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Abstract: Addressing Gaps in Cognitive Dissonance Theory and Relational Frame Theory – 

Research on Coherence and Ambiguity; Samuel Peter Ashcroft 

The aim of this thesis was to build a body of evidence to address several gaps in Cognitive 

Dissonance Theory (Harmon-Jones, E. & Harmon-Jones, C., 2007) and Relational Frame 

Theory (Hayes et al., 2001), relating to relational coherence, incoherence, and particularly 

ambiguity. These gaps included a lack of: theory and research on ambiguity; robust 

definitions of coherence, incoherence and ambiguity; research on the relative appetitiveness 

of coherence versus incoherence and ambiguity; multiple-stimulus research in Cognitive 

Dissonance Theory; technical experimentation in Cognitive Dissonance Theory; and clarity 

about the stimulus-specific lower boundary conditions of coherence-related phenomena. An 

overview of theory and research pertaining to coherence, incoherence and ambiguity was 

given (Chapter 1), including discussion regarding the gaps highlighted. Then, working 

definitions of coherence, incoherence and ambiguity were offered (Chapter 2). The 

ambiguity-coherence study by Quinones and Hayes (2014) was conceptually replicated and 

expanded (Chapter 3), discovering that participants spontaneously generate A-C relationships 

on ambiguous A-C blocks involving nonsense stimuli. A design issue regarding patterns of 

reinforcement was identified in Chapter 3, and this was discussed and resolved (Chapter 4), 

alongside an assessment of the appetitive properties of coherence. Participants displayed no 

preference towards completing a coherent versus an ambiguous A-C block again. 

Physiological measures of Heart Rate and Galvanic Skin Response were measured in 

response to coherence and ambiguity (Chapter 5), further evidencing spontaneous generation 

of relationships in response to ambiguity. No difference in physiological measures was found 

between coherent and ambiguous A-C blocks. Incoherence was incorporated into the design 

(Chapter 6), which provided corroborative evidence of the spontaneous generation effect and 

also demonstrated the validity of the experimental design by matching predictions from 
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Relational Frame Theory. An updated assessment of the appetitive properties of coherence 

was completed (Chapter 7), with real words as stimuli and discriminatives. Spontaneous 

generation of relationships in response to ambiguity also occurred using these alternative 

stimuli. Differences were broadly not found between coherent and ambiguous A-C block 

types, indicating that there appears to be a stimulus-specific lower boundary condition for 

various coherence phenomena such as changes in affect and arousal. However, the 

spontaneous generation of A-C relationships indicates no stimulus-specific lower boundary 

condition for coherence-related behavioural responses. Finally, the effect of experimental 

design on spontaneous generation of relationships was assessed (Chapter 8), identifying that 

spontaneous generation of relationships is moderated by the complexity of the cognitive task 

at hand. Findings from this thesis were synthesised with literature on coherence, particularly 

that of Cognitive Dissonance Theory and Relational Frame Theory (Chapter 9), with 

limitations, implications and future research directions given. This thesis: evidences the 

importance of ambiguity in any theory relating to coherence; identifies a possible stimulus-

specific lower boundary condition for affective but not behavioural coherence-related 

responses; shows that the spontaneous generation of relationships effect could potentially be 

considered a fundamental aspect of human relational behaviour; and demonstrates that such 

spontaneous generation effects appear moderated by the complexity of the cognitive task at 

hand.
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1.1 Introduction 

The concept of coherence is arguably a fundamental concept within much of psychology 

(Harmon-Jones & Mills, 1999; Proulx et al., 2012). For now, coherence is briefly considered 

to be present when psychological and behavioural phenomena are perceived to fit together. 

Inextricably linked to coherence are the two types of lack of coherence - incoherence and 

ambiguity, elsewhere sometimes termed meaning violation and meaninglessness, respectively 

(see Gawronski, 2012a). Many psychological theories seem to have coherence at or near their 

theoretical centre (Proulx et al., 2012). Despite this importance, there are conflicting and 

incomplete theories about coherence warranting research. One key point of incompleteness is 

the relative absence of ‘ambiguity’ as a theoretical construct in theory related to coherence, 

despite its relevance (Gawronski, 2012a). The present thesis aims to extend the understanding 

of coherence, incoherence and particularly ambiguity, drawing on Cognitive Dissonance 

Theory (CDT; Festinger, 1957) and Relational Frame Theory (RFT; Hayes et al., 2001). 

 The phenomenon described in this thesis under the title ‘coherence’ appears to have 

close parallels in several theories within psychology. Despite the general separation of these 

theories in the literature, there seems to be conceptual overlap — the idea that the structure of 

the relationships between thoughts, the environment, and behaviour are in some way central 

to human behaviour. Numerous researchers have highlighted that the coherence phenomenon 

is an important, wide-reaching, fundamental aspect of human psychology (see: Gawronski, 

2012b; Proulx et al., 2012). The thesis narrative begins by demonstrating how coherence can 

be found across the theoretical and empirical literature broadly.   

1.2 Evidence of Coherence Across Theoretical and Empirical Literature 

1.2.1 Cognitive Consistency Theories 

The concept of coherence is key to cognitive consistency theories (Harmon-Jones, E. 

& Harmon-Jones, C., 2007), and for a period of at least three decades these dominated the 
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social psychological literature (Harmon-Jones & Mills, 1999). Generally, cognitive 

consistency theories focus on whether beliefs, actions and thoughts (inexhaustively) maintain 

a sense of balance. The development of cognitive consistency theories began around the 

1940s and 1950s. Key cognitive consistency theories, and a brief overview of each are found 

in Table 1.1.  

Table 1.1 

Cognitive Consistency Theories 

Theory Citation Focus 
   

Balance Theory Heider, 1946 Attitude change to achieve cognition coherence 
   

Self-Consistency 

Theory 
Lecky, 1946 Coherence within self-concept 

   

Congruity Theory 
Osgood & 

Tannenbaum, 1955 
Attitude change to maintain coherence 

   

Cognitive 

Dissonance Theory 
Festinger, 1957 Coherence between cognitions and behaviours 

   

Self-Perception 

Theory 
Bem, 1967 Cognition becoming coherent with behaviour 

   

Self-Verification 

Theory 
Swann & Read, 1981 

Coherence between social image and view of 

self 
   

Self-Discrepancy 

Theory 
Higgins, 1987 Coherence between ideal and actual self 

   

Meaning 

Maintenance Model 
Heine et al., 2006 

Fundamental need for coherent mental 

representations and perception of the world 
   

Self-Affirmation 

Theory 

Sherman & Cohen, 

2006 
Maintaining coherent self-identity 

 
Highly related theories that would not usually be classed as consistency theories are 

listed in Table 1.2. 
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Table 1.2 

Related Theories Not Usually Labelled as Consistency Theories 

Theory Citation Focus 

Perception of 

Incongruity 

Bruner & Postman, 

1949 
Resistance to unexpected or incongruous stimuli 

   

Global Meaning 

Park & Folkman, 

1977 

Coherent worldview is important for health and 

recovery 

Person Schemas Horowitz, 1991 
Coherence between understandings of self and of 

others 
   

Relational Schemas Baldwin, 1992 
Coherent understanding of self and relationships 

with others 
   

Assumptive Worlds Janoff-Bulman, 1992 

Trauma leads to incoherent worldview 

assumptions, and recovery is significantly aided 

by regaining coherence 
   

Need for Structure 
Neuberg & Newsom, 

1993 

General needs for structure/coherence in the 

environment 
   

Need for Closure 
Webster & 

Kruglanski, 1994 

Nonspecific and specific need for 

closure/coherence 

 

 Each theory holds coherence as a key part of human behaviour. This overview mainly 

covers Cognitive Dissonance Theory (CDT; Festinger, 1957), the “jewel in the consistency 

family crown” (Eagly & Chaiken, 1993, p. 456). Due to its persisting importance and 

centrality within cognitive consistency theories, covering cognitive dissonance theory gives 

broad and satisfactory coverage of the other cognitive consistency theories.  

 To begin, CDT states: “The holding of two or more inconsistent cognitions arouses 

the state of cognitive dissonance, which is experienced as uncomfortable tension. This 

tension has drive-like properties and must be reduced.” (Cooper, 2007, p. 7). According to 

Cooper, a cognition is “‘any piece of knowledge’ a person may have. It can be knowledge of 
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a behavior, knowledge of one’s attitude, or knowledge about the state of the world.” (Cooper, 

2007, p. 7). Inconsistent cognitions are classed as cognitions that imply the opposite of each 

other (Festinger, 1957). The more salient or important the cognitions in question are, the 

more tension (both psychological and physiological) there would be when there is an 

inconsistency (Festinger, 1957). For example, these would lead to cognitive dissonance: the 

cognition ‘I am a good person’, and the knowledge ‘I just killed someone’. This 

inconsistency would lead to uncomfortable tension known as dissonance, leading the 

individual to seek a reduction in that tension (Festinger, 1957). Note that a third cognition 

‘good people do not kill other people’ could be argued to be necessary, a criticism of CDT 

discussed in Section 1.3 (p. 16). 

 There have been three main variations on CDT (Harmon-Jones, E. & Harmon-Jones, 

C., 2007) following Festinger’s original 1957 work. Aronson’s (1968) Self-Consistency 

Theory stated that logical incoherence was not primarily what elicited dissonance; instead, it 

was proposed that dissonance was only related to ego-defence. Other variations proposed that 

dissonance only relates to one’s perception of having harmed someone else (New Look 

Theory; Cooper & Fazio, 1984), or to continually affirm the worth and positive evaluation of 

the self (Self-Affirmation Theory; Steele, 1988). It appears that the prevalence of social 

experiments in CDT research (Harmon-Jones, E. & Harmon-Jones, C., 2007) may have 

driven this focus on the social self (Simon & Holyoak, 2002), ultimately leading to the 

revisions and side-tracking from the central premise of CDT being about logical 

inconsistency (Levy et al., 2018). Commenting on CDT, Simon and Holyoak (2002) stated 

that: “In an address entitled ‘Whatever became of consistency theory?’ Abelson (1983) 

lamented the fate of consistency theories, noting that cognitive dissonance theory had been 

reduced to explaining how people ‘recover from experimentally engineered major 
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embarrassments.’” (p. 284). Thus, due to the characteristics of its research base, theoretical 

variations on CDT shifted away from the central concern of coherence. 

Despite this, recent research has shown that the original theory focusing on cognitive 

incoherence is a better fit for cognitive dissonance experimental data compared to the 

variations, and on this basis it has been has argued that variations on the original theory are 

unnecessary (Harmon-Jones, E. & Harmon-Jones, C., 2007). Dissonance has been shown to 

occur in situations where none of the three CDT variations could offer explanation (Harmon-

Jones et al., 2017). Perhaps even more damning for the self-related CDT variations is the 

variety of findings demonstrating dissonance-processes in non-human animals (Egan et al., 

2007, 2010; Zentall & Singer, 2007), who seem not to have the capacity for complex self-

related cognitions (Harmon-Jones et al., 2017). For example, Egan and colleagues (2007) 

found that capuchin monkeys forced to choose between two equally valued options would 

devalue the non-chosen option, which is a common post-decisional dissonance reduction 

strategy in humans. Zentall and Singer (2007) found that pigeons preferred stimuli following 

a more aversive event compared to a less aversive event. This relates to human dissonance-

related effort justification, where humans value things more greatly if they took time or effort 

to acquire (e.g. see Harmon-Jones et al., 2020). The resurgence in the importance of 

consistency theory may also be due to the increasing prevalence of connectionist theories 

within psychology and computer-simulation, particularly focused around constraint 

satisfaction (Simon et al., 2004), which relate to CDT. Of the movement towards using the 

original formulation of CDT, the Harmon-Joneses are a central force (e.g. Harmon-Jones, E. 

& Harmon-Jones, C., 2007). Their work focuses on evolutionary reasons why inconsistency 

is psychologically problematic; put simply, inconsistency reduces the ability of the organism 

to function effectively within the environment. For example, if someone holds the opposing 

beliefs that lions should be approached and avoided (inducing hesitation), they will have far 
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less likelihood of survival than someone that only believes lions should be avoided. Such a 

claim pertains even to cognitive processes less obviously or immediately related to survival. 

For instance, navigation of an environment may be made less effective by contradictory 

beliefs regarding which route is better. This is what is termed the Action-Based Model of 

Dissonance (Harmon-Jones et al., 2015). This accords with interpretation of findings from a 

modern learning theory perspective. For example, learning theorist Bordieri (2014) states 

that: “Mineka and Hendersen’s (1985) review of predictability and control suggests that 

humans are motivated to make sense of their environment because doing so allows more 

effective action.” (p. 17). Couching CDT in this evolutionary framework provides the benefit 

both of being able to explain the origination of dissonance-processes (Harmon-Jones, E. & 

Harmon-Jones, C., 2007) and to fit the theory within wider biological research (Harmon-

Jones et al., 2017). The key point is that they argue coherence itself is crucial. For example: 

“Clearly, dissonance has much to do with inconsistency and is not due to such limiting 

conditions as a self-threat or the production of an aversive consequence.” (Harmon-Jones, E. 

& Harmon-Jones, C., 2007, p. 13).  

 Another modern consistency theory, arguably parallel to modern reformations of 

CDT, is the Meaning-Maintenance Model (MMM; Heine et al., 2006). This also focuses on 

human coherence-restoring responses to incoherence. The MMM suggests that there are a 

range of coherence-restoring behaviours that humans can take, and a key aim of this approach 

is to have a broadly applicable framework that explains coherence-related behaviours in a 

variety of circumstances (Proulx et al., 2016). Given its similarity to CDT, including arguably 

the same subject matter, research base, and theoretical approach, CDT will be focused on 

throughout this thesis but the MMM literature will occasionally be drawn upon.  
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1.2.2 Meaning 

Coherence is an important concept within research on the perception of 

meaningfulness. Generally, meaning can be understood as a “mental representation of 

possible relationships among things, events, and relationships. Thus, meaning connects 

things” (Baumeister, 1991, p. 15). Baumeister further sees meaning as a conglomeration of 

schemas that draw together the strands of a person’s life (Baumeister, 1991). Meaning is 

therefore an appraisal of global coherence in one’s life. Similarly, Park identifies meaning-

making as the ability to appraise local situations in a manner congruent with global beliefs 

and expectations (Park, 2010). Theoretically tied to this is Davis’s proposal, which 

emphasises the need to interpret events in a manner concordant with one’s worldview to give 

those events meaning (Davis & Nolen-Hoeksema, 2001), much as Steger states that meaning 

fuses parts of life together to form a coherent whole (Steger et al., 2010). Additionally, 

Kreitler and Kreitler describe how behaviours are given meaning by fitting into larger 

patterns of action (Kreitler & Kreitler, 1976). This life story coherence relates to well-being 

(Baerger & McAdams, 1999). Overall, coherence appears fundamental to meaningfulness. 

Terror Management Theory (TMT; Solomon et al., 1991) is also relevant. A key 

premise of TMT is that incoherence between a survival drive and the knowledge of one’s 

limited existence leads to terror, and, crucially, this terror is buffered through the creation of 

cultural worldviews (Landau et al., 2004). Supporting this claim is the finding that increased 

mortality salience can lead to stronger, more rigid worldview defences (Simon et al., 1997) 

showing that the greater the incoherence, the greater the coherence-restoring response, 

aligning with theory from CDT. Mortality salience effects were recently called into question 

through a group replication effort (Klein et al., 2019), but then defended by the fact that this 

replication effort had fewer participants than in their pre-registered sample sizes (Chatard et 

al., 2020). Removal of the small sample sizes found that the data did replicate the mortality 
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salience effect (Chatard et al., 2020). As a broadly applicable theoretical base regarding 

coherence-creation effects, TMT has many similarities with CDT. In other philosophical 

writings, this terror management aspect of human behaviour has been aptly summarised: “It 

is not an abstract drive for truth that impels the search for theory, but the concrete promptings 

of anxiety.” (Heilbroner, 1986, p. 15). In other words, incoherence is aversive, just as is 

claimed in CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007). 

These meaning theories each give coherence a key role in their distinct analyses. 

Despite topographical differences between each analysis, the underlying principle and 

importance of coherence remains intact: having beliefs, attitudes and behaviours that fit 

together without contradiction is an important aspect of human behaviour and human well-

being. Even at experimental levels, this appears to be supported. For example, in an 

experimental setting where participant reactions were measured upon their viewing of 

stimuli, it was found that observing trees in coherent patterns led to self-reports of increased 

meaning in life, whereas trees in random patterns led to reduced felt meaning in life 

(Heintzelman et al., 2013). They stated that: “These studies support the prediction that the 

feeling that life is meaningful is sensitive to the coherence of stimuli, whether those stimuli 

are nature pictures or linguistic stimuli” (Heintzelman et al., 2013, p. 996). This demonstrates 

the scalability and widespread applicability of coherence responses. In interpreting this, it 

seems that meaning-seeking is but one expression of a more global drive towards coherence 

at a variety of levels. There is indeed evidence that coherence is also important at a technical, 

laboratory experiment level. 

1.2.3 Examples Relating to Coherence from the Wider Empirical and Theoretical 

Literature 

Within cognitive consistency literature, the Stroop Task is often cited as evidence that 

coherence is fundamentally important (for example: Harmon-Jones, E. & Harmon-Jones, C., 
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2007; Proulx & Inzlicht, 2012). In the Stroop Task (Macleod, 1991) and its many variants, a 

compound stimulus (a stimulus with two aspects, such as the word used and the colour of that 

word), is presented to a participant and they are asked to respond according to just one of the 

stimulus aspects. The main approach involves participants responding to the colour of words, 

where those words themselves are actually colour names. For example, the word “RED” may 

be written in the colour green, and to be correct the participant must respond by choosing 

‘green’ from options like ‘red’, ‘blue’, ‘green’. Naturally, the pairing of word and colour of 

word can be ‘coherent’ or ‘incoherent’, though in Stroop literature they use ‘congruent’ and 

‘incongruent’ (Macleod, 1991). That is, the word “GREEN” being the colour green would be 

a coherent compound stimulus, but that same word shown in the colour red is an incoherent 

compound stimulus. Responses are significantly faster when stimuli are coherent versus 

incoherent. These findings are widely reported; by 1991 there were over 400 variations of the 

Stroop Task that held closely to the original design which found results generally identical to 

those mentioned (MacLeod, 1991).  

Similar tasks within modern learning theory mirror these results, particularly the 

Implicit Relational Assessment Procedure (IRAP; Barnes-Holmes et al., 2006). 

Fundamentally, in an IRAP there are two ‘bins’ on a screen into which a participant must 

place a ‘target stimulus’ by pressing one of two keys. The two bins each relate to two 

categories, totalling four categories in question. In a classic example designed to test racial 

bias (Power et al., 2017), the four categories are black/white and good/bad. In this example, 

the possible bins would be black+positive, black+negative, white+positive and 

white+negative. For example, black+positive and white+negative would take up the left and 

right bins respectively. A participant would be presented with a target stimulus (such as a 

picture or word on screen) and they would press buttons to sort that stimulus into the left or 

right bin. A bin could be considered as ‘coherent’ if comprised of two categories that the 
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participant usually sees as related. This is dependent on the participant’s learning history, so 

in this example let us assume the participant sees black as related to bad. Additionally, a bin 

could be considered ‘incoherent’ if it is comprised of two categories that the participant 

usually sees as unrelated (e.g. black and good in this example, in the case of a participant 

with racist views). The incoherence lies with the difference between prior learning history 

(pairing black+bad) versus the instructions on the task (pair black+good). It has been found 

that a participant will sort a stimulus more quickly into a coherent bin compared to an 

incoherent bin (Barnes-Holmes et al., 2006, 2010; Vahey et al., 2010, 2015). This use of 

coherence versus incoherence at an experimental level allows researchers to identify implicit 

beliefs in participants.  

Additionally, the study by Bruner and Postman (1949) is often cited as evidence that 

coherence is important. For example, Heine and colleagues (2006) highlight the study and its 

implications as a starting point for a discussion about cognitive consistency. In the study, 

participants are shown playing cards that have the wrong colour. For example, a black three 

of hearts. Bruner and Postman describe that some participants showed “resistance to the 

recognition of the unexpected or incongruous” (p. 222). They reported that participants often 

felt a ‘sense of wrongness’ about the cards, which could be argued to be cognitive 

dissonance.   

Confirmation Bias is a well-known (Evans, 1989) and widely studied (Nickerson, 

1998) characteristic of human behaviour wherein information is sought out or interpreted in 

ways that confirm expectations already held (Nickerson, 1998). Within the confirmation bias 

experimental literature (for a review, see: Nickerson, 1998), it has been found that humans 

avoid information inconsistent with their own theories (Koriat et al., 1980), can more easily 

recall information that supports their own opinion (Perkins et al., 1991), distort information 

incoherent with their own theories (Kuhn, 1989), and in testing hypotheses actively seek out 
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information which could only support their hypothesis (Bruner et al., 1956), such that 

falsification (see: Popper, 1963a) becomes largely impossible. From a social perspective, we 

see in others what we expect to see (Kelley, 1950; Snyder, 1981). Nickerson’s (1998) review 

covers these and other examples in great detail, such as examples of confirmation bias from 

formal reasoning, science, medicine, policy creation and self-evaluation.  

Curiosity, the seeking out of novel environments and information (Loewenstein, 

1994), is considered a fundamental drive in child development (Loewenstein, 1994; Stern, 

1973; Wohlwill, 1987), and has relations to coherence. At its core, curiosity seems a method 

to expose oneself to new information in order to incorporate this new information into one’s 

coherent knowledge base (or schemas) as a way to learn and develop (Piaget, 1964). Hebb 

(1955) commented on the human drive to put oneself in positions where one would learn 

something. Said another way, resolving incoherence and uncertainty has been argued to be a 

primary motive of behaviour (Kagan, 1972), and curiosity can expedite this learning process. 

Tempering this, Hebb (1949) also posited that people avoid too much or too little 

incoherence. However, just enough incoherence may be enough to prompt joyful exploration 

and curiosity (Loewenstein, 1994). Even rats explore unfamiliar over familiar areas (Dember, 

1956), and their exploration decreases as familiarity increases (Berlyne, 1955). So, expanding 

one’s coherent knowledge base may be a core aspect of animal behaviour generally, to 

increase efficacy in one’s environment (White, 1959). 

Flow is the term for a highly positive state during challenging and immersive 

situations where ego-defence becomes irrelevant and time is distorted (Csikszentmihalyi, 

1990). Situations that foster flow involve challenges that require skill (Csikszentmihalyi, 

1990), and of importance is the idea that it is the coherence between the challenge and the 

skill required to meet that challenge that leads to flow (Csikszentmihalyi et al., 2005). 

Mismatches can lead to either boredom or anxiety (Csikszentmihalyi, 1975). This flow 
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experience is described as reducing psychic entropy (Csikszentmihalyi, 1990), which, said 

another way, is increasing the felt sense of coherence. 

Coherence also features centrally in Self-Determination Theory (SDT; Deci & Ryan, 

2008), a theory about human intrinsic-extrinsic motivation and fundamental human needs. 

Autonomy is a key human need in SDT, characterised by a coherence between one’s 

behaviour and one’s values (Ryan & Deci, 2017). Competence, another fundamental human 

need, can be undermined with a mismatch between the environment and one’s ability to 

successfully function in that environment (Ryan & Deci, 2017).  

1.2.4 Examples Relating to Ambiguity from Wider Empirical and Theoretical 

Literature 

Ambiguity, arguably an alternative form of non-coherence alongside incoherence, is 

also worth reviewing across the literature. It could be described as a lack of information 

(Gawronski, 2012a). Others see it as “the presence of mutually conflicting possibilities” 

(Stein, 1991, p. 1). For example, if it is unknown whether you are or are not taller than the 

author, these are mutually conflicting possibilities. For now, ambiguity is taken to be an 

absence of information such that there is an unclear relationship between stimuli. Given its 

lack of prominence in consistency theories, it is important to highlight the presence of 

ambiguity in the wider empirical and theoretical literature in order to argue for its value and 

relevance in a discussion around coherence. 

Ambiguity appears to be prevalent in psychological theory and research relating to 

human perception. For example, Skinner (1936) developed the ‘verbal summator’, which 

played sets of vowel sounds such as ay-oh-oh-ee on repeat, until a human participant intuited 

what word they thought the vowels were representing. In this example, the participant might 

respond “Psychology”. Importantly, the vowel sounds could represent a variety of words, 

such that human participants were generating coherence out of ambiguity. Other examples of 
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exposing participants to ambiguity to observe their responses include the Rorschach Ink Blot 

(Exner & Erdberg, 2005), the Necker Cube (Necker, 1832; Kornmeier & Bach, 2005), the 

Old/Young Woman image (Boring, 1930), Schröder’s Staircase (Harris, 1979), the Mach 

Book (Clement, 1996), and the Rubin’s Face-Vase illusion (Andrews et al., 2002). These 

ambiguous images have been used to further the understanding of brain activity relating to 

perceptual processes (Andrews et al., 2002; Hasson et al., 2001; Kornmeier & Bach, 2005). 

Of interest is the fact that those with schizophrenia have lower perceptual abilities on these 

ambiguous images compared to non-schizophrenic control samples (Keil et al., 1998; 

McBain et al., 2011; Schmack et al., 2015). Something similar occurs with the auditory 

system. Humans have an inner speech, but if this speech is perceived to be ambiguous 

between originating from the self or someone else, this can lead to perception of auditory 

hallucinations in both populations with schizophrenia (Jones & Fernyhough, 2007) and non-

clinical populations (Barkus et al., 2007). Further, it appears that those susceptible to auditory 

hallucinations find that ambiguous auditory stimulation can lead to hallucinations (Knudson 

& Coyle, 1999) for example the sound of traffic (Tarrier, 1987) or white noise (Alpert, 1985). 

More broadly, apophenia is the propensity to see patterns in random images/information 

(Conrad, 1958), and extreme levels of apophenia are implicated in psychoticism and 

schizophrenia (Blain et al., 2019). Conversely, the inability to detect ambiguity is implicated 

in autism (Le Sourn-Bissaoui et al., 2011). So, it seems that perceptual abilities relating to 

ambiguity relate to overall human functioning. 

Related to meaning (Section 1.2.2, p. 8), the creation of life stories could be 

considered to be the creation of coherence out of ambiguity (Linde, 1993). For specific 

events also, humans can generate causal stories which explain the event (Peterson & 

Seligman, 1984). This ‘causal attribution’ can be of benefit as with the creation of life stories 

(Linde, 1993) and worldviews (Janoff-Bulman, 1992), but it can also have a negative effect 
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in certain circumstances. If humans make stable, internal causal attributions regarding 

negative and uncontrollable events they experienced, they are more likely to encounter 

learned helplessness and depressive symptoms (Peterson & Seligman, 1984). Further, those 

with high rejection sensitivity, through repeated rejection in social situations, read rejection 

into ambiguous situations and thus experience unnecessary negative emotional reactions 

(Zimmer-Gembeck & Nesdale, 2013). Again, it appears that this generation of coherence out 

of ambiguity can have a range of positive to negative outcomes. 

One can have negative reactions to ambiguity itself. Lack of ambiguity tolerance 

(Furnham & Ribchester, 1995) relates to increased ethnocentrism (O’Connor, 1952), 

authoritarianism (Million, 1957), rigidity of belief in traditional sex roles (Rotter & 

O’Connell, 1982), dogmatism (Glover et al., 1978), poor performance on ambiguous tasks 

(Ebeling & Spear, 1980), lack of playfulness and creativity (Tegano, 1990), and lack of self-

actualisation (Foxman, 1976). Ambiguity regarding familial ties, roles and responsibilities 

can lead to stress (Boss et al., 1990). More broadly, intolerance of uncertainty is a predictor 

of worry and Generalised Anxiety Disorder (GAD; Dugas et al., 1997). Overall, it appears 

that ambiguity, as a form of non-coherence, is of importance to psychological research and 

human behaviour, and arguably must be central to any discussion about coherence. 

1.2.5 Other Notable Mentions of Coherence 

Coherence plays a key role in numerous other notable areas of psychology. For 

example, coherence is also found in Piaget’s theory of intellectual development (Piaget, 

1964). In this theory an individual can have a cognitive theory about some aspect of the 

world, and when they are exposed to something that cannot be accounted for by that theory, 

the theory becomes updated in some way to restore coherence. Coherence is also found in 

salutogenic models of stress resistance (Antonovsky, 1987; Eriksson, 2006). Within 

Antonovsky’s Sense of Coherence model of stress, an individual experiences less stress when 
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their environments are predictable, make sense, and are manageable. The beneficial effect of 

coherence is also found in work on well-being (Diener et al., 1984), where individuals 

experience more positive affect when there is ‘congruence’ between their personality and 

environment. It has even been argued that connectionist models of coherence, such as CDT 

described above, are better representations of the legal decision-making process than 

previous models (namely Rationalist and Critical models; Simon, 2004). Coherence is part of 

linguistics (Grosz et al., 1995; Knott & Sanders, 1998; Wilson, 1998), where verbal stimuli 

can make sense and cohere at a local or global level. The importance of coherence can also 

be found in mathematical proofs, logical justification, and ethical judgement (Thagard & 

Verbeurgt, 1998). This way of seeing all the parts fit together is known as coherentism 

(Poston, 2014; Rescher, 1974) The key point of this section is not to give an exhaustive list, 

but simply to make the argument that the importance of coherence, incoherence and 

ambiguity is present across multiple domains of psychology.  

1.3 Gaps and Contradictions in CDT Regarding Coherence 

The findings mentioned above from a variety of research streams can be subsumed 

under the global consistency theory of CDT (Harmon-Jones E. & Harmon-Jones C., 2002; 

Harmon-Jones et al., 2015). All indicate that coherence has an effect on behaviours, and that 

generally, perceived coherence is sought out and generally relates to positive affect. Yet 

despite the explanatory power and broad scope of CDT, there are five key gaps which 

warrant research into coherence at a novel, technical level. 

 First, there is contradiction within the consistency literature regarding the boundaries 

of the coherence phenomenon (i.e. where behaviour generally appears driven to increase 

coherence). On one hand, theorists suggest that the boundaries of the phenomenon depend on 

the importance of the stimuli/cognitions, such as the self, and this encouraged variations of 

CDT (e.g. self-consistency theory, Lecky, 1946; self-perception theory, Bem, 1967; self-
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verification theory, Swann & Read, 1981; self-discrepancy theory, Higgins, 1987; self-

affirmation theory, Sherman & Cohen, 2006). Indeed, the importance of stimuli was taken as 

part of the original theory by Festinger in 1957 (Mills, 2019, discusses the ‘importance’ 

clause in the original theory). On the other hand, there are numerous claims and arguments 

for an alternative theory – that all dissonance is important and there are no stimulus-specific 

lower boundary conditions of coherence phenomena. Given that this is a less well-known 

claim within this area of theory, it seems best to use authors’ words directly. Claims of this 

nature are listed in Table 1.3. 
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Table 1.3 

Quotes Claiming That There Are No Stimulus-Specific Lower Boundary Conditions Regarding Coherence Phenomena 

Source Quote 
Randles et al., 
2015, p. 698 
 

“the original articulation of dissonance theory (Festinger, 1957), as well as some current ones (e.g., Harmon-Jones et al., 2009; 
Harmon-Jones et al., 2010) represent the perspective that any psychologically or logically inconsistent cognitions that occur 
simultaneously can create aversive arousal. … the original formulation of dissonance and the MMM both share the view that any 
kinds of inconsistent cognitions, including those that do not involve the self, motivate efforts to dispel the associated arousal.” 

  

Proulx et al., 
2012, p. 288 

“The key motivational mechanism of this framework does not derive from any given source of inconsistency … it originates in a 
common, biologically-based pattern of aversive arousal that is believed to follow from any given inconsistent experience and which 
is understood to motivate all subsequent compensation behaviors.” 

  

Harmon-Jones 
E. & Harmon-
Jones C., 2007, 
p. 13 

“Clearly, dissonance has much to do with inconsistency and is not due to such limiting conditions as a self-threat or the production 
of an aversive consequence.” 

  

Gawronski, 
2012a, p. 346 
 

“Despite the increasingly narrow focus in research on cognitive consistency over the past decades, recent theorizing has 
rediscovered the original idea of cognitive consistency as a basic principle of human thought” 

  

Levy et al., 
2018, p. 95 
 

“‘nonfitting relations among cognitions [are] a motivating factor in [their] own right.’ (Festinger, 1957, p. 3). In this light, 
Festinger’s example suggests even simple inconsistencies would cause dissonance discomfort. Although this theory and evidence 
… suggest that a simple cognitive inconsistency should evoke psychological discomfort, no prior research has tested this directly.” 
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 In fact, evidence is coming to light suggesting that there are no stimulus-specific 

lower boundary conditions of the phenomenon, and that simple inconsistency can lead to 

cognitive dissonance (Levy et al., 2018). As seen in the final quote of Table 1.3 (Levy et al., 

2018), no previous research had been conducted before that study to directly assess whether 

inconsistencies between simple, neutral, non-self-related stimuli could lead to dissonance. 

The authors found that participants had negative affective responses to sentences with 

unexpected endings (e.g. I want to eat a large ‘table’) compared to predictable endings (Levy 

et al., 2018). This negative affect was measured using physiological and self-report measures. 

This study lends some evidence to the claims in Table 1.3, suggesting that there are no 

stimulus-specific lower boundary conditions regarding coherence phenomena. The stimuli 

used were not related to the self, nor were they important to participants. The sentences were 

read, on their own, with no follow up actions or broader social psychological experimental 

setting like reading the sentences out loud or writing an essay about the sentences. This 

demonstrated the value of the original CDT formulation (Festinger, 1957) over its later 

variations (Aronson, 1968; Cooper & Fazio, 1984; Steele, 1988). The study pushed the lower 

boundaries of coherence-related phenomena, calling into question the need for stimuli to 

relate to the self, important cognitions or important behaviours. That said, the study used 

sentences and real words, so the lower boundary could be tested even further using nonsense 

stimuli that participants have no experience of, using training procedures to create 

relationships between those novel stimuli in such a way as to create coherence versus 

incoherence or ambiguity. Given the conflicting claims in the literature regarding the 

boundaries of the coherence phenomenon, and the lack of research testing this boundary at a 

fundamental, abstract level, research in the area is warranted. 



 20 

The second gap within the CDT literature relates to ambiguity or ‘meaninglessness’. 

This lack of theory around ambiguity was highlighted by Gawronski (2012a), regarding the 

Meaning Maintenance Model, but is argued here to apply to all consistency theories. 

Gawronski stated:  

Whereas meaning violation involves the presence of a belief system that conflicts 

with a new experience, meaninglessness involves the absence of a belief system that 

helps to understand a new experience. To be sure, both meaning violation and 

meaninglessness can be argued to involve a person’s inability to construct a mental 

model of a particular state of affairs. Thus, instead of treating meaning violation as 

the cause of meaninglessness, it seems more appropriate to interpret the two 

constructs as conceptually distinct causes of a general state of meaning uncertainty 

that is reflected in the inability to construct a mental model for a particular state of 

affairs. (p. 348).  

In other words, there are two ways in which there can be a lack of coherence: 

meaning-violation/incoherence and meaninglessness/ambiguity. “Meaninglessness” may be a 

poor choice of term, given that elsewhere ambiguity is defined as multiple possible meanings 

(Stein, 1991, p. 1; see p. 13). Here is it proposed that “ambiguity” is the less confusing term. 

Given the importance of clear definitions, Chapter Two of this thesis is devoted entirely to 

providing definitions of coherence, incoherence and ambiguity.  

Additionally, meaninglessness/ambiguity itself has not been directly studied within 

CDT research, to the author’s knowledge. Indeed, in the above study by Levy and colleagues 

(2018) aiming to test the boundaries of the coherence phenomenon, expectancy violation was 

used, which is a form of incoherence, so meaninglessness/ambiguity is yet to be tested at a 

technical and direct level. This was reinforced by the doctoral student of a prominent 

cognitive consistency researcher in personal communication:  
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I agree CDT addresses inconsistency more than ambiguity. Psychologically, I would 

think there is a big difference between having your expectancies violated versus 

having no expectancy at all. I talked to some other consistency researchers awhile 

back about this, and it seems like everyone agrees that they are different but there's no 

solid research or framework distinguishing them to my knowledge. (Anonymous, 

personal communication, 30/10/2019). 

The above points identify that a theoretical and empirical gap is present; ambiguity is 

a gap within CDT which requires further research. 

 The third gap in CDT literature warranting examination is the two-stimulus nature of 

dissonance scenarios: many dissonant relationships are framed in the CDT literature as being 

between two stimuli. Admittedly, the original theory, as concisely summarised by the 

Harmon-Jones’, mentions the sum of cognitions dissonant with each other: “the degree of 

dissonance in relation to a cognition = D / (D + C), where D is the sum of cognitions 

dissonant with a particular cognition and C is the sum of cognitions consonant with that same 

particular cognition, with each cognition weighted for importance” (Harmon-Jones, E. & 

Harmon-Jones, C., 2007, p. 7). Yet even so, dissonance would be framed regarding the sum 

of all cognitions around a key cognition A, and all cognitions around a key cognition B. Take 

for example Festinger’s famous example of rain: “If a person were standing in the rain and 

yet could see no evidence that he was getting wet, these two cognitions would be dissonant 

with each other.” (1957, p. 14). It is framed as two cognitions (Rain vs Dry). These are the 

cognitions around which other lesser cognitions can be summed to meet the formula above. 

For example, the Rain cognition could involve several cognitions such as: I can see rain, I 

can hear rain, and so on. This situation is similar for the Dry cognition. So, although 

cognitions are summed against each other, it is still seen as a one versus one relationship. 

This is arguably not the case though, for in order for there to be incoherence, one requires a 
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third belief: rain makes people wet. Gawronski also identified this matter, and directly 

claimed that dissonance quite frequently arises from three cognitions: “counter to Festinger’s 

(1957) concern with the relation between two cognitive elements, incoherence is often the 

result of more than two propositional beliefs (e.g., Germans are organized; Bertram is 

disorganized; Bertram is German).” (Gawronski, 2012b, p. 654). This argument would also 

be made by Relational Frame Theory (Hayes et al., 2001), which is turned to shortly. This 

suggests that coherence research regarding three-plus stimulus relationships requires 

empirical examination. 

 Fourth, there is the issue in CDT that technical definitions and specificity in 

experimentation are seemingly lacking. This is thoroughly discussed by Zastrow (1969) and 

Vaidis and Bran (2019), but two key points are worth picking out. As has been alluded to in 

the previous paragraph, it is challenging to see a clear difference between cognitions and 

clusters of cognitions. Festinger himself (1957) stated as much: “when is an ‘element of 

cognition’ one element, or a group of elements?” (p. 10; his emphasis). CDT has focused 

largely on social-psychological experimentation and cognitions around the self (Harmon-

Jones, E. & Harmon-Jones, C., 2007), which naturally makes the distinction between 

individual cognitions versus cognition clusters unclear since the self is a complex concept. 

Additionally, dissonance or inconsistency as concepts themselves, although defined clearly 

enough by Festinger (1957) that decades of research could follow (Harmon-Jones & Mills, 

1999), are still open for debate and criticism due to definitional, methodological, operational 

queries (Vaidis & Bran, 2019; Zastrow, 1969). It would be worthwhile to conduct research 

into the coherence phenomenon where stimuli and their relationships are clearly defined. 

Fifth, theories containing coherence appear largely explanatory in nature. They 

broadly offer post-hoc explanations of behaviour which, although valuable, do not offer 

manipulable variables that would allow experimenters to influence behaviour. Research from 
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a pragmatic perspective would begin to lay the foundation for theory based on influence, 

rather than mere prediction. Since inconsistency at some levels such as the self (Swann et al., 

1989) or worldview (Janof-Bulman, 1992) can lead to extreme negative affect, pragmatic 

research that identifies ways of positively influencing levels of coherence could be valuable.  

 The above five issues (1. Conflict regarding stimulus-specific lower boundary 

conditions of coherence phenomena; 2. Ambiguity having not been studied; 3. Three-

stimulus relationships having not been studied; 4. Lack of technical definition or specificity; 

and 5. The need for pragmatic research on coherence) justify research into ambiguity and the 

stimulus-specific lower boundaries of the coherence phenomenon using three-stimulus 

relationships, using a technical and pragmatic theoretical and experimental standpoint. 

Relational Frame Theory (RFT; Barnes-Holmes et al., 2001) is a technical, pragmatic theory, 

built on a long-lasting, cumulative research effort, that has research and theory on three-

stimulus relationships, that has already conducted research on coherence versus 

meaningless/ambiguity (e.g. Quinones & Hayes, 2014) and places a vast importance on 

coherence (Barnes-Holmes et al., 2001; Quinones & Hayes, 2014; Villatte et al., 2015). RFT 

may therefore be a well-equipped tool to use to study these gaps within cognitive consistency 

theory, and this line of research may bring insight to both CDT and RFT.  

1.4 Relational Frame Theory and Contextual Behavioural Science 

 As an overview of its theoretical base, RFT (Hughes & Barnes-Holmes, 2016) is a 

behaviour analytic theory of language, itself part of Contextual Behavioural Science (CBS; 

Hayes et al., 2012). Of relevance within the CBS philosophy or standpoint is the search for 

scientific concepts that enable prediction and influence of organisms, with precision, scope 

and depth (Levin et al., 2016). Each facet will be taken in turn. 

It is uncontroversial for a scientific theory to value prediction, the first value within 

CBS. It means that behaviour can be explained using theoretical models and, given enough 
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information about the organism, the organism’s next behaviour can be predicted (Hayes et 

al., 2012). This approach seems to fit closely with much of psychological research generally. 

Influence means that a CBS analysis of behaviour is complete only when a 

manipulable variable has been identified (Hayes et al., 2012). In other words, a contextual 

behavioural scientist would consider the following analysis incomplete: ‘depression is caused 

by low self-esteem’. This is because the variables are not directly manipulable. For example, 

it is unclear how an interventionist could change someone’s self-esteem, so a manipulable 

variable is still required to allow for influence. Also of note is that these concepts are 

mentalistic and hard to measure, which is a useful rule of thumb for querying whether a 

psychological term meets the criteria for being manipulable. CBS would consider the 

following as a complete analysis (trust that the data supported it): ‘the pairing of a neutral 

stimulus with a parental smile tends to increase approach behaviour toward the previously 

neutral stimulus in infants’. Such an analysis is potentially complete because the predictor 

described (pairing of stimuli in the environment) is a directly manipulable variable; the 

experimenter can exert their own influence to bring about such a pairing. 

This focus on manipulable variables draws on a pragmatic perspective of the purposes 

of scientific endeavour. Within pragmatism generally, the value of a theory is measured by its 

usefulness and real-world applicability (Levin et al., 2016). Said another way, a valuable 

theory is one that offers information that allows effective changes to be made in the 

environment (Hayes et al., 2001). This effort is aided with a focus on precision, scope and 

depth (Levin et al., 2016). 

Precision means that there are minimal concepts required to explain or predict a 

behaviour (Hayes et al., 2012). Scope means that the concept is applicable across a wide 

range of behaviours (Hayes et al., 2012). For example, it is clearly the case that the concept 

of coherence has scope, given how prevalent the concept of coherence is within the theories 
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shown above. Depth means that there is applicability across multiple levels of analysis (Levin 

et al., 2016). For example, the theory of evolution has depth because it is applicable at the 

neuronal (Edelman, 1987), individual (Brown & Richerson, 2014), and sociocultural 

(Mesoudi, 2008) levels of analysis. Equally, coherence appears important in experimental 

(e.g. Stroop Task; Macleod, 1991) and complex real-world settings (e.g. worldviews; Janoff-

Bulman, 1992). 

This philosophical discussion is relevant, because it has a strong bearing on the topic 

of coherence. As outlined, coherence has largely been approached from a mechanistic, 

cognitive psychological viewpoint. For this reason, few concepts of pragmatic value appear 

to have grown out of coherence-based research. Even the Harmon-Jones’ recent work 

(Harmon-Jones, E. & Harmon-Jones, C., 2007) emphasizes explanatory and predictive power 

over the pragmatic aim of influencing coherence-related behaviour. Consequently, a 

functional contextual CBS-based approach to coherence research might reap rewards and 

novel findings simply due to the novelty of studying coherence from this viewpoint. 

 

1.5 Relational Frame Theory 

1.5.1 Overview 

As mentioned, RFT is the flagship theory of CBS (Hayes et al., 2001). RFT is a 

behaviourist theory that focuses on humans’ unique ability to learn relations between stimuli 

in a manner strikingly different to how other animals do so (Hayes et al., 2001).  

In brief, the main challenge to behaviourism from the 1960s onwards was its inability 

to satisfactorily explain or predict verbal behaviour (Hayes et al., 2001). Most importantly, 

the principles found in behaviourism could not readily explain the generativity of language 

(Törneke, 2010). Humans make numerous connections between stimuli, such as treating two 

stimuli as equivalent when they have not been trained to do so (Sidman, 1971). This ability is 
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in contrast to non-human animals, which generally only behave according to obvious 

physical environmental contingencies (Hughes & Barnes-Holmes, 2014). In other words, 

non-human animal behaviour was explicable with behaviourist learning principles (e.g. 

Skinner, 1938) whereas human verbal behaviour remained elusively inexplicable (Place, 

1981). An overview of the background to and fundamentals of RFT will now be of benefit.  

Operant Conditioning is the approach founded by Skinner (1938), proposing that 

animals learn via interaction with the environment. Their behaviour is shaped by 

contingencies provided by the environment in the form of ‘reinforcement’ and ‘punishment’. 

Reinforcement is that which relates to an increase in the behaviour in question, and 

punishment that which relates to a decrease in the behaviour in question (Törneke, 2010). 

Both reinforcement and punishment have subtypes labelled positive and negative, where 

positive means that something has been added, and negative means something has been taken 

away (Törneke, 2010). 

The reinforcement or punishment relates to what is termed a functional class (Hayes 

et al., 2001; Törneke, 2010), meaning the function of the behaviour. So, a rat might be 

reinforced with food for pressing a lever. Over a variety of presses and reinforcement 

learning episodes, the rat has become reinforced for the function of pressing the lever, 

whether with its left or right front paw and regardless of angle and speed of press. In this 

case, the ‘topographical’ (physical) behaviour maps closely with the ‘functional’ behaviour 

(Hayes et al., 2001). But, consider a human trying to impress a friend. They may juggle, sing, 

and so on. Regardless of the topography of the behaviour, the function is the same and that is 

a key point within RFT analyses of behaviour (Barnes-Holmes & Hayes, 2003).  

RFT analyses often rely on the ABC method, identifying the Antecedent to behaviour, 

the Behaviour itself, and the Consequence of the behaviour (Törneke, 2010). This antecedent 

comes to elicit a certain function of behaviour, by signalling the availability of a certain 
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consequence for a behaviour (Törneke, 2010). The antecedent stimulus is known within RFT 

as the discriminative stimulus (Spradlin, 2003) or the contextual cue (O’Hora et al., 2002). 

When animals are reinforced for behaviours relating to more and more specific 

discriminative stimuli, this leads to discrimination of behaviours (Törneke, 2010). For 

example, a pigeon may initially be conditioned to peck any lights, but through discrimination 

learn to peck only green lights, and through further discrimination learn to peck only a certain 

shade of green (my example; for examples of research on discriminative training of pigeons 

see Blough, 1996; Wright, 1972). 

The opposite of discriminative conditioning, where behaviour relates to a broad range 

of situations, is known as generalisation (Stokes & Baer 1977). For example, counting is a 

behaviour firstly taught using simple objects like apples or sheep, but quickly generalises 

such that we can count emotions, genres of music, and political shades (Cooper et al., 2007). 

Later, it will be discussed that coherence is seen in RFT as a fundamental reinforcer of 

behaviour: “once established, coherence and sense-making will serve as a continuously 

available reinforcer for derived relational responding” (Hayes et al., 2001, p. 48), and this 

lends weight to the argument that pursuing coherence is a generalised behaviour. 

Humans and animals can learn in the ways mentioned above when dealing with the 

physical properties of stimuli, and this is known as non-arbitrary learning (Stewart et al., 

2002), such as picking the brighter, louder or larger object (Harmon et al., 1982; Stewart et 

al., 2002). Arbitrary means that the physical properties of the object do not relate to the 

behaviour, for example one may choose euros over pound coins, or vice versa, depending on 

abstract properties such as exchange rate, nationality, holiday plans. Arbitrary relational 

abilities are not accounted for within classic non-human models of learning. There was 

therefore a mismatch between learning theory and humans’ propensity for arbitrary relational 

activity. This is seen as the problem of verbal behaviour (Skinner, 1957).  
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Murray Sidman discovered findings relevant to this problem of language (Sidman, 

1971). While using human participants in language-based experiments, he discovered and 

further studied what he labelled ‘reflexivity’, ‘transitivity’ and ‘symmetry’ (Sidman, 1986). 

These three concepts are now fundamental to RFT. Reflexivity (Sidman, 1986) is also known 

as “identity matching” (Hayes et al., 2001) where, if the participant is trained to pick a 

stimulus, they will pick that stimulus from several options. Symmetry (Sidman, 1986) occurs 

when a participant is trained to choose stimulus B from a set of options on being exposed to 

stimulus A, and the participant chooses stimulus A from a set of options on being exposed to 

stimulus B (Hayes et al., 2001). Transitivity (Sidman, 1986) means that if a participant is 

trained to respond as though A is equivalent to B, and B is equivalent to C, the participant 

will respond as though A is equivalent to C despite having no direct training for doing so 

(Hayes et al., 2001). It may readily be seen that such responses might appear spontaneous 

from the outside and might help account for the generativity of human language (Hayes et al., 

2001; Hughes & Barnes-Holmes, 2016). Together, these three concepts were used to begin to 

fill the gap in behaviourism which was unable to explain the generativity and arbitrary 

relational processes found in human language. Research built on these foundational concepts, 

from the CBS perspective is called RFT (Hayes et al., 2001).  

Sidman’s (1971, 1986) work focused on the relationship of equivalence (i.e. 

sameness) between stimuli. In developing a theory capable of encompassing more than 

equivalence relations, RFT built on concepts from Sidman’s (1971, 1986) equivalence theory 

to develop its own three key terms; two of which relate to symmetry and transitivity. These 

three main aspects of RFT are known as mutual entailment, combinatorial entailment, and 

transformation of stimulus functions (Hayes et al., 2001). Briefly, mutual entailment (Hayes 

et al., 2001), is an expanded form of symmetry (Sidman, 1986) such that training the 

relationship from A to B also leads the human participant to ‘derive’ the opposite relationship 
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from B to A. Combinatorial entailment (Hayes et al., 2001) builds on transitivity (Sidman, 

1986), where the combination of an A-B and a B-C relationship leads participants to derive 

A-C relationships. Reflexivity (Sidman, 1986), since it applies only to equivalence 

relationships and therefore does not match the broadly applicable aims of RFT (Blackledge et 

al., 2009), has no corollary term in RFT (Hayes et al., 2001). It is sometimes seen as a 

specific instance of mutual entailment (Steele & Hayes, 1991). The third key concept in RFT 

is transformation of stimulus function (Hayes et al., 2001). This involves the change of the 

stimulus functions of (i.e. the physical or psychological reactions to) stimulus A, due to being 

related to stimulus B (Hayes et al., 2001). Notably, these concepts can scaffold and develop 

in complexity to give us metaphors (Stewart & Barnes-Holmes, 2001), perspective taking 

(McHugh et al., 2004), and an understanding of our sense of self (Stewart, 2013). Mutual 

entailment, combinatorial entailment and transformation of stimulus functions will each be 

explained in further detail from an RFT perspective, given their importance in this thesis. 

Mutual entailment is where a human participant is trained to respond to a relationship 

between two stimuli, and the participant learns this relationship in both directions (Steele & 

Hayes, 1991). For example, if a participant is reinforced for behaving as though 5p is larger 

in monetary value than 2p, the participant will derive the inverse relationship as well. In other 

words, they will behave as though 2p is smaller in monetary value than 5p. This mutual 

entailment is related to Sidman’s (1986) concept of symmetry (see Figure 1.1; Blackledge, 

2003; Törneke, 2010). Mutual entailment is considered to be “a defining characteristic of 

arbitrarily applicable relation responding” (Hayes et al., 2001, p. 29), perhaps given that it 

functions at the most basic level of relationships between two stimuli. 
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Figure 1.1  

Mutual Entailment 

 

 

Combinatorial entailment is when two related stimulus relations are trained, and the 

verbally competent human behaves not only according to those relationships which have 

been trained, but derives other relationships within this relational frame (Hayes et al., 2001). 

This combinatorial entailment relates to Sidman’s transitivity (Sidman, 1986; see Figure 1.2). 

For example, if taught that A>B and B>C, a human would derive that A>C. Note that this is 

foundational for RFT, and also relates to what Gawronski stated regarding three-stimulus 

relationships needing to be studied within CDT (Gawronski, 2012b). 
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Figure 1.2  

Combinatorial Entailment

 

Importantly, mutual and combinatorial entailment function with reference to 

particular relationships (Hayes et al., 2001). If one learns that A is older than B, then one can 

derive that B is younger than A through mutual entailment. If one then learns that B is older 

than C, one can derive that A is older than C through combinatorial entailment. This training 

relates only to the relationship of ‘older’, meaning that one is likely at a loss when asked 

whether stimulus A, B or C is stronger. This specificity regarding discriminative stimuli is 

important for effectively theorising about relations (Törneke, 2010). 

The functions of stimuli (for example, fear-inducing or pleasure-inducing) can also be 

transformed (changed) based on being paired with other stimuli, and this phenomenon is 

called the transformation of stimulus function (Dougher et al., 2007). For example, someone 

may have a powerful dog phobia and may respond with fear when in the presence of dogs or 

even when someone says the word ‘dog’. In this sense, a physical dog has similar stimulus 

functions as the word ‘dog’ (i.e. stimulus equivalence). If they have no knowledge of the 

French language, they will not respond to the French word for ‘dog’ with fear. They may 

Stimuli

Directly Trained Unidirectional Relationships

Combinatorially Entailed Unidirectional Relationship
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then learn that the French word for dog is ‘chien’. Now that equivalence pairing has occurred 

between ‘dog’, which is feared, and ‘chien’, we find that this person now has a fear-reaction 

on hearing someone say ‘chien’. This is one example of transformation of stimulus function, 

which can occur with any kind of stimulus, not just words (see further: Dymond & Rehfeldt, 

2000; see Figure 1.3).  

 

Figure 1.3 

Transformation of Stimulus Function: In Three Stages of an Experiment, A is Initially Paired 

as Equivalent with B, Then A is Given Fear-Inducing Stimulus Functions, and Accordingly 

the Stimulus Functions of B are Transformed to be Fear-Inducing, Due to the Equivalence 

Pairing with A 

 

 

 

As stated previously, the relationships between stimuli can be trained and elicited via 

external cues known as discriminative stimuli (Spradlin, 2003) or contextual cues (O’Hora et 
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al., 2002). These terms describe anything in the environment that will influence an animal to 

behave in a certain way. For example, a person saying “Choose the bigger one” will be a 

contextual cue for the participant to respond relationally, in that they will choose the bigger 

of a selection of stimuli. As a more illuminating example of how different contextual cues 

can elicit different behaviours regarding the same stimuli, imagine that if responding based 

on physical size, a human participant will choose 2p rather than 5p, but if responding based 

on most numerical value, the 5p will be chosen (see Figure 1.4).  

 

Figure 1.4 

Making a Choice Based on Physical or Numerical Size 

 

 

In arbitrary relational learning, multiple cues and relationships can lead to behaviours 

such as morality (Hayes et al., 1998), perspective-taking (McHugh et al., 2004) and metaphor 

(Stewart & Barnes-Holmes, 2001). This variety of contextual cues, alongside the generativity 

of human verbal processes (Stewart et al., 2013), increases the complexity and applicability 

of relational behaviour. Crucially, this RFT framework can be used to address the five CDT 
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gaps identified in Section 1.3 (p. 16). It can: use a variety of stimuli to assess the stimulus-

specific lower boundary conditions of coherence phenomena; assess responses to ambiguity; 

offer multiple-stimulus theory and methodology; offer precise definitions and methodology; 

and provide a pragmatic framework. 

1.5.2 Pragmatic Use of RFT Alongside CDT 

RFT aims to explain and predict behaviour, with pragmatism being a key 

characteristic of CBS. Accordingly, the use of the RFT framework to examine the questions 

central to coherence research may not only lead to advances in the understanding of 

coherence-related behaviours but may also identify possible ways to influence such 

behaviour. As has been shown above, coherence plays an important role in much of human 

behaviour, so it is reasonable to believe that increased understanding of coherence from a 

CBS perspective may begin to have wide-reaching implications. In future work that builds on 

the present exploratory research in this thesis, tools may be discovered with which to more 

fully positively influence outcomes related to coherence, such as well-being (Diener et al., 

1984), identity (Campbell, 1990), learning (Piaget, 1964), motivation (Ryan & Deci, 2000a; 

2000b) and people’s sense of meaning (McAdams, 2001). Further, due to the already 

established scope of CDT in explaining behaviour, a deeper understanding of coherence 

would plausibly cover a large amount of human behaviour. The aim of this thesis is to 

carefully and cautiously begin this line of work. 

1.5.3 RFT and Coherence 

 RFT places significant importance on the concept of coherence. Coherence is stated 

as being important because: “coherence or sense-making appears to function as a powerful 

reinforcer for relational activity” (Barnes-Holmes et al., 2001, p. 70) and “once established, 

coherence and sense-making will serve as a continuously available reinforcer for derived 

relational responding” (Hayes et al., 2001, p. 48; sense-making is discussed in Section 2.3.3, 
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p. 57). In fact, coherence is said to be fundamental in maintaining language and symbolic 

logic: Hayes and colleagues (2012) suggested that “coherence and utility are enough to 

maintain verbal relations once they are established” (p. 51).  

RFT and CDT both appear to claim that coherence is relatively appetitive compared 

to lack of coherence, but this is claimed in two different ways. As shown, RFT claims that it 

is coherence that is appetitive (Hayes et al., 2001; which underpins the relative appetitiveness 

of coherence over lack of coherence), whereas CDT claims that incoherence is aversive 

(Harmon-Jones, E. & Harmon-Jones, C., 2007; again, underpinning that relative 

appetitiveness). This distinction can appear trivial. Indeed, they could be seen as arguing the 

same point but with different words, the point being: coherence is relatively appetitive 

compared to incoherence. Thus, both claims could be placed on a scale from incoherence to 

coherence, with human preference being away from incoherence, towards coherence. 

 However, this ‘scale’ viewpoint does what CDT has been shown to do above, namely: 

neglecting to mention ambiguity. There are two apparent ways that ambiguity can be 

incorporated into theory on relative appetitiveness. Identifying these two ways will 

demonstrate that the previously trivial difference, between the claims of CDT and RFT 

regarding relative appetitiveness, is actually a fundamental distinction. 

 Take the claim of RFT, that coherence is appetitive (Barnes-Holmes et al., 2001; 

Hayes et al., 2001). This suggests that coherence is preferred over both ambiguity and 

incoherence. See Figure 1.5 for a visual depiction. 
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Figure 1.5 

Relative Preference of Coherence Over Both Incoherence and Ambiguity (RFT Claim1) 

 

 

Consider also the claim of CDT, that incoherence is aversive (Harmon-Jones, E. & Harmon-

Jones, C., 2007; See Figure 1.6). 

 

Figure 1.6 

Relative Preference of Coherence and Ambiguity Over Incoherence (CDT Claim) 

 

 

Including ambiguity in such theorising produces nuance and distinctions, as can be seen in 

the above two Figures (1.5 and 1.6). In Figure 1.5, mapping with the RFT claim, it could be 

stated that preference for coherence is the fundamental aspect of coherence phenomena. In 

 
 
1 These figures represent current knowledge, but future work may provide a basis for further specification, such 
as a three-tier model 
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Figure 1.6, mapping with the CDT claim, it could be stated that aversion to incoherence is the 

fundamental aspect of coherence phenomena. In neglecting ambiguity, the claims of RFT and 

CDT can be seen as compatible: coherence being relatively appetitive over incoherence. 

Including ambiguity, however, demonstrates a fundamental distinction in theory (see Figures 

1.5 and 1.6).  

It must be mentioned that there are a few brief theoretical passing mentions in RFT 

instead focusing on how incoherence is aversive (Blackledge et al., 2009; Luciano, 2017; 

Tagliabue et al., 2019), mapping with the CDT claim, but these are not the norm. The 

reinforcing, appetitive property of coherence appears the main accepted RFT account, given 

its prevalence across the RFT empirical literature (Bordieri et al., 2016; Quinones & Hayes, 

2014; Villatte et al., 2015; Wray et al., 2012) and key RFT textbooks (Barnes-Holmes et al., 

2001; Hughes & Barnes-Holmes, 2016; Törneke, 2010;). 

 Consider also two relevant points of agreement between RFT and CDT. First, both 

agree that coherence is a fundamental aspect of human behaviour. Second, both agree that 

coherence is relatively appetitive over incoherence. The point of distinction, then, is whether 

preference for coherence (RFT), or aversion to incoherence (CDT) is fundamental to human 

behaviour. 

 The lack of empirical research on coherence within RFT has recently been noted. For 

example: “one of the basic assumptions of RFT remains largely untested. Namely, the 

assumption that verbally competent humans engage in coherent derived relational responding 

because doing so has been reinforced and is, therefore, reinforcing.” (Bordieri, 2014, pp. 6-

7). Empirically investigating human response coherence is therefore of key importance for 

the consistency that RFT requires if it is to be a, robust, parsimonious theoretical enterprise as 

intended (Blackledge et al., 2009). This dearth of research on coherence is also noted in the 

CBS Handbook itself (note that AARR means arbitrarily applicable relational responding):  
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Interestingly, while recent work has begun to unpack the relationship between 

coherence and AARR, evidence to support the claim that the former acts as a 

conditioned reinforcer for the latter remains extremely limited (Wray, Dougher, 

Hamilton, & Guinther, 2012). The fact that this question has yet to be subjected to a 

systematic analysis is somewhat surprising given that it is a popular assumption in the 

RFT literature and one that underpins many of the claims made (Hughes & Barnes-

Holmes, 2016, p. 164).  

It seems clear that research on coherence is required to address this theoretical and empirical 

gap in RFT. 

The term ‘coherence’ is also used in another setting as part of a broad, speculative 

theoretical account of complex relational behaviour within RFT (Barnes-Holmes et al., 

2017). Its definition shows that the term is being used dissimilarly to how it has thus far been 

used in this thesis and the literature so far discussed: “Coherence refers to the extent to which 

derived relational responding is generally predictable based on prior histories of 

reinforcement.” (Bern et al., 2020, p. 6, their emphasis). This definition fails to be aware of 

the commonly known fact with consistency theories that coherence-restoring behaviours can 

be myriad and notoriously unpredictable (Proulx et al., 2016, see p. 290). In the same line of 

work, coherence is defined rather circularly: “coherence refers to the extent to which a 

particular pattern of relational responding is consistent (coherent) with a previously 

established pattern.” (Harte et al., 2020, p. 376). These definitions seem to propose that 

coherence is simply consistent, repetitive behaviour, rather than the fitting together of 

cognitions, behaviours, and stimuli that has been discussed so far. Two experiments, based on 

this repetitive-behaviour definition, were stated to have manipulated coherence by either 

giving feedback or no feedback (Harte et al., 2020a, b). It is unclear how feedback relates to 

their definition of coherence, and indeed the papers are about a separate aspect of RFT 
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known as persistent rule-following. Given that papers using the term ‘coherence’ in this way 

(e.g. Barnes-Holmes, D. et al., 2018, 2020; Barnes-Holmes, Y. et al., 2018; Bern et al., 2020; 

Harte et al., 2020a, b) do not refer to Quinones and Hayes (2014), Wray and colleagues 

(2012), or Bordieri and colleagues (2016), all RFT researchers using a definition of 

coherence much closer to that of Festinger (1957), it appears that this particular instance of 

the use of the term ‘coherence’ does not relate to the present discussion.  

It is surprising how close RFT researchers get to discussing CDT without discussing 

the fundamental overlap between coherence in RFT and the concepts of CDT. For example, 

Bordieri (2014) discusses work by Wilson and DuFrene (2008) focusing on the consistency 

between behaviour and intentions: “This conceptualization suggests that the reinforcer for 

values rule-following lies within the congruence between one’s behavior and one’s verbal 

formulation about said behavior. Put another way, it is reinforcing when our behavior coheres 

with statements about how we want to behave.” (Bordieri, 2014, pp. 11-12). This mapping of 

behaviour and cognition, and the coherent/incoherent relationship between them, is 

fundamental to CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007), which has decades of 

research and theory development to offer on this point (Harmon-Jones & Mills, 1999). Where 

found in the RFT literature, CDT is only ever mentioned in passing (for example: Blackledge 

et al., 2009, Roche et al., 2002, Stewart et al., 2006), rather than as a parallel, widespread, 

cumulative research program from which to gain insight into human behaviour. This could 

suggest that RFT would benefit from research on coherence, particularly if that research were 

informed by CDT. 

1.5.4 Ambiguity Versus Coherence in RFT 

 As mentioned in Section 1.2.4 (p. 13), and reinforced with similar claims made by 

Gawronski (2012a), ambiguity is perhaps a third type of relationship alongside coherence and 

incoherence. RFT researchers have actually started conducting empirical work on ambiguity 
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and coherence (Bordieri et al., 2016; Quinones & Hayes, 2014; Wray et al., 2012). What is 

unclear is whether these researchers are aware of the relevance of the CDT literature (based 

on lack of reference to CDT) and the benefits an RFT/CDT research venture on ambiguity 

would have for both fields. 

Within RFT, Quinones and Hayes (2014) discussed that when B<A>C, “…based on 

the information provided, nothing can be said for certain about the relation of B and C.” 

(Quinones & Hayes, 2014, p. 77). This was previously mentioned by Barnes (1994): “if A is 

larger than B and A is larger than C, then the relationship between B and C remains 

unspecified (i.e., B and C could either be the same or different sizes).” (p. 94). In Quinones 

and Hayes’ (2014) experiment regarding this possibility, they therefore trained participants 

on the relationships A>B>C (coherent A-C) and A>B<C (ambiguous A-C) and then had 

participants freely respond to A-C test trials. In the coherent A-C blocks, participants 

responded as predicted by RFT with derived A>C responses, thus bolstering empirical 

evidence for combinatorial entailment. The interesting finding is that on the A-C test trials on 

the ambiguous blocks (A>B<C), participants consistently responded as though A>C, or 

consistently with A<C. This finding suggests that participants were increasing their relational 

coherence in much the same way as would be expected by CDT (Harmon-Jones E. & 

Harmon-Jones C., 2007). In other words, participants were behaving as would be expected 

when exposed to incoherence – they resolved the lack of coherence by “adding new cognitive 

elements” (Metin & Camgoz, 2011, p. 132). When RFT researchers design experiments, they 

intend to assess global, fundamental behaviours such as mutual entailment, found in all 

verbally competent humans (Levin et al., 2016). In order to allow for broad applicability and 

generalisability, they frequently use novel, neutral stimuli such as symbols and abstract 

images. In the case of Quinones and Hayes (2014), they used: “!!!!!, " " " " ", #####, and 

$$$$$” (Quinones & Hayes, 2014, p. 80) and simple abstract images made from shapes and 
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lines. Therefore, this study tested the stimulus-specific lower boundary conditions of 

coherence-phenomena arguably further than was tested by Levy and colleagues (2018) 

because it used abstract stimuli rather than incongruent sentence endings. Additionally, the 

research was around ambiguity which is a gap in CDT and RFT literature. It is therefore clear 

that research replicating and expanding the findings from Quinones and Hayes’ (2014) study 

may bring value and insights to both CDT and RFT. The experimental work in this thesis 

begins with conceptual replication and expansion of the Quinones and Hayes (2014) study. 

 Wray and colleagues (2012) gave participants variations of a common experiment 

design (Match-to-Sample) that were either solvable, neutral, or unsolvable. They found in 

their first experiment that participants preferred solvable over unsolvable conditions. In their 

second experiment, they found no difference between preference for the solvable and neutral 

conditions, and in further analysis found a difference between the combination of solvable 

and neutral versus unsolvable. Participants therefore preferred solvable and neutral conditions 

to unsolvable conditions. The research is framed in RFT terms but, taking these findings from 

a CDT perspective the findings may have been expected. In CDT, it is inconsistency which is 

aversive (Harmon-Jones, E & Harmon-Jones, C., 2007), so solvable and neutral conditions 

would be expected to be preferred more than the unsolvable condition, and solvable and 

neutral would have no difference of preference between each other, as Wray and colleagues 

(2012) found. This finding contradicts the RFT claim that coherence is relatively appetitive 

than non-coherence (Hayes et al., 2001), which instead might predict that solvable would be 

significantly preferred over neutral and unsolvable conditions.  

 Another test of coherence preference was made by Bordieri and colleagues (2016). In 

the test stage of their experiment, participants could choose one option ‘A’ which would 

allow the correct answer to the test to appear (allowing participants to choose it among some 

options), or choose a different option ‘B’ which prevented the correct answer of the test to 
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appear (meaning that only incorrect options were present). Participants generally chose the 

option where the correct answer could appear. Taking this a step further, for each choice of A 

(making the correct option appear), the inter-trial-interval (ITI) within the experimental trials 

increased by one second each time. This increase in ITI was used in order to increase the cost 

of choosing option A, to assess how appetitive option A (linked to coherence) was for 

participants. In other words, if participants chose option A despite the increasing costs of 

doing so, this would demonstrate the reinforcing nature of coherence. The findings showed 

some preference for coherence across participants, but this effect was weak. In their own 

words:  

claims of robust evidence of coherence preference are tempered by the relatively 

small number of participants who demonstrated the effect. That is, only 39 % and 45 

% of participants displayed a clear preference towards the coherent context [in the 

two versions of the experiment] (Bordieri et al., 2016, p. 95; added comment for 

clarity).  

Their data show some weak support for preference to coherence over incoherence, but this is 

“preliminary” (p. 97) and they state that “it is still premature to claim that coherence itself 

functions as a reinforcer” (p. 97), suggesting further research is needed in RFT for axiomatic 

claims about coherence to be made. 

  Two of those RFT studies (Bordieri et al., 2016; Wray et al., 2012) used solvable 

versus unsolvable as the experimental manipulation. This has less of a link to CDT it seems 

than the study by Quinones and Hayes (2014), which directly manipulated whether 

participants were exposed to ambiguous or coherent A-C relationships. CDT itself has less of 

a focus on whether a participant has the opportunity (or not) to solve a problem, so Quinones 

and Hayes (2014) appears more relevant. Additionally, Quinones and Hayes (2014) found a 

striking result that would likely intrigue CDT theorists, namely that participants 
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spontaneously generated (my term) coherent relationships between stimuli when exposed to 

ambiguity. Indeed, it is only Quinones and Hayes (2014) that assessed responses to 

ambiguity, a novel line of research and one which this thesis aims to further. For these 

reasons, Chapter Three was begun by performing a theoretical replication and expansion of 

the study by Quinones and Hayes (2014). 

 

1.6 Summary of the Gaps, Contradictions and Outcome Measures Regarding 

Coherence Across CDT and RFT 

 The main gaps in the literature regarding this topic are summarised in Table 1.4. 
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Table 1.4 

Gaps and Contradictions in the Literature  

Gap and/or Contradiction Quote and/or Citation Future Research 
Boundary conditions of the 
coherence phenomenon are 
theoretically disputed, and have 
not been studied at a fundamental, 
technical level 

For stimulus-specific lower boundary conditions: 
Bem, 1967; Harmon-Jones E. & Harmon-Jones C., 2007; Higgins, 
1987; Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981 
Against stimulus-specific lower boundary conditions: 
Gawronski, 2012a, p. 346; Harmon-Jones E. & Harmon-Jones C., 
2007, p. 13; Levy et al., 2018, p. 95; Proulx et al., 2012, p. 288; 
Randles et al., 2015, p. 698 

To address this theoretical 
contradiction and empirical gap, 
research using novel, neutral 
stimuli, from a technical research 
paradigm (RFT) should be 
conducted 

   

Ambiguity is neglected in 
consistency theories (including 
CDT) 

Gawronski, 2012a, p. 348 Research should focus on directly 
manipulating ambiguity and 
comparing responses to it with 
responses to coherence 

   
Multiple-stimulus relationships 
are key, yet have not been studied  

“counter to Festinger’s (1957) concern with the relation between 
two cognitive elements, inconsistency is most often the result of 
more than two propositional beliefs.” (Gawronski, 2012b, p. 654) 

Develop a framework and 
experimental paradigm which can 
involve multiple stimuli 

   

CDT needs to be studied from a 
technical perspective with clearly 
defined experimental 
manipulations 

Vaidis & Bran, 2019; Zastrow 1969 RFT would bring a technical 
framework within which to study 
coherence 

   

A pragmatic perspective would be 
valuable to CDT 

Hayes et al., 2001; Proulx et al., 2012  RFT and CBS would provide a 
pragmatic theoretical framework 

   

Coherence is appetitive versus 
incoherence being aversive 

Claims for coherence being appetitive: 
Barnes-Holmes et al., 2001, p.70; Hayes et al., 2001, p. 48; Hayes et 
al., 2012, p.51 
Claims for incoherence being aversive: 
Festinger, 1957; Harmon-Jones, E. & Harmon-Jones, C., 2007 

Research at a technical level using 
RFT as a theoretical, pragmatic 
framework would lay a foundation 
for bringing some empirical 
evidence to this area 
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A thesis focusing on these gaps and contradictions, based on RFT, to build a technical 

foundation and empirical base in this area may provide valuable insights to both CDT and 

RFT. Quinones and Hayes (2014) began such work and so naturally the first empirical stage 

of this thesis is to perform a theoretical replication and expansion of that study.  

A thesis moving forward a technical understanding of coherence would do well to 

include, monitor and evaluate previously identified outcome measures from research in this 

area. Key outcome measures for coherence research are identified in Table 1.5, with select 

quotes to support them. 
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Table 1.5 

Key Outcome Measures in Research on Consistency 

Outcome Measure Quote/Citation 
Affect “The use of the self-report measures in the present experiments provides more direct evidence of the 

negative affective character of cognitive dissonance. Moreover, the present research demonstrates that 
emotion can be aroused by the sheer discrepancy between cognitions, thus supporting the original 
theory of dissonance over the aversive consequences revision.” (Harmon-Jones, 2000, p. 1500) 

  

Reaction time “dissonance between cognitions evokes a negative affective state because it has the potential to 
interfere with effective and unconflicted action.” 
(Harmon‐Jones et al., 2009, p. 128) 

  

Responses to A-C test trials to identify 
whether participants combinatorially 
entail A-C relationships with coherent 
and ambiguous A-C relationships 

“Experiment 1 showed that participants tend to derive coherent relations when presented with an 
unambiguous network.” (Quinones & Hayes, 2014, p. 83) 

  

Self-report regarding whether stimulus 
relations are perceived to ‘make sense’ 
(sense-making)  

“Relational frame theory contains a foundational assumption that coherence (i.e., making sense) is 
reinforcing for verbally competent humans.” 
(Bordieri et al., 2016, p. 83) 

  

Physiological arousal “dissonance arousal is accompanied by actual physiological arousal.” (Croyle & Cooper, 1983, p. 788) 
“attitude-discrepant behavior under the illusion of high choice reliably produces increases in arousal as 
indexed by GSR” (Elkin & Leippe, 1986, p. 64) 

  

The relative appetitiveness of 
coherence over lack of coherence 

“coherence or sense-making appears to function as a powerful reinforcer for relational activity”  
(Barnes-Holmes et al., 2001, p. 70) 
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The quotes above justify using such outcome measures in coherence research (discussed in 

further detail in the experimental chapters). The aim of this thesis, then, is to conduct 

research on coherence, related to the above outcome measures, with a focus on ambiguity, 

multiple-stimulus relationships, and technical precision in both theory and empiricism. 

1.7 Summary 

This chapter has given an overview of the prevalence of coherence across 

psychological theory, given an account of CDT and RFT, highlighted gaps within them, and 

contradictions between them. Several key lines of research were outlined regarding 

coherence and ambiguity, which may provide novel contributions to both CDT, RFT and 

wider psychological theory. In the following chapter (Chapter Two), current definitions of 

coherence in the CBS literature will be summarized, and issues found in these current 

definitions will be highlighted in order to demonstrate the need for a new set of definitions. 

Then, revised definitions of coherence, incoherence and ambiguity will be given (also 

Chapter Two). Experiments based on these new definitions will be presented, with each 

experiment answering different questions about responses to coherence, ambiguity and 

incoherence (Chapters Three to Seven). In Chapter Three, a new experiment is devised that is 

intended to manipulate coherence in a computer-based learning paradigm, as a conceptual 

replication and expansion of the study by Quinones and Hayes (2014). Chapter Four builds 

on Chapter Three by further developing this experiment and adding an objective measure of 

appetitiveness. Using this developed experimental design, Chapter Five measures 

physiological activity in response to coherence versus ambiguity. Chapter Six incorporates 

incoherence into the design such that coherence, ambiguity and incoherence can be studied 

together. Chapter Seven builds upon the learnings of the previous studies in order to replicate 

Experiment Two (Chapter Four) to assess the relative appetitiveness of coherence versus 

ambiguity and address alternative hypotheses that appear across the experiments. Chapter 
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Eight addresses a core query about experiment structure arising from this thesis. In Chapter 

Nine the thesis will be summarized, key findings will be outlined, and it will be clearly 

shown how this work advances the understanding of coherence and ambiguity. Additionally, 

the final chapter will outline limitations of the research, its implications for practice, and 

suggestions for future research based on what has been found. Altogether, this thesis offers 

an empirical and theoretical contribution to the scientific understanding of relational 

coherence, ambiguity and incoherence, addressing gaps in RFT and CDT. 
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Chapter Two: Definitions of Coherence, Incoherence and Ambiguity 
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2.1 Definitions of Relational Coherence, Incoherence and Ambiguity 

Clear, defined terminology is of importance in developing a science of verbal (i.e. 

relational) behaviour (Skinner, 1945). It seems that several key criteria that must be met if a 

definition of coherence is to be precise, technical and useful. Current RFT definitions of 

coherence do not meet these criteria fully, as discussed in the bulk of this chapter, which 

necessitates the creation of new definitions. How current definitions do not meet these key 

criteria will be outlined. Following this, revised definitions of coherence, ambiguity and 

incoherence will be offered. It is intended that these definitions will aid future researchers in 

generating experimental paradigms around coherence, and will serve as foundations for the 

experimental work in this thesis.  

2.2 Preface to the Discussion of Previous Definitions 

The first task in approaching a term such as coherence is finding the conditions in 

which the verbal community will use and reinforce the use of such a term, also known as 

“finding the referents” (Skinner, 1945, p. 272). The scientific community within contextual 

behavioural science (CBS; Hayes, 2016) now has several key examples of the use of the term 

coherence. The uses and definitions of coherence given by other authors outlined in this 

chapter appeared invaluable in creating interest in the topic of relational coherence. That said, 

this chapter could be misread as being overly negative about previous definitions, which is 

not the aim. Accordingly, some positive words are explicitly offered to highlight the value of 

previous definitions. 

 Previous definitions do generally hold up under gentle scrutiny and make intuitive 

sense. The concept of coherence can be grasped at an intuitive level, perhaps thanks to the 

definitions available, discussed below (Barnes-Holmes et al., 2001; Bordieri et al., 2016; 

Quinones & Hayes, 2014; Villatte et al., 2015). The issue is that previous definitions do not 

offer enough technical precision. Accordingly, it is challenging to confidently build 



 

 
 

52 

experimental paradigms to study coherence. This does not mean that previous definitions are 

worthless, only that they are in need of refinement. The aim here is to learn from these 

previous definitions and refine them to produce highly technical definitions. Without these 

previous definitions, the task would be much harder. 

2.3 Criteria That Need to Be Met If a Definition of Coherence Is to Be Technical and 

Precise 

2.3.1 Criterion One: Definitions Must Not Be Dichotomous at the Network Level 

For a definition of coherence to be scalable and have precision, scope and depth, 

(Levin et al., 2016), such a definition would need to function at a local level as well as the 

broad, network level. Largely, previous definitions of coherence only work at the entire 

network level. The definitions offered in published literature are often dichotomous; they 

consider entire networks as coherent or non-coherent, when in fact networks are usually 

nuanced: composed of numerous coherent and non-coherent relationships. In other words, 

under many definitions, a fictitious network containing 11 coherent relationships and only 

four non-coherent relationships would be considered a non-coherent network (See Figure 

2.1).  
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Figure 2.1  

A 6-Stimulus Network Containing Coherent and Ambiguous Relationships 

 

 

 

Labelling a network as non-coherent when there is only one non-coherent relationship 

in the network puts the criterion for coherence at an extremely high bar. This bar is so high 

that every real-world network would likely be considered non-coherent, particularly if one 

assumes that a network with hundreds of stimuli would often contain at least one non-

coherent relationship. This stringency, labelling almost all networks as non-coherent, defeats 

the purpose of having a definition that is meant to make distinctions between different types 

of networks. For example, consider: all mammals give birth to live young; a platypus is a 

mammal; it lays eggs. In this exception to the rule, it would be unwise to consider the entirety 

of biology and taxonomy as incoherent. Exceptions to rules do not seem to necessitate the 

loss of entire relational networks. 

 This issue is most obvious in the definition offered by Barnes-Holmes and colleagues 

(2001):  

Ambiguous Relationship
Directly Trained Relationship

Stimulus
Combinatorially Entailed Relationship

F

A

B

C

D

E

15 Relationships total
11 Coherent
4 Ambiguous
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“Jockstrap IS A purple monkey IN THE dishwasher” is a coherent network 

because the relations among the terms are specified, and thus relations among 

all of the elements can be derived. Similarly, the words can become a coherent 

network by placing another sentence preceding the words that describes how 

they are related such as “Name three objects” or “List your three favorite 

possessions.” (Barnes-Holmes et al., 2001, p. 58) 

Here it is clear that the definition implies that it is whole networks that are coherent or non-

coherent. This is most evident in the statement “is a coherent network because the relations 

among the terms are specified, and thus relations among all of the elements can be derived.” 

(p. 58). In many, if not most networks (such as Figure 2.1 above) there are a combination of 

elements that can and cannot be derived. This can be demonstrated with a simple thought 

experiment. For example, if you consider something you believe you know rather well, and 

then think of one aspect of that thing that you do not know or understand. You have 

identified a non-coherent aspect of that network. But this does not mean that the whole 

network is non-coherent.  

 The definition offered by Villatte and colleagues (2015) suffers from much the same 

problem. They define coherence as:  

A core property of language and cognition (i.e., relational framing) defined by 

the relative consistency of relational responses. Symbolic relations must be 

sufficiently consistent with each other within the same network to allow for 

mutual and combinatorial entailment to occur. (Villatte et al., 2015; pp. 191-

192).  

Here, again, the definition functions at the network level, in that coherent 

relationships between all stimuli are required to be present for that network to be 

labelled coherent.  
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Most networks will contain at least one non-coherent relationship, but these same 

networks can also comprise dozens of coherent relationships. To view networks in a 

dichotomous, global manner misses out much information that is necessary to achieve 

precision, one of the three main goals of CBS analyses (Hayes, 2016).  

A better approach might be to have a definition of coherence that begins at a smaller, 

more specific level. In particular, it would be exemplary to have a definition at the smaller 

level that can also function at larger levels involving myriad stimuli. When research on 

coherence starts looking at complex, large relational networks, progress is prevented if 

definitions cannot account for complexity and specific differences between networks. The 

definitions later offered in this chapter are designed to satisfy this criterion. 

2.3.2 Criterion Two: It Should Be Clear What Would Be Classed as Coherent 

Definitions of coherence naturally need to specify in unambiguous terms what would 

be classed as coherent. However, definitions of coherence rarely do so. Even when they do 

attempt a specification of what would be classed as coherent, the argument is either 

incomplete or circular. For example, in Villatte and colleagues’ definition: “Symbolic 

relations must be sufficiently consistent with each other within the same network to allow for 

mutual and combinatorial entailment to occur.” (Villatte et al., 2015; pp. 191-192). Here the 

conceptual burden is passed from coherence onto ‘consistency’. There is an attempt to define 

consistency as that which allows entailment/derivation, but this fails to consider 

circumstances where relationships may not be derivable, which is now turned to. 

Much of RFT research appears to have focused on combinatorially entailed relations 

(i.e., those in which the relationship between A-C can be derived from learning the 

relationships between A-B and B-C; Torneke, 2010). However, there are other types of 

relationships such as those which have an unspecified combinatorially entailed relation. 

Philips (1989) summarises this as: “…where preferences are not transitive we cannot make 
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inferences from pairwise orderings to triplets or larger groups (i.e. we cannot conclude from 

the fact that A is preferred to B and B to C that A is preferred to C).” (Philips, 1989, p. 479, 

see also: Johnson-Laird, 1972). In other words, in unspecified combinatorially entailed 

relationships, the relationship between A-C is not clear given A-B and B-C. For example, if 

A has defeated B, and B has defeated C, it is not clear whether A has defeated C, or C has 

defeated A, or neither. Under the above definitions, this network would be classed as non-

coherent, despite the fact that it is entirely reasonable to state that A has defeated B, and B 

has defeated C. Such intransitivity (Philips, 1989) is not taken into account in Villatte and 

colleagues’ definition. Their definition appears to assume that coherence only occurs when 

relationships can be derived, and fails to take into account situations where derivation may 

not occur. 

 If A>B<C, it would in actuality be correct not to derive the relationship for A-C. In 

fact, this lack of derivation could be considered a high-level relational ability. Indeed, as 

explained in Section 1.2.4 (p. 13), too readily deriving relationships under situations of 

uncertainty may be a factor implicated in mental health disorders (Blain et al., 2019). Thus, a 

definition of coherence that relies on full, thorough and complete derivation as its main 

criterion is perhaps unsound. 

 The definition provided by Bordieri and colleagues (2016) could be described as 

lacking clarity when identifying what constitutes coherence. They say that they use Skinner’s 

approach to definition by looking at how the term is used by other scientists, and in doing so 

they quote Wray and colleagues: “Wray and colleagues (2012) described verbal coherence as 

‘the behavior of generating a narrative that accurately, coherently, and contingently describes 

relations among events’ (p. 600)” (Bordieri et al., 2016, p. 2). Evidently, this definition by 

Bordieri and colleagues is circular, in that the definition of coherence uses the term 
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coherence. Accordingly, it is unclear what Bordieri and colleagues (2016) would class as 

coherent. 

 The definition by Quinones and Hayes (2014) also fails to precisely specify what 

would count as coherent. They write: “Functionally speaking, when a subject responds 

“coherently”, s/he selects a stimulus during one condition (or in one situation) that fits with 

the pattern of selection of a stimulus during a different but related condition.” (p. 77). Here 

the conceptual burden is passed from ‘coherence’ to ‘fits with’. No technical definition of 

‘fits with’ is offered. Further, what might be considered to ‘fit with’ something may well be 

different person to person or context to context. From this definition it is not entirely clear 

what may be coherent or not. The later definitions were written with this criterion and these 

examples in mind. 

2.3.3 Criterion Three: Definitions Should Not Conflate Concepts Such as Coherence (a 

Property) and Sense-Making (a Behaviour) 

A definition of coherence needs to avoid conflation of terms since this causes 

confusion and a lack of specificity. This conflation exists most clearly in the definition by 

Barnes-Holmes and colleagues: “coherence or sense-making appears to function as a 

powerful reinforcer for relational activity” (Barnes-Holmes et al., 2001, p. 70). Coherence (a 

property) and sense-making (a behaviour) are used interchangeably. Coherence, being a 

relational property of a network, is different to ‘making sense’, where a network is increased 

in coherence through actions of the individual. This is noted by Bordieri (2014) in a 

discussion of sense-making literature: “Consistent across all these uses of the term is that 

sense making is something that a person does. That is, sense making can be conceptualized as 

a behavior, and thus amenable to a behavioral analysis.” (p. 3). Yet, Hayes and colleagues 

state that “once established, coherence and sense-making will serve as a continuously 
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available reinforcer for derived relational responding” (Hayes et al., 2001, p. 48). Again, the 

behaviour of sense-making and the property of coherence are conflated. 

Conflation is also evident in writing by Bordieri and colleagues (2016). As stated 

above, Bordieri and colleagues rely on information from Wray and colleagues (2012) to 

define the property of coherence but, at the quoted juncture, Wray and colleagues were 

actually discussing the behaviour of sense-making. Compare the quote by Bordieri and 

colleagues (2016) with the full quote from this primary source that follows:  

“Wray and colleagues (2012) described verbal coherence as “the behavior of 

generating a narrative that accurately, coherently, and contingently describes relations 

among events” (p. 600)” (Bordieri et al., 2016, p. 84).  

“A sense-making repertoire is likely reinforced because it allows individuals to 

effectively solve problems. The behavior of generating a narrative that 

accurately, coherently, and contingently describes relations among events often 

allows more effective action.” (Wray et al., 2012, p. 600).  

Wray and colleagues (2012; the latter quote) were indeed discussing the behaviour of sense-

making, whereas Bordieri and colleagues (2016) quote them as discussing coherence. 

Accordingly, Bordieri and colleagues (2016) seem to conflate coherence and sense-making 

by defining coherence as sense-making. To unpack this, note that in the quote from Wray and 

colleagues (2012), sense-making is correctly seen as a behaviour that leads to reinforcement, 

and in the same quote, coherence is correctly described as a property of that relational 

network once sense-making has occurred. It seems better to follow Wray and colleagues’ 

(2012) lead in keeping the behaviour of sense-making and the property of coherence separate. 

 This conflation of the property of coherence with the behaviour of sense-making, and 

the seeming misquotation of Wray and colleagues (2012) is certainly worth addressing, given 

that it may be spreading through the RFT literature. For example, a similar instance occurs in 
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another more recent paper: “Coherence has been conceptualized as “the behavior of 

generating a narrative that accurately, coherently, and contingently describes relations among 

events” (Wray, Dougher, Hamilton, & Guinther, 2012, p. 600).” (Stewart et al., 2016, p. 

242). Wray and colleagues’ (2012) research certainly touches on coherence, but they never 

use the term, nor do they define it. They focus on the behaviour of sense-making and seem 

clear in making the distinction, much as Bordieri (2014) is. 

This conflation of terms may simply be an issue with the English language. Sense-

making refers to a change in one relational network from lacking coherence to having 

coherence. The concepts are of course related. But the difference is important, in the same 

way that we distinguish someone who is at this moment half-way through competing in an 

Ironman race, compared to someone who has completed an Ironman and therefore can carry 

the label of being an Ironman. One even gets a medal to demonstrate having achieved this 

label. In the same way, sense-making is a process by which a relational network moves 

towards increasing coherence, but coherence itself is a property that a network has. In the 

novel definitions of coherence later proposed, conceptual conflation of terms is avoided, and 

precise language is deliberately used in order to provide a strong foundation for research on 

coherence, as valued in technical research efforts (Baer et al., 1968; Skinner, 1945).  

2.3.4 Criterion Four: Definitions Need to Avoid Issues Related to ‘Private Stimuli’ 

The colour red may be perceived differently by someone with colour-blindness, 

compared to how it is perceived by someone with average sight. For this reason, the scientific 

community generally defines the colour red in terms of an unambiguous physical property 

(Skinner, 1945). Namely, any object emitting or reflecting light with a wavelength of around 

625-740 nanometres is considered red. Some aspects of psychology have this inherent issue. 

For example, emotions are usually easily labelled by someone experiencing them, or 

someone witnessing them, but these are of course not directly observable nor manipulable 
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(i.e. they are ‘private stimuli’; Skinner, 1945, p. 272). This means that the individual 

experiencing an emotion, and a witness observing that individual, may offer different labels 

for the experience. Entirely related to this issue, one prominent concern in definitions of 

coherence is whether that definition of coherence is per a private stimulus or an externally 

manipulable stimulus. For example, when an individual is behaving randomly, another 

person may report that the behaviour is non-coherent. Equally, that individual ‘behaving 

randomly’ may identify the behaviour as coherent. This issue appears in the definition by 

Quinones and Hayes (2014): “Functionally speaking, when a subject responds “coherently”, 

s/he selects a stimulus during one condition (or in one situation) that fits with the pattern of 

selection of a stimulus during a different but related condition.” (p. 77). Here it is not clear 

who judges what counts as behaviour that ‘fits with’ something else. Assuming this is an 

experimental study, the participant may think that their behaviour is perfectly ‘fitting’, 

whereas an observer may proclaim the behaviour is entirely ‘un-fitting’. This is a problem, 

since confusion can occur. In other work, this issue is sometimes addressed. For example, 

Bordieri and colleagues (2016) stated that they were assessing “patterns identified by the 

researcher as coherent” (p. 88). 

Returning to the example of the colour red, this issue of private stimuli is not present 

because: “Both speaker and community (or psychologist) have access to the stimulus, and the 

contingency may be made quite precise.” (Skinner, 1945, p. 276). In the present definitions 

an attempt is made to avoid this ‘private stimuli’ issue by rooting the definitions in external, 

manipulable properties of stimuli. 

2.3.5 Criterion Five: Definitions of Coherence Need to State the Contextual Cue Being 

Considered 

For a definition to be of use to the scientific community, it must have precision 

(Hayes, 2016). Within learning theory in particular, a definition must have enough precision 
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that experiments are easily derived from it, and the definition can be used in analyses with 

minimal ambiguity. RFT holds that relational responses can be applied arbitrarily, according 

to sets of contextual cues (Blackledge, 2003). Despite this, definitions of coherence 

sometimes fail to specify the need for reference to contextual cues (i.e. discriminative 

stimuli). There are reasons why the context of the learned relational response must be 

considered.  

Regarding stimulus relationships, it would be non-technical to state that two stimuli 

are coherent with each other; a specific contextual cue must be declared so that it is clear on 

which relation the stimuli are coherent. This is particularly necessary given that often several 

contextual cues may be present (Kolota et al., 2007). Since there are many possible 

contextual cues, there are many possible relationships between stimuli. This means that the 

relationship between stimuli could be coherent or not depending on which contextual cue is 
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being considered. For example, consider the relationship between lions, tigers and zebra (see 

Figure 2.2).  

 

Figure 2.2  

Relationships Between Three Stimuli Based on Three Different Types of relationships (Size, 

Fluffiness and Smelliness) 

 

 

One could have a learning history that specifies the relationships between all three 

animals in terms of size (left network). However, an individual may have no learning history 

regarding the contextual cue of fluffier between two of these animals (central network). As is 

probably the case for non-zookeepers, this individual may not have a learning history 

concerning the contextual cue of smelliness regarding any of these animals (right network). 

Notice that there can be myriad possible contextual cues to consider. Accordingly, some 

relationships between two stimuli may be non-coherent, yet others may be coherent. For this 

reason, one must be particularly careful and specific when labelling a relationship between 
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two stimuli as coherent, ambiguous or incoherent, because there are multiple possible 

relationships between any two stimuli.  

The contextual cue can be considered simply as the kind of relationship, for example 

larger, smaller, before, after. If A is larger than B and B came before A, no ‘incoherence’ 

necessarily occurs, because the relationships are regarding two different contextual cues. One 

complexity here is that contextual cues can often have several meanings. For example, 

‘greater’ could refer to size or level of prestige. Contextual cues can change the nature of 

relationships even if the name of the relationship is exactly the same (i.e. greater vs greater). 

For example, in Britain a five-pence-piece is physically smaller than a two-pence-piece. If 

asked to choose the larger one, an individual may choose the five-pence because it is larger in 

value, or the two-pence because that is larger in size. With the additional precision of “choose 

the one that is larger in physical size than the other”, the contextual cue is specified. In 

summary, the contextual cue must always be stated as precisely as possible, otherwise 

definitions and analyses lose specificity. This is addressed in the present definitions. 

2.3.6 Criterion Six: Definitions of Coherence Must Specify At Least Two Stimuli 

One cannot simply call a behaviour ‘coherent’ or label a stimulus ‘coherent’. 

Coherence is a relational property, so there must be at least two stimuli being considered 

(alongside a particular contextual cue – see Criterion Five).  

To label a specific behaviour or stimulus as coherent requires that the other part 

of the stimulus pairing is stated. This criterion is satisfied in several definitions of 

coherence. For example: “Symbolic relations must be sufficiently consistent with each 

other within the same network to allow for mutual and combinatorial entailment to 

occur.” (Villatte et al., 2015; pp. 191-192).  

One would be being non-technical if one simply stated that a behaviour is coherent, 

since it is highly unclear what other stimulus that initial stimulus is being compared with. 
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Summarily, labelling something as coherent, incoherent or ambiguous is only ever useful 

when discussing it regarding its relationship to something else. This criterion is taken into 

account in the revised definitions offered. 

Criterion Seven: Definitions of Coherence Need to Suggest Manipulable Variables 

Finally, any scientific effort in accordance with CBS principles should suggest 

manipulable variables that allow the prediction and influence of behaviour (Hayes, 2016).  

Accordingly, definitions of coherence should satisfy this criterion as much as possible. It 

seems that previous definitions largely act as labels for behaviour, without necessarily 

leading to any manipulable variables. For example, consider “Functionally speaking, when a 

subject responds “coherently”, s/he selects a stimulus during one condition (or in one 

situation) that fits with the pattern of selection of a stimulus during a different but related 

condition.” (Quinones & Hayes, 2014, p. 77). It does not seem in line with CBS principles 

simply to label behaviour as coherent or otherwise if there is no way to change that 

behaviour. 

It is common practice to define the contingencies that a participant will experience 

during an experiment within behaviourist research. For example, Skinner would define a 

particular reinforcement ratio and expose animals to those pre-defined contingencies (Ferster 

& Skinner, 1957). The animal could behave in many ways, but the manipulable contingencies 

were set. The present approach is similar to this also, in that contingencies are defined, and 

one can observe the behaviour of organisms when exposed to those contingencies. This focus 

on external, manipulable properties of stimuli leads far more readily to scientific research of 

human behaviour than a focus on private stimuli (Skinner, 1945). 

In line with this criterion, the novel definitions offered highlight manipulable 

variables so that research leads to a science not only of prediction, but of influence, with 

precision, scope and depth (Hayes, 2016). 
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2.4 The Novel Definitions Offered 

2.4.1 Coherence, Incoherence and Ambiguity 

Although this chapter has focused largely on coherence (and previous definitions have 

generally focused exclusively on coherence), incoherence and ambiguity will also be defined. 

These two concepts are inextricably linked with coherence because they are the two ways in 

which a relationship can be non-coherent (Gawronski, 2012a). It is proposed that these 

definitions hold for a broad range of types of combinatorial entailment. Though it may seem 

odd, it will prove simpler to define ambiguity and incoherence first because a definition of 

coherence rests heavily on the absence of either of these. 

2.4.2 The Definition of Relational Ambiguity 

Quinones and Hayes (2014) discussed ambiguity. They mention that when B<A>C, 

“…based on the information provided, nothing can be said for certain about the relation of B 

and C.” (Quinones & Hayes, 2014, p. 77; see Figure 2.3 for an illustration).  

Figure 2.3  

A Network Containing Two Coherent and One Ambiguous Relationship 

 

Accordingly, ambiguity has something to do with an underspecified relationship 

between two stimuli. Further, this is mentioned by Barnes (1994): “However, if A is larger 
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than B and A is larger than C, then the relationship between B and C remains unspecified 

(i.e., B and C could either be the same or different sizes).” (p. 94). The proposed definition of 

ambiguity is therefore as follows: 

 

An ambiguous relationship is one in which the relationship between two 

stimuli (regarding a contextual cue) is underspecified based on the learning 

history. 

  

2.4.3 The Definition of Relational Incoherence 

 

An incoherent relationship between two stimuli is one in which two 

contradictory relationships (regarding the same contextual cue) are specified 

based on the learning history between those two stimuli, either via training or 

derivation.  

 

In this context, a contradictory relationship is defined as one where two opposing 

relationships are present between the two stimuli. Of course, this aligns with CDT definitions 

of incoherence (Festinger, 1957; Harmon-Jones, E. & Harmon-Jones, C., 2007). 

To elaborate, consider A>B and A<B. This is naturally incoherent. The same 

contextual cue is being discussed in both relationships (size), and they are contradictory (see 

Figure 2.4). 
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Figure 2.4  

A Two-Stimulus Network Containing Incoherence 

 

  

Relationships forming an incoherent relationship must be trained or derived because 

these are the only two ways in which a relationship can be learned according to RFT (Hayes 

et al., 2001). Therefore, three types of incoherence are plausible: trained-trained incoherence, 

trained-derived incoherence, and derived-derived incoherence. Here, examples are offered 

using combinatorially entailed comparative relationships, though trained-trained incoherence, 

trained-derived incoherence, and derived-derived incoherence may also occur with other 

types of relationships. 

 Trained-trained incoherence can be said to occur when two contradictory 

relationships (regarding the same contextual cue) are trained between two stimuli. A>B, A<B 

is an example of this (see Figure 2.4 above). A>B is trained, A<B is trained, and the 

relationships are contradictory. 

 Trained-derived incoherence can be said to occur when one directly trained 

relationship between two stimuli is contradicted by a derived relationship (regarding the same 

contextual cue). For example, if A>B and B>C, a participant will derive that A>C. A>C can 
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be considered to have been derived. If A<C is now directly trained, trained-derived 

incoherence could be said to occur (see Figure 2.5). 

 

Figure 2.5  

A Three-Stimulus Network Demonstrating Trained-Derived Incoherence 

 

 

How a participant behaves when exposed to these kinds of contingencies is an empirical 

question (addressed in Experiment Four). 

 Lastly, derived-derived incoherence occurs when two derived relationships between 

two stimuli contradict each other (regarding the same contextual cue). For example, if A>B 

and B>C, A>C will be derived (see Figure 2.6). If A<D and D<C are then trained, A<C will 

be derived. Summarily, the derived A>C and A<C are contradictory, so the relationship 

between A-C regarding the contextual cue of size is now incoherent (see Figure 2.6). Since 

both A>C and A<C arose through derivation, the incoherence here might be said to be 

derived-derived incoherence. Whether one or other A-C relationship would be emitted may 

depend on whether A>B>C or C>D>A were trained earlier, or whether the behaviour of 
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responding as though A>C or A<C has already been emitted, or perhaps whether A-B-C or 

C-D-A have had more extensive training. These would all be novel empirical questions, ones 

that have stemmed directly from the present definitions, largely because these definitions 

have been made with empirical research generation in mind (Criterion Seven). 

 

Figure 2.6  

A Four-Stimulus Network Demonstrating Derived-Derived Incoherence 

 

 

 

2.4.4 The Definition of Relational Coherence 

 

A coherent relationship between two stimuli is a specified relationship (either 

trained or derived), containing no ambiguity or incoherence, regarding a 

contextual cue based on learning history.  
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Evidently, this definition rests heavily on definitions of relational ambiguity and incoherence. 

Ambiguity and incoherence are ways in which coherence can be lacking. Taken together, 

these three definitions take into account all types of relationships that can currently be 

conceived of: coherence, incoherence, and ambiguity. 

2.5 Classifying Networks 

 The present definitions can function at the individual relationship level, and allow for 

generalisability to large, complex networks (Criterion One). If one were interested in 

comparing complex networks, for example in a computational simulation, one could classify 

the networks according to numerical levels of coherence, incoherence and ambiguity within 

said network. For example, a network could be classified as 7:2:4 to denote the levels of 

coherence, incoherence and ambiguity respectively. This technical analysis of relational 

networks could translate naturally into computer simulation such as computational linguistics 

(Mitkov, 2005), another benefit of defining terms precisely. Indeed, it maps well to one 

current avenue of CDT literature which uses computational models to simulate constraint-

satisfaction problems where the maximum level of coherence is reached based on a variety of 

stimuli and relationships (Simon & Holyoak, 2002). 

2.6 How the Proposed Novel Definitions Satisfy the Seven Criteria 

2.6.1 Criterion One: Definitions Must Not Be Dichotomous At the Network Level  

The present definitions function at an individual relationship level, and can generalise 

to large, complex networks. In doing so, each network may be classified in detail, rather than 

labelled simply as coherent or not.  

2.6.2 Criterion Two: It Should Be Clear What Would Be Classed As Coherent 

 The definitions avoid passing the conceptual burden to synonyms of coherence, but 

instead use grounded terms that allow for manipulation and observation.  
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2.6.3 Criterion Three: Definitions Should Not Conflate Concepts Such As Coherence 

and Sense-Making or Behaviours and Properties 

 The definitions offered do not use additional, unnecessary terms such as ‘sense-

making’, ensuring that conflation is avoided. 

2.6.4 Criterion Four: Definitions Need to Avoid Issues Related to ‘Private Stimuli’ 

The definitions avoid issues of ‘private stimuli’ (Skinner, 1945) and instead focus on 

external, manipulable variables (Hayes, 2016). 

2.6.5 Criterion Five: Definitions of Coherence Need to State the Contextual Cue Being 

Considered 

 A key clause is included indicating that a particular contextual cue must be 

considered. 

2.6.6 Criterion Six: Definitions of Coherence Must Specify At Least Two Stimuli 

 Each definition offered specifies that two stimuli are required. 

2.6.7 Criterion Seven: Definitions of Coherence Need to Suggest Manipulable Variables 

 Given that the definitions focus heavily on the external stimuli and what the 

participant has been trained on, manipulable variables are readily apparent. This ensures that 

the definitions can act as a bedrock for productive, grounded and technical research on 

relational coherence, incoherence and ambiguity. 

2.7 The Reinforcing Properties of Coherence: Response Effort As a Possible 

Explanation 

It should be noted that many previous definitions of coherence propose that coherence 

is a reinforcing property of relational frames. Most notably: “coherence or sense-making 

appears to function as a powerful reinforcer for relational activity” (Barnes-Holmes et al., 

2001, p. 70) and “once established, coherence and sense-making will serve as a continuously 

available reinforcer for derived relational responding” (Hayes et al., 2001, p. 48). This 
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warrants a short suggestion as to why coherence may be reinforcing (or as is more tentatively 

argued here – coherence is appetitive relative to incoherence and ambiguity). 

 Response effort is one of several dimensions to be considered in a technical analysis 

of behaviour (Neef et al., 1994) and seems likely to be the main factor in the predicted 

preference for coherence over incoherence and ambiguity. This is because, as the Action-

Based Model of dissonance claims, lack of coherence leads to ineffective action (Harmon-

Jones, E. & Harmon-Jones, C., 2007). Increased response effort has been shown to have 

several of the same consequences as punishment, in that response rates reduce in the presence 

of increased response effort requirements (for a review, see Friman & Poling, 1995). The 

aversive properties of cognitive effort are also discussed thoroughly within the 

neuroscientific literature (see Westbrook & Braver, 2015). The extensive literature bases 

mentioned (response effort within learning theory, cognitive effort within neuroscience, 

aversive dissonance within CDT) strongly suggest that a differential preference for coherence 

in relation to the aversive qualities of non-coherence could be due to the increased effort of 

behaviour based on non-coherent relational networks. 

2.8 Conclusion 

 Coherence seems to impact fundamentally on human behaviour (Barnes-Holmes et 

al., 2001), and is of growing importance within RFT. The present chapter has demonstrated 

issues in extant definitions of coherence, and proposed refined definitions of coherence, 

incoherence and ambiguity. Further, a discussion of response effort (Friman & Poling, 1995; 

Westbrook & Braver, 1995) and its relation to the purportedly reinforcing properties of 

coherence (Hayes et al., 2001) has been made. 

 Naturally, scientific concepts, principles and definitions can and should be refined 

over time (Kuhn 1970; Popper, 1963ab), and the definitions offered are certainly not exempt 

from this inevitable aspect of scientific progress. They do, as shown above, act as useful 
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refinements of previous definitions, thus offering greater technical precision and the ability to 

generate research hypotheses. Importantly, they serve as a framework within which empirical 

research can develop. Having developed this theoretical foundation, couched within RFT, the 

conceptual replication and expansion of Quinones and Hayes (2014) coherence/ambiguity 

study is now turned to.  
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Chapter Three: Experiment One - Conceptual Replication of the Study by Quinones and 

Hayes (2014) 
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3.1 Introduction 

 In this Chapter, an attempt was made to replicate and expand novel findings of 

Quinones and Hayes (2014) regarding coherence and ambiguity, using a different 

experimental procedure. In doing so, this experiment assesses how these varying levels of 

coherence affect outcome measures theoretically relevant to not only RFT (Quinones & 

Hayes, 2014) but also CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007).  

3.1.1 Rationale and Background 

 As explained in Section 1.5.4 (p. 39), Quinones and Hayes (2014) found that when 

participants were trained on the network A>B<C, participants responded systematically on 

A-C test trials with either consistent A>C or consistent A<C responses. In other words, the 

participants generated the A-C relationship, even though it is stated by Quinones and Hayes 

(2014) that: “The most logical response if forced to specify whether [A] and C are the same 

or different is to respond randomly.” (p. 77; Quinones and Hayes use A-C-B notation, but A-

B-C is used throughout this thesis to be easier to follow. Letter A inserted so that the quote 

makes sense in this A-B-C context). This finding by Quinones and Hayes (2014) 

demonstrates what is herein labelled spontaneous generation in response to ambiguity. It may 

be possible that spontaneous generation in response to ambiguity is a fourth core aspect of 

relational abilities in humans, alongside mutual entailment, combinatorial entailment, and 

transformation of stimulus functions (Barnes-Holmes et al., 2001). This spontaneous 

generation is similar to the dissonance-reduction process from CDT wherein cognitions are 

added to a network, restoring coherence (Simon et al., 1995). Ambiguity, and spontaneous 

generation in response to it, are not part of theory or research in consistency theories such as 

CDT (broadly highlighted by Gawronski, 2012a), nor are they prevalent in RFT (Quinones & 

Hayes, 2014) so research using RFT to assess this gap in CDT might be beneficial to both 

fields. 
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 Of importance to psychology and science is replication (Campbell, 1986; Duncan et al., 

2014). In particular, conceptual replications have been argued to have more value than direct 

replications because they provide novel findings, a new perspective on past findings, and a 

test of the generalisability of theory (for a thorough review of this argument, see Lynch Jr. et 

al., 2015). Thus, a conceptual replication of Quinones and Hayes (2014) study is justified and 

of value. Further, as stated by Barnes-Holmes and colleagues (2004), the development and 

use of novel experimental paradigms is crucial for the development of RFT as a whole, thus 

further justifying a conceptual replication. Accordingly, the broad aim of this chapter is a 

conceptual replication and expansion of the findings by Quinones and Hayes (2014).  

3.1.2 The Current Study 

 Alongside the importance of conceptual replication (Lynch Jr. et al., 2015) and 

developing new experimental paradigms for RFT (Barnes-Holmes et al., 2004), there were 

other reasons for conducting a conceptual replication of Quinones and Hayes (2014). First, 

the experiment by Quinones and Hayes (2014) had high attrition, with only 65% of 

participants passing the experimental criteria. An alternative design may have lower attrition 

rates. Second, the experiment took 2-3 hours to complete (Quinones & Hayes, 2014). A 

shorter experiment may reduce participant fatigue and increase performance, given that 

fatigue usually increases and performance decreases with time on task (Boksem et al., 2006). 

 In order to: 1) increase the contribution of this research; 2) tie the results to wider 

theory; and 3) provide a broad, solid empirical base, it was important to include additional 

outcome measures that were not assessed in the original Quinones and Hayes (2014) study. 

These are discussed and justified in turn. First, the Action-Based Model of CDT states that 

one of the core driving forces in dissonance processes is effective action (Harmon-Jones, E. 

& Harmon-Jones, C., 2002). Effective action in the present study is taken to mean accurate 

and fast responding, in line with RFT definitions of action fluency (McLoughlin et al., 2018; 
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Murphy & Barnes-Holmes, 2017; Weinstein et al., 2008). Further, reaction time is a common 

outcome measure in RFT research because it is a good indicator of task performance (for 

example: Barnes-Holmes et al., 2005; O’Hora et al., 2002; Roche et al., 2004; Whelan & 

Schlund, 2013). Reaction time is important in the wider field of psychology because it offers 

an objective measure that can give direct insight into mental processes (for a review of the 

broad use of reaction time in experimental psychology, see Posner, 2005). As stated by 

Whelan and Schlund (2013): “… employing RT as a dependent measure … provides a means 

of linking RFT research to a host of issues more commonly addressed in cognitive 

psychology – thus, it provides a form of common currency.” (p. 77). Accordingly, reaction 

time is a key additional outcome measure for this conceptual replication. 

 Coherence has been related to sense-making within the RFT literature (Bordieri et al., 

2016; Wray et al., 2012). More broadly, sense-making relates to human perception of 

meaning (Frankl, 1984; Janoff-Bulman, 1992). Due to its relevance to research and theory 

regarding coherence, self-reported sense-making is an important outcome measure for this 

study, particularly at the exploratory stage. The measurement of whether the stage ‘made 

sense’ was a measurement of perception of coherence, and these words were chosen as they 

would likely make more sense to participants, rather than it being a measure of sense-making 

as a behavioural process. 

 Finally, affect and arousal are fundamental aspects of CDT (affect: Harmon-Jones, 

2000; arousal: Elkin & Leippe, 1986). To have these as outcome measures in this study 

would therefore tie the results much more closely with CDT. Additionally, claims within 

RFT of coherence being appetitive (Barnes-Holmes et al., 2001; Hayes et al., 2001, 2012) 

suggest an affective response (Bozarth, 1994; Gable & Harmon-Jones, 2010, 2013), so affect 

and arousal are theoretically important outcome measures here. 

 In summary, the outcome measures for this conceptual replication of Quinones and 
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Hayes (2014) are: behaviour patterns (it is expected that participants will spontaneously 

generate A-C relationships on ambiguous A-C test trials), affective responses (expected to be 

more positive for coherence versus ambiguity), sense-making (coherence is expected to make 

more sense) and reaction times (coherence should be responded to more quickly). This will 

provide foundational evidence for one aspect of this thesis, built on CDT and RFT, focusing 

on whether participants will spontaneously generate A-C relationships within an ambiguous 

A-C A>B<C network. 

 There are several directional hypotheses, but it should be noted that the statistical tests 

used were two-tailed so as to not bias the results in favour of expectations (Roberts & Russo, 

2014).  

•   Hypothesis 1a: participants will have a systematic pattern of A>C or A<C responding 

on ambiguous A-C blocks. 

• Hypothesis 1b: participants will not all respond A>C or A<C on ambiguous A-C 

blocks, but will appear to randomly pick A>C or A<C and then respond consistently 

with A>C or A<C respectively.  

•   Hypotheses 2-5: there will be significant differences across ambiguous A-C and 

coherent A-C blocks for reaction time, affect, arousal and sense-making. 

3.2 Methods 

3.2.1 Participants 

 Quinones and Hayes (2014) used sample sizes of 6 and 28 for their coherence 

experiments. Given the exploratory nature of the present experiment, with additional 

measures used, a power-analysis was undertaken using G*Power (Erdfelder et al., 1996; Faul 

et al., 2007) which indicated that to detect a small-medium partial eta squared of 0.05 within 

the repeated-measures ANOVAs, with satisfactory .80 power (Cohen, 1988, 1992), .05 alpha, 

and an unassuming default .5 correlation between measures (a G*Power requirement) a 
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minimum sample size of 40 participants was needed. This exploratory study was highly 

dependent upon the language ability of participants given the need for speed in text/word 

recognition, comprehension and memorisation. Accordingly, bilinguals and multilinguals 

were excluded, due to the fact that they naturally perform differently within language tasks 

(Mohanty & Babu, 1983; relational behaviour being in essence, language: Barnes-Holmes et 

al., 2000) and because the nonsense trigrams were only checked to have no meaning within 

the English language but may have meaning in other languages. Further, it was likely that 

those with dyslexia would perform significantly differently to those without dyslexia given 

that those with dyslexia have difficulty in text/word recognition and comprehension (Lyon et 

al., 2003) and literacy tasks focusing on phonological ability (Brunswick et al., 1999). As 

such, those with dyslexia were excluded. Finally, individuals diagnosed with severe anxiety 

were excluded, because individuals suffering from anxiety respond to stimuli significantly 

differently to those without anxiety, particularly in terms of physiological arousal (McTeague 

& Lang, 2012), which is a central aspect of CDT (Harmon-Jones, E. & Harmon-Jones, C., 

2007). A later study (Chapter Five) assesses physiological measures directly, so the decision 

was taken to ensure that studies would be easily comparable by excluding participants with 

severe anxiety.  

 Eighty-five participants were recruited from the University of Chester via convenience 

sampling. Participants were given research credits for participation. Four participants 

withdrew or did not finish and were removed from the analysis. Of the remaining sample, 28 

reached the limit of 10 attempts on at least one training stage, meaning that they had not 

mastered the contingencies of the experiment and thus were not fully exposed to the 

coherence or ambiguity as intended. Given that exposure to the experimental contingencies is 

important for the validity of the study design (for example, see Bordieri, 2014, p. 120) these 

participants were removed. The limit of 10 training stage attempts is discussed in further 
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detail below. Six participants achieved less than 80% average accuracy on coherent A-C test 

trials and were removed so that only participants that had performed well were retained. 

Again, this was to ensure that all participants in the final sample had been sufficiently 

exposed to the coherence and ambiguity in the conditions, such that their responses could be 

argued to relate to this exposure (Bordieri, 2014). A mastery criterion of 80% accuracy is 

common among within RFT research (Davlin et al., 2011; Finn et al., 2016; O’Neill & Weil, 

2014; Weil et al., 2011). The final sample was 47 participants (37 females, 12 males) aged 18 

to 39 (M = 20.53, SD = 3.21).  

 Ethical approval was obtained from the University of Chester Department of 

Psychology Ethics Committee.  

3.2.2 Materials  

3.2.2.1 Networks 

 This experiment conceptually replicated that of Quinones and Hayes (2014). At the 

core of their design, the networks A>B>C and A>B<C were trained, and A-C relationships 

tested. More specifically, following A-B-C training, accuracy and response patterns for A-C 

relationships were examined. 

 In this study there were two different network types (i.e., two different kinds of 

Relational Frames that were trained; Quinones & Hayes, 2014). These networks were 

identical to each other in all ways other than the relationships which were trained.  

These two networks were labelled: coherent A-C and ambiguous A-C. In a coherent A-C 

network, relationships were trained conforming to the pattern depicted graphically in Figure 

3.1. Note, the directional relationship itself is learned based on a newly learned 

discriminative, but for the sake of clear exposition, directional relationships are symbolised 

either with arrows or a mathematical greater than sign: 

A>B>C 
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Figure 3.1  

A Diagram Showing the Coherent A-C Block Design 

 

 
 

A>B and B>C combine in order to make the relationship A>C derivable. In RFT terms, the 

relationship between A-C (i.e. A>C) can be combinatorially entailed (Barnes-Holmes et al., 

2001). 

 In an ambiguous A-C network, relationships were trained conforming to the following 

pattern: 

A>B<C 

See Figure 3.2 for a graphical depiction of this relationship. 
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Figure 3.2  

A Diagram Showing the Ambiguous A-C Block Design 

 

 
 

This relationship does not allow combinatorial entailment of an A-C relationship (Quinones 

& Hayes, 2014). In the cognitive psychological literature, the A-C relationship is known as 

being unspecified (Hayes-Roth, B. & Hayes-Roth, F., 1975). Quinones and Hayes (2014) 

label this network as “the ambiguous network” (e.g. p. 89), though this is dichotomous at the 

network level (see Criterion 1, Section 2.3.1, p. 52) and somewhat incorrect using the 

technical definition of coherence proposed in Chapter 2: “A coherent relationship between 

two stimuli is a specified relationship (containing no ambiguity or incoherence) regarding a 

contextual cue based on learning history” (Section 2.4.4, p. 69). The A-B and B-C 

relationships are specified and have no ambiguity or incoherence, thus between those two 

pairs of stimuli there is coherence. Accordingly, rather than labelling it “the ambiguous 

network” (Quinones & Hayes, 2014, p. 89), it is labelled within this work as the ambiguous 

A-C network. This aligns with the technical precision required by RFT methodology (Gifford 

& Hayes, 1999) and the definitions given in Section 2.4.4 (p. 69). 

Stimuli

Directly Trained Unidirectional Relationships

Ambiguous Relationship

A

B

C
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3.2.2.2 Broad Experimental Structure 

 This experiment was made of a number of blocks. Each block trained and tested one of 

the networks above. Quinones and Hayes (2014) trained one of each type of network per 

participant, but in the present experiment three blocks of each network type were used. This 

ensured greater exposure to the experimental conditions, and greater data output, since too 

little data can be a problem in statistical analysis (Boivin & Ng, 2007; Button et al., 2013). 

Thus in averaging the output across network types, more reliable findings could be 

calculated. This is sometimes termed the ensemble method (Giorgi & Mearns, 2002; Liaw & 

Wiener, 2002).  

 Each block is made up of training stages where the A-B and B-C relationships are 

trained, and a test stage where responses to the A-C relationships are tested. This follows 

Quinones and Hayes’ (2014) design. Both training and test stages are made up of a number of 

trials (using the vocabulary of Dube et al., 1993; O’Hara et al., 2002): training stages 

naturally require trials in order to train the relationships (Dube et al., 1993), and test stages 

require trials in order for responses to the A-C relationship to be tested (Murphy et al., 2005). 

See Figures 3.3 and 3.4 for graphical depictions of the relationship between blocks, training 

stages, test stages, and trials. 
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Figure 3.3 

A Visual Depiction of the Relationship Between Trials, Stages and Blocks 

 
 

Figure 3.4 

Training Stages Followed by a Test Stage Within a Block, with Trials Shown 
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3.2.2.3 Training Stages 

 In keeping with RFT methodology, relationships were trained using repeated exposure 

to forced choice training trials resulting in feedback (Dube et al., 1993; Quinones & Hayes). 

Quinones and Hayes’ (2014) training design involved the presentation of a stimulus, followed 

by a blank screen, followed by another stimulus, followed by a blank screen (these four each 

took one second) followed by a screen with two contextual cues (e.g. one representing 

‘Bigger’ and one representing ‘Smaller’). Choosing one of the contextual cues resulted in 

feedback, which is how participants learned the relationships. The participants had, prior to 

the training stage with the A-B and B-C relationships, been trained on the contextual cues 

using the ‘precursor to the Relational Examination Procedure’ (for this procedure, see 

Cullinan et al., 1998, 2000, 2001). Although this worked as a procedure (participants indeed 

learned the relationships; Quinones & Hayes, 2014), it did take two to three hours for 

participants to complete the two-block experiment, so a different training process was used in 

the present experiment which allowed six blocks to be trained and tested within one hour. 

This alternative training method allowed for conceptual replication, which is valuable for 

science (Lynch Jr. et al., 2015), and allowed the design of another RFT-based experimental 

paradigm, of importance to RFT (Barnes-Holmes et al., 2004).  

 First, on each training trial there were two stimuli and one contextual cue on the screen 

(see Figure 3.5; note, A, B, C, ‘Bigger’ and ‘Smaller’ are used as the stimuli for ease of 

explanation). 
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Figure 3.5 

The Stimuli Presented On-Screen During a Training Trial 

 

 

 In responding to the experimental instruction to pick one of the two stimuli based on 

the contextual cue (full instructions explained and discussed below) participants chose the 

left stimulus by pressing the ‘Z’ key with their left hand, or the ‘M’ key with their right hand, 

on a standard UK English Keyboard. 

Upon choosing one of the two stimuli by pressing the related keyboard key, the 

stimuli disappeared, and feedback was presented. Feedback indicating whether a response 

was correct or not was either a Unicode tick (✓) or a cross (X) in the centre of the screen 

which remained for one second (in accordance with Quinones & Hayes, 2014) before the 

next trial began. In addition, auditory feedback was given whilst the feedback remained on 

the screen, as used to effect by Quinones and Hayes (2014) in part of their training procedure, 

and also because there is some evidence to suggest that multiple feedback modalities may 

increase task performance (Majaranta et al., 2003; Suminski et al., 2010). A buzzer noise 

Bigger
[Contextual Cue]

A
[Stimulus]

B
[Stimulus]
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(Quinones & Hayes, 2014) was played following incorrect responses during the one second 

that the cross (X) remained on the screen. For a correct response, a ‘ding’ sound was played 

(Quinones & Hayes, 2014) accompanied with a Unicode tick (✓) in the centre of the screen, 

also for one second. This feedback at the centre of the screen also acted as a central fixation 

point in preparation for the next trial. Fixation points ensure that the eyes are calibrated for 

each trial and reduces timing differences between trials based on eye location at the 

beginning of each trial, limiting experimental error (Just & Carpenter, 1976). Repetition of 

training trials allowed the relationships to be learnt. 

As mentioned, Quinones and Hayes (2014) used the precursor to the Relational 

Examination Procedure (Cullinan et al., 1998, 2000, 2001) to train the contextual cues. Using 

the training method for this experiment just outlined, this additional aspect of training seemed 

unneeded given that participants could learn the functions of the contextual cue through 

multiple exemplar training (an RFT term to mean multiple examples; Rosales et al., 2011) 

and some minimal instruction about how the experiment functioned in line with experimental 

instructions used by Quinones and Hayes (2014). Further, Quinones and Hayes (2014) also 

showed a stimulus, then blank screen, then stimulus, then two contextual cues to choose 

from, which took time. Having the current experiment present the stimuli and contextual cue 

simultaneously was expected to save significant time, reducing participant burden and fatigue 

whilst still maintaining a robust experimental design. Further, it removed the requirement for 

the precursor to the Relational Examination Procedure (Cullinan et al., 1998, 2000, 2001) 

used by Quinones and Hayes (2014), which may be another reason their experiment was so 

lengthy. Additionally, the procedure used by Quinones and Hayes (2014) of presenting a 

stimulus, then a second stimulus, then a choice between two discriminatives, seemed 

somewhat unlike normal use of human language. Consider that it would be peculiar to be 

shown a giraffe, then a human, then given the options of bigger and smaller. It seems much 
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more like human language to have one contextual cue, and two stimuli to choose from. For 

example, consider this question from software designed to teach young people about the 

relationship ‘Bigger’ (Figure 3.6; myBlee Math, 2020) 

 

Figure 3.6 

A Typical Example of Comparative Relationships 

 

 

The use of two stimuli and comparative contextual cues is demonstrably prevalent in the 

English language (Knoch, 2004), with either ‘A is more [adjective] than B’ or ‘A is [adjective 

+er] than B’ being two common types of using this comparative form (see p. 178). Further, 
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this form of comparing two stimuli based on one comparative contextual cue is common in 

children’s books teaching comparative relations, for example in ‘Bigger and Smaller’ by 

Froman and Fiammenghi (1971) or ‘Which Is Round? Which Is Bigger?’ by Mamada (2013). 

Thus, the present experimental paradigm was designed deliberately to map onto verbal 

processes present in everyday language, so that participants would be more likely to quickly 

grasp the experimental contingencies, given that humans are better on tasks with which they 

have had practice (Donovan & Radosevich, 1999). This also meant that findings could be 

more generalisable to real-world settings, with maximal external and ecological validity, 

valuable to scientific research (for a discussion, see Berkowitz & Donnerstein, 1982). 

 It is crucial in RFT research that reinforcement is carefully controlled and balanced 

(Quinones & Hayes, 2014) in order to avoid experimental artefacts, which are alternative 

hypotheses for response patterns on experiments, thus rendering findings ungeneralizable and 

theories untenable (for example, see Harrison & Lau, 2005; Piper & Partridge, 2007). For this 

reason, the reinforcement ratios were carefully and deliberately balanced in this experiment. 

Reinforcement ratios relate to how much each response was given positive feedback, and 

how much feedback was given in relation to each stimulus being on-screen. This balancing of 

reinforcement ratios was done by calculating the reinforcement ratios through mathematical 

means and choosing those that ensured experimental balance. The first step of this process 

was to list the possible training screens and relationships being trained in the training trials. 

The screens/relationships being considered can be found in Table 3.1. Note, in training these 

networks, stimulus location was counterbalanced by ensuring each stimulus appeared on each 

side of the screen a balanced number of times, otherwise participants may learn that the 

experiment can be mastered by using the strategy “pick the stimulus on the right”, for 

example. Since balancing stimulus location alters overall totals of these mathematical 

calculations (in other words, everything in the following set of calculations would be 
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doubled), but not ratios (so, the underlying balance is the same, meaning that showing every 

possible counterbalanced screen combination is unnecessary and burdensome for the reader), 

only the ‘Screens’ necessary to convey the relevant information are shown (so, screens with 

“B A” or “C B” are not shown because that would be redundant). 

Table 3.1 
 
The Relationships and Various Relevant Parameters for a 3-Stimulus Coherent A-C Block 

 

Relationship 
Trained 

Screens Discriminative Stimuli Correct 

A>B 

Bigger 
A       B 

Bigger A, B A 

Smaller 
A       B  Smaller A, B B 

B>C 

Bigger 
B       C 

Bigger B, C B 

Smaller 
B       C Smaller B, C C 

Note. Bigger and Smaller are being used in this and following tables, but in the experiment a 

nonsense comparative was used. 

 

Using the parameters known from Table 3.1, a numerical table was made which 

allowed the reinforcement ratios to be calculated (see Table 3.2). Times on Screen is 

calculated by considering that stimulus location on screen must be counterbalanced, so A 

would appear in A-B and B-A (i.e. it appears 2 times). Times Correct is calculated by 

considering how often that stimulus should be chosen based on the discriminative of ‘Bigger’ 

or ‘Smaller’. For example, based on the relations A>B>C that are being discussed, C is never 

‘Bigger’ than B, so it is not correct in the situation “B Bigger C”. However, C is ‘Smaller’ 

than B, so it is correct one time overall. The number of times that a stimulus is correct when 
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on-screen is an important parameter to calculate. For the purposes of this thesis this is called 

the Reinforcement Ratio, which is defined as Times Correct divided by Times on Screen.  

 

Table 3.2 

The Parameters in Numerical Form for a 3-Stimulus Coherent A-C Block 

Stimulus 
Times on Screen 

(OS) 
Times Correct (C) 

Reinforcement Ratio 

(C / OS) 

A 2 1 50% 

B 4 2 50% 

C 2 1 50% 

 

As Table 3.2 shows, the reinforcement ratios are equal for A and C. This means that neither 

choice has been reinforced more than the other (i.e. one is not ‘correct’ more often than the 

other). So, when the relationship between A-C is tested, neither stimulus is more likely to be 

chosen simply because it has a history of being more frequently reinforced in training trials. 

This ensures the experimental soundness required in RFT experiments by carefully 

controlling reinforcement (Quinones & Hayes, 2014). 

 For an ambiguous A-C block, these ratios are the same as that of a coherent A-C block 

(see Tables 3.3 and 3.4). 
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Table 3.3 
 
The Relationships and Various Relevant Parameters for a 3-Stimulus Ambiguous A-C Block 

 

Relationship 
Trained 

Screens Discriminative Stimuli Correct 

A>B 

Bigger 
A       B 

Bigger A, B A 

Smaller 
A       B  Smaller A, B B 

B<C 

Bigger 
B       C 

Bigger B, C C 

Smaller 
B       C 

Smaller B, C B 

 

Table 3.4 

The Parameters in Numerical Form for a 3-Stimulus Ambiguous A-C Block 

Stimulus 
Times on 

Screen (OS) 

Times Correct 

(C) 

Reinforcement 

Ratio (C / OS) 

A 2 1 50% 

B 4 2 50% 

C 2 1 50% 

 

 Accordingly, the reinforcement ratios are balanced regarding A>B>C for coherent A-C 

blocks and A>B<C for ambiguous A-C blocks. Responses on A-C test trials across 

ambiguous and coherent A-C blocks are dependent on training in the training stages, which 

may include combinatorial entailment in the case of the coherent A-C block, or spontaneous 

generation of A-C relationships on the ambiguous A-C block, as expected based on findings 

by Quinones and Hayes (2014). Of course, error and random choice are also possibilities. 
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 A training stage consisted of four specific unidirectional relationships that were trained 

in a fully random order. An example of four such relationships written out in normal 

language is: “Which is Bigger, A or B?”, “Which is Smaller, A or B?”, “Which is Bigger, B 

or C?”, “Which is Smaller, B or C?” (corresponding with A>B>C). The combinations of 

stimuli were counterbalanced on-screen such that each stimulus appeared on both sides of the 

screen equally (see Table 3.5). 

 

Table 3.5 

The Eight Different Screens that May be Seen Based on a Combination of the Stimuli and 

Discriminatives 

Screen 

Bigger 

A               B 

Smaller 

A               B 

Bigger 

B               A 

Smaller 

B               A 

Bigger 

B               C 

Smaller 

B               C 

Bigger 

C               B 

Smaller 

C               B 

 

 

Eight training trial types (4 relations multiplied by 2 display locations) accounting for all 

combinations of stimuli and discriminative stimuli were present (matching Quinones & 

Hayes, 2014; see Table 3.5). Quinones and Hayes (2014) ran these eight trials four times, 

meaning a training stage contained 32 trials. In the present experiment it was deemed that 

smaller training stages were warranted because it allowed more frequent checking of whether 

the participants had achieved mastery criteria on training trials. This avoided unnecessary 

time spent on training, because more frequent checks of participant performance would more 

quickly identify when a participant had met mastery criteria, reducing participant fatigue. 
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Thus, a training stage consisted of 24 randomly ordered trials (eight trials repeated three 

times, in a random order; Tables summarising these experimental parameters can be found in 

Appendices B and C). 

 Participants had to meet pass criteria (‘mastery criteria’) on a training stage before they 

could move onto a test stage. This ensured that participants successfully learned the 

relationships, and was in keeping with the training process of Quinones and Hayes (2014) 

and RFT methodology in general (Hussey et al., 2015; Maloney & Barnes-Holmes, D., 

2016). The expectation of RFT is that once the relationships A>B and B>C are learned, the 

relationship A>C will be combinatorially entailed (Barnes-Holmes et al., 2001) but of course 

this requires successful learning of the A-B and B-C relationships first. The first pass 

criterion was accuracy equal to or greater than 80% correct, as is common in RFT 

methodology (see: Finn et al., 2016; Hussey et al., 2015; Kent et al., 2017; Maloney & 

Barnes-Holmes, 2016; Stewart et al., 2002; and was used by Quinones & Hayes, 2014). To 

be clear, 80% of 24 test trials is 19.2, so participants had to score 20 or above to pass onto a 

test stage. When discussed in later experiments, this rounding up to the nearest integer for 

pass criteria also applies. Quinones and Hayes (2014) did not use response time as a pass 

criterion, but given the importance of reaction time both within RFT (Barnes-Holmes et al., 

2005; O’Hora et al., 2002; Roche et al., 2004; Whelan & Schlund, 2013) and in the wider 

literature (Posner, 2005), the second pass criterion was a median response time less than 

2000ms, as is common in RFT methodology (see: Finn et al., 2016; Hussey et al., 2015; 

Maloney & Barnes-Holmes, 2016), in order to ensure relational fluency (McLoughlin et al., 

2018; Murphy & Barnes-Holmes, 2017).  

3.2.2.4 Test Stages 

 Following mastery of the training stage, a test stage was used to probe relationships 

(Murphy et al., 2005), check for combinatorial entailment of the A-C relationship on coherent 
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A-C blocks (as predicted by RFT; Barnes-Holmes et al., 2001), and assess A-C responding 

on ambiguous A-C blocks to see whether response patterns mirrored those found by 

Quinones and Hayes (2014). The test stage followed the same general format as the training 

stage (stimuli shown, response made, but lacking feedback) and was designed to examine 

responses to the relationships between A-C.  

 In the study by Quinones and Hayes (2014), contextual cues of equivalence (sameness) 

and comparison (e.g. greater/less) were used, such that in test stages participants were probed 

(using test trials) about whether the A and C stimuli were the same or different, and also were 

probed regarding whether A>C or A<C. The use of a comparative or contextual cue 

indicating sameness was not used in the present experiment for several reasons. First, Hunter 

(1957) showed that mixtures of relationships can be challenging for participants, so it was 

anticipated that only using comparative contextual cues would improve participant 

performance and reduce confusion on the task. This would also reduce participant burden 

generally because there would be fewer experimental conditions to complete. Second, the use 

of only comparative relationships in this experiment meant that the A-C relationship could 

still be thoroughly probed, because A-C response patterns would be informative. For 

example, as Quinones and Hayes (2014) claim, in the instance where one is unclear about a 

relationship, the logical reaction is to respond randomly. Third, using only one type of 

comparative may improve fluency on the experiment, due to practice effects (for a discussion 

of practice effects, see Donovan & Radosevich, 1999). Fourth, the comparative relationship 

is fundamentally important within RFT (Berens & Hayes, 2007). Fifth, studying only one 

contextual cue at a time may reduce alternative hypotheses that may arise, and allow a 

cumulative body of evidence to be cautiously built, rather than having several variables to 

consider and control at the same time. Within-participant abilities across comparatives can 

differ (Barnes-Holmes et al., 2004), so a participant may be exceptional at equivalence and 
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average at comparatives, whereas another may be exceptional at comparatives and average at 

equivalence. This possible within-participant difference in relational ability across different 

contextual cues would be challenging to monitor and balance, leading to experimental error, 

whereas the use of only one type of contextual cue means that different participant abilities 

are accounted for in a within-subject design (Charness et al., 2012). Accordingly, only 

comparative contextual cues were used, such that four stimulus combinations were possible 

on test stages (see Table 3.6). 

 

Table 3.6 

The Four Different Stimulus and Discriminative Combinations for Coherent A-C Block and 

Ambiguous A-C Block Test Trials 

Screens 

Bigger 

A               C 

Smaller 

A               C 

Bigger 

C               A 

Smaller 

C               A 

 

 

 Quinones and Hayes (2014) used 24 probe trials, but given the importance of gaining a 

full account of the A-C relationship, 48 probe trials were used in the present experiment (4 

trial types repeated in a random order 12 times), thus gaining more data which would allow 

analysis of the relational framing behaviour as it occurs (‘in-flight’) as is valued within RFT 

methodology (Barnes-Holmes et al., 2015, 2017). In other words, response patterns and 

reaction times on A-C test trials would be analysed in-depth across the whole test stage, and 

for this type of analysis more data points would be of value. For example, reaction times may 

decrease as participants become familiar with the stimuli, but this effect is unlikely to be 

comprehensively observed within only a few trials. On the test trials, a 1 second inter-stimuli-
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interval replaced the feedback normally given during training because feedback for A-C 

relationships would cause them to be directly trained, rather than tested. Quinones and Hayes 

(2014) did not specify the inter-stimuli-interval, so one second was used because that was the 

length of time between trials on the training stage, thus allowing participants to retain the 

rhythm of exposure and response across the whole experiment, and also is commonly used in 

research more broadly within RFT (e.g. Cassidy et al., 2011). 

3.2.2.5 Stimuli 

Quinones and Hayes (2014) used three-letter nonsense trigrams as their stimuli, and groups 

of symbols as their contextual cues (e.g. “$$$$$” or “#####”). The use of nonsense trigrams 

is common in RFT experimentation (Bordieri, 2014; Dymond et al., 2007; Galizio et al., 

2004; May et al., 2017). Nonsense trigrams are used so that stimuli are unrelated to each 

other on any formal dimension (Dymond & Whelan, 2010) and so that no previous learning 

history regarding the trigrams is likely to affect responding. In other words, stimuli are novel 

to participants and therefore responses to them are expected to be based on experimental 

contingencies rather than previous learning history. In line with this, the present experiment 

also used nonsense trigrams as stimuli and groups of keyboard stimuli as contextual cues. On 

a training or test screen there were therefore common symbols e.g. “****” or “####” that 

acted as contextual cues, and at the bottom left and right there were two nonsense trigram 

stimuli such as “ZKR” and “CDO” (see Figure 3.7). These stimuli were created for the 

purposes of this thesis as being trigrams not popular or meaningful within the English 

language (as rated by the research team; see Appendix A for a full list of stimuli and 

contextual cues used).  
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Figure 3.7 

A Figure Depicting What is Seen on the Screen by the Participant 

 
 
 

3.2.2.6 Pilot 

A pilot of the experiment was completed with three fellow PhD students. Verbal feedback 

was given and informally noted. Pilot participants agreed that the experiment made sense and 

that there were no obvious errors or confusion about the experimental procedure. One 

improvement arose regarding the training stages. It was noted that participants fatigued if 

they spent too long on any set of training stages without achieving the pass criteria. Based on 

the pilot it was found that spending 30-40 minutes on the training stages of any one block led 

participants to feel fatigued and somewhat frustrated, such that they were likely to withdraw 

from the study. Introducing a limit of 10 attempts on any set of training stages meant that this 

~35-minute fatigue threshold was not approachable, thus reducing possible fatigue, 

withdrawal and resultant attrition on the experiment. Quinones and Hayes (2014) had an 

attrition rate of around 35% of participants, so minimising participant fatigue was a 

particularly important factor in the piloting process.  

#### - Contextual Cue

ZKR CDO
Stimulus A Stimulus B
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3.2.3 Measures  

 On completion of the test stage, participants responded to the ensuing on-screen 

measures. Participants first were asked to self-report: “how do you feel on a scale of -4 - 4?” 

and presented with 9 emotional valence Self-Assessment-Manikins (Bradley & Lang, 1994) 

corresponding to a -4 - 4 scale (Figure 3.8) Self-Assessment Manikins have been shown to 

have good validity and reliability in research settings (Nazari et al., 2012). 

Figure 3.8 

The Affect SAMs 

 

 
 Second, participants were asked “what was the strength of that emotion on a scale of -

1-9?”. whilst presented with five arousal SAMs (Figure 3.9; Bradley & Lang, 1994). 

Figure 3.9 

The Arousal SAMs 

 

 
 Thirdly, participants were asked “on a scale of 1-9, how much did you ‘make sense of’ 

or ‘figure out’ that block?”. Higher scores indicated greater sense-making (1=‘Not at all’, 

9=‘Completely figured it out’). 
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3.2.4 Procedure 

 A repeated measures design was implemented, using a computerised experiment 

created and conducted on PsychoPy v1.84.2 (Peirce, 2007). Participants completed the study 

in quiet, isolated booths in a psychology laboratory wearing over-the-ear headphones that 

were set at the same volume across all participants. Additionally, these were noise-cancelling, 

which helped to reduce distraction from any unlikely noises outside the booths, alongside the 

primary function of providing the auditory feedback on training trials. In this and all 

following experiments they were asked to sit a comfortable distance from the screen. 

 Participants were briefed with a written information sheet and provided informed 

written consent on a paper consent sheet prior to taking part. Participants were then seated at 

a computer where they provided demographic information (gender and age) on screen and 

were instructed to begin the experiment. Instructions for the procedure were displayed, 

followed by the training stages (see Appendix D for the experimental instructions). On 

meeting the pass criteria, participants proceeded to a test stage. Participants then completed 

the self-report measures of affect, arousal and sense-making. No question or trial could be 

skipped or missed. This procedure was repeated six times until participants had taken part in 

all six randomised blocks (three coherent A-C blocks and three ambiguous A-C blocks). The 

experimenter was usually in the room but did infrequently briefly leave (e.g. to prevent the 

next participant from entering and disturbing the current participant). Written and verbal 

debriefing was provided on completion of the study or at withdrawal. 

3.2.5 Data Preparation and Analysis2 

To yield intelligible variables, the raw data required coding. The coding process from raw to 

actual variables for each aspect of the results is explained below. 

 
 
2 RStudio (2016, v1.0.143) was used for all analyses in this thesis. Occasionally, Jamovi (2019, v1.0.8.0) was 
used to check results. Software, version number and package details are listed in Appendix F. 
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3.2.5.1 Correctness Descriptives 

This was coded simply as correct being 1 and incorrect being 0. This was summed for each 

coherent A-C block per participant, and then those three sums were averaged to get an 

average correctness score per participant. 

 In order for a participant to be able to have any opportunity of discriminating between 

coherent and ambiguous A-C blocks they would need to score well on coherent A-C test 

trials (Bordieri, 2014). Otherwise, their responses regarding differences on coherent and 

ambiguous A-C blocks would not be valuable or informed. Accordingly, six participants 

were removed with a score of less than 80% (6.4 systematic responding units in raw form). In 

this situation participants 1SD below the mean could have been removed, but this would 

mean that replications in future would have a different cut-off, which detracts from the 

cumulative intentions of this thesis. Thus the 80% cut-off was used in line with what is seen 

in RFT literature (Barnes-Holmes et al., 2009; Davlin et al., 2011; Finn et al., 2016; Weil et 

al., 2011) 

3.2.5.2 Hypothesis 1a: Participants Will Have a Systematic Pattern of A>C or A<C 

Responding on Ambiguous A-C Blocks 

Based on what was on the screen and what the participant could choose in a test trial there 

were eight possibilities of participant response – four of these represent A>C relationships, 

and four represent A<C relationships (see Table 3.7). 
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Table 3.7 
 
The Combinations of Stimuli and Their Respective Numerical Labels 

 
Stimulus on 

Right 

Discriminative Button Pressed 

(Z=Left, M=Right) 

Compound 

Relationship 

Label 

A Bigger M A>C 1 

A Smaller Z A>C 1 

C Bigger Z A>C 1 

C Smaller M A>C 1 

A Bigger Z A<C 0 

A Smaller M A<C 0 

C Bigger M A<C 0 

C Smaller Z  A<C 0 

 

Accordingly, using the raw information in the outputs, if a single test trial contained any of 

the first four combinations it would be labelled as 1, and otherwise it would be labelled 0. 

These were summed per block, with full A>C responding being indicated with the total of 48, 

and full A<C responding indicated with 0. This full range from complete A<C responding (0) 

to complete A>C responding (48) is here termed the compound responding score. Since the 

hypothesis regards whether participants had A>C or A<C responding, if half the participants 

responded A<C and half responded A>C across all ambiguous A-C blocks, a one-sample t-

test versus 24 would show a null result despite the fact responding was always at an end of 

the scale for each participant. This is because the average would be at 24 – central. 

Accordingly, an absolute distance from the centre of the scale (24) was calculated for each 

participant’s ambiguous A-C block compound A-C responding, such that all values now 

indicated how ‘systematic’ the responding was. A score of 24 would indicate either full A>C 
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or A<C responding, whereas a score of 0 would indicate random responding (equal A>C and 

A<C responding on one block). This absolute value is hereafter known as the systematic A-C 

responding score. At this stage there were three systematic A-C responding score values for 

each participant, one for the absolute distance from 24 for each of their ambiguous A-C 

blocks. These three systematic A-C responding Scores were averaged to get one average 

systematic A-C responding score for each participant. 

  Given that a one-sample t-test versus zero, with possible values on a range of 0-

24, would be highly likely to give a p-value suggesting that participants were responding 

systematically, even in situations where the systematic responding was close to zero, it was 

decided that only descriptive statistics be reported for this outcome. This was to avoid 

knowingly using statistics to get a preferred answer. This also hopefully avoids future 

misinterpretation of the findings for this particular hypothesis. Quinones and Hayes (2014), 

which this experiment conceptually replicates, also only used descriptive statistics in their 

response analyses. This is in accordance with the principle that in certain situations graphical 

interpretation can be more insightful, trustworthy, and less misleading than significance 

testing (for example, see Kozak & Piepho, 2018). 

3.2.5.3 Hypothesis 1b: Participants Will Not All Respond A>C or A<C on Ambiguous A-C 

Blocks but Will Appear to Pick A>C or A<C and Then Respond Consistently with A>C or 

A<C Respectively 

               It was important to check whether any systematic A-C responding on ambiguous A-

C blocks was due to participants generating the A-C relationship (as found in Quinones & 

Hayes, 2014), or of the design of the experiment. An imbalance in the experimental design or 

the choice of stimuli might lead to a consistent A<C bias across many or all participants for 

example, where instead it would be expected that around half the participants would generate 

A>C and half A<C if it were truly random spontaneous generation. Hypothesis 1a only 
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assesses whether A>C or A<C responding was occurring but does not identify which kind of 

responding occurs. If participants did all choose A>C for a certain block, for example, the 

average sum of systematic responding would be around 48. This would mean that participant 

behaviour is being unduly influenced by that block of the experiment. The compound 

responding score was used here. The sum of compound responding was found per block per 

participant for all ambiguous A-C blocks. As mentioned above, 48 indicated full A>C 

responding whereas 0 indicated full A<C responding, and 24 indicated central responding. A 

one-sample t-test of systematic responding versus 24 was used, for each ambiguous A-C 

block, to test whether participants were being influenced by the experiment to respond in a 

biased manner. 

3.2.5.4 Hypotheses 2-5: There Will Be Significant Differences Across Ambiguous A-C 

Blocks and Coherent A-C Blocks for Reaction Time, Affect, Arousal and Sense-Making 

         The mean reaction time in seconds was calculated across all coherent A-C block test 

trials, and across all ambiguous A-C block test trials, to get two overall means for each 

participant. 

 For affect, arousal and sense-making, the outcome measure for the three coherent A-C 

blocks was averaged, and the outcome measure for the three ambiguous A-C blocks was also 

averaged, such that each participant had a single pair of scores for each outcome measure 

(ambiguous A-C block and coherent A-C block). Repeated measures type-III sum of squares 

ANOVAs were used. Q-Q plots were used to assess normality of residuals, given that visual 

inspection of this kind is the recommended approach to testing parametric assumptions of 

ANOVA (Kozak & Piepho, 2018). No violations were detected. The ANOVA is 

demonstrably robust to many violations of its assumptions (Schmider et al., 2010), being only 

seriously affected by heterogeneous variances in groups of unequal size (Glass et al., 1972). 

Such an issue was avoided here through the use of repeated-measure design. Generalised eta-
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squared was used as the measure of effect size due to its comparability across a variety of 

designs (η2gen; Bakeman, 2005; Olejnik & Algina, 2003), a useful feature in a cumulative 

thesis such as this. 

3.2.5.5 Visual Representation 

 In order to provide an even deeper overview of participant responses on test stages, a 

further visual representation was used. This was done to show how reaction time and 

participant response choices varied from start to finish on test stages. A visual representation 

of responses across the test stage may naturally provide a more thorough presentation of the 

results, may lead to additional insights, and is in keeping with the RFT method of analysing 

“the dynamics of relational framing in flight” (Barnes-Holmes et al., 2015, p.11; Barnes-

Holmes et al., 2017). In other words, it may be possible to identify RFT processes as they 

occur by graphically presenting participant responding across test trials. 

 Mean reaction times and mean correctness were found by calculating the mean for all 

participants on that number test trial (i.e. each individual trial from 1-48). Graphically 

presenting mean systematic A-C responding on ambiguous A-C test trials would show a 

horizontal line in the middle of the graph if half the participants responded A>C and the other 

half responded A<C. Thus, to avoid this erroneous joining of response patterns, participants 

with a compound A-C responding score of over 24 were categorised as A>C responding, and 

those with a compound A-C responding score of less than 24 were categorised as A<C 

responders (0 was pure A<C responding, 48 was pure A>C responding, 24 was responding 

equally between the two). This allowed two separate graphs to be created that graphically 

depicted A>C and A<C responding on ambiguous A-C test stages. In order to facilitate 

comparison of each of the graphs with each other, the visual representation is kept in its own 

dedicated section. 
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3.3 Results 

3.3.1 Correctness Descriptives 

 For completeness, correctness scores are given, though of course these were high 

because participants with correctness scores less than 80% were removed (see Section 3.2.1, 

p. 78). Mean correctness on the coherent A-C blocks was 46.02 (N=47, SD=1.53, 95% CI 

[45.57, 46.47]), or as a percentage the mean was 95.88% (N=47, SD=3.18, 95% CI [94.94, 

96.81]).  

3.3.2 Hypothesis 1a: Participants Will Have a Systematic Pattern of A>C or A<C 

Responding on Ambiguous A-C Blocks  

 Mean systematic A-C responding score per participant is shown in Figure 3.10. Mean 

systematic A-C responding score across participants was 19.12 out of 24 (N=47, SD=3.11, 

Med=19.67, 95% CI [18.21, 20.03]), or as a percentage the mean was 79.67% (N=47, 

SD=12.96, Med=81.94, 95% CI [75.86, 83.47]). 

Figure 3.10 

A Histogram Showing the Mean Systematic A-C Responding Score Frequency 
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3.3.3 Hypothesis 1b: Participants Will Not All Respond A>C on Ambiguous A-C Blocks, 

But Will Appear to Pick A>C or A<C and Then Respond Consistently with A>C or 

A<C Respectively 

 Three one-sample t-tests of the sum of compound responding versus 24 were conducted 

to test this hypothesis (24 being equal A>C and A<C responding, 48 being full A>C 

responding, and 24 being full A<C responding). No significant differences were found for 

any of the three ambiguous A-C blocks, meaning that participants were not being influenced 

by the experiment to respond systematically in a particular direction (A>C or A<C) on any 

ambiguous A-C block, but were doing so of their own accord (see Table 3.8).  

  

 

Table 3.8 

Table to Show Descriptive Statistics of Compound Responding and Inferential Statistics of 

One-Sample t-tests (mu = 24, df = 46)  

Ambiguous 

A-C Block 
M 

95% CI 
SD t p 

LL UL 

A 22.19 15.98 28.41 21.17 -0.586 .561 

B 23.49 17.67 29.31 19.82 -0.177 .861 

C 20.91 15.46 26.37 18.59 -1.138 .261 

 

In other words, approximately equal numbers of participants consistently responded A>C on 

ambiguous A-C block A as those that responded A<C, as with ambiguous blocks B and C. 
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3.3.4 Hypothesis 2-5: There Will Be Significant Differences Across Ambiguous 

Coherent A-C Blocks for Reaction Time, Affect, Arousal and Sense-Making 

             Planned repeated ANOVAs were conducted to ascertain the effect of coherence and 

ambiguity on reaction time and self-report rating scales for affect, arousal and sense-making 

(Table 3.9). Generalised eta-squared was used as the effect size of choice (η2gen; Olejnik & 

Algina, 2003) because it has been shown to take into account the type of research design used 

(a recommendation by Cohen, 1988). This allows greater comparability across studies than 

other effect sizes (see Olejnik & Algina, 2003; see also a detailed discussion by Bakeman, 

2005), which is beneficial in this thesis. Note that a small, medium and large η2gen would be 

0.02, 0.13 and 0.26 respectively (Bakeman, 2005, p. 383). These tests showed that there was 

no significant difference for self-reported arousal, but there were significant differences 

between reaction time, affect and sense-making scores between the coherent A-C block and 

ambiguous A-C block. Reaction time was significantly greater on the ambiguous A-C block 

(large effect size; Bakeman, 2005). Affect and sense-making were significantly greater on the 

coherent A-C block (medium and large effect size respectively (Bakeman, 2005). 
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Table 3.9 

Descriptive and Inferential Results for Differences in Reaction Times, Affect, Sense-Making and Arousal Across Block Type (df1 = 1, df2 = 46) 

Variable 

Ambiguous  Coherent 

F p η2gen 
M 

95% CI 

 SD 

 

M 
95% CI 

SD 

LL UL LL UL 

Reaction Time (s) 1.30 1.22 1.37 0.25  1.15 1.08 1.22 0.25 32.46 <.001* 0.414 

Affect -0.34 -0.65 -0.04 1.04 
 

0.28 -0.03 0.60 1.08 13.04 
<.001* 

 
0.221 

Arousal 3.96 3.41 4.52 1.90  3.94 3.45 4.42 1.64 0.02 .884 <.0001 

Sense-Making 4.87 4.38 5.35 1.66  6.57 6.13 7.02 1.53 44.93 <.001*      0.494 
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3.3.5 Visual Representation of Responding Across the Test Stage 

In order to allow for a visual representation of relational responding across the blocks, 

mean reaction times and response patterns across the test trials for each block type were 

graphically presented. Some might describe this as observing relational responding ‘in-flight’ 

(e.g. Barnes-Holmes et al., 2015; 2017). Visualising response patterns across test stages in 

this way allows for a much more in-depth view of participant responding. Not only does this 

lead to insight (as discussed shortly), but it also provides a clearer overview of relational 

behaviour related to ambiguity and coherence, which may be beneficial to future researchers 

intending to expand on this research. Figure 3.11 shows the mean reaction time across 

coherent A-C test stages, and Figure 3.12 shows mean reaction time for ambiguous A-C test 

stages. 
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Figure 3.11            Figure 3.12 

Mean Reaction Time Across Coherent A-C Test Trials                          Mean Reaction Time Across Ambiguous A-C Test Trials 
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 Post-hoc, it was considered that there may be differences in reaction times for certain 

sections of the test stage, particularly at the start. Thus, a post-hoc, exploratory analysis was 

conducted whereby the trials were sectioned into bins and compared individually. Using the 

somewhat subjective Elbow Method (see, for example: Shi et al., 2021), on visual inspection 

it appeared that the first four trials in all reaction time graphs in the thesis seem to be faster 

than later trials in test stages. Groups of four trials across test stages were isolated and the 

reaction times averaged across block type and participant. These groups were then compared 

in a stepwise fashion until a non-significant finding was discovered. Throughout the thesis, 

this approach was called the stepped binned analysis. 

 In the post-hoc, exploratory stepped binned analysis for Experiment One, the first 

reaction time bin was found to be statistically significant using repeated-measures ANOVA 

(Ambiguous A-C: M=2.53, SD=0.85; Coherent A-C: M=1.92, SD=0.79; df=473, t=10.32, 

p<.001), as was the second bin (Ambiguous A-C: M=1.55, SD=0.46; Coherent A-C: M=1.21, 

SD=0.26; df=473, t=5.65, p<.001). There was no statistically significant differences for the 

third bin, so the stepped binned analysis was ended there (Ambiguous A-C: M=1.33, 

SD=0.33; Coherent A-C: M=1.14, SD=0.24; df=473, t=3.22, p=.177). 

Mean correctness for the coherent A-C test trials across the test stage is found within 

Figure 3.13 
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Figure 3.13 

Mean Correctness Across Coherent A-C Test Trials 

 
 
As explained in the Data Preparation section above, participant response patterns on 

ambiguous A-C test stages were classed as either A>C or A<C so that two separate graphs 

could be created, since joining both types of responding would cause a graphical interference 

effect, giving a poor representation of response patterns. Figure 3.14 shows mean systematic 

response scores on ambiguous A-C blocks for participant test stages categorised as A>C, and 

Figure 3.15 shows the same for response patterns classed as A<C.  
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Figure 3.14               Figure 3.15 

Mean Systematic A-C Responding Scores on           Mean Systematic A-C Responding Scores on  

Ambiguous A-C Test Stages Classed as A>C           Ambiguous A-C Test Stages Classed as A<C 
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3.4 Discussion 

3.4.1 Overview 

The aim of this study was to begin cumulative research on coherence and ambiguity, 

starting with a conceptual replication and expansion of Quinones and Hayes’ (2014) 

experiment with a novel experimental design and the inclusion of a larger variety of outcome 

measures of theoretical relevance to both CDT and RFT. To achieve this aim, participants 

were trained on either A>B>C (coherent A-C) or A>B<C (ambiguous A-C) networks, their 

responses to A-C relationships probed, and outcome measures gathered regarding response 

patterns, reaction time, affect, arousal and sense-making.  

 Based on prior findings of Quinones and Hayes (2014), it was hypothesized that 

participants would respond systematically on ambiguous A-C test trials (Hypothesis 1a). The 

present data appeared to corroborate the findings of Quinones and Hayes (2014), indicating 

that participants responded systematically on ambiguous A-C test trials despite having no 

evident reason to do so based on the experimental parameters. This apparent systematic 

responding was not biased towards either A>C or A<C for each ambiguous A-C block, 

suggesting that participants were spontaneously generating the A-C relationship rather than 

being biased to do so by experimental parameters (Hypothesis 1b). This seems to suggest that 

humans spontaneously generate relationships between stimuli so that their relational 

networks are coherent, according with the idea from CDT (Festinger, 1957) that claims 

humans undergo automatic processes that increase or restore coherence. Perhaps this is 

because coherence leads to evolutionarily valuable effective action, as the Action-Based 

Model of CDT claims (Harmon-Jones, E. & Harmon-Jones, C., 2007). Further, it could be 

argued to corroborate the theoretical claims by Gawronski (2012a) stating that ambiguity (he 

uses ‘meaninglessness’) may be responded to by “creation of meaning” (Gawronski, 2012a, 
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p. 348). This also fits into the wider literature, such as claims by Kruglanski (1990) from 

within Terror Management Theory that humans may have the need for “an answer on a given 

topic, any answer, as compared to confusion and ambiguity” (p. 14). Overall, the findings 

appear to indicate some support for the core hypothesis of this thesis: that participants 

spontaneously generate A-C relationships on ambiguous A-C networks. 

 The visual representation of systematic A-C responding on ambiguous A-C blocks 

(Figures 3.14 and 3.15) showed that participants began with systematic responding of around 

75% and then there is an increase in systematic responding which is maintained at around 

90%. This suggests that participants may have already spontaneously generated the A-C 

relationships before commencing the ambiguous A-C test stages. Alternatively, participants 

may have generated the relationship on the first trial of the test stage. It is possible that 

participants respond randomly on the first A-C trial and then continue with such responding. 

Responding consistent with the first response, in the absence of feedback, has been identified 

as a possibility based on behavioural theory (Saunders et al., 1988). Nonetheless, the visual 

representations in Figures 3.14 and 3.15 supports the hypothesis that participants are 

spontaneously generating the A-C relationships on ambiguous A-C blocks. Further, the 

increase in systematic responding around the first trials of the test stage suggest that 

participants are rehearsing and solidifying that A-C relationship, which may be labelled as 

‘increasing derivation’ of the relationship in RFT terms (Harte et al., 2018). Additionally, the 

sharp increase in systematic A-C responding at the start of ambiguous A-C test stages may be 

due to initial random error, then sharply increasing familiarity with the stimulus 

configurations. In other words, this may be a practice effect (Donovan & Radosevich, 1999). 

 Participants also scored correctly on coherent A-C test trials, indicating that the training 

led to derivation of the A-C relationship as predicted by RFT (Barnes-Holmes et al., 2001). 

This lends support for the value of the novel experimental paradigm used, since the findings 
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of combinatorial entailment in this experiment map onto RFT predictions. 

 Regarding reaction time, participants were found to respond more quickly on coherent 

A-C test trials than ambiguous A-C test trials (Hypothesis 2). This speed of responding on 

coherent A-C test trials appears to be effective action, unimpeded by uncertainty, as 

discussed in the Action Tendencies Model of CDT (Harmon-Jones, E. & Harmon-Jones, C., 

2007). The slower response on the ambiguous A-C trials was therefore expected based on this 

model of CDT. 

 Affect was significantly greater on coherent versus ambiguous A-C blocks (supporting 

Hypothesis 3). This aligns with CDT, which claims lack of coherence is linked to affective 

responses (e.g. Elkin & Leippe, 1986; Harmon-Jones, E. & Harmon-Jones, C., 2007). The 

Action-Based Model of CDT claims that this affective response to lack of coherence is 

because lack of coherence (i.e. incoherence) leads to ineffective action (Harmon-Jones, E. & 

Harmon-Jones, C., 2007). Negative affect of this form initiates coherence-increasing 

processes to increase the potential for effective action, posited by the Action-Based Model to 

be an adaptive process (Harmon-Jones et al., 2015). The self-report nature of the measure 

included in this study bolsters the findings, because it suggests that the dissonance and 

affective changes between the two block types were strong enough to enter consciousness to 

be self-reported. 

  The results found no statistically significant differences between self-reported arousal 

across block types (Hypothesis 4). This could be because of several reasons. It is possible that 

there is no difference in actual arousal felt by the participants (reportable or not). 

Alternatively, there may be a difference in reality, but the SAMs self-report measure is not 

sensitive enough to identify that difference. This seems unlikely given the fact that a 

difference was found for self-reported affect in this experiment, also measured by SAMs. 

There could be differences in arousal at the physiological level, not large enough to enter 
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conscious awareness of the participants, preventing self-report differences. Despite this initial 

null result, it is worth retaining self-reported arousal as an outcome measure in coherence 

research – one null result is not enough justification for removing a theoretically relevant 

outcome measure altogether from line of research. Indeed, null results themselves can add 

valuable information (Landis et al., 2014). Retention of this variable in future studies allows 

for replication, of key importance in modern psychology (Maxwell et al., 2015). 

 Hayes and colleagues (2001) proposed that coherence is strongly related to sense-

making, but this claim appears not yet adequately addressed within CBS literature. The 

present study has demonstrated that coherence is rated (in self-report) as making more sense 

than ambiguity (Hypothesis 5), which suggests that Hayes’ and colleagues’ proposition may 

be correct. It does not, however, show that coherence is technically synonymous with sense-

making as some authors seem to believe: “coherence or sense-making appears to function as 

a powerful reinforcer for relational activity” (Barnes-Holmes et al., 2001, p. 70). It is argued 

here that coherence is a theoretical property that a relational network can have, whereas 

sense-making is the behaviour of increasing the amount of coherence within a network (see 

Section 2.3.3, p. 57).  

 The visual representation of reaction times (Figures 3.11 and 3.12) showed decreases in 

reaction time on test stages of both block types. This is most likely due to familiarisation with 

the stimuli, increased derivation of the relationships (Harte et al., 2017), and practice effects 

(Donovan & Radosevich, 1999).  

3.4.2 Strengths and Limitations  

 A limitation is that the findings of this study regarding affective differences, and 

spontaneous generation of the A-C relationship on ambiguous A-C trials, do not provide 

direct evidence about whether coherence itself is or is not reinforcing or appetitive as has 

been claimed (Barnes-Holmes et al., 2001; Hayes et al., 2001). Bordieri and colleagues 
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(2016) attempted to assess the reinforcing properties of coherence in their study using choices 

to do certain types of blocks again, but this additional step was not included in the current 

study design, either as a self-report measure or as an actual choice. In the current design, for 

it to be shown that coherence is reinforcing or appetitive, participants would have needed to 

have chosen to do a coherent A-C block over an ambiguous A-C block. Even then, this would 

only demonstrate that coherent A-C blocks are relatively more appetitive than ambiguous A-

C blocks. The difference of affect across coherent and ambiguous A-C blocks may be due to 

ambiguous A-C blocks being aversive, rather than coherent A-C blocks being appetitive, as 

suggested by CDT (Harmon-Jones, 2000). Or, that ambiguity is neutral, and coherence is 

appetitive (as suggested by RFT; Quinones & Hayes, 2014). The use of direct measures of 

the relative appetitiveness of coherence versus ambiguity is addressed in Experiments 2 and 5 

(Chapters 4 and 7 respectively). 

 An issue relating to the stimuli was identified, in that stimuli used in this experiment 

were created without much concern over their consonant-vowel structure, whereas Quinones 

and Hayes (2014) used trigrams of the form consonant-vowel-consonant (known as CVC; 

Archer, 1960). Quinones and Hayes (2014) described these as trigram syllables, presumably 

because they were monosyllabic. The stimuli used in this experiment, such as ZKR, are 

multisyllabic. First, this may introduce experimental error and lead to procedural imbalances 

given that stimuli were a variety of mono-, bi- and trisyllabic (fortunately there were no key 

experimental artefacts or imbalances, as checked with Hypothesis 1b). Second, the use of 

CVC trigrams may also reduce participant fatigue, since they may require less time to be read 

or responded to than trisyllabic trigrams. Accordingly, CVC trigrams (Archer, 1960) were 

used in Experiments 2, 4 and 6 (Chapters 4, 6 and 8 respectively). 

The strengths of the study are that it builds on technical definitions (Chapter Two, 

Section 3.2.2.1, p. 80) which means the value of technical precision of RFT and CBS is 
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upheld (Gifford & Hayes, 1999). There is direct mapping between the definitions of 

coherence and ambiguity, and the parameters used in this experiment. Additionally it allows 

for a more technical discussion of the methodology. Here, the block containing ambiguity is 

termed the ambiguous A-C block, rather than the “ambiguous network” as Quinones and 

Hayes (2014, p. 79) describe it. It is termed the ambiguous A-C block because only A-C is 

ambiguous; A-B and B-C has been directly trained and participants achieved mastery on 

trials containing A-C and B-C relationships, so they are coherent. The design also allows for 

manipulation and influence rather than simply retrospective explanation, which is 

fundamental to the mission of CBS and the research program of RFT (Hayes et al., 2012). 

This appears the first study built upon integrated theory from CDT and RFT, with results 

relevant for both fields.  

Despite the work so far, there remains more studies to be done on relational coherence 

before axiomatic claims can be made. Although useful findings can be derived from this 

exploratory work, it does not have the scope to answer every question regarding coherence. 

Consider that diverse, complex networks were not studied in this experiment, such as ones 

with 4+ stimuli. Larger network types are assessed in Experiments 2-6 (Chapters 4-8). In fact, 

incoherence was not at all a part of this experiment, so conclusions can only be drawn 

regarding coherence and ambiguity. Incoherence is addressed in Experiment 4 (Chapter 6). 

3.4.3 Implications and Future Directions 

 First, this experimental paradigm has shown value in being able to manipulate levels of 

coherence and being broadly sensitive to differences in relevant outcome measures. Second, 

more broadly, the experimental paradigm appears to train comparative relationships, perhaps 

given that the design was created deliberately to map onto normal language situations 

(Knoch, 2004) and educational formats (Froman & Fiammenghi, 2002; Mamada, 2013; 

myBlee, 2020) for learning comparatives. This removes the need for the pREP procedure 
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used by Quinones and Hayes (2014). Third, the results demonstrate differences in reaction 

times, affect and sense-making scores across coherent and ambiguous A-C blocks, suggesting 

they are key outcome measures for future coherence research. Fourth and crucially, the 

findings imply spontaneous generation of A-C relationships on ambiguous A-C blocks, 

mirroring findings by Quinones and Hayes (2014) suggesting ambiguity is responded to in a 

similar way to incoherence from a CDT perspective (Festinger, 1962; Harmon-Jones, 2000). 

This suggests that consistency theories such as CDT may need to be expanded to include 

ambiguity, such that ambiguity and incoherence are treated as similar but distinct forms of 

lack of coherence (as proposed by Gawronski, 2012a). Further, this implies that spontaneous 

generation of relationships in response to ambiguity may be a relational behaviour needing 

integration into RFT, such that it sits alongside mutual entailment and combinatorial 

entailment (Barnes-Holmes et al., 2001).  

 A variety of subjective and objective measurements were used to gain a view of 

participant responses to coherence. Physiological recordings may well be a useful and 

potentially more sensitive outcome measure for future research on the effects of coherence 

(the usefulness of physiological measures is discussed by Brenner et al., 2005). Physiological 

recordings are also part of CDT research, where variations on physiological responses have 

been found in relation to CDT processes (Cacioppo & Petty, 1979; Elkin & Leippe, 1986; 

Etgen & Rosen, 1993; Losch & Cacioppo, 1990). Physiological arousal recordings such as 

galvanic skin response or heart rate also reduce the reliance on participants to accurately 

report their internal feelings (avoiding error and demand characteristics), which would 

increase the validity of such a future study. The need for physiological recordings at some 

point in this thesis, to give a fuller account of responses of coherence versus ambiguity, is 

addressed in Experiment 3 (Chapter 5). 
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3.4.4 Further Discussion of Reinforcement Ratios 

 In contextualising the findings from this study, a number of design limitations have 

been highlighted (e.g. the need for CVC trigrams). There was another key limitation of the 

study discovered after reflection upon the design, requiring further discussion. If one adds 

another column to the numerical parameters table for the coherent A-C block, one can see 

that in the coherent A-C training stage, stimulus A has been paired only with ‘Bigger’, and 

stimulus C has been paired only with ‘Smaller’ (Table 3.10). 

 

Table 3.10 

The Parameters in Numerical Form for a 3-Stimulus Coherent A-C Block 

Stimulus 

Times on 

Screen (OS) 

Times Correct 

(C) 

Reinforcement 

Ratio (OS / C) 

Paired with 

Discriminative 

A 2 1 50% Bigger 

B 4 2 50% Bigger, Smaller 

C 2 1 50% Smaller 

 

 

As the table shows, the reinforcement ratios are equal for A and C. This means that neither 

has been reinforced more than the other (one is not ‘correct’ more often than the other). 

Neither stimulus is more likely to be chosen because it has a greater history of reinforcement. 

However, ‘Paired with Discriminative’ highlights an issue in that A has been consistently 

reinforced in conjunction with ‘Bigger’, and C has been consistently reinforced in 

conjunction with ‘Smaller’. This means that on A-C trials, A may be responded to as ‘Bigger’ 

not because the participant has derived that A>C, but rather because ‘Bigger’ has been 

trained on a continuous schedule as being a discriminative for choosing A. Additionally, a 
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response of C has been consistently reinforced when ‘Smaller’ is present. This means that 

using three-stimulus A-B-C networks with comparatives in this manner does not allow an 

unbiased test of combinatorial entailment on the coherent A-C blocks, since an alternative 

hypothesis remains available. This issue is discussed further, and resolved, in the following 

chapter. Note that this possible bias of training is only present on the coherent A-C blocks, so 

the systematic A-C responding on ambiguous A-C blocks is still best explained by 

spontaneous generation of the A-C relationships. 

3.4.5 Conclusion 

 In conclusion, the present experiment conceptually replicated the findings of Quinones 

and Hayes (2014), demonstrating in a novel, technical design based on precise definitions of 

terms, that participants spontaneously generate A-C relationships on ambiguous A-C blocks 

in much the same manner that would be expected if this were a coherence-increasing process 

within CDT (Festinger, 1957; Harmon-Jones, E. & Harmon-Hones, C., 2007). This suggests 

that ambiguity should be taken into account in consistency theories (Gawronski, 2012a), and 

this initial positive finding (in an area largely uncharted by CDT and RFT) highlights the 

value of further research on this topic. Several alternative hypotheses and further avenues of 

research were identified and are each addressed in the following chapters. Of key concern are 

improvements to the training process to avoid bias on the coherent A-C blocks, use of CVC 

trigrams, and a direct measure of the appetitiveness of coherence (an RFT claim; Barnes-

Holmes et al., 2001; Hayes et al., 2001, 2012). These are addressed in the following Chapter. 
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Chapter Four: Experiment Two - Removal of the Unidirectional Discriminative Issue and an 

Assessment of the Relative Appetitiveness of Coherence 
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4.1 Introduction 

In Chapter 3, differences for reaction time, affect and sense-making were found across 

ambiguous A-C and coherent A-C blocks. This supports Harmon-Jones’ Action-Based Model 

of CDT, in that less coherence leads to more ineffective action (slower ambiguous A-C 

reaction times; Harmon-Jones, E. & Harmon-Jones, C., 2007), and accords with CDT 

generally in that a lack of coherence leads to a decrease in affect (Elliot & Devine, 1994). 

Importantly, spontaneous generation was discovered on ambiguous A-C blocks, mirroring 

findings by Quinones and Hayes (2014) and indicating coherence-restoring responses to 

ambiguity, much as incoherence is responded to in CDT (Harmon-Jones & Mills, 2019). 

However, an alternative hypothesis was discovered: participants may have chosen 

A>C not because they had combinatorially entailed that relationship based on A>B and B>C 

training (Barnes-Holmes et al., 2001) but because they had consistently been reinforced on a 

continuous schedule for choosing A in the presence of the discriminative ‘Bigger’, and for 

choosing C in the presence of the discriminative ‘Smaller’. Thus, the discriminative ‘Bigger’ 

had two discriminative functions in Experiment One. As a reminder, “A discriminative 

stimulus … is an antecedent stimulus correlated with the availability of reinforcement for a 

particular response class.” (Cooper et al., 2013, p. 281) The first discriminative function was 

indicating the opportunity for reinforcement of the response class ‘choose the Bigger of the 

two Stimuli’ (as intended). The second discriminative function of ‘Bigger’ was that it also 

acted as an antecedent stimulus indicating the availability of reinforcement for the response 

class ‘choose Stimulus A’, regardless of its relative size (not intended). Accordingly, when 

presented with the test stage comprised of the discriminative stimulus ‘Bigger’, and the 

stimuli A and C, it is unclear whether a choice of A was due to the first discriminative 

function of ‘Bigger’ (‘choose the Bigger of the two Stimuli’) or the second discriminative 

function of ‘Bigger’ (‘choose Stimulus A’). Despite numerous searches, this particular issue 
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has not been discussed in the empirical literature. That said, each individual kind of 

discriminative training is known, the first being a common discriminative function (Hayes et 

al., 2001), the second being outlined clearly by Stewart and McElwee: “if we train an animal 

to choose a horizontal line in the presence of the color green and a vertical line in the 

presence of the color red, then we are effectively training two examples of what has been 

referred to sometimes as unidirectional relational responding (i.e., horizontal → green, 

vertical → red).” (Stewart & McElwee, 2009, pp. 310-311). This describes the second 

discriminative function, namely, that the participant has been trained to choose Stimulus A in 

the presence of ‘Bigger’, regardless of the other stimulus present. For the purposes of this 

thesis, this issue will be referred to as the unidirectional discriminative issue. A key aspect of 

the present experiment was refining the design so that only the first, intended discriminative 

function was trained for the discriminative stimuli in the experiment (i.e. ‘choose the Bigger 

of the two Stimuli’). This ensured that correct responding on the A-C test trials of the 

coherent A-C blocks could only be explained by combinatorial entailment (Barnes-Holmes et 

al., 2001). How this refinement was achieved is explained in the Methods section below.  

Further, it was noted that the supposed appetitive nature of relational coherence 

(Barnes-Holmes et al., 2001) was not directly assessed in Experiment One (Chapter 3). This 

was because the first experiment was exploratory and designed to lay the foundation from 

which further empirical research could be conducted. The claim that coherence is appetitive 

is a fundamental aspect of RFT (Hayes et al., 2001) yet has gone largely untested (Bordieri et 

al., 2016; Hughes & Barnes-Holmes, 2016). Bordieri (2014; albeit using the solvable vs 

unsolvable paradigm) briefly assessed preference for coherence, finding no such preference 

and concluded that further research is much needed on this point. 

 As explained in Section 1.5.3 (p. 34), RFT (Hayes et al., 2001) claims that coherence is 

preferred over ambiguity and incoherence, whereas CDT (Harmon-Jones, E. & Harmon-
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Jones, C., 2007) appears to alternatively claim that coherence and ambiguity are preferred 

over incoherence (see Figures 4.1 and 4.2 respectively). 

 

Figure 4.1 

Relative Preference of Coherence over Both Incoherence and Ambiguity (RFT Claim) 

 

 

Figure 4.2 

Relative Preference of Coherence and Ambiguity Over Incoherence (CDT Claim) 

 

 

Wray and colleagues (2012; see Section 1.5.4, p. 39) used solvable, neutral and unsolvable 

tasks in their experiment and found that participants preferred the solvable and neutral 

conditions over the unsolvable condition. Tentatively taking solvable, neutral and unsolvable 

as proxies for coherence, ambiguity and incoherence, it could be interpreted that participants 

preferred coherence and ambiguity over incoherence, thus supporting the CDT claim that 

incoherence is relatively aversive (Harmon-Jones, E. & Harmon-Jones, C., 2007). That said, 

Coherence

Incoherence or Ambiguity

Relative
Preference

Coherence or Ambiguity

Incoherence

Relative
Preference
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more evidence is required to test whether the CDT or RFT standpoint, regarding relative 

appetitiveness of the three types of relationships, is correct. Note that the dispute can be 

resolved by discovering the relative appetitiveness between coherence and ambiguity. If 

coherence is found to be relatively appetitive to ambiguity, this would support the RFT claim 

(see Figure 4.1). If no difference is found between coherence and ambiguity regarding 

appetitiveness, this would support the CDT claim (see Figure 4.2).  

Throughout this thesis, self-reported affect is used as a proxy for appetitiveness, but 

for completeness and in keeping with the objectivity of RFT methodology (Hayes et al., 

2013), an objective behaviour-based measure was included. Therefore, a dimension was 

added to directly assess the reinforcing nature of coherence whereby after completing the 

experiment, participants chose to do either a coherent or ambiguous A-C block again. 

Directly choosing to do a block again as a measure of appetitiveness has precedent in the 

RFT literature (used by Wray et al., 2012). This involved a small level of deception, in that 

the participants believed they would do a block again, whereas their choice was measured 

and the experiment ended. In addition to this dichotomous question at the end of the 

experiment, the appetitive nature of each individual block was also more subjectively 

measured by asking participants, hypothetically, how much they would like to do that block 

again at the end of each block. Further self-report confidence was also added as a measure, 

given its apparent relationship to effective and unhesitant action, relating to the Action-Based 

Model of CDT (Harmon-Jones E. & Harmon-Jones, C., 2007). The design update and 

addition of these measures contribute to a more thorough and objective assessment of the 

appetitive nature of coherence.  

In summary, the main aim of this chapter was, therefore, to address the alternative 

hypothesis presented in Chapter 3 by updating the experimental design, and to obtain more 
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direct and objective findings regarding the appetitive nature of coherence, around which there 

are conflicting claims:  

1) that coherence is relatively appetitive to coherence and ambiguity (e.g. Barnes-

Holmes et al., 2001) 

2) that coherence and ambiguity are relatively appetitive compared to incoherence 

(Harmon-Jones, E. and Harmon-Jones, C., 2007) 

 The hypotheses were as follows:  

• Hypothesis 1a: participants will have a systematic pattern of A>C or A<C responding 

on ambiguous A-C blocks.  

• Hypothesis 1b: participants will not all respond A>C or A<C on ambiguous A-C 

blocks, but will appear to randomly pick A>C or A<C and then respond consistently 

with A>C or A<C respectively.  

• Hypotheses 2-7: there will be significant differences across ambiguous and coherent A-

C blocks for reaction time, affect, arousal, sense-making, confidence, and how much 

the participant wants to do the block again.  

• Hypothesis 8: participants will behave as though coherence is relatively more appetitive 

than ambiguity, here operationalised as the choice to do coherent A-C blocks again 

over doing ambiguous A-C blocks again. 

 

4.2 Methods 

4.2.1 Participants 

From the previous study (Experiment 1, Chapter 4) there were several outcome 

measures that may have been used for a power calculation to determine sample size, each 

variable being rather important at this exploratory stage, and partial eta-squared effect sizes 

differing between them: reaction time = .361; sense-making = .357; affect = .150. If one 
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calculates a required sample size using the variable with the smallest effect size (affect), this 

should in theory mean that the sample size is satisfactory for all other measures. Using 

G*Power (Erdfelder et al., 1996; Faul et al., 2007), it was calculated that the required sample 

size for a statistical power of .80 (Cohen, 1988, 1992), alpha being 0.05, in this design was 14 

participants for a moderate partial eta squared effect size of .150 (using affect, above) to 

acceptably power the repeated measures ANOVAs. As an additional benchmark, in order to 

detect a small-medium effect size of interest of partial eta-squared 0.05 with .80 power, .05 

alpha, and .75 correlation among measures (based on the previous experiment), it was 

calculated using G*Power that a sample size of 22 participants were required. Therefore, in 

this study the minimum required sample size was set at 22. Given the exploratory nature of 

this thesis, more than the minimum number of participants were recruited. In order to ensure 

general consistency of the samples between the previous chapter and this chapter (to promote 

comparability) the same exclusion criteria were applied in that participants were excluded if 

they were bilingual, multilingual, or had dyslexia or severe anxiety. The participants 

consisted of a group of 75 participants (59 female, 16 male), aged 18 to 45 (M=20.83, 

SD=4.39), recruited via convenience sampling from the University of Chester. Participants 

were given research credits for participation. Participants who scored less than an average of 

80% in coherent A-C test stages, indicative of lack of combinatorial entailment, meaning that 

they could not make an informed response to any self-report outcome measures (Bordieri, 

2014), were excluded (see Section 3.2.1, p. 78), leading to a final sample of 39 participants 

(32 female, 7 male) aged 18 to 37 (M=21.05, SD=4.39). This unexpectedly higher attrition 

may have been due to the resolution of the experimental design bias, which likely made the 

previous experiment easier. This study gained ethical approval from the University of Chester 

Department of Psychology Ethics Committee. Written, informed consent was taken from all 

participants, and all were fully debriefed. 
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4.2.2 Materials 

4.2.2.1 The New Networks to Resolve the Unidirectional Discriminative Issue 

The unidirectional discriminative issue is removed when a five-stimulus training stage 

is used. This was discovered through trial and error by exploration of networks of varying 

shape and number, and calculation of relevant parameters such as reinforcement ratios. If one 

considers adding X and Y to the A-B-C network to form X>A>B>C>Y, this changes several 

parameters of the experiment (see Table 4.1; note that ‘Bigger’ and ‘Smaller’ are used to 

replace the nonsense comparatives that would be used in the experiment, for clarity). 
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Table 4.1 

The Relationships and Various Relevant Parameters for a 5-Stimulus Coherent A-C Network 

Relationship 

Trained 
Screens Discriminative Stimuli Correct 

Pairing with 

Discriminative 

X>A 

Bigger 

X       A 
Bigger X, A X 

X paired with 

Bigger 

Smaller 

X       A  
Smaller X, A A 

A paired with 

Smaller 

      

A>B 

Bigger 

A       B 
Bigger A, B A 

A paired with 

Bigger 

Smaller 

A       B 
Smaller A, B B 

B paired with 

Smaller 

      

B>C 

Bigger 

B       C 
Bigger B, C B 

B paired with 

Bigger 

Smaller 

B       C  
Smaller B, C C 

C paired with 

Smaller 

      

C>Y 

Bigger 

C       Y 
Bigger C, Y C 

C paired with 

Bigger 

Smaller 

C       Y 
Smaller C, Y Y 

Y paired with 

Smaller 

 

 

Table 4.1 shows that in a five-stimulus network, A and C are reinforced equally in 

conjunction with the discriminatives ‘Bigger’ and ‘Smaller’, meaning that the unidirectional 

discriminative issue is resolved. This is perhaps demonstrated more clearly with the 
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numerical and summary format found in Table 4.2. In particular, note the Reinforcement 

Ratio and ‘Paired with Discriminative’ columns. 

Table 4.2 

The Parameters of a 5-Stimulus Coherent Network in Numerical Form 

Stimulus 

Times on Screen 

(OS) 

Times Correct 

(C) 

Reinforcement 

Ratio (C / OS) 

Paired with 

Discriminative 

X 2 1 50% Bigger 

A 4 2 50% Smaller, Bigger 

B 4 2 50% Smaller, Bigger 

C 4 2 50% Smaller, Bigger 

Y 2 1 50% Smaller 

 
 

This addresses the alternative hypothesis that was present when using 3-stimulus 

networks (the unidirectional discriminative issue; Section 4.1, p. 125). If a participant 

consistently responds as though A is ‘Bigger’ than C on a coherent A-C block, this seems 

now only feasibly due to them having derived A>C in the training stage. One may note that 

from Table 4.2 that X and Y are both reinforced in conjunction with only one discriminative 

(‘Bigger’ and ‘Smaller’ respectively), which is deliberate so that X and Y have the biased 

training schedule rather than stimuli A and C which are key test stage stimuli. In other words, 

the unidirectional discriminative issue has been transferred to the X and Y stimuli, removing 

that issue from the A and C stimuli. 

 Now that the network contained a 5-stimulus Training Stage, including two 

discriminatives, there were eight relationships to learn (including left-right counterbalanced 
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trials, not shown; see Table 4.1) compared to the previous experiment with four relationships. 

This design was piloted with three PhD students who each decided to withdraw from the 

experiment after around 30 minutes, having failed to pass the first training stage, nor 

improving in self-reported learning of the relationships: the five-stimulus, two-discriminative 

network was too burdensome to learn. Accordingly, the discriminative stimuli were reduced 

from two discriminatives to one discriminative. This meant that there were again four 

relationships to learn (‘X Bigger A’, ‘A Bigger B’, ‘B Bigger C’, ‘C Bigger Y’) rather than 

eight. Tables 4.3 and 4.4 illustrate how removal of one discriminative does not affect the 

balance of the parameters of the experiment, whilst still ensuring resolution of the 

unidirectional discriminative issue.  

 

Table 4.3 

The Relationships and Various Relevant Parameters for a 5-Stimulus Coherent Network with 

One Discriminative 

Relationship 

Trained 
Screens Discriminative Stimuli Correct 

Pairing with 

Discriminative 

X>A 

Bigger 

X       A 

  

Bigger X, A X 
X paired with 

Bigger 

      

A>B 
Bigger 

A       B 
Bigger A, B A 

A paired with 

Bigger 

      

B>C 

Bigger 

B       C 

  

Bigger B, C B 
B paired with 

Bigger 

      

C>Y 
Bigger 

C       Y 
Bigger C, Y C 

C paired with 

Bigger 
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Table 4.3 demonstrates that none of the stimuli are reinforced more than any of the other 

stimuli in conjunction with the discriminative stimulus. In other words, each stimulus is 

equally reinforced in conjunction with the discriminative stimulus of ‘Bigger’. 

 

Table 4.4 

The Parameters of a 5-Stimulus Coherent Network with One Discriminative in Numerical 

Form 

Stimulus 

Times on Screen 

(OS) 

Times Correct 

(C) 

Reinforcement 

Ratio (C / OS) 

Paired with 

Discriminative 

X 1 1 100% Bigger 

A 2 1 50% Bigger 

B 2 1 50% Bigger 

C 2 1 50% Bigger 

Y 1 0 0% Not Paired 

 
 

Table 4.4 demonstrates that with only one discriminative, A and C maintain their 

reinforcement ratios of 50% and are both paired with the discriminative the same number of 

times. This therefore rules out the possibility of simple discriminated operant learning (the 

unidirectional discriminative issue) as an explanation for performance on coherent A-C 

blocks. To restate, reinforcement ratios and pairings with the discriminative are the same for 

both A and C, so if a participant performs as though A>C on coherent test trials this can only 

be because they derived that relationship from training on the test stage (combinatorial 

entailment; Blackledge, 2003).  
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 In the test stage of this new experimental design (in which the Training Stage 

contained five stimuli), four stimuli were used: the test stimuli A and C, and two distractor 

stimuli, denoted throughout this thesis as Q and W. There were three reasons for this.  

1. A participant may for whatever reason decide on test trials (where there is no 

feedback) to simply repeatedly choose one stimulus. Using 4 stimuli means that at 

some points in the test stage, A or C will not be on-screen. Thus, a participant cannot 

repeatedly choose one stimulus in the test stages. It may nudge them towards thinking 

about the stimuli and engaging more directly with the experiment. 

2. In later variations of this experiment it was possible to not only probe the A-C 

relationship but in fact train it in various ways (such as training A>C or A<C). 

Whenever training unidirectional relationships, the ‘unidirectional discriminative 

issue’ is always present. To avoid this issue (in that ‘end stimuli’ from a chain of 

stimuli are only paired with one discriminative), one must add additional ‘end stimuli’ 

to the test stage stimuli as has also been done above with X>A>B>C>Y. So, in test 

stages where training is used, four stimuli are required (Q-A-C-W). Since it was 

intended that the results in this experiment be comparable with results from other 

experiments within this thesis, it was preferable to hold as many parameters/variables 

constant as possible. Accordingly, two stimuli (Q and W) were added to the test 

stages here. In this experiment, Q and W acted as distractor stimuli. In variations 

where there is feedback on test trials (see Chapter Six), Q and W are used as ‘end 

stimuli’ to remove the unidirectional discriminative issue. In summary, this means 

that the stimuli Q-A-C-W were used in this and following versions to allow 

comparison with each other.  

3. Using four stimuli in the test stage means that the important probe trials (A-C trials) 

occur among other trials, so it was less likely that the participant would be aware of 
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the expected outcome of the test stage, which means there was less opportunity for 

there to be demand characteristics.  

 

For 3-stimulus ambiguous A-C blocks on Experiment 1 there was no ‘unidirectional 

discriminative issue’. For evidence of this, see Tables 4.5 and 4.6.  Table 4.5 describes the 

relationships trained, the stimuli that are on the screen, what the correct answer would be, and 

stimulus-discriminative pairing on each trial. Table 4.5 demonstrates the lack of the 

unidirectional discriminative issue (see that A is paired with ‘Bigger’ and C is also paired 

with ‘Bigger’, so there is no bias to choosing A or C in the presence of ‘Bigger’). Table 4.6 

shows the numerical parameters relating to these trials. 
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Table 4.5 

The Relationships and Various Relevant Parameters for a 3-Stimulus Ambiguous A-C 

Network 

Relationship 

Trained 

Screens Discriminative Stimuli Correct 

Pairing with 

Discriminative 

A>B 

Bigger 

A       B 

Bigger A, B A 

A paired with 

Bigger 

Smaller 

A       B  

Smaller A, B B 

B paired with 

Smaller 

B<C 

Bigger 

B       C 

Bigger B, C C 

C paired with 

Bigger 

Smaller 

B       C 

Smaller B, C B 

B paired with 

Smaller 

 

Table 4.6 

The Parameters in Numerical Form for a 3-Stimulus Ambiguous A-C Network 

Stimulus 

Times on Screen 

(OS) 

Times Correct 

(C) 

Reinforcement 

Ratio (C / OS) 

Paired with 

Discriminative 

A 2 1 50% Bigger 

B 4 2 50% Smaller, Smaller 

C 2 1 50% Bigger 
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Despite there being no unidirectional discriminative issue for 3-stimulus ambiguous 

A-C blocks, it was important to balance out the two conditions (coherent and ambiguous A-C 

blocks), so the X and Y stimuli were also added to the ambiguous A-C blocks. Therefore, the 

ambiguous network also had a 5-stimulus training stage:  

X>A>B<C<Y 

and a 4-stimulus test stage: 

 

Q-A-C-W 

Based on the above training, the relationship between A-C cannot be derived (Quinones & 

Hayes, 2014).  

4.2.2.2 Addition of a Measure of the Appetitive Nature of Coherence 

The additional aim of this experiment was to assess the appetitive properties of 

coherent versus ambiguous A-C blocks. To assess appetitive properties, one method is to give 

participants the choice to do either of the blocks again and have that choice measured (Wray 

et al., 2012). To allow participants to choose at the end of the experiment to do one type of 

block again, the blocks need to be identifiable and distinguishable in some way. Therefore, 

different backgrounds were used behind coherent and ambiguous A-C blocks. So, 

participants would, through associative conditioning (Bouton, 2007), associate the 

background with any affective, physiological, subjective states present during those blocks. 

There were two important considerations in choosing the two backgrounds. First, to allow the 

participant to easily read the stimuli. Second, to be reasonably balanced in terms of 

preference to reduce the likelihood of pre-experimental preferences. Of note, there are 

preference issues with using colour (Ou et al., 2004), so using colours might be a poor design 

choice. Sinusoidal gratings (Maffei & Fiorentini, 1973; essentially, stripes) did not seem to 

pose these two issues and could be used as background stimuli. Sinusoidal gratings at two 
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different angles of 45 degrees and -45 degrees (in other words, left/right leaning black-and-

grey stripes) were used as backgrounds. This was because they: 1) allow for readability of the 

white text on the screen and; 2) they appear minimally different in terms of their appetitive 

properties, apart from the fact the stripes lean to the left or right. Further, these backgrounds 

were counterbalanced such that half the participants would be presented with a left-leaning 

coherent A-C block background, and half with a right-leaning coherent A-C block 

background. The blocks contained their respective stripes through the training and test stages. 

The binary appetitive preference outcome measure came at the end of the experiment 

(see Figure 4.3). 

Figure 4.3 

The Binary Outcome Choice at the End of the Experiment to Assess the Appetitiveness of 

Coherence 

 

‘A’ and ‘L’ were used because the participant had been using ‘Z’ and ‘M’ and perhaps now 

had a learning history associated with those keys that may affect the response.  
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4.2.2.3 Updated Stimuli and Discriminatives 

In piloting the experiment, various kinds of stimuli were used, including symbols and 

nonsense words. Via feedback, it appeared that pronounceable nonsense words facilitated 

participant comprehension and reduced burden. The nonsense stimuli used in this experiment 

were chosen via a process intended to avoid introducing biases into the experiment. Stimuli 

used were selected from the ‘ARC Nonword Database’ (Rastle et al., 2002). These stimuli 

were three-letter nonsense trigrams chosen for their pronounceability and lack of relation to 

any real word or common acronym. This is so that no extraneous variables in the learning 

history of the participant affects the results. The use of nonsense trigrams is common in RFT 

(for example: O’Hora et al., 2002). They are used so that fundamental aspects of human 

relational behaviour can be studied, in order for results to be able to generalise to other 

stimuli and contexts (Levin et al., 2016). In all cases the trigrams followed a consonant-

vowel-consonant format for consistency, identified in Section 3.4.2 (p. 118) as being 

preferable (also known as CVC format, Storkel, 2013; see Table 4.7 for an account of the 

stimuli and relationships used). 
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Table 4.7 

Experiment Two – Stimuli and Relationships Used 

Type Block Discriminative 

Training Stage 

Stimuli and Relationships 

Test Stage 

Stimuli 

Coherent  

A sattier jul>zis>vok>pem>cug gek-zis-pem-yuv 

B klimmier puv>fyp>lux>wof>des paf-fyp-wof-zun 

C zirdier sar>ris>lel>wyd>zuk nys-ris-wyd-yop 

Ambiguous  

A ossier sal>peb>zan<vub<sif paz-peb-vub-mec 

B drallier som>bav>pid<luz<dod cem-bav-luz-mal 

C piddier hon>fis>hyf<jic<bab yoc-fis-jic-rez 

 

 

Rather than the symbolic discriminatives used in Experiment 1, nonsense words with 

a ‘comparative ending’ (such as ‘klimmier’) were used (see Table 4.7). These are 

comparatives because in the English language an adjective plus ‘er’, indicates that the word 

used is a comparative, for example ‘Bigger’ (Carter et al., 2011; Education First, 2017). The 

novel comparative adjective is included here to evoke a learned history around the transitivity 

of comparative relations. In piloting, this was discovered to be facilitative to the learning and 

understanding of participants, presumably because they were able to verbalise the 

discriminative word and could more readily identify it as a comparative. Participants in the 

piloting study, using stimuli of the above type, reported that the task now made a great deal 

more sense and had become possible to undertake. 
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4.2.2.4 Updated Training Process 

In Experiment 1 (Chapter 3), when a participant responded on a training trial, the 

stimuli disappeared, and feedback was presented on-screen. Informal feedback from pilot 

participants suggested that having the stimuli remain on the screen during feedback helped 

them remember their choice, ensuring that feedback was targeted and informative. 

Accordingly, during training stages, the feedback and stimuli remained on the screen for 

three seconds before the next training trial. Three seconds was chosen through piloting as the 

preferred length of feedback time based on participant feedback and debrief discussions.  

Additionally, the accuracy percentage and the median reaction time were shown at the 

end of each training stage so that participants could have performance feedback and see their 

performance improve. In piloting, this proved beneficial because it seemed to gamify the 

training process (i.e. making it more enjoyable and motivating; Kickmeier-Rust et al., 2014). 

Pilot participants indicated annoyance at the previous audio feedback, even labelling 

it as distracting. To reduce participant frustration, feedback was only visual. 

4.2.2.5 Additional Outcome Measures 

As discussed in Section 4.1 (p. 125), in order to assess hypotheses related to the 

appetitive nature of coherence (Barnes-Holmes et al., 2001; Harmon-Jones, 2000) additional 

measures of appetitiveness were added to this experiment. One is discussed above (the binary 

outcome choice at the end of the experiment). The other, less objective but still valuable 

measure was a rating at the end of each block for how much the participant wanted to do the 

test stage of that block again. This was a Likert scale from -4 to 4, with the question “On the 

scale below, please rate how much you would like to do the Second Section of that block 

again”, where the ends of the scale were denoted with '-4 = really do not want to do it, 4 = 

really want to do it again'. The ‘Second Section’ was targeted because that is where the 

difference in coherence-level is, between the coherent and ambiguous A-C blocks. 
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Additionally, confidence on each block was measured using another -4 to 4 scale 

since confidence seems intuitively to relate to the Action-Based Model of Dissonance which 

states that dissonance is aversive because it interferes with effective action (Harmon-Jones, 

E. & Harmon-Jones, C., 2007). This was measured with the question “On the scale below, 

please rate how confident you were of your answers when completing the Second Section of 

the previous block”, where the ends were denoted with: -4 = not confident at all, 4 = 

completely confident”. It is possible that participants may have said they wanted to do a 

block again because they were less confident on it and wanted to practise, so this question 

was used as a check of that issue. 

Also, all other self-report outcome measures (affect, arousal, sense-making) specified 

that the question was about the ‘Second Section’ (test stage) of each block. This ensured that 

participants were answering regarding the test stage, the stage of importance, where 

coherence and ambiguity are present on coherent and ambiguous A-C blocks respectively, 

rather than the entire block. The self-report questions for the previous experiment were 

vaguer than this, so the specification in instructions may have improved the validity of the 

responses gathered. Given the inherent reduction in the difference between the block types, 

due to removal of the unidirectional discriminative issue, it seemed appropriate to make 

efforts towards increasing the specificity, sensitivity and validity of the measures used. 

All other experimental parameters remained the same as the previous study, apart 

from the number of test trials which reflects the single discriminative used, as summarised in 

Table 4.8. 
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Table 4.8 

The Experimental Parameters of Training Stages and Test Stages of This Experiment 

Stage 
Limit of 

Attempts 

Number of 

Different 

Trials  

How Many 

Times Each 

Trial Appears 

in an Attempt 

Number 

of Trials 

in Total 

Number of 

A-C Test 

Trials 

 

Pass 

Criteria 

Training 10 8 3 24 N/A 

 Correct > 

80% 

Median 

Reaction 

Time < 3s 

Test N/A (1) 6 4 24 

 

8 

 

None 

 
 

4.2.3 Procedure 

 This study used a repeated measures design using PsychoPy v1.84.2 (Peirce, 2007) 

experimental software. The study took place in experimental booths in a dedicated 

psychology laboratory, with participants wearing noise-reduction over-the-ear headphones to 

reduce possible external noise. The noise-reduction function occurred silently and 

subjectively reduced the ability for any external noise to be heard. 

 A short verbal briefing was given before the information sheet was read, followed by 

informed consent being taken. Participants submitted demographic information using an 

electronic form. Experiment instructions were displayed on screen, one at a time, where the 

participant could go onto the next screen when ready, followed by the first training stage. On 

achieving the criteria required to pass that training stage participants proceeded to a test 

stage. As in Experiment 1, an 80% accuracy criterion was used (see Section 3.2.1, p. 78). A 

3000ms median response time pass criterion was used as pass criterion as is common within 

RFT research (Barnes-Holmes et al., 2004; Golijani-Moghaddam et al., 2013; Harte et al., 

2017) and was the preferred response time limit for participants in piloting. Afterwards, 
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participants completed the self-report measures including how much they wanted to do the 

block again, affect, arousal, confidence and sense-making. Participants could not skip any 

questions. Once this block and the self-report measures were completed, the participant 

began the training stage of a new block. Participants completed six randomised blocks in total 

(three coherent and three ambiguous A-C blocks), before being given the opportunity to 

choose to do one more block again. Participants were informed that there were actually no 

more blocks and they had reached the end of the experiment. When complete, participants 

were fully debriefed. 

4.2.4 Data Preparation and Analysis 

The data preparation followed the same format as in Experiment 1 (see Section 3.2.5, 

p. 100). For the binary choice at the end of the experiment the choice to do a coherent A-C 

block again was coded as 1, and the choice to do an ambiguous A-C block again was coded 

as 0. Systematic responding scores were calculated as per Experiment 1 (see Section 3.2.5.2, 

p. 101). Hypothesis 1b required a one-sample t-test utilising a comparison criterion of four. 

For the difference calculations (Hypotheses, 2-7), repeated measures ANOVAs were used, 

with generalised eta-squared as the effect size (η2gen; Olejnik & Algina, 2003, see also: 

Bakeman, 2005). To assess Hypothesis 8, a Chi
2
 Goodness of Fit Test was used, comparing 

the actual distribution of choices (either to do a coherent or ambiguous A-C block again) 

versus a null 50-50 distribution as would be expected if there were no relative preference for 

coherence over ambiguity. For the visual representation, participant responses on individual 

blocks were coded as either A>C responding or A<C responding, based on whether 

compound responding was below or above four, respectively. An alpha level of .05 was used 

for all analyses.  
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4.3 Results 

4.3.1 Correctness Descriptives  

 After removing those participants who did not meet the 80% cut-off criterion (see 

Section 3.2.1, p. 78), correctness scores were close to perfect responding (in raw form: N=39, 

M=7.57, 95% CI [7.44, 7.70], SD=0.40; in percentage form for comparability across studies: 

N=39, M=94.66, 95% CI [93.00, 96.25], SD=5.05). 

4.3.2 Hypothesis 1a: Participants Will Have a Systematic Pattern of A>C or A<C 

Responding on Ambiguous A-C Blocks 

 Given how the systematic A-C responding score was calculated (see Section 3.2.5.2, p. 

101), a score of 4 would indicate consistent A>C or A<C responding. As can be seen in 

Figure 4.4, participants seemed to systematically respond as though A>C or A<C on 

ambiguous A-C test trials. Mean systematic A-C responding score across participants was 

3.12 out of 4 (N=39, SD=0.57, Med=3.00, 95% CI [2.94, 3.30]), or as a percentage the mean 

was 77.99% (N=39, SD=14.24, Med=75.00, 95% CI [73.38, 82.61]). 
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Figure 4.4 

A Histogram of Mean Systematic A-C Responding Score Across All Three Ambiguous A-C 

Blocks Where 0 Indicates Random Responding, and 4 Indicates Consistent A>C or A<C 

Responding (N=39) 

 

 

4.3.3 Hypothesis 1b: Participants Will Not All Respond A>C or A<C On Ambiguous A-

C Blocks, But Will Appear to Randomly Pick A>C or A<C and Then Respond 

Consistently with A>C or A<C Respectively 

 Compound responding score was used (where 0 indicates full A<C responding, and 8 

indicates full A>C responding) in one-sample t-tests to assess whether systematic A-C 

responding was biased towards A>C or A<C responding across the three ambiguous A-C 

blocks. The value of 4 was used as mu for the one-sample t-tests, because this is halfway 
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between 0 and 8, indicating an equal number of responses between full A<C and full A>C 

responding. A significant difference found on one of these one-sample t-tests would indicate 

that the experiment was biasing participants to respond with one of these response patterns 

(A>C or A<C), suggesting a potential bias in the experimental design. A statistically 

significant difference was found across the first ambiguous A-C block, but not across the 

other two blocks (see Table 4.9). 

 

Table 4.9 

Table to Show Descriptive Statistics of Compound Responding and Inferential Statistics of 

One-Sample t-tests (mu = 4, df = 38)  

Ambiguous 

A-C Block 

M 
95% CI 

SD t p 
LL UL 

A 5.13 4.13 6.12 3.07 2.294 .027* 

B 4.92 3.79 6.05 3.49 1.652 .107 

C 3.67 2.65 4.68 3.14 -0.663 .511 

 

 

4.3.4 Hypotheses 2-7: There Will Be Significant Differences Across Ambiguous A-C 

Blocks and Coherent A-C Blocks for Reaction Time, Affect, Arousal, Sense-Making, 

Confidence, and How Much the Participant Wants to Do the Block Again 

 Repeated measures ANOVAs were conducted for all measures (see Table 4.10). 
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Table 4.10 

Descriptive and Inferential Statistics for All Repeated Measures ANOVAs (N = 39, df1 = 1, df2 = 38) 

 
 

Coherent A-C 
  

Ambiguous A-C    

Variable M 
95% CI 

SD 
 

M 95% CI 
 

SD F p η2gen 
LL UL  

Reaction Time (s) 1.42 1.26 1.57 0.47 
 

1.47 1.29 1.65 0.54 1.186 .283 0.030 

Affect -0.03 -0.41 0.36 1.19  -0.11 -0.47 0.25 1.10 0.670 .418 0.017 

Arousal 3.77 3.28 4.26 1.52  3.61 3.01 4.20 1.84 1.060 .310 0.027 

Sense-Making 3.92 3.40 4.44 1.61  3.84 3.23 4.45 1.88 0.407 .527 0.011 

Confidence -1.04 -1.55 -0.54 1.55  -1.16 1.29 -0.70 1.42 0.395 .533 0.010 

Do-Again Rating -1.31 -1.82 -0.80 1.58  -1.40 -0.47 -0.92 1.49 0.398 .532 0.010 
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4.3.5 Hypothesis 8: Participants Will Behave as Though Coherence is Relatively More 

Appetitive Than Ambiguity, Operationalised as the Choice to Do Coherent A-C Blocks 

Again Over Doing Ambiguous A-C Blocks Again 

 A choice of coherent A-C block was coded as 1, and a choice of ambiguous A-C block 

as 0. To assess Hypothesis 8, a Chi2 Goodness of Fit Test was conducted using the binary 

choice outcome measure. If participants chose coherent and ambiguous A-C blocks equally, 

there would be no significant difference for this test. This test was found to be statistically 

non-significant (N=39, M=0.51, 95% CI [0.35, 0.68], SD=0.51, χ2=0.03, p=.87). 

4.3.6 Test Trial Visual Representation 

 Mean reaction time on coherent A-C test trials is presented (Figure 4.5), with mean 

reaction time presented for ambiguous A-C test trials (Figure 4.6). 
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Figure 4.5            Figure 4.6 

Mean Reaction Time on Coherent A-C Test Trials3     Mean Reaction Time for Ambiguous A-C Test Trials 

    
 

 

 

 

 
 
3 Reaction time graphs for Experiments 2, 3, 5 and 6 across this thesis show all trials in a test stage, including Q-A and C-W trials. Test trials are presented in a random order 
to participants, so displaying reaction times across a test stage seems more useful than presenting averaged A-C trials in order, given that those orders change and fluctuate. 
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 In the post-hoc, exploratory stepped binned analysis for Experiment Two, the first 

reaction time bin was not found to be statistically significant via a repeated-measures 

ANOVA (Ambiguous A-C: M=2.09, SD=0.91; Coherent A-C: M=2.17, SD=0.13; df=70, t=-

1.28, p=.576), so the stepped binned analysis was ended there. 

 Correctness across coherent A-C test stages is found in Figure 4.7. 

 

Figure 4.7 

Mean Correctness on Coherent A-C Test Trials  

 
 

 

 
 

 

For mean systematic A-C responding for the blocks on which participants generated A>C, 

see Figure 4.8. Those grouped as responding with A<C are in Figure 4.9. Note that in the 

Figures, a score of 1 indicates full systematic responding for that response type. This allows a 

comparison of Figures 4.8 and 4.9. 
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Figure 4.8            Figure 4.9 

Mean Systematic A-C Responding Score from a      Mean Systematic A-C Responding Score from a 

Baseline of 0 to a Limit of 1, with 1        Baseline of 0 to a Limit of 1, with 1 

Indicating an A>C Response         Indicating an A<C Response 
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4.4 Discussion 

4.4.1 Overview 

 There were several aims of this experiment. The first was to utilize the updated 

experimental design which resolved the unidirectional discriminative issue identified in the 

first experiment. This ensured that correct responding on coherent A-C test trials could only 

be explicable through combinatorial entailment (Barnes-Holmes et al., 2001) as the study 

intended, rather than also being explicable through unidirectional discriminative responding 

(Stewart & McElwee, 2009). The resolution of the unidirectional discriminative issue, and 

removal of the alternative hypothesis associated with it regarding responding on coherent A-

C test trials, was achieved with the addition of anchor-nodes X and Y to the A-B-C network 

on training stages such that it became X-A-B-C-Y. Since the unidirectional discriminative 

issue only applies to the end-stimuli of a relational network of this type, as shown through 

numerical methods in Tables 4.3 and 4.4, stimuli X and Y receive the biased training, thus 

ensuring that A and C have a balanced history of discriminative training. This demonstrates a 

methodological advance based in the experimental design. 

 The second aim was to more thoroughly assess claims about the appetitive properties of 

coherence, by using an objective appetitive measure alongside additional self-report 

measures. CDT claims that lack of coherence is aversive (Harmon-Jones, 2000), whereas 

RFT claims that it is coherence that is appetitive (Barnes-Holmes et al., 2001; see Sections 

1.5.3, p. 34, and 4.1, p. 125), so research investigating the appetitive properties of coherence 

and ambiguity might provide valuable, novel findings to both theories. The objective measure 

of appetitiveness used was based on methodology by Wray and colleagues (2012). In their 

experiment they had participants choose between tasks to do again. The present experiment 

used this methodology by giving both types of blocks a different background (thoroughly 

counterbalanced across participants), such that block type would become paired with the 
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background (associative conditioning; see Bouton, 2007). At the end of the experiment, 

participants were asked which block type they would do again, under the pretence that they 

would have to do that block, to ensure the question was taken seriously. If participants chose 

on average to do a coherent A-C block again, this would demonstrate the relative 

appetitiveness of coherence over ambiguity, relating to claims of CDT (Harmon-Jones, 2000) 

and RFT (Barnes-Holmes et al., 2001) A self-report measure of how much participants 

wanted to repeat each block was also taken as a subjective indication of the appetitive nature 

of each block. 

 The third aim was to use a design with an improved training process. The training 

process was systematically improved based on piloting in two key ways: 1) the stimuli did 

not disappear after a choice was made, as in Experiment 1, but instead stayed on-screen 

alongside the feedback so that the participant could observe the stimuli and feedback to their 

response choice in order to learn more quickly; 2) accuracy and median response time were 

given to participants at the end of each training stage so that they could observe their own 

improvement, which also served to gamify the experiment (i.e. making it more enjoyable and 

motivating; Kickmeier-Rust et al., 2014). 

4.4.2 Correctness Descriptives 

 Participants with scores below 80% accuracy were removed from the analysis (Finn et 

al., 2016; Hussey et al., 2015; Maloney & Barnes-Holmes, 2016). Accordingly, participants 

in the final sample scored above 80%. That said, it should be noted that these participants had 

a mean percentage correctness score of 94.66 (as a reminder, N=39, M=94.66, 95% CI 

[93.00, 96.25], SD=5.05), indicating that participants in the final sample had a strong 

performance on the experiment. They were performing well above the 80% cut-off. This 

lends support to the claim that findings in this study are valid, because participants had good 

fluency regarding the relational framing task presented. It also provides evidence that the 
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experiment is functioning as intended, since combinatorial entailment of the A-C relationship 

would be expected based on RFT principles (Blackledge, 2003). Importantly, the 

unidirectional discriminative issue is no longer an alternative hypothesis for these findings. 

4.4.3 Hypothesis 1a: Systematic A-C Responding  

 Based on the descriptive statistics, participants appeared to demonstrate strong 

systematic A-C responding scores (Figure 4.4). This could be argued to replicate the findings 

both of Experiment 1, and also of Quinones and Hayes (2014). As stated previously, no 

unidirectional discriminative issue was present on the ambiguous A-C blocks of Experiment 

1 so findings about systematic A-C responding from that experiment are likely valid. This 

replicated finding seems to directly support the central thesis: that participants spontaneously 

generate A-C relationships when presented with an ambiguous A-C relationship. 

 The apparent systematic responding finding also supports the Gawronski’s hypothesis 

(2012a) stating that ambiguity (he uses ‘meaninglessness’) may be responded to with 

strategies that increase/restore coherence. Gawronski suggests that: “creating meaning may 

reduce the aversive state of arousal that arises from the failure to construct a mental model 

for a particular state of affairs.” (Gawronski, 2012a, p. 348). Although no differences in 

affect or arousal were found between the blocks, the findings of systematic A-C responding 

on ambiguous A-C blocks support the hypothesis that ambiguity leads to coherence-

increasing strategies. In this case, the strategy is to spontaneously generate an A-C 

relationship as demonstrated objectively by the participants’ response choices. 

 This finding seems to provide support for the claim that CDT should be updated to 

include ambiguity as an alternative form of lack of coherence. This omission regarding 

ambiguity is mentioned by Gawronski (2012a) regarding other consistency theories. As with 

coherence, ambiguity may also have its own related strategies with which humans restore 

coherence, namely the generation of relationships. The systematic A-C responding finding 
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from this experiment appears to suggest that exposure to ambiguity elicits the coherence-

restoration strategy of spontaneously generating a relationship, much the same way that 

coherence-restoration strategies are elicited upon exposure to incoherence (Harmon-Jones, E. 

& Harmon-Jones, C., 2007). This demonstrates that CDT must be updated to include 

ambiguity as an alternative form of lack of coherence (incoherence being the other form). 

 That participants appear to spontaneously generate a relationship between A-C when 

presented with an initially ambiguous A-C relationship also supports theory within the 

Meaning Maintenance Model (Heine et al., 2006). They state: “The impulse to seek out 

relations we assume to be a psychological universal” (p. 92), indicating that the seeking of 

relationships is what is termed a universal principle of human psychology (Norenzayan & 

Heine, 2005). Spontaneous generation also supports the Meaning Maintenance Model’s 

proposal that creating relationships is something humans can readily do: “We propose that 

humans possess an innate capacity to identify and construct mental representations of 

expected relationships between people, places, objects, and ideas.” (Heine et al., 2006, p. 90). 

As Gawronski (2012a) claims, the Meaning Maintenance Model (Heine et al., 2006) confuses 

the relationship between incoherence and ambiguity (by focusing only on incoherence and 

stating that ambiguity is a by-product of incoherence), and proposes instead that “Whereas 

meaning violation [(incoherence)] involves the presence of a belief system that conflicts with 

a new experience, meaninglessness [(ambiguity)] involves the absence of a belief system that 

helps to understand a new experience.” (Gawronski, 2012a, p. 348; my insertions, for clarity). 

To summarise, the findings of a spontaneous generation response to ambiguity may 

necessitate an update of CDT (and RFT) to include ambiguity and spontaneous generation as 

concepts within theory. 

 Taking the coherence-restoring behaviour of spontaneously generating an A-C 

relationship in response to ambiguity as a CDT-related process, support is provided for those 
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theorists which claim that there are no stimulus-specific lower boundary conditions to 

dissonance-related processes (e.g. Gawronski, 2012a, b; Harmon-Jones E. & Harmon-Jones 

C., 2007; Levy et al., 2018; Proulx et al., 2012; Randles et al., 2015). Using nonsense 

trigrams tests this boundary further than was done by Levy and colleagues (2018) because 

they used real words in real sentences. This provides additional evidence which could prompt 

refinement of CDT regarding boundary conditions of coherence-related phenomena if 

replicated and expanded.  

4.4.4 Hypothesis 1b: Participants Will Not All Respond A>C on Ambiguous A-C Blocks 

but Will Respond Around A>C and A<C Equally 

 There were three ambiguous A-C blocks: A, B and C. It was found that most 

participants responded A>C (or A<C) on ambiguous A-C block A, rather than half the 

participants responding with A>C and half responding with A<C as would be expected if 

participants were randomly generating the A-C relationship. This means that the spontaneous 

generation of the A-C relationship was perhaps not wholly random on ambiguous A-C block 

A. It seems unlikely that this finding reflects a design flaw, since this favouring of A>C or 

A<C is not present on the other the ambiguous A-C blocks. The finding suggests that the 

analysis for Hypothesis 1b is a good test of the workings of the experiment, and may suggest 

a possible design weakness, though this certainly requires further replication. It is expected 

that this significant finding was random chance and will not be observed in future studies. 

4.4.5 Hypotheses 2-7: There Will Be Significant Differences Across Ambiguous A-C 

Blocks and Coherent A-C Blocks for Reaction Time, Affect, Arousal, Sense-Making, 

Confidence, and How Much the Participant Wants to Do the Block Again 

 There were no differences on outcome measures of reaction time, affect, arousal, sense-

making, confidence, and desire to do the block again. At a logical, theoretical level, the two 

block types are different, with the A-C relationship either being coherent or ambiguous. At 
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this level, it may expected that there would be differences in: reaction time, according to the 

Action Tendencies Model of CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007); affect and 

arousal, according to CDT generally; Elkin & Leippe, 1986; Elliot & Devine, 1994; Losch & 

Cacioppo, 1990); sense-making (Wray et al., 2012); confidence, which is used as a proxy 

measure for effective, unconflicted action provided by the Action-Based Model of CDT 

(Harmon-Jones, E. & Harmon-Jones, C., 2007); and how much the participant wants to do 

the block again, a proxy measure to assess appetitiveness of coherence, around which claims 

are made in RFT (Barnes-Holmes et al., 2001). Differences on all these outcome measures 

were hypothesised since the A-C relationship was either coherent or ambiguous. However, no 

significant differences were found. To explain this, the spontaneous generation of the A-C 

relationship on ambiguous A-C blocks, leading to systematic A-C responding might be 

considered. Consider that in spontaneously generating the A-C relationship on the ambiguous 

A-C block, this block may now be perceived as coherent by the participant. Thus, it may 

feasibly be expected that no differences in outcome measures between the blocks would be 

found. In more direct terms, the spontaneous generation hypothesis is supported because it 

provides a clear explanation for the lack of differences. However, an alternative consideration 

is that with the inclusion of Q-A and C-W test trials, the ambiguous relationship may not 

have appeared frequently enough to elicit differences. 

 It is worth considering why were there differences in outcome measures of reaction 

time and affect on Experiment 1, and no differences for those outcome measures on 

Experiment 2. Indeed, on Experiment 1 it was found that participants also spontaneously 

generated the A-C relationship on the ambiguous A-C blocks, such that coherence was 

spontaneously generated. In this case, it would be expected that no differences between 

blocks be found, as with the present experiment. This query has a clear answer: the 

unidirectional discriminative issue on Experiment 1 was another powerful difference between 
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the two block types. It should be noted that the unidirectional discriminative issue was only 

present on the coherent A-C block. This means that discriminative ‘Bigger’ had two 

functions for the participant. The first intended contingency was relational responding that is 

core to RFT (‘choose the Bigger of the two Stimuli in the presence of the discriminative’; see 

Barnes-Holmes et al., 2001) and the second discriminative function was unidirectional 

relational responding (‘choose stimulus A in the presence of the discriminative’; Stewart & 

McElwee, 2009). Thus, even with spontaneous generation of the A-C relationship on the 

ambiguous A-C blocks, the coherent and ambiguous A-C blocks had a significant difference 

based on the training history. With the two discriminative functions of ‘Bigger’ being trained 

on the coherent A-C blocks, this block likely became extremely easy to complete. Given that 

the different outcomes between these two experiments are understandable in terms of this 

unidirectional discriminative issue, the finding of these differences between Experiment 1 

and 2 may suggest that: 1) some of the differences in outcome measures in Experiment 1 may 

be attributable to the unidirectional discriminative issue and; 2) the refined design of 

experiment 2 successfully resolved the issue.  

 Another design difference between Experiment 1 and Experiment 2 is that in the 

present experiment the outcome measures were about how participants felt specifically on the 

test stage of the block, whereas for Experiment 1 the question could be interpreted more 

broadly and may be seen as a self-report for perceptions on the whole block. Since the 

difference between ambiguity and coherence is only for the A-C test stages, it would be 

expected that self-reported differences between these blocks may be amplified if the self-

report related only to the test stages. However, on the present experiment, where test stages 

are asked about specifically, differences in self-reported outcome measures are not found. 

This is further evidence that the differences found on Experiment 1 were due to the 

unidirectional discriminative issue. 
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 Humans in the real-world, faced with ambiguity and dissonance, may experience 

extreme negative affect, this being covered perhaps most directly by Janoff-Bulman’s work 

on Shattered Assumptions (Janoff-Bulman, 2010). This may be because it may be 

significantly harder, or more complex, to restore coherence to a complex worldview that has 

large and sustained dissonance and ambiguity present. It must be noted that the ambiguity in 

the present experiment is resolved easily by spontaneous generation, in comparison to the 

complex challenge of restoring shattered worldviews. Perhaps if the ambiguity were harder to 

resolve, differences in outcome measures may occur. 

4.4.6 Hypothesis 8: Participants Will Choose to Do Coherent A-C Blocks Again Over 

Doing Ambiguous A-C Blocks Again 

There was no strong preference for doing a coherent A-C block again versus doing an 

ambiguous A-C block again. This is most likely due to the spontaneous generation of the A-C 

relationship on the ambiguous A-C blocks (as discussed), which likely causes both block 

types to be perceived and responded to equally. This seems a sound interpretation given the 

weight of findings that support the spontaneous generation hypothesis across this experiment, 

Experiment 1, and Quinones and Hayes (2014). 

An alternative interpretation is that there is no real preference for coherence versus 

ambiguity in the context of this experiment using these stimuli. From a CDT perspective, the 

stimuli are not self-relevant, and thus dissonance-related processes may not occur, according 

with those variations of CDT that focus on self-relevant cognitions (e.g. self-affirmation 

theory, Sherman & Cohen, 2006; self-verification theory, Swann & Read, 1981). It also may 

provide support for the hypothesis that coherence-related processes do have a stimulus-

specific lower boundary condition (again, those variations of CDT focusing on self-relevant 

cognitions fall into this category). However, the spontaneous generation of the A-C 

relationship on ambiguous A-C blocks that causes both block types to be perceived and 
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responded to equally, is a better fit and a stronger explanation of the evidence, given that self-

related dissonance theories would be unable to explain the spontaneous generation found 

here, relating to nonsense trigrams rather than self-related stimuli. 

From an RFT perspective, the lack of difference in block preference may be 

alternatively explained in two ways. First, it may be possible that the backgrounds were not 

sufficiently salient to become associated with their associated block types. Salience is an 

important aspect of learning theory processes, where more salience generally expedites a 

learning process (Denton & Kruschke, 2006; Kremer, 1978). Second, the sinusoidal gratings 

may have been too similar so that participants may not have discriminated between them in 

relation to their training experiences. These are alternative hypotheses which need 

addressing. Though, they do not invalidate the spontaneous generation hypothesis, which at 

this point remains the most parsimonious explanation of the findings. Alternative, more 

salient and discriminable backgrounds are used in Experiment Five. 

4.4.7 Trial by Trial Visual Representation 

Figures 4.7, 4.8 and 4.9 suggest that participants commenced the test trials for both 

block types with the A-C relationships already generated. There is no upward curve on the 

ambiguous A-C blocks systematic A-C responding over the test stage, which, if present, 

would have suggested spontaneous generation of the A-C relationship across the course of 

the test stage. Instead, systematic A-C responding on the ambiguous A-C block started and 

remained high. For coherent A-C blocks also, it seemed the participant had already derived 

the A-C relationship. 

 The reaction time graphs (Figures 4.5 and 4.6) demonstrate that for both block types, 

participant reaction time becomes faster across the course of the test stage. One hypothesis 

for this is that the relationships are being formed across the course of the test stage, but this 

would seem to be incompatible with the findings about correctness and systematic A-C 



 

 164 

responding showing that participants start correctly and remain correct (Figures 4.7, 4.8 and 

4.9). Instead, the most likely explanation for the finding that reaction time becomes faster 

across the course of the test stage is that participants were becoming familiar with the stimuli 

on the test stage. Once familiarization had occurred, participants could respond more quickly. 

Additionally, the A-C response pattern was becoming practiced, and the graphical findings 

(Figures 4.6 and 4.7) seem simply to show the practice effect in real-time (for an overview of 

the practice effect, see Donovan & Radosevich, 1999). From an RFT perspective this 

improvement in reaction times across the test stages may be labelled as an increase in 

‘derivation’ of the A-C relationship (Barnes-Holmes et al., 2017).  

4.4.8 Strengths and Limitations 

 One strength of the present experiment is that it resolved the unidirectional 

discriminative issue which affected Experiment 1. This refinement has been demonstrated 

both mathematically and theoretically, and the findings also suggest that the unidirectional 

discriminative issue has been removed successfully.  

 Another strength is the variety of measures used. Objective measures such as reaction 

time and response pattern help to make the findings comparable with those in the RFT 

literature, whilst the self-report measures provide proxy measures of variables which would 

be challenging to measure more directly. Additionally, the use of a forced binary choice at 

the end of the experiment regarding which type of block would be done again is a simple and 

objective way of testing for appetitiveness, using a similar methodology to that of Wray and 

colleagues (2012). 

One limitation is that the sinusoidal gratings may have been too similar to be 

discriminated between, and also may have been lacking in salience that may have allowed 

better associative conditioning with the block types, meaning that the choice between which 

block type to do again may have lacked sensitivity. This limitation is addressed in Chapter 
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Seven. Another limitation is that this study did not assess physiological measures, which are 

of importance in dissonance-related processes (Elkin & Leippe, 1986; Elliot & Devine, 1994; 

Losch & Cacioppo, 1990). This limitation is addressed in Chapter Five. 

4.4.9 Implications and Future Directions 

 The findings imply that participants have no preference to do a coherent A-C block 

again, over repeating an ambiguous A-C block. From one view, this appears to support CDT 

claims that incoherence is relatively aversive compared to ambiguity and coherence 

(Harmon-Jones, 2000; see Figure 4.2), and contradicts RFT claims that coherence is 

appetitive over ambiguity and incoherence (Barnes-Holmes et al., 2001; see Figure 4.1). 

However, this fails to take into account the spontaneous generation that seemed to be present 

on the ambiguous A-C blocks. It could be argued that participants restored coherence when 

exposed to this ambiguity, much as might be done when exposed to incoherence (Harmon-

Jones, E. & Harmon-Jones, C., 2007), by generating an A-C relationship. In doing so, the 

difference between the blocks may have disappeared, such that no preference would be found 

between them. Taking this further, it could be argued that participants spontaneously 

generated the A-C relationship because coherence is relatively appetitive to ambiguity. So, 

the lack of difference in preference between coherence and ambiguity appears to support the 

CDT claim that incoherence is relatively aversive compared to ambiguity and coherence 

(Harmon-Jones, 2000; see Figure 4.2), yet the spontaneous generation appears to support the 

RFT claim that coherence is relatively appetitive over ambiguity and incoherence (Barnes-

Holmes et al., 2001; see Figure 4.1). In sum, the findings here provide insight into the dispute 

regarding the relative appetitiveness of coherence, incoherence and ambiguity (see Section 

1.5.3, p. 34), yet clearly, further research is required. 

 There are two key future directions for this research, identified in the Limitations 

section above. First, using more differentiable, and salient, backgrounds in this experiment 
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may allow for a more sensitive and valid assessment of differences in preferences for the two 

block types (addressed in Chapter Seven). Second, the addition of physiological measures 

may make possible the more objective assessment of different responses between the blocks 

(addressed in Chapter Five).  

4.4.10 Conclusion 

 The present experiment provided further support in favour of the spontaneous 

generation hypothesis, using an updated design that resolved the unidirectional discriminative 

issue. Participants systematically responded with A-C relationships on ambiguous A-C 

blocks demonstrating spontaneous generation, in line with findings from Experiment 1 and 

Quinones and Hayes (2014). Further, the lack of significant differences across outcome 

measures such as affect, reaction time, sense-making and confidence supports the 

spontaneous generation hypothesis because it explains why the two block types were 

perceived similarly. It has been shown how the findings provide essential insight to both 

CDT and RFT regarding gaps and contradictions in theory. In particular, the importance of 

ambiguity for both CDT and RFT, which both currently do not address ambiguity in theory 

or research, is demonstrated. Next, physiological measures are introduced into the design. 
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Chapter Five: Experiment Three - Assessing Physiological Responses to Coherence and 

Ambiguity 
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5.1 Introduction 

 In the previous experiment, systematic patterns of A>C and A<C responding were 

found on ambiguous A-C test trials, indicating that participants were spontaneously 

generating the previously ambiguous A>C or A<C relationship in order to create coherence. 

This is in much the same way that a participant exposed to an incoherent relationship would 

attempt to “resolve the dissonance” (Balcetis & Dunning, 2007, p. 917). 

 Spontaneous generation of the previously ambiguous A-C relationship could explain 

the lack of differences found on outcome measures on ambiguous versus coherent A-C 

blocks on the previous experiment (Experiment 2, Section 4.3.4, p. 149); participants had 

generated an A-C relationship in the ambiguous A-C blocks, such that both block types were 

now perceived as coherent. In this way, a lack of difference in outcome measures could be 

due to spontaneous generation creating coherence, since responses to coherence will likely 

not differ from responses to coherence, all things being equal.  

 CDT claims that dissonance is felt as a “negative intrapersonal state” (Elliot & Devine, 

1994, p. 382) with associated arousal and psychological discomfort (see Elliot & Devine, 

1994, for an overview). Those authors explain that there is “direct and compelling evidence 

that there is a psychophysiological arousal component to the dissonant state” (p. 383). Of 

importance is work within CDT demonstrating physiological arousal in response to 

incoherence, as measured by increased Galvanic Skin Response (GSR; Elkin & Leippe, 

1986; Etgen & Rosen, 1993; Zimbardo et al., 1966), increased frequency of Non-Specific 

Skin Conductance Responses (NS-SCRs; Losch & Cacioppo, 1990) and increased Heart Rate 

(HR; Cacioppo & Petty, 1979; Etgen & Rosen, 1993). It is possible that physiological 

readings would provide findings relating to claims within CDT, perhaps being indicative of 

participants experiencing arousal when exposed to ambiguity, which may not appear in self-

report measures.  



 

 169 

 In the wider literature there is also precedent for using physiological measures in order 

to more objectively assess responses to experimental conditions, as intended here. Self-report 

measures can be victim to a variety of biases such as positive self-presentation, preference for 

consistency across responses, and time pressure (Paulhus & Vazire, 2007), which leads self-

report measures to be labelled as subjective. Physiological recordings, however, are used as 

objective measures (Dahaene et al., 2003; Hume & Ahtamad, 2013; Kelly et al., 1970). 

Additionally, physiological measures are often used when more sensitive measures are 

required (De Los Reyes et al., 2012; Haapalainen et al., 2010). So, not only would 

physiological recordings permit comparison with previous work in the CDT literature, they 

would also provide an additional objective measure to bolster the findings gained from the 

objective and subjective measures already present in the experimental design. 

 The claim is not being made that the self-report measures within this thesis are poor or 

fatally flawed. In the first experiment, differences were found between block types for affect 

and sense-making, suggesting that differences can be found when present. Additionally, the 

measures used for affect and arousal (SAMs; Bradley & Lang, 1994; Lang, 1980), have good 

reliability and validity ratings (Rubin et al., 2010), relating near perfectly to other validated 

self-report measures of the same nature (Bradley & Lang, 1994) and are confidently used in a 

wide variety of research designs (see Bynion & Feldner, 2017). Physiological measures 

would simply allow further objective testing of differences between blocks. The aims of this 

experiment were to employ physiological measures of HR and GSR, to provide further 

findings to continue the cumulative stream of research, and to refine the design using slightly 

updated instructions targeted to reduce attrition (see the Methods).  

 The design of the experiment remained comparable the previous experiment, with the 

addition of HR and GSR measures (discussed further in the Methods). The hypotheses were 

as follows:  
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• Hypothesis 1a: participants will have a systematic pattern of A>C or A<C responding 

on ambiguous A-C blocks.  

• Hypothesis 1b: participants will not all respond A>C or A<C on ambiguous A-C 

blocks, but will appear to randomly pick A>C or A<C and then respond consistently 

with A>C or A<C respectively.  

• Hypotheses 2-7: there will be significant differences across ambiguous A-C blocks and 

coherent A-C blocks for reaction time, affect, arousal, sense-making, confidence, and 

how much the participant wants to do the block again.  

• Hypotheses 8-9: there will be significant differences across ambiguous A-C blocks and 

coherent A-C blocks for average HR and GSR.  

 

5.2 Methods 

5.2.1 Participants 

To observe a small-medium effect size of interest of partial eta-squared 0.05 (with .80 

power, .05 alpha, and .75 correlation among measures based on the previous experiments), it 

was determined using G*Power (Erdfelder et al., 1996; Faul et al., 2007) that a minimum of 

22 participants were required. Again, for consistency across experiments, the same exclusion 

criteria were applied (no-one with bilingualism, multilingualism, dyslexia or severe anxiety 

could take part). The study included an initial group of 53 participants, with 2 not finishing 

the study in time or withdrawing, 4 reaching the limit of 10 attempts on a block, and 12 with 

an average correctness score of less than 80% on coherent A-C trials (see Section 3.2.1, p. 

78). These were excluded giving a final sample size of 32 participants. Participants were 

recruited via convenience sampling from the University of Chester. All were given research 

credits for participation. The final sample of 32 participants (20 female, 12 male) were aged 

18 to 71 (M=22.84, SD=9.64). Additionally, participants were unable to sign up via the 
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electronic sign-up system if they had completed a previous experiment within this thesis. 

This was to ensure that the setting and experimental procedure were novel, thus preventing 

previous experience with the experiment affecting the sensitive GSR and HR measures. As a 

further screening measure, at the start of the experiment participants were asked whether they 

had taken part in a previous study. This study was conducted in collaboration with another 

student at the University of Chester. We each had a separate research question, but our data 

collection procedures were identical other than the other student having a small questionnaire 

at the start of the experiment; it made sense to work together, therefore, to reduce participant 

burden. In addition to undertaking a proportion of the data collection myself, I trained the 

other student in how to run the experiment correctly and supported him with his own data 

collection, thus giving me confidence in the validity of his data for use in my thesis, 

alongside my own directly recruited participants. This study gained ethical approval from 

University of Chester Department of Psychology Ethics Committee.  

5.2.2 Materials 

5.2.2.1 Overview 

 This experiment was deliberately similar to the previous experiment (Section 4.2, p. 

129) in order to ensure consistency and comparability across experiments. Key information, 

changes and additions made will be highlighted and explained. The main change is the 

addition of physiological recordings. 

5.2.2.2 The Networks 

Network structures were the same as those used in Experiment 2 in Chapter 4. These 

were the 5-stimulus training stage and 4-stimulus test stage networks created to avoid the 

unidirectional discriminative issue from Experiment One (Section 4.1, p. 125).  
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For the coherent A-C block, the training stage was as follows:  

X>A>B<C<Y 

and for the test stage: 

Q-A-C-W 

For the ambiguous A-C block, the training stage was as follows: 

X>A>B>C>Y 

and for the test stage: 

Q-A-C-W 

5.2.2.3 Changes Between This and the Previous Experiment 

Since it was crucial to ensure that participants were screened for having not 

completed a previous experiment within this thesis, a check was made at the start asking 

whether this was their first experience of an experiment like this. None of the final sample 

had been recruited for a previous study. 

 The instructions before an experiment are important because they may influence 

responding (Finn et al., 2016). For that reason, instructions were kept almost entirely the 

same, with only minor and select additions intended to help participants better understand 

how the experiment would work and also to reduce attrition. The additional instructions are 

as follows, and all were added at the start of the experiment.  

 First, participants were told that the relationships were transitive: “The relationships 

are 'transitive'. We will explain this using an example. If 'A is blimbier than B', and 'B is 

blimbier than C', then it follows that 'A is blimbier than C'”. This was done in order to 

increase the likelihood that participants expected coherence within the network. The addition 

of this instruction was intended to increase the likelihood that participants would be 

expecting coherence, with the secondary purpose of participants being more likely to respond 
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correctly on coherent A-C blocks. This should have reduced attrition (considered further in 

the Discussion). 

 Second, it was noted that some participants whose data was discarded from the 

previous experiment resorted to pressing the left, then right, then left, then right response 

options on test stages either through boredom or as an actual strategy, despite the instructions 

stating that this is not the correct strategy. Additionally, on discussing/debriefing the 

experiment with me, some participants asked: “What was the correct pattern?” for test stages. 

They expected a pattern such as left, left, right, right (regarding the buttons). The second set 

of additional instructions were targeting at preventing this: 

 

If you spend time choosing Left-Left-Right-Right or any other pattern, you will get 

the answers wrong. 

This means the experiment will take a much longer time. 

There are no response patterns. 

Press SPACE to continue 

 

 Third, there were additional instructions regarding the electrodes on the participant’s 

hand (see next section). Alongside this was a baseline measurement to ensure calibration of 

the physiological equipment. The instructions were as follows: 

 

Before you begin properly, we just need to take a quick two minute baseline of your 

physiology. 

All you need to do is sit there with your 'electrode' hand perfectly still. 

I know, this is a little boring, but we need to do it for the good of science! 

Press SPACE to begin the two minute baseline. 
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* 

Please keep your hand as still as possible for these two minutes. 

Once two minutes are up, you will receive instructions from the next screen. 

 

The calibration instructions above remained on-screen while participants waited for two 

minutes in this manner. If participants attempted conversation, the experimenter reminded 

them that it was important to remain still and quiet for the two minutes. If at any point during 

the baseline or during the experiment the experimenter observed that the participant was 

moving their hand, by seeing tell-tale signs on the GSR reading or by hearing or seeing them 

directly, the participant was reminded to keep their hand with the electrodes on as still as 

possible. 

 Fourth, just before the experiment began, participants were reminded about keeping 

their hand still: “Remember, keep the hand with the electrodes on it as still as possible.” 

 In this experiment, each block had a black background with white text. Participants 

were unable to skip any questions. 

5.2.2.4 The Electrodes and Physiological Recordings 

The experiment was run on a desktop computer in a quiet, 23 degrees Celsius 

temperature-controlled room within a booth in a psychology laboratory. Since auditory 

stimuli can lead to a physiological response (Brown et al., 1975; Stansfeld & Matheson, 

2003) a consistent auditory environment was aimed for by using a using a near-silent room, 

with the gentle hum of the air conditioner further contributing to consistent background 

noise. Temperature was controlled because this can also cause physiological responses 

(Maulsby & Edelberg, 1960). The physiological recordings were taken using a Biopac 

MP150 with the associated software Acqknowledge, and the modules and electrodes for 

Photoplethysmyography (this is HR) and GSR. Electrodes used were TSD200 and TSD203 
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respectively. Biopac’s ‘GEL 101’ was used as the conductance gel on the GSR electrodes (an 

isotonic 0.05 molar NaCl electrode paste; Biopac Systems UK, 2019). 

5.2.2.5 Updated Stimuli and Discriminatives 

Stimuli were again selected from the ‘ARC Nonword Database’ (Rastle et al., 2002) 

(see Section 4.2.2.3, p. 141). The discriminatives were created as previously described 

(Section 4.2.2.3, p. 141). Given the additional set up and tidy up for participants at the start 

and end of the experiment, only four networks were used to ensure similar participant burden 

and fatigue across experiments. See Table 5.1 for the overview of the stimuli and 

relationships within these four blocks. 

 

Table 5.1 

Experiment Three – Stimuli and Relationships Used 

Type Block Discriminative Training Stage 
Stimuli and Relationships 

Test Stage 
Stimuli 

Coherent 
A oaglier vus>fim>rol>sez>nal tew-fim-sez-dop 

B geppier emp>niz>ack>jyt>twi vam-niz-jyt-jod 

Ambiguous 
A uldier scu>vyk>cwe<biv<oal laz-vyk-biv-jud 

B epsier kov>fev>myg<jad<uds guf-fev-jad-dup 
 
 

5.2.3 Procedure 

 This study used a repeated measures design, made with PsychoPy v1.84.2 (Peirce, 

2007). Participants did not wear headphones to block out noise, so that participants could 

hear instructions by the experimenter to “please remain still” if they were moving enough for 

the movement to register on the physiological readings.  

 The procedure followed that of the previous experiment, including informed consent at 

the start and debrief at the end. The key change in this experiment was the setup of the 
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electrodes on the participant’s hand. The procedure for setting up the electrodes was 

maintained each time for consistency: after a short briefing about the physiological 

equipment and recording procedure, electrodes were placed on the participants’ fingers. 

Participants were shown how to keep their hand still, and after a comfort check, baseline 

recordings of HR and GSR commenced to check calibration. This was identified by a smooth 

line in GSR, and a characteristic heartbeat wave for HR (Johnson et al., 2015). If recordings 

looked abnormal, the electrodes were removed, placed on again and the reading checked. 

Once calibrated, the experiment began. 

 Following this, the experiment followed the same process as before: the participant 

completed training stages, then test stages, and after the test stages they were asked to 

respond on a series of self-report measures before beginning the next training stage. 

 At the end of the experiment, participants were asked to take off the electrodes 

themselves and were given paper towel and wet wipes for cleaning their hands. The debrief 

involved a debrief sheet alongside opportunity for questions. When the participant left the 

laboratory, the electrodes were cleaned with cotton wool and kitchen roll and the space was 

prepared for the next participant. 

5.2.4 Data Preparation and Analysis 

5.2.4.1 General Data Preparation 

The data preparation for dependent variables followed the same format as in 

Experiment 1 (see Section 3.2.5, p. 100). Systematic responding was calculated as before 

(Section 3.2.5.2, p. 101). A one-sample t-test was used to assess Hypothesis 1b. Repeated-

measures ANOVAs were used in the block-wise analysis, with generalised eta-squared as the 

measure of effect size (see Section 3.2.5.4, p. 104). All tests involved a significance level of 

alpha at .05. 
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For the visual representations, response patterns on ambiguous A-C test stages were 

classed as A>C or A<C (see Section 3.2.5.5, p. 105). The graphs are presented together in a 

dedicated section, to facilitate comparison.  

5.2.4.2 HR and GSR  

In the analysis of HR and GSR data, mean values were taken across both coherent A-

C test stages and across both ambiguous A-C test stages per participant to provide an overall 

HR average, and GSR average, for use in the repeated measures ANOVA.  

 Regarding HR data preparation, there is precedent in the wider literature for using 

average HR (Carnagey et al., 2007; Davis et al., 2011; Field & Schorah, 2007; Polheber & 

Matchock, 2014; Satish et al., 2015). Additionally, average HR is used within CDT literature 

itself (Cacioppo & Petty, 1979; Etgen & Rosen, 1993). This seems the correct approach for 

this particular research question given the need to compare averages across blocks as has 

been done with the other outcome measures. 

 For GSR, averaging also has precedent, both outside of CDT (Kim et al., 2013; Nagai 

et al., 2004) and within (Etgen & Rosen, 1993; Zimbardo et al., 1966), hence that method 

was used here. An alternative possible method of calculating levels of GSR is to use non-

specific skin conductance responses (NS-SCRs; Nikula, 1991). An SCR is a peak in GSR, 

with event-related skin conductance responses (ER-SCRs) indicating a physiological 

response to an event, whereas an NS-SCR happens spontaneously and changes in the 

frequency of them can indicate changes in relative levels of physiological arousal (Nikula, 

1991). The GSR physiological data itself contained quite a large amount of non-smooth 

variations observed as saw-tooth readings, rather than the classic up-down of an NS-SCR, 

which seemed related to equipment error or minor movements of the participant.  
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Average GSR was therefore used for the following reasons:  

1) precedent in the CDT and non-CDT literature for using average GSR;  

2) averaging theoretically takes into account NS-SCRs anyway, at least to some extent 

(more NS-SCRs means more peaks which means a higher overall average);  

3) there was some minor experimental error identified in the GSR output meaning 

identifying NS-SCRs may be subjective whereas averaging is objective; and  

4) given the exploratory nature of the study, the simpler method of calculation could be 

used and, if a positive result found, future research could use the alternative method 

using software and hardware more suited to NS-SCR identification. 

 

As mentioned, there were some characteristic saw-tooth readings in the GSR 

measurements, indicating equipment error and participant movement. The author conducted a 

subjective rating of these for each participant, rating the data on a scale of 0-10 based on how 

clean the data was, with 0 containing many perceived errors and 10 containing no perceived 

errors. Repeated measures ANOVAs were run with and without participants with visual 

rating scores less than four in order to address the possible alternative hypothesis that results 

were due to the inclusion or lack of inclusion of high-noise data. The cut-off of four was 

chosen because most results were scored higher or lower, with four being an obvious cut-off 

choice. 

On visual inspection, several participants also had HR readings containing erroneous 

readings (e.g. a spike of 200 beats per minute where one heartbeat was being registered as 

two or three heart beats). Each HR reading was also subjectively rated on a scale of 0-10, as 

above, and repeated measures ANOVAs were also run with and without participants with 

visual rating scores less than four. This is discussed further in Section 5.4 (p. 185). 
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5.3 Results 

5.3.1 Correctness Descriptives  

 As discussed in Section 3.2.1 (p. 78), a cut-off of 80% average correctness on coherent 

A-C blocks was used in order to ensure that only participants that had successfully completed 

the task were included in the analyses. This is because participants that had performed poorly 

on the task were unlikely to have come into contact with the differing contingencies across 

both block types (Bordieri, 2014). The final sample had high average correctness scores out 

of 8 (N=32, M=7.55, SD=0.5, 95% CI [7.36, 7.73]; or as percentages: N=32, M=94.34%, 

SD=6.42, 95% CI [92.00, 96.63]). 

5.3.2 Hypothesis 1a: Participants Will Have a Systematic Pattern of A>C or A<C 

Responding on Ambiguous A-C Blocks 

 As a reminder, systematic A-C responding score was calculated (see Chapter Three, 

Section 3.2.5.2, p. 101) in such a way that a score of four would indicate consistent A>C or 

A<C responding, and a score of zero would indicate responding that was half A>C and half 

A<C. Figure 5.1 demonstrates that participants had strong systematic responding, meaning 

participants consistently ‘picked’ one response — either A>C or A<C for each ambiguous A-

C block. Mean systematic A-C responding score across participants was 3.34 out of 4 (N=32, 

SD=0.72, Med=3.50, 95% CI [3.08, 3.60]), or as a percentage the mean was 83.59% (N=32, 

SD=18.08, Med=87.50, 95% CI [77.07, 90.11]). 
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Figure 5.1 

Histogram of Mean Systematic A-C Responding Score for Ambiguous A-C blocks, Where 0 

Indicates Random Responding, and 4 Indicates Consistent A>C or A<C Responding (N=32) 

 

 

 

5.3.3 Hypothesis 1b: Participants Will Not All Respond A>C or A<C on Ambiguous A-

C Blocks, but Will Appear to Randomly Pick A>C or A<C and Then Respond 

Consistently with A>C or A<C Respectively 

 For both ambiguous A-C blocks, participants overall responded about equally with 

A>C and A<C responding, indicating no experimental bias. This was confirmed with the one 

sample t-test (see Table 5.2). 
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Table 5.2 

Table to Show Descriptive Statistics of Compound Responding and Inferential Statistics of 

One-Sample t-tests (mu = 4, df = 31)  

Ambiguous 

A-C Block 
M 

95% CI 
SD t p 

LL UL 

A 4.28 2.98 2.98 3.62 0.429 .663 

B 4.91 3.71 3.71 3.31 1.551 .131 

 

 

5.3.4 Hypotheses 2-7: There Will Be Significant Differences Across Ambiguous and 

Coherent A-C Blocks for Reaction Time, Affect, Arousal, Sense-Making, Confidence, 

and How Much the Participant Wants to Do the Block Again 

Table 5.3 shows the descriptive and inferential statistics for the outcome measures 

across block type.  



 

 182 

Table 5.3 

Descriptive and Inferential Statistics for All Repeated Measures ANOVAs (df1=1, df2=31) 

 Ambiguous  Coherent    

Variable M 
95% CI 

SD 
 

M 
95% CI 

SD F p η2gen 
LL UL  LL UL 

Reaction Time (s) 1.58 1.39 1.76 0.52  1.49 1.31 1.66 0.49 4.282 .047* 0.121 

Affect 0.73 0.35 1.11 1.05  0.72 0.26 1.18 1.28 0.007 .934 <0.001 

Arousal 3.61 3.05 4.16 1.54  3.64 2.99 4.29 1.81 0.025 .875 <0.001 

Sense-Making 3.69 3.05 4.32 1.76  3.98 3.29 4.68 1.92 1.684 .204 0.052 

Confidence -0.42 -1.03 0.18 1.68  -0.3 -0.91 0.32 1.70 0.246 .623 0.008 

Do-Again Rating -0.67 -1.23 -0.11 1.55  -0.69 -1.19 -0.18 1.40 0.010 .923 <0.001 
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Table 5.3 shows no significant differences apart from reaction time, being faster for coherent 

A-C blocks.  

5.3.5 Hypotheses 8-9: There Will Be Significant Differences Between Ambiguous A-C 

and Coherent A-C Blocks for Average HR and GSR 

 Data analysis indicated that there was no significant difference for HR between 

ambiguous (N = 32, M=82.21, SD=13.69, 95% CI [77.28, 87.15]) and coherent A-C blocks 

(N = 32, M=81.98, SD=14.36, 95% CI [76.81, 87.16]; F=0.063, df1=1, df2=31, p=.804, η2gen 

=0.000). Removal of participants with a visual rating lower than four (that subjectively 

seemed to include many erroneous readings) did not affect the results (F=0.215, df1=1, 

df2=23, p=.6473, η2gen =0.000).  

 GSR scores were also not significantly different between ambiguous (M=4.51, 

SD=1.67, 95% CI [3.89, 5.13]) and coherent A-C blocks (M=4.46, SD=1.68, 95% CI [3.84, 

5.09]; F=0.100, df1=1, df2=31, p=.754, η2gen =0.000). One participant had a slightly lower 

visual rating for GSR than the rest. Removal of their data again made no difference to the 

results (F=0.266, df=1, df2=30, p=.610, η2gen =0.000). 

5.3.6 Visual Representation of Relational Framing Across Test Stages 

 Figure 5.2 shows mean reaction time across test trials for the coherent A-C block. 

Regarding ambiguous A-C test trials, Figure 5.3 shows mean reaction time.  
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Figure 5.2          Figure 5.3 

Mean Reaction Time for Coherent A-C       Mean Reaction Time for the Ambiguous 

Test Trials Across the Test Stage       A-C Test Trials Across the Test Stage 
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In the post-hoc, exploratory stepped binned analysis for Experiment Three, the first 

reaction time bin was not found to be statistically significant with a repeated-measures 

ANOVA (Ambiguous A-C: M=2.28, SD=0.79; Coherent A-C: M=2.27, SD=0.74; df=60.2, 

t=0.07, p=1), so the stepped binned analysis was ended there. 

Figure 5.4 shows mean correctness scores for coherent A-C test trials., Figure 5.5 

shows mean systematic A-C responding scores for A>C test stages, and Figure 5.6 shows the 

same for A<C test stages (see Section 3.2.5.5, p. 105). 

Figure 5.4 

Shows Mean Correctness Scores for Coherent A-C Test Trials Across the Test Stage 
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Figure 5.5          Figure 5.6 

Mean Systematic A-C Responding Scores for Test Stages    Mean Systematic A-C Responding Scores for Test Stages 

 with a Response Pattern Characteristic of A>C     with a Response Pattern Characteristic of A<C 
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5.4 Discussion 

5.4.1 Overview 

 One aim was to employ physiological measures to objectively test differences in 

response to ambiguity and coherence, following theoretical and empirical precedent in the 

literature. Specifically, CDT theorises that lack of coherence is associated with negatively 

valenced physiological responses (Elliot & Devine, 1994), and this has been shown in CDT 

research for GSR (Elkin & Leippe, 1986; Etgen & Rosen, 1993; Losch & Cacioppo, 1990; 

Zimbardo et al., 1966) and HR (Cacioppo & Petty, 1979; Etgen & Rosen, 1993). In CDT 

empirical literature this lack of coherence is in the form of incoherence, though it is unclear 

whether it is incoherence-specific or relates also to ambiguity. One hypothesis in this study 

was that exposure to ambiguous A-C blocks would cause participants to have a physiological 

reaction measured by GSR and HR, as would be observed if a participant was exposed to 

incoherence (Elkin & Leippe, 1986; Etgen & Rosen, 1993). The present experiment achieved 

this aim by including GSR and HR physiological recordings. 

 Another aim of the experiment was to provide further evidence, replication and findings 

regarding difference in response to ambiguity versus coherence. As explained throughout this 

thesis (see Chapter 1 for a thorough overview), both CDT and RFT seem to have relatively 

little theory and experimentation regarding ambiguity, so a broad, cumulative research effort 

regarding ambiguity is warranted in order to build a base of evidence that can be brought to 

bear on theoretical claims. 

 An additional aim was to further advance and refine the methodological design. This 

was achieved with the use of more detailed instructions. Changes to instructions were 

completed carefully, because variations in instruction have been shown to lead to differences 

in participant behaviour in experiments not dissimilar from this one (Finn et al., 2007). 
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Instructions added were minimal, and only intended to ensure that participants engaged more 

correctly with the experimental paradigm, with the intention of reducing attrition. 

 As a brief summary of the findings, systematic A-C responding was again found on 

ambiguous A-C test trials, lending further evidence to support the central thesis that 

participants are spontaneously generating an A-C relationship where there is ambiguity, in 

order to increase the coherence perceived. This is discussed below. Overall, the results 

largely showed no significant differences between ambiguous A-C blocks and coherent A-C 

blocks, even for HR and GSR, which, briefly, makes sense given the systematic responding 

on ambiguous A-C blocks. Reaction time was found to be significantly different, discussed in 

more detail below. Additionally, a visual representation was provided to allow a view of the 

relational framing across the test stages (Barnes-Holmes et al., 2015; Barnes-Holmes et al., 

2017). 

5.4.2 Hypothesis 1a: Systematic Responding on Ambiguous A-C Blocks 

 As with Experiments 1 and 2, and in line with findings by Quinones and Hayes (2014), 

and the wider literature showing that humans seek out and create relationships (see Chapter 

1), participants on this experiment appeared to spontaneously generate A-C relationships and 

respond systematically on ambiguous A-C test trials. This finding can be seen to support the 

spontaneous generation hypothesis central to this thesis. It provides indirect support for the 

hypothesis that coherence is relatively more appetitive compared to ambiguity, because 

participants spontaneously generated the A-C relationship which increases coherence and 

reduces ambiguity. It partly supports the hypothesis derived from CDT that lack of coherence 

(e.g. dissonance) is aversive (Harmon-Jones, 2000), and partly supports the hypothesis by 

RFT that coherence is appetitive (Barnes-Holmes et al., 2001). It appears that the relative 

appetitiveness of coherence, argued for within this thesis and a hybrid of those two views, is 

the more realistic position. 
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 More widely, this suggests that humans have a tendency to increase coherence as 

claimed by theories such as CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007) and the 

Meaning Maintenance Model (Heine et al., 2006). The spontaneous generation of the A-C 

relationship on ambiguous A-C blocks may therefore be considered as a form of coherence-

increasing behaviour. 

5.4.3 Hypothesis 1b: A-C Responding on Ambiguous A-C Blocks 

 It appears that the patterns of responding were not a feature of the stimuli or 

experimental design, suggesting that systematic A>C or A<C responding on ambiguous A-C 

blocks was due to spontaneous generation systematic responding, rather than experimental 

error biasing all participants to respond A>C, for example. Instead, on each block, around 

half of the participants responded with A>C, and about half responded with A<C, which 

would be expected if participants were spontaneously generating the A-C relationship. This 

therefore supports the spontaneous generation hypothesis. 

5.4.4 Hypotheses 2-7: Differences in Reaction Time, Affect, Arousal, Sense-Making, 

Confidence, and Desire to Do the Block Again 

 As per Experiment Two, no differences were found on outcome measures for affect, 

arousal, sense-making, confidence, or how much the participant wanted to do the block again. 

This might be a result of participants spontaneously creating an A-C relationship on 

ambiguous A-C test trials, resulting in the levels of perceived coherence between each block 

being similar.  

 Reaction time on test trials was found to be different across block types. One 

explanation for it being significant is Type 1 error (Rubin, 2017). Another possibility, linking 

with the above discussion on systematic responding, is that it took participants some time to 

resolve, create or remember to adhere to the ambiguous A-C relationship, which is why 

participants responded more quickly on coherent A-C test trials. The visual representation 
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discussion suggests that participants formed the A-C relationship on the first trial or so of the 

test stage, or had the A-C relationship already formed before commencing the A-C test trials. 

Thus, the reaction time difference seems likely to be a chance result based on familywise 

error. However, reaction time will continue to be monitored across the future experiments in 

this thesis. Given the continuous refinement of the experimental design, further findings may 

come to light, within this thesis or indeed in future research on responses to coherence 

generally. 

5.4.5 Hypotheses 8-9: Differences in Average HR and GSR 

Physiological measures did not reveal differences between ambiguous and coherent 

blocks. This could be interpreted by suggesting that participants resolved the ambiguous A-C 

relationship and in doing so removed any difference between the two block types. Since this 

is what would be expected if the spontaneous generation hypothesis were true, this seems to 

provide tentative support for the spontaneous generation hypothesis. 

The lack of differences does raise the question: why was predicted physiological 

activity found in previous CDT studies (such as with Elkin & Leippe, 1986; Losch & 

Cacioppo, 1994) but not here? In CDT research, given the fact that most experiments are 

conducted in a social setting (Harmon-Jones, E. & Harmon-Jones, C., 2007) or related in 

some way to the physical environment, such as writing an essay (Elkin & Leippe, 1986; 

Losch & Cacioppo, 1994) or giving a speech, it may be harder for cognitions to be altered in 

order to restore coherence, since altering those cognitions may be to deny reality itself. This 

idea is supported by self-perception theory (Bem, 1972), in that cognitions related to reality 

are those seen as hardest to deny, alter or ignore, and are considered primary. In the present 

experiment, to generate an A-C relationship on the ambiguous A-C block would not have 

been to deny reality. It is logically plausible that A>C or A<C or A=C. So, participants may 

have resolved the ambiguity instantly, which is suggested by the systematic responding and 



 

 191 

the lack of differences on outcome measures. The visual representations support this 

interpretation, given that participants commenced test stages with A-C relationships 

immediately derived or generated. 

 This discussion relates to the idea that some instances of inconsistency are far more 

challenging to resolve than others. For example, when someone’s worldview or assumptions 

are shattered due to trauma, the worldview is often not instantly made to be coherent again, 

but will remain incoherent for quite some time and may even need direct and deliberate 

intervention to develop another adequate worldview or set of global assumptions (Janoff-

Bulman, 1999, 2010). It is possible that the ambiguity in this study was too easily resolved 

(merely by acting as if the relationship between A and C were known) and/or was not 

sufficiently salient.  

It may be that there are stimulus-specific lower boundary conditions regarding 

coherence phenomena, and perhaps these boundary conditions relate to the importance of the 

cognitions. For instance, a number of theorists have suggested that dissonance effects are 

more easily obtained with cognitions relating to the self (e.g. Lecky, 1946; Sherman & 

Cohen, 2006; Swann & Read, 1981), which appears to fit with the lack of differences here. 

However, systematic responding being found for ambiguous A-C test trials, alongside the 

lack of differences, strongly supports the hypothesis claiming that participants spontaneously 

generated coherence, and since spontaneous generation occurred with nonsense trigrams, this 

suggests that coherence phenomena have no stimulus specific lower boundary conditions. 

Such a finding, repeated in the previous studies in this body of work, does support the idea 

that coherence may be fundamentally important. In summary, the repeated finding that 

participants respond systematically on ambiguous A-C test trials, as if the ambiguous set of 

relations they were trained on do imply a specific A-C relationship, suggests that humans 

may have a tendency to seek out and generate coherence, as suggested by other scholars (see 
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Section 1.2, p. 2, for a further discussion). At the same time, the lack of any self-reported 

aversive reaction, or of any recorded physiological arousal reaction, is compatible with two 

hypotheses: either the stimuli lack salience and therefore do not meet some stimulus-specific 

boundary condition for coherence processes or, in spontaneously generating their own 

coherence, participants instantly resolve any ambiguity, from their own perspective, and thus 

any potential dissonance effect is lost. Thus, the interpretation that should be made based on 

this evidence is that there are no stimulus-specific lower boundary conditions to coherence-

related processes related to behaviour. But, going further, it is plausible based on the 

evidence that boundaries do exist for physiological and affective responses to exposure to 

lack of coherence, where those responses will only occur if the cognitions are important to 

the participant and are not easily resolvable. This reasoning is continued further throughout 

this thesis. 

5.4.6 Visual Representation of Responding  

The visual representation of responding showed the same patterns as seen on 

Experiment 2 (Section 4.3.6, p. 152). Reaction times became faster across test stages of both 

block types (Figures 5.2 and 5.3). The clearest explanation of this finding is that it is due to 

increased familiarity with the stimulus configurations, and practice effects (Donovan & 

Radosevich, 1999). 

 Accuracy on coherent A-C test trials began and remained at a near perfect level 

(Figure 5.4), suggesting that participants either commenced the test stage with the A-C 

relationship already combinatorially entailed (Barnes-Holmes et al., 2001) or that the 

relationship was derived on the first test trial. Both hypotheses remain plausible, based on the 

current data.  

 Systematic A-C responding on ambiguous A-C test stages also began high and 

remained high throughout the test stage (Figures 5.5 and 5.6), corroborating the finding from 
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the coherent A-C test stage correctness descriptives (Figure 5.4). It seems that participants 

commence the test stages with A-C relationships already formed, or that the A-C relationship 

is formed on the first A-C test trial. The fact that these objective behavioural measures match 

those found on Experiment 2 (Sections 4.3.2, p. 147, and 4.3.6, p. 152) adds further validity 

to the findings in this thesis. 

5.4.7 Discussion Regarding the Addition of Instructions 

 As shown in the Results, the addition of instructions intended to prevent participants 

from using ‘response patterns’ such as left-left-right-right or left-right-left-right did not seem 

to change the experimental findings in any way. There was no dramatic increase in 

systematic A-C responding on ambiguous A-C blocks between this and Experiment 2; as a 

reminder, Experiment 2 had a mean systematic A-C responding score of 77.99% (SD=14.24, 

95% CI [73.38, 82.61]) and the present experiment had a mean of 83.59 (SD=18.08, 95% CI 

[77.07, 90.11]). Note that the 95% confidence intervals overlap. This lack of large change in 

systematic responding between the two studies is positive, suggesting that the systematic A-C 

responding on ambiguous A-C blocks in this experiment is due to spontaneous generation of 

the A-C relationship, rather than due to a specific set of instructions. Additionally, the fact 

that the study used different participants and slightly different instructions and yet still found 

a spontaneous generation effect is evidence that the effect is at least somewhat generalisable 

across context. 

 The intended positive effect, less attrition, was achieved in this study. In Experiment 

Two, 39 out of 81 participants (48.15%) of participants had a correctness average of less than 

80%, whereas in this experiment only 12 out of 53 participants (22.64%) performed so 

poorly. Four fewer participants also did not finish or withdrew before time (two here, 

compared to six in Experiment Two). Here, two participants reached the limit of attempts on 

the training stages and were therefore excluded, but this maps closely with the zero 
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participants who reached the limit of attempts on Experiment Two. On Experiment 1, 28 

participants reached this limit of attempts, suggesting that the present experimental design is 

far superior in terms of training speed and overall attrition. 

5.4.8 Strengths and Limitations  

 One strength of the study is that it used physiological recordings, an objective 

measure (Dahaene et al., 2003; Hume & Ahtamad, 2013) relating to CDT directly (Cacioppo 

& Petty, 1979; Etgen & Rosen, 1993). Although no significant differences were found 

regarding GSR and HR, the fact that this experiment measured physiological responses to the 

two block types means that an important CDT research avenue has been explored in this 

thesis. The physiological measurements support the hypothesis that participants do not 

perceive differences between the two block types because they spontaneously generate the 

ambiguous A-C relationship. 

 This experiment controlled several important parameters which could have otherwise 

affected the results, including sound and temperature which can affect physiological 

responding (sound: Brown et al., 1975; Stansfeld & Matheson, 2003; temperature: Maulsby 

& Edelberg, 1960), and instructions, which can affect behavioural responding (Finn et al., 

2007). One possible limitation was the noise in the experimental recordings due to 

experimental error and participant movement. However, this was taken into account by the 

use of averaging, in accordance with both CDT physiological research (Cacioppo & Petty, 

1979; Etgen & Rosen, 1993) and the wider literature (Kim et al., 2013 Polheber & Matchock, 

2014). Further, analyses were undertaken with subjectively erroneous data removed in order 

to check that this error was not affecting the overall results. No difference was found to the 

significance of results whether including or removing such data, demonstrating that the noise 

did not affect the results. 
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 The experiment used nonsense trigrams which is a strength due to controlling for 

pronounceability and familiarity, meaning that responding can be more confidently attributed 

to experimental conditions. The point of this thesis is to study responding to coherence- and 

ambiguity-related conditions at a level that is technical, non-self-related and not related to 

strong participant cognitions, in order to test whether this is a fundamental psychological 

phenomenon, so the use of an experimental setting with nonsense trigrams is integral to the 

research. That said, it would be beneficial to use real words in a future experiment to cast a 

wider search for the lower boundary conditions of coherence-related phenomena and address 

any alternative hypotheses related to the use of nonsense trigrams in this thesis so far. 

 The rating of the cleanliness of data was subjective. In this exploratory study, it 

seemed reasonable to address the cleanliness of the data and report findings from the analyses 

both including and not including the high-noise data. This was reasonable in order to check 

that high-noise data, due to either experimental error or participant movement, was not 

affecting the outcome of the results.  

5.4.9 Implications and Future Research 

 The findings of no differences in outcome measures, alongside behavioural systematic 

responding, imply spontaneous generation, meaning both blocks became perceived as similar. 

Further, the use of physiological recordings related this research to key theory within CDT 

and tested the stimulus-specific lower boundary conditions at a level not yet previously seen 

(Levy et al., 2018).  

It is possible that ambiguity simply has much weaker effects on various relevant 

outcome measures than incoherence. In CDT, incoherence is of central importance (Harmon-

Jones, 2000), yet ambiguity is barely mentioned in consistency theories, as briefly 

highlighted by Gawronski (2012a; in relation to a particular consistency theory, but the 

general point stands). To directly test the alternative hypothesis that differences would not be 
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found for ambiguity but would be found for incoherence in this experimental design, 

incoherence needs to be incorporated into the experimental design alongside coherence and 

ambiguity. This is of fundamental importance to assess the validity of claims made based on 

the findings of this thesis. This would make this thesis even more related to cognitive 

dissonance research and theory, just as the present experiment did by using physiological 

recordings. The following study (Experiment 4) incorporates incoherence into the empirical 

design within this thesis to assess differences across coherence, ambiguity and incoherence, 

resolving this alternative hypothesis. 

 Another alternative hypothesis is that it is possible that differences may not be found 

using nonsense trigrams and novel comparatives but may be found using real words and real 

comparatives. For that reason, another later study (Experiment 5, Chapter 7) uses real words 

as stimuli and comparatives in order to further assess the boundary conditions of coherence 

processes and the spontaneous generation hypothesis. 

5.4.10 Conclusion 

 The present experiment used the updated five-stimulus training stage and four-

stimulus test stage design, free from the unidirectional discriminative issue, and largely 

replicated the findings of the previous experiment (Experiment Two) while providing further 

insights. Physiological differences were not found between ambiguous and coherent A-C 

blocks. Systematic A-C responding was again found across ambiguous A-C test trials which 

lends further support to the hypothesis that participants are spontaneously generating an A-C 

relationship, restoring coherence, hence the lack of physiological differences. Additionally, 

differences were not found across other outcome measures (apart from reaction time, which 

may have been Type 1 error), joining the physiological and objective behavioural measures 

in providing support for the spontaneous generation hypothesis.  
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 Two future directions of research appear to follow directly from this work – the need 

to involve incoherence in a study in this line of research (addressed in Chapter Six), and the 

need to use real words as stimuli and comparatives in order to address the alternative 

hypothesis that differences are not found because the stimuli are not salient and therefore do 

not meet some stimulus-specific boundary condition for coherence phenomena (addressed in 

Chapter Seven).  
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Chapter Six: Experiment Four - Incorporating Incoherence, to Test CDT and RFT Predictions 

and to Compare Coherence, Ambiguity and Incoherence 
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6.1 Introduction 

 On Experiment Four, there were no significant differences on outcome measures 

between ambiguous A-C blocks and coherent A-C blocks (apart from reaction time, needing 

replication). However, it was found that participants responded systematically on ambiguous 

A-C test trials, suggesting that participants spontaneously generated the A-C relationship, 

restoring coherence. This supposed creation of coherence, which may be at the root of the 

lack of difference between the two block types, broadly supports both CDT theorists who 

claim coherence is important at a fundamental level without restriction to stimulus type or 

importance (Gawronski, 2012a, b, p. 346; Harmon-Jones, E. & Harmon-Jones, C., 2007, p. 

13; Levy et al., 2018, p. 95; Proulx et al., 2012, p. 288), and RFT researchers claiming that 

coherence is fundamentally reinforcing and thus appetitive (for example: Hayes et al., 2001, 

p. 70).  

 One consideration is whether ambiguity is different enough from coherence to find an 

effect. It seems likely that an effect would be found if present, because Experiment One was 

able to find large effect sizes and differences in outcome measures, using a reasonably similar 

experimental design (albeit being biased by the unidirectional discriminative issue which 

likely drove such differences). To check whether ambiguity is different enough from 

coherence to observe effects, one could incorporate incoherence into the experiment in order 

to assess differences in responding across incoherence, ambiguity and coherence. For 

example, such findings may identify whether ambiguity is responded to similarly or 

differently to incoherence, informing how ambiguity could be merged into CDT. 

Incoherence, which is fundamentally a part of CDT (Harmon-Jones, E. & Harmon-Jones, C., 

2007) may be more likely to elicit a difference across block types than ambiguity.  

 Incorporating incoherence into the experimental design would provide additional value. 

It is incoherence that is central to consistency theories such as CDT in terms of theory and 
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experimentation (Harmon-Jones, E. & Harmon-Jones, C., 2007). For that reason, there are 

barely any claims within consistency theories about ambiguity, other than it should be 

introduced into future theory and research (see Gawronski, 2012a). The use of incoherence in 

this experiment means that the findings will more directly test claims from CDT about 

coherence-phenomena, for example, that there are no stimulus-specific lower-boundary 

conditions (Gawronski, 2012a, p. 346; Harmon-Jones, E. & Harmon-Jones, C., 2007, p. 13; 

Levy et al., 2018, p. 95; Proulx et al., 2012, p. 288; Randles et al., 2015, p. 698). 

 Incoherence between two stimuli, as defined explicitly in Section 2.4.3 (p. 66), is where 

“two contradictory relationships (regarding the same contextual cue) are specified based on 

the learning history between those two stimuli, either via training or derivation.” Thus, to 

introduce incoherence requires that a learning history is designed where two contradictory 

relationships are trained between two stimuli regarding the same contextual cue. 

 Based on this definition, then, incorporating incoherence into the design is possible if 

test stages provide feedback. If A>C is combinatorially entailed on coherent A-C blocks, then 

feedback on the test stage of that block indicating A<C would be incoherent. This follows 

because A>C entails that A<C is not true. Such incoherence is the derived-trained 

incoherence defined in Section 2.4.3 (p. 66). Therefore, coherent, ambiguous and incoherent 

A-C blocks can be designed. For the coherent A-C block, the training would follow: 

X>A>B>C>Y 

And the test stage would give feedback conforming to: 

Q>A>C>W 

As can be seen, A>C is contained in both the training and the test stages. Theoretically, 

participants should learn the test stage relatively quickly, given that their A>C training has 

already been facilitated from combinatorial entailment. 

 Note that there are the end-stimuli Q and W that overcome the unidirectional 



 

 201 

discriminative issue, as outlined in Section 4.1 (p. 125). Q and W receive the biased training 

rather than A and C. In addition, the use of four test stimuli allows comparability across 

studies in this thesis, since other studies also use four test stimuli. This consistency ensures 

that the thesis is cumulative, manipulating key variables whilst maintaining strict control over 

others, in order that changes in dependent variable can be directly argued to be an effect of 

manipulated independent variables. 

 On the ambiguous A-C block, the training would be: 

X>A>B<C<Y 

And the test stage would train: 

Q>A>C>W 

Here, no A-C relationship can be derived on the training stage, so the A>C training on the 

test stage neither supports nor contradicts the A-C training in the training stage. This means 

that the test stage on this type of block should be learned more slowly than on the coherent 

A-C block. 

 On the incoherent A-C block, the training would be: 

X>A>B>C>Y 

And the test stage would train the opposite A-C relationship: 

Q<A<C<W 

Since A>C and A<C contradict each other, it is predicted that the incoherent A-C block 

training stage should take longest to learn of the three network types. This relates to CDT due 

to the definition of cognitions x and y being dissonant: “not-x follows from y” (Festinger, 

1957, p. 13). 

 This operationalisation of relational incoherence mirrors research within RFT on ‘rule-

reversal’ (Harte et al., 2017), where participants learn a particular rule in one direction (e.g. 

“A is Bigger than B”), and then contingencies in the experiment are reversed (e.g. feedback is 
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now given such that “B is Bigger than A”). The study by Harte and colleagues (2017) gives 

empirical support to the prediction here that the incoherent A-C relationship will take the 

longest to learn, meaning more repeats of the test stage in order to reach speed and accuracy 

criteria demonstrating learning of the relationship. If this prediction is confirmed, it will 

demonstrate the validity of the experimental design. This confirmation of validity would lend 

support to the findings thus far. 

 The design of the experiment now contains training/feedback in the test stages, leading 

to the addition of incoherence within the block-wise analyses. This training also removes the 

ability to test some hypotheses. First, systematic responding on ambiguous A-C test trials will 

not be assessed, because of course there is now training which would affect any responding 

and will direct participants to responding systematically. Second, correctness scores will not 

be assessed on coherent A-C blocks, since again participants will be being trained on test 

stages requiring a good level of accuracy and speed in order to pass those test stages. Third, 

reaction time on A-C test trials will not be assessed, because participants have to meet the 

speed criterion on those test stages in order to continue through the experiment. Fourth, 

attempts required to pass the test stages on each block will be assessed, since training is now 

occurring on that aspect of the experiment, it being the fundamental dependent variable 

within the design. 

 Hypotheses were as follows. 

•  Hypotheses 1-7: There will be significant differences across ambiguous A-C blocks, 

incoherent A-C blocks and coherent A-C blocks for test stage attempts, affect, 

arousal, sense-making, confidence, how much the participant wants to do each block 

type again, and training stage attempts.  
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6.2 Methods 

6.2.1 Participants 

For the standard 80% power (Cohen, 1988, 1992), with alpha at 0.05, to detect a 

small-to-medium partial-eta-squared effect size of interest of 0.05 with three conditions, it 

was calculated using G*Power (Erdfelder et al., 1996; Faul et al., 2007) that a minimum 

sample size of 18 participants was required. Once more, the same exclusion criteria were 

applied (no bilinguals, multilinguals, no-one with dyslexia and no-one with severe anxiety 

could take part). Participants were recruited via convenience sampling. A total of 85 

participants took part, from the University of Chester. Of these, 12 did not finish or withdrew, 

28 unfortunately were run with experiment error (one of the contingencies on the coherent 

block was incorrect), 5 reached the limit of 10 attempts on either the training/test stages or 

both. All of these were removed, leading to a final sample of 40 participants. In this sample 

the 40 participants (11 male, 29 female) were aged 18 to 55 (M=20.44, SD=3.80). 

Participants were paid £5 for taking part (including if they did not finish or withdrew before 

time). This incentive was stated by the Department to be equivalent to the number of research 

credits that would have been offered. This equivalent financial incentive was offered due to 

the fact that the study was run at a time in the academic year when students usually are not 

seeking research credits. 

This study gained ethical approval from University of Chester Department of 

Psychology Ethics Committee. Written informed consent was taken from all participants. 

Participants were fully debriefed. 

6.2.2 Materials 

6.2.2.1 Overview 

 This experiment was similar to the previous experiments in the general design and 

outcome measures, but the incorporation of feedback into the test stages fundamentally 
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changed the experiment such that it was assessing responses to coherence, ambiguity, and 

incoherence. Changes and similarities are detailed below. 

6.2.2.2 The Networks 

Networks used had the same structure as that of Experiments Two and Three, in order 

to ensure consistency, comparability and to avoid the unidirectional discriminative issue (see 

Section 4.1, p. 125). The networks were explained above and will be summarized again 

briefly here (Table 6.1). 

Table 6.1 

The Training and Test Stage Structures for Experiment Four 

Block Training Stage Test Stage 

Coherent A-C X>A>B>C>Y Q>A>C>W 

Ambiguous A-C X>A>B<C<Y Q>A>C>W 

Incoherent A-C X>A>B>C>Y Q<A<C<W 

 

6.2.2.3 Changes and Similarities to Note Between This and Experiment Three 

Instructions regarding the transitivity of relationships and the lack of ‘response 

patterns’ such as left-right-left-right were retained, because they seemed to reduce attrition 

rates on Experiment Three without affecting results. Since here there was feedback and 

speed/accuracy criteria on the test stages, differing from previous experiments in this thesis, 

some additional instructions were used. At the mid-point, just after the training stage had 

been passed, participants were told: 

“Use the information you learnt about the pairings in the first section to help you 

respond to these new pairings. There will be feedback in this section. Remember, answer as 

quickly and accurately as you can. You must reach good accuracy and speed levels to be able 

to finish this section.” 
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Additionally, if participants did not meet accuracy/speed criteria on a test stage in this 

experiment, they were told: 

"In this section you need to have a mean response time of less than 2 seconds and 

above 85 percent accuracy to move to the next stage. Your mean reaction time was X 

seconds, and you achieved Y percent accuracy. If you did not fulfil the criteria you must try 

that section again. Otherwise you will pass to the next section.” (The accuracy criteria are 

discussed in detail below.) 

Participants were told their accuracy and speed results at the end of each test stage in 

order to increase motivation and encourage participants by showing them their progress on 

each block. This was based on the experimenter hearing participants exclaim things like “oh, 

so close” in previous experiments when they almost met speed/accuracy criteria, and 

resembles ‘gamification’, a way of making a task more motivating and enjoyable (see Hamari 

et al., 2014, p. 3026). Feedback was of the same type, content and duration as the previous 

experiment (see Section 4.2.2.4, p. 143). 

6.2.2.4 Updated Stimuli and Discriminatives 

Stimuli from the ‘ARC Nonword Database’ (Rastle et al., 2002) were used to ensure 

balance across stimuli, lack of experience with stimuli, and comparability across studies (see 

Section 4.2.2.3, p. 141). Further, they were chosen to maximise researcher-perceived 

pronounceability. See Table 6.2 for all stimuli in the experiment. 
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Table 6.2 

Experiment Four - Stimuli and Relationships Used 

 

6.2.3 Experimental Parameters 

 The parameters of the test stages changed (by providing feedback) to include speed and 

accuracy criteria. To pass test stages, participants had to meet two criteria: 1) a correctness 

score of 85%; and 2) a median reaction time of <2000ms. These are more stringent criteria 

than used in previous experiments. This decision was made based on: a) broader RFT 

literature which uses a more stringent 2000ms reaction time cut off over the 3000ms used in 

experiments two to three (Finn et al., 2016; Hussey et al., 2015; Maloney & Barnes-Holmes, 

2016) and: 2) to ensure more confidence in knowing that responding on test stages was due to 

mastery. The parameters are for the test stages with feedback are shown in Table 6.3. 

 

Type Block Relationship Training Stage Test Stage 

Coherent 
A flimpier wuv>kel>naz>zer>leb fif>kel>zer>dus 

B mooblier sug>waf>bez>vob>ciz cas>waf>vob>der 

Ambiguous 
A morksier hyz>gic>wud<kac<gur val>gic>kac>sep 

B hurglier mig>juc>lyf<ter<nem hal>juc>ter>pyv 

Incoherent 
A glumpier tul>guz>mek>zam>nyd fip<guz<zam<wap 

B bidsier tay>lif>nop>bew>lal yug<lif<bew<zic 



 

 207 

Table 6.3 

The Experimental Parameters of the Test Stages of This Experiment 

Limit of 

Attempts 

Number of 

Different Trials  

How Many Times 

Each Trial Appears in 

an Attempt 

Number 

of Trials 

in Total 

Pass Criteria 

10 6 4 24 

Correct > 85% 

Median Reaction Time 

< 2s 

 

6.2.4 Procedure 

 The procedure followed the same format and process as the previous experiments (e.g. 

Sections 3.2.4, p. 100, and 4.2.3, p. 145). Noise-cancelling headphones were used in this 

experiment in order to reduce distraction from any potential noise for the participants, though 

the experiment was run in a largely quiet and vacant set of experimental cubicles in a 

psychology laboratory. The noise-cancelling properties of the headphone functioned silently, 

giving no distraction. The £5 participation incentive was given during study debriefing 

procedures. 
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6.2.5 Data Preparation 

The data preparation and analyses methods matched that of the previous experiments 

(see Section 3.2.5, p. 100), minus those relating to systematic responding and correctness 

scores. However, in addition, the number of attempts on the test stages of each block type 

were calculated by averaging the number of attempts on each block type per participant. 

Since there were two coherent, incoherent and ambiguous A-C blocks, this led to three 

averages for the test stage attempts per participant. Differences across the block types were 

assessed using repeated-measures ANOVAs, with an alpha level of .05. 

 

6.3 Results 

6.3.1 Hypotheses 1-7: There Will Be Significant Differences Across Ambiguous, 

Incoherent and Coherent A-C Blocks for Test Stage Attempts, Affect, Arousal, Sense-

Making, Confidence, and How Much the Participant Wants to Do the Block Again 

 Repeated measures ANOVAs were used to assess differences between outcome 

measures (see Table 6.4 and Table 6.5 for descriptive and inferential statistic summaries).  
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Table 6.4 

The Descriptive Statistics for All Outcome Measures (N = 40) 

 Ambiguous  Coherent  Incoherent 

Variable M 
95% CI 

 SD 
 

M 
95% CI 

SD 
 

M 
95% CI 

SD 
LL UL  LL UL  LL UL 

Test Stage Attempts 1.51 1.39 1.62 0.36 
 

1.46 1.34 1.57 0.36 
 

1.56 1.42 1.70 0.44 

Affect 1.25 0.88 1.62 1.17  1.45 1.13 1.77 1.01  1.19 0.80 1.57 1.20 

Arousal 3.27 2.69 3.86 1.84  3.24 2.69 3.78 1.70  3.31 2.75 3.88 1.76 

Sense-Making 6.03 5.30 6.75 2.28  6.34 5.68 7.00 2.06  6.15 5.42 6.88 2.28 

Confidence 1.10 0.63 1.57 1.47  1.11 0.66 1.57 1.42  1.21 0.68 1.74 1.66 

Do-Again Rating -0.2 -0.75 0.35 1.72  0.15 -0.39 0.69 1.69  -0.22 -0.83 0.38 1.89 

Training Attempts 1.79 1.64 1.94 0.47  1.95 1.78 2.12 0.52  2.02 1.84 2.21 0.58 
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Table 6.5 

The Inferential Statistics for All Repeated Measures ANOVAs (df1=1, df2=39) 

Outcome F p η2gen 

Test Stage Attempts 11.456 <.001* 0.140 

Affect 1.455 .240 0.010 

Arousal 0.085 .918 <.001 

Sense-Making 1.087 .342 0.003 

Confidence 0.167 .847 0.001 

Do-Again Rating 2.800 .067 0.010 

Training Attempts 2.360 .101 0.034 

 

The above findings show no significant differences in outcome measures apart from for 

average test stage attempts across block types. Since small, medium and large η2gen are 0.02, 

0.13 and 0.26 respectively (Bakeman, 2005, p. 383), this is a medium-to-large effect. Post-

hoc t-tests with Bonferroni corrected p-values (Abdi, 2010) indicated that there were no 

significant differences in test stage attempts for ambiguous versus coherent A-C Trials 

(t=1.80, df=39, pbonf=.240, Cohen’s D=0.284), but there were significant differences between 

ambiguous and incoherent test stage attempts (t=2.80, df=39, pbonf=.024, Cohen’s D=0.443) 

and between coherent and incoherent test stage attempts (t=4.93, df=39, pbonf<.001, Cohen’s 

D=0.780), with more test stages being required for incoherent A-C blocks in both of the latter 

two cases. This is visualized in Figure 6.1. 
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Figure 6.1 

Box Plot to Show Average Number of Attempts Across Each Block Type (N = 40) 

 

 

6.4 Discussion 

6.4.1 Overview 

One aim of this experiment was to incorporate incoherence into the experimental 

design, to more closely link this thesis to CDT (Harmon-Jones, E. & Harmon-Jones, C., 

2007). Another was to test the validity of the experimental procedure by replicating RFT 

findings about rule-reversal (Harte et al., 2017). 

Significant differences in attempts needed to pass mastery criteria on test stages were 

found between ambiguous and incoherent A-C blocks and between coherent and incoherent 

A-C blocks. In both cases, the incoherent A-C block required significantly more test stage 
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attempts to be passed. This was as expected, based on empirical findings in the RFT literature 

on rule-reversal (Harte et al., 2017). 

 The fact that test stage attempts differed across blocks in this manner (with findings 

directly matching RFT predictions of Harte et al., 2017) suggests that the experiment is 

functioning correctly by training participants in such a way as to produce combinatorial 

entailment with the A-C stimuli on coherent A-C blocks. This is demonstrated in Figure 6.1, 

where the coherent A-C test stages required significantly fewer attempts than on test stages in 

the incoherent A-C block. This is because on the coherent A-C blocks, participants had 

already combinatorially entailed the A>C relationship from the training stage, thus were 

already ahead when the training on the test stages began compared to when those same 

participants undertook the incoherent A-C blocks, in which they were behind because they 

needed to not only learn the A-C relationship but do so in direct opposition with what had 

been combinatorially entailed on the training stages (derived-trained incoherence; Section 

2.4.3, p. 66). To summarise, the findings show that the experimental preparation is 

functioning as would be predicted by RFT. This goes towards validating the findings of 

previous experiments. 

 Coherent A-C blocks also tended to require slightly fewer test stage attempts than on 

ambiguous A-C blocks (although a non-significant difference), and the interquartile range of 

the ambiguous A-C blocks for this measure have a larger span than that of the coherent A-C 

blocks. This would be expected based on findings from previous studies, where participants 

spontaneously generated an A-C relationship (either A>C or A<C). For some participants on 

the ambiguous A-C blocks, they may have been fortunate enough to have spontaneously 

generated the relationship that cohered with the A-C relationship that would be trained in the 

test stage. If so, their responding would seem no different from that on the coherent A-C 

blocks. Their responding would be facilitated, and they would require few test stage attempts 
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to pass mastery criteria. However, as was seen in the previous experiments in this thesis, and 

in Quinones and Hayes (2014), around half of the participants also generated the opposite A-

C relationship, and if they did so then this would make the ambiguous A-C test stages harder 

than the coherent A-C test stages, because they were learning an A-C relationship opposite to 

that which they had spontaneously generated. In other words, on some ambiguous A-C test 

stages, participants would have found them similar to coherent A-C test stages, and on other 

ambiguous A-C test stages, those test stages would have been remarkably similar to the 

incoherent A-C test stages. This likely explains the results seen in the boxplot (Figure 6.1) 

and descriptive statistics table (Table 6.4). This suggests support for the spontaneous 

generation hypothesis, demonstrated using a different methodology than that of the previous 

experiments. Note, however, that the difference between coherent and ambiguous A-C test 

stage attempts was non-significant, so conclusions should be tentative. 

 Despite the behavioural findings, it is key to note that there were no significant 

differences between the blocks regarding affect, even with the inclusion of incoherence. 

Nonetheless, there may be stimulus-specific lower boundary conditions for affective 

responses to these same phenomena. Indeed, whilst this is more clearly demonstrated in this 

study with the inclusion of incoherence alongside ambiguity and coherence, similar findings 

are presented across the previous experiments in this thesis, each demonstrating coherence-

related behavioural responses, but not affective responses. Behavioural responses, but not 

affective responses, were found in Experiments Two, Three, and the present Experiment 

Four, leaving out Experiment One which did have an affective response but also had the 

unidirectional discriminative issue that to some extent invalidated this finding. 

 An alternative explanation exists for the lack of affective differences found, however. 

Participants were given self-report measures after mastery criteria had been achieved on all 

blocks. At this point, when mastery criteria had been achieved, dissonance (Harmon-Jones, 
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E. & Harmon-Jones, C., 2007), might be low for all blocks, and certainty (Heine et al., 2006), 

confidence (Sanna, 1999) and self-efficacy (Bandura, 1997) might be high for all blocks. 

Thus, affective differences may have been present on the first few test stage attempts, where 

feedback was in line with feedback on the training stage (coherent A-C block) or opposite to 

what occurred in the training stage (incoherent A-C block; creating dissonance, Festinger, 

1957). Although these differences may be present during the first attempt or so on the test 

stages, the difference may not be present at the end. Participants are asked to self-report their 

affect on the test stage, but it is unknown whether they are reporting only their final affect 

(which is likely to be similar across blocks), or an average affect for the whole test stage. 

That said, in light of the findings on the previous experiments in this thesis, it seems plausible 

that there truly were no affective differences across blocks. 

6.4.2 Strengths and Limitations 

 The use of feedback on the test stages allowed incoherence to be incorporated into the 

experimental contingencies. This further allowed claims of CDT (Harmon-Jones, E. & 

Harmon-Jones, C., 2007) and RFT (Harte et al., 2017) to be tested, providing greater 

certainty that observed behavioural effects are a consequence of the degree of coherence 

amongst trained stimulus relations. Findings here thus provided additional confirmation of 

the validity of the findings so far in this thesis, especially the lack of affective differences due 

to spontaneous generation. In fact, the inclusion of incoherence allowed for a different, 

corroborative demonstration of the behavioural effects of spontaneous generation, because 

ambiguous A-C blocks were faster learned than incoherent, more slowly learned than 

coherent, and had the largest interquartile range indicative of random spontaneous generation. 

 The main limitation of this experiment was the lack of testing of affective measures 

across successive test stage attempts as participants improved in performance through 

repeated attempts. It is possible that affective differences were present on the first set of test 
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stage attempts but this finding was averaged out as performance improved. In other words, 

for the incoherent A-C block, the participant may have scored poorly on the first test stage 

and therefore had a negative affect, but as performance approached mastery, their affect may 

have become more positive. Since all participants, on all blocks, had to achieve mastery, they 

may all have had a similar level of affect by the time they met the pass criteria. 

6.4.3 Implications and Further Research 

The present experiment did not demonstrate an affective response to ambiguity and 

incoherence, compared to coherence, but did demonstrate a behavioural response. The lack of 

affective response accords with some proponents of CDT who state that dissonance processes 

may only occur under circumstances related to stimuli that are of importance and meaning to 

the participant (Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981). However, the 

behavioural response accords with those within CDT claiming that there are no stimulus-

specific lower-boundary conditions of coherence phenomena (Gawronski, 2012a; Harmon-

Jones, E. & Harmon-Jones C., 2007; Randles et al., 2015). It appears that there are lower 

boundary conditions for affective but not behavioural responses, relating to coherence. In 

other words, coherence-related affective responses may only occur with certain stimuli, 

whereas behavioural responses such as spontaneous generation may occur for any stimuli, no 

matter how abstract. 

 To develop understanding of these stimulus-specific boundary conditions and give 

further understanding to ambiguity and the spontaneous generation phenomenon, the next 

step would be to increase the expectation of coherence by using everyday words as stimuli, 

since we all, uncontroversially, expect language to make sense. A difference in findings using 

such a setup may shed further light on the findings of this and the previous studies. 

Additionally, it would address a hypothesis: that differences have not yet been found between 
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ambiguous and coherent A-C blocks because the stimuli used are nonsense stimuli, which 

have no importance for the participants. This is addressed in Chapter Seven. 

6.4.4 Conclusion 

 In conclusion, this experiment lends corroborative support to the spontaneous 

generation hypothesis by showing that incoherent A-C blocks require the most test stage 

attempts to achieve mastery, followed by ambiguous A-C blocks, followed by coherent A-C 

blocks which require the least. Further, ambiguous A-C blocks had the largest interquartile 

range regarding stage attempts, demonstrating random spontaneous generation. Additionally, 

it was demonstrated that the experiment is functioning as would be expected from an RFT 

perspective. 

 The next study will use ordinary English words as stimuli and comparatives in order 

to further probe the stimulus-specific lower-boundary conditions of coherence phenomena, 

and to address the hypothesis that the lack of differences found so far may be due to the 

nonsense nature of the stimuli used.  
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Chapter Seven: Experiment Five - Using Black and White Text and Backgrounds, with Real 

Words as Stimuli and Discriminatives 
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7.1 Introduction 

 One aim of this thesis was to compare participant responding to ambiguity versus 

coherence at a fundamental, abstract level. For this reason, carefully selected nonsense 

trigrams were used as stimuli since the participants would have no learning history with 

them. In all experiments in this thesis thus far, bar Experiment One, affective differences 

were not found between block types. An explanation is that differences on some outcome 

measures were not found because the stimuli are meaningless to participants. An aim of this 

thesis was to assess the claims of some proponents of CDT and its variations that there are 

stimulus specific lower boundary conditions regarding coherence processes (Lecky, 1946; 

Sherman & Cohen, 2006; Swann & Read, 1981). Using more familiar stimuli may elicit 

affective differences in the blocks for two main reasons. First, if real words were used as the 

stimuli and comparatives, participants may be more likely to ‘expect’ coherence and because 

of this, differences in outcome measures may be found. In RFT terms, the real words may act 

as a contextual cue (Barnes, 1994) for coherence. Second, a higher starting level of 

familiarity with the stimuli may allow participants to experience greater differences between 

the block types, given that they may achieve greater mastery of the experiment and thus come 

into closer contact with the experimental contingencies (Bordieri, 2014). Using real words 

additionally ties the research to more ecologically situated findings and theories, for example 

worldviews (Janoff-Bulman, 1992, 2010) and meaning-making (Baumeister, 1991; Park, 

2010), which both naturally involve real words.  

 Experiment Two used right- or left-striped backgrounds in order to have participants 

relate each block type with each type of background. At the end of the experiment 

participants were given a forced choice regarding which type of block they would do one 

more time, similar to the method used by used by Wray and colleagues (2012). No preference 

was found. The backgrounds were deliberately chosen to be extremely similar apart from 
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stripe orientation, in order not to bias participant choice at the end of the experiment. An 

alternative hypothesis for the lack of preference is that the backgrounds were too similar and 

thus participants either: 1) did not directly associate the conditions of the experiment with 

their respective backgrounds, thus the choice between them was meaningless; or 2) did 

associate the condition with the background, but this was so subliminal that participants were 

unable to tell the difference between the choice options and make a conscious choice. Since 

white and black are respectively the lightest and darkest colours, the use of white 

backgrounds with black text or black backgrounds with white text would ensure a large, 

obvious, salient difference between the backgrounds of the block types. Salience is of 

importance in influencing the strength of behaviourist processes (Siegel & Allan, 1996), so it 

was expected that this increase in salience would cause greater associative conditioning 

(Bouton, 2007) between the block types and the backgrounds, thus improving the test of 

preference between coherence and ambiguity. In sum, the first aim was to use real words as 

stimuli and discriminatives, to address hypotheses about the stimuli used. The second aim 

was to use black and white backgrounds to address hypotheses about salience and 

memorability of the backgrounds. Both design changes relate to different measures (stimuli – 

post-block measures; backgrounds – post-experimental measures), so the effect of each 

change can likely be isolated reasonably well. Of course, future experiments could be used to 

address any confusing findings. 

 The hypotheses were as follows:  

• Hypothesis 1a: participants will have a systematic pattern of A>C or A<C responding 

on ambiguous A-C blocks.  

• Hypothesis 1b: participants will not all respond A>C or A<C on ambiguous A-C 

blocks, but will appear to randomly pick A>C or A<C and then respond consistently 

with A>C or A<C respectively.  
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• Hypotheses 2-7: there will be significant differences across ambiguous A-C blocks and 

coherent A-C blocks for reaction time, affect, arousal, sense-making, confidence, and 

how much the participant wants to do the block again.  

• Hypothesis 8: participants will behave as though coherence is relatively more appetitive 

than ambiguity, here operationalised as the choice to do coherent A-C blocks again 

over doing ambiguous A-C blocks again. 

 

7.2 Methods 

7.2.1 Participants 

Using G*Power (Erdfelder et al., 1996; Faul et al., 2007), it was calculated that to 

achieve 0.80 power (Cohen, 1988, 1992) on the repeated-measures ANOVAs, for a small-

medium effect size of interest of partial-eta-squared of 0.05 with alpha at .05 (and correlation 

among measures at .75 based on the previous experiments), at least 22 participants were 

required. The same exclusion criteria were applied as before: no bilinguals, multilinguals, no-

one with dyslexia and no-one with severe anxiety could take part. Participants were recruited 

via convenience sampling. They were given research credits and £5 for participation. Overall, 

60 participants took part in the experiment. Of these, 3 did not finish or withdrew, 1 reached 

the limit of 10 attempts on one of the blocks, and 24 did not pass the criterion of 80% or more 

average correctness on coherent A-C test trials (see Section 3.2.1, p. 78). These were 

removed, resulting in 32 participants. The 32 participants (11 male, 21 female) were aged 18 

to 52 (M=22.91, SD=6.49). Participants were given the incentives, even if they withdrew or 

did not finish.   

Again, this study gained ethical approval from University of Chester Department of 

Psychology Ethics Committee. Written, informed consent was taken from all participants as 

per BPS requirements. All were fully debriefed. 
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7.2.2 Materials 

7.2.2.1 Overview 

 The experimental design was identical to Experiment Two, with the use of different 

stimuli (real words as stimuli and discriminatives) and different backgrounds (black and 

white) in order to address the two alternative hypotheses raised above, about responses being 

stimulus-specific, and about the salience and differentiability of the backgrounds. 

7.2.2.2 Updated Stimuli and Discriminatives 

There were several key parameters considered in the creation of the stimuli for this 

experiment. As mentioned, stimuli in this experiment were required to be real words. To 

identify the stimuli that would be used, selection criteria had to be met. In order to be 

comparable with previous experiments, and to avoid biases across blocks within this 

experiment, stimuli needed to: 

1) Be of a single syllable 

2) Have three characters 

3) Be of the structure consonant-vowel-consonant (CVC) 

Within this experiment, stimuli also needed to be selected in such a way as to avoid potential 

biases. Stimuli were required to: 

1) Broadly match each other regarding familiarity 

2) Be part of the same ‘group’ (i.e. fruit / colours) 

4) All be recognizable  

Three-letter personal names seemed to offer a set of stimuli that satisfied all of the 

above criteria. In order to further match the words and avoid bias, and also because it seems 

that there are more common male three-letter names than female, only male names were 

used. 
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The systematic process of name selection was as follows. Official statistical 

documentation of male names in the country was accessed via the Office of National 

Statistics (ONS). At the time of the study, the most recent dataset of male names was for 

2017 (this can be found via ONS, 2019, within the references, provided under the Open 

Government License v3.0). The dataset selected was “Table 6: Top names for baby boys 

2017” (England and Wales). Given the proximity of this English University to Wales (~1.5 

miles), it was considered acceptable to use this list. Within this dataset, 6164 names were 

listed in order of their Rank, with the Count information also listed. For example, Oliver, the 

modal boys name in 2017 in England and Wales, is Rank 1, Count 6259. Names were filtered 

to only include those with three letters. From this list, words with the structure consonant-

vowel-consonant were kept. Then, names with multiple syllables were removed. Following 

this, names that the author could recognize as male names were selected, without reference to 

their Rank or Count. For example, Zev and Tim are both Rank 2172, Count 10, but the author 

had not heard of the name Zev, so Zev was removed. Given the wealth of names still present 

in the selection process and given that the words needed to be familiar to the average student 

within the UK, this process of removal was considered acceptable. Following this, a fellow 

PhD-student and one of the supervisors went through the remaining list to remove any names 

that they also had not heard of. This led to a list of 44 names ranging from Pat (Rank 4812, 

Count 3) to Rex (Rank 165, Count 338). In order to have six blocks of seven stimuli to match 

the previous experiments in this thesis, 42 names were needed. Fin and Ken were removed to 

reach 42, since the author and his fellow PhD-student agreed that they were the rarest of the 

Rank 4812 names (such as Pat and Reg). The 42 names were put into six groups according to 

their Rank, such that higher Rank and lower Rank names were kept separate, meaning that 

within each block the Ranks (and arguably more importantly, the Counts) were comparable. 

Following this block creation, names that sounded or looked too similar to other names 
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within the block were swapped into other blocks in order to avoid similar sounding or 

looking names being within the same block, which would likely slow learning time or at least 

have an unpredictable effect on the results. For example, the first block contained Nat and 

Pat, Raj and Reg, and Vin and Van. These were swapped among the other groups, with 

preference to swapping names in the block above or below in ranking (e.g. the second block 

had Kip and Pip, so Kip was traded with Pat). At this end point, the word selection process 

had produced six blocks of balanced stimuli.  

Comparative stimuli also needed to be matched according to familiarity, length, and 

so on. Different comparatives would have different familiarity and associated learning 

histories, which may have biased the experiment. The word ‘Bigger’ was used as the 

comparative for all blocks, given that participants would have high familiarity and experience 

of that word. Due to this familiarity and experience, it was unlikely that experience of the 

word ‘Bigger’ in the experiment would see practice effects across blocks, but 

counterbalancing resolved this issue, nonetheless. 

See Table 7.1 for all stimuli in the experiment. 
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Table 7.1 

Experiment Five - Stimuli and Relationships Used 

 

 

7.2.2.3 Experiment Instructions 

Experiment instructions can have an impact of the findings of an experiment (Finn et 

al., 2016), so instructions across this thesis have been cautiously updated each time. This was 

done to reduce attrition, increase chance of mastery, and reduce participant burden. In the 

present experiment, instructions were made to exactly match those of Experiment Two. This 

was done so that the two similar experiments could be compared without alternative 

hypotheses for differences in the findings between them. Therefore, only the change in 

stimuli, discriminatives and backgrounds should explain differences in results. 

 Of the instructions removed, one stated that the relationships between the stimuli are 

transitive, such that if A is ‘Bigger’ than B and B is ‘Bigger’ than C, then A is ‘Bigger’ than 

C. This was removed not only to match the instructions of Experiment Two, but also to 

remove any alternative hypotheses suggesting that combinatorial entailment or spontaneous 

generation of the A-C relationship were due to this instruction. Other instructions were 

Type Block Discriminative 
Training Stage 

Stimuli and Relationships 
Test Stage Stimuli 

Coherent 

A Bigger Jed>Hal>Huw>Gus>Seb Ray-Hal-Gus-Jon 

B Bigger Roy>Guy>Ned>Fox>Tom Zak-Guy-Fox-Jay 

C Bigger Zac>Kit>Ben>Jan>Sam Ted-Kit-Jan-Rex 

Ambiguous 

A Bigger Gil>Nat>Raj<Van<Bob Kip-Nat-Van-Jet 

B Bigger Pip>Pat>Reg<Vin<Ron Cal-Pat-Vin-Jim 

C Bigger Mac>Kal>Tim<Don<Sid Dan-Kal-Don-Lex 
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removed in which participants were told that there were no response patterns such as LRLR 

or LLRR.  

7.2.2.4 Experimental Parameters 

 Parameters matched those within Experiment Two for comparability. The parameters 

for this experiment are shown in Table 7.2. 

Table 7.2 

The Parameters of the Training and Test Stages for Experiment Five 

Stage 
Limit of 

Attempts 

Number of 

Different 

Trials  

How Many 

Times Each 

Trial Appears 

in an Attempt 

Number 

of Trials 

in Total 

Number of 

A-C Test 

Trials 

 

Pass 

Criteria 

Training 10 8 3 24 N/A 

 Correct > 

80% 

Median 

Reaction 

Time < 3s 

Test N/A (1) 6 4 24 
 

8 

 
None 

 
7.2.3 Procedure 

   The procedure matched that of Experiment 2 (Section 4.2.3, p. 145), to ensure that any 

differences in results were due only to the update of the stimuli and backgrounds used. In 

brief, participants gave informed consent, took part in the experiment with the instructions 

given at the start, and were fully debriefed at the end.  

7.2.4 Data Preparation 

The data preparation matched that of Experiment 2 (Section 4.2.4, p. 146). In sum, 

averages were obtained for all outcome measures and a systematic responding score was 

calculated for the ambiguous A-C blocks. Correctness scores were calculated as 0 for 
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incorrect and 1 for correct. Additionally, a choice to do an ambiguous A-C block again was 

designated as 0, and coherent A-C block as 1. 

 If participants spontaneously generated the A-C relationship, one would expect a 

near-equal spread of A>C generation and A<C generation across participants as seen in all 

experiments so far (and Quinones & Hayes, 2014). If all participants responded with A<C on 

ambiguous A-C block A, for example, then it would be possible that participants responded 

systematically because the experiment biased them to do so. To check whether systematic 

responding on ambiguous A-C blocks was due to an experimental artefact, one-sample t-tests 

were used to compare systematic responding scores (varying from entirely A>C to entirely 

A<C) against the central point between A>C and A<C responding.  

For the differences between block types, for each dependent variable, repeated-

measures ANOVAs were used, with generalised-eta-squared as the effect size of choice to 

allow comparability across experiments (Bakeman, 2005). 

To check whether participants had a preference for doing a coherent or ambiguous A-

C block again, a Chi2 Goodness of Fit test was used, comparing the distribution of block 

choices against a null 50-50 split of choices. A choice to do ambiguous A-C was designated 

as 0, with 1 for choice to do another coherent A-C block. All analyses were run with alpha set 

to .05. 

Visual representations of participant responding across the test trials were also 

provided, to give an overview of how reaction times, correctness scores and systematic 

responding score varied from the start to the end of test stages. 

7.3 Results 

7.3.1 Correctness Descriptives 

 Participants with scores of less than 80% average across coherent A-C blocks 

were removed, but nonetheless it would be thorough to report the correctness statistics. In 
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percentages and in terms of raw scores respectively, remaining participants scored highly 

(N=32; Raw: M=7.61, 95% CI [7.47, 7.76], SD=0.40; As a percentage; M=95.18%, 95% CI 

[93.39%, 96.98%], SD=4.98). 

7.3.2 Hypothesis 1a: Participants Will Have a Systematic Pattern of A>C or A<C 

Responding on Ambiguous A-C Blocks 

 Figure 7.1 displays the average systematic responding scores on ambiguous A-C 

blocks per participant, with a maximum of four, which would indicate maximum systematic 

A>C or A<C responding. 

 

Figure 7.1 

Histogram to Show Average Systematic Responding Scores on Ambiguous A-C Blocks 

 

  

The scores indicate high systematic responding on ambiguous A-C blocks (N=32, M=3.26, 

95% CI [3.04, 3.48], SD=0.61, Med=3.33), or as a percentage (M=81.51%, 95% CI [75.97, 
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87.05], SD=15.37, Med=83.33). 

7.3.3 Hypothesis 1b: Participants Will Not All Respond A>C or A<C on Ambiguous A-

C Blocks, But Will Appear to Randomly Pick A>C or A<C and Then Respond 

Consistently with A>C or A<C Respectively 

 Using one-sample t-tests, it was found that participants did not have systematic 

A-C responding on ambiguous A-C blocks in a manner biased towards either A>C or A<C 

(see Table 7.3). 

Table 7.3 

Table to Show Descriptive Statistics of Compound Responding and Inferential Statistics of 

One-Sample t-tests (mu = 4, df = 31)  

Ambiguous 

A-C Block 
M 

95% CI 
SD t p 

LL UL 

A 4.19 2.89 5.49 3.60 0.294 .771 

B 4.41 3.22 5.60 3.30 0.696 .492 

C 4.25 3.01 5.49 3.45 0.410 .684 

 

7.3.4 Hypotheses 2-7: There Will Be Significant Differences Across Ambiguous A-C 

Blocks and Coherent A-C Blocks for Reaction Time, Affect, Arousal, Sense-Making, 

Confidence, and How Much the Participant Wants to Do the Block Again 

 Repeated measures ANOVAs were used to assess differences between outcome 

measures, with results shown in Table 7.4.  
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Table 7.4 

The Inferential Statistics for All Repeated Measures ANOVAs (df1=1, df2=31) 

Variable 

Ambiguous  Coherent 

F p η2gen 

M 
95% CI 

SD 
 

M 
95% CI 

SD 
LL UL  LL UL 

Reaction Time (s) 1.51 1.34 1.69 0.49  1.56 1.37 1.76 0.54 0.971 .332 0.030 

Affect 0.16 -0.31 0.62 1.28  0.14 -0.32 0.59 1.25 0.027 .871 0.001 

Arousal 3.30 2.66 3.95 1.80  3.41 2.77 4.05 1.78 0.423 .520 0.013 

Sense-Making 3.19 2.47 3.90 1.99  3.50 2.79 4.21 1.98 5.977 .020* 0.161 

Confidence -1.51 -1.86 -0.48 1.82  -1.17 -1.86 -0.48 1.92 2.425 .130 0.073 

Do-Again Rating -1.66 -2.25 -1.07 1.64  -1.47 -2.00 -0.93 1.49 1.181 .286 0.037 

Training Attempts 1.71 1.49 1.93 0.60  1.83 1.66 2.01 0.49 1.251 .272 0.039 
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Note that sense-making was significantly different across block type, being higher for 

coherent A-C blocks. 

7.3.5 Hypothesis 8: Participants Will Behave as Though Coherence is Relatively More 

Appetitive Than Ambiguity, Operationalised as the Choice to Do Coherent A-C Blocks 

Again Over Doing Ambiguous A-C Blocks Again 

Participants did not show a significant preference for repeating either ambiguous or 

coherent A-C blocks as assessed with a Chi2 Goodness of Fit Test (M=0.34, 95% CI [0.17, 

0.52], SD=0.48; χ2=3.13, df=1, p=.08). Choosing coherent were 11 participants, and 21 

participants chose ambiguous. Per participant, 0 meant the choice to do another ambiguous 

A-C block and 1 indicated the choice to do another coherent A-C block. 

7.3.6 Visual Representation of Relational Responding Across Test Stages 

Figures 7.2 and 7.3 show mean reaction time for coherent  and ambiguous A-C test trials 

across the test stage respectively.  
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Figure 7.2          Figure 7.3 

Mean Reaction Time for Coherent A-C Test Trials       Mean Reaction Time for Ambiguous A-C Test Trials  

Across the Test Stage         Across the Test Stage 
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In the post-hoc, exploratory stepped binned analysis for Experiment Five, the first 

reaction time bin was not found to be statistically significant with a repeated-measures 

ANOVA (Ambiguous A-C: M=2.32, SD=0.91; Coherent A-C: M=2.25, SD=0.97; df=60.2, 

t=0.767, p=.869), so the stepped binned analysis was ended there. 

Figure 7.4 shows mean correctness across the coherent A-C test stages. 

 

Figure 7.4 

Mean Correctness for Coherent A-C Test Trials Across the Test Stage 

 
 

 

Figures 7.5 and 7.6 show mean systematic A-C responding scores across test stages classed 

as A>C and A<C respectively. 
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Figure 7.5          Figure 7.6 

Mean Systematic A-C Responding Score Across the Test Stage   Mean Systematic A-C Responding Score Across the Test Stage 

 for Ambiguous A-C Test Trials Classed as A>C      for Ambiguous A-C Test Trials Classed as A<C  

(1=Full A>C Responding)        (1=Full A<C Responding) 
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7.4 Discussion 

7.4.1 Overview 

The aim of this experiment was to address two alternative hypotheses and provide 

further tests of the spontaneous generation hypothesis. The first alternative hypothesis to be 

addressed was that a lack of differences in outcome measures on Experiments 2 through 4 

were due to stimuli lacking salience or value. In some variations of CDT, there is an 

argument that there are stimulus-specific lower boundary conditions for coherence-related 

processes (Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981). The hypothesis, 

that the lack of differences on outcome measures was due to the stimuli, was addressed in this 

experiment through the use of real-words (2017 birth male names from the ONS database; 

ONS, 2019) and a real discriminative: ‘Bigger’. The second alternative hypothesis this 

experiment aimed to address was: that the lack of findings of relative appetitiveness of 

coherence versus ambiguity on Experiment 2 was due to the backgrounds used. In 

Experiment 2, the backgrounds were sinusoidal gratings (Maffei & Fiorentini, 1973) which 

matched each other apart from the orientation of the gratings. Although this was a sound 

experiment design choice in theory, it is possible that these gratings were too similar to 

become discriminately associatively conditioned (Bouton, 2007) with the backgrounds, or to 

be distinguished between during forced-choice. This alternative hypothesis was addressed by 

using black text on white backgrounds and white text on black backgrounds for the two 

different block types (this was counterbalanced). Briefly, with its updated design using real 

words as stimuli and easily discriminated backgrounds, this experiment again found no 

differences in relative appetitiveness for coherence over ambiguity, found largely no 

differences in outcome measures across the block types (apart from sense-making, explained 

below), and also provided further support for the spontaneous generation hypothesis. 
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7.4.2 Hypothesis 1a and 1b – Systematic Responding 

The findings appear to show that systematic A-C responding was occurring on 

ambiguous A-C test stages (Hypothesis 1a), providing some support for the spontaneous 

generation hypothesis and fitting with the findings of all other experiments in this thesis to 

date. Additionally, the findings for Hypothesis 1b (no experimental bias towards A>C or 

A<C on any of the ambiguous A-C blocks) further confirm that it was spontaneous 

generation of the A-C relationship that was occurring. This concurs with the findings by 

Quinones and Hayes (2014). It suggests that participants generate A-C relationships 

regardless of whether the stimuli are nonsense or real words, discussed further below. 

7.4.3 Hypotheses 2-7 – There Will Be Differences in Outcome Measures Across Block 

Type 

No differences were found in outcome measures, apart from a statistical difference for 

sense-making. The lack of differences is likely explained by spontaneous generation. One 

possible reason for the significant difference regarding sense-making is due to fundamental 

difference in levels of coherence between the ambiguous and coherent A-C block types. 

However, upon investigation there is an alternative explanation. Although the process used to 

select male names from the ONS (2019) database was cautious, there was one area of 

difference between the coherent and ambiguous A-C blocks. The names were matched in 

frequency within each block, such that one block had all the more frequent names, one the 

least frequent, and the others in between. However, it was unexpected that relative frequency 

of names across blocks would be an influential factor, so the first three most frequent sets of 

names were placed in the coherent A-C blocks, and the three least frequent sets of names 

placed in the ambiguous A-C blocks. This may explain the difference in sense-making scores 

between the blocks, since it seems that participants made more sense of the blocks where the 

names were more frequent. 
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7.4.4 Hypothesis 8 – Participants Will Prefer Coherence Over Ambiguity 

The lack of difference in preference for the coherent over the ambiguous A-C block is 

likely explained by the spontaneous generation of the A-C relationship on the ambiguous A-

C block, such that both blocks became perceived as coherent, as perhaps occurred for the 

participants in the study by Quinones and Hayes (2014). This does not mean that coherence 

has no appetitive properties, however. Participants did spontaneously generate the A-C 

relationship seemingly restoring coherence on the ambiguous A-C block, which appears 

consistent with the hypothesis that humans have a fundamental drive towards seeking out, 

creating and maintaining coherence as is proposed (Heine et al., 2006). Thus, the lack of 

difference here, accompanied by systematic responding on ambiguous A-C blocks, may in 

fact be a proxy for the relative appetitiveness of coherence over lack of coherence (i.e. 

ambiguity) as fits RFT (Hayes et al., 2001; Quinones & Hayes, 2014) and contradicts CDT 

(Harmon-Jones, E. & Harmon-Jones, C., 2007; see Sections 1.5.3, p. 34, and 4.1, p. 125).  

7.4.5 Visual Representation 

Finally, the visual representations matched that of the previous experiments, and since 

those experiments used nonsense words as stimuli, this suggests that the findings have 

generalisability across at least some types of stimuli. Additionally, the improvements in 

reaction time across the test stages can be explained through increasing familiarity with the 

test stage stimuli and practice effects.  

7.4.6 Strengths and Limitations 

The strength of this experiment is that it improved the design in such a way as to 

resolve two alternative hypotheses. This was done by using black and white backgrounds, 

with real words as stimuli. This also seemed to take the experiment to its limits. It would be 

near impossible to balance stimuli across blocks if they were, for example, stimuli related to 

beliefs about oneself. Stimuli need to be balanced in terms of pronounceability, frequency, 
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length, vowel-consonant structure, and so on, for the design to be sound. Even with the 

meticulous approach to using real words as stimuli in this experiment, a mismatch in name 

frequency across blocks may have biased participants to perceive the two block types 

differently in terms of how much they made sense. Using more complex or self-related 

stimuli in order to further test CDT claims, such as claims that dissonance-processes only 

occur regarding self-related stimuli (Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 

1981), would therefore be unwise with this experimental design. It would be unwise, since it 

is unclear how self-related concepts such as self-esteem, morality, ideals, likes and dislikes, 

could be used as stimuli in this experiment whilst balancing word structure, familiarity, 

pronounceability, syllables, what conceptual group the stimuli come from, and the like.  

A limitation of this experiment is that the imbalance of frequency of names across the 

blocks may have had a small effect on results. Blocks with higher frequency male names (in 

terms of baby names in 2017; ONS, 2019) were rated as making more sense. In future 

experiments of this type, it is recommended that stimulus familiarity be balanced across 

block types, as well as within each block. This limitation would have been more serious had 

the baby names been from 1999, since it would have therefore meant that participants 

themselves (all largely born around that time) would be much more likely to be familiar with 

certain names since they would be the names of their peers.  

A final limitation is that there was greater attrition on this experiment than those 

previously. The attrition may be due to participants being more familiar with the words, such 

that they were responding based on their own personal learning history related to the stimuli, 

rather than the experimental contingencies. Responding based on personal learning history 

here would have reduced performance on the task. This possibility suggests that the 

experimental design may be impacted by participant learning histories when familiar stimuli 

are used, perhaps indicating a limit to the balance and validity of this experimental design 
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when using stimuli with which participants have learning histories. There appears a tension 

between the use of technical, abstract research designs with balanced experimental 

contingencies on the one hand, and the use of stimuli that are of importance to participants on 

the other. 

7.4.7 Implications and Future Research 

 The findings imply that spontaneous generation occurs even for non-nonsense stimuli. 

Additionally, the findings suggest a stimulus-specific lower boundary condition for 

differences relating to affect, arousal, confidence and block preference, as expected by some 

CDT proponents (e.g. Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981). The 

findings, however, do not suggest such a lower boundary condition for behavioural 

responses, as fits with the claims of other CDT proponents (e.g. Harmon-Jones E. & Harmon-

Jones C., 2007; Levy et al., 2018). 

Alongside balancing the name frequencies across blocks in a more methodical 

manner, there is another important query to address: how does test stage structure affect 

spontaneous generation and systematic responding? It may be possible that different 

configurations of the test stages (with differing numbers of discriminatives or stimuli) may 

lead to different types of responding. It seems quite that different test stage structures may 

affect responding. The findings of this thesis may support such an idea, since Experiment 1 

had a different test stage structure versus all experiments that followed. This difference is 

likely due to the unidirectional discriminative issue, but could also be due to test stage 

structure. This may explain the statistical differences between block types on Experiment 1, 

and the lack of differences on the following unbiased designs. Experiments 2-5 used Q-A-C-

W stimuli in the test stages; perhaps this also has the possibility for biasing participant 

responding. Therefore, it is crucial that the next experiment directly assess this alternative 

hypothesis based on test stage structure. 
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7.4.8 Conclusion 

This experiment addressed two alternative hypotheses for findings in this thesis so 

far: that the findings only relate to nonsense stimuli, and that the backgrounds in Experiment 

Two were not differentiable enough to have experimental value. Both alternative hypotheses 

have been rejected by the results, giving weight to the findings across previous experiments 

and thus bolstering support to the spontaneous generation hypothesis. No difference was 

found in relative appetitiveness, likely due to matched perceptions of both blocks once 

spontaneous generation occurred. The design has been taken to its limits in terms of stimuli, 

such that future uses of the experiment with self-related stimuli (for example) seem likely to 

lead to unacceptable biases in experimental design, since it would be challenging to balance 

self-related stimuli in terms of familiarity, pronounceability, word structure, syllables, and so 

on. A relevant future experiment is a test of response patterns based on test stage structures.  
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Chapter Eight: Experiment Six - Identifying the Impact of Test Stage Structure on Systematic 

Responding 

 

  



 

 241 

8.1 Introduction 

 Experiments 1-3 involved two kinds of stages: 1) training stages, where relationships 

between stimuli were trained; and 2) test stages, where participants responded to stimuli in a 

forced choice situation, with no feedback present. On ambiguous A-C test stages on these 

previous experiments, participants responded systematically, demonstrating what appears to 

be spontaneous generation of relationships as also found by Quinones and Hayes (2014). 

 Test stage structure on this experimental design can vary regarding how many stimuli 

and discriminatives are used. For example, in Experiment 1, two stimuli and two 

discriminatives were in the test stage. A test trial would involve one discriminative, such as 

‘Bigger’, and two stimuli that the participant must choose between. Another test trial might 

involve the other discriminative, ‘Smaller’, and again two stimuli that the participant must 

choose between. The order of presentation of all possible trial types was randomised and 

counterbalanced. As an example of a different test stage structure, Experiment 2 (Chapter 5) 

involved one discriminative stimulus and four stimuli (Q-A-C-W; see Section 4.1, p. 125) in 

order to assess participant responses on A-C trials. 

 Assuming that spontaneous generation of relationships is a fundamental aspect of 

human relational behaviour, a novel question emerges regarding participant systematic 

responding in this thesis. The question is: will participants systematically respond on test 

stages without training stages beforehand? Following from this idea, another question 

emerges: if behaviour is indeed contextual and impacted by the contingencies present, how 

might varying test stage structure affect participant responding? The aim of this chapter is to 

address these two questions about systematic responding on ambiguous A-C test stages. To 

fulfil this aim, responding was assessed on a variety of different test stage structures, with no 

training stages before them, in order to identify how participants respond on test stages alone.  

 More specifically, the present experiment aimed to provide evidence for whether 
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participants have higher systematic A-C responding on some test stage structures compared 

to others, when there are no training stages present. It also assessed the outcome measures of 

reaction time, affect, arousal, sense-making, confidence, and how much a participant rated 

that they wanted to do a test stage again, in order to also provide insight into how test stage 

structure affects these measures. Indeed, if different test stage structures impact on systematic 

responding differently, it is likely that these associated outcome measures may be affected, 

related as they are to coherence phenomena.  

 This experiment had four conditions, with each condition involving a different test 

stage structure (without training stages). The test stages in Experiment One had two 

discriminatives and two stimuli, so that was used. The following experiments in this thesis 

had one discriminative and four stimuli (after the unidirectional discriminative issue had been 

resolved, Section 4.1, p. 125). A simple 2x2 between-subjects design emerged which also 

involves one discriminative and four stimuli, and finally two discriminatives and four stimuli. 

To be clear, a condition in this experiment could have either one or two discriminatives, and 

two or four stimuli (see Section 8.2.2, p. 243). Hypotheses were as follows. 

•  Hypothesis 1: there will be no differences in systematic A-C responding across the 

conditions.  

•  Hypotheses 2-7: there will be no significant differences in outcome measures for 

reaction time, affect, arousal, sense-making, confidence, and rating for wanting to do 

the block again. 

8.2 Methods 

8.2.1 Participants 

The main aim of the experiment was to assess participant systematic responding, and 

given that the spontaneous generation phenomenon had thus far in this thesis been reliable 

and consistent, it was expected that 15 participants for each condition would be enough to 
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assess Hypothesis 1. No power calculation was done given the exploratory and novel nature 

of the design and hypotheses. The secondary aim was to assess differences in outcome 

measures across blocks, and given that the present experimental design was novel, 15 

participants per condition were considered acceptable for this highly exploratory study. As 

with all experiments in this thesis, for consistency, the same exclusion criteria were applied: 

those that were bilingual, multilingual, had dyslexia or severe anxiety were excluded. 

Research credits and a bar of chocolate or bag of sweets were used as the incentives for 

participation. Based on Department guidelines and ethical approval, this was considered 

equivalent to what would have been offered if only research credits or money were offered. 

Initially, 60 participants were recruited. Two dropped out (both, in the 2-Disc-4-Stim 

condition). Overall, 58 participants completed this study. Of these, 45 were female, 13 male, 

aged 18 to 62 (M=26.67, SD=12.42). No mastery criteria were applied, given the exploratory 

nature of this study, with a focus on how participants behave on test stages without training. 

Ethical approval came from the University of Chester Department of Psychology 

Ethics Committee. As per BPS requirements, written, informed consent was taken from all 

participants. Participants were fully debriefed in line with BPS and department ethical 

guidelines. 

8.2.2 Materials 

8.2.2.1 Brief Overview 

For brevity and ease of communication, test stage structures are hereon denoted by 

their number of discriminatives and stimuli in the form K-Disc-N-Stim, where K and N relate 

to the number of discriminatives and stimuli, respectively. Experiment 1 used 2-Disc-2-Stim, 

and the following experiments used 1-Disc-4-Stim. A 2-Disc-4-Stim design was piloted by 

PhD students in the creation of Experiment 2, they reported this being too challenging and 

were unable to achieve pass criteria on any blocks. The 2-Disc-4-Stim test stage structure was 
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used in this experiment since it could shed further light on why a full 2-Disc-4-Stim 

experiment elicited such responses. The 1-Disc-2-Stim design had not been used in this thesis 

but appears logically to fill a gap among the other three conditions mentioned. Thus, the 

blocks used are 1-Disc-2-Stim, 1-Disc-4-Stim, 2-Disc-2-Stim and 2-Disc-4-Stim.  

This experiment contained these four test stages and also had follow-up rating scales 

for affect, arousal, sense-making, confidence and do-again rating (Section 4.2, p. 129). Test 

stages were of the same process and format as previous studies in this thesis: two stimuli and 

one discriminative were presented as test trials and participants had a forced choice between 

the two stimuli. No feedback was given. In order to avoid practice effects or response 

patterns from one condition affecting another, participants only took part in one condition.  

8.2.2.2 Updated Stimuli and Discriminatives 

Nonsense trigrams were used as stimuli, to be comparable across the majority of 

studies in this thesis. Discriminatives were created by adding a comparative ending to a 

nonsense trigram such that the discriminative was a nonsense comparative (see Section 

4.2.2.3, p. 141). Each of the four conditions had four blocks, each with their own stimuli 

(Table 8.1). 
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Table 8.1 

Experiment Six – Stimuli and Discriminatives Used for the Four Blocks Within Each of the 

Four Conditions 

 

8.2.2.3 Experimental Parameters 

 The four different test stage structure conditions allowed for a certain number of 

possible trials, given counterbalancing of all the various configurations of discriminatives and 

stimuli. For example, in the 1-Disc-2-Stim condition there could be either A ‘Bigger’ C or C 

‘Bigger’ A (by counterbalancing whether the stimuli appeared on the left or right of the 

Condition Block Discriminative(s) 
Test Stage 

Stimuli  
A-C Stimuli 

1-Disc-2-Stim 

A wuffier yun-vum yun-vum 

B eabier wup-haf wup-haf 

C arnier lun-vop lun-vop 

D hynnier teb-vud teb-vud 

     

1-Disc-4-Stim 

A zobbier yab-tid-fup-vuk tid-fup 

B cwollier neb-vun-kep-rud vun-kep 

C omnier gak-fal-zud-mep fal-zud 

D irmier fum-fod-zoc-yan fod-zoc 

     

2-Disc-2-Stim 

A iptier / lovvier cen-mip cen-mip 

B tuzzier / oogier mem-pef mem-pef 

C yerrier / dallier tus-dag tus-dag 

D zaggier / tivvier bim-zid bim-zid 

 

 

   

2-Disc-4-Stim A 

A ficcier / zottier zat-ryn-sof-bub ryn-sof 

B crammier / olkier bol-dac-fas-kyb dac-fas 

C nerrier / rosier ceg-dem-mim-vek dem-mim 

D elbier / haggier cav-zel-myn-hup zel-myn 
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screen). The possible trials were repeated in a randomised order four times for each 

condition. The parameters for each condition, such as number of different trials, and total 

number of trials, are shown in Table 8.2. 

Table 8.2 

The Parameters of the Test Stages for Experiment Six 

Block Limit of 
Attempts 

Number of 
Different 

Trials  

How Many 
Times Each 

Trial Appears in 
an Attempt 

Number of 
Trials in 

Total 

Number of 
A-C Test 
Trials in 
Whole 

Attempt 

1-Disc-2-Stim N/A (1) 2 4 8 
 
8 

1-Disc-4-Stim N/A (1) 6 4 24 8 

2-Disc-2-Stim N/A (1) 4 4 16 16 

2-Disc-4-Stim N/A (1) 12 4 48 16 

 

 Note that the decision was made for trials to be repeated the same number of times in a 

block (four repetitions). This decision had to be made because it is impossible to balance all 

of the parameters shown in Table 8.2 such that all the parameters in one condition are exactly 

the same numbers as all of the parameters in another condition. The number of repetitions of 

the A-C test trials was balanced, instead of matching the same number of A-C test trials 

across all the blocks (final column in Table 8.2). The 2-Disc conditions have 16 A-C test 

trials because they have two discriminatives, and therefore twice the number of A-C test trials 

as the 1-Disc conditions. The reason for choosing to balance the number of trial repetitions is 

that having a different number of exposures to trial types may affect participant responses 

due to increased familiarity or practice effects (Donovan & Radosevich, 1999). Having each 
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A-C test trial tested the same number of times for each block allowed for the most balance 

and comparability across the conditions. 

8.2.3 Procedure 

 The experiment took part within computer cubicles in a quiet room in a psychology 

laboratory. Participants first gave informed consent. Then, participants read instructions 

explaining what they would see on the screen, and what buttons they should press to make 

their choices. These first instructions are found within Appendix E. Instructions for the 

experiment were kept as similar as possible to all previous studies while still making sense 

given the fact that only test stages were present. Participants were randomly assigned to 

conditions. Once the participant had completed the test stage they then proceeded to answer 

several self-report questions as per the previous studies (Section 4.2, p. 129). They completed 

four blocks within their randomly assigned condition type (see Section 8.2.2, p. 243). 

Following completion of the study, participants were debriefed following ethical guidelines. 

8.2.4 Data Preparation 

For Hypothesis 1 regarding systematic responding, data preparation followed that 

explained in detail in Experiment One (Section 3.2.5, p. 100). Results were analysed via 

descriptive and graphical statistics as is done within RFT analysis on behavioural patterns 

(e.g. Quinones & Hayes, 2014, on which this thesis is partly based; see also Section 3.2.5.5, 

p. 105). 

For hypotheses 2-7, calculations matched that of Section 3.2.5 (p. 100). In summary, 

averages were calculated for all outcome measures (affect, arousal, sense-making, confidence 

and do-again rating). One-way between-measures ANOVAs were used for the analyses of 

differences between the four block types. Follow up analyses of differences were calculated 

using post-hoc tests. All tests were conducted with an alpha level of .05.  
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For the visual representations, systematic responding scores, per block and 

participant, were classified as either A>C or A<C responding based on whether the score was 

above or below the central point of systematic responding. In other words, an A>C response 

was classed as 1, and an A<C response classed as 0 (see Section 3.2.5, p. 100). The central 

point was different for each condition, given that each condition had a different number of 

trials (see Table 8.2, Section 8.2.2.3, p. 245). Once each test stage had been classified, per 

condition, block and participant, the average responses across the test stage were converted to 

a scale of 0 to 1, where 0 represented no responding of that particular response type (for 

example, on the A>C responding graph, a score of 0 indicates no A<C responding), and 1 

represented full systematic responding of that response type (in this example relating to A>C 

responding, a score of 1 indicated full A>C responding). So that graphs could be compared, 

A<C responding was also put on a scale of 0 to 1, with 1 being full A<C responding. These 

were graphically depicted as line charts. Also, average reaction time across the test stages 

were shown, again classed as either A>C or A<C. 

 

8.3 Results 

8.3.1 Hypothesis 1: There Will Be No Differences in Systematic A-C Responding Across 

The Conditions 

               Systematic A-C responding scores for each block are presented in Table 8.3, as raw 

scores, and more usefully as percentages for comparison.
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Table 8.3 

The Descriptive Statistics of All Systematic A-C Responding Scores for Each Block (in Raw and Percentage Form) 

Block N 
Maximum A-C 

Responding Score 

Raw Form 

 

Percentage Form 

M 
95% CI 

SD M 
95% CI 

SD 
LL UL LL UL 

1-Disc-2-Stim 15 4 3.28 2.98 3.59 1.18  82.08 74.46 89.71 29.51 

1-Disc-4-Stim 15 4 2.68 2.32 3.05 1.41  67.08 57.99 76.18 35.20 

2-Disc-2-Stim 15 8 1.75 1.16 2.34 2.29  21.88 14.48 29.27 28.62 

2-Disc-4-Stim 13 8 3.67 2.51 4.83 1.92  45.91 31.42 60.41 23.98 
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 Table 8.3 shows that the 2-Disc-2-Stim condition had less systematic responding 

than the other blocks. 2-Disc-4-Stim had the second least systematic responding, followed by 

1-Disc-4-Stim, with the most systematic responding found on 1-Disc-2-Stim condition. 

 Post-hoc, as exploratory analysis, it was considered that participants were not directly 

told that the discriminatives were opposites in the 2-Disc conditions. So, a participant could 

have believed that iptier and lovvier were about different features, rather than being about the 

same feature such as would be the case with Bigger and Smaller. For this reason, it was 

decided post-hoc that an exploratory analysis would be done whereby the systematic 

responding scores for each discriminative would be found in the 2-Disc conditions 

individually, and then averaged together. If participants responded A>C for one 

discriminative and A<C for the other  then overall systematic responding scores may be low. 

If instead each systematic responding score was calculated separately and then averaged, this 

noise would be reduced. Likely a higher systematic responding score would be found. This is 

hereon known as splitting the discriminatives and is mentioned throughout this Results 

section where 2-Disc condition systematic responding scores are considered. Systematic 

responding scores for split discriminative 2-Disc conditions are found in Table 8.4. 
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Table 8.4 

The Descriptive Statistics of Split Discriminative Systematic A-C Responding Scores for Each 2-Disc Block (in Raw and Percentage Form) 

Block N 
Maximum A-C 

Responding Score 

Raw Form 

 

Percentage Form 

M 
95% CI 

SD M 
95% CI 

SD 
LL UL LL UL 

2-Disc-2-Stim 15 8 4.09 3.53 4.66 3.13  51.15 44.07 58.22 39.16 

2-Disc-4-Stim 13 8 4.68 4.18 5.18 2.57  58.53 52.29 64.78 32.13 
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 As can be seen, the systematic responding score for 2-Disc-2-Stim increased, and 

2-Disc-4-Stim also increased but by a much smaller amount. The order of least to most 

systematic responding across the conditions remained the same. 

 In addition, post-hoc, it was decided to do exploratory inferential statistics on the 

systematic responding scores to compare them. Percentage systematic responding for each 

condition was compared using a one-way ANOVA. This included the split discriminative 2-

Disc conditions. The outcome of this post-hoc, exploratory analysis was that the one-way 

ANOVA identified significant differences (df1=5, df2=36.2, F=15.0, p<.001). Accordingly, 

post-hoc Tukey corrected t-tests were conducted between each group, as shown in Table 8.5. 

 

Table 8.5 

Post-Hoc Tests Comparing Systematic Responding Across Each Condition 

Condition 

Tukey’s Post-Hoc t-test p-value 

1-Disc-

2-Stim 

1-Disc-

4-Stim 

2-Disc-2-

Stim 

2-Disc-4-

Stim 

Split  

2-Disc-2-

Stim 

Split  

2-Disc-4-

Stim 

1-Disc-2-Stim  .251 <.001** <.001** <.001** .016* 

1-Disc-4-Stim   <.001** .042* .194 .833 

2-Disc-2-Stim    .013* <.001** <.001** 

2-Disc-4-Stim     .977 .523 

Split  
2-Disc-2-Stim 

     .902 

Note: * indicates p<.05, ** indicates p<.001 

 

The simple 1-Disc-2-Stim condition had significantly more systematic responding than all 

other conditions other than 1-Disc-4-Stim, the second most simple condition. The 1-Disc-4-

Stim condition had significantly more systematic responding than both 2-Disc conditions, as 
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also identified via the descriptive statistics. The systematic responding for 2-Disc-2-Stim 

condition significantly increased when split discriminative analysis was undertaken, as 

predicted. Based on the a-priori analysis, 2-Disc-2-Stim had significantly less systematic 

responding than all other conditions. When split based on discriminatives, 2-Disc-2-Stim 

remained significantly less than 1-Disc-2-Stim, but was not significantly different to the other 

conditions. The 2-Disc-4-Stim condition was significantly different to all other conditions, 

not taking split discriminatives into account. When the discriminatives were split, 2-Disc-4-

Stim remained significantly different to 1-Disc-2-Stim. Overall, without splitting 

discriminatives, it was found generally found that the fewer discriminatives and stimuli in a 

condition, the significantly more systematic responding was present. When discriminative 

were split in the post-hoc exploratory analysis, the significant differences still highlighted the 

trend of simpler conditions leading to higher systematic responding, though some of these 

significant differences were lost as the 2-Disc conditions had a slight increase in systematic 

responding through the splitting of discriminatives. 

 It is beneficial to observe these systematic responding scores graphically also, for 

visual comparison. The systematic A-C responding scores for each block (as a percentage 

unit) are shown in Figures 8.1 (1-Disc-2-Stim), 8.2 (1-Disc-4-Stim), 8.3 (2-Disc-2-Stim) and 

8.4 (2-Disc-4-Stim)
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Figure 8.1                                                                                                   Figure 8.3 

Systematic A-C Responding Scores for 1-Disc-2-Stim                                Systematic A-C Responding Scores for 2-Disc-2-Stim  

                                     

Figure 8.2                                                                                                    Figure 8.4 

Systematic A-C Responding Scores for 1-Disc-4-Stim                                 Systematic A-C Responding Scores for 2-Disc-4-Stim 
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Additionally, the graphs of systematic responding for the split discriminative 2-Disc 

conditions can be found in Figures 8.5 and 8.6. 

Figure 8.5 

Systematic Responding Scores for Split Discriminative 2-Disc-2-Stim 

 
 
 
Figure 8.6 

Systematic Responding Scores for Split Discriminative 2-Disc-4-Stim 

 
 
 
 
8.3.2 Visual Representation of Responding Across Test Stages  

 Of relevance here is the systematic A-C responding scores across the four 

conditions. This relates to the previous four graphs (Figures 8.1-8.4) in that they represent the 

per condition histogram for average systematic responding for each participant. The 
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following visual representations, however, represent how average systematic responding and 

reaction time varied across the test stages from start to finish. Responding for each individual 

block was classed as A>C or A<C for this analysis. Figures 8.7-8.14 show the systematic A-

C responding scores for each condition, by A>C and A<C classification. In these graphs, a 

score of 0 represents that none of the A-C response in question was found, a score of 0.5 

represents half A>C and half A<C responding, and a score of 1 represents full A-C 

responding for the A-C response in question. For example, on an A>C graph, 0 indicates full 

A<C responding, 0.5 indicates half A>C and half A<C responding, and 1 indicates full A>C 

responding
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Figure 8.7                                                                                                      Figure 8.9 

Systematic A>C Responding on 1-Disc-2-Stim (1=Full A>C)                     Systematic A>C Responding on 1-Disc-4-Stim (1=Full A>C) 

                                                  
 
Figure 8.8                                                                                                     Figure 8.10 

Systematic A<C Responding on 1-Disc-2-Stim (1=Full A<C)                    Systematic A<C Responding on 1-Disc-4-Stim (1=Full A<C) 
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Figure 8.11                                                                                                    Figure 8.13 

Systematic A>C Responding on 2-Disc-2-Stim (1=Full A>C)                     Systematic A>C Responding on 2-Disc-4-Stim (1=Full A>C) 

                                                      
 
Figure 8.12                                                                                                  Figure 8.14 

Systematic A<C Responding on 2-Disc-2-Stim (1=Full A<C)                    Systematic A<C Responding on 2-Disc-4-Stim (1=Full A<C) 
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Figures 8.7 and 8.8 show that the 1-Disc-2-Stim condition had high average systematic 

responding across the whole test stage. Figures 8.9 and 8.10 for the 1-Disc-4-Stim condition 

had slightly lower average systematic responding across the test stages compared to 1-Disc-

2-Stim. In addition, the 1-Disc-4-Stim systematic responding fluctuated across the test stage. 

Figures 8.11 and 8.12 show that the 2-Disc-2-Stim condition had yet lower average 

systematic responding across the test stages. Finally, Figures 8.13 and 8.14 show that the 2-

Disc-4-Stim condition had volatile systematic responding averages across the block, where 

the A>C graph (Figure 8.11) even shows average scores below 0.5, thus representing some 

A<C responding.  

 As part of the post-hoc analysis based on splitting the discriminatives as 

mentioned above, systematic responding scores for each discriminative was found, then 

averaged, to avoid the possibility of increasing noise by calculating systematic responding 

scores for both discriminatives at the same time. Figures 8.15 and 8.16 show systematic 

responding for the 2-Disc-2-Stim condition after the discriminatives were split, analysed and 

recombined. Figures 8.17 and 8.18 show A>C and A<C systematic responding for 2-Disc-4-

Stim following this splitting and recombination of the systematic responding scores for each 

discriminative.
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Figure 8.15           Figure 8.16 

Post-hoc Discriminative Analysis for Systematic Responding   Post-hoc Discriminative Analysis for Systematic Responding 

Showing A>C Responding for 2-Disc-2-Stim      Showing A<C Responding for 2-Disc-2-Stim 
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Figure 8.17           Figure 8.18 

Post-hoc Discriminative Analysis for Systematic Responding   Post-hoc Discriminative Analysis for Systematic Responding 

Showing A>C Responding for 2-Disc-4-Stim      Showing A<C Responding for 2-Disc-4-Stim 
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                Average reaction time across each trial of the conditions is shown in Figures 8.19-

8.22. A higher score means a slower reaction time. It was expected that reaction times would 

become faster across the test stage as participants increased in familiarity and practice with 

the stimuli.
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Figure 8.19                                                                                              Figure 8.21 

Mean Reaction Time Per Trial on 1-Disc-2-Stim                                    Mean Reaction Time Per Trial on 2-Disc-2-Stim  

                                          
 
 
Figure 8.20                                                                                              Figure 8.22 

Mean Reaction Time Per Trial on 1-Disc-4-Stim                                    Mean Reaction Time Per Trial on 2-Disc-4-Stim 
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These show that reaction time becomes much faster after the first few trials and remains fast 

relative to the starting speed for the duration of the test stages. 

In the post-hoc, exploratory stepped binned analysis for Experiment Six, the first 

reaction time bin was not found to be statistically significant via a one-way ANOVA (1-Disc-

2-Stim: M=4.74, SD=3.30; 1-Disc-4-Stim: M=5.41, SD=4.83; 2-Disc-2-Stim: M=4.54, 

SD=3.74; 2-Disc-4-Stim: M=4.57, SD=3.93; df1=3, df2=54, F=0.677, p=.570), so the 

stepped binned analysis was ended there. 

 

8.3.3 Hypotheses 2-7: There Will Be Differences Across the Four Conditions for 

Reaction Time, Affect, Arousal, Sense-Making, Confidence, and How Much the 

Participant Wants to Do the Block Again 

The descriptive statistics and the inferential statistics output of the one-way between groups 

ANOVAs are shown in Table 8.6.  
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Table 8.6 

The Descriptive and Inferential Statistics for All Outcome Measures (Bar Systematic A-C Responding Scores; df1=3, df2=54) 

 1-Disc-2-Stim  1-Disc-4-Stim  2-Disc-2-Stim  2-Disc-4-Stim 

F p η2gen 
Variable M 

95% CI 
SD 

 
M 

95% CI 
SD 

 
M 

95% CI 
SD 

 
M 

95% CI 
SD 

LL UL  LL UL  LL UL  LL UL 

Reaction Time (s) 3.84 1.94 5.73 3.42  2.04 1.58 2.50 0.84  2.44 1.91 2.98 0.97  1.92 1.63 2.22 0.49 3.232 .029* 0.152 

Affect -0.60 -1.22 0.02 1.13  -0.70 -1.26 -0.14 1.01  -0.37 -1.25 0.52 1.60  -0.56 -1.51 0.39 1.57 0.162 .922 0.009 

Arousal 3.25 2.59 3.91 1.60  3.47 2.58 4.35 1.60  3.17 2.37 3.96 1.44  3.90 2.48 5.33 2.36 0.530 .664 0.029 

Sense-Making 1.63 1.18 2.08 0.81  2.48 1.75 3.22 1.33  2.07 1.15 2.98 1.65  2.12 1.16 3.07 1.58 0.961 .418 0.051 

Confidence -2.22 -3.01 -1.43 1.43  -1.42 -2.10 -0.73 1.24  -1.30 -2.36 -0.24 1.91  -2.40 -3.23 -1.58 1.36 1.940 .134 0.097 

Do-Again Rating -1.82 -2.65 -0.98 1.50  -1.02 -1.77 -0.26 1.37  -1.18 -2.05 -0.31 1.57  -1.75 -2.56 -0.94 1.33 1.116 .351 0.058 
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Table 8.4 shows that reaction time was the only variable that showed a significant difference 

in the between-measures ANOVAs. Using planned post-hoc tests, a difference was found 

only between 1-Disc-2-Stim and 2-Disc-4-Stim (df=54, t=2.701, p=.044), with 2-Disc-4-Stim 

taking less time on average (see Table 8.3). All other combinations of post-hoc test showed 

non-significance, which included 1-Disc-2-Stim versus 1-Disc-4-Stim  (df=54, t=2.631, 

p=.053), 1-Disc-2-Stim versus 2-Disc-2-Stim  (df=54, t=2.042, p=.186), 1-Disc-4-Stim 

versus 2-Disc-2-Stim  (df=54, t=-0.585, p=.936), 1-Disc-4-Stim versus 2-Disc-4-Stim  

(df=54, t=-0.169, p=.998), and 2-Disc-2-Stim versus 2-Disc-4-Stim  (df=54, t=-0.733, 

p=.883). 

 

8.4 Discussion 

8.4.1 Review of the Findings 

    The aim of this experiment was to assess participant responding on test stages without 

training stages. This was to identify how participant systematic A-C responding changes 

based on test stage structure, in case any such effects illuminated the spontaneous generation 

findings on previous chapters in this thesis. The findings for each of the conditions will be 

discussed in turn. 

    The simplest condition, 1-Disc-2-Stim, had highest systematic A-C responding out of 

all the conditions. It appears that participants readily and spontaneously generated A-C 

relationships on this design. Comparison with the other conditions would be informative. 

    The 1-Disc-4-Stim structure was used in all experiments in this thesis bar Experiment 

One. As shown in Figure 8.2, this structure also led to high systematic A-C responding. The 

interpretation of this result is not initially straightforward. On the one hand, systematic A-C 

responding here could simply be argued to be a fundamental demonstration that humans will 

readily spontaneously generate coherence. Further, this could be seen as evidence that 
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ambiguity is seen as relatively aversive compared to coherence, which fits the positions 

posited by CDT and RFT, where non-coherence is aversive (CDT; Cooper, 2007), or 

coherence is appetitive (RFT; Hayes et al., 2001). The finding also relates to nonsense 

trigrams, thus being a stringent test of the stimulus-specific lower boundary conditions of 

coherence-related processes, supporting those claiming that there are no such boundary 

conditions of coherence-related processes (e.g. Proulx et al., 2012; Randles et al., 2015), and 

acting as evidence against those claiming that such stimulus-specific boundary conditions 

exist (e.g. Lecky, 1946; Swann & Read, 1981). In other words, presented with stimuli of no 

personal relevance, people will still respond such that coherence is created and maintained, 

which demonstrates that coherence generating responses occur even in abstract, low-

importance scenarios. 

    On the other hand, it could be argued that the systematic A-C responding found here 

could be apportioned in part to the test stage structure, and thus perhaps be seen as an 

experimental artefact. Again, the interpretation of these results will become more informed as 

the findings on other conditions in this experiment are examined.  

     The 2-Disc-2-Stim condition involved low systematic responding in comparison with 

the other conditions. A possible explanation of this behaviour is that participants have such a 

grasp of this simple experiment design and are behaving in such a way as to maximise their 

potential for correctness. In other words, they are hedging their bets. Bet-hedging (Starrfelt & 

Kokko, 2012) or diversification (White et al., 2013) is in fact a prevalent concept in 

evolutionary science and is noted for its evolutionary advantages in plants (Childs et al., 

2010; Philippi & Seger, 1989), insects (Hopper, 1999), non-human animals (Fox & Rauter, 

2003; Ligon & Zwartjes, 1995) and humans (Davis & Were, 2008; Wunderlich, 2011). 

Humans can hedge bets in a number of prevalent ways. For example, in Modern Portfolio 

Theory (Markowitz, 1952), spreading of risk is a key practice (which led to the term ‘hedge-
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fund’). Thus, a bet-hedging strategy in an uncertain situation such as this experiment may be 

a plausible explanation for the results on the 2-Disc-2-Stim condition. Perhaps participants 

clearly and quickly saw that there was probably some form of correctness available, and that 

the best way to maximise that correctness was to perform a variety of A>C and A<C 

behaviours.  

 In addition, the split discriminative analysis for 2-Disc-2-Stim adds nuance to the bet-

hedging explanation. Figure 8.5 showing the systematic responding for split discriminative 2-

Disc-2-Stim shows that some participants likely used a bet-hedging strategy and scored low, 

whereas others responded systematically as expected and scored high. In future, an 

experimental design that avoids the split discriminative situation may allow for a better 

identification of bet-hedging strategies. 

 The 2-Disc-2-Stim condition was used for Experiment One and by Quinones and Hayes 

(2014). As a reminder, Experiment One had a bias in the coherent, but not in the ambiguous, 

A-C blocks. Participants responded with high systematic A-C responding on the ambiguous 

A-C blocks in that experiment. The findings here suggest that this high systematic A-C 

responding was not due to the test stage structure of that experiment. The difference between 

Experiment One and the present experiment is the inclusion of training stages and coherent 

blocks. The inclusion of training stages (i.e. feedback) and coherent blocks likely cued the 

availability of coherence such that participants were more likely to spontaneously generate 

relationships. Overall, the 2-Disc-2-Stim condition elicited limited systematic responding. 

The 2-Disc-4-Stim design had relatively low systematic responding. This design was 

used in the pilot from Experiment One to Experiment Two but the full design was too 

challenging for three PhD students to make progress on even after 30+ minutes on the same 

block. There was high fatigue. It is possible that in the full 2-Disc-4-Stim design, participants 

may not be able to learn the relationships, because there are so many.  
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It was found that systematic responding was greater on the one discriminative 

conditions (1-Disc-2-Stim and 1-Disc-4-Stim) versus the two discriminative conditions (2-

Disc-2-Stim and 2-Disc-4-Stim). The implications of this are of key concern for interpreting 

the findings relating to spontaneous generation in this thesis. Note that systematic responding 

was found on the more complex 2-Disc conditions also, though slightly less than on the 1-

Disc conditions. This could suggest that humans readily spontaneously generate relationships 

out of ambiguity, to increase coherence, but this is tempered by how easy it is to generate and 

maintain those relationships. With only one discriminative, the 1-Disc conditions may simply 

be much easier to generate relationships on. Indeed, it has been found that humans are more 

competent at reasoning with syllogisms containing only one discriminative (Johnson-Laird, 

1972). As further support to this claim, note that the only participants to drop out were part of 

the 2-Disc-4-Stim condition. This complexity interpretation aligns with the findings. In other 

words, the findings of the present experiment seem to lend further support to the hypothesis 

that humans spontaneously generate relationships between stimuli, but, of key importance, 

adds an extra clause to this by showing that this depends on how easily those relationships 

can be made. 

In terms of the outcome measures, no significant differences were found between the 

four conditions for affect, sense-making, arousal, confidence, and desire to do the block 

again. This is unsurprising given the somewhat similar findings regarding systematic A-C 

responding across the block types. The lack of difference here suggests that any of the 

designs could be chosen without needing to consider the effects on participant affect, for 

example. Note, though, that the choice may impact systematic responding. 

The only difference in outcome measure was in reaction time. This was between the 

simplest condition, 1-Disc-2-Stim, and 2-Disc-4-Stim, with 1-Disc-2-Stim being slowest. As 

a guess, perhaps due to the simple nature of 1-Disc-2-Stim, participants felt they were on the 
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verge of grasping it or had generated some relationships, as shown by them responding 

highly systematically, so they spent more time considering responses. For the 2-Disc-4-Stim 

condition perhaps they gave up on trying to learn due to its complexity, and simply gave fast 

responses in order to finish the experiment quickly. The slow reaction time for the 1-Disc-2-

Stim condition, where participants responded highly systematically, may actually indicate 

that participants respond slowly when coherence is involved. This contrasts with predictions 

from the Action-Based Model of dissonance, which predicts effective responses where 

relationships are known (Harmon-Jones, E & Harmon-Jones, C., 2007; taken here as meaning 

fast and accurate responding). This makes intuitive sense – it may be easier and faster to 

respond randomly rather than to go through the cognitive effort of remembering how stimuli 

relate to each other. 

8.4.2 Strengths and Limitations 

 The main strength is that this experimental design appears to have explored the query 

regarding participant response patterns in test stages without training stages, and also 

explored the impact of varying test stage structures on participant systematic responding.  

 Another strength of the present experiment is that it accounted for a variety of 

possible test stage structures. It not only considered those used within the present thesis, but 

also used those structures which are possibilities that may be attempted in future. Having 

done this, it acts as a caution to researchers formulating experimental designs of this nature, 

where choices must be made about the structure of experiments. The more informed a 

researcher is about the biases and weaknesses of an experimental design, the more they are 

able to improve on it. As an example from this thesis, the biases on Experiment One were 

addressed and resolved in Experiment Two onwards once known. 

 A limitation of this design is that choices had to be made regarding how to balance 

the conditions to be comparable. Given the variety of number of stimuli and number of 



 

 271 

discriminatives across these conditions, a perfect balance could not be made. That said, the 

decision to balance number of trial repetitions was informed by literature on practice effects 

(Donovan & Radosevich, 1999). 

8.4.3 Implications and Future Directions 

The most important implication is that related to how researchers can measure and 

assess human systematic responding. On the present experiment, participants seemed always 

to respond systematically, but this effect was dampened on the more complex 2-Disc 

conditions. This therefore means that experiment design may always affect human systematic 

responding. Naturally, this makes it a significant challenge to observe systematic responding 

in an experimental setting without influencing that responding. It seems that systematic 

responding is inherently tied up with the complexity of the task at hand. This means that a 

finding of systematic responding, or not, could be argued to be due to the experimental 

design, given that the experimental design may facilitate or entirely remove the possibility for 

systematic responding. This concept is of key importance to the future of coherence research. 

A situation could easily occur where the proponents of two alternative schools of thought, 

based on whether humans do or do not spontaneously generate relationships, could have an 

empirical literature to support their claims. But this would likely be due to the differences in 

complexity in those select experiments. 

What of research on the spontaneous generation phenomenon? If the level of 

systematic responding is inherently tied up with the complexity of the task, and may also be 

influenced by the experimental context which is suggestive of underlying structure and 

coherence, how can the phenomenon be observed with validity? It appears that this issue is 

logically insurmountable. But this does not mean that research into coherence is fruitless. It 

could discover the situations in which the spontaneous generation phenomenon appears and 

discover the various types of barriers to it. One barrier, found here, is the complexity of the 
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cognitive task being asked of the participant and the ease with which relationships can be 

made and maintained. 

It may be useful to vary the number of instructions in future to see how that affects 

systematic responding, since instructions can potentially affect responding (Finn et al., 2016). 

Previous experiments in this research design cautiously had refinements of the instructions. 

Systematically varying the amount and detail of instructions on this experiment would allow 

the effects of instructions to be tested directly. A design could even be used with no 

instructions, to see what responding patterns appear. An important aspect of that instruction 

variation study could be to manipulate the level of coherence that the participant expects. For 

example, they could be primed for ambiguity: “everything that follows is random”, versus 

being primed for coherence: “everything that follows should make perfect sense”. In 

manipulating this, researchers could assess how expectations of coherence affect both 

systematic responses and also the self-report ratings. It should be considered that the findings 

would be challenging to interpret without specific predictions. If a participant in a forced-

choice design, where they had to press the left or right button to choose a stimulus, responded 

with a pattern such as Left-Left-Right-Right, it is debatable whether this is a systematic 

response or not. Participants on the present and previous experiments appeared largely to 

respond according to experimenter-expected patterns, based on predictions informed by 

research by Quinones and Hayes (2014). By exclusion this means that other patterns of 

responding were not present, so the debate about what counts as systematic responding is less 

relevant for this thesis than might otherwise have been the case. The implication is that for 

future research on patterns of responding, it appears best to state (and look for) the expected 

patterns of responding a priori as was done by Quinones and Hayes (2014) and in the present 

experiments, to avoid claims of unfalsifiability. 
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8.4.4 Conclusion 

 The present experiment identified how experimental structure affects systematic A-C 

responding. Overall, it appears that humans may readily spontaneously generate relationships 

in a variety of situations, and that this is effect is dampened by how challenging it is to 

generate or maintain those relationships. The inherent connection between experimental 

structure and participant responding was discussed, highlighting a key empirical and 

theoretical challenge in research on ambiguity and coherence. In summary, the present 

experiment has shown some support for the hypothesis that humans spontaneously generate 

relationships between stimuli, moderated by the complexity of the task at hand. 
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Chapter Nine: General Discussion 
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9.1 Overview 

Several gaps in CDT and RFT were identified in this thesis, including lack of 

reference to ambiguity, and differing claims about coherence. This thesis has provided a 

cumulative body of evidence that contributes knowledge to both CDT and RFT in these 

areas. This chapter summarises those gaps, synthesises findings from the experimental 

studies, and considers the broader implications of the work. 

9.1.1 CDT Gaps Identified and Addressed 

9.1.1.1 Lack of Theory Regarding Ambiguity 

CDT is fundamentally about what happens when someone holds two or more 

cognitions related by coherence or incoherence (Festinger, 1957; Harmon-Jones, E. & 

Harmon-Jones, C., 2007). As shown in Chapter 2, there can be three different properties of 

relationships, namely: ambiguity, coherence and incoherence. First, then, it is clear that CDT 

focuses on incoherence and coherence but misses the third possible type of relationship – 

ambiguity (Gawronski, 2012a, also broadly highlights this). This may be due to 

methodology, given that it appears challenging to study ambiguity using classic CDT social-

psychological paradigms which focus on incoherence, usually between cognitions and 

behaviour (for examples, see Harmon-Jones, E. & Harmon-Jones, C., 2007). This thesis has 

ambiguity at the centre, and the empirical findings here contribute to addressing that gap in 

CDT regarding ambiguity. 

9.1.1.2 Networks Involving More Than Two Stimuli 

CDT focuses on two-stimulus interactions, and Simon and Holyoak (2002) argued 

that this might account for why CDT has not become a more generalisable theory. As 

mentioned, CDT research focuses on direct inducement of incoherence (Harmon-Jones, E. & 

Harmon-Jones, C., 2007), where a cognition is usually pitted against a behaviour (for 

example (Festinger & Carlsmith, 1959), thus primarily being a two-stimulus research 
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programme. RFT was used as the underpinning methodological framework for this thesis, 

adding value since RFT is built on experimentation relating to networks of usually three or 

more stimuli. For example, combinatorial entailment, a key aspect of RFT, involves three 

stimuli (see: Blackledge, 2003; Healy et al., 2000).  

9.1.1.3 Technical Experimentation 

Another gap identified in CDT for this thesis was that CDT had focused on stimuli 

related to the self (this move from the fundamental theory to a focus on the self is outlined 

clearly in summary of the history of CDT by Harmon-Jones, E. & Harmon-Jones, C., 2007) 

and had been little studied with technical experiments using abstract stimuli to evaluate core 

human behaviours (Levy et al., 2018). This thesis shows that CDT claims can be addressed 

from a technical, experiment-focused theoretical position (RFT; Hayes et al., 2001), allowing 

study of fundamental behavioural processes at a basic, abstract level. Not only did this lead to 

arguably important findings for both fields, but also opened a variety of future research 

avenues highlighted later. 

9.1.1.4 Contradictions Regarding Stimulus-Specific Lower Boundary Conditions of 

Coherence Phenomena 

CDT had contradictions in claims regarding the stimulus-specific lower boundary 

conditions of coherence phenomena (see Section 1.3, p. 16, for a detailed overview). Some 

cognitive dissonance theorists argued for stimulus-specific lower boundary conditions of 

coherence phenomena, for example, that dissonance only relates to cognitions regarding the 

self (Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981), whereas others argued 

for no such stimulus-specific lower boundary conditions (Harmon-Jones, E. & Harmon-Jones 

C., 2007; Proulx et al., 2012; Randles et al., 2015). Using RFT as a framework allowed such 

boundary conditions to be tested. 
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9.1.2 RFT Gaps Identified and Addressed 

9.1.2.1 Lack of Robust Definitions of Coherence 

 As discussed in Chapter 2, present definitions of coherence within RFT fail to meet 

several criteria for being robust, useful and technical. For example, most RFT definitions of 

coherence claim that a whole network is either coherent or not, whereas the reality appears to 

be that networks can contain differing levels of combinations of coherence, incoherence and 

ambiguity (i.e. the networks of Quinones & Hayes, 2014). For RFT research and theory about 

coherence to develop and tackle increasingly complex situations, definitions must be able to 

take into account the complexity of the network studied. The novel definitions given were 

designed to meet the criteria, and crucially were created with research in mind such that they 

clearly identify manipulable variables and thus contribute to the pragmatic RFT goal of 

prediction and influence (Hayes, 2016). These working definitions are shown in Table 9.1. 

Table 9.1 

Definitions of the Three Proposed Possible Types of Relationship  

Relationship Definition 

Ambiguous 

An ambiguous relationship is one in which the 

relationship between two stimuli (regarding a contextual 

cue) is underspecified based on the learning history. 
  

Incoherent 

An incoherent relationship between two stimuli is one in 

which two or more contradictory relationships (regarding 

the same contextual cue) are specified based on the learning 

history between those two stimuli, either via training or 

derivation. 
  

Coherent 

A coherent relationship between two stimuli is a specified 

relationship (containing no ambiguity or incoherence) 

regarding a contextual cue based on learning history. 
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9.1.2.2 Lack of Research to Support Claims of Coherence Being Appetitive 

Within RFT, claims have been made regarding coherence being reinforcing or 

appetitive, for example: “coherence and sense-making will serve as a continuously available 

reinforcer for derived relational responding” (Hayes et al., 2001, p. 48). However, minimal 

research had been done to this effect (highlighted directly by Bordieri, 2014, pp. 6-7; and 

Hughes & Barnes-Holmes, 2016, p. 164). Of the little research that had been done, it was 

suggested that what was found was “a promising preliminary account of coherence both as an 

operant behavior subject to antecedent control and as a potential reinforcer” (Bordieri et al., 

2016, p. 139). The present thesis assessed responses to coherence and ambiguity throughout, 

by measuring affect, arousal, desire to do a block again, and choice about whether to do an 

ambiguous or coherent A-C block again. Even physiological responses were measured in the 

form of GSR and HR, and also the broadly related constructs of sense-making and response 

confidence were measured. These are discussed below in context of the experimental 

findings. 

9.1.2.3 The Relative Appetitiveness of Coherence Versus Non-Coherence 

RFT and CDT also make two fundamentally different theoretical claims regarding the 

relative appetitiveness of coherence and incoherence. Namely, CDT theorises that 

incoherence is aversive (Harmon-Jones, E. & Harmon-Jones, C., 2007), whereas RFT 

theorises that coherence that is appetitive (Hayes et al., 2001). Considering ambiguity also, it 

appears that CDT claims that coherence and ambiguity are relatively appetitive compared to 

incoherence, whereas RFT claims that coherence is relatively appetitive compared to 

ambiguity and incoherence. These different claims are discussed in light of the findings 

below. 
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9.2 Summary of Findings 

9.2.1 Experiment 1; Conceptual Replication and Expansion of Quinones and Hayes 

(2014) 

Experiment 1 was a conceptual replication (Lynch Jr. et al., 2015) and expansion of 

Quinones and Hayes (2014), improving on the empirical design, adding several key outcome 

measures, and laying the foundation for cumulative research on coherence and ambiguity. 

Strong systematic A-C responding appeared to be found on ambiguous A-C blocks, 

corroborating the findings of Quinones and Hayes (2014). The term ‘spontaneous generation’ 

was created to label this phenomenon of randomly creating and maintaining relationships 

between two stimuli previously ambiguously related. Further, differences were found in 

relevant outcome measures not previously assessed by Quinones and Hayes (2014). Affect 

was found to be significantly more positive on coherent A-C blocks compared to ambiguous 

A-C blocks, supporting RFT claims of the appetitive nature of coherence (Hayes et al., 2001). 

This also supported CDT regarding the negative experience of dissonance (Elliot & Devine, 

1994), or as Gawronski (2012a), hypothesised: the negative experience of lack of coherence, 

whether through ambiguity or incoherence. Reaction time was also found to be significantly 

different, supporting claims within a modern interpretation of CDT known as the Action-

Based Model of dissonance (Harmon-Jones, E. & Harmon-Jones, C., 2007), where coherence 

is seen to be evolutionarily important because it allows effective action. Finally, sense-

making was found to be significantly different, supporting the hypothesis that the types of 

blocks were perceived and experienced differently by the participants. 

An experimental flaw which biased the outcomes was identified. This is discussed 

thoroughly in Section 4.1 (p. 125). Briefly, on the coherent A-C blocks, certain 

configurations of stimuli and discriminatives were more likely to result in positive feedback, 

increasing the probability that participants would respond correctly on the coherent A-C test 
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stages even if they had not mastered the ‘relational’ aspects of the training. More directly, in 

an A>B>C coherent A-C block design, A and C had biases in their training which likely 

influenced participants to respond correctly on test stages by simply choosing A when 

‘Bigger’ was on the screen, and choosing C when ‘Smaller’ was on the screen. Thus, stimuli 

were likely chosen on test stages because of a pairing with the discriminative stimulus, and 

not because of a learned relationship between the two target stimuli A and C. This apparently 

novel methodological issue was termed the unidirectional discriminative issue. Since the 

unidirectional discriminative issue occurs with end-stimuli, this shows that end-stimuli 

should treated with caution in an experiment of this sort. The unidirectional discriminative 

issue was likely the reason behind the fast, fluent responding on coherent A-C test stages 

such that reaction times were significantly faster than on the ambiguous A-C test stages. It 

may also explain the differences in affect and sense-making, because the coherent A-C 

blocks appear to have been easier than expected. Note that this issue was not present on the 

ambiguous A-C blocks, so the systematic responses on ambiguous A-C test stages 

corroborate the finding of Quinones and Hayes (2014) regarding spontaneous generation of 

relationships. 

9.2.2 Experiment 2; Resolution of Unidirectional Discriminative Issue and Inclusion of a 

Test of Appetitiveness 

This experiment, first and foremost, was designed to resolve the experimental design 

issue present in Experiment 1. Discussed in detail in Section 4.1 (p. 125), the unidirectional 

discriminative issue is resolved by adding stimuli to the ends of training networks, leading to 

X>A>B>C>Y for the coherent A-C block, and X>A>B<C<Y for the ambiguous A-C block. 

A contribution of this experiment was the improvement in design and therefore validity of 

findings. 
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This experiment also included striped backgrounds which allowed direct assessment 

of the relative appetitiveness of ambiguity and coherence, a relevant concern for both CDT 

and RFT (Elliot & Devine, 1994; Hayes et al., 2001). The primary difference in their claims 

about appetitiveness is whether coherence is relatively appetitive to ambiguity, or whether 

coherence and ambiguity are equally preferred to incoherence. Thus, a comparison of 

responses to coherence versus ambiguity would provide useful findings regarding this 

proposition. In this experiment, the ambiguous A-C block had one type of striped background 

(e.g. left-leaning), and the coherent A-C block had the other (e.g.right-leaning; the leanings 

were counterbalanced across participants). It was expected that participants would pair the 

backgrounds with the network properties via associative conditioning (Bouton, 2007). At the 

end of the experiment, participants were asked which background (meaning: which block 

type), they would do again. This forced-choice objective preference measure built on Wray 

and colleagues’ method of assessing appetitiveness (Wray et al., 2012). No difference was 

found between choices to do one or other of the blocks, suggesting no relative appetitiveness. 

No difference was also found for the other outcome measures of affect, arousal, 

sense-making, and confidence. However, participant responding suggested spontaneous 

generation of A-C relationships on ambiguous A-C blocks, thus showing a possible move 

from ambiguity towards coherence. This could suggest that actually coherence is relatively 

appetitive over ambiguity, as would be claimed by RFT (Hayes et al., 2001). 

9.2.3 Experiment 3; Physiological Measures of HR and GSR 

CDT has provided evidence that lack of coherence is responded to with physiological 

arousal accompanied by negative affect (Elkin & Leippe, 1986; Elliot & Devine, 1994; Losch 

& Cacioppo, 1990). Experiment 1 found a difference in self-reported affect, but Experiment 

2, with its improved design, did not. Perhaps there was no difference in affect in Experiment 

2 because the conditions were more balanced following resolution of the unidirectional 
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discriminative issue. It seemed possible that differences in affective response were still 

present but so small as to be obscured by the error or lack of sensitivity present in self-report 

measurement. Experiment 3 included physiological measures of HR and GSR in its design to 

address this hypothesis. The study found no differences between ambiguous A-C and 

coherent A-C blocks at the physiological level for HR and GSR. Also, no differences were 

found between the block types regarding the outcome measures of self-reported affect, 

arousal, sense-making, confidence, and desire to do the block again. This fits with the 

spontaneous generation interpretation, corroborated by the objective behavioural measures 

showing systematic A>C or A<C responding. A significant difference was found regarding 

reaction time, though it appears likely that this arose from Type 1 error (Rubin, 2017), and 

would only be supported by a replication of this finding across other studies in the thesis. The 

fact that participants responded significantly faster on coherent A-C blocks goes to support 

the Action-Based Model of CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007), though this 

required replication. 

9.2.4 Experiment 4; Incorporating Incoherence into the Design 

Incoherence was incorporated into the experimental design so that responses to 

ambiguity, coherence and incoherence could be compared. The secondary purpose was to 

identify whether findings regarding incoherence matched RFT claims that incoherent 

relationships should take longer to learn than coherent relationships (Harte et al., 2017). Such 

a test would provide a stringent check that the experiment was working as expected based on 

RFT predictions. The third purpose was to address a testable claim arising from the 

spontaneous generation hypothesis, namely: that incoherent relationships would require the 

most attempts to learn, followed by ambiguous, followed by coherent. 
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In order for incoherence to be tested, alongside ambiguity and coherence, there was 

the addition of training to the test stages. This was done using network structures offered in 

Table 9.2.  

Table 9.2 

The Training and Test Stage Structures for Experiment Four 

Block Training Stage Test Stage 

Coherent A-C X>A>B>C>Y Q>A>C>W 

Ambiguous A-C X>A>B<C<Y Q>A>C>W 

Incoherent A-C X>A>B>C>Y Q<A<C<W 

 

This experiment found two significant differences in test stage attempts, where the 

incoherent A-C block took more attempts than either the ambiguous or coherent A-C blocks. 

First, this showed that the experiment was working as predicted by RFT in the sense that 

prior learning was in fact setting up incoherence with later learning (derived-trained 

incoherence, see Section 2.4.3, p. 66). The coherent A-C block took fewer attempts than the 

incoherent A-C block because on the coherent A-C block participants had already derived the 

correct A-C relationship, whereas on the incoherent A-C block they had to learn an A-C 

relationship opposite to that which they had derived in the training stage, matching with 

evidence from RFT about rule-reversal (Harte et al., 2017). Second, it appears to support the 

spontaneous generation hypothesis. The ambiguous A-C block required only a few more test 

stage attempts on average compared to the coherent A-C block. This would be expected if 

participants were spontaneously generating the A-C relationship on the ambiguous A-C 

blocks. This is because participants would sometimes spontaneously generate the correct A-C 

relationship (facilitating their learning), and sometimes spontaneously generate the incorrect 

A-C relationship (stymieing their learning). This is further corroborated by the fact that the 



 

 284 

ambiguous A-C test stage attempts had the largest interquartile range compared to coherent 

and incoherent A-C test stage, demonstrating that test stage attempts were either facilitated or 

stymied by the random spontaneous generation of the A-C relationships. The spontaneous 

generation hypothesis is therefore supported by the finding that attempts needed to learn the 

relationships, in ascending order, are: coherence; ambiguity; incoherence.  

9.2.5 Experiment 5; Real Words as Stimuli and Black and White Backgrounds 

Appetitiveness Test 

Given that Experiments 2, 3, and 4 had found only once found reaction time 

differences, but no differences of appetitiveness, affect, self-reported arousal and 

physiological arousal predicted by CDT and RFT, a clear step forward was to use real words 

in the experiment, to assess whether the unexpected findings might result from a stimulus-

specific lower boundary of coherence phenomena relating to the nonsense stimuli used in 

those experiments. The experiment also assessed appetitiveness again, with black or white 

backgrounds which were much more identifiable and discernible than the striped 

backgrounds. It was again found that participants spontaneously generated A-C relationships 

on ambiguous A-C blocks. No difference was found in participant choice to do either block 

type again. This would be expected if participants were resolving the ambiguity through 

spontaneous generation. The experiment also found no difference in outcome measures 

broadly. However, sense-making was found to be significantly different between the two 

blocks. Although every care was taken to balance the blocks, it was the case that the coherent 

A-C blocks had real words (boy names) that were more frequently chosen in 2017 (Office for 

National Statistics, 2019). This is likely the reason behind the difference in sense-making. 

This identified a challenge for future RFT and CDT technical research: a balance must be 

struck between using ever more salient or important stimuli in the experiments, whilst still 

maintaining balance across conditions. 
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The findings suggest a stimulus-specific lower boundary condition for 

affective/arousal coherence-related responses, but no such lower boundary condition 

regarding behavioural responses such as spontaneous generation of relationships. 

9.2.6 Experiment 6; Impact of Test Stage Structure on Spontaneous Generation of 

Relationships 

Findings were different between Experiment 1 and the later experiments. This is 

likely due to the unidirectional discriminative issue being present on Experiment 1 and being 

avoided on all subsequent experiments, but there was another change. Test stage structure 

changed from Experiment 1 to the following experiments. Thus, an experiment was required 

to see how test stage structure might affect responding. Experiment 6 used a 2x2 design of 

various configurations of stimuli and discriminatives to test the four main test stage structures 

possible in this experimental design.  

As discussed in Chapter 8 (Section 8.4.3, p. 271), participants appeared to 

spontaneously generate relationships, but the more complex test stage structures elicited the 

least systematic responding. This suggests that the spontaneous generation effect is 

dampened by the complexity of the task at hand. Humans are better at reasoning with fewer 

discriminatives (Johnson-Laird, 1972), so an increase in discriminatives may have made 

consistent coherent responding more challenging. That the two discriminative test stages 

were more challenging is corroborated by the fact that of the two participants that withdrew 

from the experiment, both withdrew from the most complex condition (2-Disc-4-Stim) and 

they each reported that they “didn’t get it”. Note that the split discriminative post-hoc 

exploratory analysis slightly tempers the complexity-systematicity narrative, as fewer 

significant differences were found when discriminatives were split. However, differences 

were still found as expected, matching the descriptive analysis, so overall the complexity-

systematicity interpretation remained intact. Future research could avoid the split 
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discriminative situation to more clearly identify how complexity of task dampens the 

spontaneous generation effect. 

Importantly, the findings also suggest that participants spontaneously generate 

relationships generally. They do so with no external reward or feedback. This appears to 

support the hypothesis that coherence has relative appetitiveness over ambiguity, since 

maintaining responses without external feedback is an indicator of appetitiveness (Andreatta 

& Pauli, 2015). 

Reaction time was found to be significantly slower on the 1-Disc-2-Stim condition 

compared to the 2-Disc-4-Stim, despite the 1-Disc-2-Stim condition having the highest 

systematic responding. This suggests that the Action-Based Model of CDT, which states that 

lack of dissonance leads to effective action (Harmon-Jones, E. & Harmon-Jones, C., 2007), 

may be incomplete. It is possible that participants responded more slowly on the 1-Disc-2-

Stim condition because they were aiming to remember the relationship that they had 

spontaneously generated, and this is corroborated by the finding that on the 2-Disc-4-Stim 

condition there was lower systematic responding and a faster reaction time. 

One could ask why four stimuli were used on test stages rather than two. Four stimuli 

were needed in the test stages of the experiments in order to be comparable with Experiment 

4, which acts as an anchoring validity check of the experimental design in this thesis. 

Experiment 4, which used feedback in the test stages, required 4 stimuli in the test stages so 

that the unidirectional discriminative issue did not come into effect as it did in Experiment 1.  

9.3 Implications 

As explained throughout this thesis, ambiguity is a type of relationship that is 

neglected in CDT in terms of theory and experimentation. Gawronksi (2012a) identified that 

ambiguity should be considered in cognitive consistency research. Further, RFT also appears 

to have neglected ambiguity. The lack of experimentation into ambiguity, based on it being 
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one of the three fundamental relationship types, means that perhaps as much as a third of 

possible research into relational behaviour is yet to be undertaken in RFT. This thesis 

provides information about how participants respond to ambiguity.  

The findings appear to show that participants exposed to ambiguity will 

spontaneously generate relationships, increasing or restoring perceived coherence and 

maintaining those generated relationships over time with no external feedback. Such 

spontaneous generation relates to processes found within CDT whereby coherence is restored 

following exposure to incoherence (for example: Cooper, 2007). Participants appeared to 

spontaneously generate A-C relationships on ambiguous A-C blocks, thereby making the 

ambiguous and coherent A-C blocks be perceived as equal, thus showing no differences 

between the blocks in outcomes measures such as affect or arousal. Spontaneous generation 

is currently not a part of theory within RFT. It appears only to have been identified by 

Quinones and Hayes (2014), and yet such a finding has direct implications for the burgeoning 

discussion about the fundamental importance of coherence to relational behaviour (Barnes-

Holmes et al., 2001; Hayes et al., 2001; Villatte et al., 2015). RFT, fundamentally, focuses on 

mutual entailment, combinatorial entailment, and transformation of stimulus functions 

(Hayes et al., 2001). Spontaneous generation of relationships to resolve ambiguity, as shown 

within this thesis, may well need to be considered as a fourth fundamental process regarding 

human relational behaviour, pending further investigation. 

Spontaneous generation of relationships could be seen as a way to increase coherence 

in order to thereby increase meaning (Park, 2010), likelihood of effective and efficient action 

(Harmon-Jones, E. & Harmon-Jones, C., 2007), and to reduce negative feelings associated 

with lack of coherence (Cooper, 2007; Festinger, 1957; Harmon-Jones, E. & Harmon-Jones, 

C., 2007). This appears rather positive. On the other hand, theorists have noted that meaning-

making processes may in some cases lead to negative outcomes, for example rumination 
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(Bordieri, 2014; Vanderveren et al., 2020) and cognitive biases (see: Bordieri, 2014; Landau 

et al., 2004). At its extreme, generating relationships and identifying patterns out of 

randomness (apophenia; Conrad, 1958) is associated with schizophrenia (Blain et al., 2019). 

Spontaneous generation of relationships, identified in this thesis, warrants further research 

(discussed below). 

 That meaning-making (of which spontaneous generation seems a part) is a core aspect 

of human behaviour is noted across theoretical and empirical literature, for example in the 

meaning literature (Park, 2010) and the cognitive consistency literature (Harmon-Jones, E. & 

Harmon-Jones, C., 2007; Heine et al., 2006). Still, this aspect of human behaviour could be 

acknowledged more directly and frequently across psychology, and in doing so it would 

bring things to light which would otherwise remain unaddressed, much as increased 

discussion about ambiguity, another neglected concept in CDT and RFT, has been above 

argued to likely lead to novel research, findings, and theory. For example, in psychological 

research into legal processes, it has been noted that the creation of coherence out of 

ambiguity is fundamentally important (Simon & Holyoak, 2002), given that such processes 

involve ‘joining the dots’ regarding evidence and testimony to arrive at a judgement. The 

legal system already acknowledges the human propensity for cognitive bias (Eskridge & 

Ferejohn, 2001; Weinstein, 2002) and due to this knowledge has processes in place to reduce 

such cognitive issues (Roberts, 2012). An increased understanding of spontaneous generation 

of relationships may serve a similar purpose, by informing those involved in the legal system 

about the impact of spontaneous generation on legal processes, and to mitigate any negative 

effects of such meaning-making. Overall, the implication is that a more informed 

understanding of spontaneous generation of relationships would likely be of benefit to theory, 

research, and practice. Of benefit would be numerous experimental analyses of the 

spontaneous generation effect, with different stimuli, contexts, and experimental designs.  
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Claims about reinforcement and appetitiveness from RFT have been addressed by the 

present thesis. Overall, coherence appears likely relatively more appetitive than lack of 

coherence, due to spontaneous generation which is a move from less to more coherence. This 

tentatively appears to contradict the apparent CDT claim (that incoherence is aversive; 

Harmon-Jones, E. & Harmon-Jones. C., 2007; see Figure 9.1), and supports findings from 

RFT (that coherence is appetitive; Hayes et al., 2001; see Figure 9.2). 

Figure 9.1 

Relative Preference of Coherence over Both Incoherence and Ambiguity (RFT Claim) 

 

 

Figure 9.2 

Relative Preference of Coherence and Ambiguity Over Incoherence (CDT Claim) 

 

Coherence is frequently claimed to be a fundamental aspect of relational behaviour 

(for example: Barnes-Holmes et al., 2001; Hayes et al., 2001; Quinones & Hayes, 2014; 

Villatte et al., 2015), but despite this importance has not been satisfactorily studied (noted by: 
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Bordieri, 2014; Hughes & Barnes-Holmes, 2016). The tentative findings here, suggesting the 

relative appetitive properties of coherence, go towards filling that gap. 

For CDT, the theoretical implication is that ambiguity is an alternative version of lack 

of coherence alongside incoherence, and CDT may be rendered more complete if ambiguity 

were taken into account within the theory.  

It seems that many theories only focus on coherence and incoherence, and this looks 

likely to be in some part due to the fact that consistency theories, that underpin a great deal of 

modern psychological theory (Harmon-Jones & Mills, 1999; Schultz & Lepper, 1996), focus 

on coherence and incoherence whilst neglecting ambiguity (Gawronski, 2012a). Equally, it 

appears more challenging to design experiments related to ambiguity, which may also be a 

factor. For example, the Stroop test is designed only to assess coherence against incoherence 

(Jensen & Rohwer, 1966). This ties into a larger movement within psychology to assess 

reactions to expected (coherent) versus unexpected (incoherent) perceptions, for example 

regarding sentence endings (Brandeis et al., 1995; Thornhill & Petten, 2012), and object 

permanence (Baillargeon, 1986, 1987). Were ambiguity to play a greater part in this general 

research direction, novel findings are likely to be found simply due to the novel research 

direction and questions. 

This lack of ambiguity in CDT and RFT, and sole focus on coherence and 

incoherence in, is found elsewhere such as in Self Determination Theory (Deci & Ryan, 

2008). The human need to autonomy is defined by a congruence of one’s actions and values 

(Ryan & Deci, 2017), but what of situations where it is unclear whether an action is 

congruent with one’s values? Another human need, competence, is also related to the match 

or mismatch of one’s abilities to the tasks at hand (Ryan & Deci, 2017). Here again, little 

reference seems to be made towards situations where it is unclear whether one’s abilities 

really do match the environmental contingencies. This relates to theory on ‘Flow’, where one 
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has positive experiences characterised by a matching of challenges in the environment and 

one’s extensive ability to meet those challenges (Csikszentmihalyi et al., 2005). It is unclear 

what would happen if one is unable to tell whether the challenge on a task matches with one’s 

abilities. In sum, any theory or research endeavour that makes reference to coherence and 

incoherence, whether cognitivist, behaviourist, or social-psychological, would likely benefit 

from additionally referring to ambiguity. 

As discussed in Chapter 1 (Section 1.3, p. 16), there are two viewpoints on the 

stimulus-specific boundary conditions of dissonance-related phenomena in CDT. On one 

hand, some claim that there is a stimulus-specific lower boundary, and that dissonance-

related processes only occur in relation to important cognitions such as the self (for example 

Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981). On the other hand, some 

claim that there are no such stimulus-specific boundary conditions (Harmon-Jones, E. & 

Harmon-Jones C., 2007; Gawronski, 2012a; Randles et al., 2015). The findings provided 

support the hypothesis that there are no stimulus-specific lower boundary conditions for 

coherence-related behavioural processes at the technical, abstract level. Spontaneous 

generation, a dissonance-related behavioural phenomenon (elsewhere possibly termed 

meaning-making; Heine et al., 2006), occurred in all experiments in this thesis, including in 

those with nonsense stimuli. This appears to be the most direct test of stimulus-specific lower 

boundary conditions of coherence phenomena and ambiguity to date. 

There may, however, be a stimulus-specific lower boundary condition for the affective 

responses that correspond with dissonance-related phenomena. The findings suggested that 

affective responses do not occur in relation to abstract stimuli such as symbols and nonsense 

trigrams, or even with three-letter male names and real words as discriminative stimuli. Also, 

no differences were found in physiological responses or self-report responses as might be 

expected from CDT (Elkin & Leippe, 1986; Losch & Cacioppo, 1990). On Experiment 1, 
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differences in affect were found, but this had a flawed experimental design. There are likely 

to be greater affective responses regarding dissonance situations that include important 

cognitions, for example those about the self (as examples, this is fundamental to: self-

consistency theory, Lecky, 1946; self-affirmation theory, Sherman & Cohen, 2006; self-

verification theory, Swann & Read, 1981; self-discrepancy theory, Higgins, 1987). 

Additionally, differences in affect will be (and are) found at a level where the ambiguity or 

incoherence is hard to resolve, meaning that the lack of coherence becomes long-lasting. For 

example, this occurs in worldview shattering (Edmondson et al., 2011; Janoff-Bulman, 

2010). Overall, this thesis demonstrates that there are no stimulus-specific lower boundary 

conditions for the behavioural aspects of coherence phenomena, but has identified such a 

boundary for affective responses. 

This thesis showed that multiple stimulus networks can be used in studying 

coherence, ambiguity and incoherence. This opens a novel avenue for CDT research. CDT 

focuses on the dissonance between two cognitions (Festinger, 1957; Gawronski, 2012b; 

Simon & Holyoak, 2002) but this thesis based on RFT has demonstrated that relational 

networks can include a variety of stimuli and relationships as is common within RFT 

(Blackledge, 2003). Not only that, but these networks can be trained and manipulated in such 

a way as to provide technically precise and highly controllable experimental preparations.  

The use of experiments in CDT research, with a high level of control over 

experimental parameters and stimuli, has been demonstrated to be fruitful, in terms of both 

theory and experimentation. Although CDT does have technical experiments (for example, 

computational simulations, Shultz & Lepper, 1996), it still has a history of focusing on social 

experimental paradigms (Harmon-Jones et al., 2009; Simon & Holyoak, 2002), which limits 

its scope and applicability. Given the apparent trend within CDT research to move towards 

more cognitive psychological experimental frameworks (for example, Levy et al., 2018), the 
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key methodological implication for CDT here is that multiple stimulus networks can be used 

in technical experiments, and this appears to be a methodological approach that would be 

novel for CDT, thus likely to continue leading to a variety of novel findings. 

This thesis demonstrates that RFT can be used to inform other research paradigms to 

lead to valuable, novel findings. RFT aims to be implemented as a broad and encompassing 

theoretical and methodological approach (Blackledge, 2003; Hayes et al., 2012), and the use 

of RFT alongside other theories within psychology would ensure that it becomes centrally 

seated in the field, able to address empirical questions from all aspects of psychology. Indeed, 

it has been argued that the fusion of different areas of psychology would help avoid a 

situation where psychology becomes siloed (De Houwer, 2011; see also: McLoughlin et al., 

2020).  

The use of RFT (Hayes et al., 2001) meant that several unanswered question within 

CDT could begin to be addressed. For example, CDT is characterised as being limited to 

situations involving to two stimuli (Simon & Holyoak, 2002), and therefore the use of RFT, 

which focuses a great deal on three or more stimulus situations (Blackledge, 2003), provides 

a paradigm for expanding CDT research. Equally, CDT has a focus on explanation, rather 

than influence, and the use of RFT, from its pragmatic perspective (Levin et al., 2016; Long 

& Sanford, 2016), may help change the trajectory of coherence research to one which 

focused more on the influence of behaviour. Additionally, RFT provided technical theoretical 

and empirical precision to this thesis. Going against siloing and conducting research using a 

variety of different theories is generally seen as a valuable endeavour (Friedman, H. & 

Friedman, L., 2018; Oreskovic, 2016; Young, 2015). This opposition to the ‘paradigm wars’ 

(Oakley, 1999) of siloing is sometimes aptly termed ‘building bridges’ (Linden, 2015). Of 

most relevance to the topic of the present thesis is the thinking of Jan De Houwer (2011), 

who claims that research involving behaviourist and cognitivist theory can and should be 
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done, particularly with reference to the functional-contextual relationship of behaviour to the 

environment as was used in the present thesis (see also: Hughes et al., 2016; McLoughlin et 

al., 2020). The implication is that those claiming that a merging of psychological theories will 

be valuable, such as behavioural and cognitivist research, appear to be correct. 

At a more specific level, one clear methodological implication for RFT is that end-

stimuli must be treated with caution. The unidirectional discriminative issue is hard to 

identify but does bias experimental findings greatly, as shown in Experiment 1 (see Section 

4.1, p. 125, for a discussion). Further, it was shown in Experiment 2 how to resolve the 

unidirectional discriminative issue that occurs in three-stimulus unidirectional networks (e.g. 

A>B>C), by adding end-stimuli to the relational network to ensure the lack of imbalance of 

the A and C stimuli training histories. Thus, an important methodological issue has been 

identified, and resolved, and this is likely to be of benefit to future research in the area. 

In Experiment 6 it was found that spontaneous generation in response to ambiguity is 

dampened based on the complexity of the task at hand (see Section 8.4.3, p. 271). Such a 

finding suggests that caution is warranted when designing studies related to ambiguity, and 

also in interpreting any findings from ambiguity research. One may find a lack of 

spontaneous generation, but the findings from Experiment 6 would give reason to believe that 

this lack of spontaneous generation may be attributable to a challenging task. Alternatively, 

extremely systematic responding may be found, and again, this may be due to the ease at 

which the participants can respond systematically on that specific task. This inherent 

relationship between systematic responding and task challenge is therefore an important 

consideration in future research on ambiguity. Such a relationship gives one cause to question 

whether a research design could be made that does not impact on systematic responding. The 

answer appears to be that such a situation could not occur; behaviour is always related to the 

context, as is one of the central tenets of CBS (Hayes et al., 2012). Perhaps no Platonic 
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(Pappas, 2003) essentialist (Ellis, 2001; Gelman, 2004) statements related to behaviour can 

be found that are unrelated to the context at hand, and this appears to be the position of CBS 

(Hayes et al., 2012). This point is summarised clearly in the CBS Handbook: “Contextualism 

takes as its root metaphor the ongoing act-in-context, or the behaviour of a whole organism, 

considered within, and inseparable from, its historical and situational context (Hayes et al., 

1988, 2012)” (Levin et al., 2016, p. 17). To put this less philosophically, the finding that 

systematic responding depends on the environmental context is not an insurmountable barrier 

to future research on ambiguity and coherence, but is instead an inherent and expected part of 

it. 

Taking this further, the strong claims by RFT that coherence is appetitive (Bordieri et 

al., 2016; Quinones & Hayes, 2014; Villatte et al., 2015; Wray et al., 2012) may themselves 

need to be tempered by a more contextual understanding. Based on the findings described in 

the thesis, a more contextual statement regarding appetitiveness might read: ‘coherence 

appears relatively appetitive compared with ambiguity due to spontaneous generation of 

relationships, which moves away from ambiguity and towards coherence, though this effect 

appears to have stimulus-specific lower boundary conditions in terms of affective responses. 

This effect relates to the context or stimuli involved, and might be moderated by expectations 

of coherence’. CDT, surprisingly, as a cognitive theoretical approach, seems to have come to 

this contextual standpoint already, and this can be seen clearly when considering all the 

claims about coherence phenomena being much more strengthened when in relation to 

important cognitions such as those involving the self (Lecky, 1946; Sherman & Cohen, 2006; 

Swann & Read, 1981), and dampened in situations relating to abstract or unimportant stimuli. 

Indeed, this relation to context also calls into question the strong claims by CDT theorists 

stating that there are no stimulus-specific lower boundary conditions of coherence 

phenomena (Harmon-Jones, E. & Harmon-Jones C., 2007; Proulx et al., 2012; Randles et al., 
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2015), because, although coherence phenomena do seem to occur at technical and abstract 

levels (as is shown throughout this thesis), it appears that the affective and physiological 

reactions related to coherence phenomena do not occur with abstract stimuli in any way 

similar to how they have been found to occur with humans in social psychological settings 

(Harmon-Jones E. & Harmon-Jones, C., 2007), and where the self-concept or morality is 

called into question (Lecky, 1946; Sherman & Cohen, 2006; Swann & Read, 1981). To 

summarise: any coherence effects, such as those described by RFT and CDT, are likely to be 

context-dependent. Both CDT and RFT researchers appear to be subscribed to this contextual 

interpretation of phenomena at the metatheoretical level, though theorists from both theories 

appear to have not yet mapped out contextual predicates of coherence phenomena. That said, 

such contextual future research fusing CDT and RFT frameworks may continue to be fruitful 

and may also pose fewer theoretical issues than the fusion of two other, less compatible 

theoretical frameworks. Given the findings of this thesis relating to stimulus-specific lower 

boundary conditions of affective, but not behavioural, responses regarding coherence, the 

work could be continued using CDT and RFT to greater map out those particular boundaries 

of coherence-phenomena.  

9.4 Limitations and Future Directions 

It should be noted that larger networks involving, for example, 10+ stimuli were not 

studied. Networks were deliberately kept small and manageable in order to provide technical 

precision in experimental design. If 10+ stimulus networks were used at the beginning, it is 

unlikely that the unidirectional discriminative issue would have been found, for example. As 

anything grows in complexity, it can gain additional properties. This is a fundamental thread 

within RFT. For example, complex relational networks allow advanced verbal behaviour 

such as metaphor (Stewart & Barnes-Holmes, 2001). So, it was important to start at a 
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controllable, manageable level of complexity and number of stimuli, but this is still worth 

consideration. 

Larger networks could be studied, to see whether the findings about spontaneous 

generation of relationships apply. At what point does a network become so large and 

ambiguous that it becomes too burdensome or unnecessary to spontaneously generate 

relationships to increase coherence? Indeed, Experiment 6 showed that spontaneous 

generation is limited by the complexity of the task at hand, so these limits should be probed. 

Based on general knowledge of human behaviour, it seems likely that a large, complex, 

mostly non-coherent network may be responded to with well-placed agnosticism, rather than 

spontaneously generating relationships. Spontaneous generation may prove costly if used to 

the extreme, resulting, as Quinones and Hayes (2014) suggest, with paranoia, delusions, and 

cognitive errors (see Section 1.2.4, p. 13). In other words, it would be useful for future 

research to assess the upper boundary conditions of coherence phenomena. Given that pilot 

training demonstrated that more complex variations of the present experimental design are 

too challenging, a different experimental paradigm may be needed to assess responses to 

more complex networks. A possible way to move this research forward could be to use 

complex syllogisms (Johnson-Laird, 1972) written on the screen in a way that facilitates 

understanding, for example by using one discriminative, listing stimuli in order (Johnson-

Laird, 1972), and having participants respond in a less time-pressured manner than was done 

here. These syllogisms or sentences would need to be carefully designed in such a way that 

takes into account the possibility for different readings of the syllogism or sentence to occur. 

For example, it has been argued that (short) sentences involving ambiguity can lead to 

hundreds of different interpretations (Poesio, 1996), which is a form of combinatorial 

explosion (Poesio, 1996). Taking this into account, experiments should be designed adding 

an extra level of complexity at a time, in order to be driven by human ability on complex 
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relational problems, and in order to allow theory to cautiously be updated given the findings 

at each increasing level of complexity and human relational ability.  

Networks could also be studied at varying levels of complexity. It is here proposed 

that if networks are labelled with ratios of coherence : ambiguity : incoherence, then 

experiments could be designed based on participant exposure to these varying ratios. For 

example, would a participant have positive affect when exposed to a 7:2:1 network, and have 

negative affect when exposed to a 3:0:4 network? Is a 3:0:4 network even possible? 

Mathematical models may identify all possible networks, which may inform research design, 

and may go towards explaining human relational behaviour. This labelling of ratios also 

seems to lend itself well to computational research, already underway in CDT (see: Schultz & 

Lepper, 1996). 

Additionally, stimuli related to the self were not studied. This was a deliberate choice 

given that the purpose of the thesis was to use a technical experiment based on abstract 

stimuli to assess fundamental human processes. Still, the self is an important concept within 

CDT, particularly the later variants of CDT (for example: Higgins, 1987; Lecky, 1946; 

Sherman & Cohen, 2006), and this particular thesis does not touch upon it. This naturally 

arises from the focus on abstract, technical experimentation. However, it does highlight a 

future research direction. RFT itself has much theory related to the self (for an extensive 

review, see McHugh & Stewart, 2012), so another joint behaviourist-cognitivist venture (of 

the sort proposed by De Houwer, 2011) could be had regarding crossover with CDT and RFT 

regarding stimuli relating to the self, and may be as fruitful as the one demonstrated in this 

thesis. It is likely that such a research venture may not use the experimental design used in 

this thesis, because, as shown in Experiment 5, the experiment has its limits in terms of using 

real words as stimuli whilst still avoiding experimental biases. Such future research on 

stimuli related to the self may therefore have to use a different experimental paradigm, for 
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example using sentences, questionnaires, and the like. Nonetheless, given the importance of 

the self to CDT (Harmon-Jones, E. & Harmon-Jones, C., 2007) and coherence-related theory 

at large (for example: meaning, Park, 2010; worldview, Janoff-Bulman, 2010), a natural next 

step for coherence is research on self-related stimuli. 

Individual differences could be used in future research in order to gain deeper insight 

into the factors that influence human responses to coherence, incoherence and ambiguity. At 

the very least, such measures could be useful covariates within analyses. Such relevant 

measures may include ambiguity intolerance (McLain, 2009), ambiguity aversion (Han et al., 

2009), need for cognition (Cacioppo & Petty, 1982), and need for closure (Webster & 

Kruglanski, 1994). These measures may help to identify the situations in which one does or 

does not spontaneously generate relationships or could offer reasons for the reported variety 

of positive (Baerger & McAdams, 1999; Park, 2010; Steger et al., 2010) and negative (Blain 

et al., 2019; Jonas et al., 2001; Vanderveren et al., 2020) outcomes related to meaning-

making. 

A critique that could be levelled at this thesis is a lack of ecological validity. The 

experiments were rather artificial, involving nonsense-stimuli and a setting which does not 

mirror normal situations in everyday life. On one hand, this critique is wholly accepted, and it 

is recommended that future research should certainly increase the level of ecological validity 

both in terms of stimuli and setting (e.g. by using self-related stimuli). On the other hand, 

such artificiality is in fact reflective of a deliberate focus on technical precision from within 

the framework of RFT (Levin et al., 2016). A key line of thought within RFT research is that 

fundamental aspects of human behaviour should be testable in the laboratory, and that such 

fundamental aspects of human behaviour should generalise (Levin et al., 2016). This 

approach of assessing behaviour in the laboratory using RFT and using such findings to 

inform applied practice has thus far been argued to be fruitful and sound (for example: 
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Cullen, 2008; Levin et al., 2016). That said, further work is needed to explore how the 

phenomena described in this thesis generalise to more ecologically valid settings and stimuli. 

Along the same lines, it could be said that the experiments are too low-stakes to produce 

effects in measures such as affect or arousal, and that this low-stakes nature is a negative of 

the experiments. However, one aim of the experiments in this thesis was to test the lower 

boundary conditions of coherence phenomena, and this lower boundary can only be tested 

using a low-stakes scenario.  

Within the experiments, coherent relationships were defined by the researcher, as 

were coherent patterns of behaviour. Each experiment found systematic responding reflective 

of spontaneous generation of relationships. Being more specific, A>C or A<C relationships 

were generated and maintained. A consideration of this is that the experimenter defined what 

was coherent responding, and actually the participant may have responded in other ways that 

were systematic. The possibility of participants responding in ways which do not match 

experimenter predictions, but are systematic, has been noted before (for example: Bordieri, 

2014; Holth & Arntzen, 1998; Wilson & Hayes, 1996). In one way, the fact that other 

systematic response patterns were not looked for in this thesis suggests that systematic 

responding may have even been higher than reported. Further, random responding on the A-C 

trials on ambiguous A-C blocks could indeed be argued to be rational and coherent, much as 

one could hedge one’s bets (Starrfelt & Kokko, 2012; White et al., 2013). In other words, it 

appears that any behaviour could be argued to be coherent. This idea within coherence 

research, that anything can be considered coherent from a particular perspective (Bern et al., 

2020) does seem to touch on territory related to unfalsifiability. That said, specific 

predictions were made in this thesis regarding systematic responding and rule-reversal, based 

on findings from Quinones and Hayes (2014) and Harte and colleagues (2017), so 

discussions of unfalsifiability, although relevant and warranted in a discussion of coherence, 
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do not bear heavily on the present research. This possible limitation of research could be 

avoided in future as was done in the present thesis, by making clear predictions regarding 

behavioural responses a priori, and being clear about definitions as was also done. 

It is unclear how instructions may have affected participant responding. Future 

research should systematically change instructions to assess impact on participant 

behavioural, physiological, and self-report responses. It is possible that instructions may have 

primed participants towards using a test-taking strategy in the ambiguous test stages. Here it 

would be difficult to tease apart spontaneous generation from deliberate systematic 

responding as a test-taking strategy. This feeds into wider discussion about whether there is 

an identifiable difference between spontaneous generation of relationships versus deliberate 

systematic responding. It is unclear how such a difference could be identified, and is another 

query for future research into the spontaneous generation effect. 

An 80% cut-off is used across the RFT literature, and was used here both to remain 

consistent with the RFT research base, and also to remain consistent across experiments. It is 

acknowledged that the cut-off is an arbitrary criterion. Different percentage cut-offs could be 

argued for, and other cut-off strategies could also be utilised in future research. A standard-

deviation cut-off could be used, removing participants that score below a certain standard-

deviation value. Alternatively, the binomial distribution could be a good choice for 

determining chance versus above-chance performance. Any cut-off would lead to data loss, 

and it is possible that an 80% cut-off, although beneficial for some of the reasons mentioned, 

may lead to more data loss than others. However, an 80% cut-off appeared satisfactory given 

its use within RFT, on which much of the methodology of this thesis is based. 

The Q-A and C-W trials were used so that the validity checking experiment 

(Experiment 4) could be generalised to other Experiments (2, 3, and 5). Additionally they 

were used to make it much harder for participants to establish non-relational patterns of 



 

 302 

responding. For example, since A was not always on the screen, participants could not simply 

choose A repeatedly. Thus, systematic patterns of responding could more likely be attributed 

to spontaneous generation, given that it would be far less likely for participants to 

accidentally demonstrate spontaneous generation patterns of responding. However, it is 

possible that the use of these Q-A and C-W trials may have diluted effects on affect, arousal, 

reaction time, and so on. Future research on coherence and ambiguity following this thesis 

could be done without Q-A and C-W test trials to identify whether effects are amplified. As 

mentioned, the lack of these Q-A and C-W test trials could more likely lead to non-relational, 

repeated patterns of responding which may masquerade as spontaneous generation patterns of 

responding, so caution is advised. 

Spontaneous generation that restores coherence on ambiguous A-C blocks, leading to 

non-significant differences in outcome measures, is a plausible explanation of the findings. 

However, there may be other reasons for the non-significant findings, such as something to 

do with the design, sample size, instructions. One point of discussion, however, is that the 

thesis relied not only on null hypothesis significance testing, but also a variety of sources of 

evidence, such as descriptive statistics, effect sizes, and visual graphical analysis. Another 

useful source in future would be the use of Bayesian statistics. It is important that future 

research continues the efforts here to include a variety of sources of evidence in research on 

coherence and ambiguity, so that a clear understanding of the findings can be made, 

particularly in this exploratory stage in the research.  

Questions remain about the ‘where’ and ‘when’ of ambiguity. Perhaps A-C ambiguity 

arises during the ambiguous A-C training stages, perhaps gradually or instantly. 

Alternatively, ambiguity may only arise when participants are prompted to respond to A-C 

test trials in an ambiguous A-C block. Further, when a participant has responded to an 

ambiguous A-C test trial, it could either be argued that the ambiguity is instantly resolved, or 



 

 303 

that the ambiguity remains but reduces each trial. If the ambiguity is instantly resolved, then 

sustained systematic responding could be seen as a preference for coherence over 

incoherence, rather than a preference for coherence over ambiguity. These questions are hard 

to answer, given the challenge in identifying when ambiguity arises and when coherence is 

restored. Unless a novel methodological approach is designed whereby these questions can be 

answered via self-report, behavioural responding, or physiological responses, perhaps the 

best way to gain clarity would be to identify brain activity correlating with participant 

exposure to logical ambiguity. Following that, the creation of ambiguity could be tracked via 

neural monitoring as participants engage in these kinds of experiments, as could the restoring 

of coherence, across an experiment. For now, it is simply best to state that the questions 

remain regarding exactly when and how ambiguity arises, and when and how coherence is 

restored in response to it. 

Another consideration is that ambiguity may be more nuanced than has been 

discussed in this thesis. Ambiguity and uncertainty are in some circles considered to be two 

different concepts (Grenier et al., 2005). On reading such theory, it is apparent that the 

authors claim that ambiguity is the environmental feature or situation, and uncertainty is the 

feeling that is evoked by being exposed to this ambiguous situation. This mirrors discussion 

within CDT, which makes a distinction between the incoherent situation, and the 

‘dissonance’ that arises from it (Vaidis & Bran, 2017). Such terminological issues appear not 

to have great bearing on the present thesis, however, given the quite clear divide between 

what is discussed as the experimental design, versus the participant’s response to such 

contingencies. Continuations of this research on coherence would do well to maintain such a 

distinction between environmental contingencies and participant responses, to avoid such 

terminological issues as has occurred in personality research (Grenier et al., 2005) and CDT 

itself (Vaidis & Bran, 2017). 
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Another line of future research would be to map out the contextual factors implicated 

in coherence-related processes and spontaneous generation. For example, importance of 

stimuli to participants is a well-known factor that affects coherence-related responding 

(Sherman & Cohen, 2006; Swann & Read, 1981). Further, the findings of Experiment 6 

showed that complexity of the task at hand is also a factor that influences spontaneous 

generation and systematic responding. The use of RFT and CDT to assess other contextual 

factors that affect coherence-related responses could be a line of future research. 

9.5 Conclusion 

In the present thesis, several gaps in CDT and RFT were identified. In CDT, these 

gaps included lack of theory and research regarding ambiguity, a constrained focus on two-

stimulus relationships, the need for technical experimentation, and debate about stimulus-

specific lower boundary conditions of coherence-phenomena. For RFT, the gaps included the 

lack of robust definitions of coherence, ambiguity and incoherence, lack of research on the 

appetitive properties of coherence, and again, lack of theory and research on ambiguity. The 

aim of this thesis was the development of a cumulative body of evidence, using RFT as a 

methodological tool, to address those gaps. These findings, interpretations, methodological 

advances and implications have been discussed above in detail, and the gaps were 

successfully addressed. The key finding in this thesis is that when relationships between 

stimuli are ambiguous, participants appear to spontaneously generate and maintain 

relationships between these stimuli, even when the stimuli are arbitrary and of no personal 

relevance. Further, this spontaneous generation of relationships appears moderated by the 

complexity of the cognitive task at hand. The stimulus-specific lower boundary conditions of 

coherence phenomena were tested using nonsense stimuli in an abstract, technical laboratory 

setting, with the findings suggesting that there are stimulus-specific lower boundary 

conditions for affective responses, but no such lower boundary condition for behavioural 
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responses. This work also shows clearly the theoretical and experimental importance of 

ambiguity for both CDT and RFT, identifying ways to move both theories forward. For CDT, 

it has been shown that ambiguity is responded to in a somewhat similar way to incoherence, 

suggesting how ambiguity might fruitfully be integrated into future, modern conceptions of 

CDT. Finally, for RFT, this work has shown that the spontaneous generation of relationships 

to resolve ambiguity may need to be considered as a key relational ability, with some 

evidence of coherence being relatively appetitive over ambiguity.  

In conclusion, this thesis has: highlighted how ambiguity could be synthesised into 

CDT and RFT; identified stimulus-specific lower boundary conditions of coherence 

phenomena for affective but not behavioural responses; demonstrated the spontaneous 

generation of relationships effect, showing that spontaneous generation could be considered 

as a possible fundamental aspect of human relational behaviour; and finally, identified that 

such spontaneous generation effects may be moderated by the complexity of the cognitive 

task at hand. 
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Appendices 

Appendix A 

Experiment One – Stimuli and Relationships Used 

 

  

Type Block 
Relationship 

(Bigger/Smaller) 
Training Stage Test Stage 

Coherent 

A ////, ^^^ CKJ>TYU>VPQ CKJ-VPQ 

B &&&&, $$$$ QWE>NKT>CVB QWE-CVB 

C !!!!, ;;;; UJN>RTY>FSL FSL-UJN 

Ambiguous 

A ****, #### ZKR<HTG>CDO ZKR-CDO 

B %%%%, ???? LDF<XJP>RSQ LDF-RSQ 

C [[[[, ”””” YNM<BTK>KYW YNM-KYW 
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Appendix B 

Experiment One - The Experimental Parameters of the Training Stage  

Limit of 

Attempts 

Number of 

Different trials  

How Many Times 

Each Trial Appears in 

an Attempt 

Number 

of trials 

in Total 

Pass Criteria 

10 8 3 24 

Correct > 80% 

Median Reaction Time 

< 2s 
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Appendix C 

Experiment One - The Experimental Parameters of the Test Stage  

Limit of 

Attempts 

Number of 

Different trials  

How Many Times 

Each Trial Appears in 

an Attempt 

Number 

of trials 

in Total 

Pass Criteria 

N/A (1) 4 12 48 None 
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Appendix D 

Experiment One - Experiment Instructions 

START 

In this experiment, you need to use trial and error to try to choose the right response. 

You will see three things on the screen. 

(Press SPACE to continue) 

* 

The top thing on the screen will tell you what to choose. 

You must choose between the two items at the bottom part of the screen. 

(Press SPACE to continue) 

* 

To choose the bottom left item, press 'Z' 

To choose the bottom right item, press 'M' 

(Press SPACE to continue) 

* 

You will hear and see feedback based on your choice. Try to learn from the feedback. 

Sometimes there will be no feedback. This is fine, carry on trying to choose the correct 
response. 

Remember, the top item tells you which of the bottom two objects is the correct choice. 

(Press SPACE to continue) 

* 

You must reach 80 percent accuracy and have a median response time less than 2 seconds to 
be able to pass this section. 

Press SPACE to continue. 

* 

There are no response patterns in this experiment. 

For example, the following response patterns are NOT part of the experiment - 

L-R-L-R-L-R-L (L=Left, R=Right) 

LL-RR-LL-RR-LL 

RLLR-LRRL-RLLR 
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In fact, there are no response patterns at all, so there is no need to try and discover one. 

Press SPACE to continue 

* 

Since there are no response patterns, the only way to get through this experiment is to use the 
information to figure out the correct answer on each individual trial. 

You can do this using trial and error. 

Use the three pieces of information on the screen to figure out whether to pick the right or left 
item. 

Press SPACE to continue 

* 

Remember, the top item tells you which of the bottom two objects is the correct choice. 

To choose the bottom left object, press 'Z' 

To choose the bottom right object, press 'M' 

If you have any questions, please ask the experimenter now. Otherwise, you may begin. 

(Press SPACE to begin the experiment) 

MID STAGES 

Well done for passing that stage. Now you must respond to new pairings of letters. These 
pairings are based on the information you just learnt in the previous section. Press 
SPACE to continue. 

* 

Use the information you learnt about the pairings in the last section to help you respond to 
these new pairings. There is no feedback in this section. Remember, answer as quickly 
and accurately as you can. 

Press SPACE to continue 

POST TEST 

You just finished that block. Press SPACE to continue to some questions about that block. 

* 

On the scale below, please rate how NEGATIVE/POSITIVE your emotions were when 
completing the previous block. 

* 

On the scale below, please rate the INTENSITY of the emotions you felt when completing 
the previous block. 

* 
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On a scale of 1-9, how much do you think you "figured out" or "made sense of" the block you 
just completed? 

1 = Not at all 

9 = Completely figured it out 

* 

countdown = 'You have completed %i block(s), you have %i blocks left. When you are ready 
to proceed, press SPACE' %(blocks_completed, blocks_left) 

 

END 

Thank you for your participation in this experiment. 

Please inform the experimenter that you are finished. 
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Appendix E 

Experiment Six - Experiment Instructions 

Instructions at the start of the experiment: 

On the screen there will be three things. 

The top thing on the screen is a made up relationship, such as 'blimbier'. It will help you 

figure out what to choose. 

Please choose between the two items at the bottom part of the screen. In this example, one 

item will be blimbier. 

(Press SPACE to continue) 

* 

There is no feedback in this experiment 

Although there is no feedback, it is important that you try to get the answers correct 

* 

Remember, the top item tells you which of the bottom two objects is the correct choice. 

To choose the bottom left object, press 'Z' 

To choose the bottom right object, press 'M' 

If you have any questions, please ask the experimenter now. Otherwise, you may begin. 

(Press SPACE to begin the experiment) 
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Appendix F 

 

RStudio (2016, v1.0.143) 

R version 3.4.4 

R Packages: 

Rlang 0.4.11 

Dplyr 1.0.7 

Tidyr 1.1.3 

Ez 4.4.0 

GGplot2 3.1.0 

Car 3.0.0 

Psych 1.7.5 

 

Jamovi (2019, v1.0.8.0) 

 

 

 


