive 

Load imposed by the random digit string will reduce the opportunity for strategic 

processing to take place, while the Low Cognitive Load Condition will be relatively 

unaffected.  

Procedure 

 Similar to Experiment One, participants were given instructions on how to perform 

the computer task after signing the informed consent form and the completing emotional 

questionnaires.  

 Participants were informed that each trial was indicated by a tone and they must 

fixate centrally on the two white crosses on the computer screen. When the white digit 

string appeared, they had to memorise it by reading it out loud. Participants were not to take 

any action when the white word appeared. When the yellow target appeared on screen, the 

participants had to indicate whether the target was a word or not as quickly as possible by 

clicking on the mouse. A left-click indicated it was a word while a right-click indicated it 

was not. When the yellow digit string appeared, the participants had to determine whether 

the digital string was the same as the first white digit they had memorised. They had to do 
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this as quickly as possible by clicking on the mouse. A left-click indicated the two digit 

strings were the same, while a right-click indicated they were not.  

 Before the actual experimental session began, each participant performed 32 

practice trials in which they maintained the digit string in the memory while performing a 

priming task. Half of these trials were High Cognitive Load trials while the other half were 

Low Cognitive Load trials.  

 The primes and the targets used in these practice trials were the same as those in 

Experiment One. Any questions from the participants were addressed prior to the actual 

experiment.  
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Results 

 Similar to the previous experiment, a median split on the STAI-T score the 

participants received during the experimental session was performed. Participants were 

excluded based on the same exclusion criteria used in Experiment One.  

15 participants were excluded based on these exclusion criteria. Eleven High Trait 

Anxious participants and no Low Trait Anxious participants were excluded based on their 

STAI-T scores; 1 High Trait Anxious participant and 3 Low Trait Anxious participants due 

to low accuracy levels on the task. The remaining 20 participants from the High Trait 

Anxiety Group, and the remaining 29 participants from the Low Trait anxiety Group, were 

included in the following analysis.  

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 53.20 (SD= 5.36) while that of the Low Trait Anxiety group was 28.41 

(SD = 4.63). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(47) = 17.28, p < .001, d = 4.96.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 
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analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 47.45 (SD = 9.25) while that of the Low Trait Anxiety group was 26.69 (SD = 5.27). 

The two groups were significantly different from each other in STAI-S scores, t(47) = 9.99, 

p <.001, d = 2.86. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 16.25 (SD = 7.25) while that of the Low Trait Anxiety group was 5.21 

(SD = 5.90). The two groups were significantly different from each other in terms of their 

BDI scores, t(47) = 5.87, p < .001, d = 1.68. 

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 15 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretatio n are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Six participants in the High Trait 

Anxiety Group were males and 14 were females. Ten participants in the Low Trait Anxiety 

Group were males while 19 were females. These gender ratios did not differ significantly 

between the two Trait Anxiety Groups, χ2 (1, N = 49) = 0.108, p = .742.  

The High Trait Anxiety Group had a mean age of 18.05 (SD = 1.43), whereas the 

mean age of the Low Trait Anxiety Group was 18.21 (SD = 1.95). The mean age of the 
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participants in each Trait Anxiety Group was not significantly different, t(47) = 0.31, p = 

.76, d = 0.09.  

Table 15. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 Mean STAI-T 

(Trait 

Anxiety) 

score 

Mean STAI-S 

(State 

Anxiety)  

score 

Mean BDI-II 

score 

Gender Mean Age 

Male N Female 

N 

High Trait 

Anxiety 

Group 

53.20  

(5.36) 

47.45  

(9.25) 

 

16.25  

(7.25) 

 

6 14 18.05 

(1.43) 

Low Trait 

Anxiety 

Group 

28.41  

(4.63) 

 

26.69  

(5.27)  

5.21  

(5.90) 

 

10 19 18.21 

(1.95) 

 

Analysis of the Lexical Decision Latencies 

 Table 16 below presents the average median lexical decision latencies under each of 

the eight conditions for the High Trait Anxious and Low Trait Anxious groups. These 

lexical decision latencies data are shown in milliseconds and standard deviations are shown 

in brackets. 
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Table 16. Median lexical decision latencies (with standard deviations in brackets)  

Cognitive Load 

Condition 

Target 

Valence 

Prime Condition Trait Anxiety Group 

High Trait 

Anxiety 

Low Trait 

Anxiety 

High Cognitive 

Load Condition 

Negative 

Target 

Primed Condition 

894.52 (256.91) 838.23 (295.91) 

Unprimed 

Condition 854.86 (193.92) 830.10 (276.13) 

Non-

Negative 

Target 

Primed Condition 

897.15 (241.11) 765.97 (233.20) 

Unprimed 

Condition 871.73 (234.79) 798.31 (256.79) 

Low Cognitive 

Load Condition 

Negative 

Target 

Primed Condition 
907.45 (241.29) 873.65 (299.38) 

Unprimed 

Condition 908.69 (210.47) 891.44 (308.71) 

Non-

Negative 

Target 

Primed Condition 
866.69 (177.42) 836.27 (263.96) 

Unprimed 

Condition 916.14 (224.03) 868.8 (297.9) 

 

These data were analysed using a 2X2X2X2 four-way mixed design analysis of 

variance (ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS 

Low Trait Anxiety Group) as the between-group factor and three within-subject factors 

being: 
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 Priming Condition (Primed Condition VS Unprimed Condition)  

 Target Valence (Negative Target VS Non-Negative Target)  

 Cognitive Load Condition (High Cognitive Load Condition VS Low 

Cognitive Load Condition).  

 There was a significant main effect of Cognitive Load Condition F (1, 47) = 4.08, p 

= .049, η=0.08, due to the fact that participants demonstrated shorter lexical decision 

latencies under the High Cognitive Load Condition (M = 760.56, SD = 224.32) than under 

the Low Cognitive Load condition (M = 787.70, SD = 235.87). Nonetheless, the effect size 

of this main effect is very small. There was a trend towards a main effect of Target 

Valence, with shorter lexical decision latencies when the targets were Non-Negative (M = 

762.83, SD = 223.31) than when they were Negative (M = 785.43, SD = 236.88), though 

this fell just short of significance, F (1, 47) = 3.62, p =.06, η=.0.07. 

In contrast to the results of Experiment One, the main effect of Priming Condition 

did not approach statistical significance in the present experiment, F (1, 47) = 0.20, p = 

.66, η=0.00. Hence the participants did not show the expected speeding of lexical decision 

latencies under the Primed Condition (M = 768.83, SD = 230.43) relative to the Unprimed 

Condition (M = 779.44, SD = 229.76). 

There was, however, a significant Priming Condition X Cognitive Load Condition 

interaction F (1, 47) =  5.71, p = .02, η=0.11. Simple main effects of Priming Condition for 

each Cognitive Load Condition were analysed independently. The main effect of Priming 

Condition was not significant under the High Cognitive Load Condition F (1, 47) = 1.08, p 

= .303, η = 0.23. On the other hand, there was a trend towards a main effect of Priming 
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Condition under the Low Cognitive Load Condition. Here, there were shorter lexical 

decision latencies under the Prime Condition (M = 730.00, SD = 227.52) than under the 

Unprimed condition (M = 765.30, SD = 256.52), though this fell short of significance, F (1, 

47) = 2.89, p = .10, η=0.58.  

There was also a significant Priming Condition X Trait Anxiety interaction F (1, 

47) = 7.03, p = .01, η=0.13. Two ANOVAs were performed on High Trait Anxious and 

Low Trait Anxious participants separately. There was a main effect of Priming among the 

Low Trait Anxious participants F (1, 28) = 6.56, p = .02, η=0.19, in that they demonstrated 

shorter lexical decision latencies under the Primed Condition than under the Unprimed 

Condition. By contrast, this main effect of Priming Condition was not significant among 

the High Trait Anxious participants, F (1, 19) = 1.78, p =.20, η=0.09.  

The Priming Condition X Target Valence X Trait Anxiety interaction predicted by 

the hypothesised anxiety- linked interpretive bias was not significant, F (1, 47) = 0.04, p = 

.84, η=.00. This meant that High Trait Anxious participants did not demonstrate 

disproportionately greater magnitude of priming on the Negative Targets when compared to 

the Non-Negative Targets. This was of course relative to the Low Trait Anxious 

participants.  

 Neither such an interaction included in a higher order interactive effect including 

Cognitive Load Condition. The Priming Condition X Target Valence X Trait Anxiety X 

Cognitive Load Condition four-way interaction of all four factors did not approach 

significance, F (1, 47) = 1.85, p = .18, η=.04. 
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Subsidiary Analyses 

 As mentioned earlier in Experiment One, one cannot confidently conclude that an 

effect does not exist based on the lack of statistically significant results without considering 

the limitations of the measures.  

 The following subsidiary analyses were performed to address two possible 

limitations. First, median lexical decision latencies analysis might not be sensitive to the 

effects if they were manifested by unusually longer latencies in one condition relative to 

another. Mean lexical decision latencies data were therefore analysed. Additionally, 

analyses including all 64 participants were also conducted to increase the statistical power 

of the experiment in detecting the effect.  

 The median lexical decision latencies data was re-analysed. This time all 64 

participants were included in the analyses. This analysis generated very similar patterns of 

results as the main analysis.  

 Similarly, there was a significant main effect of Cognitive Load Condition F (1, 62) 

= 4.83, p = .03, η=0.07. Participants demonstrated shorter lexical decision latencies under 

the High Cognitive Load Condition (M = 781.92, SD = 237.60) than under the Low 

Cognitive Load condition (M = 820.89, SD = 320.11). The Priming Condition X Cognitive 

Load Condition interaction was also significant F (1, 62) = 4.03, p = .049, η=0.06. The 

only difference with the main analysis was that the Priming Condition X Trait Anxiety 

Group interaction just fell short of statistical significance when all 64 participants were 

included in the analysis, F (1, 62) = 3.98, p = .051, η=0.06. The predicted Priming 

Condition X Target Valence X Trait Anxiety interaction was not significant, F (1, 62) = 

0.32, p = .58, η=0.01. The Priming Condition X Target Valence X Trait Anxiety Group X 
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Cognitive Load Condition interaction also did not approach significance, F (1, 62) = 0.02, 

p = .90, η=0.00.  

 The mean lexical decision latencies data were then analysed. First, all 64 

participants where included in the analysis. Then the analysis was carried out with some 

participants excluded, using the same criteria on test time Trait Anxiety scores and overall 

accuracy employed in the main analysis.  

 These two analyses on the mean lexical decision data have also generated similar 

patterns of results. Similar to the main analysis, the main effect of Priming Condition was 

not significant F (1, 47) = 0.03, p = .86, η=0.00 when the mean lexical decision latencies 

were used as the dependent measure. The main effect of Target Valence which just fell 

short of significance under the main analysis now reached statistical significance F (1, 47) 

= 6.21, p = .02, η=0.12. However, the Priming Condition X Cognitive Load Condition 

interaction now fell short of significance, F (1, 47) = 3.81, p = .06, η=0.08.  

Neither did the Priming Condition X Trait Anxiety Group interaction remain 

significant, F (1, 47) = 1.27, p = .27, η = 0.03. The predicted Priming Condition X Target 

Valence X Trait Anxiety interaction was not significant, F (1, 47) = 0.06, p = .82, η=0.00. 

The Priming Condition X Target Valence X Trait Anxiety Group X Cognitive Load 

Condition interaction also did not approach significance, F (1, 62) = 0.61, p = .44, η=0.01. 

3 

  Additional 2X2X2X2 4-way ANOVA was also performed with BDI (High BDI VS 

Low BDI), rather than Trait Anxiety, as the between-group factor, on the median lexical 

decision latencies data. A median split was first performed on the BDI scores, those who 

                                                                 
3
 These results presented were the analysis on the mean lexical decision latencies data with 21 participants 

excluded based on the exclusion criteria employed in the main analysis. The analysis on the mean lexical 

decision latencies data including all 64 part icipants has generated exactly the same pattern of results.    
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fell into the upper half of the split were allocated to the Low BDI group and those who fell 

into the upper half were allocated to the High BDI group.  

 Neither the three-way Priming Condition X Target Valence X BDI interaction, F(1, 

60) = 0.29, p =.59, η=.005, nor the four-way Priming Condition X Target Valence X 

Cognitive Load X BDI interaction, F(1, 60) = 1.46, p =.23, η=.02, was statistically 

significant. Therefore, depression was not found to be associated with an interpretive bias 

favouring negative interpretation of ambiguous words favouring both negative and non-

negative interpretations.  

Discussion 

It is important to note that a priming effect is essential to demonstrate semantic 

activation of the homographs in the priming task. Unless the Experimental Homographs 

were able to facilitate the lexical decision made on semantically related targets, it is 

impossible to determine whether the negative or non-negative interpretation was imposed 

on these Experimental Homographs by the participants. In turn, this makes it impossible to 

determine whether the High Trait Anxious participants did indeed preferentially impose 

negative interpretations upon the homographs when compared to the Low Trait Anxious 

participants.  

 Although there was no evidence of a general main effect of Priming Condition in 

the present experiment, there was a higher order interactive effect between Priming 

Condition and Cognitive Load Condition. The priming effect was modified by the 

Cognitive Load Condition as indicated by a higher order interaction between Cognitive 

Load Condition and Priming Condition.  
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 It is of concern, however, that there was a statistically significant interaction 

between Priming Condition and Trait Anxiety Group. Analysis of the simple main effect of 

Priming Condition for each Trait Anxiety Group revealed that the priming effect was only 

restricted to the Low Trait Anxious participants. As this two-way interaction was not 

included in a higher order interaction with Target Valence, the priming effect is not evident 

on either the Negative Associates or the Non-Negative Associates. Without any clear 

evidence of semantic activation of the homographs, comparison between the High Trait 

Anxiety Group and Low Trait Anxiety Group on their interpretation on the Experimental 

Homographs therefore cannot be made. This is because the interpretations the High Trait 

Anxiety Group imposed upon the Experimental Homographs cannot be inferred if these 

homographs did not prime the lexical decisions made on the semantically related targets 

that followed. 
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EXPERIMENT THREE 

PRIMING TASK WITH BACKWARD MASKING MANIPULATION 

 The present experiment also employed the priming task used by Richards and 

French (1992) to examine the hypothesised anxiety- linked interpretive bias. It capitalised 

upon the unconscious nature of automatic processing to distinguish automatically mediated 

from strategically mediated effects. Specifically, the backward masking technique was 

introduced in the present experiment to manipulate the level of conscious awareness o f the 

homograph primes. 

 It has been reported that semantic processing of stimuli occurred even when 

conscious awareness of the stimuli was eliminated by data limitation procedures such as 

backward pattern masking. For example, there was evidence of priming effects on the 

reduction of decision latencies of target words which were preceded by subliminally 

presented semantically-related prime words (e.g. Fowler, Wolford, Slade & Tassinary, 

1981; Kemp-Wheeler & Hill, 1988). 

 Researchers have employed various methods to preclude awareness of stimulus 

materials presented to the participants. Backward pattern masking is considered the 

preferential method (Holender, 1986). The backward pattern masking technique involves 

the presentation of a stimuli for a very brief period, usually 20 milliseconds or less. This 

brief presentation, if unmasked, will elicit continuous firing of corresponding neurons thus 

leading to conscious perception of the stimuli. However, the stimuli are followed by a 

pattern „mask‟ (usually fragments of the stimuli) at the same location. The disruption of 

conscious perception of the masked materials was found to be most effective if the 

presentation of the mask was slightly delayed by 100 milliseconds (e.g. Averbach & 
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Coriell, 1961; Smith & Schiller, 1966; Spencer & Shuntich, 1970). The continuous firing of 

neurons is therefore disrupted by the presentation of the mask. This serves to restrict the 

degree to which information processed at the retinal level, and activating semantic 

representation, enters conscious awareness (Turvey, 1973).  

 Also, a number of studies have demonstrated that elimination of conscious 

awareness of the masked materials persists when backward masking was presented 

dichoptically, by masking the stimuli to one eye but not to another (e.g. Greenwald, Klinger 

& Liu, 1989; Schiller & Wiener, 1963). This provided evidence that backward masking is 

not retinally-based but operates through central processing pathways.   

 This method is recognised as the most effective approach in precluding conscious 

awareness of the stimuli, because participants do not only report that they were unaware of 

the identity of the stimuli. They also demonstrate chance level of performance on forced-

choice tasks which required them to determine the identity or presence of the masked 

stimuli.  

 Nevertheless, many researchers have provided evidence that semantic processing of 

these masked materials still occurred regardless of the robustness of the backward pattern 

masking method (e.g. Allport, 1977; Kemp-Wheeler & Hill, 1987; Marcel, 1978, 1980, 

1983; Marcel, Katz & Smith, 1974), indicating that semantic processing indeed occurs at 

the automatic level. Further support is demonstrated by evidence of semantic priming effect 

even when the primes were masked and presented subliminally (e.g. Abrams, Klinger, & 

Greenwald, 2002; Draine & Greenwald, 1998; Klauer et  al, 2007).  
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 In the present experiment, the backward masking method was therefore employed to 

manipulate the level of conscious awareness of the homographs. In half of the trials, the 

homograph primes were masked and in the other half they were not. When conscious 

awareness of the homographs was precluded by the backward masking technique, it should 

more strongly attenuate the opportunity for strategic processing without affecting the 

opportunity for automatic processing to occur. The differential involvement of automatic 

and strategic processing underlying the anxiety-linked interpretive bias can therefore be 

detected.  

Factors 

As shown in Table 17 below, this experiment has a 2X2X2X2 mixed design. Similar to 

Experiment One and Two, Trait Anxiety is the between-group factor (High Trait Anxiety 

VS Low Trait Anxiety), Priming Condition (Primed VS Unprimed) and Target Valence 

(Negative VS Non-Negative) are the within-subject factor. The within-subject factor of the 

present experiment is Masking Condition (Masked VS Unmasked  
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Table 17. Factor table for the priming task with backward masking manipulation 

(Experiment Three) 

Trait 

Anxiety 

Group 

Masking 

Condition 

Target 

Valence 

Priming 

Condition 

High Trait 

Anxiety 

Group 

Masked 

Negative 
Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Unmasked 

Negative 
Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low Trait 

Anxiety 

Group 

Masked 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Unmasked 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 
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Masking Condition (Masked VS Unmasked): Half of the trials were conducted under the 

Unmasked Condition, in which the homographs were not masked and were presented for 

750 milliseconds. Conscious awareness of these homographs was allowed and should leave 

both strategic and automatic processing unaffected. The other half of the trials were 

conducted under the Masked Condition, whereby the backward masking technique was 

applied to eliminate conscious awareness of the homographs. As strategic processing 

requires conscious awareness to take place, the mask should more strongly attenuate 

strategic processing but leave the opportunity for automatic processing relatively 

unaffected.  
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Methods 

Participants 

Participants in the present experiment were selected in exactly the same manner as in 

Experiment One and Two. SpielbergerThe characteristics of these 64 participants are 

presented under Table 18 below. 

Table 18. Characteristics of participants in Experiment Three (Standard Deviations in 

brackets) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 18 shows, 7 participants in the High 

Trait Anxiety group were males while 25 were females. This contrasts with the Low Trait 

Anxiety group, in which 11 participants were males and 21 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups, χ2 (1, N = 64) = 

1.24, p = .27. 

 Gender Mean 

Age 

Mean STAI –T (Trait Anxiety) 

score  Male N Female N 

High Trait Anxiety 

Group 

7 25 18.44 

(1.90) 

49.34 

(11.01) 

 

Low Trait Anxiety 

Group 

11 21 18.75 

(2.37) 

30.69 

(8.45) 
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The High Trait Anxiety Group had a mean age of 18.44 (SD = 1.90), whereas the 

mean age of the Low Trait Anxiety Group was 18.75 (SD = 2.37). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(62) = 0.58, p = 

.56 d = 0.15. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 49.34 (SD = 11.01), while the 

average STAI-T score of the Low Trait Anxiety group was 30.69 (SD = 8,45). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(62) = 

7,60, p < .001, d = 3.94. 

Materials 

 The stimulus materials, emotional questionnaires and experimental hardware 

employed in the current experiment are exactly the same as those employed in Experiment 

One.   

Task Structure 

Structure of Individual Trial 

 The experiment was made up of two different tasks which the participants 

performed separately. The primary task was the standard 320 trials of priming task whereby 

the participants had to make lexical decisions on targets following the presentation of the 
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homographs. The secondary task was 80 trials of „Vision Speed Test‟, a forced-choice task 

under which the participants had to determine the lexical status of masked letter strings. 

This task was included to ensure the effectiveness of the mask in precluding conscious  

awareness of the homographs in the lexical decision task.  

 The participants should only show chance level of accuracy on the Vision Speed 

Test if the mask was effective. The participants performed 10 Vision Speed Test trials after 

every 40 trials of the priming task. This totalled 80 Vision Speed Test trials throughout the 

whole experiment. 

Priming Task. The structure of each individual trial under the Masked Condition was 

presented in Figure 5. Figure 6 below presents the Unmasked Condition trial structure. The 

trial structure of the priming task of this experiment is exactly the same as Experiment One. 

The only difference is that in the Masked trials of the present experiment, the homographs 

stayed on the screen for 20 milliseconds, then swiftly replaced by a white colour mask 

comprising rotated and inverted letter fragments for 730 milliseconds. The Unmasked trials 

of the present experiment were exactly the same as the Long SOA trials of Experiment One 

that the homographs stayed on the screen for 750 milliseconds.  
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Figure 5. Structure of Unmasked trials of the priming task with masking manipulation 

(Experiment Three) 

 

Figure 6. Structure of Masked trials of the priming task with masking manipulation 

(Experiment Three) 

 Vision Speed Test. There were 80 Vision Speed Test trials presented in eight blocks 

of 10 trials. Each block was presented after every 40 priming task trials. The trial structure 

of the Vision Speed Test is presented in Figure 7 below. Each trial began with a tone that 

indicated the beginning of a new trial. This was followed by two white crosses in the 

++

2000 ms

White 
homograph

750 ms

Yellow target

--> mouse click

Blank screen

2000 ms

++

2000 ms

White 
homograph

20 ms

White mask

730 ms

Yellow target

--> mouse 
click

Blank screen

2000 ms



105 
 

middle of the screen for two seconds. The crosses were immediately followed by a white 

letter string, either a word or a non-word, at the centre of the screen for 20 milliseconds. A 

white colour mask followed swiftly, comprising rotated and inverted letter fragments at the 

same location for 730 milliseconds. Participants left-clicked the mouse if they thought it 

was a word and right-clicked if they thought it was a non-word. The accuracy of the 

response was recorded by the computer. Once a response was registered by the computer, 

there was a two-second inter-trial interval displaying a blank screen before the 

commencement of the next trial. 

 

Figure 7. Trial structure of the Vision Speed Test 

Trial Structure across Task    

The trial structure across task of the present experiment was very similar to that of 

Experiment One and Two, except that the trials associated with automaticity are now the 

Masked and Unmasked trials. The experimental word target trials were summarised in 

Table 19 and the filler word target trials were summarised in Table 20.  

  

++

2000 ms

White letter 
string

20 ms

White mask

730 ms

Blank screen

2000 ms
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Table 19. Experimental word target trials across different conditions (number of trials in 

brackets) 

 

 Experimental Trials. Referring to Table 19 above, half of the experimental word 

trials were Primed trials and the other half were Unprimed trials.  Twenty of the 40 

Primed trials were the Negative Target trials. Backward masking was applied to 10 of these 

20 Negative Target trials to eliminate conscious awareness of the homographs. These were 

the Masked trials.  

 In the other 10 of these 20 trials, the targets were not masked and presented for 750 

milliseconds. These were the Unmasked trials.  

 The other 20 Primed trials were presented in the Non-Negative Target condition. 

Ten of the 20 Non-Negative Target trials were presented in the Masked Condition, while 

the other 10 were presented in the Unmasked Condition.  

 Half of the 40 Unprimed trials were the Negative Target trials. Ten of these 20 

Negative Target trials appeared in the Masked Condition, while the other 10 appeared in 

the Unmasked Condition. The other 20 Unprimed trials were Non-Negative Target trials. 

 
Experimental (80) 

Priming 

Condition 
Primed (40) Unprimed (40) 

Target 

Valence 

Negative Associate 

(20) 

Non-Negative 

Associate (20) 
Negative Foil (20) 

Non-Negative 

 Foil (20) 

Masking 

Condition 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 
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10 of these appeared in the Masked Condition, while the other 10 appeared in the 

Unmasked Condition. 

 Finally, the remaining 80 experimental trials were non-word target trials. Half of 

them were presented in the Masked Condition, while the remaining half were presented in 

the Unmasked Condition.  

Table 20. Filler word target trials across different conditions (number of trials in brackets)  

 

 Filler Trials. Referring to Table 20 above, half of the word target trials were Primed 

trials. The remaining 40 word target trials were Unprimed trials. 

 Twenty of the 40 Primed trials were presented with Associate A as the target, 10 of 

these 20 trials appeared in the Masked Condition. The remaining 10 appeared in the 

Unmasked Condition.  

 The other 20 Primed trials were presented with Associate B as the ta rget, 10 of these 

20 trials were presented in the Unmasked Condition, while the other 10 were presented in 

the Masked Condition.  

 

  Fillers (80) 

Priming 

Condition 
Primed (40) Unprimed (40) 

 
Associate A (20) Associate B (20) Foil A (20) Foil B (20) 

Masking 

Condiiton 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 

Masked 

(10)  

Unmasked 

(10) 
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Half of the 40 Unprimed trials were presented with Foil A as the target. Ten of these 

20 trials appeared in the Masked Condition, while the other 10 appeared in the Unmasked 

Condition.  

The other 20 Unprimed trials were presented with Foil B as the target. Ten of these 

20 trials appeared in the Masked Condition, while the other 10 appeared in the Unmasked 

Condition. 

 Finally, the remaining 80 filler trials were non-word target trials. Half of them were 

presented in the Masked Condition, while the remaining half were presented in the 

Unmasked Condition.  

 Similar to Experiment One and Two, assignment of stimulus quintets to 

experimental conditions was balanced across participants. Table 21. Critical trials of the 

priming task with backward masking manipulation (Experiment Three) 
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All the 320 trials of the present experiment are summarised in table 21 above. Similar 

to Experiment One and Two, only the latencies for correctly identifying word targets in the 

experimental trials were analysed. Additionally, participants showing less than 75% overall 

accuracy were also excluded from the analyses. These data were affected by the three 

within-subject factors: Priming Condition; Target Valence; and Masking Condition.   

 If the High Trait Anxious participants favoured the Negative interpretations of the 

Experimental Homographs, their degree of speeding on the lexical decision of the Primed 

relative to the Unprimed trials will be disproportionately greater when the Target Valence 

was Negative as opposed to Non-Negative. This is in comparison to the Low Trait Anxious 

participants‟ data.  

 If such an anxiety- linked interpretive bias operates automatically, the above effect 

should be equally evident in the Masked and Unmasked Condition. However, if the 

anxiety- linked interpretive bias operates strategically and requires conscious awareness of 

the homographs to take place, the above effect will be attenuated in the Masked Condition. 

This is because the mask will eliminate conscious awareness of the homographs for the bias 

to take place strategically, but the Unmasked Condition will be relatively unaffected.  

Procedure  

 Similar to Experiment One and Two, participants were given instructions on how to 

perform the task after signing the informed consent from and completed the emotional 

questionnaires.  

 Participants were advised that they will perform two separate tasks. In the first task, 

each new trial was indicated by a beep tone. Participants were instructed to fixate centrally 

at the two white cross on the computer screen, taking no action when the white word 
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appeared. When the yellow target appeared on the screen, however, participants were told 

to indicate whether it was a word or not as quickly as possible by clicking on the mouse. A 

left-click indicated it was a word, while a right-click indicated it was not. Participants were 

told to make guess if they were unable to see the target letter strings.  

Participants were then advised that they will receive 10 trials of the Visual Speed 

Test after every 40 trials of the priming task and that the purpose of the test was to measure 

their speed of identifying visual stimuli. Participants had to determine whether the briefly-

presented letter string in each trial was a word or a non-word as quickly as possible. A left-

click on the mouse indicated a word, while a right-click indicated a non-word. Participants 

were told to guess if they were unable to see the letter string.  

 Prior to the actual experimental session, each participant performed 32 practice 

trials similar to the priming task of the actual experiment. Half of these practice trials were 

Masked trials, while the other half of them were Unmasked trials.  

 The primes and the targets used in these practice trials were the same as those in 

Experiment One and Two. 

 The participants then performed 10 practice trials of the Visual Speed Test. The 

letter strings in five of the trials were non-negative words, while those in the other five 

were non-words. Any questions from the participants were addressed prior to the actual 

experiment.  
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Results 

 Similar to the previous experiment, a median split was performed on the STAI-T 

score that participants received during the experimental session. Participants were excluded 

based on the same criteria used in Experiment One and Two.  

 21 participants were excluded based on these exclusion criteria. Six High Trait 

Anxious participants and 1 Low Trait Anxious participant were excluded based on their 

STAI-T scores; 7 High Trait Anxious participants and 7 Low Trait Anxious participants 

were excluded due to low accuracy levels on the task. The remaining 19 High Trait 

Anxious participants and 24 Low Trait Anxious participants were included in the following 

analysis.  

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 55.89 (SD= 8.40) while that of the Low Trait Anxiety group was 27.92 

(SD = 4.50). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(41) = 14.00, p < .001, d = 4.80.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 
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analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 45.32 (SD = 9.14) while that of the Low Trait Anxiety group was 26.71 (SD = 4.19). 

The two groups were significantly different from each other in STAI-S scores, t(41) = 8.89, 

p <.001, d = 2.79. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 15.42 (SD = 9.92) while that of the Low Trait Anxiety group was 4.71 

(SD = 5.08). The two groups were significantly different from each other in terms of their 

BDI scores, t(41) = 4.60, p < .001, d = 1.66. 

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 22 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Four participants in the High Trait 

Anxiety Group were males and 15 were females. Seven participants in the Low Trait 

Anxiety Group were males while 17 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 43) = 0.37, p = .545.  

The High Trait Anxiety Group had a mean age of 18.11 (SD = 1.79), whereas the 

mean age of the Low Trait Anxiety Group was 18.71 (SD = 2.39). The mean age of the 
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participants in each Trait Anxiety Group was not significantly different, t(41) = 0.92, p = 

.37, d = 0.29.  

Table 22. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Masking Effectiveness on the “Visual Speed Test” 

 The average accuracy on the „Visual Speed Test‟ where the participants had to 

identify lexical status of masked letter strings was 50.25%. These results indicated that the 

backward masking technique employed in the current experiment was going to be effective 

in precluding conscious awareness of the homograph primes. This conclusion can be drawn 

as participants did not demonstrate above chance level of accuracy on this Visual Speed 

Test.  

Analysis of the Lexical Decision Latencies 

The average median latencies under each of the eight conditions for the High Trait 

Anxiety and Low Trait Anxiety groups are presented in Table 23 below. These lexical 

 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-II 

score 

Gender Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

55.89  

(8.40) 

 

45.32  

(9.14) 

15.42  

(9.92) 

4 15 18.11 

Low Trait 

Anxiety 

Group 

27.92  

(4.50) 

26.71  

(4.19) 

 

4.71  

(5.08) 

7 17 18.71 
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decision latencies data are shown in milliseconds and standard deviations are shown in 

brackets. 

Table 23. Median lexical decision latencies (with standard deviations in brackets)  

Masking 

Condition 

Target Valence Prime Condition Trait Anxiety Group 

High Trait 

Anxiety 

Low Trait Anxiety 

Masked 

Condition 

Negative 

Target 

Primed Condition 672.26 (119.90) 598.90 (69.36) 

Unprimed Condition 
671.29 (141.15) 627.66 (108.64) 

Non-Negative 

Target 

Primed Condition 669.35 (168.13) 584.22 (94.67) 

Unprimed Condition 663.55 (125.94) 598.75 (90.71) 

Unmasked 

Condition 

Negative 

Target 

Primed Condition 
647.26 (168.98) 576.09 (92.06) 

Unprimed Condition 
648.87 (112.23) 596.09 (89.04) 

Non-Negative 

Target 

Primed Condition 
633.71 (137.69) 568.91 (87.43) 

Unprimed Condition 

645.97 (131.08) 587.19 (93.49) 

These data were analysed using a 2X2X2X2 four-way mixed design analysis of 

variance (ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS 

Low Trait Anxiety Group) as the between-group factor and three within-subject factors 

being: 

  Priming Condition (Primed Condition VS Unprimed Condition)  

 Target Valence (Negative Target VS Non-Negative Target)  

 Masking Condition (Masked Condition VS Unmasked Condition).  
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 Two statistically significant main effects emerged from this analysis. First, there 

was a significant main effect of Masking Condition F (1, 41) = 7.79, p =.01, η=0.16, due to 

the fact that the participants demonstrated shorter lexical decision latencies under the 

Unmasked Condition (M = 615.96, SD = 96.38) than under the Masked Condition (M = 

639.85, SD = 108.80).  

 There was also a significant main effect of Target Valence, F (1, 41) = 5.40, p =.03, 

η=0.12, reflecting the fact that the participants demonstrated shorter lexical decision 

latencies when the targets were Non-Negative (M = 619.91, SD = 98.74) than when the 

targets were Negative (M = 633.84, SD = 109.86). 

 The main effect of Priming Condition did not approach statistical significance in 

this present experiment, F = 2.67, p = .11, η=0.06. Hence, the participants did not show the 

expected speeding of lexical decision latencies under the Primed Condition (M = 620.78, 

SD = 100.38) relative to the Unprimed Condition (M = 635.03, SD = 104.79). 

  This main effect of Priming Condition was not included in a higher order 

interaction. The Priming Condition X Masking Condition interaction was not statistically 

significant either, F (1, 41) = 0.57, p = .45, η=0.01, indicating that the priming effect of the 

homographs on the semantically related targets was not evident in either the Masked or the 

Unmasked Condition. The Priming Condition X Trait Anxiety Group interaction was not 

statistically significant, F (1, 41) = 1.21, p = .28, η=.03, therefore the priming effect was 

not evident either among the High Trait Anxiety or the Low Trait Anxiety Group.  

 The Priming Condition X Target Valence X Trait Anxiety interaction predicted by 

the hypothesised anxiety- linked interpretive bias was not significant, F (1, 41) = 0.02, p = 

.90, η=.00. This means that the relative magnitude of the priming effect on Negative 
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Targets compared to Non-Negative Targets was not significantly greater among the High 

Trait Anxious participants, in comparison to the Low Trait Anxious participants.  

 The Priming Condition X Target Valence X Trait Anxiety X Masking Condition 

four-way interaction did not approach significance, F (1, 41) = 0.08, p = .78, η=.00. 

Subsidiary Analyses 

 As mentioned earlier in Experiments One and Two, it is necessary to consider the 

limitations of the measures before concluding that the effect does not exist. The following 

subsidiary analyses were therefore performed to address two possible limitations of the 

dependent measure.  

 First, median lexical decision latencies analysis might not be sensitive to the effects 

if they were manifested by unusually longer latencies in one condition relative to another. 

Mean lexical decision latencies data were therefore analysed. Add itionally, analyses 

including all 64 participants were carried out to increase the statistical power of the 

experiment in detecting the effect.  

 The mean lexical decision data were first analysed. The analysis has generated very 

similar patterns of results. First, there was a significant main effect Masking Condition F 

(1, 41) = 7.06, p =.01, η=0.15, due to the fact that the participants demonstrated shorter 

lexical decision latencies under the Unmasked Condition (M = 661.95, SD = 117.38) than 

under the Masked Condition (M = 700.30, SD = 135.14).  

 There was also a significant main effect of Target Valence, F (1, 41) = 4.63, p =.04, 

η=0.10, reflecting the fact that the participants demonstrated shorter lexical decision 
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latencies when the targets were Non-Negative (M = 677.05, SD = 126.47) than when the 

targets were Negative (M = 694.59, SD = 136.21).  

 Similar to the main analysis above, the main effect of Priming Condition did not 

approach statistical significance in this analysis of mean lexical decision latencies data, F 

(1, 41) = 2.67, p = .11, η=0.06. Plus, the Priming Condition X Masking Condition 

interaction was not statistically significant either, F (1, 41) = 0.00, p = .99, η=0.00. The 

Priming Condition X Trait Anxiety Group interaction was also insignificant, F (1, 41) = 

0.89, p = .35, η=.02. 

 The only difference was that a significant main effect of Trait Anxiety Group 

emerged in this analysis, F (1, 41) = 4.72, p = .04, η=0.10. The Low Trait Anxious Group 

have demonstrated overall shorter mean lexical decision latencies (M = 654.69, SD = 

101.01) than the High Trait Anxious Group (M = 725.14, SD = 154.52). However, the Low 

Trait Anxiety and High Trait Anxiety Groups did not significantly differ in the amount of 

priming effect across the Negative Target and Non-Negative Target conditions, as the 

Priming Condition X Target Valence X Trait Anxiety Group interaction was not 

significant, F (1, 41) = 0.31, p = .58, η=0.01. Neither was the Priming Condition X Target 

Valence X Trait Anxiety Group X Masking Condition significant, F (1, 41) = 1.18, p = .28, 

η=0.03. This indicates that there is no evidence of the hypothesised anxiety- linked 

interpretive bias in either Masked or Unmasked Condition.  

 The mean and median lexical decision data were re-analysed with all 64 participants 

included in the analysis. This has generated very similar patterns of results. The only 

difference was that the main effect of Masking Condition fell short of statistical 

significance under the mean lexical decision latencies analysis, F (1, 64) = 3.13, p = .08, 
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η=0.05 and the main effect of Target Valence was not significant under the median lexical 

decision latencies analysis, F (1, 41) = 1.60, p = .21, η=0.03.  

  Additional 2X2X2X2 4-way ANOVA was also performed with BDI (High BDI VS 

Low BDI), rather than Trait Anxiety, as the between-group factor, on the median lexical 

decision latencies data. A median split was first performed on the BDI scores, those who 

fell into the upper half of the split were allocated to the Low BDI group and those who fell 

into the upper half were allocated to the High BDI group.  

Neither the three-way Priming Condition X Target Valence X BDI interaction, F(1, 61) = 

0.169, p =.68, η=.003, nor the four-way Priming Condition X Target Valence X SOA X 

BDI interaction, F(1, 61) = 0.002, p =.97, η=.000, was statistically significant. Therefore, 

depression was not found to be associated with an interpretive bias favouring negative 

interpretation of ambiguous words favouring both negative and non-negative 

interpretations. 

Discussion 

 Similar to Experiment Two, the main effect of Priming Condition was not 

significant in the above series of analyses. Neither was Priming Condition included in a  

higher order interactive effect, which indicates that the priming effect was not evident 

under either the Masked or Unmasked Condition, and the priming effect was not evident 

either among the High Trait Anxiety or the Low Trait Anxiety Group.  

 It has been noted earlier that a priming effect was necessary to determine which 

interpretation was being imposed on the Experimental Homographs by the participants. 

This helped to determine whether there is an interpretive bias favouring the negative 

interpretations of these homographs by the High Trait Anxious participants relative to the 
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Low Trait Anxious participants. The lack of priming effect across all conditions among 

both the Low Trait Anxious and High Trait Anxious participants renders the design 

incapable of examining the hypothesised anxiety-linked interpretive bias.  
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EXPERIMENT 4 

THE ORIGINAL PRIMING TASK 

None of the three variants of Richards and French‟s (1992) priming task have 

demonstrated results that support the hypothesised anxiety- linked interpretive bias. The 

High-trait Anxiety Group, when compared to the Low-trait Anxiety Group, did not 

demonstrate disproportionately greater priming effect on the Negative Targets relative to 

the Non-Negative Targets.  

Specifically in Experiment One, the priming effect was evident across the High 

Trait and Low Trait Anxious participants under both Long SOA and Short SOA 

Conditions. The results did not, however, show evidence that the High Trait Anxious 

participants preferentially imposed negative interpretations upon the Experimental 

Homographs relative to the Low Trait Anxious participants,.  

As noted earlier, the priming effect is important to test the anxiety- linked 

interpretive bias. This is because if the homographs did not prime the processing of their 

ensuing semantically related target, the task is unable to determine whether the semantic 

content of these Experimental Homographs were actually activated in the first place. The 

task is therefore unable to determine whether it was the Negative or Non-Negative 

interpretation imposed on the Experimental Homographs by the participants.  

In Experiment Two, the priming effect was shown to be restricted to the Low Trait 

Anxious participants only. The priming effect was not evident either upon the Negative 

Targets or the Non-Negative Targets among the High Trait Anxious participants. It 

indicates that semantic content of the homographs was not processed among the High Trait 

Anxious participants. It renders Experiment Two incapable of testing the anxiety- linked 
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interpretive bias because it was unable to compare the relative magnitude of the priming 

effect on the Negative and Non-Negative targets upon the two Trait Anxiety Groups.  

In Experiment Three, there was no evidence of a priming effect either among the 

High Trait Anxiety Group or the Low Trait Anxiety Group, across both Masked and 

Unmasked trials.  

These three priming tasks have followed the experiment parameters employed by 

Richards and French (1992) as closely as possible. None of the experiments, however, was 

able to find empirical support for the hypothesised anxiety- linked interpretive bias that was 

found in experiment 2 of Richards and French‟s (1992) original study.  

The major difference between these three experiments and Richards and French‟s 

(1992) experiment was that new factors were introduced to manipulate the three different 

attributes of automatic processing. These additional factors were the prime-target SOAs, 

the Cognitive Load and the Masking manipulations. It remains possible, therefore, that 

these new factors could be related to the task‟s inability to demonstrate the predicted 

effects.  

Moreover, the homographs were presented twice, once under the trials that 

precluded strategic processing (Short SOA, Masked, High Cognitive Load) and once under 

the trials that allowed strategic processing (Long SOA, Unmasked, Low Cognitive Load). 

This repeated presentation might render these tasks insensitive to the hypothesised bias due 

to earlier exposure of the alternative meanings of the homographs.  

 An additional priming task was, therefore, conducted to supplement the three 

previous priming tasks. This task was similar to the previous tasks, except that no 

additional factor was included to differentiate the involvement of strategic and automatic 
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processing. Additionally, the homographs were only presented once in the experiment. 

Therefore, the experiment retained the same factor structure of Richards and French‟s 

original experiment (1992).  

Factors 

As shown in Table 24 below, this experiment has a 2X2X2 mixed design. Similar to the 

previous three experiments,  Trait Anxiety Group was the between-group factor (High-trait 

Anxiety Group VS Low-trait Anxiety Group), Priming Condition (Primed VS Unprimed) 

and Target Valence (Negative VS Non-Negative) were the within-subject factors. Unlike 

the previous three experiments, there was no factor associated with automaticity. : 

Table 24. Factor table for the original priming task (Experiment Four)  

Trait Anxiety Group 
Target 

Valence 

Priming 

Condition 

High Trait Anxiety 

Group 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 

Low Trait Anxiety 

Group 

Negative 

Primed 

Unprimed 

Non-

Negative 

Primed 

Unprimed 
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Methods 

Participants 

The participants in the present experiment were selected in exactly the same manner 

as in the previous three experiments. The characteristics of these 64 participants are 

presented under Table 25 below. 

 Table 25. Characteristics of participants in Experiment Four (Standard Deviations in 

brackets) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 25 shows, 8 participants in the High 

Trait Anxiety group were males while 24 were females. This contrasts with the Low Trait 

Anxiety group, in which 9 participants were males and 23 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups, χ2 (1, N = 64) = 

0.77, p = .80. 

 Gender Mean Age Mean STAI –T (Trait Anxiety) 

score  Male N Female 

N 

High Trait Anxiety 

Group 

8 24 18.75 

(1.14) 

49.06 

(8.25) 

Low Trait Anxiety 

Group 

9 23 20.53 

(7.26) 

29.72 

(5.39) 
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The High Trait Anxiety Group had a mean age of 18.75 (SD = 1.14), whereas the 

mean age of the Low Trait Anxiety Group was 20.53 (SD = 7.26). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(62) = 1.37, p = 

.18 d = 0.42. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 49.06 (SD = 8.25), while the 

average STAI-T score of the Low Trait Anxiety group was 29.72 (SD = 5.39). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(62) = 

11.11, p < .001, d = 2.84. 

Materials 

 The stimulus materials, emotional questionnaires and experimental hardware 

employed in the current experiment are exactly the same as those employed in previous 

experiments. 

Task Structure 

Structure of Individual Trial 

 The experiment consisted of 160 trials. In each trial, the participants had to perform 

a lexical decision task in which they determined whether a target letter string was a word or 

a non-word.  The structure of each trial was exactly the same as the Long SOA tr ials of 
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Experiment One, in which the homograph stayed on the screen for 750 milliseconds before 

immediately followed by the presentation of the target. The structure of each trial is 

presented in Figure 8 below.  

 

Figure 8. Structure of an individual trial of the original priming task (Experiment 4) 

Trial Structure across Task 

 Similar to the previous three experiments, half of the trials (80 trials) in the present 

experiment were experimental trials and the remaining 80 trials were filler trials.  

 Experimental Trials. Forty of these 80 experimental trials were word target trials, 

whereas the remaining 40 were non-word target trials. The 40 experimental word trials are 

summarised in Table 26 below. 

 

 

 

 

++

2000 ms
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750 ms

Yellow target

--> mouse click

Blank screen

2000 ms
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Table 26. Experimental word target trials across different conditions (number of trials in 

brackets) 

 
Experimental (40) 

Priming 

Condition 
Primed (20) Unprimed (20) 

Target 

Valence 

Negative 

Associate (10) 

Non-Negative 

Associate (10) 

Negative Foil 

(10) 

Non-Negative 

 Foil (10) 

 

Referring to Table 26 above, half of the word target trials were Primed trials. The 

remaining 20 word target trials were Unprimed trials. 

 Ten of the 20 Primed trials were Negative Target trials. The other 10 were Non-

Negative Target trials. 

 Half of the 20 Unprimed trials were Negative Target trials. The other 10 trials were 

Non-Negative Target trials. 

 Finally, the remaining 40 experimental trials were non-word target trials.  

 Filler Trials. Forty of these 80 filler trials were word target trials, whereas the 

remaining 40 filler trials were non-word target trials. These filler word target trials are 

summarised in Table 27. 
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Table 27. Filler word target trials across different conditions (number of trials in brackets)  

  Fillers (40) 

Priming 

Condition 
Primed (20) Unprimed (20) 

 

Associate A 

(10) 

Associate B 

(10) 
Foil A (10) Foil B (10) 

 

Referring to Table 27 above, half of the word target filler trials were Primed trials. 

The remaining 20 word target filler trials were Unprimed trials. 

 Ten of the 20 Primed trials were presented with Associa te A as targets, the other 10 

were presented with Associate B as targets.  

Half of the 20 Unprimed trials were presented with Foil A as targets. The other 10 

of the Unprimed trials were presented in trials with Foil B as targets.  

Finally, the remaining 40 filler trials were non-word target trials. 

Assignment of stimulus quintets to experimental conditions was balanced across 

participants. After the eight participants in each group were tested, each homograph had 

been presented once in each of the eight possible conditions.  
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Table 28. Critical trials of the original priming task (Experiment Four) 

 

All the 160 trials of the present experiment are summarised in Table 28 above. Similar 

to the previous three experiments, only the latencies for correctly identifying the word 

targets in the experimental trails were analysed. Additionally, participants showing less 

than 75% overall accuracy were excluded from the analyses.  

  These data were affected by the two within-subject factors, being Priming 

Condition and Target Valence. 

If the High Trait Anxious participants favoured the Negative interpretations of the 

Experimental Homographs, their degree of speeding on the lexical decision of the Primed 

relative to the Unprimed trials will be greater when the Target Valence was Negative as 

opposed to Non-Negative, when compared to the Low Trait Anxious participants.  



129 
 

 Similar to the previous three experiments, participants were given instructions on 

how to perform the computer task after signing the informed consent form and completing 

the emotional questionnaires.  

 Participants were advised that each new trial was indicated by a tone and they must 

fixate centrally at the two white cross on the computer screen, taking no action when the 

white word appeared. When the yellow target appeared on the screen, the participants were 

told to indicate whether it was a word or not as quickly as possible by clicking on the 

mouse. A left-click indicated  it was a word, while a right-click indicated it was  not.  

 Prior to the actual experimental session, each participant performed 32 practice 

trials similar to the priming task of the actual experiment. The primes and the targets used 

the practice trials were the same as those used in the previous three experiments.  

 Any questions from the participants were addressed prior to the actual experiment.              
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Results 

The same exclusion criteria used in the previous three experiments were used in the 

present experiment. Twenty-two participants were excluded based on these exclusion 

criteria. Twelve High Trait Anxious participants and 3 Low Trait Anxious participants were 

excluded based on their STAI-T scores; no participant was excluded due to low accuracy 

level at the task. The remaining 20 participants from the High Trait Anxiety Group, and the 

remaining 29 participants from the Low Trait anxiety Group, were included in the 

following analysis.  

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 53.88 (SD= 6.05) while that of the Low Trait Anxiety group was 27.63 

(SD = 3.91). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(40) = 16.90, p < .001, d = 5.27.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 

analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 44.06 (SD = 13.07) while that of the Low Trait Anxiety group was 29.08 (SD = 6.95). 
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The two groups were significantly different from each other in STAI-S scores, t(40) = 4.76, 

p <.001, d = 1.50. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 18.18 (SD = 6.90) while that of the Low Trait Anxiety group was 5.38 

(SD = 3.98). The two groups were significantly different from each other in terms of their 

BDI scores, t(40) = 7.52, p < .001, d = 2.35. 

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 29 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotio nal 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Six participants in the High Trait 

Anxiety Group were males and 11 were females. Eight participants in the Low Trait 

Anxiety Group were males while 17 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 42) = 0.49, p = .82.  

The High Trait Anxiety Group had a mean age of 18.59 (SD = 1.12), whereas the 

mean age of the Low Trait Anxiety Group was 18.96 (SD = 2.35). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(40) = 0.61, p = 

.55, d = 0.21.  
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Table 29. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of the Lexical Decision Latencies 

The average median latencies under each of the four conditions for the High-trait 

Anxiety and Low-trait Anxiety groups are presented in Table 30 below. These lexical 

decision latencies data are shown in milliseconds and standard deviations are shown in 

brackets. 

 

 

 

 

 

 Mean STAI –

T (Trait 

Anxiety) score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-

II score 

 Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

53.88 

(6.05) 

 

44.06  

(13.07) 

18.18  

(6.90) 

6 11 18.59 

(1.12) 

Low Trait 

Anxiety 

Group 

27.63  

(3.91) 

29.08  

(6.95) 

 

5.38  

(3.98) 

8 17 18.96 

(2.35) 
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Table 30. Median lexical decision latencies (with standard deviations in brackets)  

Target 

Valence 

Priming 

Condition 

Trait Anxiety Group 

High Trait 

Anxiety 

Low Trait 

Anxiety 

Negative 

Target 

Primed 

Condition 593.53 (129.49) 655.60 (131.66) 

Unprimed 

Condition 602.65 (128.15) 688.00 (151.29) 

Non-

Negative 

Target 

Primed 

Condition 578.24 (121.26) 700.40 (183.82) 

Unprimed 

Condition 601.18 (118.04) 688.00 (145.95) 

 

These data were analysed using a 2X2XX2 three-way mixed design analysis of 

variance (ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS 

Low Trait Anxiety Group) as the between-group factor and two within-subject factors, 

being Priming Condition (Primed Condition VS Unprimed Condition) and Target Valence 

(Negative Target VS Non-Negative Target). 

 There was a statistically significant main effect of Trait Anxiety Group in this 

analysis, F (1, 40) = 4.84, p = .03, η=0.11, due to the fact the High Trait Anxious 

participants showed shorter lexical decision latencies (M = 593.90, SD = 124.23) than the 

Low Trait Anxious participants (M = 683.00, SD = 153.18).  
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 No other effect reached statistical significance in this analysis. Specifically, the 

main effect of Priming Condition did not reach statistical significance, F (1, 40) = 1.23, p = 

.27, η=0.03. Hence the participants did not show the expected speeding of lexical decision 

on the Primed Condition (M = 631.94, SD = 141.56) relative to the Unprimed Condition 

(M = 644.96, SD = 135.86). And this main effect of Priming Condition was not included in 

a higher order interaction. The Priming Condition X Trait Anxiety interaction was not 

significant, F (1, 40) = 0.07, p = .80, η=0.00. Hence, the priming effect was not evident 

either among the Low Trait Anxious and High Trait Anxious participants.  

 Most importantly, the predicted Priming Condition X Target Valence X Trait 

Anxiety interaction was not statistically significant, F (1, 40) = 1.89, p = .18, η=0.05. This 

indicates that both the High Trait Anxious and Low Trait Anxious participants did not 

demonstrate the priming effect across both the Negative and Non-Negative Targets. This 

means that the relative magnitude of the priming effect on Negative Targets compared to 

Non-Negative Targets was not significantly greater among the High Trait Anxious 

participants, when compared to the Low Trait Anxious participants.  

Subsidiary Analyses 

Due to the reasons outlined in earlier chapters, subsidiary analyses were performed 

on mean lexical decision latencies data since median lexical decision in the main analysis is 

not sensitive to detecting unusually long latencies in one condition to another. The data of 

all 64 participants was also analysed to increase the statistical power of the study in 

detecting the effect.  

 These analyses have generated exactly the same pattern of results as in the main 

analyses. Specifically, the only statistically significant effect in these analyses is the main 
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effect of Trait Anxiety Group F (1, 40) = 4.72, p = .04, η=0.11. This shows, that the High 

Trait Anxious participants showed shorter lexical decision latencies (M = 631.18, SD = 

130.49) than the Low Trait Anxious participants (M = 731.22, SD = 177.03).  

 The main effect of Priming Condition did not reach statistical significance F (1, 40) 

= 0.01, p = .94, η=0.00, as the participants did not show the expected speeding on lexical 

decision on the Primed Condition (M = 689.88, SD = 175.01) relative to the Unprimed 

Condition (M = 691.57, SD = 157.56). The Priming Condition was not included in a higher 

order interactive effect with Trait Anxiety Group, F (1, 40) = 1.13, p = .29, η=0.03. 

The predicted Priming Condition X Valence X Trait Anxiety interaction was not 

significant, F (1, 40) = 1.80, p = .19, η=0.04. Therefore the relative magnitude of priming 

effect on the Negative Targets compared to the Non-Negative Targets was not significantly 

greater among the High Trait Anxious participants, relative the Low Trait Anxious 

participants. 4 

  Additional 2X2X2 three-way ANOVA was also performed with BDI (High BDI 

VS Low BDI), rather than Trait Anxiety, as the between-group factor, on the median 

lexical decision latencies data. A median split was first performed on the BDI scores, those 

who fell into the upper half of the split were allocated to the Low BDI group and those who 

fell into the upper half were allocated to the High BDI group.  

The three-way Priming Condition X Target Valence X BDI interaction, F(1, 62) = 

2.69, p =.11, η=.04, was not statistically significant. Therefore, depression was not found to 

                                                                 
4
 These results presented were the analysis on the mean lexical decision latencies  data with 22 participants 

excluded based on the exclusion criteria employed in the main analysis. The analyses on the mean lexical 

decision latencies data and median lexical decision data including all 64 participants have generated exactly 

the same pattern of results.    
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be associated with an interpretive bias favouring negative interpretation of ambiguous 

words favouring both negative and non-negative interpretations. 

Discussion 

Similar to experiments two and three, the main effect of Priming Condition was not 

significant in the above series of analyses. And it was not included in a higher order 

interactive effect either. This indicates that the priming effect was not evident either among 

the High Trait Anxious and Low Trait Anxious partic ipants upon both Negative and Non-

Negative Targets. It was noted earlier that a priming effect is necessary to determine which 

interpretation was being imposed on the Experimental Homographs by the participants. 

This is so as to determine whether the High Trait Anxious participants do indeed 

preferentially impose negative interpretations upon the Experimental Homographs, when 

compared to the Low Trait Anxious participants. The lack of priming effect rendered the 

present experiment incapable of testing the hypothesis.  
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IMPLICATIONS OF PHASE ONE RESEARCH AND  

DEVELOPMENT OF PHASE TWO STUDY 

Summary of Phase One Research 

 The aim of Phase One of the present research was to examine whether the anxiety-

linked interpretive bias of high trait anxious individuals operates automatically, as predicted 

by Beck‟s (1976) and Bower‟s (1981, 1983) cognitive models of anxiety vulnerability.  

 The lexical decision task design was based on the priming paradigm employed by 

Richards and French‟s (1992) study. This was used as a measure of the anxiety- linked 

interpretive bias, as this is currently the only task that has demonstrated empirical support 

for the anxiety-linked interpretive bias on ambiguous lexical materials and is not amenable 

to alternative explanations such as a response bias.  

 If the High Trait Anxiety Group indeed preferentially imposed the negative 

interpretations upon the Experimental Homographs, these will in turn demonstrate greater 

magnitude of priming effect upon the Negative Associates semantically related to negative 

interpretations. This is in comparison to the Non-Negative Associates semantically related 

to the non-negative interpretations of the Experimental Homographs. Results for the High 

Trait Anxiety Group were considered relatively to the Low Trait Anxiety Group.  

 Three different attributes of automatic processing were identified. These were 

examined in the first three experiments in Phase One.  

 The first attribute is the rapidity of automatic processing. It was manipulated by 

varying the SOA between the onset of the prime and the onset of the target in each trial in 

Experiment One. A Short SOA of 250 milliseconds should more strongly attenuate 
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strategic processing, leaving automatic processing relatively unaffected. By contrast, both 

automatic and strategic processing should be unaffected by a Long SOA of 750 

milliseconds.  

 The second attribute is the capacity-independent nature of automatic processing. It 

was manipulated by varying the amount of Cognitive Load imposed by the digit strings the 

participants had to memorise when performing the priming task in Experiment Two. 

Memorising a digit string of six zeroes required very little cognitive capacity. Therefore, 

this task should leave both strategic and automatic processing relatively unaffected. On the 

other hand, memorising a random six-digit string required more cognitive capacity. 

Therefore this task should more strongly influence strategic processing but leave automatic 

processing relatively unaffected, if it is capacity- independent.  

 The third attribute is the unconscious nature of automatic processing. The backward 

masking technique was used to manipulate levels of conscious awareness of the 

homographs in Experiment Three. This technique was chosen because it has been proven to 

be effective in precluding conscious awareness stimulus materials. If the homographs were 

not masked, both strategic and automatic processing was allowed. Conversely when the 

homographs were masked, strategic processing should be strongly affected while leaving 

automatic processing relatively unaffected.  

 Care was taken to ensure that these different measures of the three orthogonal 

aspects attributes of automaticity were not confounded. First, the prime-target SOA in 

Experiment Two with Cognitive Load manipulation and Experiment Three with Masking 

manipulation, were the same as that of the Long SOA trials of Experiment One, which 

permitted enough time for the homographs to be processed strategically. This ensures the 
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two aspects of awareness of the bias and the cognitive load required by the bias were not 

confounded by the speed of the bias.  

 Additionally, steps were taken to ensure that the awareness of the bias and the speed 

of the bias were not confounded. This was achieved by selecting a SOA length, that is, 250 

milliseconds, for the Short SOA trials. This SOA length, although precluded the 

homographs to be processed strategically, still permitted conscious awareness of the 

homographs. For example, by presenting unmasked visual stimuli to primates for 20 

milliseconds, corresponding neurons fired continuously for two to three hundred 

milliseconds, and human observer would have full conscious perception for the stimuli 

under this condition (Rolls & Tovee, 1995).  

  As noted earlier, the priming effect from the Experimental Homographs upon the 

lexical decision made on the semantically related target words is crucial to the task‟s 

capability of testing the hypothesised anxiety-linked interpretive bias. Without the priming 

effect, it is impossible to determine whether it was the negative or the non-negative 

interpretation of the Experimental Homographs that was activated. This could indicate that 

the semantic content of the Experimental Homographs has not been activated to prime the 

processing of the semantically related targets in the first place. In the priming task with 

masking manipulation (Experiment Three), the priming effect was not evident among both 

Trait Anxiety Groups either under the Masked or Unmasked trials, across both Negative 

and Non-Negative targets, making it incapable of determining which interpretation was 

imposed on each of the Experimental Homographs.  

 In the priming task with cognitive load manipulation (Experiment Two), the 

priming effect of the Experimental Homographs upon processing of the semantically 
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related target was only evident among the Low Trait Anxiety Group, not among the High 

Trait Anxiety Group. And this lack of priming effect among the High Trait Anxious 

participants is equivalent upon both Negative and Non-Negative Targets. As there was no 

evidence indicating semantic activation of the Experimental Homographs among the High 

Trait Anxious participants, the task was therefore incapable of examining the hypothesised 

anxiety- linked interpretive bias, as it was unable to compare the interpretations imposed 

upon the Experimental Homographs between the two groups.  

 The priming task with SOA manipulation (Experiment One) is the only experiment 

in which the Experimental Homographs exhibited priming effect on the lexical decisions 

made on semantically related targets for both High Trait Anxiety and Low Trait Anxiety 

Groups. This priming effect was evident in both Long SOA and Short SOA trials.  

 Nevertheless, there was no evidence supporting the hypothesised anxiety- linked 

interpretive bias. The High Trait Anxiety Group did not demonstrate disproportionately 

greater magnitude of priming on Negative Associates than on the Non-Negative Associates, 

when compared to the Low Trait Anxiety Group. The results were found under both Long 

SOA and Short SOA trials.  

 As the same lexical decision task in Richards and French‟s (1992) had demonstrated 

results consistent with the hypothesised anxiety- linked interpretive bias, Experiment Four 

attempted to replicate these results.  

 As in Experiments One, Two and Three, the same experimental parameters and 

stimulus materials employed by Richards and French (1992) were adopted in Experiment 

Four. The manipulation of factors associated with automatic processing was excluded in 

Experiment Four, and unlike the first three experiments, the homographs were only 
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presented once in Experiment 4, therefore it has the same factor structure as Richards and 

French‟s (1992) original study. The task also failed, however, to demonstrate the required 

priming effect of Experimental Homographs on their semantically related targets. The 

priming effect was not evident among either the High Trait Anxiety or the Low Trait 

Anxiety, upon both Negative and Non-Negative Associates, making the task incapable of 

testing the hypothesis.  

 Experiments in Phase One of the present research attempted to mirror the 

experimental design of Experiment 2 of Richards and French‟s (1992) study as closely as 

possible. There are, however, two major differences between the priming tasks in Phase 

One and Experiment 2 of Richards and French‟s (1992) study. First, the present study 

expanded the stimulus materials employed by Richards and French‟s (1992).  The 

additional set of stimulus materials were extracted from the normative word association 

data sets, where the stimulus materials of Richards and French‟s (1992) were originally 

from. Word lengths and frequencies were compared across the original data set and the 

additional data set and they were not significantly different from one another 5.    

 Second, the difference on the average scores on trait anxiety between High Trait 

Anxiety Group and the Low Trait Anxiety Group was greater than that in Experiment 2 of 

Richards and French‟s (1992) study. However, this is difficult to argue that empirical 

support for the hypothesised anxiety- linked interpretive bias will not be evident when the 

two Trait Anxiety Groups become more diverse on their trait anxiety scores.  

                                                                 
5
 T-tests were conducted to compare the mean word frequency between the original and the new sets of 

stimulus materials. There was no significant difference between the mean Kurcera-Francis writ ing frequency 

between the original stimulus  materials (M  = 49.95, SD = 83.72) and the new original stimulus materials (M = 

117.56, SD = 356.74), t(76) = -1.152, n.s . No significant difference was found for the mean Throndike-Lorge 
written frequency between the original set (M = 360.28, SD = 462.00) and the new set (M  = 701.65, SD = 

1569.75), t(78) = -1.319, n.s. Another t-test comparing the mean word length between the original set (M = 
4.80, SD = 1.51) and the new set (M = 5.45, SD = 1.75) was also conducted and showed that there was no 
significant difference between the two sets in word length, t(78) = -1 .779, n.s. 
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Implications of Phase One Research 

It is impossible to determine whether the High Trait Anxious participants 

preferentially imposed the negative interpretations upon the Experimental Homographs 

when compared to the Low Trait Anxious participants, if the task is unable to identify 

which interpretation the participants will actually impose upon these homographs. This 

failure to obtain the priming effect could arise because the semantic content of these 

homographs have not been activated in the first place so the homographs were unable to 

prime the processing of the semantically related target words.  

 One of the major problems of this particular priming task design is that, although it 

allowed the participants to process the semantic content of the homographs, it did not 

require them to do so to complete the task successfully. The participants could, in fact, 

make accurate lexical decisions on the targets without having to semantically process the 

preceding homographs. Therefore, Richards and French‟s (1992) priming task design may 

not be the most desirable method to examine the hypothesised anxiety- linked interpretive 

bias, let alone the automaticity of such bias.  

 Without an experimental design that is capable of reliably detecting the 

hypothesised anxiety- linked interpretive bias, it is impossible to illustrate the differential 

involvement of the automatic and strategic processing on the operation of such bias. 

Therefore Phase Two of the present research was introduced to select an experimental 

design that did offer this capability. The examination of the automaticity of the 

hypothesised anxiety-linked interpretive bias was therefore temporarily set aside.  

In response to the limitations of Richards and French‟s (1992) priming paradigm 

identified in Phase One, a new experimental design that actually required the participants to 
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process the semantic content of ambiguous materials to successfully complete the task 

accurately was employed in Phase Two. This meant that the task has the capability to verify 

whether the High Trait Anxious participants, when compared to the Low Trait Anxious 

participants, do preferentially impose negative interpretations upon ambiguous materials 

that permit both negative and non-negative interpretations.  
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INTRODUCTION TO PHASE TWO  

PRIME-TARGET RELATIONSHIP TASKS 

The purpose of Phase Two is to select an experimental design that is capable of 

detecting the hypothesised anxiety- linked interpretive bias. A task that requires the 

participants to process the semantic content of the ambiguous materials is needed to 

achieve this purpose.  

 The word relationship assessment task employed by Wilson et al. (2006) was 

identified as an appropriate design and was modified to serve this purpose in Phase Two. 

This task was employed in Wilson et al.‟s (2006) study to assess the effectiveness of a 

training task designed to directly induce interpretive bias on ambiguous materials.  

 In Wilson et al.‟s (2006) study, one group of participants received training to induce 

a bias favouring negative interpretation of ambiguous materials. By contrast, another group 

received training to induce bias favouring non-negative interpretation of such stimuli. The 

subsequent assessment task was then introduced to examine the impact of such training on 

the interpretations imposed upon ambiguous homographs.  

A variant of this assessment task was employed in the present study to examine the 

hypothesised naturally-occurring interpretive bias favouring negative resolutions of 

ambiguous materials by High Trait Anxious participants.  

 Each trial began with a prime word followed by a pair of targets. One target was an 

Associate semantically related to the prime while the other was a valence-matched Foil 

unrelated to the prime. The participants had to determine which of the two targets was 

semantically related to the prime.  
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Homographs that permitted both negative and non-negative interpretations were 

used as primes in Wilson et al.‟s (2006) study. Interpretive bias was measured by the 

latencies of correctly identifying the associates semantically related to the negative 

interpretations of the homographs, relative to their non-negative interpretations 

counterparts. This experimental paradigm was appropriate for Phase Two of the present 

research because it was necessary for the participants to process homograph primes 

semantically to perform the task successfully. Accurate performance therefore indicated 

that such semantic processing had indeed taken place.  

Experimental Homograph Trials 

The experiments in Phase Two had Experimental Homograph trials and Control 

Homograph trials. In the Experimental Homograph trials, Experimental Homographs each 

permitting a negative and a non-negative interpretation were used as primes, such as 

„Arms‟ in Figure 9 below.  

Each of the Experimental Homograph primes was followed by a target pair, only 

one of which was semantically related to the preceding Experimental Homograph prime. 

The participants had to determine which of these two targets was semantically related of 

this homograph prime. The related target could be a Negative Associate semantically 

related to the negative interpretation of the Experimental Homograph prime, such as 

„Shotguns in example 1 of Figure 9. Conversely, it could be a Non-Negative Associate 

semantically related to the non-negative interpretation of the Experimental Homograph 

prime, such as „Shoulders‟ in example 2 shown in Figure 9.  
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If the High Trait Anxious participants preferentially impose negative interpretations 

upon the Experimental Homographs, they will show disproportionate speeding on correctly 

identifying the Negative Associates than the Non-Negative Associates, relative to the Low 

Trait Anxious participants. 

Figure 9. Example of experimental homograph trials of the prime-target relationship task 

Control Homograph Trials and the Relationship Saliency Bias  

The above pattern of results is, however, amenable to alternative explanatio n other 

than the hypothesised anxiety- linked interpretive bias of the High Trait Anxious 

participants. This same pattern of results could occur even if the High Trait Anxious 

participants did not selectively impose negative interpretations upon the Experimental 

Homographs. It is due to the fact that the Negative Associates related to the negative 

interpretations of the Experimental Homographs were themselves negatively-valenced and 

the Non-Negative Associates related to the non-negative interpretations of the Experimental 

Homographs were themselves non-negatively-valenced.  

The differential emotional tone of these targets might lead to systematic difference 

on the latencies of correctly identifying the associates of the Experimental Homographs 

Experimental Homograph Trials: 

Experimental (Negative/Neutral) Homographs    Associate + Valence-Matched 

Foil   

Example 1: Negative Target Pair Trials 

Arms → Shotguns (Negative Associate) + Disarray (Negative Foil)  

Example 2: Non-Negative Target Pair Trials 

 Arms → Shoulders (Non-Negative Associate) & Amplitude (Non-Negative Foil) 
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between the High Trait Anxious and Low Trait Anxious participants, even when the High 

Trait Anxious participants do not preferentially impose negative interpretations on these 

Experimental Homographs. 

More specifically, as the Negative Associates were negatively-valenced, the 

relationship between the Experimental Homographs and the Negative Associates may be 

more readily perceived by the High Trait Anxious participants, when compared to the 

relationships between the Experimental Homographs and the Non-Negative Associates. 

This bias is now termed the „relationship saliency bias’. This bias also leads to the same 

prediction that the High Trait Anxiety Group will demonstrate disproportionate speeding on 

correctly identifying the Negative Associates relative to the Non-Negative Associates, 

when compared to the Low Trait Anxiety Group.  

 To dissociate the effects originating from the hypothesised anxiety- linked 

interpretive bias from those arising from the relationship saliency bias, Control Homograph 

trials were introduced in the experiments in Phase Two. Control Homographs were used as 

primes in these trials. Each of these Control Homographs permitted two non-negative 

meanings, such as „Grade‟ in Figure 10.  

Similar to the Experimental Homograph trials, each of these Control Ho mographs 

were followed by a target pair and only one of the targets was related to the preceding 

Control Homograph prime. The participants had to determine which target was related to 

the meaning of the Control Homograph in each trial. The related target could be a Negative 

Associate with a negative emotional tone, such as „Stupid‟ in example 1 of Figure 10, or a 

Non-Negative Associate with a non-negative emotional tone such as „Angle‟ in example 2 

of Figure 10.  
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 As both interpretations of these Control Homographs were non-negative, these 

Control Homographs did not permit negative interpretations for the operation of the 

hypothesised anxiety- linked interpretive bias. If the High Trait Anxious participants‟ 

disproportionate speeding on the Negative Associates relative to the Non-Negative 

Associates in the Experimental Homograph trials was due to a genuine anxiety- linked 

interpretive bias, this pattern of results will not be evident in Control Homograph trials as 

these Control Homographs did not permit negative interpretations.  

If, however, this pattern of results in the Experimental Homograph trials was due to 

the relationship saliency bias described above, then this pattern of results will be equally 

evident in the Control Homograph trials. This will stand true even when the Control 

Homographs did not permit Negative interpretations for the hypothesised anxiety- linked 

interpretive bias to operate. This means that the High Trait Anxious participants‟ relative 

speeding on the Negative Associates, relative to Non-Negative Associates in the 

Experimental Homograph trials, was due to the enhanced saliency of the relationship 

between the associates and the homographs when the associates have negative emotional 

tone. 

 Figure 10. Example of control homograph trials of the prime-target relationship task 

Control Homograph Trials: 

Control (Neutral/Neutral) Homograph → Associate + Foil 

Example 1: Negative Target Pair trials 

Grade → Stupid (Negative Associate) + Suspect (Negative Foil)  

Example 2: Non-Negative Target Pair trials 

Grade → Angle (Non-Negative Associate) & Operator (Non-Negative Foil) 
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Target Oscillation and Target Exposure 

The purpose of Phase Two was to select an experimental paradigm that is capable of 

detecting the difference between the High Trait Anxiety group and the Low Trait Anxiety 

Group in terms of their interpretive selectivity upon the Experimental Homographs. As 

such, an optimal difficulty level with the best discriminatory power had to be selected. This 

was achieved by having the targets in each target pair presented in the same vicinity of the 

computer screen in two different colours (red and blue) in an alternating sequence.  

This technique is developed based on the concept of critical flicker frequency 

(CFF), or flicker fusion threshold (e.g. King, 1962; Mahneke, 1958). CFF refers to the 

fastest temporal alternation of a flickering light that is indistinguishable from a steady, non-

flickering light to the observer. CFF often has been used to measure temporal 

characteristics of visual processing (e.g. O‟Dell & Boothe, 1997; Wells et al, 2001 ). The 

difficulty of distinguishing the two targets in each target pairs could therefore be varied 

having the two targets flickering at different rates, to increase or reduce how the 

distinguishable the two targets were to the participants.    

The difficulty level of the tasks was varied by manipulating two different 

experimental parameters of the presentation of these target pairs.  

 The first experimental parameter was the target oscillation rate (referred to as target 

oscillation). The two targets in each pair were either alternating rapidly at 30 milliseconds 

(fast target oscillation) or relatively slowly at 60 milliseconds (slow target oscillation).  

 The second experimental parameter was the length of exposure of the target pairs 

(referred to as target exposure). The targets in each target pair either stayed on the screen 
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and continued to oscillate until the participants made a response by clicking on the mouse 

(long exposure), or only stayed on the screen oscillating for 750 milliseconds (short 

exposure).  

 The first experiment in Phase Two had a short target exposure length and the targets 

in each pair oscillated either at the rate of 30 milliseconds (fast target oscillation) or 60 

milliseconds (slow target oscillation) for 750 milliseconds.  

 The second experiment in Phase Two had a long target exposure length and the 

targets in each pair oscillated either at the rate of 30 milliseconds (fast target oscillation) or 

60 milliseconds (slow target oscillation) until the participants made a response by clicking 

on the mouse.  

Factors 

The dependent variable of the two experiments in Phase Two was the latencies of 

correctly identifying the associates of the homograph primes. This was affected by four 

factors within a 2X2X2X2 mixed design presented in Table 31 below. These two 

experiments had the following between-group factors: 

1) Trait Anxiety Group (High Trait Anxiety Group VS Low Trait Anxiety Group)  

2) Target Oscillation (Fast Target Oscillation VS Slow Target Oscillation)  

The experiments also had the following two within-subject factors: 

1. Homograph Type (Experimental Homograph VS Control Homograph)  

2. Target Pair Valence (Negative Target Pair VS Non-Negative Target Pair) 

Target Oscillation is a between-group factor due to the fact that Experiment Five 

and Experiment Six are combination of four separate tasks differing in terms of 
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Target Oscillation rates and Target Exposure lengths. Analyses have demonstrated 

that participants‟ characteristics do not differ across these four separate tasks 6.  

The between-group factor Target Oscillation Rate and the two within-subject factors 

(being Homograph Type and Target Pair Valence) will be elaborated upon below.   

                                                                 
6
 2X2 ANOVA was performed on Trait Anxiety, Sate Anxiety, BDI and age of the participants, with Target 

Oscillation and Target Exposure as between-group factors. The Target Oscillat ion X Target Exposure 

interactions were not statistically significant on age, F(1, 187) = 0.08, p =.78, η=.001, State Anxiety, F(1, 

188) = 0.30, p =.58, η=.002, Trait Anxiety, F(1, 188) = 0.000, p =.995, η=.000,  and BDI, F(1, 188) = 2.26, 

p =.13, η=.01.   
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Table 31. Factor table of the prime-target relationship tasks  

Trait 

Anxiety 

Group 

Target 

Oscillation 

Rate 

Homograph 

Type 

Target Pair 

Valence 

High Trait 

Anxiety 

Group 

Fast Target 

Oscillation  

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-Negative 

Slow Target 

Oscillation 

Experimental 

Negative 

Non-Negative 

Control 
Negative 

Non-Negative 

Low Trait 

Anxiety 

Group 

Fast Target 

Oscillation  

Experimental 
Negative 

Non-Negative 

Control 
Negative 

Non-Negative 

Slow Target 

Oscillation 

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-negative 

 

Target Oscillation (Fast Target Oscillation VS Slow Target Oscillation): Under the Fast 

Target Oscillation condition, the target pairs were oscillating at the rate of 30 milliseconds. 
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Under the Slow Target Oscillation condition, the target pairs were oscillating at the rate of 

60 milliseconds. 

Homograph Type (Experimental Homograph VS Control Homograph): Under the 

Experimental Homograph condition, the prime on each trial was an Experimental 

Homograph permitting a negative and a non-negative interpretation. Under the Control 

Homograph condition, the prime on each trial was a Control Homograph permitting two 

non-negative interpretations.  

Target Pair Valence (Negative Target Pair VS Non-Negative Target Pair):  In the Negative 

Target Pair trials, the homograph primes were followed by a Negative Target Pair 

comprising a Negative Associate and a valence-matched Negative Foil. In the Non-

Negative Target Pair trials, the homograph primes were followed by Non-Negative Target 

Pairs each comprising a Non-Negative Associate and a Non-Negative Foil. 
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Materials 

The emotional questionnaires and experimental hardware employed in the 

experiments in Phase Two were exactly the same as those employed in Phase One.  

Stimulus Materials 

 Stimulus materials from McLaughin-Jones‟ (n.d.) study were employed in 

experiments in Phase Two.  The following is a brief description of the procedures for 

developing the stimulus materials. As mentioned earlier, the two experiments in Phase Two 

consisted of Experimental Homograph trials and Control Homograph trials. Filler trials 

were also included in these two experiments. A final set of the following items for the each 

of these three types of trials was needed: 

Experimental Homograph Quintets 

 Ninety-six Experimental Homograph quintets of five items using Experimental 

Homographs were needed for the Experimental Homograph trials. The following five items 

were included in each Experimental Homograph quintets: 

1. Experimental Homograph  

This was a word with two alternative meanings, each differing in their emotional tone  

and  permitting one negative interpretation plus one non-negative interpretation, such as 

„Arms‟. 

2. Negative Associate 

This was a word semantically related to the negative meaning of the Experimental 

Homograph within the same quintet. Such words tended to be negative in emotional 
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tone. For instance, „Shotguns‟ would be a Negative Associate of the Experimental 

Homograph „Arms‟, as this is related to the negative meaning of this homograph.  

3. Non-Negative Associate  

This was a word semantically related to the non-negative meaning of the Experimental 

Homograph within the same quintet. Such words tended to be non-negative in 

emotional tone. For example, „Shoulders‟ would be a Non-Negative Associate of the 

Experimental Homograph „Arms‟, as this is related to the non-negative meaning of this 

homograph.  

4. Negative Foil 

This was a word with a negative emotional tone matched to that of the Negative 

Associate, which was unrelated to either meaning of the Experimental Homograph 

within the same quintet. For example, „Disarray‟ is a negative word with a valence 

similar to „Shotguns‟ though it is unrelated to either meaning of the above Experimental 

Homograph „Arms‟.  

5. Non-Negative Foil 

This was a word with a non-negative emotional tone, matched to that of the Non-

Negative Associate and unrelated to either meaning of the Experimental Homograph 

within the same quintet. For example „Amplitude‟ is a non-negative word with a 

valence similar to „Shoulders‟, plus it is unrelated to either meaning of the above 

Experimental Homograph „Arms‟.  

Examples of the Experimental Homograph quintets are presented in Table 32 below: 
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Table 32.  Examples of Experimental Homograph quintets  

Experimental 

Homograph 

Negative 

Associate 

Non-Negative 

Associate 

Negative Foil Non-Negative 

Foil 

Arms Shotguns Shoulder Disarray Amplitude 

Nuts Crazy Teacup Forensic Comet 

Sack Unemployed Cloth Abnormality Watching 

Control Homograph Quintets 

Ninety-six Control Homograph quintets using Control Homograph as primes were 

employed in these two experiments. The following five items were included in each of the 

Control Homograph quintets.  

1. Control Homograph 

This was a homograph that permitted two alternative interpretations which did not 

differ in their emotional tone, and the alternative interpretations were both non-

negative in valence. For example, “Grade” permits two non-negative interpretations.  

2. Negative Associate 

This was a negative word semantically related to one meaning of the Control 

Homograph within the same quintet that was itself Negative in valence. For 

example, „Stupid‟ is a negative word related to one meaning of the Control 

Homograph „Grade‟.  
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4. Non-Negative Associate 

 This was a non-negative word semantically related to the other meaning of the 

Control Homograph within the same quintet that was itself non-negative in valence. 

For example, „Angle‟ is a non-negative word related to the other meaning of the 

Control Homograph „Grade‟.  

5. Negative Foil 

This was a word with a negative emotional tone matched to that of the Negative 

Associate, which was semantically unrelated to either meaning of the Control 

Homograph in the same quintet. For example, „Suspect‟ is a negative word 

unrelated to either meaning of the Control Homograph „Grade‟.  

6. Non-Negative Foil 

This was a word with a non-negative emotional tone matched to that of the Non-

Negative Associate, which was semantically unrelated to either meaning of the 

Control Homographs within the same quintet. For instance, „Operator‟ is a non-

negative word unrelated to either meaning of the Control Homograph „Grade‟.  
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Examples of Control Homograph quintets are presented in Table 33 below.  

Table 33.  Examples of Control Homograph quintets  

Control 

Homograph 

Negative 

Associate 

Non-Negative 

Associate 

Negative Foil Non-Negative 

Foil 

Grade Stupid Angle Suspect Operator 

Dough Scarcity Coinage Regress Descent 

Figure Bulimia  Estimate Hijack Woodland 

 

Filler Stimulus Triplets 

 384 filler stimulus triplets were needed for the filler trials. Each of these triplets had 

an unambiguous word as the prime, an associate semantically related to the prime and an 

unrelated foil. The associate and the foil in each triplet were matched in emotional tone. 

The emotional tone of these unambiguous words varied from negative to non-negative.  

Stimulus Materials Rating and Selection 

 Candidate homographs and associates for the Experimental Homograph quintets 

and for the Control Homograph quintets were created for selection. The emotional tone of 

each candidate item was rated to make sure that the final set of stimulus materials satisfy 

the following criteria: 

1. The Negative Associate and the Negative Foils of the Experimental Homograph 

and Control Homograph quintets were equally negative.  
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2. The Non-Negative Associates and the Non-Negative Associates of the 

Experimental Homograph and Control Homograph quintets were equally non-

negative. 

3. The Negative targets and the Non-Negative targets were significantly different in 

valence. 

Ten additional raters who scored between 36 to 44 on the Trait Anxiety subscale of the 

Spielberger‟s State-Trait Anxiety Inventory (Spielberger et al.,1983) from the University of 

Western Australia were invited to rate the emotional tone of a pool of candidate materials. 

They were instructed to rate the emotional tone of the words listed on the questionnaire on 

a scale from -3 to +3, with -3 being very negative and +3 very positive. Candidate items for 

each condition listed above were presented in the questionnaire for the selection of the 

required sets of stimulus materials.  

 All the candidate Negative and Non-Negative Associates were presented along with 

their respective homographs on the questionnaire for their emotional tones to be rated. 

Items within the candidate triplets for the filler trials were also presented on the 

questionnaire for their emotional tones to be rated. 

 Confirmation of how the above criteria were met by the final 96 Experimental 

Homograph quintets and 96 Control Homograph quintets, are presented in Table 34 below. 

As shown in Table 34, all negative targets, which included the 96 Negative Associates and 

the 96 Negative Foils of the Experimental Homograph quintets, and the 96 Negative 

Associates and the 96 Negative Foils of the Control Homograph quintets, had the same 

average negative rating of -0.99 (SD = 0.64). All the non-negative targets, which included 

the 96 Non-Negative Associates, 96 Non-Negative Foils of the Experimental Homograph 
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quintets, 96 Non-Negative Associates and 96 Non-Negative Foils of the Control 

Homograph quintets, had the same average non-negative rating of 0.66 (SD = .0.60).  

 The average ratings of the Negative Targets (M = -0.99, SD = .64) and the Non-

Negative Targets (M = 0.66, SD = .0.66) were significantly different from each other, 

t(766) = 37.16, p < .05. 

Table 34. Average ratings of the final target pairs of the Experimental and Control 

Homograph quintets  

 

Negative 

Associates 
Negative Foils 

Non-Negative 

Associates 

Non-Negative 

Foils 

Experimental 

stimulus 
-0.99 (0.64) -0.99 (0.64) 0.66 (0.60) 0.66 (0.60) 

Control 

stimulus 

-0.99 (0.64) -0.99 (0.64) 0.66 (0.60) 0.66 (0.60) 

  

 384 filler stimulus triplets were also selected based on the rating of the emotional 

tone the candidate items received on the questionnaire. They were selected in such a way 

that the emotional tone of the unambiguous word primes spanned from non-negative to 

negative. The associates and foils of each filler stimulus triplets were matched in valence.  

It should be noted that apart from selecting the final set of targets based on their 

emotional valence based on the criteria described above, it would be also be desirable to 

match the homograph-target association strength between the Negative Associates and the 

Non-Negative Associates. However, an immensely huge pool of candidate targets would be 

needed to result in a final set of stimulus materials that satisfies the selection criteria on 
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both aspects. Priority was therefore given to select the final set of targets based on their 

emotional valence only.  

 While this implies that the word association strength between specific homograph 

meanings and specific targets may vary, making it impossible to draw the conclusion that 

meaning of one emotional valence is preferred over another for each individual participant, 

It does not compromise conclusions concerning the relative preference for interpretations of 

one emotional valence over another between the two trait anxiety groups (which are the 

focus of the hypotheses under scrutiny).  
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EXPERIMENT FIVE 

PRIME-TARGET RELATIONSHIP TASK WITH SHORT TARGET EXPOSURE 

Methods 

Participants 

Ninety-six participants were selected in exactly the same manner as in Phase One 

from a group of 380 students from the University of Western Australia. The characteristics 

of these 96 participants are presented under Table 35 below.  

Table 35. Characteristics of participants in Experiment 5 (Standard Deviations in brackets) 

 Gender Mean Age Mean STAI –T (Trait 

Anxiety) score  Male 

N 

Female 

N 

High Trait 

Anxiety Group 

13 35 18.90 

(1.93) 

52.63 

(6.24) 

Low Trait 

Anxiety Group 

16 32 20.60 

(6.51) 

31.90 

(3.59) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 35 shows, 13 participants in the High 

Trait Anxiety group were males while 35 were females. This contrasts with the Low Trait 

Anxiety group, in which 16 participants were males and 32 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups, χ2 (1, N = 96) = 

0.45, p = .51. 
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The High Trait Anxiety Group had a mean age of 18.90 (SD = 1.93), whereas the 

mean age of the Low Trait Anxiety Group was 20.60 (SD = 6.51). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(94) = 1.73, p = 

.09 d = 0.40. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 52.63 (SD = 6.24), while the 

average STAI-T score of the Low Trait Anxiety group was 31.90 (SD = 3.59). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(94) = 

19.96, p < .001, d = 4.22. 

Task Structure 

Structure of Individual Trial 

 The task consisted of 576 trials. Half of the participants completed the task at the 

Fast Target Oscillation rate and the other half of the participants completed the task at the 

Slow Target Oscillation rate. The structure of each Slow Target Oscillation trial is 

presented in Figure 11 and that of each Fast Target Oscillation trial is presented in Figure 

12 below.  

 Each trial began with three white crosses presented centrally as a fixation point, 

2cm above the centre of the screen. These crosses stayed on the screen for 1000 
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milliseconds and were immediately followed by a white colour prime at the same location 

which remained for 750 milliseconds. The prime was immediately followed by a target pair 

comprised of the associate and the foil at the central location of the screen.  

 The associate and the foil appeared at the centre of the computer screen in two 

different colours, being red and blue. In the Slow Target Oscillation trials, the first tar get 

appeared on the screen for 60 milliseconds before being replaced by the second target at the 

same location for another 60 milliseconds in an alternating sequence. The cycle repeated 

for 750 milliseconds.  

 In the Fast Target Oscillation trials, the first target appeared on the screen for 30 

milliseconds before being replaced by the second target at the same location for another 30 

milliseconds in an alternating sequence. The cycle repeated for 750 milliseconds.  

 For any given trial, there was a 50 % chance that the associate was either red or blue 

in colour. The participants were instructed to left-click on the mouse if the associate was 

red and right-click if it was blue. The latency and accuracy were recorded by the computer.  

 The next trial was initiated 1000 milliseconds after a response was registered. The 

characters of all the materials presented were approximately 5mm in height. The 

participants were given the option to take a self-paced break after every 192 trials. The 

participants also had the option of starting a self-paced break by pressing on the space bar, 

but they were encouraged to do so only if they really needed a rest.  
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Figure 11. Slow Target Oscillation trial structure of prime-target relationship with short 

target exposure 

 

Figure 12. Fast Target Oscillation trial structure of prime-target relationship with short 

target exposure 
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 One hundred and ninety-two out of the 576 trials had homographs as primes. 

Ninety-six of these trials were the Experimental Homograph trials and the other 96 were the 

Control Homograph trials. The remaining 384 trials were filler trials with unambiguous 

words as primes. Distribution of these 576 trials will be described as follows: 

 Experimental Homograph Trials: There were 96 Experimental Homograph trials, 

each of these trials had an Experimental Homograph from each of the 96 Experimental 

Homograph quintets as primes. On half of these Experimental Homograph trials (48 trials) 

each of the Experimental Homograph was followed by the Negative Associate and the 

valence-matched Negative Foil from the same quintet. These were the Negative Target Pair 

trials. On the other half of the Experimental Homograph trials (48 trials), each of the 

Experimental Homograph was followed by the Non-Negative Associate and the valence-

matched Non-Negative Foil from the same quintet. These were the Non-Negative Target 

Pair trials. Structure of an Experimental Homograph trial is presented in Table 36 below.  

 Control Homograph Trials. There were 96 Control Homograph trials. Each of these 

trials had a Control Homograph from each of the 96 Control Homograph quintets as 

primes. On half of these Control Homograph trials (48 trials) each of the Control 

Homographes were followed by the Negative Associate and the valence-matched Negative 

Foil from the same quintet. These were the Negative Target Pair trials.  

 On the other half of the Control Homograph trials (48 trials) the Control 

Homograph was followed by the Non-Negative Associate and the valence-matched Non-

Negative Foil from the same quintet. These were the Non-Negative Target Pair trials. The 

structure of a Control Homograph trial is presented in Table 36 below.  



167 
 

Table 36. Trial structures of Experimental Homograph and Control Homograph conditions  

  

 Filler Trials.  The remaining 384 trials were filler trials which used unambiguous 

words as primes, each followed by the associate and a valence-matched foil from the same 

stimulus triplet.  

 The latencies for correctly identifying the associates in the Experimental 

Homograph and the Control Homograph trials constituted the data capable of testing the 

High Trait Anxious participants‟ interpretive bias favouring the negative interpretation of 

the Experimental Homographs, relative to the Low Trait Anxious participants. Moreover, to 

mitigate the risk of any participants showing low overall accuracy level in identifying the 

associates of the homograph primes failing to yield useful data for testing the anxiety-

linked interpretive bias, participants showing less than 55 %  overall accuracy (which was 

approximately two standard deviations below the average accuracy on the task), were 

excluded from further analyses.  

Experimental Homograph condition: 

 Negative Target Pair trials: 

Experimental Homograph  Negative Associate + Non-Negative Foil 

Non-Negative Target Pair trials: 

Experimental Homograph  Non-Negative Associate + Non-Negative Foil 

Control Homograph condition: 

 Negative Target Pair trials: 

Control Homograph  Negative Associate + Negative Foil 

Non-Negative Target Pair trials: 

Control Homograph  Non-Negative Associate + Non-Negative Foil 
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 If the High Trait Anxious participants favour the negative interpretation of the 

Experimental Homographs, relative to the Low Trait Anxious participants, the High Trait 

Anxious participants will show disproportionate relative speeding on correctly identifying 

the Negative Associates than to the Non-Negative Associates. If the above effect from the 

Experimental Homograph trials reflects a genuine interpretive bias, no such effect will be 

evident in the Control Homograph trials. In contrast, if the effect from the Experimental 

Homograph trials is only a reflection of the relationship saliency bias, the same effec t will 

be equally evident in the Control Homograph trials.  

Procedure  

 Similar to Phase One, the participants first read the information sheet, signed an 

informed consent form and were given instructions at the beginning of the experimental 

session.  

 Prior to the actual experiment, the participants completed practice trials.  

 The practice consisted of two different parts. The first part of the practice comprised 

50 trials and was introduced to enable the participants to readily identify the colour of the 

targets in the experiment that followed. Each trial began with three white crosses at the 

centre of the screen, followed by a white word, either „number‟ or „letter‟, at the same 

location for 750 milliseconds. The white word was immediately followed by a letter string 

and digit string, one in red and the other in blue. These alternated with each other at the 

centre of the screen, at an oscillation rate of 30 milliseconds for those participants assigned 

to the Fast Target Oscillation condition and 60 milliseconds for those participants assigned 

to the Slow Target Oscillation condition. In both Conditions, the letter and digit string 

oscillated for 750 milliseconds.  
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 Participants were advised that the first white word indicated whether they had to 

identify the colour of the digit string or the letter string that followed. They were instructed 

to left-click on the mouse when the colour was red and right-click when the colour was 

blue. Accuracy of their responses was measured.  

 The participants proceeded to the second practice if they reached an accuracy level 

of 80 % or above. 

 The second part of the practice comprised 20 trials. Participants were advised that it 

was exactly the same as the actual experiment that followed. The participants were advised 

that they had to fixate centrally at the three white crosses on the computer screen, taking no 

action when the white word appeared. Participants were instructed that when the target pair 

appeared, they must select the colour of the target word that was semantically related to the 

first white colour word by clicking the mouse. A left-click meant the related word was red, 

while a right-click means the related word was blue. The prime words in the practice trials 

were all unambiguous non-negative words and the target pairs were also non-negative in 

valence. Any questions from the participants were addressed prior to the actual experiment.  
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Results 

 Similar to previous experiments, the participants were excluded based on their 

STAI-T scores they received during the experimental session. Those participants whose 

overall accuracy level fell below 55% in this task were also excluded from the main 

analysis.  

 22 participants were excluded based on these exclusion criteria. Fourteen High Trait 

Anxious participants and 3 Low Trait Anxious participants were excluded based on their 

STAI-T scores; 2 High Trait Anxious participants and 3 Low Trait Anxious participants 

were excluded due to low accuracy level on the task. The remaining 32 High Trait Anxious 

participants and 42 Low Trait Anxious participants were included in the following analysis.  

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 55.03 (SD= 5.89) while that of the Low Trait Anxiety group was 30.05 

(SD = 4.27). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(72) = 21.17, p < .001, d = 4.92.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 
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analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 44.94 (SD = 8.59) while that of the Low Trait Anxiety group was 27.60 (SD = 6.40). 

The two groups were significantly different from each other in STAI-S scores, t(72) = 9.96, 

p <.001, d = 2.31. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 21.03 (SD = 8.74) while that of the Low Trait Anxiety group was 4.12 

(SD = 3.34). The two groups were significantly different from each other in terms of their 

BDI scores, t(72) = 11.51, p < .001, d = 2.80.  

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 37 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Seven participants in the High Trait 

Anxiety Group were males and 25 were females. Fourteen participants in the Low Trait 

Anxiety Group were males while 28 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 74) = 1.17, p = .28.  

The High Trait Anxiety Group had a mean age of 18.94 (SD = 1.97), whereas the 

mean age of the Low Trait Anxiety Group was 20.44 (SD = 6.82). The mean age of the 
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participants in each Trait Anxiety Group was not significantly different, t(72) = 1.21, p = 

.23, d = 0.34.  

Table 37. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of Word Relationship Decision Latencies 

  The average median word relationship decision latencies under each of the eight 

conditions for the High Trait Anxious and Low Trait Anxious Groups are presented in 

Table 38 below. These word relationship decision latencies data are presented in 

milliseconds and standard deviations are shown in brackets.  

 

 

 

 

 

 

 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-II 

score 

 Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

55.03 

(5.89) 

 

44.94  

(8.59) 

21.03 

(8.74) 

7 25 18.94 

(1.97) 

Low Trait 

Anxiety 

Group 

30.05 

(4.27) 

27.60 

(6.40) 

 

4.12 

(3.34) 

14 28 20.44 

(6.82) 
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Table 38. Median Word Relationship Decision Latencies (standard deviations in brackets)  

Target 

Oscillation 

Rate 

Homograph 

Type 

Target Pair 

Valence 

Trait Anxiety Group 

High Trait Anxiety Low Trait Anxiety 

Fast 

Oscillation 

Experimental 

Negative 1733.06 (208.73) 1864.76 (422.61) 

Non-

Negative 

1743.33 (200.15) 1852.62 (363.81) 

Control 

Negative 1816.67 (300.03) 1891.43 (470.25) 

Non-

Negative 

1767.78 (255.21) 1819.05 (343.71) 

Slow 

Oscillation 

Experimental 

Negative 1738.93 (389.06) 1808.10 (291.03) 

Non-

Negative 
1648.21 (294.20) 1825.95 (272.78) 

Control 

Negative 1900.00 (364.89) 1985.95 (282.56) 

Non-

Negative 
1728.93 (363.22) 1849.52 (241.98) 

  

 These data were analysed using a 2X2X2X2 four-way mixed design analysis of 

variance (ANOVA). The analysis had two  between-group factors being Trait Anxiety 

Group (High Trait Anxiety Group VS Low Trait Anxiety Group) and Target Oscillation 

Rate (Fast Oscillation and Slow Oscillation), plus two within-subject factors being 
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Homograph Type (Experimental Homograph VS Control Homograph) and Target Pair 

Valence (Negative VS Non-Negative).  

 Two statistically significant main effects emerged from this analysis. First, there 

was a statistically significant main effect of Homograph Type F(1, 70) = 35.91, p = .00, 

η=.34 due to the fact that participants demonstrated shorter word relationship decision 

latencies in the Experimental Homograph trials (M = 1776.87, SD = 305.30) than in the 

Control Homograph trials (M = 1844.92, SD = 327.73).  

 There was also a statistically significant main effect of Target Pair Valence F(1, 70) 

= 14.07, p = .00, η=.17, as the participants demonstrated shorter word relationship decision 

latencies when the Target Pairs were Non-Negative (M = 1779.42, SD = 291.88) than when 

they were Negative (M = 1842.36, SD = 341.15). 

 There was a statistically significant interaction between Homograph Type and 

Target Pair Valence, F(1, 70) = 13.35, p = .00, η=.30. Simple main effects of Target Pair 

Valence for each Homograph Type condition were analysed separately. The main effect of 

Target Pair Valence was statistically significant under the Control Homograph trials, F(1, 

70) = 21.18, p = .000, η=.23, but not under the Experimental Homograph trials, F(1, 70) = 

1.11, p = .30, η=.02.  

 The interaction between Homograph Type and Target Oscillation Rate was also 

statistically significant, F(1, 70) = 14.18, p = .00, η=.17. Simple main effects of 

Homograph Type for each Target Oscillation Rate condition were analysed separately.  

 The main effect of Homograph Type was statistically significant when the Target 

Oscillation Rate was Slow, F(1, 70) = 55.29, p = .00, η=.63, but it was not significant when 

the Target Oscillation Rate was Fast F(1, 70) = 2.27, p = .14, η=.06. 
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 No other effects reached statistical significance. Most importantly, the Target Pair 

Valence X Trait Anxiety Group interaction was not significant, F(1, 70) = 0.53, p = .47, 

η=.01, hence the High-trait Anxiety participants, when compared to the Low-trait Anxiety 

participants, did not show shorter word relationship decision latencies on the Negative 

Target Pairs than on the Non-Negative Target Pairs.  

 As the Target Pair Valence X Trait Anxiety Group X Homograph Type interaction 

was not significant either, F(1, 70) = 0.60, p = .44, η=.01, the above pattern of results did 

not differ between the Experimental Homograph Condition and the Control Homograph 

Condition. It indicates that under the Experimental Homograph and Control Homograph 

Condition, the High Trait Anxious participants, when compared to the Low Trait Anxious 

participants, did not show disproportionately shorter decision latencies on the Negative 

Associates than on the Non-Negative Associates. This demonstrated that the High Trait 

Anxious participants, when compared to the Low Trait Anxious participants, did not 

preferentially impose negative interpretations upon the Experimental Homographs.  

 The four-way Target Pair Valence X Trait Anxiety Group X Homograph Type X 

Target Oscillation Rate interaction was not significant, F(1, 70) = 0.57, p = .45, η=.01, 

indicating that there was no evidence supporting the anxiety- linked interpretive bias 

regardless of the Target Oscillation Rate.  

Subsidiary Analyses 

 Additional analyses have been carried out on mean word relationship decisio n 

latencies data as the effects could be manifested by unusually long latencies in one 

condition relative to another, which the median decision latencies data in the main analysis 

was not sensitive in detecting. Moreover, the exclusion of participants might also limit the 
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statistical power of the analysis, therefore, additional analyses including all participants 

were also carried out. 

Analyses on Word Relationship Decision Latencies Data 

 The median word relationship decision latencies data was first re-analysed with all 

96 participants included. This analysis generated exactly the same pattern of results as the 

main analysis. To summarise, there was a statistically significant main effect of Homograph 

Type F(1, 92) = 41.56, p = .00, η=.31, due to the fact that participants demonstrated shorter 

word relationship decision latencies in the Experimental Homograph trials (M = 1878.47, 

SD = 469.02) than in the Control Homograph trials (M = 1945.20, SD = 431.29). There 

was also a statistically significant main effect of Target Pair Valence F(1, 92) =  11.48, p = 

.00, η=.11, in that participants demonstrated shorter word relationship decision latencies 

when the Target Pairs were Non-Negative (M = 1901.12, SD = 469.37) than when they 

were Negative (M = 1922.55, SD = 430.94).  

 Similarly, there was a statistically significant interaction between Homograph Type 

and Target Pair Valence, F(1, 92) = 11.18, p = .00, η=.11, and the interaction between 

Homograph Type and Target Oscillation Rate was also statistically significant, F(1, 70) = 

11.05, p = .00, η=.11.  

 Most importantly, the Target Pair Valence X Trait Anxiety Group interaction was 

not significant, F(1, 92) = 0.14, p = .71, η=.00, and the Target Pair Valence X Trait 

Anxiety Group X Homograph Type interaction was not significant either, F(1, 92) = 1.76, 

p = .19, η=.02. This indicates that the High Trait Anxious participants, when compared to 

the Low Trait Anxious participants, did not preferentially impose the negative 

interpretations upon the Experimental Homographs. Neither was the four-way Target Pair 
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Valence X Trait Anxiety Group X Homograph Type X Target Oscillation Rate interaction 

significant, F(1, 92) = 0.59, p = .45, η=.01, indicating that the hypothesised anxiety- linked 

interpretive bias was not evident regardless of the Target Oscillation Rate.  

The mean word relationship decision latencies were then analysed, once including 

all 96 participants and once with 22 participants excluded based on the exclusion criteria 

employed in the main analysis7. Unlike the main analysis, the main effect of Target Pair 

Valence now failed to reach statistical significance, F(1, 92) = .72, p = .40, η=.01. The 

Homograph Type X Target Oscillation Rate interaction also failed to reach statistical 

significance, F(1, 92) = 1.11, p = .29, η=.01. 

However, the same statistically significant main effect of Homograph Type was 

achieved, F(1, 92) = 8.09, p = .01, η=.08. There was also a statistically significant 

Homograph Type X Trait Anxiety Group interaction, F(1, 92) = 4.36, p = .04, η=.05.  

Simple main effects of Trait Anxiety Group were analysed and revealed that the 

High Trait Anxiety Group demonstrated significantly shorter mean decision latenc y (M = 

1715.88, SD = 273.04) than the Low Trait Anxiety Group (M = 1837.86, SD = 377.56) 

under the Experimental Homograph condition, F(1, 92) = 4.45, p = .04, η=.05. The 

difference between these two Trait Anxiety Groups, however, did not reach statistical 

significance under the Control Homograph condition, F(1, 92) = 1.15, p = .29, η=.018.  

The Homograph Type X Target Pair Valence interaction demonstrated in the main 

analysis, F(1, 92) = 10.25, p = .00, η=.10, also emerged from these analyses. This 

                                                                 
7
 The results of the mean word relationship decision latencies data with all 96 participants were presented.  

8
 This Homograph Type X Trait Anxiety Group interaction was not significant in the mean word relat ionship 

decision latencies analysis with 22 participants excluded, F(1, 46) =  2.79, p = .10, η=.04 
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Homograph Type X Target Pair Valence interaction is now also included in a higher order 

three-way interaction with Target Oscillation Rate, F(1, 92) = 5.14, p = .03, η=.05.  

The two-way Homograph Type X Target Pair Valence was analysed separately for 

each Target Oscillation Rate Condition and it was statistically significant when the Target 

Oscillation Rate was Slow, F(1, 46) = 9.2, p = .00, η=., but not when the Target Oscillation 

Rate was Fast, 17F(1, 46) = 1.16, p = .29, η=.03.  

Most importantly, the Target Pair Valence X Trait Anxiety Group interaction was 

not significant, F(1, 92) = 0.29, p = .59, η=.00. Neither was the Target Pair Valence X 

Trait Anxiety Group X Homograph Type interaction significant, F(1, 92) = 3.02, p = .09, 

η=.03. These findings indicate that the High Trait Anxious participants, when compared to 

the Low Trait Anxious participants, did not selectively impose negative interpretations 

upon the Experimental Homographs. Neither was the four-way Target Pair Valence X Trait 

Anxiety Group X Homograph Type X Target Oscillation Rate interaction significant, F(1, 

92) = 2.51, p = .12, η=.03. This indicates that the hypothesised anxiety-linked interpretive 

bias was not evident regardless of the Target Oscillation Rate.  

Analyses on Word Relationship Decision Accuracy Data 

 The participants‟ overall accuracy on this task was 72.03 %. As the overall accuracy 

on this task was not very high, it is possible that the effect could be manifested by relatively 

low accuracy in one condition relative to another. Additional analyses using the same 

2X2X2X2 four-way mixed ANOVA have been carried on average accuracy data as the 

dependent variable. 9 

                                                                 
9
 The results of the word relat ionship decision accuracy data with 22 participants excluded were presented. 

The accuracy data analysis with all 96 participants has generated exactly the same pattern of results. 
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 Three statistically significant main effects emerged from this analysis. There was a 

statistically significant main effect of Target Oscillation Rate, F(1, 70) = 20.04, p = .00, 

η=.22, because the participants were more accurate when the Target Oscillation Rate was 

Slow (M = 77.00, SD = 18.03), than when it was Fast (M = 68.91, SD =  8.99), which is 

expected due to the higher difficulty of the task when the Target Oscillation Rate was 

faster. There was also a statistically significant main effect of Homograph Type, F(1, 70) = 

36.42, p = .00, η=.34, due to the fact that the participants were more accurate in the 

Experimental Homograph trials (M =  75.20, SD = 17.90) than in the Control Homograph 

trials (M = 70.72, SD = 9.12).  

 The main effect of Target Pair Valence was also statistically significant, F(1, 70) = 

39.69, p = .00, η=.36, as participants were more accurate when the Target Pairs were Non-

Negative (M = 75.07, SD = 9.02) than when they were Negative (M = 70.84, SD = 17.99).  

 A statistically significant Homograph Type X Target Pair Valence interaction also 

emerged from this analysis, F(1, 70) = 12.07, p = .00, η=.15.   

 Simple main effects of Target Pair Valence were analysed separately for each 

Homograph Type condition. This revealed that the main effect of Target Pair Valence was 

statistically significant in both the Control Homograph trials, F(1, 70) = 42.37, p = .00, 

η=.38, and in the Experimental Homograph trials, F(1, 92) = 4.82, p = .03, η=.06. The 

participants were significantly more accurate on the Negative Target Pairs than on the Non-

Negative Target Pairs for both Homograph Types, but the difference was greater in the 

Control Homograph Trials.   

 This Homograph Type X Target Pair Valence interaction was also included in a 

higher order three-way interaction with Trait Anxiety Group, F(1, 70) = 5.07, p = .03, 
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η=.07. The two-way Target Pair Valence X Trait Anxiety Group interactions were analysed 

separately for each Homograph Type.  

 The Target Pair Valence X Trait Anxiety Group interaction was not significant in 

the Control Homograph trials, F(1, 70) = 0.73, p = .40, η=.01, but was significant in the 

Experimental Homograph trials, F(1, 70) = 5.86, p = .02, η=.08. This pattern of results, 

however, was not in the predicted direction. Within the Experimental Homograph 

condition, the main effect of Target Pair Valence did not reach statistical significance 

among the Low Trait Anxious participants, F(1, 40) = 0.03, p = .87, η=.00, but was 

statistically significant among the High Trait Anxious participants, F(1, 40) = 10.93, p = 

.00, η=.27. But the High Trait Anxious participants were actually less accurate when the 

associates were semantically related to the negative interpretation (M = 73.18, SD = 11.54), 

than when the associates were semantically related to the non-negative interpretation (M = 

77.28, SD = 11.13) of the Experimental Homographs.  

  Additional 2X2X2X2 4-way ANOVA was also performed by using BDI (High 

BDI VS Low BDI), rather than Trait Anxiety Group, as the between-group factors related 

to emotional measure, on the median lexical decision latencies data. A median split was 

first performed on the BDI scores, those who fell into the upper half of the split were 

allocated to the Low BDI group and those who fell into the upper half were allocated to the 

High BDI group.  

Neither the three-way Homograph Type X Target Pair Valence X BDI interaction, 

F(1, 92) = 0.003, p =.95, η=.000, nor the four-way Homograph Type X Target Pair 

Valence X Target Oscillation Rate X BDI interaction, F(1, 92) = 0.003, p =.96, η=.000, 

was statistically significant. Therefore, depression was not found to be associated with an 
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interpretive bias favouring negative interpretation of ambiguous words favouring both 

negative and non-negative interpretations. 

Discussion 

 The above analyses demonstrate that the participants were generally faster and more 

accurate when identifying associates of the Experimental Homographs than that of the 

Control Homographs. They were also faster and more accurate when the Target Pairs were 

Non-Negative than when they were Negative.  

 Under the Control Homograph trials, the participants demonstrated shorter latencies 

and higher accuracy when the Target Pairs were Non-Negative in valence, when the Target 

Pair Valence did not make significant difference under the Experimental Homograph trials.  

 Although both interpretations of the Control Homographs were non-negative in 

valence, their Negative Associates were negative in their emotional tone. Such mismatch in 

emotional tone between the associates and the interpretation of the Control Homographs 

they are related to, could lead to such relative slowing and lower accuracy when compared 

to identifying the Non-Negative Associates of the Control Homographs.  

 Nonetheless, the above series of analyses failed to demonstrate support for the 

hypothesised anxiety- linked interpretive bias. The High Trait Anxious participants, relative 

to the Low Trait Anxious participants, did not demonstrate disproportionately shorter 

latencies and higher accuracy on identifying the Negative Associates than the Non-

Negative Associates of the Experimental Homograph, regardless of the Target Oscillation 

Rate. The results therefore did not support the hypothesis that the High Trait Anxious 

individuals preferentially impose negative interpretations upon ambiguous words 

permitting both negative and non-negative interpretations. 
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 Given that the overall accuracy level of the present experiment is only 72.03 %, the  

task could be too difficult to have high enough discriminatory power to demonstrate the 

hypothesised difference in interpretive selectivity between the High Trait Anxiety and Low 

Trait Anxiety Groups. Experiment Six was therefore introduced to increase the accuracy 

level by increasing the length of exposure of each target pair.  
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EXPERIMENT SIX 

PRIME-TARGET RELATIONSHIP TASK WITH LONG TARGET EXPOSURE 

Methods 

Participants 

Ninety-six participants were selected in exactly the same manner as in Experiment 

Five. The characteristics of these 96 participants are presented under Table 39 below.  

Table 39. Characteristics of participants in Experiment Six (Standard Deviations in 

brackets)  

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 39 shows, 13  participants in the High 

Trait Anxiety group were males while 35 were females. This contrasts with the Low Trait 

Anxiety group, in which 12 participants were males and 36 were females. These gender 

ratios did not differ significantly between the two Trait  Anxiety groups, χ2 (1, N = 96) = 

0.54, p = .82. 

 Gender Mean Age Mean STAI –T (Trait 

Anxiety) score  Male N Female 

N 

High Trait Anxiety 

Group 

13 35 18.77 

(1.75) 

51.33 

(5.17) 

Low Trait Anxiety 

Group 

12 36 20.08 

(7.11) 

31.04 

(5.68) 
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The High Trait Anxiety Group had a mean age of 18.77 (SD = 1.75), whereas the 

mean age of the Low Trait Anxiety Group was 20.08 (SD = 7.11). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(94) = 1.24, p = 

.22 d = 0.30. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The  

average STAI-T score of the High Trait Anxiety group was 51.33 (SD = 5.17), while the 

average STAI-T score of the Low Trait Anxiety group was 31.04 (SD = 5.68). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(94) = 

18.32, p < .001, d = 3.74. 

Task Structure 

Structure of Individual Trial 

 The task consisted of 576 trials. The structure of each Slow Target Oscillation trial 

is presented in Figure 13 and that of each Fast Target Oscillation trial is presented in Figure 

14 below.  

 The structure of each trial of the present experiment was the same as Experiment 

Five, with the only exception that the each target pair oscillated on the screen until a 

response was registered by the computer.  

  



185 
 

 

Figure 13. Slow Target Oscillation trial structure of prime-target relationship with long 

exposure 

 

Figure 14. Fast Target Oscillation trial structure of prime-target relationship with long 

exposure 
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Trial Structure across Task 

One hundred and ninety-two out of the 576 trials had homographs as primes. 

Ninety-six of these trials were the Experimental Homograph trials and the other 96 were the 

Control Homograph trials. The remaining 384 trials were filler trials with unambiguous 

words as primes.  

 The trial structure across this task was exactly the same as that the previous prime-

target relationship task with Short Target Exposure (Experiment Five).  

 Similar to Experiment Five, latencies for correctly identifying the associates in the 

Experimental and the Control trials constituted the data capable of testing the High Trait 

Anxious participants‟ interpretive bias favouring the negative interpretation of the 

Experimental Homographs, relative to the Low Trait Anxious participants.  

 Moreover, to mitigate the risk of participants who showed low overall accuracy 

level on identifying the associates of the homograph primes failing to yield useful data for 

testing the anxiety- linked interpretive bias, participants showing less than 55 % overall 

accuracy (which was approximately two standard deviations below the average accuracy on 

the task) were excluded from further analyses.  

 If the High Trait Anxious participants favour the negative interpretation of the 

Experimental Homographs, relative to the Low Trait Anxious participants, they will show 

disproportionate relative speeding to correctly identify the Negative Associates than to the 

Non-Negative Associates of the Experimental Homographs.  

 If the above effect from the Experimental Homograph trials reflects a genuine 

interpretive bias, such effect will not be in the Control Sentence trials. In contrast, if the 
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effect from the Experimental Homograph trials was only a reflection of the enhanced 

saliency bias, the same effect will be equally evident in the Control Homograph trials.  

Procedures 

The procedures of the present experiment were exactly the same as those in Experiment 5, 

except that each target pairs in the actual experiment and the practice trials oscillated on the 

screen until a response was registered by the computer.   
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Results 

The same exclusion criteria used in Experiment Five were used in the present 

experiment. Thirteen High Trait Anxious participants and 3 Low Trait Anxious participants 

were excluded based on their STAI-T scores; 4 High Trait Anxious participants and 2 Low 

Trait Anxious participants were excluded due to low accuracy level. Twenty-two 

participants were excluded based on these exclusion criteria. The remaining 31 High Trait 

Anxious participants and 43 Low Trait Anxious participants were included in the following 

analysis. 

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 51.48 (SD= 5.07) while that of the Low Trait Anxiety group was 31.58 

(SD = 4.53). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(72) = 17.73, p < .001, d = 4.15.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 

analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 41.65 (SD = 7.62) while that of the Low Trait Anxiety group was 30.05 (SD = 6.83). 
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The two groups were significantly different from each other in STAI-S scores, t(72) = 6.86, 

p <.001, d = 1.61. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 15.48 (SD = 7.99) while that of the Low Trait Anxiety group was 6.35 

(SD = 4.14). The two groups were significantly different from each other in terms of their 

BDI scores, t(72) = 6.41, p < .001, d = 1.51.  

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 40 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Nine participants in the High Trait 

Anxiety Group were males and 22 were females. Nine participants in the Low Trait 

Anxiety Group were males while 34 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 74) = 0.64, p = .42.  

The High Trait Anxiety Group had a mean age of 18.42 (SD = 1.63), whereas the 

mean age of the Low Trait Anxiety Group was 20.05 (SD = 7.37). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(72) = 1.21, p = 

.23, d = 0.36.  
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Table 40. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of Word Relationship Decision Latencies 

 The average median word relationship decision latencies under each of the eight 

conditions for the High Trait Anxious and Low Trait Anxious Groups are presented in 

Table 41 below. These word relationship decision latencies data are presented in 

milliseconds and standard deviations are shown in brackets.  

 

 

 

 

 

 

 

 

 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-

II score 

Gender Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

51.48 

(5.07) 

 

41.65  

(7.62) 

15.48 

(7.99) 

9 22 18.42 

(1.63) 

Low Trait 

Anxiety 

Group 

31.58 

(4.53) 

30.05 

(6.83) 

 

6.35 

(4.14) 

9 34 20.05 

(7.37) 
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Table 41. Median Word Relationship Decision Latencies (standard deviations in brackets)  

 

 

 

 

 

 

 

 

 

 

 

 

 

These data were analysed using a 2X2X2X2 four-way mixed design analysis of 

variance (ANOVA). The analysis had two between-group factors being, Trait Anxiety 

Group (High Trait Anxiety Group VS Low Trait Anxiety Group) and Target Oscillation 

Rate (Fast Oscillation and Slow Oscillation) together with two within-subject factors being 

Homograph Type (Experimental VS Control) and Target Pair Valence (Negative VS Non-

Negative).  

Target 

Oscillation 

Rate 

Homograph 

Type 

Target 

Pair 

Valence 

Trait Anxiety Group 

High Trait Anxiety Low Trait Anxiety 

Fast 

Oscillation 

Experimental 

Negative 2748.13 (694.03) 3073.07 (986.68) 

Non-

Negative 
2602.36 (602.01) 2847.32 (995.47) 

Control 

Negative 2960.80 (746.16) 3687.62 (1471.13) 

Non-

Negative 
2648.53 (683.64) 2976.91 (1051.29) 

Slow 

Oscillation 

Experimental 

Negative 3353.68 (929.68) 2881.64 (680.55) 

Non-

Negative 
3155.24 (740.12) 2791.84 (610.23) 

Control 

Negative 3882.10 (1163.39) 3221.98 (911.68) 

Non-

Negative 
3201.99 (595.40) 2827.21 (699.77) 
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 Two statistically significant main effects emerged from this analysis. First, there 

was a statistically significant main effect of Homograph Type F(1, 70) = 29.34, p = .00, 

η=.30, due to the fact that the participants demonstrated shorter word relationship decision 

latencies in the Experimental Homograph trials (M = 2931.66, SD = 779.85) than in the 

Control Homograph trials (M = 3175.89, SD = 915.31).  

 There was also a statistically significant main effect of Target Pair Valence F(1, 70) 

= 48.49, p = .00, η=.41. Participants demonstrated shorter word relationship decision 

latencies when the Target Pairs were Non-Negative (M = 3226.13, SD = 947.91) than when 

they were Negative (M = 2881.43, SD = 747.24).  

 There was a statistically significant interaction between Homograph Type and 

Target Pair Valence, F(1, 70) = 20.66, p = .00, η=.23. Simple main effects of Target Pair 

Valence for each Homograph Type condition have been analysed separately. The main 

effect of Target Pair Valence was statistically significant under the Control Homograph 

trials, F(1, 70) = 54.54, p = .000, η=.44, but just fell short of statistical significance in the 

Experimental Homograph trials, F(1, 70) = 3.76, p = .06, η=.05.  

 A statistically significant Trait Anxiety Group X Target Oscillation Rate interaction 

also emerged from this analysis, F(1, 70) = 5.11, p = .03, η=.07. Simple main effects of 

Target Oscillation Rate were analysed separately for each Trait Anxiety Group. The main 

effect of Target Oscillation Rate was not statistically significant among the Low Trait 

Anxious participants, F(1, 41) = 0.63, p = .43, η=.02, but was statistically significant 

among the High Trait Anxious participants, F(1, 29) = 8.89, p = .01, η=.24. This was due 

to the fact that the High Trait Anxiety Group demonstrated shorter word relationship 
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decision latencies when the Target Oscillation Rate was Fast (M = 2739.96, SD = 681.46) 

than when it was Slow (M = 3398.25, SD = 857.15).   

 No other effects reached statistical significance. Most importantly, the Target Pair 

Valence X Trait Anxiety Group interaction was not significant, F(1, 70) = 0.05, p = .83, 

η=.00, hence the High Trait Anxious participants, when compared to the Low Trait 

Anxious participants, did not show shorter word relationship decision latencies on the 

Negative Target Pairs than the Non-Negative Target Pairs.  

 The Target Pair Valence X Trait Anxiety Group X Homograph Type interaction 

was not significant either, F(1, 70) = 0.20, p = .66, η=.00. the High Trait Anxious 

participants, relative to the Low Trait Anxious participants, did not show the shorter word 

relationship decision latencies on the Negative Target Pairs than the Non-Negative Target 

Pairs in both Control Homograph and Experimental Homograph trials. This indicates that 

the High Trait Anxious participants did not preferentially impose negative interpretation 

upon the Negative Associates of the Experimental Homographs.  

 Neither was the four-way Target Pair Valence X Trait Anxiety Group X 

Homograph Type X Target Oscillation Rate interaction significant, F(1, 70) = 2.45, p = 

.12, η=.03. This indicates that the effect was not evident regardless of the Target Oscillation 

Rate.  

Subsidiary Analyses 

Additional analyses have been carried out on mean word relationship decision 

latencies data as the effects could be manifested by unusually long latencies in one 

condition relative to another. The median decision latencies data in the main analysis may 

not be sensitive enough to detect this.  
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 Moreover, the exclusion of participants might also limit the statistical power of the 

analysis, therefore, analyses with no participants excluded were carried out.  

Analyses on Word Relationship Decision Latencies Data 

The median word relationship latencies data was re-analysed without excluding any 

participants. The mean word relationship latencies data was also analysed, once with all 96 

participants and once with 22 participants excluded, using the same exclusion criteria 

employed in the main analysis. These analyses have generated very similar patterns of 

results with the main analysis. 10 

Similarly, there was a statistically significant main effect of Homograph Type F(1, 92) = 

27.78, p = .00, η=.23, due to the fact that the participants demonstrated shorter word 

relationship decision latencies in the Experimental Homograph trials (M = 2824.49, SD = 

962.98) than in the Control Homograph trials (M = 3041.18, SD = 1077.91).  

 There was also a statistically significant main effect of Target Pair Valence F(1, 92) 

= 44.58, p = .00, η=.33, as the participants demonstrated shorter word relationship decision 

latencies when the Target Pairs were Non-Negative (M = 2790.37, SD = 934.89) than when 

they were Negative (M = 3075.30, SD = 1106.00).  

 There was a statistically significant interaction between Homograph Type and 

Target Pair Valence, F(1, 92) = 31.92, p = .00, η=.26. Simple main effects of Target Pair 

Valence for each Homograph Type condition have been analysed separately. The main 

effect of Target Pair Valence was statistically significant under the Control Homograph 

                                                                 
10

 Results from the analysis of median l atencies data including all  96 participants were presented. The 

analysis of mean latencies data including all  96 participants, and the analysis of mean latencies data with 22 
participants excluded based on the two criteria used in the main analysis, have generated exactly the same 
pattern of results. 
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trials, F(1, 92) = 50.12, p = .00, η=.35, but not statistically significant in the Experimental 

Homograph trials, F(1, 92) = 3.01, p = .09, η=.03.  

 The Target Oscillation Rate X Trait Anxiety Group interaction shown in the main 

analysis, however, did not reach statistical significance in these analyses , F(1, 92) = 1.75, 

p = .19, η=.02. 

 Similarly, the Target Pair Valence X Trait Anxiety Group interaction was not 

significant, F(1, 92) = 1.55, p = .22, η=.02, hence the High Trait Anxious participants, 

when compared to the Low Trait Anxious participants, did not show shorter word 

relationship decision latencies on the Negative Target Pairs than the Non-Negative Target 

Pairs.  

 As the Target Pair Valence X Trait Anxiety Group X Homograph Type interaction 

was not significant either, F(1, 92) = 0.01, p = .94, η=.00, the above pattern of results did 

not differ between the Experimental Homograph Condition and the Control Homograph 

Condition. Neither was the four-way Target Pair Valence X Trait Anxiety Group X 

Homograph Type X Target Oscillation Rate interaction significant, F(1, 92) = 1.86, p = 

.18, η=.02, indicating that the effect was not evident regardless of the Target Oscillation 

Rate.  

Analyses on Word Relationship Decision Accuracy Data 

As the increase in target pair exposure time did not greatly increase the participants‟ overall 

accuracy on this task (74.32 %), additional analyses using the same 2X2X2X2 four-way 

mixed ANOVA was carried out on average accuracy data as the dependent variable.  
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 There was a statistically significant main effect of Homograph Type, F(1, 70) = 

57.82, p = .00, η=.45, due to the fact that the participants were more accurate in the 

Experimental Homograph trials (M = 78.88, SD = 9.07) than in the Control Homograph 

trials (M = 74.15, SD = 9.36).  

 The main effect of Target Pair Valence was also statistically significant, F(1, 70) = 

22.79, p = .00, η=.25, as the participants were more accurate when the Target Pairs were 

Non-Negative (M = 78.19, SD = 8.94) than when they were Negative (M = 74.83, SD = 

9.49).  

 A statistically significant Homograph Type X Target Pair Valence also emerged 

from this analysis, F(1, 70) = 6.83, p = .01, η=.09. Simple main effects of Target Pair 

Valence analysed separately for each Homograph Type condition have revealed that the 

main effect of Target Pair Valence was statistically significant  in the Control Homograph 

trials, F(1, 70) = 24.04, p = .00, η=.26, but not in the Experimental Homograph trials, F(1, 

92) = 2.61, p = .11, η=.04.  

 No other effect reached statistical significance. Most importantly, the Target Pair 

Valence X Trait Anxiety Group interaction was not significant, F(1, 70) = 0.59, p = .45, 

η=.01. Hence, the High Trait Anxious participants, when compared to the Low Trait 

Anxious participants, did not show higher accuracy on the Negative Target Pairs than the 

Non-Negative Target Pairs.  

 As the Target Pair Valence X Trait Anxiety Group X Homograph Type interaction 

was not significant either, F(1, 70) = 0.23, p = .63, η=.00, the above pattern of results did 

not differ between the Experimental Homograph Condition and the Control Ho mograph 

Condition. Neither was the four-way Target Pair Valence X Trait Anxiety Group X 
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Homograph Type X Target Oscillation Rate interaction significant, F(1, 70) = 0.26, p = 

.61, η=.00. These results indicate that the effect was not evident regardless of the Target 

Oscillation Rate.  

  Additional 2X2X2X2 4-way ANOVA was also performed by using BDI (High 

BDI VS Low BDI), rather than Trait Anxiety Group, as the between-group factors related 

to emotional measure, on the median lexical decision latencies data. A median split was 

first performed on the BDI scores, those who fell into the upper half of the split were 

allocated to the Low BDI group and those who fell into the upper half were allocated to the 

High BDI group.  

Neither the three-way Homograph Type X Target Pair Valence X BDI interaction, 

F(1, 92) = 0.45, p =.50, η=.005, nor the four-way Homograph Type X Target Pair Valence 

X Target Oscillation Rate X BDI interaction, F(1, 92) = 2.78, p =.13, η=.01, was 

statistically significant. Therefore, depression was not found to be associated with an 

interpretive bias favouring negative interpretation of ambiguous words favouring both 

negative and non-negative interpretations.  

Discussion 

 The above series of analyses generated very similar patterns of results as the 

previous prime-target relationship task with short target exposure (Experiment Five).  

 The participants in the present experiment were generally faster and more accurate 

in correctly identifying the Experimental Homographs than the Control Homographs. They 

were also generally faster and more accurate when the Target Pairs were Non-Negative 

than when they were Negative.  
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 It was revealed that the participants were in fact faster and more accurate in 

correctly identifying the Non-Negative Associates than the Negative Associates in the 

Control Homograph trials, but not in the Experimental Homographs trials. This could be 

due to the fact that although the Negative Associates of the Control Homographs were 

negative in emotional tone, they were semantically related to a non-negative interpretation 

of the Control Homographs. This discrepancy in emotional tone might have led to the 

relative slowing and lower accuracy in correctly identifying the Negative Associates when 

compared to identifying the Non-Negative Associates of the Control Homographs.  

 Most importantly, the above series of analyses did not demonstrate support for the 

hypothesised anxiety-linked interpretive bias.  

 The High Trait Anxious participants, relative to the Low Trait Anxious participants,  

did not demonstrate disproportionately shorter latencies and/or higher accuracy on correctly 

identifying the Negative Associates than the Non-Negative Associates of the Experimental 

Homograph, regardless of the Target Oscillation Rate.  

 The present experiment was an attempt to improve the overall accuracy level of the 

prime-target relationship task by increasing the amount of time for target exposure in each 

trial. In this way, the discriminatory power of the task could be improved. However, this 

modification of target exposure length has only increased the overall average accuracy level 

from 72.03 % in Experiment Five to 74.32 %. The high error rate of the present experiment 

could reduce the task‟s sensitivity to detect potential difference in interpretive selectivity 

between the High Trait Anxiety Group and the Low Trait Anxiety Group.  

 A final prime-target relationship task experiment was therefore introduced in Phase 

Two to further improve the overall accuracy by presenting the two targets of each target 
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pair in a different vicinity of the computer screen without oscillation. This would make it 

easier for the participants to identify the identity of the two targets.  
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EXPERIMENT SEVEN 

PRIME-TARGET RELATIONSHIP TASK WITH NO TARGET OSCILLATON 

The oscillation of the associate and the foil within each target pair was introduced 

into the prime-target relationship task design to increase the difficulty level of the task. In 

this way, the task would have higher discriminatory power to be sensitive to the differences 

between the High Trait Anxiety and Low Trait Anxiety Groups in identifying the Negative 

Associates relative to the Non-Negative Associates.  

 This resulted, however, in relatively low overall accuracy in Experiment Five and 

Experiment Six. It remained possible, therefore, that the target oscillation has rendered the 

task too difficult to have high enough discriminatory power between the High Trait Anxiety 

and Low Trait Anxiety in terms of the interpretive selectivity.  

 An additional experiment was carried out in an attempt to increase the accuracy 

level of the prime-target relationship task. In this experiment, the foil and the associate in 

each target pair were presented at different locations of the computer screen without 

oscillating. They remained on the screen until a response from each participant was 

registered by the computer.  

Factors 

Similar to Experiment Five and Six, the dependent variable of the present 

experiment was the latencies of correctly identifying the associates of the homograph 

primes. This was affected by three factors within a 2X2X2 mixed designed. These three 

factors are presented in Table 42 below.  
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 This experiment had Trait Anxiety Group (High-trait Anxiety Group VS Low-trait 

Anxiety Group) as the between-group factor and the same two within-subject factors as in 

Experiments Five and Six, being the Homograph Type (Experimental Homograph VS 

Control Homograph) and Target Pair Valence (Negative Target Pair VS Non-Negative 

Target Pair).  

Table 42. Factor table of the prime-target relationship task with no target oscillation 

Trait Anxiety Group Homograph Type Target Pair Valence 

High Trait Anxiety 

Group 

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-Negative 

Low Trait Anxiety 

Group 

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-Negative 

Experimental 

Negative 

Non-Negative 
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Methods 

Participants 

Forty-eight participants were selected in the same manner as in Experiment Five 

and Six. 24 participants were assigned to the High Trait Anxiety Group and another 24 

were allocated to the Low Trait Anxiety Group.The characteristics of these 48 participants 

are presented under Table 43 below. 

Table 43. Characteristics of participants in Experiment 7 (Standard Deviations in brackets)  

 Gender Mean Age Mean STAI –T (Trait 

Anxiety) score 

 Male N Female 

N 

  

High Trait Anxiety 

Group 

6 18 18.58 

(1.95) 

53.46 

(4.48) 

Low Trait Anxiety 

Group 

8 16 18.33 

(1.40) 

30.83 

(4.29) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 43 shows, 6 participants in the High 

Trait Anxiety group were males while 18 were females. This contrasts with the Low Trait 

Anxiety group, in which 8 participants were males and 16 were females. These gender 

ratios did not differ significantly between the two Trait Anxiety groups, χ2 (1, N = 48) = 

0.45, p = .51. 
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The High Trait Anxiety Group had a mean age of 18.58 (SD = 1.95), whereas the 

mean age of the Low Trait Anxiety Group was 18.33 (SD = 1.40). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(46) = 0.51, p = 

.61, d = 0.15. 

The two groups did not differ in these characteristics, meaning that the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 53.46 (SD = 4.48), while the 

average STAI-T score of the Low Trait Anxiety group was 30.83 (SD = 4.29). The STAI-T 

scores of the two groups were, therefore, significantly different from each other, t(46) = 

17.87, p < .001, d = 5.16. 

Materials 

The emotional questionnaires and experimental hardware employed in the present 

experiment were exactly the same as those employed in previous experiments.  

Task Structure 

Structure of Individual Trial 

The task consisted of 576 trials. The structure of each trial is presented in Figure 15 

below. The structure of each trial of the present experiment was the same as that in 

Experiment Five and Six, except that the associate and the foil of each target pair were now 

presented at different vincinities on the computer screen, one on the left hand side and the 
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other one on the right from the central location of the screen. Both targets were white in 

colour. They stayed on the screen until a response from the participants was registered by 

the computer.  

 

 

Figure 15.Individual trials structure of the prime-target relationship task with no target 

oscillation 

Trial Structure across Task 

One hundred and ninety-two out of the 576 trials had homographs as primes. 

Ninety-six of these trials were the Experimental Homograph trials and the other 96 were the 

Control Homograph trials. The remaining 384 trials were fillers with unambiguous words 

as primes.  

 The trial structure across this task was exactly the same as that the previous prime-

target relationship tasks with target oscillation (Experiments Five and Six).  

+++

1000ms

Prime

750 ms

Blank 
Screen

1000ms

Associate Foil

until respond
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Similar to Experiments Five and Six, the latencies for correctly identifying the 

associates in the Experimental and the Control trials constituted the data capable of testing 

the High Trait Anxious participants‟ interpretive bias favouring the negative interpretation 

of the Experimental Homographs, relative to the Low Trait Anxious participants.  

 Moreover, to mitigate the risk that participants showing low overall accuracy level 

on lexical decision-making might not yield useful data for testing the anxiety- linked 

interpretive bias, participants showing less than 65 % overall accuracy (which was 

approximately two standard deviations below the average accuracy on the task) were also 

excluded from further analyses.  

 If the High Trait Anxious participants favour the negative interpretation of the 

Experimental Homographs, relative to the Low Trait Anxious participants, the High Trait 

Anxious participants will show disproportionate relative speeding to correctly identify the 

Negative Associates than to the Non-Negative Associates.  

 If the above effect from the Experimental Homograph trials reflects a genuine 

interpretive bias, no such effect will be evident in the Control Homograph trials. In 

contrast, if the same effect from the Experimental Homograph trials was only a reflection 

of the enhanced saliency bias, the same effect will be equally evident in the Control 

Homograph trials. 

Procedures 

 Similar to the previous experiments, the participants read the information sheet, 

completed the emotional questionnaires and signed the informed consent form at the 

beginning of the experimental session.  
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Prior to the actual experiment, the participants performed practice trials.  

 The practice consisted of 20 trials. Participants were advised that it was exactly the 

same as the actual experiment that followed. Participants were instructed to fixate centrally 

at the 3 white crosses on the computer screen, taking no action when the white word 

appeared. When the target pair appeared, the participants‟ task was to select the colour of 

the target word that was semantically related to the first white colour word. A left-click on 

the mouse indicated the related word was red while a right-click indicated it was blue.  

 The primes in the practice trials were all unambiguous non-negative words and the 

target pairs were also non-negative in valence.  

 Any questions from the participants were addressed prior to the actual experiment.  
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Results 

Similar to previous experiments, the participants were excluded based on the STAI-T 

scores they received during the experimental session. Those participants whose overall 

accuracy fell below 65% in this experiment were also excluded from the main analysis.  

Seven participants were excluded based on these exclusion criteria. Three High Trait 

Anxious participants and 2 Low Trait Anxious participants were excluded based on their 

STAI-T scores; 2 High Trait Anxious participants and no Low Trait Anxious participants 

were excluded based on their accuracy levels on the task. The remaining 19 High Trait 

Anxious participants and 22 Low Trait Anxious participants were included in the following 

analysis.  

Participants’ Characteristics 

Participants were selected and allocated to groups based on the scores they received 

on the STAI-T (Trait Anxiety subscale) at the time of screening. It was therefore necessary 

to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment.  

The average STAI-T score of the High Trait Anxiety group at the time of the 

experiment was 55.03 (SD= 5.89) while that of the Low Trait Anxiety group was 30.05 

(SD = 4.27). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment, t(39) = 13.59, p < .001, d = 4.26.  

To determine whether the participants differed on other measures of negative affect at 

the time of the experiment, their state anxiety scores and depression levels were also 
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analysed. The average STAI-S (State Anxiety Subscale) of the High Trait Anxiety group 

was 44.94 (SD = 8.59) while that of the Low Trait Anxiety group was 27.60 (SD = 6.40). 

The two groups were significantly different from each other in STAI-S scores, t(39) = 6.10, 

p <.001, d = 1.91. 

The average score on the Beck Depression Inventory (BDI-II) for the High Trait 

Anxiety group was 21.03 (SD = 8.74) while that of the Low Trait Anxiety group was 4.12 

(SD = 3.34). The two groups were significantly different from each other in terms of their 

BDI scores, t(39) = 8.91, p < .001, d = 3.04.  

The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety groups, are presented 

in Table 44 below. 

As the two groups did not differ on Trait Anxiety alone but also on other measures of 

negative affect, if any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each emotional 

dimension. 

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Nine participants in the High Trait 

Anxiety Group were males and 10 were females. Ten participants in the Low Trait Anxiety 

Group were males while 12 were females. These gender ratios did not differ significantly 

between the two Trait Anxiety Groups, χ2 (1, N = 41) = 0.64, p = .42.  

The High Trait Anxiety Group had a mean age of 18.58 (SD = 2.14), whereas the 

mean age of the Low Trait Anxiety Group was 18.32 (SD = 1.39). The mean age of the 
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participants in each Trait Anxiety Group was not significantly different, t(39) = 0.47, p = 

.64, d = 0.15.  

Table 44. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of Word Relationship Decision Latencies 

   The average median word relationship decision latencies under each of the 

four conditions for the High Trait Anxious and Low Trait Anxious Groups are presented in 

Table 45 below. These word relationship decision latencies data are presented in 

milliseconds and standard deviations are shown in brackets.  

 

 

 

 

 

 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean 

BDI-II 

score 

Gender Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

55.03 

(5.89) 

 

44.94 

(8.59) 

21.03 

(8.74) 

9 10 18.58 

(2.14) 

Low Trait 

Anxiety 

Group 

30.05 

(4.27) 

27.60 

(6.40) 

 

4.12 

(3.34) 

10 12 18.32 

(1.39) 
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Table 45. Median Word Relationship Decision Latencies (standard deviations in brackets)  

Homograph 

Type 

Target 

Pair 

Valence 

Trait Anxiety Group 

High Trait Anxiety Low Trait Anxiety 

Experimental 

Negative 1459.21 (375.39) 1238.86 (407.15) 

Non-

Negative 1445.53 (416.68) 1188.41 (382.20) 

Control 

Negative 1967.63 (598.50) 1509.32 (608.79) 

Non-

Negative 1536.05 (476.32) 1175.45 (349.82) 

 

These data were analysed using a 2X2X2 three-way mixed design analysis of 

variance (ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS 

Low Trait Anxiety Group) as the between-group factor plus two within-subject factors 

being Homograph Type (Experimental VS Control) and Target Pair Valence (Negative VS 

Non-Negative).  

 There was a statistically significant main effect of Homograph Type, F(1, 39) = 

60.53, p = .00, η=.61, due to the fact that the participants demonstrated shorter word 

relationship decision latencies in the Experimental Homograph trials (M = 1333.00, SD = 

395.36) than in the Control Homograph trials (M = 1547.11, SD = 508.36).  

 There was also a statistically significant main effect of Target Pair Valence F(1, 39) 

= 57.19, p = .00, η=.59, as the participants demonstrated shorter word relationship latencies 
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when the Target Pairs were Non-Negative (M = 1336.36, SD = 406.25) than when the 

Target Pairs were Negative (M = 1543.76, SD = 497.46).  

 The interaction between Homograph Type and Target Pair Valence also reached 

statistical significance, F(1, 39) = 43.42, p = .00, η=.53. Simple main effects of Target Pair 

Valence were analysed separately for each Homograph Type condition. The main effect of 

Target Pair Valence was statistically significant in the Control Homograph trials,  F(1, 39) 

= 60.00, p = .00, η=.61, but not statistically significant in the Experimental Homograph 

trials, F(1, 39) = 2.15, p = .15, η=.05.  

 There was a statistically significant main effect of Trait Anxiety Group, F(1, 39) = 

5.65, p = .02, η=.13, as the Low Trait Anxiety Group (M = 1278.01, SD = 436.99) 

demonstrated shorter word relationship decision latencies than the High Trait Anxiety 

Group (M = 1602.11, SD = 466.72).  

 There was a statistically significant interaction between Trait Anxiety Group and 

Homograph Type, F(1, 39) = 9.62, p = .00, η=.20. Simple main effects of Trait Anxiety 

Group were analysed separately for each Homograph Type condition. The analyses 

revealed that the main effect of Trait Anxiety Group was statistically significant in the 

Control Homograph Type trials, F(1, 39) = 6.52, p = .02, η=.14, but just fell short of 

statistical significance in the Experimental Homograph Type trials, F(1, 39) = 3.83, p = 

.06, η=.09.   

 However, the interaction between Target Pair Valence and Trait Anxiety Group did 

not reach statistical significance, F(1, 39) = 0.31, p = .58, η=.01, indicating that the High 

Trait Anxious participants, when compared to the Low Trait Anxious participants, did not 
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show shorter word relationship decision latencies when the Target Pairs were Negative than 

when the Target Pairs were Non-Negative in valence.  

 The three-way Target Pair Valence X Trait Anxiety Group X Homograph Type 

interaction did not reach statistic significance , F(1, 39) = 1.60, p = .21, η=.04, hence the 

lack of effect was not evident regardless of Homograph Type.  

Subsidiary Analyses 

Additional analyses were carried out on mean word relationship decision latencies 

data as the effects could be manifested by unusually long latencies in one condition relative 

to another. The median decision latencies data in the main analysis may not be sensitive 

enough to detect this.  

 Moreover, the exclusion of participants might also limit the statistical power of the 

analysis, therefore analyses including all participants were also carried out.  

Analyses on Word Relationship Decision Latencies Data 

The median word relationship decision latencies were re-analysed including all 48 

participants. The mean word relationship decision latencies were also analysed, once with 

nine participants excluded from the analysis based on the exclusion criteria used in the 

main analysis and once with all 48 participants included. These analyses have demonstrated 

exactly the same patterns of results as in the main analysis. 11 

There was a statistically significant main effect of Homograph Type, F(1, 46) = 

76.25, p = .00, η=.62, due to the fact that the participants demonstrated shorter word 

                                                                 
11

 Results from mean word relationship decision latencies data with all 48 participants included were 

presented, the median latencies data analysis with all 48 participants, and the mean latencies data analysis 

with 9 part icipants excluded have generated exact ly the same patterns of results. 
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relationship decision latencies in the Experimental Homograph trials (M = 1584.07, SD = 

593.70) than in the Control Homograph trials (M = 1817.31, SD = 677.74).  

 There was also a statistically significant main effect of Target Pair Valence F(1, 46) 

= 63.07, p = .00, η=.58, as the participants demonstrated shorter word relationship latencies 

when the Target Pairs were Non-Negative (M = 1604.09, SD = 594.92) than when the 

Target Pairs were Negative (M = 1797.29, SD = 676.52).  

 The interaction between Homograph Type and Target Pair Valence also reached 

statistical significance, F(1, 46) = 7.98, p = .01, η=.15, simple main effects of Target Pair 

Valence were analysed separately for each Homograph Type condition. The main effect of 

Target Pair Valence was statistically significant in the Control Homograph trials,  F(1, 46) 

= 58.44, p = .00, η=.56, but not statistically significant in the Experimental Homograph 

trials, F(1, 46) = 2.54, p = .12, η=.05.  

 There was a statistically significant main effect of Trait Anxiety Group, F(1, 46) = 

4.70, p = .04, η=.09. The Low Trait Anxiety Group (M = 1507.67, SD = 563.74) 

demonstrated shorter word relationship decision latencies than the High Trait Anxiety 

Group (M = 1893.72, SD = 707.70).  

 The interaction between Homograph Type and Trait Anxiety Group was also 

statistically significant, F(1, 46) = 8.16, p = .01, η=.15. Simple main effects of Trait 

Anxiety Group were analysed separately for each Homograph Type condition. The analyses 

have revealed that the main effect of Trait Anxiety Group was statistically significant in the 

Control Homograph Type trials, F(1, 46) = 5.74, p = .02, η=.11, but was not statistically 

significant in the Experimental Homograph Type trials, F(1, 46) = 3.47, p = .07, η=.07.   
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 The interaction between Target Pair Valence and Trait Anxiety Group did not reach 

statistical significance, F(1, 46) = 0.05, p = .83, η=.00. This indicates that the High Trait 

Anxious participants, when compared to the Low Trait Anxious participants, did not show 

shorter word relationship decision latencies when the Target Pairs were Negative than when 

the Target Pairs were Non-Negative in valence.  

 The three-way Target Pair Valence X Trait Anxiety Group X Homograph Type 

interaction did not reach statistical significance, F(1, 46) = 0.08, p = .78, η=.00, hence the 

lack of effect was not evident regardless of Homograph Type.  

Analyses on Word Relationship Decision Accuracy Data 

Similar to Experiments Five and Six, additional analyses using the same 2X2X2 

three-way mixed ANOVA was carried out with average accuracy data as the dependent 

variable.12 

There was a statistically significant main effect of Homograph Type, F(1, 46) = 40.29, p = 

.00, η=.47, as the participants were more accurate in the Experimental trials (M = 83.09, SD 

= 10.53) than in the Control trials (M = 77.69, SD = 10.27).  

 The main effect of Target Pair Valence was also statistically significant, F(1, 46) = 

10.91, p = .00, η=.19, due to the fact that the participants were more accurate when the 

Target Pairs were Non-Negative (M = 81.92, SD = 9.73) than when they were Negative (M 

= 78.86, SD = 11.07).  

                                                                 
12

 The analysis on the word relationship decision accuracy data with all 48 participants was presented. The 

analysis on the accuracy data including all 48 participants have generated the same pattern of results except 

that the Homograph Type X Target Pair Valence interaction failed to reach statistical significance, F(1, 46) = 

2.80, p = .10, η=.07. 
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 A statistically significant Homograph Type X Target Pair Valence also emerged 

from this analysis, F(1, 46) = 5.82, p = .02, η=.11. Simple main effects of Target Pair 

Valence were analysed separately for each Homograph Type condition. The analyses 

revealed that the main effect of Target Pair Valence was statistically significant in the 

Control Homograph trials, F(1, 46) = 12.93, p = .00, η=.32 but not significant in the 

Experimental Homograph trials, F(1, 46) = 1.07, p = .31, η=.03.  

 There was also a statistically significant main effect of Trait Anxiety Group, F(1, 

39) = 8.73, p = .00, η=.16, as the High Trait Anxious participants were more accurate (M = 

83.98, SD = 10.26) than the Low Trait Anxious participants (M = 76.80, SD = 9.26). No 

other effect reached statistical significance.  

 Most importantly, the Target Pair Valence X Trait Anxiety Group interaction was 

not statistically significant, F(1, 46) = 0.75, p = .39, η=.02. The High Trait Anxiety Group, 

compared to the Low Trait Anxiety Group, was not more accurate when the Target Pairs 

were Negative than when the Target Pairs were Non-Negative.  

 The Target Pair Valence X Trait Anxiety Group X Homograph Type interaction 

was not statistically significant either, F(1, 46) = 0.96, p = .33, η=.02. These results 

indicate that the lack of effect did not differ between the Experimental and Control 

Homograph Type trials.  

  Additional 2X2X2 three-way ANOVA was also performed by using BDI (High 

BDI VS Low BDI), rather than Trait Anxiety Group, as the between-group factors related 

to emotional measure, on the median lexical decision latencies data. A median split was 

first performed on the BDI scores, those who fell into the upper half of the split were 
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allocated to the Low BDI group and those who fell into the upper half were allocated to the 

High BDI group.  

The three-way Homograph Type X Target Pair Valence X BDI interaction, F(1, 46) 

= 0.38, p =.54, η=.008, was not statistically significant. Therefore, depression was not 

found to be associated with an interpretive bias favouring negative interpretation of 

ambiguous words favouring both negative and non-negative interpretations. 

Discussion 

 The present experiment was introduced to increase the level of accuracy to improve 

the discriminatory power of the task. Although the average accuracy level was increased to 

84.43 %, the present experiment was unable to demonstrate the results predicted by the 

hypothesised anxiety-linked interpretive bias.  

 The above series of analyses have demonstrated very similar patterns of results as 

the other two prime-target relationship tasks with target oscillation (Experiments Five and 

Six).  

 The participants were generally faster and more accurate in identifying the 

associates of the Experimental Homographs than the associates of the Control Homographs. 

They were also faster and more accurate in indentifying the associates when the Target Pair 

Valence was Non-Negative than when it was Negative. Further analyses have shown that 

that the participants were faster and more accurate in correctly identifying the Non-

Negative Associates than the Negative Associates in the Control Homograph trials, but not 

in the Experimental Homographs trials.  
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 This could be due to the fact that the interpretation of the Control Homographs and 

their Negative Associates were semantically related non-negative in emotional tone. This 

incongruence in emotional tone could have contributed to the relative longer latencies and 

lower accuracy of indentifying the Negative Associates of the Control Homographs.  

 Similar to the other two prime-target relationship tasks, the pattern of results 

generated by the present experiment does not support the hypothesised anxiety- linked 

interpretive bias. The High Trait Anxious participants, relative to the Low Trait Anxious 

participants, did not demonstrate relative speeding and higher accuracy on the Negative 

Associates than the Non-Negative Associates of the Experimental Homographs.  

 This indicates that the High Trait Anxious participants did not preferentially impose 

the negative interpretations upon the Experimental Homographs.  
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IMPLICATIONS OF PHASE TWO RESEARCH 

 Due to the lack of evidence indicating semantic activation of the homographs in 

Phase One of the present research (except Experiment One), these experiments in Phase 

One were incapable of examining the hypothesised anxiety- linked interpretive bias, let 

alone the automaticity of such bias. Without a task that is capable of detecting the 

hypothesised anxiety- linked interpretive bias, it is impossible to examine the differential 

involvement of strategic and automatic processing on the operation of such bias. The 

question of the automaticity of the hypothesised anxiety- linked interpretive bias was 

therefore temporarily set aside in Phase Two of the present research. The purpose of Phase 

Two was to search for an experimental design that is indeed capable of detecting the 

hypothesised anxiety-linked interpretive bias.  

 The prime-target relationship task design was introduced in Phase Two to ensure 

semantic activation of the homographs has occurred. It is due to the fact that this task 

actually required the participants to access the semantic content of the homo graphs to 

complete the task successfully.  

 In order to improve the task‟s discriminatory power of detecting individual 

differences on the hypothesised interpretive bias, the difficulty level of the task was 

increased by presenting the targets in each target pair at the same location of the computer 

screen, oscillating against each other in two different colours. The difficult level was varied 

by the oscillation rate and length of exposure of the target pairs in each trial across two 

experiments. 

 Despite the need for semantic activation of the homographs in the prime-target 

relationship tasks, the findings in the first two experiments in Phase Two did not support 
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the hypothesised anxiety-linked interpretive bias. The High Trait Anxious participants, 

relative to the Low Trait Anxious participants, did not demonstrate disproportionate 

speeding and higher accuracy on identifying the Negative Associates than the Non-

Negative Associates of the Experimental Homograph, regardless of the Target Oscillation 

Rate and Target Length of Exposure.  

 A major limitation of the experiments in Phase Two is the low overall accuracy in 

correctly identifying the targets semantically related to the primes. Given that the overall 

accuracy of Experiment Five and Experiment Six in Phase Two were both below 75%, 

Experiment Seven was therefore introduced to increase the overall accuracy as an attempt 

to improve the discriminatory power of the prime-target relationship task. This was 

achieved by presenting the targets in each target pair at different locations of the computer 

screen without oscillation. However, Experiment 7 has only slightly improved the accuracy 

level to approximately 85% thus only provided incomplete remediation to this issue. 

Experiment 7 also failed to demonstrate empirical support for the hypothesised anxiety-

linked interpretive bias.   

 Experiment 2 of Richards and French‟s (1992) study is so far the only experiment 

demonstrating empirical support for the hypothesised anxiety- linked interpretive bias upon 

ambiguous lexical materials, which is not amenable to alternative explanation. Despite the 

fact that the priming tasks in Phase One of the present research attempted to mirror the 

experimental design of Experiment 2 of Richards and French (1992), none of the four 

experiments succeed in replicating their findings.  

 It is also important to note that only 24 participants participated in Experiment 2 of 

Richards and French‟s (1992) study. The statistical power of their study could be 
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compromised by such a small sample size. Experiment Four in Phase One of the present 

research, which is identical to Richards and French‟s (1992) original study in terms of their 

experimental design, improved the statistical power by increasing the sample size to 64 

participants. Experiment Four in Phase One, however, failed to replicate Richards and 

French‟s (1992) findings. As Richards and French (1992) only demonstrated empirical 

support for the hypothesised anxiety- linked interpretive bias in one out of three 

experiments, their findings could be a Type I error.  

 Given the repeated failure to demonstrate empirical support for the hypothesised 

anxiety- linked interpretive bias in Phase One and Phase Two of the present program of 

research, it is reasonable to argue that the High Trait Anxious participants do not 

preferentially imposed negative interpretations upon the homographs permitting both 

negative and non-negative interpretations.  
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GENERAL DISCUSSION 

Issues Resulting from Phase One Study 

 Phase One priming tasks encountered some key challenges. One such challenge was 

that not all of the experiments evidenced semantic activation of either the negative or non-

negative interpretations of the homographs. This is problematic as it renders the research 

unable to determine which interpretation the participants imposed upon the homographs, 

unless the semantic content was indeed activated. Before examining individual differences 

in interpretation of ambiguous information, it is therefore important to confirm that 

participants have indeed processed the semantic content of the ambiguous information.   

 In the Phase One experiments, the „“Unprimed‟ trials were introduced to 

corroborate that semantic activation of the homograph primes had occurred. Under the 

priming task design, semantic activation of the prime materials would be demonstrated by 

the amount of facilitation on processing the targets, by the speeding on processing the 

„primed‟ targets relative to the „unprimed‟ targets. The unprimed targets were not preceded 

by semantically related primes thus provided a baseline measure for analysis.   

 In the four parallel Phase One experiments, semantic activation of the homograph 

primes only occurred in Experiment One. While the priming effect was equally evident in 

both Long SOA and Short SOA trials among both High Trait Anxious and Low Trait 

Anxious participants, it was not equally evident across the High Cognitive Load and Low 

Cognitive Load condition in Experiment Two. Such findings rendered the examination of 

the automaticity of the hypothesised anxiety- linked interpretive bias impossible.  
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 Moreover, semantic activation was only evident among the Low Trait Anxious 

participants but not among the High Trait Anxious participants. Such findings rendered 

comparison between the High Trait Anxious and Low Trait Anxious Group impossible.  

 Finally, priming was not evident in either the Masked or Unmasked condition 

among both High Trait Anxious and Low Trait Anxious participants in Experiment Three, 

meaning that the participants did not always show the predicted priming effect. These 

results indicate that the prerequisite semantic processing of the homographs did not always 

take place across these tasks.  

 Evidence for the priming effect varied even between identical conditions across 

these three experiments. The Long SOA condition in Experiment One and the Unmasked 

condition in Experiment Three were, in fact, exactly the same in all experimental 

parameters. Nonetheless, the priming effect was only evident in the Long SOA trials but 

not in the Unmasked trials.  

 There is a possible explanation for the lack of semantic activation of the 

homographs in the Unmasked trials. The participants may have ceased to process the 

meanings of the homograph primes in the Unmasked trials when they were not consciously 

aware of the presentation of the homograph primes in the masked trials.  

 These results demonstrate that having an identical set of experimental parameters do 

not guarantee semantic priming of the homographs. Additionally, what the participants 

were endeavouring to do also might also affect semantic activation of the homographs.  

 It is therefore impossible to determine whether the High Trait Anxious participants 

have the hypothesised anxiety- linked interpretive bias, whereby they impose negative 
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interpretations upon ambiguous materials. Conclusive support for the hypothesis cannot be 

drawn if the participants did the process the meanings of the homographs.  

 The present program of research was initially developed to examine the 

automaticity of the anxiety-linked interpretive bias. The lack of semantic activation of the 

homographs, however, made this investigation impossible.  

 It was predicted that if the anxiety- linked interpretive bias operates automatically, 

the pattern of results supporting such bias should be evident in both the: 

 „strategic‟ conditions that allowed strategic processing of the homograph primes; 

and 

 „automatic‟ conditions that precluded strategic processing of the homograph 

primes. 

 Conversely, if the interpretive bias operates strategically then the pattern of results 

supporting the bias will be evident in those „strategic‟ conditions alone. In order to draw 

such a conclusion, however, semantic activation of the homographs must occur in both 

„automatic‟ and „strategic‟ conditions.  

 Additionally, the amount of semantic activation of the homographs across the 

„automatic‟ and „strategic‟ conditions must be largely equivalent. In this way, any 

difference in the pattern of results cannot be attributed to a mere quantitative difference in 

the amount of semantic activation of the homograph primes.  

 In the present research, however, only the priming task with SOA manipulation 

(Experiment One) satisfied these criteria. Without an experimental design that is capable of 

verifying the semantic activation of the homographs in each condition, it would be 
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impossible to determine whether the task is capable of reliably concluding that the 

hypothesised anxiety-linked interpretive bias operates automatically.  

 The pattern of results across the four parallel experiments in Phase One 

demonstrated that prerequisite semantic activation of the ambiguous materials is an 

unlikely occurrence. These results render the tasks (except the priming task with SOA 

manipulation) incapable of examining the automaticity of the hypothesised anxiety- linked 

interpretive bias.  

Two possible resolutions to this problem exist. Firstly, the task can be designed in 

such a way that it actually requires participants to process the semantic content of the 

ambiguous information in order to successfully perform the task. Conversely, if participants 

are merely allowed but not required to semantically access the ambiguous materials in 

order to successfully perform the task, the experimental design must be able verify whether 

such activation has occurred or not. Previous studies in the literature have adopted either 

one of these two methods to ensure semantic activation of the stimuli has occurred.  

 Some previous studies in the literature failed to verify whether semantic activation 

of the stimuli occurred. For example, Hirsch and Mathews (1997) presented participants 

with ambiguous sentences that permitted both negative and non-negative meanings. Hirsch 

and Mathews (1997) measured participants‟ lexical decision latencies on target words 

semantically related to either meaning of those sentences. All results for high trait anxious 

participants were assessed relative to the results for Low Trait Anxious Participants.  

 In the first experiment of Hirsch and Mathews‟ (1997) study, participants were 

given explicit instructions on how to use sentences to help them with lexical decision-

making on the target words that followed. As predicted, the high trait anxious participants 
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demonstrated disproportionately shorter lexical decision and naming latencies on the targets 

related to the negative meanings, than on those related to the non-negative meanings, when 

compared to the low trait anxious participants..  

 Participants can, however, still make accurate lexical decisions on the targets 

without having to access the semantic content of the primes. There was no guarantee that 

participants would follow the provided instructions. It is, therefore, important to have 

measures in place to verify whether such semantic activation has occurred.  

 Hirsch and Mathews (1997), however, did not include any unprimed trials in their 

experiments as a baseline measure for the priming effect. It is, therefore, impossible to 

determine whether the semantic content of the ambiguous sentences was  indeed activated 

to facilitate the processing of the related target words.  

 Some other studies in the literature, including the priming task in Phase One of the 

present program of research, although did not require participants to access the meanings of 

ambiguous materials in order to perform the task successfully, these studies were designed 

in such a way that the dependent measures could reflect whether such activation had 

occurred.  

 For example, in Calvo and Castillo‟s (1997) study, high trait anxious and low trait 

anxious participants were given ambiguous sentences. They were then required to name the 

targets semantically related to either the negative or non-negative interpretations of the 

sentences.  

 Unprimed trials were introduced as the baseline naming speed of the negatively-

valenced and non-negatively-valenced targets respectively. In these unprimed trials, the 

negatively-valenced and non-negatively-valenced targets were not preceded by 
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semantically related ambiguous sentences. In this way, semantic activation of the 

ambiguous sentences can be revealed by calculating the amount of facilitation on target-

naming speeds when the targets were preceded by semantically related ambiguous 

sentences.  

 This method is not, however, the most effective way of ensuring semantic activation 

of the ambiguous stimuli. The priming effect was not always evident across the four 

parallel priming tasks in Phase One of the present program of research. This is because 

these tasks merely allowed but did not require semantic processing of the ambiguous 

stimuli to take place, and only later attempted to verify whether this had occurred.  

 A more effective way of ensuring that participants process the semantic content of 

the homographs is to have an experimental paradigm that requires semantic activation of 

the ambiguous materials in order to perform the task successfully. The priming paradigm 

could be designed in this way.  

 For example, Meyer and Schvaneveldt (1971) completed a very influential study on 

semantic priming. This study required participants to process the semantic content of the 

prime materials in order to perform the task accurately. Each trial within the study 

consisted of a pair of letter strings. The letter strings can be a pair of words (e.g. „bread-

door‟), a pair of non-words (e.g. „braed – door‟), or made up of a word and a non-word (e.g. 

„braed – doar‟).  

 The participants made lexical decisions on each pair by deciding whether the pair 

comprised both words or non-words. When the letter strings in the pair were both words, 

the two words were either semantically related such as „doctor-nurse‟, or unrelated such as 

„bread-door‟.  
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 The participants demonstrated shorter lexical decision latencies on semantically 

related word pairs, relative to semantically unrelated word pairs.  

 The task required the participants to semantically process both words in a pair in 

order to perform the task accurately because the participants had to determine the lexical 

status of both letter strings in each pair.  

 This task can be modified to include a homograph that permits both negative and 

non-negative meaning as the prime, along with a semantically related target in each 

semantically related word pair. For example, in the word pair „arms-weapon‟, the 

homograph prime is paired up with a target semantically related to its negative 

interpretation whereas in the word pair „patient-calm‟ the homograph prime is paired up 

with a target semantically related to its non-negative interpretation.  

 The high trait anxious participants‟ anxiety- linked interpretive bias could be 

demonstrated by a disproportionately greater amount of priming on the negative targets 

rather than the non-negative targets, when paired up with a semantically related homograph 

prime. As the participants‟ task is to determine the lexical status of both letter strings in 

each pair, this design ensures that participants do semantically activate the ambiguous 

homographs to perform the task successfully. If they fail to do so, this will be reflected in 

their overall accuracy in lexical decision-making.  

 To examine individual differences in interpretations of ambiguous information, it is 

important to ensure that the semantic content of the ambiguous materials is indeed being 

activated. Arguably the strongest approach is to use an experimental design that requires 

participants to semantically process the ambiguous materials in order to perform the task 

successfully. In this way, failure to semantically process will result in a participant‟s low 
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accuracy on the task. If the task only allows, but does not require the participants to 

semantically activate the ambiguous materials, it is essential to have measures in place to 

verify that activation has occurred.  

 In Phase Two, therefore, the prime-target relationship task was introduced to ensure 

semantic activation of the homograph occurred. This experimental design required the 

participants to process the semantic content of the homographs in order to perform the task 

accurately. In each trial, participants had to determine which of the targets in each target 

pair was related to the meaning of their preceding homograph.   

 Another methodological implication generated by Phase One is the measurement of 

the automaticity of cognitive processes. The priming effect was not equally evident across 

the High Cognitive Load and the Low Cognitive Load condition in Experiment Two. This 

indicated that the semantic content of the homograph primes was not activated when 

memorisation of the digit string consumed a relatively large amount of cognitive resources.  

 This issue could originate from how automatic processing was examined in Phase 

One. Traditionally, the examination of automatic processing was achieved by restricting 

strategic processing of the stimulus materials. It was assumed that semantic processing of 

the stimuli will occur automatically when strategic processing was precluded. This method 

was adopted in the present research.  

 Phase One findings, however, lead to the question of whether such assumption may 

not always hold true. Automatic semantic processing does not necessarily occur when 

strategic processing of the stimulus materials is precluded.  

Some theorists proposed a dichotomous two-stage model of automatic and strategic 

processing (e.g. Broadbent, 1958; Deutsch & Deutsch, 1963) contenting that these are two 
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qualitatively different types of cognitive processes. Other theorists suggested that automatic 

and strategic processing are only quantitatively different lying along a continuum (e.g. 

Hasher & Zacks, 1979).  

 Consistent with the Hasher & Zacks (1979) view, strategic and automatic 

processing are not characterised by a simplistic either-or relationship. Successfully 

precluding strategic processing does not necessarily mean that automatic processing will 

occur. For instance, strategic and automatic processing might not be qualitatively different 

in the sense that the former requires cognitive resources to occur and the later is capacity-

independent. They are, however, quantitatively different in that automatic processing 

requires relatively little cognitive resources to occur when compared to strategic 

processing. Automatic processing may still requires a certain amount of cognitive resources 

to occur rather than being completely capacity- independent.  

 As a result, memorising the digit string under the High Cognitive Load condition 

could be limiting the cognitive capacity too severely meaning that automatic semantic 

processing cannot take place.  

 These theorists suggested that most cognitive operations are not purely strategic or 

purely automatic, but a mixture of both. For example, Hasher and Zacks (1979) argued that 

there are two sources of automatic processes: heredity and practice. There are some innate 

automatic processes hardwired to our system. Conversely some cognitive processes become 

automatic through extensive practice, such as meaning extraction from reading. When 

compared to the innate automatic processes, these learned automatic processes can still be 

disrupted when the limited-capacity system is severely overloaded or restricted.  
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 Such research implies that learned automatic processes are not automatic as they 

require no cognitive capacity at all. That is, they are not capacity- independent but require 

relatively little cognitive capacity when compared to more demanding strategic processes.  

 Phase One findings of the present research bring about the need to re-consider the 

examination of automatic processing and the relationship between automatic and strategic 

processing. 

 Only the priming task with SOA manipulation (Experiment One) has demonstrated 

equivalent amount of priming effect across the „strategic‟ Long SOA and the „automatic‟ 

Short SOA condition for both High Trait Anxious and Low Trait Anxious participants. It is 

only possible, therefore, to conclude that the hypothesised anxiety- linked interpretive bias 

does not exist in this particular experiment. The pattern of results in this experiment does 

not necessarily permit the conclusion that the bias will not be found if semantic processing 

of the homographs has occurred in the priming tasks, which examined the capacity-

independent nature (Experiment Two) and the unconscious nature of automatic processing 

(Experiment Three). 

 This is due to the argument that these different attributes of automaticity operate 

independently via different pathways and do not necessarily covary, rather than 

representing different criteria of the same automatic processing. For example, Bargh (1989) 

has noted that there is a general consensus among experimental psychologists, that the 

definition of automatic processing consisted of a ll the proposed features of automaticity 

(e.g. Neely; Posner & Snyder, 1975; Shiffrin & Schneider, 1977; LeBerge & Samuels, 

1974). Bargh (1989) argued that the assumed unitary nature of automaticity cannot be 
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sustained given the findings from empirical studies in the literature that these different 

attributes do not covary.  

 McNally (1995) suggested that if high trait anxious individuals‟ biased encoding of 

negative information is capacity- free, there should be no colour-naming interference on 

negative words in studies employing the emotional Stroop paradigm. As negative words 

showed greater interference on colour-naming the words, this demonstrated that the biased 

encoding these negative words took up cognitive resources available for the colour-naming 

task.  

Conversely, this preferential encoding of negative information by high trait anxious 

individuals was demonstrated to be automatic in that it operates outside conscious 

awareness. The backward masking technique was used to eliminate conscious awareness of 

the emotional words to be named in the emotional Stroop task (e.g. MacLeod & Hagan, 

1992; MacLeod & Rutherford, 1992).   

 Although this argument might be true, it is impossible to experimentally verify 

whether these attributes of automaticity are qualitatively different. Such conclusion can 

only be drawn when it is verified that the same amount of SOA restriction, cognitive 

capacity restriction by memorising the digit string, and exposure reduction by masking, 

differentially affect semantic activation. It does, however, require quantification of the 

processing restrictions by these entirely different types of manipulations on a shared scale.  

 It is therefore fundamentally flawed to suggest that the unparallel semantic 

activation across different types of automaticity manipulations reflects qualitatively 

different types of automaticity. This might only reflect quantitatively difference in the 

degree of processing restriction. For example, the cognitive load could be restricting 



232 
 

sensory input too severely so that semantic processing of the homographs cannot take 

place. However, it is impossible to conclude from such findings that there are qualitatively 

different types of automaticity.  Although it is difficult to determine whether there are 

qualitatively different types of automaticity, future research should still be cautious when 

making general claims about automaticity of anxiety- linked cognitive biases. For example, 

a number of previous studies in the literature demonstrated that the hypothesised anxiety-

linked attentional bias operates unconsciously. Such findings, however, do not necessary 

imply such a bias is capacity- independent and rapid. Rather than assuming automaticity is a 

unitary concept, three separate experiments, each manipulating one proposed feature of 

automatic processing, were therefore conducted in Phase One of the present research to 

address each feature more specifically.  
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Issues Resulting from Phase Two Study 

 None of the Phase Two experiments demonstrated the pattern of results predicted by 

the hypothesised anxiety-linked interpretive bias. It has been noted in earlier chapters that 

Experiment 2 in Richards and French‟s (1992) study offered the only published study to 

employ single words as ambiguous materials and find support for this anxiety- linked 

interpretive bias, without permitting alternative explanations such as the response bias. It is 

therefore reasonable to argue that the effects demonstrated in Experiment 2 of Richards and 

French‟s (1992) study could be a Type I error.  

 Notwithstanding this, other published studies have claimed to have found support 

for the hypothesised anxiety- linked interpretive bias on ambiguous lexical materials (e.g. 

Byrne & Eysenck, 1993; Richards, Reynolds & French, 1993; Russo, Patterson, Roberson 

& Stevenson, 1996). The following discussion will propose two different explanations of 

the contradiction between these previous studies in the literature and the absence of such 

evidence in the present research. These explanations are the Response Bias Acco unt and the 

„Interpretive Tendency Bias Account.  

Response Bias Account 

 As indicated earlier, other studies in the literature that have examined anxiety- linked 

interpretive bias on ambiguous lexical materials, such as those studies using homophone 

spelling paradigm,  are compromised by methodological problems. In this way, the 

obtained effects could be explained by either an anxiety- linked interpretive bias or by 

anxiety- linked response bias. The greater likelihood of providing negative spellings of the 

homophones demonstrated by the high trait anxious participants in these homophone 

spelling tasks may instead reflect a response bias. This response bias would consist of high 
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trait anxious participants preferentially providing the more negative response options, even 

when both negative and non-negative interpretations of the homophones were equally 

available. According to this account, the observed effects in these studies have simply been 

mistaken as evidence of the hypothesised anxiety- linked interpretive bias. The pattern of 

results predicted by hypothesised anxiety- linked interpretive bias, therefore, did not occur 

in the present research, given that the measures of interpretive bias are unaffected by 

differences in the relative likelihood of emitting negative and non-negative responses.  

 If anxiety vulnerability is associated with a response bias of preferentially selecting 

negative response options, this relationship could be attributed to an individuals‟ 

metacognition about their own responses. Metacognition is the beliefs about one‟s own 

cognition. Most empirical studies have examined the role metacognition plays in learning 

(e.g. Bisanz, Vesonder, & Voss, 1978), memory (e.g. Pressley, Levin & Ghatala, 1984), 

problem solving (e.g. Metcalfe, 1986) and making judgement (e.g. Fischhoff, 1975).  

 The response bias of preferentially selecting the more negative response options 

may not be directly associated with anxiety vulnerability. Instead, this may be mediated by 

the metacognition about an individual‟s own bias favouring the negative response options, 

which in turn elicits the emotional response of anxiety. The resulting trait anxiety could be 

developed by this metacognition of one‟s own response bias over time.  

This proposed metacognitive explanation to the relationship between the response 

bias and anxiety vulnerability is consistent with the James-Lang model of emotion. James 

(1884) and Lange (1887) held a similar view that emotional experiences are produced by 

sensing bodily changes and autonomic feedback. This suggestion later became the famous 
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James-Lange theory, which suggested a three-stage model of the development of emotional 

feelings.  

The first stage involves behavioural responses to threat, such as running away and 

autonomic changes such as faster heart rate, which occur largely automatically. The second 

stage involves awareness of such responses, while the third stage is the elicitation of 

emotional feeling such as anxiety resulting from the awareness of one‟s behavioural and 

autonomic response. In other words, individuals are anxious because they are aware of their 

anxious behavioural responses. In a similar vein, individuals could also become anxious in 

response to the awareness of their selection of more negative response options between 

alternative interpretations of ambiguous information.  

This model can, therefore, be applied to explain the relationship between the 

response bias and anxiety vulnerability.  

At the first stage, the high trait anxious individuals preferentially select the more  

negative response options within ambiguous information. At the second stage, these high 

trait anxious individuals become aware of the negative response options they made. Such 

awareness of their own response will elicit the emotional response of anxiety.  

Based on this model, it is due to the fact that high trait anxious individuals are more 

likely than low trait anxious individuals to select more negative response options. As such, 

the high trait anxious individuals become more vulnerable to anxiety.  

So if anxiety vulnerability is found to be associated with a response bias of 

preferentially selecting negative response options, it is of theoretical interest to understand 

the role such response bias may play in the development of anxiety vulnerability. This role 

should no longer be ignored. 
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Many previous studies in the literature endeavoured to examine the hypothesised 

anxiety- linked interpretive bias by treating response bias as an unimportant effect to be 

eliminated (e.g. MacLeod & Cohen, 1993; Richards & French, 1992). The present research 

replicates this approach. 

The studies have been designed so as only the anxiety- linked interpretive bias predicts 

the differential pattern of response associated with processing the ambiguous materials. Not 

the response bias. For example, only the hypothesised anxiety-linked interpretive bias 

predicts: 

 In Phase One, High Trait Anxious participants, relative to the Low Trait Anxious 

participants, will demonstrate disproportionately greater priming effect on the 

lexical decision upon the Negative Associates than on the Non-Negative Associates  

 In Phase Two, High Trait Anxious participants, relative to the Low Trait Anxious 

participants, will demonstrate disproportionate speeding in correctly identifying the 

Negative Associates than the Non-Negative Associates  

 A key limitation within this approach is that, when no empirical support for the 

interpretive bias was found, it was impossible to make any conclusion about the excluded 

response bias. When a phenomenon of interests lends itself to alternative explanations of 

two distinct processes, it is of methodological advantage to pursue an experimental design 

which dissociates the two processes. Such design would examine the distinctive 

contribution of each process to the phenomenon of interest, rather than the experimental 

design being exclusively sensitive to one process.  

High Trait Anxious participants are more likely to provide negative spellings 

relative to the non-negative spellings in the homophone spelling tasks. This  can be 
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predicted by both the hypothesised anxiety- linked interpretive bias and response bias. As a 

result, it is more appropriate to introduce an experimental design that dissociates these two 

different biases. In this way, the interpretive bias and response bias each predicts a different 

pattern of results. This is in contrast to an experimental design that is only sensitive to the 

hypothesised anxiety-linked interpretive bias.  

Therapeutically if this response bias is found to be associated with anxiety 

vulnerability, even as a possible contributor to its development, it is valuable to evaluate 

treatment program targeted at modifying such response bias to treat anxiety disorder  

patients.  

Previous studies in the literature have demonstrated empirical results suggesting 

that anxiety- linked cognitive biases play a causal role in the development of anxiety 

vulnerability. For example, Mathews and colleagues (1995) demonstrated that the degree to 

which cognitive therapy reduces anxiety symptoms depends on the degree to which it 

reduced the anxiety- linked attentional bias as demonstrated in the emotional Stroop task. A 

reduction in anxiety- linked interpretive bias was also found to be associated with recovery 

from anxiety symptoms among GAD patients (e.g. Eysenck et al, 1991; Mathews, 

Richards, & Eysenck, 1989).  

Studies that directly manipulated cognitive biases found more direct evidence of the 

casual role played by the anxiety-linked cognitive biases in the development of anxiety 

vulnerability. These studies found that anxiety reactivity towards stressors can be modified 

by experimentally manipulating such cognitive biases. An example of such a cognitive bias 

is attentional bias (e.g. MacLeod, Rutherford, & Campbell, 1997; MacLeod et al, 2001) 

whereby participants preferentially favour negative or non-negative information. Another 
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example is  interpretive bias (e.g. Grey & Mathews, 2000; Mathews & Mackintosh, 2000; 

Wilson et al, 2006) whereby participants preferentially impose negative or non-negative 

interpretations upon ambiguous materials.  

If the anxiety- linked response bias is found to play a casual role in the development of 

anxiety vulnerability, then manipulation of such bias could serve to modify anxiety 

vulnerability.  

Interpretive Tendency Bias Account  

 The following discussion proposes another explanation to the contradictory claims 

made by previous studies employing homophone spelling tasks and the results from the 

present research, namely the „Interpretive Tendency Bias Account”.  

The high trait anxious individuals could be indeed characterised by an interpretive 

bias of preferentially imposing negative interpretations upon ambiguous single words. 

According to this account, however, the high trait anxious individuals‟ interpretive bias 

does not reflect the differential ability to impose negative and non-negative interpretation 

on ambiguous words. Rather, it reflects the differential tendency to do so.  

More specifically, the high trait anxious individuals could be more likely to impose 

negative interpretations upon ambiguous words under circumstances that permit both 

interpretations. These participants are not necessarily faster to impose the negative 

interpretations than non-negative interpretations under circumstances that require one or 

another interpretation.  

As the homophone spelling tasks did not require participants to provide spellings 

related to a particular interpretation of the homophones, the likelihood of providing either 
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spelling could reflect differential tendency of imposing negative or non-negative 

interpretations upon the homophones.  

On reflection, it seems likely that the Phase Two experiments in the present research 

measured anxiety- linked differences in the speed with which participants could impose a 

required interpretation upon each homograph. In the prime-target relationship tasks within 

the Experimental Homograph trials, the associates were only semantically related to one of 

the two differentially-valenced interpretations of their preceding Experimental Homograph. 

This type of measure tapped into the High Trait Anxious and Low Trait Anxious 

participants‟ differential ability to impose negative and non-negative interpretations upon 

the homograph when interpretation of a particular valence is required. It did not assess a 

differential tendency when either interpretation is permitted.  

 Theoretically it is important to more precisely clarify what the hypothesised 

anxiety- linked interpretive bias actually is. Neither did Beck‟s (1976) nor Bower‟s (1981, 

1983) cognitive models of anxiety vulnerability make the differentiation between these two 

distinct types of anxiety- linked interpretive biases.  

The loosely defined concept of anxiety-linked interpretive bias could lead to 

unresolved apparent contradiction between studies examining anxiety- linked interpretive 

bias, when in fact there is no „contradiction‟ because the studies are each examining distinct 

types of anxiety- linked interpretive biases.  

Rather than using interpretive bias as an umbrella term, therefore, it is of theoretical 

importance to make greater distinction between a differential tendency and differential 

ability to impose negative interpretations upon ambiguous materials. This might involve 

very different cognitive processes and have different implications for anxiety vulnerability.  
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Future research must specify whether the hypothesised anxiety- linked interpretive 

bias is a differential ability or a differential tendency to impose negative interpretations 

upon ambiguous information. This is necessary in order to ensure the appropriate 

methodology is selected to test this particular bias.  

 The ability and tendency to impose negative and non-negative interpretations upon 

ambiguous materials are two quite different dimensions of individual differences. 

Furthermore, the hypothesised anxiety-linked interpretive biases of these two types do not 

necessarily covary. Therefore, using interpretive bias as a clinical marker for anxiety 

disorders without considering the ability and tendency distinction could lead to misleading 

diagnosis. For example, if anxiety vulnerability is only associated with an enhanced 

tendency but not an enhanced ability to impose negative interpretations upon ambiguous 

single word, then using an index of enhanced ability as a marker of anxiety vulnerability 

would be misleading.  

 Anxiety-Linked interpretive bias training programs for ameliorating anxiety 

symptoms should be more specifically designed to modify either an enhanced tendency or 

enhanced ability to impose negative interpretations upon ambiguous materials. Previous 

studies have demonstrated that transient manipulation of interpretive bias upon ambiguous 

lexical materials influenced participants‟ anxiety reactivity towards stressors (e.g. Grey and 

Mathews, 2000; Wilson et al., 2006). However, it is not clear whether the increased anxiety 

reactivity is due to the impact of an enhanced tendency or of an enhanced ability to impose 

interpretations of differential valence upon ambiguous materials.  

For example, in Wilson et al.‟s (2006) study, interpretive bias was modified by an 

interpretation training session under which the participants had to complete word 
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fragments, each of which was preceded by a homograph permitting both negative and non-

negative interpretations.  

The participants were instructed to use the homographs to help them complete the 

word fragment that followed. Contingencies were built in to encourage negative or non-

negative interpretations of the homographs. Within the non-threat training condition, all 

word fragments permitted only completions that yield words semantically related to 

negative interpretations of their preceding homographs. On the other hand, within the threat 

training condition, all word fragments permitted only completions that yield words 

semantically related to non-negative interpretations of their preceding homographs.  

The results demonstrated that participants who received the threat interpretation 

training showed greater anxiety reactivity to a video stressor, relative to the participants 

who received the non-threat interpretation training. It is unclear, however, whether the 

differential anxiety reactivity between the two training groups was due to the training task‟s 

capacity to introduce an enhanced ability or an enhanced tendency of imposing 

interpretation of a particular emotional valence upon ambiguous materials.  

Therefore, it would be useful to dissociate the effect of differential tendency from a 

differential ability of imposing negative interpretations upon ambiguous materials. Of 

course, it would be impossible to assess any variability in tendency of participants to 

engage in a given behaviour unless those participants have at least some ability to perform 

this behaviour. Therefore the capacity to experimentally dissociate individual differences 

behavioural ability and in behavioural tendency depends upon whether the participants 

have at least a minimal ability to perform the behaviour in question. Therefore, to 

experimentally dissociate the tendency and the ability of the hypothesised anxiety- linked 
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interpretive bias, it is necessary to assume the participants have at least some ability to 

impose negative interpretations upon ambiguous materials.  
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Beyond the Word: A Reflection on Lexical VS Textual Processing 

The most glaring feature of the findings from the present program of research is the 

repeated failure to demonstrate empirical support for the hypothesised anxiety- linked 

interpretive bias upon homographs permitting both negative and non-negative 

interpretations. None of the four priming tasks in Phase One replicate Richards and 

French‟s (1992) study.  

In response to the lack of semantic activation of the homograph primes in some of 

Phase One experiments, the prime-target relationship task design was then introduced in 

Phase Two. This was to ensure semantic activation of the homographs for examining 

individual differences in interpretation selectivity.  

The three prime-target relationship tasks also failed, however, to demonstrate 

empirical support for the anxiety-linked interpretive bias. As mentioned earlier, the 

observed effects from most of the previous studies that claimed to have found support for 

the hypothesised anxiety- linked interpretive bias on ambiguous lexical materials, were 

amenable to alternative explanations such as a response bias or demand characteristics. 

 Conversely, a number of studies in the literature employing ambiguous textual 

materials have provided convincing support for the anxiety- linked interpretive bias that is 

not amenable to alternative explanations. For example, previous studies in the literature 

have adopted experimental designs that examined interpretive bias by measuring the 

amount of facilitation the ambiguous textual materials have upon the processing of 

materials, related to the negative interpretations and non-negative interpretations of these 

ambiguous textual materials (e.g. Calvo & Castillo, 1997; Calvo & Eysenck, 2000; Calvo, 
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Eysenck & Castillo, 1997; Calvo, Eysenck & Estevez, 1994; Hirsch & Mathews, 1997; 

MacLeod & Cohen, 1993).  

For example, MacLeod and Cohen (1993) employed a reading speed paradigm to 

examine the participants‟ interpretive bias. Participants read short passages at a self-paced 

rate and their reading speed was recorded. The research found that ambiguous sentences 

permitting both negative and non-negative interpretations showed disproportionately 

greater facilitation on the reading speed of high trait anxious participants for sentences 

related to its negative interpretations, in comparison to its non-negative meanings. The 

results for high trait anxious participants were relative to those for low trait anxious 

participants. 

Hirsch and Mathews (1997) also found that high trait anxious participants , relative 

to low trait anxious participants, demonstrated disproportionately shorter lexical decision 

latencies on words related to the negative interpretation as opposed to the non-negative 

interpretation of the preceding ambiguous sentence.  

A number of previous studies in the literature, not amenable to alterative 

explanations, demonstrate support for the hypothesised anxiety- linked interpretive bias 

upon ambiguous textual materials. There is, however, a general lacking of convincing 

empirical support for such bias upon ambiguous lexical materials. These unparallel results 

between the present research program and previous studies employing ambiguous textual 

materials could be due to the lack of ecological validity of the current research‟s 

experimental paradigm in comparison to those employed by previous studies using 

ambiguous textual materials.  
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These unparallel results could also be due to the fact that most of the ambiguous 

textual materials employed in these studies involve a different type of ambiguity other than 

lexical ambiguity. Discussion of these two accounts will be provided in the following 

section.  

 As mentioned earlier, one possible explanation for this inconsistency is that, the 

experimental paradigms adopted in the present program of research lacks ecological 

validity when compared to the experimental paradigms adopted in studies using ambiguous 

textual materials in the literature. The prime-target relationship task in Phase 2 of the 

present study required the interpretation of ambiguous single words in isolation. Most 

theoretical models of lexical access in linguistic research proposed that interpretation of 

ambiguous single words are strongly influenced by contextual conditions (e.g. Glucksberg, 

Kreuz, & Rho, 1986; Schvaneveldt, Meyer, & Becker, 1976; Simpson, 1981). Although the 

resolution of lexical ambiguity of single words is often required dur ing reading 

comprehension or verbal communication, it is largely determined by the context described 

in the passages in which the homographs or homophones are embedded. It is very unlikely 

that a person has to resolve lexical ambiguity of homophones or homographs out of the 

context in their daily life.  

 On the other hand, those previous studies in the literature that examined the 

hypothesised anxiety- linked interpretive bias of textual materials are often more 

ecologically valid. For example, MacLeod and Cohen‟s (1993) study involves the reading 

of pairs of sentences each consisted of an ambiguous sentence prime which permitted both 

negative and non-negative interpretation, followed by a continuation sentence semantically 

related to either interpretation of the preceding ambiguous sentence prime. This task is 

more ecologically valid in the sense that it resembles the interpretation of ambiguous 
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information in reading comprehension. Hirsch and Mathews (1997) have developed a very 

realistic experimental paradigm in which the participants read short passages describing the 

participants being interviewed for a job. The emotional implications of the situation 

remained ambiguous, and the ongoing interpretation made by the participants were 

accessed at several points in the text. Therefore the anxiety-linked interpretive bias the high 

trait anxious individuals experience in real life might not be tapped by the experimental 

paradigms employed by the present program of research. Therefore, while maintaining 

internal validity of the study, it is also important to ensure that ecological validity of the 

study is not too severely compromised.  

 Another possible explanation to the above-mentioned discrepancy in study findings 

is that they involved interpretation of distinctly different types of ambiguity. Homographs 

or homophones ambiguity is not the same as that of most textual materials depicting 

ambiguous scenarios employed in previous studies in the literature. Resolving lexical 

ambiguity of homographs and homophones involves processing the meanings intrinsic to 

the words itself and does not require the participant to go beyond the two alternative 

meanings.  

For example, to interpret the homograph „punch‟, a participant would only have to 

process the two alternative meanings intrinsic to the homograph, either as a drink or as 

hitting with the fist. There is no need for the person to go beyond these two alternative 

meanings to fully resolve the ambiguity.  

Although textual materials could be ambiguous as a result of the same lexical 

ambiguity (e.g. „The strength of the PUNCH took Alan by surprise‟), textual materials 

permit a much richer array of ambiguity than lexical ambiguity. For example, many textual 
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materials employed in previous studies in the literature involved the depiction of 

ambiguous scenarios that required participants to make elaborative inferences beyond the 

literal meaning of the sentences. For instance, to resolve the ambiguity of the scenario 

described in the sentence „The audiences laughed when he was making a speech‟, the 

participant must elaborate beyond the information given by the text. To determine whether 

the audiences laughed because they found the speech amusing or stupid, the participant 

must elaborate beyond the given information through such means as creating an imagery of 

the scenario, imposing intentions, feelings or behavioural reactions of the people in the 

situation, or imposing consequences of the event.  

Cain and colleagues (2001) suggested that the generation of elaborative inferences 

requires the reader to integrate information from the text with their own prior knowledge or 

general knowledge outside the text. It is possible that the anxiety- linked interpretive bias is 

related to resolving a more specific type of ambiguity that requires making elaborative 

inferences, rather than lexical ambiguity.  

 Theoretically, neither Beck (1976) nor Bower‟s (1981; 1983) cognitive theories of 

anxiety vulnerability propose the anxiety- linked interpretive bias operates only upon the 

resolution of a specific type of ambiguity. This could involve resolution of lexical 

ambiguity such as those studies that employed homographs (e.g. arms, execute), or 

homophones (e.g. die/dye, war/wore) as ambiguous materials (e.g. Richards & French, 

1992; Richards, Reynolds & French, 1993); ambiguous scenarios that requires elaborative 

inferences (e.g. MacLeod & Cohen, 1993; “The audiences laughed when he was making a 

speech”), probability judgements about emotional events (e.g. Butler & Mathews, 1983; 

“hearing noises in the midd le of the night – signifying a burglar or a window rattling in the 

wind?). At the extreme, anything that can be differentially appraised is ambiguous. For 
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example, even a clearly negative word „cancer‟ could be appraised positively if the person 

maintains a positive outlook. However, theorists and researchers seldom make the 

distinction between these different types of ambiguity and implicitly assume that the 

anxiety- linked interpretive bias operates on all types of ambiguity. This is not necessarily 

true.  
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Summary and Future Directions 

Examination of an Anxiety-Linked Response Bias 

 As discussed earlier, a response bias of preferentially selecting more negative 

response options would have important theoretical implications for understanding the 

development of anxiety vulnerability. It would also yield practical implications for 

developing treatment programs for the amelioration of anxiety disorder symptoms via the 

modification of such response bias. Therefore, rather than treating a response bias as an 

unimportant effect to be eliminated, future studies should endeavour to determine whether 

the high trait Anxious participants are more likely to select negatively valenced response 

options as opposed to non-negatively valenced response options, when compared to low 

trait anxious participants..  

Examination of an Interpretive Tendency Bias 

 Future studies should also determine whether the high trait anxious participants are 

characterised by an interpretive bias of an enhanced ability or an enhanced tendency of 

imposing negative interpretation upon ambiguous information that permits both negative 

and non-negative interpretations. For example, the prime-target relationship task could be 

modified to examine an interpretive tendency bias by presenting both the Negative 

Associates and the Non-Negative Associates of the Experimental Homographs of each trial. 

In this way, this task would not be measuring the ability with which participants could 

impose a predetermined interpretation of a particular emotional valence, but rather the 

participants‟ tendency to impose either interpretation of each Experimental Homograph.   
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Improving Ecological Validity of the Prime-Target Relationship Task 

 Rather than examining interpretive bias of ambiguous single words in isolation, the 

ecological validity of the prime-target relationship task in Phase Two of the present 

research could be improved by using the reading comprehension paradigm described 

earlier. Here, ambiguous sentences would be embedded in short passages.  

 Homographs permitting both negative and non-negative interpretations could be 

presented in context while maintaining the ambiguity of these contexts, such as „The 

strength of the PUNCH took Alan by surprise‟. The homograph „punch‟ permits both 

negative and non-negative interpretations. The interpretation imposed upon the homograph 

„punch‟ could be assessed by the reading speed of continuation sentences semantically 

related to the negative or non-negative interpretation of the preceding ambiguous sentence. 

Examples would be „He had not expected the blow to have such an effect on him‟ or „He 

had not expected the drink to have such an effect on him‟.  

 The hypothesised anxiety- linked interpretive bias could be reflected by the High 

Trait Anxious participants‟ disproportionately shorter reading latencies on the negative 

relative to the non-negative continuation sentences. In this way, the ecological validity of 

the experimental paradigm could be improved while using the same ambiguous lexical 

materials employed in Phase Two.  

Anxiety-Linked Interpretive Bias on Making Elaborative Inferences 

 The prime-target relationship task design employed in Phase Two could be 

modified to examine the hypothesised anxiety- linked interpretive bias specifically upon the 

resolution of ambiguity that requires elaborative inferences to be made. The prime 

materials could comprise ambiguous sentences depicting ambiguous scenarios that permit 
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both negative and non-negative interpretations. For example, ambiguous sentences such as 

„The audiences laughed when he was making a speech‟ could be presented as primes. This 

could be followed by a pair of targets with the associate either related to the negative 

interpretation of non-negative interpretation of the preceding ambiguous sentence prime, 

such as „ridicule‟ or „amusing‟.  

 The hypothesised anxiety- linked interpretive bias could be reflected by the High 

Trait Anxious participants‟ disproportionately shorter latencies in correctly identifying the 

Threat Associates relative to the Non-Threat Associates, relative to the Low Trait Anxious 

participants. Therefore the same prime-target relationship experimental paradigm could be 

used to examine the hypothesised anxiety- linked interpretive bias on the resolution of 

ambiguity other than lexical ambiguity.  
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PRELIMINARY INVESTIGATION OF IDENTIFIED FUTURE DIRECTIONS 

 The present program of research was initially developed for the purpose of 

investigating the automaticity of the hypothesised anxiety- linked interpretive bias, 

however, no empirical support for such a bias was found. The present program of research 

was therefore ended with the conclusion that the high trait anxious individuals do no 

preferentially impose negative interpretations upon homographs permitting both negative 

and non-negative interpretations. 

 The following section is an addition to the present research program, illustrating 

how the future directions identified in the General Discussion could be addressed 

experimentally.  

 Two illustrative experiments were carried out to address the issues ident ified in 

General Discussion. The first illustrative experiment tested the validity of the two 

alternative accounts explaining the discrepancies between the present research and the 

homophone spelling tasks in the literature, namely the „Response Bias Account‟ and the 

„Interpretive Tendency Account‟.  

 The second illustrative experiment addressed the inconsistency between previous 

studies that examined the hypothesised anxiety- linked interpretive bias upon ambiguous 

textual materials and the present research which employed single words as ambiguous 

materials. The second experiment determined whether these inconsistencies were due to the 

lack of ecological validity of the experimental paradigm employed in the present research, 

or because the hypothesised anxiety- linked interpretive bias does not operate on the 

resolution of lexical ambiguity but rather on resolving ambiguity that involves the making 

of elaborative inferences.  
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 Although it is unorthodox to provide additional empirical studies after concluding a  

research program, resolution of these alternative accounts could lead to more specific 

proposals for future research.     
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ILLUSTRATIVE EXPERIMENT ONE  

 RESPONSE BIAS ACCOUNT VS INTERPRETIVE TENDENCY BIAS ACCOUNT 

 As discussed earlier, there is a discrepancy between the present research and 

previous studies that have claimed to find empirical support for the anxiety- linked 

interpretive bias of ambiguous lexical materials, such as those employing the homophone 

spelling task paradigm (e.g. Byrne & Eysenck, 1993; Richards, Reynolds & French, 1993; 

Russo, Patterson, Roberson & Stevenson, 1996). This discrepancy could be explained by 

two alternative accounts, being the Response Bias Account and the Interpretive Tendency 

Bias Account. 

According to the Response Bias Account, the higher frequency of negative spellings 

provided by high trait anxious participants in the homophone spelling task reflects a 

response bias of preferentially selecting the more negative response options, rather than an 

interpretive bias of imposing negative interpretations upon the homophones.  

Conversely, the Interpretive Tendency Bias Account contends that high trait 

anxious participants are characterised by an enhanced tendency of imposing negative 

interpretations upon ambiguous materials under circumstances that permit either 

interpretations, rather than an enhanced ability of imposing negative interpretations under 

circumstances that require interpretation of a particular emotional valence.  

 To test the validity of these two accounts, it is necessary to reintroduce the features 

of the homophone spelling tasks eliminated from the present research. First, in the 

homophone spelling tasks participants were not required to impose interpretation of a 

particular valence of the ambiguous homophone. Thus these tasks could reflect the 
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participants‟ tendency to impose either the negative or non-negative interpretations upon 

the homophones.  

 Second, the dependent measures of these tasks involve the likelihood of emitting 

negative or non-negative responses. Therefore these tasks could reflect the participants‟ 

response bias of providing response options of a particular emotional valence.  

 As both the Response Bias account and the Interpretive Tendency Bias account 

predict that the High Trait Anxious participants will be more likely to provide negative 

spellings of the homophones than the Low Trait Anxious participants, it is necessary to 

dissociate the influences of a Response Bias and an Interpretive Tendency Bias upon the 

dependent measure.  

 The prime-target relationship task design employed in Phase Two of the present 

research program could be modified in two ways to dissociate the Response Bias account 

and the Interpretive Tendency Bias account. Firstly, both the Negative and the Non-

Negative Associate of each Experimental Homograph (will be referred as „Threat/Neutral 

Homograph‟ in the present experiment) would be introduced to each trial. This amendment 

would mean that the task would not measure the speed (or ability) with which participants 

could impose a predetermined interpretation of a particular valence upon each 

Experimental Homograph. Rather, it would measure the probability (or tendency) to 

impose either possible mean of each such homograph.  

 The Interpretive Tendency Bias hypothesis would predict that the High Trait 

Anxious participants, relative to the Low Trait Anxious participants, will select more 

Negative Associates than the Non-Negative Associates of the Threat/Neutral Homograph.  
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 As the Negative Associates are negative in valence and the Non-Negative 

Associates are non-negative in valence, the Response Bias Account would also predict the 

same pattern of results on the trials with Threat/Neutral Homographs as primes.  

 However, the Interpretive Tendency Bias account and the Response Bias account 

would make very different predictions on the pattern of results when both the Negative and 

Non-Negative Associates are presented in each trial for the Control Homograph (will be 

referred as „Neutral/Neutral Homograph‟ in the present experiment).  

 It is due to the fact that the Negative Associates and Non-Negative Associates are 

differentially valenced notwithstanding that the alternative interpretations of the 

Neutral/Neutral Homographs they are semantically related to are both non-negative in 

valence. Therefore the second modification would be introducing on each trial both the 

Negative and Non-Negative Associate of each Neutral/Neutral Homograph.  

 As the alternative interpretations permitted by each Neutral/Neutral Homographs 

are both non-negative in valence, only the Response Bias account predicts that the High 

Trait Anxious participants will select more of the Negative Associates of the 

Neutral/Neutral Homographs when compared to the Low Trait Anxious participants. 

Conversely, the Interpretive Tendency Bias does not predict that the High Trait Anxious 

participants will select more of the Negative Associates of the Control Homographs when 

compared to the Low Trait Anxious participants, despite predicting that this will be the case 

on the trials with Threat/Neutral Homographs as primes.  

Factors 

 The dependent variable of the present experiment is the frequency of the Threat 

Associates being chosen by the participants. This was affected by two factors in 2X2 mixed 
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design. Trait Anxiety Group (High Trait Anxiety Group VS Low Trait Anxiety Group) was 

the between-group factor and Homograph Type (Threat/Neutral Homograph VS 

Neutral/Neutral Homograph) was the within-subject factor.  

 Under the Threat/Neutral Homograph condition, the homograph prime under each 

trial was a Threat/Neutral Homograph permitting both negative and non-negative 

interpretation. Under the Neutral/Neutral Homograph condition, the homograph prime 

under each trial was a Neutral/Neutral Homograph permitting two non-negative 

interpretations.  
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Methods 

Participants 

 Sixty-four participants were selected in the same manner as the previous 

experiments, 32 participants were assigned to the High Trait Anxiety Group and another 32 

participants were allocated to the Low Trait Anxiety Group. The characteristics of these 64 

participants are presented under Table 45 below.  

Table 45. Characteristics of participants in Illustrative Experiment One (Standard 

Deviations in brackets) 

 Gender Mean Age Mean STAI –T (Trait 

Anxiety) score  Male N Female N 

High Trait 

Anxiety Group 

8 24 20.47 

(6.67) 

51.64 

(5.14) 

Low Trait Anxiety 

Group 

12 20 20.16 

(3.72) 

32.31 

(3.32) 

 

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As Table 45 displays, 8 participants in the High 

Trait Anxiety group were males and 24 were females; whereas within the Low Trait 

Anxiety group, 12 participants were males and 20 were females. These gender ratios did 

not differ significantly between the two Trait Anxiety groups χ2 (1, N = 64) = 1.16, p = .28. 

The High Trait Anxiety Group had a mean age of 20.47 (SD = 6.67), whereas the mean age 

of the Low Trait Anxiety Group was 20.16 (SD = 3.72). The mean age of the participants in 
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each Trait Anxiety Group was not significantly different; t (62) = 0.23, p = .82, d = 0.06. 

Therefore the two groups did not differ in these characteristics and the Trait Anxiety 

difference between the two groups was not confounded by gender and age.  

 Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 51.64 (SD = 5.14) and the 

average STAI-T score of the Low Trait Anxiety group was 32.31 (SD = 3.32). The STAI-T 

scores of the two groups were significantly different from each other; t (62) = 16.94, p < 

.00, d = 4.57. 

Materials 

 The same emotional questionnaires and experimental hardware employed in 

previous experiments were used in the present experiment.  

Stimulus Materials 

 A subset of the stimulus materials employed in Phase Two was used in the present 

task. As both the Negative and Non-Negative Associates of the Homographs were 

presented in each of the Threat/Neutral Homograph and Neutral/Neutral Homograph trials, 

the Foils are no longer needed for these trials. The present experiment consisted of 

Threat/Neutral Homograph trials, Neutral/Neutral Homograph trials and filler trials.  
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Threat/Neutral Homograph Triplets 

 96 Threat/Neutral Homograph triplets of three items using Threat/Neutral 

Homographs were employed for the Threat/Neutral Homograph trials. The following three 

items were included in each Threat/Neutral Homograph triplets: 

1) Experimental Homograph  

This was a word with two alternative meanings which differed in their emotional 

tone, permitting one negative interpretation and one non-negative interpretation such 

as “Arms” 

2) Negative Associate 

 This was a word semantically related to the negative meaning of the Experimental 

Homograph within the same quintet. Such words tended to be negative in emotional 

tone. For instance, “Shotguns” would be a Negative Associate of the Experimental 

Homograph “Arms”, as this is related to the negative meaning of this homograph.  

3) Non-Negative Associate 

  This was a word semantically related to the non-negative meaning of the 

Experimental Homograph within the same quintet. Such words tended to be non-

negative in emotional tone. For example, “Shoulders” would be a Non-Negative 

Associate of the Experimental Homograph “Arms”, as this is related to the non-

negative meaning of this homograph.  

Neutral/Neutral Homograph Triplets 

 96 Neutral/Neutral Homograph triplets using Neutral/Neutral Homographs as 

primes were employed for the Neutral/Neutral Homograph trials. The following three items 
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were included in each of the Neutral/Neutral Homograph triplets:  

1) Control Homograph 

This was a homograph that permitted two alternative interpretations which did not 

differ in their emotional tone, and were both non-negative in valence. For example, 

„Grade‟ permits two non-negative interpretations.  

2) Negative Associate 

This was a Negative word semantically related to one meaning of the Control 

Homograph within the same quintet that was itself Negative in valence. For 

example, „Stupid‟ is a Negative word related to one meaning of the Control 

Homograph „Grade‟.  

3) Non-Negative Associate 

This was a non-negative word semantically related to the other meaning of the 

Control Homograph within the same quintet. For example, „Angle‟ is a non-

negative word related to the other meaning of the Control Homograph „Grade‟.  

Filler Stimuli 

 The 384 filler triplets were directly adopted from Phase Two. Unlike the 

Experimental Homograph and Control Homograph triplets, the foils of the filler triplets 

were retained for this experiment. Each of these triplets had an unambiguous word as the 

prime, an associate semantically related to the prime and an unrelated foil. The associate 

and the foil in each triplet were matched in emotional tone. The emotional tone of these 

unambiguous words varied from negative to non-negative.  

 

 



262 
 

Task Structure 

Structure of Individual Trial 

 The task consisted of 576 trials. The trial structure of the Threat/Neutral 

Homograph and Neutral/Neutral Homograph trials was exactly the same as that in 

Experiment Seven. The only difference was that the Negative Associate and the Non-

Negative Associate were presented together in each trial of the present experiment, one on 

the left hand side and the other on the right hand side of the computer screen. The structure 

of each Threat/Neutral Homograph and Neutral/Neutral Homograph trials is presented in 

Figure 16 below.  

 

Figure 16. Trial structure of the illustrative experiment One 

Trial Structure across Task 

 One hundred and ninety-six out of the 576 trials had homographs as primes. Ninety-

six of these trials were Threat/Neutral Homograph trials and the other 96 were 
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Neutral/Neutral Homograph trials. The remaining 384 trials were fillers with unambiguous 

words as primes. Distribution of these 576 trials will be described as follows: 

Threat/Neutral Homograph Trials  

 There were 96 Threat/Neutral Homograph trials. Each of these trials had a 

Threat/Neutral Homograph from each of the 96 Threat/Neutral Homograph triplets as 

primes. Each Threat/NeutralHomograph was followed by the Negative Associate and Non-

Negative Associate within the same triplet as targets. Structure of an Experimental 

Homograph trial is presented in Table 46 below.  

Neutral/Neutral Homograph Trials 

 There were 96 Neutral/Neutral Homograph trials. Each of these trials had a 

Neutral/Neutral Homograph from each of the 96 Neutral/Neutral Homograph triplets as 

primes. Each of the Neutral/Neutral Homograph was followed by the Negative Associate 

and the Non-Negative Associate within the same triplet as targets. Structure of a 

Neutral/Neutral Homograph trial is presented in Table 46 below.  

Table 46. Trial structures of Threat/Neutral Homograph and Neutral/Neutral Homograph 

conditions 

 

Threat/Neutral Homograph condition (96 trials):   

Threat/Neutral Homograph  Negative Associate + Non-Negative Associate 

Neutral/Neutral Homograph condition (96 trials): 

 Neutral/Neutral Homograph  Negative Associate + Non-Negative Associate 
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Filler Trials 

The remaining 384 trials were filler trials which used unambiguous words as 

primes. Each was followed by the associate and the valence-matched foil from the same 

filler stimulus triplet. 

 If the High Trait Anxious participants are characterised by an enhanced tendency to 

impose negative interpretations upon ambiguous materials, they will show 

disproportionately higher likelihood of selecting the Negative Associates than Non-

Negative Associates relative to the Low Trait Anxious participants in the Threat/Neutral 

Homograph trials but not in the Neutral/Neutral Homograph trials.  

 Conversely, if the High Trait Anxious participants are characterised by a response 

bias of selecting more negative response options, the above pattern of results will be 

evident in both the Threat/Neutral Homograph trials and the Neutral/Neutral Homograph 

trials.  

Procedures 

 The procedures of the present experiment were exactly the same as those in 

Experiment Seven, the only difference was that the Negative Associate and the Non-

Negative Associate were both presented in each trial of the experiment.   
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Results 

 Similar to the previous experiments, participants were excluded from the main 

analysis based on the STAI-T scores they received during the experimental session.  

 There was no exclusion criterion on the participants‟ accuracy level since both 

response options in the Threat/Neutral and Neutral/Neutral trials were semantically related  

to the Homographs. Seven participants were excluded from the following analysis. The 

remaining 27 High Trait Anxious participants and 30 Low Trait Anxious participants were 

included in the following analysis.  

Participants’ Characteristics 

 Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale) at the time of screening, it is 

necessary to confirm that the High Trait Anxious participants‟ Trait Anxiety level at the 

time of the experiment remained significantly higher than that of the Low Trait Anxious 

participants. The average STAI-T score at the time of the experiment of the High Trait 

Anxiety group was 51.15 (SD = 6.59) and that of the Low Trait Anxiety group was 31.47 

(SD = 4.64). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment: t (55) = 13.14, p < .001, d = 3.50.  

 To determine whether the participants also differed on other measures of negative 

affect received at the time of the experiment, participant state anxiety scores and depression 

scores were also analysed. The average STAI-S (State Anxiety Subscale) of the High Trait 

Anxiety group was 41.78 (SD = 8.84) and that of the Low Trait Anxiety group was 30.27 

(SD = 6.81). The two groups were significantly different from each other in STAI-S scores, 

t (55) = 5.54, p = .00, d = 1.47.  
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 The average score on the Beck Depression Inventory (BDI-II) of the High Trait 

Anxiety group was 14.15 (SD = 7.74) and that of the Low Trait Anxiety group was 5.17 

(SD = 3.92). The two groups were significantly different from each other in terms of their 

BDI scores, t (55) = 8.98, p = .00, d = 1.54.  

 The average scores and the standard deviations (in brackets) on the above three 

emotional measures of the High Trait Anxiety and Low Trait Anxiety group are presented 

under Table 47 below.  

 The two groups did not only differ on Trait Anxiety but also on other measures of 

negative affect. If any effects indicating a group difference in interpretation are observed, 

correlation analyses will be carried out between an index of this effect with each of these 

emotional dimensions.   

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Eight participants in the High Trait 

Anxiety Group were males and 19 were females. Twelve participants in the Low Trait 

Anxiety Group were males while 18 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety Groups, χ2 (1, N = 57) = .57, p = .45.  

The High Trait Anxiety Group had a mean age of 20.52 (SD = 7.17), whereas the 

mean age of the Low Trait Anxiety Group was 20.04 (SD = 3.90). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(55) = 0.31, p = 

.76, d = 0.09. 

Table 47. Participants Characteristics at the time of the Threat/Neutral session (Standard 

deviations are presented in brackets) 
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 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-

II score 

Gender Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

51.15 

(6.59) 

 

41.78 

(8.84) 

14.15 

(7.74) 

8 19 20.52 

(7.17) 

Low Trait 

Anxiety 

Group 

31.47 

(4.64) 

30.27 

(6.81) 

 

5.17 

(3.92) 

12 18 20.04 

(3.90) 

 

Analysis of the Threat Associate Selection Frequency Data 

 The average frequencies of selecting the Negative Associates under the 

Threat/Neutral Homograph and Neutral/Neutral Homograph Type condition for the High 

Trait Anxiety Group and the Low Trait Anxiety Group are presented in Table 48 below. 

The standard deviations are shown in brackets.  
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Table 48. Average frequencies of selecting Negative Associates (standard deviations in 

brackets) 

Homograph 

Type 

Trait Anxiety Group 

High Trait 

Anxiety 

Low Trait 

Anxiety 

Threat/Neutral 49.00 (4.86) 45.18 (5.34) 

Neutral/Neutral 38.22 (5.04) 36.14 (6.08) 

 

 These data were analysed using a 2X2 two-way mixed design analysis of variance 

(ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS Low 

Trait Anxiety Group) as the between-group factor and Homograph Type (Threat/Neutral 

Homograph VS Neutral/Neutral Homograph) as the within-subject factor. 

 There was a statistically significant main effect of Homograph Type, F (1, 55) = 

103.24, p = .00, η=.65, as the participants selected Negative Associates more often in the 

Threat/Neutral Homograph trials (M = 46.75, SD = 5.34) than in the Neutral/Neutral 

Homograph trials (M = 37.21, SD = 5.85).  

 The main effect of Trait Anxiety Group was statistically significant, F (1, 55) = 

5.75, p = .02, η=.10. Hence, the High Trait Anxiety Group did select more Negative 

Associates (M = 43.26, SD = 5.07) than the Low Trait Anxiety Group (M = 40.66, SD = 

5.71) as predicted.  



269 
 

 As the interaction between Homograph Type and Trait Anxiety Group did not reach 

statistical significance, F(1, 55) = 0.60, p = .39, η=.01, the above difference between the 

High Trait Anxiety Group and Low Trait Anxiety Group did not significantly differ 

between the Threat/Neutral and Neutral/Neutral Homograph trials. This indicates that the 

High Trait Anxious participants are characterised by a response bias of selecting the more 

negative response option rather than an enhanced tendency to impose negative 

interpretation upon the Threat/Neutral Homographs. 

Subsidiary Analysis 

 The data was also re-analysed with all 64 participants included in the analysis. This 

analysis generated exactly the same pattern of results.  

 Similarly, there was a statistically significant main effect of Homograph Type, F (1, 

62) = 133.332, p = .00, η=.68, as the participants selected Negative Associates more often 

in the Threat/Neutral Homograph trials (M = 46.76, SD = 5.02), than in the Neutral/Neutral 

Homograph trials (M = 36.78, SD = 5.80).  

 The main effect of Trait Anxiety Group was statistically significant, F (1, 62) = 

5.28, p = .03, η=.08. Hence, the High Trait Anxiety Group did select more Negative 

Associates (M = 42.94, SD = 5.09) than the Low Trait Anxiety Group (M = 40.61, SD = 

5.50), as predicted.  

 As the interaction between Homograph Type and Trait Anxiety Group did not reach 

statistical significance, F(1, 49) = 0.55, p = .46, η=.01, the above difference between the 

High Trait Anxiety Group and Low Trait Anxiety Group did not significantly differ 

between the Threat/Neutral and Neutral/Neutral Homograph trials. Such findings support 

the Response Bias Account rather than the Interpretive Tendency Bias Account.  
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Correlational Analyses 

 As the High Trait Anxiety group and the Low Trait Anxiety group also differed on 

their State Anxiety and BDI scores, the relationship between these psychometric measures 

of negative affect and the frequency of Negative Associates selection was further 

examined.  

 Correlational analyses were carried out between the State Anxiety and BDI scores 

with the frequencies of Threat Associates selection in the Threat/Neutral Homograph trials 

and in the Neutral/Neutral Homograph trials.  

The correlation between State Anxiety scores and the frequencies of Threat 

Associates being selected in the Threat/Neutral Homograph trials was not statistically 

significant, r (55) = .182, p = .18. The correlation between State Anxiety scores and the 

frequencies of Threat Associates being selected in the Neutral/Neutral Homograph trials 

was also not statistically significant, r (55) = .25, p = .06.  

 The correlation between BDI scores and the frequencies of Threat Associates being 

selected in the Threat/Neutral Homograph trials was not statistically significant, r (55) = 

.13, p = .34. The correlation between BDI scores and the frequencies of Threat Associates 

being selected in the Neutral/Neutral Homograph trials was also not statistically significant, 

r (55) = .12, p = .40.  

 Among the High Trait Anxious participants, the correlation between State Anxiety 

scores and the frequencies of Threat Associates being selected in the Threat/Neutral 

Homograph trials was not statistically significant, r (25) = 0.13, p = .50. The correlation 

between State Anxiety scores and the frequencies of Threat Associates being selected in the 
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Neutral/Neutral Homograph trials was also not statistically significant, r (25) = 0.20, p = 

.27.  

 The correlation between BDI scores and the frequencies of Threat Associates being 

selected in the Threat/Neutral Homograph trials was not statistically significant, r (25) = -

.10, p = .60. The correlation between BDI scores and the frequencies of Threat Associates 

being selected in the Neutral/Neutral Homograph trials was also not statistically significant, 

r (25) = 0.17, p = .36.  

 Among the Low Trait Anxious participants, the correlation between State Anxiety 

scores and the frequencies of Threat Associates being selected in the Threat/Neutral 

Homograph trials was not statistically significant, r (28) = -0.12, p = .51. The correlation 

between State Anxiety scores and the frequencies of Threat Associates being selected in the 

Neutral/Neutral Homograph trials was also not statistically significant, r (28) = 0.28, p = 

.13.  

 The correlation between BDI scores and the frequencies of Threat Associates being 

selected in the Threat/Neutral Homograph trials was not statistically significant, r (28) = -

0.05, p = .80. The correlation between BDI scores and the frequencies of Threat Associates 

being selected in the Neutral/Neutral Homograph trials was also not statist ically significant, 

r (28) = -0.01, p = .94. 

 Partial correlations were also performed. The correlation between Trait Anxiety and 

the frequencies of Threat Associates being selected was statistically significant, r (55) = 

.30, p = .03. This correlation was no longer statistical significant after State Anxiety was 

partialled out r (55) = .14, p = .30. Therefore, it is possible to conclude that the observed 

effect was related to anxiety independent of depression. However, the correlation between 
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Trait Anxiety and the frequencies of Threat Associates being selected remained significant 

after BDI was partialled out, r (55) = .27, p = .047. Although the observed effect was 

directly related to Trait Anxiety but not to the other two emotional measures, it is 

impossible to conclude that the observed effect was solely and related to trait anxiety alone 

and independent of depression. 

Regression Analysis 

 Multiple regression was performed to assess the ability of Trait Anxiety, State 

Anxiety and BDI to predict the variance in frequency of Negative Associates being chosen. 

As demonstrated in Table 49 below, Trait Anxiety was included at step 1 and was found to 

account for 8.7% of the variance; following the inclusion of State Anxiety at step 2, the 

total variance explained by the two predictor variables was 9.8%; after the inclusion BDI, 

the total variance explained by the model was 10.4%. This demonstrated that Trait Anxiety 

is the primary predictor of the frequency of Negative Associates being chosen by the 

participants.  
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Table 49. Multiple regression on Negative Associates being chosen 

 B SE B β 𝑅2 𝑅2 

change 

Step 1: Trait Anxiety .221 .096 .296 .087*  

Step 2: Trait Anxiety 

           State Anxiety 

.144 .138 .193   

.127 .162 .144 .098 .011 

Step 3: Trait Anxiety 

           State Anxiety 

           BDI 

.206 .170 .276   

.130 .163 .148   

-.133 .208 -.119 .104 .006 

*p <.05 

Illustrative Experiment One Discussion 

 The High Trait Anxious participants, relative to the Low Trait Anxious participants, 

demonstrated similar increased likelihood of selecting the Negative Associates across the 

Threat/Neutral Homograph trials and the Neutral/Neutral Homograph trials. This indicates 

that High Trait Anxious participants are characterised by a response bias of selecting more 

negative response options, rather than an enhanced tendency of imposing negative 

interpretations upon the Threat/Neutral Homographs.  

 As discussed earlier, the observed results supported the response bias account due to 

the fact that the two alternative interpretations of each Neutral/Neutral Homographs are 

both non-negative in valence. The relative higher frequency of the Negative Associates 

being selected by the High Trait Anxiety Group therefore could not be resulted from an 

anxiety- linked interpretive bias, in the sense that the negative lexical entry was more 

readily activated by the ambiguous homographs. Instead, this pattern of result could reflect 
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an anxiety- linked bias of associating negative connotations with the lexical entry activated 

by the homograph. For instance, the High Trait Anxious participants could be more readily 

selecting the Negative Associate „bulimia‟ of the Neutral/Neutral Homograph „figure‟, due 

to a bias in associating negative connotations to the non-negative lexical entry „body‟ 

related to „figure‟. Such variability in associative response should be considered as a type 

of anxiety- linked response bias. 

 If it had been found that High Trait Anxious participants are characterised by an 

enhanced tendency of imposing negative interpretation upon the Threat/Neutral 

Homographs, previous studies of interpretive bias training (e.g. Wilson et al, 2006; Grey & 

Mathews, 2000) could be modified. The modifications would assess whether the increased 

anxiety reactivity towards stressors is due to the training program‟s effectiveness in 

increasing participants‟ ability or tendency to impose negative interpretations upon 

ambiguous materials.  

 For example, after completing the interpretive bias training program, the prime-

target relationship task could be introduced to examine both differential ability and 

differential tendency of imposing negative or non-negative interpretations upon the 

homographs.  

 However, as anxiety vulnerability is found to be associated with a response bias of 

preferential selection of the more negative response options, rather than an enhanced 

tendency of imposing negative interpretations upon the Threat/Neutral Homographs. 

Accordingly, the next logical step is to verify whether such response bias contributes to the 

development of anxiety vulnerability.  
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 For example, a training program could be designed to encourage participants to 

make either negative or non-negative responses. The training task could be followed by an 

assessment phase to ensure the training introduced a response bias of selecting the more 

negative response option. Such response bias could be examined using the prime-target 

relationship task design of this illustrative experiment, in which both Negative and Non-

Negative Associates are presented in each trial. Successful introduction of a response bias 

could be demonstrated by the higher likelihood of the Negative Associates across the 

Threat/Neutral Homograph trials and the Neutral/Neutral Homographs being selected by 

participants of the negative response bias training group, in comparison to the non-negative 

response bias training group.  

 If the response bias training is found to be effective and the negative response bias 

training group demonstrates increased anxiety reactivity towards stressors, when co mpared 

to the non-negative response bias training group, this could be served as evidence that a 

response bias of preferentially selecting negative response options contributes to the 

development of anxiety vulnerability.  
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Illustrative Experiment Two 

Anxiety-Linked Interpretive Bias of Textual Materials 

 There is just one experiment in current literature that uses ambiguous lexical 

materials to present convincing evidence supporting the anxiety- linked interpretive bias. 

The Illustrative Experiment One in the earlier chapter have demonstrated that the High 

Trait Anxious participants were characterised by a response bias of selecting negative 

response options, rather than an interpretive bias of imposing negative interpretations upon 

ambiguous single words. There are, however, several studies in the literature that 

demonstrated convincing support for the hypothesised anxiety- linked interpretive bias upon 

ambiguous textual materials that are not amenable to alternative explanation.  

 Two alternative accounts were provided under General Discussion to explain why 

convincing empirical support for anxiety-linked interpretive bias on ambiguous lexical 

materials cannot be found.  

 The first possible explanation is that, the prime-target relationship task paradigm 

employed in the present research lacks ecological validity to tap into the participants‟ day-

to-day interpretive processes.  

 The alternative explanation is that the hypothesised anxiety-linked interpretive bias 

does not operate on the resolution of lexical ambiguity, but rather operates on the resolution 

of ambiguity that invites elaborative inferences.  

 The prime-target relationship task in Phase Two of the present research program 

was modified in the present illustrative experiment to test these two alternative accounts. It 
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was achieved by employing ambiguous textual materials that invite elaborative inferences 

as primes. The same prime-target relationship paradigm was employed.  

 If the present illustrative experiment fails to demonstrate empirical support for the 

hypothesised anxiety- linked interpretive bias upon these textual materials, it could be 

argued that this particular prime-target relationship task paradigm lacks ecological validity 

to tap into the interpretive processes involved in day-to-day experiences. Conversely, if the 

High Trait Anxious participants when compared to the Low Trait Anxious participants, 

indeed preferentially impose negative interpretations upon these ambiguous textual 

materials, this pattern of results could be served as evidence for the argument that, the 

hypothesised anxiety- linked interpretive bias operates more specifically on the type of 

ambiguity that requires elaborative inferences but not on the resolution of lexical 

ambiguity.  

 Both Experimental Homograph trials and Control Homograph trials were needed in 

Phase Two of the present research to discriminate the anxiety- linked interpretive bias from 

the relationship saliency bias. The present illustrative experiment also required both 

Experimental Sentence trials and Control Sentence trials to discriminate the effects from 

these two types of biases.  

 In the Experimental Sentence trials, ambiguous sentences permitting both negative 

and non-negative interpretations were used as Experimental Sentences primes. 

Experimental Sentences from each trial were followed by a target pair comprising a word 

semantically related to either the negative or non-negative interpretation of the preceding 

Experimental Sentence, along with a valence-matched foil word.  
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 The associate of each trial was either a Negative Associate related to the negative 

interpretation of the Experimental Sentence, or a Non-Negative Associate related to the 

non-negative interpretation of the Experimental Sentence.  

 If the High Trait Anxious participants preferentially impose the negative 

interpretations upon these Experimental Sentences, they will show disproportionate relative 

speeding on correctly identifying the Negative Associates as opposed to the Non-Negative 

Associates, when compared to the Low Trait Anxious participants.  

 However, this pattern of results is also amenable to alternative explanation in terms 

of the relationship saliency bias. As the Negative Associates of the Experimental Sentences 

are also negatively-valenced, the negative emotional tone of these Negative Associates 

could render the relationship between the Negative Associates and the Experimental 

Sentences more readily accessible for the High Trait Anxious participants.  

 It is difficult, therefore, to determine whether the above predicted pattern of results 

is due to: the hypothesised interpretive bias of preferentially imposing negative 

interpretations upon the Experimental Sentences; or to the enhanced saliency of the 

relationship between the Experimental Sentences and the Negative Associates due to the 

negative emotional tone of the Negative Associates.  

 Control Sentence trials were therefore introduced to discriminate between these two 

effects. Control Sentences permitting two alternative non-negative interpretations were 

used as primes in these Control Sentence trials. Each of the Control Sentences was 

followed by a target pair comprising of an associate semantically related to one of the 

interpretations and a valence-matched foil.  
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 Participants had to determine which of the two targets was semantically related to 

the preceding Control Sentence. In half of the Control Sentence trials, the associates were 

Non-Negative Associates with non-negative emotional tone. In the other half, the associates 

were Negative Associates with negative emotional tone, despite the interpretations of the 

Control Sentences to which they related were both non-negative in valence.  

 If the High Trait Anxious participants‟ disproportionate speeding on the Negative 

Associates in the Experimental Sentence trials is really due to the hypothesised anxiety-

linked interpretive bias on the Experimental Sentences, the same pattern of results should 

not occur in the Control Sentence trials. This is because the Control Sentences do not 

permit negative interpretation for such interpretive bias to operate. By contrast, if the effect 

from the Experimental Sentence trials is due to the relationship saliency bias mentioned 

above, it should be equally evident in the Control Sentence trials.  

Factors 

 The dependent variable of the present experiment was the latencies of correctly 

identifying the associates of the sentence primes. This was affected by three factors within 

a 2X2X2 mixed design. These three factors are presented in Table 50 below.  

 Trait Anxiety Group (High Trait Anxiety Group VS Low Trait Anxiety Group) was 

the between-group factor, Sentence Type (Experimental Sentence VS Control Sentence) 

and Target Pair Valence (Negative Target Pair VS Non-Negative Target Pair) were the 

within-group factors. The two within-group factors will be elaborated upon below. 

Sentence Type (Experimental Sentence VS Control Sentence): Under the Experimental 

Sentence condition, the prime on each trial was an Experimental Sentence permitting a 

negative interpretation and a non-negative interpretation. Under the Control Sentence 



280 
 

condition, the prime on each trial was a Control Sentence permitting two non-negative 

interpretations. 

Target Pair Valence (Negative Target Pair VS Non-Negative Target Pair): In the Negative 

Target Pair trials, the sentence primes were followed by a Negative Target Pair comprising 

a Negative Associate and a valence-matched Negative Foil. In the Non-Negative Target 

Pair trials, the sentence primes were followed by Non-Negative Target Pairs each 

comprising a Non-Negative Associate and a valence-matched Non-Negative Foil. 

Table 50. Factor table of the illustrative experiment two 

Trait Anxiety Group Sentence Type Target Pair Valence 

High Trait Anxiety 

Group 

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-Negative 

Low Trait Anxiety 

Group 

Experimental 

Negative 

Non-Negative 

Control 

Negative 

Non-Negative 

Experimental 

Negative 

Non-Negative 
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Methods 

Participants 

 The 64 participants in the present experiment were selected from a group of 372 

students using the same selection criteria used in the previous experiments. Thirty-two 

participants were allocated to the High Trait Anxiety Group and another 32 participants 

were allocated to the Low Trait Anxiety Group. The characteristics of these 64 participants 

are presented in Table 51 below. 

Table 51. Characteristics of participants in illustrative experiment 2 (Standard Deviations in 

brackets) 

 Gender Mean Age Mean STAI –T (Trait Anxiety) 

score  Male N Female N 

High Trait Anxiety 

Group 

9 23 18.31 

(1.60) 

48.03 

(8.03) 

Low Trait Anxiety 

Group 

12 20 19.59 

(4.15) 

31.81 

(5.07) 

  

The High Trait Anxiety group and the Low Trait Anxiety group were compared in 

terms of their gender ratio and average age. As displayed in Table 50, 9 participants in the 

High Trait Anxiety group were males while 23 were females. Within the Low Trait Anxiety 

group, 12 participants were males and 20 were females. These gender ratios did not differ 

significantly between the two Trait Anxiety groups χ2 (1, N = 64) = 0.64, p = .42. The 

High Trait Anxiety Group had a mean age of 18.31 (SD = 1.60), whereas the mean age of 
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the Low Trait Anxiety Group was 19.59 (SD = 4.15). The mean age of the participants in 

each Trait Anxiety Group was not significantly different; t (62) = 1.63, p = .11 d = 0.45. 

Therefore, the two groups did not differ in these characteristics. This meant that the Trait 

Anxiety difference between the two groups was not confounded by gender and age.  

 Given that the participants were selected and allocated to groups based on the score 

they received on the STAI-T (Trait Anxiety subscale), the High Trait Anxious participants‟ 

Trait Anxiety scores were higher than that of the Low Trait Anxious participants. The 

average STAI-T score of the High Trait Anxiety group was 48.03 (SD = 8.03) and the 

average STAI-T score of the Low Trait Anxiety group was 31.31 (SD = 5.07). Of course, 

the STAI-T scores of the two groups were significantly different from each other; t (62) = 

9.66, p < .001 d = 2.48, 

Materials 

 The emotional questionnaires and experimental hardware were exactly the same as 

those employed in Phase One and Phase Two.  

Stimulus Materials 

 The following provides a brief description of the procedures in developing stimulus 

materials. As mentioned earlier, the present experiment consisted of Experimental Sentence 

trials and Control Sentence trials. Filler trials were also included in the present experiment. 

A final set of the following items for the each of these three types of trials was needed: 

Experimental Stimuli 
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 Ninety-six Experimental Sentence quintets using Experimental Sentences were 

employed in this experiment as primes. The following five items were included in each 

Experimental Sentence quintet:  

1) Experimental Sentence 

This was a sentence with two alternative meanings which differed in their emotional 

tone, thus permitting one negative interpretation and one non-negative 

interpretation. For example, the sentence „The tip of Alan‟s finger was on the tray‟ 

can be interpreted either in a negative or a non-negative manner.  

2) Negative Associate 

This was a word semantically related to the negative meaning of the Experimental 

Sentence within the same quintet. Such words tended to be mildly negative in 

emotional tone. For instance, „cut‟ would be a Nega tive Associate of the above 

Experimental Sentence, as this is related to the negative meaning of this sentence.  

3) Non-Negative Associate  

This was a word semantically related to the non-threatening meaning of the 

Threat/Neutral Sentence within the same quintet. Such words tended to be non-

negative in emotional tone. For example, „indicating‟ would be a Non-Negative 

Associate of the above Experimental Sentence as this is related to the non-negative 

meaning of this sentence. 

4) Negative Foil 

This was a word with a negative emotional tone matched to that of the Negative 

Associate, which was unrelated to either meaning of the Experimental Sentence 

within the same quintet. For example, „boozer‟ is a mildly negative word with a 
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valence similar to „cut‟, unrelated to either meaning of the above Experimental 

Sentence. 

5) Non-Negative Foil 

This was a word with a non-negative emotional tone, matched to that of the Non-

Negative Associate and unrelated to either meaning of the Experimental Sentence 

within the same quintet. For example „pear‟ is a non-negative word with a valence 

similar to „indicating‟, unrelated to either meaning of the above Experimental 

Sentence. 

Examples of the experimental stimulus quintets are presented in Table 52 below. 

Table 52. Examples of the Experimental Sentence quintets 

Experimental Sentence 

Threat 

Associate 

Non-Threat 

Associate 
Threat Foil 

Non-Threat 

Foil 

The tip of Alan‟s finger was on the tray Cut Indicating Boozer Pear 

The radar detected a plane approaching 

the headquarters 
Threat Landing Embarrassment Semester 

The bank clerk handed the man the 

money 
Robbery Account Ghost Phonograph 

Control Stimuli 

 Ninety-six Control Sentence quintets using Control Sentences as primes were 

employed in this experiment. The following five items were included in each of the Control 
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Sentence quintets: 

1) Control Sentence 

This was a sentence that permitted two alternative interpretations which did not 

differ in their emotional tone and were both non-negative in valence. For example, 

„Jamie‟s pool game was a big success‟ permits two non-negative interpretations. 

2) Negative Associate 

This was a negative word semantically related to one meaning of the Control 

Sentence within the same quintet. For example, „drown‟ is a negative word related 

to one meaning of the Control Sentence above.  

3) Non-Negative Associate 

This was a non-negative word semantically related to the other meaning of the 

Control Sentence within the same quintet. For example, „pub‟ is a non-negative 

word related to the other meaning of the Control Sentence above. 

4) Negative Foil 

This was a word with a negative emotional tone matched to that of the Negative 

Associate, which was semantically unrelated to either meaning of the Control 

Sentence in the same quintet. For example, „bloodshed‟ is a negative word unrelated 

to either meaning of the Control Sentence above.  

5) Non-Negative Foil 

This was a non-negative word, matched in emotional tone with the Non-Negative 

Associate which was semantically unrelated to either meaning of the Control 

Sentence in the same quintet. For example, „eat‟ is a non-negative word unrelated to 

either meaning of the Control Sentence above.   

Examples of Control stimulus quintets are presented in Table 53 below. 
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Table 53. Examples of Control Sentence quintets 

Control Sentence 

Negative 

Associate 

Non-

Negative 

Associate 

Negative Foil 

Non-

Negative Foil 

Jamie‟s pool game was a big 

success 
Drowned Pub Bloodshed Eat 

The pitch was very high Squeaky Tee-ball Shy Figurine 

Vanessa wanted the ring to be 

very unique 
Infidelity Telephone Frustration Privacy 

 

Filler Stimuli 

 384 filler stimulus triplets were needed for the filler trials. Each of these triplets had 

an unambiguous sentence as the prime, an associate semantically related to the sentence 

prime and an unrelated foil. The associate and foil of each triplets were matched in 

emotional tone. The emotional tone of these unambiguous sentences varied from negative 

to non-negative.  

Stimulus Materials Rating and Selection 

Candidate ambiguous sentences and associates for the Experimental Sentence 

quintets and the Control Sentence quintets were created for selection. The emotional tone of 

each items of these candidate quintets were rated.  
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Ten additional raters who scored between 36 to 44 on the Trait Anxiety subscale of the 

Spielberger‟s State-Trait Anxiety Inventory (Spielberger et al.,1983) from the University of 

Western Australia were invited to rate the emotional tone of a pool of candidate materials. 

They were instructed to rate the emotional tone of the sentences and words listed on the 

questionnaire on a scale from -3 to +3, with -3 being very negative and +3 as very positive.  

Candidate items for each condition listed above were presented in the questionnaire for 

the selection of the required sets of stimulus materials.  

All candidate Experimental Sentences and Control Sentences were presented on the 

questionnaire twice, each time along with one of their two alternative interpretations. The 

raters rated the emotional tone of these two disambiguated meanings.  

All the candidate Negative and Non-Negative Associates for each of these sentences 

were also presented individually for their emotional tone to be rated. Emotional tone of the 

unambiguous sentences and associates of the candidate triplets for the filler trials, were also 

presented individually on the questionnaire for rating of their emotional tone.  

First, the final set of stimulus materials had to satisfy the following two criteria: 

1. The two alternative meanings of the Experimental Sentences comprised one negative 

and one non-negative interpretation. 

2.  The two alternative meanings of the Control Sentences were both non-negative.  

To ensure that the Experimental Sentences have one negative meaning and one non-

negative meaning, the candidate Experimental Sentence quintets consisted of Experimental 

Sentences which did not receive an average negative rating for the intended negative 



288 
 

interpretation, and did not receive an average non-negative rating for the intended non-

negative interpretation. These were excluded from further selection.  

To ensure that the two alternative meanings of the Control Sentences were both non-

negative in their emotional tone, those candidate Control Sentences quintets consisted of 

Control Sentences that did not receive average non-negative ratings for both interpretations 

that were intended to be non-negative, were excluded from further selection.  

 When the intended emotional valence of the Experimental and Control Sentences 

was confirmed by consistent average ratings, 96 stimulus quintets were selected from the 

remaining candidate stimulus quintets in a manner designed to achieve the following three 

objectives: 

1. The Negative Associate and Negative Foils of the Experimental Sentence and Control 

Sentence quintets were equally negative.  

2. The Non-Negative Associates and Non-Negative foils of the Experimental Sentence 

and Control Sentence quintets were equally non-negative. 

3. The negative targets and the non-negative targets were significantly different in 

valence, as required. 

Confirmation of how these criteria were met by the final 96 Experimental Sentence 

quintets and 96 Control Sentence quintets, are presented in Table 53. As shown in table 53 

below, the same rating was achieved by all negative targets, which included: 

 96 Negative Associates and 96 Negative Foils of the Experimental Sentence 

quintets 

 96 Negative Associates and 96 Negative Foils of the Control Sentence quintets  
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The rating these targets shared was -1.45 (SD = 0.57). All the non-negative targets also 

shared the same rating. The non-negative targets included: 

 96 Non-Negative Associates and 96 Non-Negative Foils of the Experimental 

Sentence quintets 

 96 Non-Negative Associates and 96 Non-Negative Foils of the Control Sentence 

quintets 

The rating these targets shared was 1.11 (SD = 0.61).  

The average ratings of the Negative Targets (M = -1.44, SD = 0.59) and the Non-

Negative Targets (M = 1.11, SD = 0.61) were significantly different from each other, 

t(766) = 58.96, p = .00, d = 4.25. 

 Regarding the sentences within the Experimental Sentence and Control Sentence 

quintets, the average rating of the negative interpretations of the Experimental Sentences 

was indeed negative (M = -1.50, SD = 0.64). The average rating of the non-negative 

interpretations was non-negative (M = 1.53, SD = 0.66).  

Paired-sample t-tests were carried out to ensure the ratings received by the negative 

and non-negative interpretations of the Experimental Sentences were significantly different. 

The mean difference in the average ratings (M = 3.02, SD = 0 .916) between the two 

meanings of each of the Experimental Sentences was significantly large, t (95) = 32.35, p = 

.00, d = 4.66. Comparatively, the average ratings of the two interpretations of the Control 

Sentences were both non-negative. The mean difference in average ratings (M = 0.046, SD 

= 0 .648) between the two meanings of each of the Control Sentences was not significant, t 

(95) = 0.693, p = .49, d = .07. 
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Table 54. Average ratings of the sentences and targets of the Experimental and Control 

Sentence quintets (standard deviations in brackets)  

 Negative 

Associates 

Negative 

Foils 

Non-

Negative 

Associates 

Non-

Negative 

Foils 

Sentences 

Experimental 

Sentence 

Quintets 

-1.45 

(0.57) 

-1.45 

(0.57) 

1.11 

(0.61) 

1.11 

(0.61) 

Negative 

Interpretation 

Non-

Negative 

Interpretation 

-1.50 (0.64) 1.53 (0.66) 

Control 

Sentence 

Quintets 

-1.45 

(0.57) 

-1.45 

(0.57) 

1.11 

(0.61) 

1.11 

(0.61) 

Interpretation 

A 

Interpretation 

B 

1.10 (0.61) 1.04 (0.59) 

  

 384 filler triplets were also selected, based on the ratings of the emotional tone the 

candidate filler items received on the questionnaire. They were selected in such a way that 

the emotional tone of unambiguous sentence primes spanned from non-negative to 

negative. The associates and foils of each filler triplets were matched in valence.  

Task Structure 

Structure of Individual Trial 

The task consisted of 576 trials. The structure of each trial is presented in Figure 17 

below. The structure of the present experiment was the same as that of Experiment Seven in 
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which the prime of each trial was followed by a target pair made up of the Associate and 

the Foil, with the following differences: 

 The primes in the present experiments were sentences rather than words  

 The primes now stayed on the screen for 1500 milliseconds rather than 750 

milliseconds. The sentence exposure time of 1500 milliseconds was chosen based on 

the average college student reading speed for comprehension of 400 words per 

minute (Carver, 1990) and the average sentence length of 9.40 words.  

 

 

Figure 17. Individual trial structure of the illustrative experiment two 

Trial Structure across Task 

 One hundred and ninety-two out of the 576 trials had ambiguous sentences as 

primes. Ninety-six of these trials were the Experimental Sentence trials and the other 96 
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were the Control Sentence trials. The remaining 384 trials were fillers with unambiguous 

sentences as primes. Distribution of these 576 trials will be described as follows: 

 Experimental Sentence Trials 

 There were 96 Experimental Sentence trials. Each of these trials had an 

Experimental Sentence from each of the 96 Experimental Sentence quintets as primes. On 

half of these Experimental Sentence trials (48 trials) the Experimental Sentences were 

followed by the Negative Associate and the valence-matched Negative foil from the same 

quintet. These were the Negative Target Pair trials.  

On the other half of the Experimental Sentence trials (48 trials) the Experimental 

Sentences were followed by the Non-Negative Associate and the valence-matched Non-

Negative Foil from the same quintet. These were the Non-Negative Target Pair trials. 

Structure of an Experimental Sentence trial is presented in Table 54 below.  

Control Sentence Trials 

 There were 96 Control Sentence trials. Each of these trials had a Control Sentence 

from each of the 96 Control Sentence quintets as primes. On half of these Control Sentence 

trials (48 trials) the Control Sentences were followed by the Negative Associate and the 

valence-matched Negative foil from the same quintet. These were the Negative Target Pair 

trials.  

On the other half of the Control Sentence trials (48 trials) the Control Sentences 

were followed by the Non-Negative Associate and the valence-matched Non-Negative foil 

from the same quintet. These were the Non-Negative Target Pair trials. Structure of a 

Control Sentence trial is presented in Table 55 below. 
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Table 55. Trial structures of Experimental Sentence and Control Sentence conditions  

 

Filler Trials 

The remaining 384 trials were filler trials which used unambiguous sentences as 

primes, each followed by the associate and the valence-matched foil from the same 

stimulus triplet.   

Latencies for correctly identifying the associates in the Experimental Sentence and 

the Control Sentence trials constituted the data capable of testing the High Trait Anxious 

participants‟ interpretive b ias favouring the negative interpretation of the Experimental 

Sentences.  

Additionally, participants showing less than 70% overall accuracy (which was 

approximately two standard deviations below the average accuracy on the task), were 

excluded from further analyses.  

Experimental Sentence condition: 

 Negative Target Pair trials: 

Experimental Sentence  Negative Associate + Negative Foil 

Non-Negative Target Pair trials: 

Experimental Sentence  Non-Negative Associate + Non-Negative Foil 

Control Sentence condition: 

 Negative Target Pair trials: 

Control Sentence  Negative Associate + Negative Foil 

Non-Negative Target Pair trials: 

Control Sentence  Non-Negative Associate + Non-Negative Foil 
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If the High Trait Anxious participants favour the negative interpretation of the 

Experimental Sentences, they will show disproportionate relative speeding to correctly 

identify the Negative Associates than to the Non-Negative Associates when compared to 

the Low Trait Anxious participants. If the above effect from the Experimental Sentence 

trials reflects a genuine interpretive bias, no such effect will be evident in the Control 

Sentence trials. By contrast, if the effect from the Experimental Sentence trials was only a 

reflection of the enhanced saliency bias, the same effect will be equally evident in the 

Control Sentence trials.  

Procedures 

The procedures of the present experiment were exactly the same as those in Experiment 

Seven, the only difference was that the primes used in the actual experiment and the 

practice trials were now sentences. The sentence primes in the practice trials were all 

unambiguous sentences and the target pairs were also non-negative in valence.  
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Results 

Similar to previous experiments, participants were excluded from the main analysis 

based on the STAI-T scores they received during the experimental session. Participants 

whose overall accuracy level that fell below 75% in this task were also excluded from the 

main analysis.  

 Ten participants were excluded based on these exclusion criteria. Three High Trait 

Anxious participants and 3 Low Trait Anxious participants were excluded based on their 

STAI-T; 2 High Trait Anxious and 2 Low Trait Anxious participants were excluded due to 

low accuracy level on the task. The remaining 27 High Trait Anxious participants and 27 

Low Trait Anxious participants were included in the following analysis.  

Participants’ Characteristics 

 Given that the participants were selected and allocated to groups based on the scores 

they received on the STAI-T (Trait Anxiety subscale) at the time of screening, it is 

necessary to confirm that the High Trait Anxious participants‟ Trait Anxiety level remained 

significantly higher than that of the Low Trait Anxious participants at the time of the 

experiment. The average STAI-T score at the time of the experiment of the High Trait 

Anxiety group was 49.37 (SD = 6.63) and that of the Low Trait Anxiety group was 30.96 

(SD = 4.36). The mean STAI-T scores obtained by the two groups continued to be 

significantly different at the time of the experiment: t (52) = 18.41, p =.00, d = 3.35.  

To determine whether the participants also differed on other measures of negative 

affect received at the time of the experiment, participants‟ state anxiety scores and 

depression scores were also analysed. The average STAI-S (State Anxiety Subscale) of the 

High Trait Anxiety group was 41.67 (SD = 6.21) and that of the Low Trait Anxiety group 
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was 31.11 (SD = 6.73). The two groups were significantly different from each other in 

STAI-S scores, t (52) = 10.56, p = .00, d = 2.31. The average score on the Beck Depression 

Inventory (BDI-II) of the High Trait Anxiety group was 14.70 (SD = 7.27) and that of the 

Low Trait Anxiety group was 4.48 (SD = 3.76). The two groups were significantly different 

from each other in terms of their BDI scores, t (52) = 10.22, p = .00, d = 1.85. The average 

scores and the standard deviations (in brackets) on the above three emotional measures of 

the High Trait Anxiety and Low Trait Anxiety group, are presented under Table 56 below.  

The two groups did not only differ on Trait Anxiety but also on other measures of 

negative affect. Therefore, if any effects indicating a group difference in interpretation are 

observed then correlation analyses will be carried out between an index of this effect with 

each of these emotional dimensions.   

The High Trait Anxiety Group and the Low Trait Anxiety Group also remained 

similar in terms of their gender ratio and average age. Eight participants in the High Trait 

Anxiety Group were males and 19 were females. Ten participants in the Low Trait Anxiety 

Group were males while 17 were females. These gender ratios did not differ significantly 

between the two Trait Anxiety Groups, χ2 (1, N = 54) = .33, p = .56.  

The High Trait Anxiety Group had a mean age of  18.11 (SD = 1.48), whereas the 

mean age of the Low Trait Anxiety Group was 19.33 (SD = 4.19). The mean age of the 

participants in each Trait Anxiety Group was not significantly different, t(52) = 1.43, p = 

.16, d = 0.43. 
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Table 56. Participants Characteristics at the time of the experimental session (Standard 

deviations are presented in brackets) 

 

Analysis of Word Relationship Decision Latencies 

  The average median word relationship decision latencies under each of the four 

conditions for the High Trait Anxious and Low Trait Anxious Groups are presented in 

Table 57 below. These word relationship decision latencies data are presented in 

milliseconds and standard deviations are shown in brackets.  

 

 

 

 

 

 

 

 Mean STAI –T 

(Trait Anxiety) 

score 

Mean STAI-S 

(State Anxiety) 

score 

Mean BDI-II 

score 

Gender Mean Age 

Male N Female N 

High Trait 

Anxiety 

Group 

49.37 

(6.63) 

 

41.67 

(6.21) 

14.70 

(7.27) 

8 19 18.11 

(1.48) 

Low Trait 

Anxiety 

Group 

30.96 

(4.36) 

31.11 

(6.73) 

 

4.48 

(3.76) 

10 17 19.33 

(4.19) 
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Table 57. Median Sentence-Target Relationship Decision Latencies (standard deviations in 

brackets) 

Sentence 

Type 

Target Pair 

Valence 

Trait Anxiety Group 

High Trait Anxiety Low Trait Anxiety 

Experimental 

Negative 1532.59 (448.10) 1456.11 (237.56) 

Non-

Negative 

1441.85 (448.73) 1340.19 (216.38) 

Control 

Negative 1843.89 (652.67) 1840.19 (535.21) 

Non-

Negative 

1543.15 (517.93) 1441.11 (361.49) 

 

This data was analysed using a 2X2X2 three-way mixed design analysis of variance 

(ANOVA). The analysis had Trait Anxiety Group (High Trait Anxiety Group VS Low 

Trait Anxiety Group) as the between-group factor and two within-subject factors, being 

Sentence Type (Experimental VS Control) and Target Pair Valence (Negative VS Non-

Negative).  

There was a statistically significant main effect of Sentence Type, F (1, 52) = 

45.24, p < .001, η=0.47, due to the fact that participants demonstrated shorter sentence-

target relationship decision latencies in the Experimental Sentence trials (M = 1442.69, SD 

= 337.69) than in the Control Sentence trials (M = 1667.08, SD = 516.83).  

The main effect of Target Pair Valence was also statistically significant, F (1, 52) = 

102.93, p < .001, η=0.66, as the participants showed shorter sentence-target relationship 
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decision latencies in the Non-Negative Target Pair trials (M = 1441.57, SD = 386.13) than 

in the Negative Target Pair trials (M = 1668.19, SD = 468.39).  

The interaction between Sentence Type and Target Pair Valence was also 

statistically significant, F (1, 52) = 22.88, p < .001, η=0.32. Simple main effects of Target 

Pair Valence were analysed for each Sentence Type condition separately. Although the 

sentence-target relationship decision latencies in the Non-Negative trials were significantly 

shorter than those in the Negative trials in both Experimental, F (1, 52) = 24.57, p < .001, 

η=0.47, and Control Sentence condition, F (1, 52) = 64.71, p < .001, η=0.55, the difference 

was greater in the Control Sentence condition.  

No other effect reached statistical significance. Most importantly, the interaction 

between Target Pair Valence and Trait Anxiety Group did not reach statistical significance, 

F (1, 52) = 1.91, p = .17, η=0.04. These results indicate that the High Trait Anxious 

participants, did not show shorter sentence-target relationship decision latencies when the 

Target Pairs were Negative than when the Target Pairs were Non-Negative in valence. The 

Target Pair Valence X Trait Anxiety Group X Sentence Type interaction did not reach 

statistical significance, F (1, 52) = 0.50, p = .53, η=0.01, hence the lack of effect was not 

evident regardless of Sentence Type.  

Subsidiary Analyses 

 The median sentence-target relationship decision latencies data was re-analysed 

including all 64 participants. The mean sentence-target relationship decision latencies was 

also analysed on the following basis: once with 10 participants excluded on the basis of the 

same exclusion criteria used in the main analysis; and once with all 64 participants 
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included. These analyses have generated exactly the same pattern of results as in the main 

analysis13.  

There was a statistically significant main effect of Sentence Type, F (1, 62) = 

37.55, p = .00, η=0.38, due to the fact that the participants demonstrated shorter sentence-

target relationship decision latencies in the Experimental Sentence trials (M = 1442.69, SD 

= 337.69) than in the Control Sentence trials (M = 1667.08, SD = 516.83).  

The main effect of Target Pair Valence was also statistically significant, F (1, 62) = 

53.85, p < .001, η=.46, as the participants showed shorter sentence-target relationship 

decision latencies in the Non-Negative Target Pair trials (M = 1441.57, SD = 386.13) than 

in the Negative Target Pair trials (M = 1668.19, SD = 468.39).  

The interaction between Sentence Type and Target Pair Valence was also 

statistically significant, F (1, 62) = 20.95, p < .001, η=.25. Simple main effects of Target 

Pair Valence were analysed for each Sentence Type condition separately. The sentence-

target relationship decision latencies in the Non-Negative trials were significantly shorter 

than those in the Negative trials in both Experimental, F (1, 62) = 17.17, p < .001, η=0.22, 

and Control Sentence condition, F (1, 62) = 44.81, p < .001, η=0.42. The difference was 

greater, however, in the Control Sentence condition.  

The interaction between Target Pair Valence and Trait Anxiety Group did not reach 

statistical significance, F (1, 62) = 0.36, p = .55, η=0.01. This indicates that the High Trait 

Anxious participants, when compared to the Low Trait Anxious participants, did not show 

shorter sentence-target relationship decision latencies when the Target Pairs were Negative 

                                                                 
13

 The results from the mean decision latencies data analysis with all 64 participants were presented. The 

median decision latencies data with all 64 participants included in the analysis, and the mean decision 

latencies data with 10 participants excluded from the analysis, have generated exactly the same pattern of 

results.  
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than when the Target Pairs were Non-Negative in valence. The Target Pair Valence X Trait 

Anxiety Group X Sentence Type, F (1, 62) = 0.38, p = .54, η=0.01. As such, the lack of 

effect was not evident regardless of Sentence Type.  

Analyses on Sentence-Target Relationship Decision Accuracy Data 

 Similar to the prime-target relationship tasks in Phase Two, additional analyses 

using the same 2X2X2 three-way mixed ANOVA in the main analysis were conducted with 

average accuracy data as the dependent variable14.  

 There was a statistically significant main effect of Sentence Type, F (1, 62) = 

182.94, p < .001, η=0.75, as the participants demonstrated higher accuracy in the 

Experimental Sentence trials (M = 85.69, SD = 8.59) than in the Control Sentence trials (M 

= 75.23, SD = 8.63). The main effect of Target Pair Valence was also statistically 

significant, F (1, 62) = 25.12, p < .001, η=0.29, due to the fact that the participants showed 

higher accuracy on the Non-Negative Target Pairs (M = 82.34, SD = 9.09) than on the 

Negative Target Pairs (M = 78.58, SD = 8.13).  

 However, the interaction between Target Pair Valence and Trait Anxiety Group was 

not statistically significant, F (1, 62) = 0.34, p = .56, η=0.01. This indicates that the High 

Trait Anxiety Group was not more accurate in selecting the associates of the sentences 

when the Target Pairs were Negative than when they were Non-Negative.  

The higher order three-way Target Pair Valence X Trait Anxiety Group X Sentence 

Type interaction was not statistically significant either, F(1, 62) = 0.10, p = .75, η=0.00. 

This indicates that the above effect was not evident regardless of the Sentence Type. 

                                                                 
14

 The results from the accuracy data analysis with all 64 part icipants were presented. The accuracy data 

analysis with 10 participants excluded has generated exactly the same pat tern of results.  
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Therefore, the High Trait Anxious participants did not appear to be favouring the negative 

than the non-negative interpretations of the Experimental Sentences, when compared to the 

Low Trait Anxiety Group. 

  Additional 2X2X2 three-way ANOVA was also performed by using BDI (High 

BDI VS Low BDI), rather than Trait Anxiety Group, as the between-group factors related 

to emotional measure, on the median lexical decision latencies data. A median split was 

first performed on the BDI scores, those who fell into the upper half of the split were 

allocated to the Low BDI group and those who fell into the upper half were allocated to the 

High BDI group.  

The three-way Sentence Type X Target Pair Valence X Target Oscillation Rate X 

BDI interaction, F(1, 62) = 0.005, p =.94, η=.000, was not statistically significant. 

Therefore, depression was not found to be associated with an interpretive bias favouring 

negative interpretation of ambiguous words favouring both negative and non-negative 

interpretations. 

Results Summary 

Although ambiguous textual materials were employed in the present experiment, the 

above series of analyses have generated very similar pattern of results as the prime-target 

relationship tasks using homographs as primes in Phase Two. The participants were faster  

and more accurate in identifying the associates of the Experimental Sentences than the 

Control Sentences. They were also faster and more accurate in identifying the Non-

Negative Associates than the Negative Associates of the ambiguous sentence primes.  

The interaction between Sentence Type and Target Valence revealed that although 

the participants were faster and more accurate in correctly identifying the Non-Negative 
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Associates than the Negative Associates in both Control Sentence and Experimental 

Sentence trials, the difference was greater in the Control Sentence trials.  

As discussed in previous chapters, this interaction could originate from the 

incongruence in emotional tone between the Control Sentences and their Negative 

Associates.  

 The above series of analyses did not, however, demonstrate support for the 

hypothesised anxiety- linked interpretive bias upon the ambiguous Experimental Sentences 

permitting both negative and non-negative interpretations. The High Trait Anxious 

participants, when compared to the Low Trait Anxious participants, did not demonstrate 

disproportionate speeding and/or higher accuracy on identifying the Negative Associates 

relative to the Non-Negative Associates of the Experimental Sentences. This indicates that 

the High Trait Anxious participants did not preferentially impose the negative 

interpretations upon the Experimental Sentences.  
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Illustrative Experiment Two Discussion 

 As earlier discussed, the discrepancy between the present research which employed 

single words (homographs) as ambiguous materials and previous studies that found 

convincing empirical support for the hypothesised anxiety- linked interpretive bias on 

ambiguous textual materials, could be explained by two alternative accounts.  

The first explanation is that, when compared to the experimental paradigms 

employed in those studies in the literature that have also  naturalistic textual materials as 

ambiguous materials, the prime-target relationship task design employed in the present 

program of research may lack ecological validity. The suggestion here is not that the 

materials themselves are unlike those commonly encountered in naturalistic circumstances, 

but that what participants are required in the present experiment to do with these materials 

is quite unlike the types of tasks that they carry out in their normal environments. The 

second explanation is that the hypothesised anxiety- linked interpretive bias does not 

operate on the resolution of lexical ambiguity but rather on ambiguities that invite 

elaborative inferences. 

By employing the same prime-target relationship task paradigm but varying the type 

of ambiguity that was required to be resolved in the task, the present illustrative experiment 

is capable of testing the validity of these two alternative accounts.  

As the High Trait Anxious participants did not demonstrate the hypothesised 

anxiety- linked interpretive bias upon the ambiguous textual materials that invite elaborative 

inferences, the latter explanation that the bias does not operate o n ambiguous lexical 

materials is not supported.  
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Several studies in the literature employing more naturalistic experimental paradigms 

have demonstrated convincing support for such bias on ambiguous textual materials. It is 

therefore reasonable to suggest that the prime-target relationship task paradigm is not 

ecologically valid enough to reveal the interpretive processes in real- life experiences.  

As earlier discussed, experimental paradigms used in previous studies in the 

literature that examined the hypothesised anxiety- linked interpretive biases on ambiguous 

textual materials are often quite naturalistic. For example, MacLeod and Cohen (1993) 

presented participants with pairs of sentences to be read at self-paced speed. Each of these 

sentence pairs was made up of an ambiguous sentence, permitting both negative and non-

negative interpretation. The hypothesised anxiety- linked interpretive bias was measured by 

the participants‟ relative reading speed of the following continuation sentence either 

semantically related to the negative or the non-negative interpretation of the preceding 

ambiguous sentence.  

 Hirsch and Mathews (1997) have adopted an even more naturalistic approach under 

which the participants were asked to imagine themselves in an interview situat ion and read 

short passages depicting this interview situation. Ambiguous sentences with differential 

emotional inferences were embedded in these passages to test the hypothesised anxiety-

linked interpretive bias. The present illustrative experiment clearly demonstrated the 

importance of employing a naturalistic experimental paradigm which resembles the 

interpretive processes that take place in the participants‟ daily lives.  

Interpretation of ambiguous single words out of context is not a task that 

participants would often have to perform. It is therefore not unlikely that empirical support 
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for the hypothesised anxiety- linked interpretive bias upon ambiguous lexical materials 

could eventually be found if a more naturalistic experimental paradigm is used.  

However, it should be noted that in the present experiment  there is a mix of two 

different types of ambiguous materials. For some of the sentences an inference has to be 

made in order to form a mental representation of the sentence. For example, resolution of 

ambiguity is obligatory in order to form a mental representation of the sentence „The tip of 

Alan‟s finger was on the tray‟. On the other hand, some other sentences, such as „The bank 

clerk handed the man the money‟, can give rise to a mental representation of the event 

without having to make a threatening or neutral inference concerning the implication of the 

event. In this latter case, such elaborative inferencing is optional. Although the present task 

will be sensitive to bias in both the compulsory and the optional forms of ambiguity 

resolution, it is possible that anxiety- linked bias may be restricted to one or other form of 

ambiguity processing alone. Hence, it would be desirable to construct studies in a manner 

that permits direct comparison of anxiety- linked comprehension in response to each type of 

stimulus materials.  
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CLOSING COMMENTS 

 The initial purpose of the present program of research was to examine the 

automaticity of the hypothesised anxiety- linked interpretive bias of individuals with high 

trait anxiety. Both Beck‟s (1976) and Bower‟s (1981, 1983) cognitive models of anxiety 

vulnerability predict that such interpretive bias operates automatically. That is, this bias is 

rapid, capacity- independent and unconscious.  

The priming task paradigm used in Richards and French‟s (1992) study was 

employed for this purpose. However, the lack of semantic activation of the homographs 

rendered the task unable to examine the hypothesised anxiety- linked interpretive bias, let 

alone the automaticity of such bias.  

The prime-target relationship task paradigm was therefore introduced in Phase Two 

as the task required the participants to semantically process the homographs in order to 

perform the task correctly. However, none of the prime-target relationship tasks in Phase 

Two have demonstrated empirical support that the High Trait Anxious participants 

preferentially impose negative interpretations upon the Experimental Homographs 

permitting both negative and non-negative interpretations.  

A literature review revealed that Experiment Two of Richards and French‟s (1992) 

study is so far the only experiment that has demonstrated effects consistent with the 

hypothesised anxiety- linked interpretive bias on ambiguous lexical materials, which is not 

amenable to alternative explanation. It is therefore reasonable to suggest that the observed 

effect from this one experiment is unreliable due to the repeated failure to demonstrate 

empirical support for such bias in the present research program.  
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 Apart from Richards and French‟s (1992) study, there are several studies in the 

literature such as the homophone spelling tasks (e.g. Byrne & Eysenck, 1993; Richards, 

Reynolds & French, 1993; Russo, Patterson, Roberson & Stevenson, 1996) that claim to 

have found empirical support for the anxiety- linked interpretive bias on ambiguous single 

words. However, these obtained effects could also be explained by a response bias of 

preferentially selecting negative response options.  

The first illustrative experiment has indeed demonstrated  that the High Trait 

Anxious participants were characterised by such response bias, rather than an anxiety-

linked interpretive bias of preferentially imposing negative interpretations upon the 

homographs.  

Previous studies in the literature usually treated response bias as an unimportant 

effect to be eliminated. However, as such response bias was found to be associated with 

anxiety vulnerability, future studies could endeavour to establish causal relationship 

between such response bias and anxiety vulnerability. Treatment programs could be 

developed to ameliorate anxiety symptoms by modifying this response bias if it is found to 

contribute to the development of anxiety vulnerability.  

 However, there are several studies in the literature using ambiguous textual rather 

than lexical materials (e.g. Hirsch & Mathews, 1997; Calvo, Eysenck & Estevez, 1994; 

Calvo & Castillo, 1997; Calvo & Eysenck, 2000; MacLeod & Cohen, 1993; Calvo, 

Eysenck & Castillo, 1997), that have demonstrated support for the hypothesised anxiety-

linked interpretive bias that is not accommodated by the type of response bias demonstrated 

in the first illustrative experiment described above. The experimental paradigms employed 

in these previous studies are generally more naturalistic than the prime-target relationship 
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task design employed in the present program of research. It could therefore be argued that 

the experimental paradigm employed in the present research program lacks ecological 

validity and does not tap into the interpretive processes involved in the participants‟ day-to-

day experiences. The second illustrative experiment in the present research program has 

demonstrated support for this argument.  

 The present research failed to demonstrate that the High Trait Anxious participants 

are characterised by an interpretive bias of preferentially imposing negative interpretation 

upon the homographs that permit both negative and non-negative interpretations. 

Nonetheless, the research has generated important theoretical, methodological and applied 

implications. Future studies could endeavour to address the initial purpose of the present of 

research, that is, examine the automaticity of the hypothesised anxiety-linked interpretive 

bias.  

A more naturalistic experimental paradigm could be employed to determine whether 

the hypothesised anxiety- linked interpretive bias operates rapidly, is capacity- independent 

and unconscious. For example, homographs permitting both negative and non-negative 

interpretations could be embedded in ambiguous sentences as primes in short passages. The 

processing speed of the targets, that is the continuation sentences semantically related to 

either interpretation, could be used as the dependent measure for testing the hypothesised 

anxiety- linked interpretive bias.  

Prime-target SOA, the dual- task paradigm and the backward masking technique 

could be applied to these homographs for the examination of automaticity of the 

hypothesised anxiety-linked interpretive bias.  
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Similarly, as anxiety vulnerability was found to be associated with a response bias 

of preferentially selecting the more negative response options, future studies could also be 

designed to determine whether such response bias operates automatically.  

The lack of empirical support for the hypothesised anxiety- linked interpretive bias, 

could also be an indication that different types of anxiety- linked cognitive biases do not 

result from the same underlying mechanism. As discussed earlier in the introduction, there 

are plenty number of studies using various experimental paradigms demonstrating 

empirical support for the hypothesised anxiety- linked interpretive bias (e.g. MacLeod & 

Hagan, 1992; MacLeod & Rutherford, 1992; Mathews & MacLeod, 1986). On the other 

hand, studies from the literature that examined the hypothesised anxiety- linked memory 

bias of enhanced retrieval of threatening information have generated mixed results (e.g 

Burke & Mathews, 1992; Mathews et al, 1989; Mogg, Mathews & Weinman, 1987).  

Most cognitive models (e.g. Beck, 1976; Bower, 1981, 1983; Mathews & 

Mackintosh, 1998; Williams et al, 1997) of anxiety vulnerability are consistent with the 

assumption that different types of anxiety-linked cognitive biases are resulted from a 

common mechanism. However, the unparallel pattern of empirical support for the anxiety-

linked attentional, memory and interpretive bias, could be an indication that these different 

types of biases operate independently via different pathways.  

Some cognitive models of anxiety, on the other hand, are consistent with the 

assumption that different types of anxiety- linked cognitive biases are originated from 

different underlying cognitive mechanisms, in the sense that the model concerns with one 

particular type of bias only. For example, D.M. Clark‟s (1986) model of panic disorder 

emphasised biased interpretation of benign introspective stimuli contributes to panic 
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disorder. On other hand, Clark and Well‟s cognitive model of social disorder (1995) 

proposes that excessive attention towards oneself as a social object, rather than focusing on 

the social situation at hand, contributes to the development of social anxiety.  

The assumption of independent mechanism could be examined in future studies. 

This could be achieved by observing the impact of modifying one type of bias on another 

type of bias. For example, if successful reduction of anxiety-linked attentional bias with 

training procedures is not accompanied by a corresponding reduction of anxiety- linked 

interpretive bias, this could be an indication that these two types of biases indeed operate 

via different cognitive mechanisms.  
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Appendix I – Instructions for Experiment One  

 

Instructions 

On each trial, you will first see two white crosses appear. Keep your eyes on this area of the 

screen. The crosses will soon be replaced by a white word. You don‟t have to do anything 

yet, just keep your eyes on this central area of the screen.  

A short time later, a string of yellow letters will appear. On some trials, this will be a real 

word, while on others it will just be a meaningless string of letters. What you need to do is 

to respond to this yellow letter string, by pressing a button to indicate whether it‟s a word 

or a nonword. If it is a word, press the left mouse button. If it is a nonword, press the right 

mouse button. Do this as quickly as you can.  

These trials will be in blocks of 40. After every 40, you will be given the option to take a 

short break. 

Any questions? 
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Appendix II – Instructions for Experiment Two 

 

Instructions 

 

On each trial, you will first see a string of six numbers appear in white. You should try to 

remember these numbers, in their correct order, for the duration of the trial, by repeating 

them out loud.  

Keep your eyes on the area of the screen where the numbers have appeared. They will soon 

be replaced by a white word. You don‟t have to do anything here, just keep your eyes on 

this central area of the screen.  

A short time later, a string of yellow letters will appear. On some trials, this will be a real 

word, while on others it will just be a meaningless string of letters. What you need to do is 

to respond to this yellow letter string, by pressing a button to indicate whether it‟s a word  

or a nonword. If it is a word, press the left mouse button. If it is a nonword, press the right 

mouse button. Do this as quickly as you can.  

Once you have done this, the yellow word will then disappear and be replaced by another 

string of letters, this time in yellow. You should respond to this string by indicating whether 

it is the same numbers, in the same order, as the string that you were shown at the 

beginning of the trial. Do this by pressing the left mouse button to indicate that this is the 

same as the first string, or the right mouse button to indicate that it is different.  

These trials will be in blocks of 40. After every 40, you will be given the option to take a 

short break. 

Any questions? 
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Appendix III – Instructions for Experiment Three 

On each trial, you will first see two white crosses appear. Keep your eyes on this area of the 

screen. The crosses will soon be replaced by a white word. You don‟t have to do anything 

yet, just keep your eyes on this central area of the screen.  

A short time later, a string of yellow letters will appear. On some trials, this will be a real 

word, while on others it will just be a meaningless string of letters. What you need to do is 

to respond to this yellow letter string, by pressing a button to indicate whether it‟s a word 

or a nonword. If it is a word, press the left mouse button. If it is a nonword, press the right 

mouse button. Do this as quickly as you can.  

These trials will be in blocks of 40. After every 40, you will be given 10 trials of a “Visual 

Speed Test” which measures your speed of identifying stimuli presented on the computer 

screen. Each trial will begin with two white crosses at the centre of the computer screen, 

keep you eyes on the area of the screen. A white letter string will then be presented very 

swiftly at the same location on the computer screen. You task is to indicate whether this 

letter string is a word or a nonword. If it is a word, press the left mouse button. If it is a 

nonword, press the right mouse button. Do this as quickly as you can. Please make guesses 

if you are unable to identify whether the letter string is a word or not.  

You will be given the option to take a short break each Visual Speed Test.  

Any questions? 
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Appendix IV – Instructions for Experiment Four 

Instructions 

On each trial, you will first see an asterisk appear. Keep your eyes on this area of the 

screen. The crosses will soon be replaced by a word. You don‟t have to do anything yet, 

just keep your eyes on this central area of the screen.  

A short time later, a string of letters will appear. On some trials, this will be a real word, 

while on others it will just be a meaningless string of letters. What you need to do is to 

respond to this letter string, by clicking on the mouse to indicate whether it‟s a word or a 

nonword. If it is a word, press the right mouse button. If it is a nonword, press the left 

mouse button. Do this as quickly as you can.  

These trials will be in blocks of 40. After every 40, you will be given the option to take a 

short break. 

Any questions? 

  



333 
 

Appendix V – Instructions for Experiment Five and Six 

Instructions  

Before commencing the experiment you will have to complete two practice trials.  

The first practice consists of 50 trials. In each trial: 

1) Three white crosses will be displayed on the centre of the screen; 

 

 

 

2) A white word “letters” or “numbers” will then appear on the screen, indicating 

whether you have to identify the letters or the numbers on the next display.  

 

 

 

 

3) The white word will then be replaced by one string of colored random numbers 

and another string of colored random letters alternating one another and flickering 

rapidly. 

 

 

 

 

4) The letters string and the numbers string will differ in color, one in red and the other 

in blue. Your task is to determine the color of either the letter or the number 

strings, as indicated by the white word presented at the beginning of the trial. Left 

click on the mouse for red and right click for blue.  

5) Call for the experimenter once you have finished the practice, your accuracy level 

will be reported immediately. Repeat practice 1 again if your accuracy is less than 

80%. Proceed to practice 2 if your accuracy level is higher than 80% or after you 

have completed the re-run.  

 

 

 

+ + + 

 

 

letters 

 

 

numbers 

 

 

783927 

 

FAIEH 

OR 
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The second practice consists of 20 trials. In each trial: 

1) Three white crosses will appear at the centre of the screen; 

 

 

 

 

2)  A white word will then appear in the same location; 

 

 

 

3) After a short while, the white word will be replaced by two words appearing 

simultaneously, one in blue and the other in red, alternating one another and 

flickering rapidly. 

 

 

 

 

4) Your task is to determine which of the two words is related to the first white word 

appeared at the beginning of the trial. In case you think both words are related, 

choose the word you think has the closest association. Left click on the mouse to 

choose the red word and right click for the blue word. Please call the experimenter 

once you have finished the second practice.  

 

Main Experiment Session: 

The main experiment consists of 576 trials which resembles the second practice.  

You will have 3 self-paced short breaks throughout the experiment. If you think your 

attention begins to lapse, you can also give yourself a break by pressing down the space 

bar for 1 second. However, you are strongly encouraged to continue the experiment until 

the computer gives you a break. 

  

 

+ + + 

 

 

MEAN 

 

MATHS KICK 
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Appendix VI  

Instructions for Experiment Seven and Illustrative Experiment One  

Instructions  

This experiment consists of 576 trials. Under each trial: 

1) Three crosses will appear at the centre of the screen; 

 

 

 

  

2) A word will then appear in the same location; 

 

 

 

 

 

3) After a short while, the white word will be replaced by two words appearing 

simultaneously, one on the left hand side and the other on the right hand side of 

the computer screen.  

 

 

 

 

 

4) Your task is to determine which of the two words is related to the first word 

appeared at the beginning of the trial in terms of meaning (they can be opposites to 

be “related”). In case you think both words are related, choose the word you think 

has the closest association. Left click on the mouse to choose the word on the left 

and right click for the word on the right.  

 

You will have 2 self-paced short breaks throughout the experiment (one break after each 

192 trials). If you think your attention begins to lapse, you can also start a break by pressing 

 

MATHS KICK 

 

 

+ + + 

 

 

MEAN 
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down the space bar for 1 second. However, you are strongly encouraged to continue the 

experiment until the computer gives you a break so you can finish the experiment on time.  

Before the experiment begins you will have to complete a 20 practice trials. Please call the 

experimenter once you have finished the practice.  
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Appendix VII – Instructions for Illustrative Experiment Two 

Instructions  

This experiment consists of 576 trials. Under each trial: 

1) Three crosses will appear at the centre of the screen; 

 

 

 

 

 

 

 

2)  A sentence will then appear in the same location; 

 

 

 

 

 

 

3) After a short while, the sentence will be replaced by two words appearing 

simultaneously, one on the left hand side and the other on the right hand side of 

the computer screen.  

 

 

 

 

 

 

 

 

 

     SPARKLE      PUDDING 

 

 

+ + + 

 

 

 

 

THERE WAS A LOT OF GLITTER SHINING FROM THE DECORATION 
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4) Your task is to determine which of the two words is related to the sentence 

appeared at the beginning of the trial in terms of meaning (they can be opposites to 

be “related”). In case you think both words are related, choose the word you think 

has the closest association. Left click on the mouse to choose the word on the left 

and right click for the word on the right.  

 

You will have 2 self-paced short breaks throughout the experiment (one break after each 

192 trials). If you think your attention begins to lapse, you can also start a break by pressing 

down the space bar for 1 second. However, you are strongly encouraged to continue the 

experiment until the computer gives you a break so you can finish the experiment on time.  

Before the experiment begins you will have to complete a 20 practice trials. Please call the 

experimenter once you have finished the practice.  
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Appendix VIII – Stimulus Materials for Phase One 
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Prime target

city town

alley lane

deck chair

eight nine

eternal forever

fabric material

factory manufacture

duck pond

footprint helm

global magnify

helicopter labour

insulation measured

irregular nautical

cloak pink

multiple opera

normal quilt

padlock koys

paused halded

pyramid ogyptian

cave hele

toad frag

sculpture ortist

travel overseal

woman beminine

angel woist

circus bipe

boy primter

bubble snealer

carrot inrividual

cup erange

flash mibile

cheese crawd

senior

dinner

mouse 

irrigation

royal

brown

years

montage

Practice Trials Visual Speed Test



344 
 

Appendix IX – Stimulus Materials for Phase Two and Illustrative Experiment One
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Appendix X – Stimulus Materials for Illustrative Experiment Two 

 



353 
 

 

  



354 
 

 

  



355 
 

 

  



356 
 

 



357 
 

 



358 
 

 



359 
 

 



360 
 

 



361 
 

 



362 
 

 



363 
 

 


	TABLE OF CONTENTS.pdf
	THESIS FINAL

