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Abstract

A novel measure of habits and goal-directed control
Katie M. J. Wood

Repetitive habitual behaviour is thought to occur even when this directly conflicts with goals. This is
termed an action slip. The current research aimed to present a simple procedure that captures action slips
and is easy to implement and interpret. Chapter 1 reviews the current literature. Chapters 2-4 then report
nine experiments that aimed to test our novel procedure. A congruency effect, where participants’
performance was good on congruent trials but comparatively poor on incongruent trials, was consistently
found in our experiments (with one exception), providing evidence of action slips. Chapter 2 details three
experiments that used an Outcome (O)-Stimulus (S) delay manipulation. Although evidence for the effect
of O-S delay was not strong, the numerical pattern was consistent across experiments, where shorter delays
showed a bigger congruency effect on accuracy. Chapter 3 explores a load manipulation in three
experiments, which aimed to reduce participants’ working memory capacity during the experiments, and
the effects of time pressure in a fourth experiment. The results provide some evidence that the congruency
effect can be increased by reducing working memory capacity. Chapter 4 explores a devaluation version of
the experiment, followed by a further experiment that manipulates the amount of training. When the
devaluation procedure was used, the congruency effect was not observed. When we returned to the
standard testing procedure and manipulated the amount of training, we observed a congruency effect, even
after a short amount of training. This is inconsistent with the S-R account and dual process theory. Chapter
5 explores whether individual differences are associated with performance in our experiments: self-
reported habitual behaviour (COHS), goal-directed control (HSCQ), impulsivity (BIS-11), perceived stress
(PSS), depression (PHQ-9), and anxiety (GAD-7). Our results found no association between action slip
scores and self-reported habitual behaviour, nor any of our other individual differences measures.
Participants with high non-planning impulsivity scores performed less accurately across the experimental
trials, which could be interpreted as a lack of goal-directed control. Chapter 6 discusses the question of
whether the congruency effect seen in our Experiments is evidence to support a dual-process account of

habitual behaviour.
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Chapter 1 - Introduction

In an ever-changing world, flexibility and the ability to adapt to a new environment is
extremely valuable for both humans and animals alike. Performing familiar responses automatically
can be beneficial as it frees up cognitive capacity for achieving new goals. However, repetitive,
habitual behaviour is thought to occur even when this behaviour directly conflicts with intended
actions (Wood et al., 2022) — this is termed an action slip (Reason, 1979). In a longitudinal study, Ji
and Wood, (2007) found that participants repeated habitual behaviours even if they reported
intentions to do otherwise. For example, when participants had formed strong habits to take the bus,
they continued to do so regardless of how they personally framed their intentions to reduce their
carbon footprint. A further example of how action slips can occur in everyday life is driving to work.
The action of driving to a regular place of work becomes so automatic after repetition that it no longer
requires a great deal of conscious effort, freeing up cognitive capacity to plan the day ahead. When
the driver reaches a traffic light, they automatically stop when the light turns red, as this behaviour is
so engrained through repetition that it requires little conscious thought. When the traffic light switches
from red to green, this prompts the driver to turn left towards their place of work. However, when the
individual starts a new job, which requires turning right at the traffic lights, they may accidentally turn
left when the light turns green, reverting to their habitual route instead of their new goal. The current
thesis focuses on this kind of situation, in which a putatively habitual response (turning left to the old
job) is set against the goal (turning right to the new job) - an action slip.

Habitual behaviour can sometimes have negative implications on an individual. Examples of
medical implications of habitual behaviour which directly contradict with living a healthy lifestyle
include binge eating, smoking, and drinking excessively. Furthermore, existing research has found
that individuals high in depression demonstrate greater habitual behaviour in the face of stress (Heller
et al., 2018). Repetitive negative thinking (RNT) is a widely studied transdiagnostic mechanism that
has been identified as a risk factor for depression and anxiety (Ehring & Watkins, 2008). RNT is

defined as thinking about negative content in a way that is repetitive, passive or difficult to control



(Bell et al., 2023). Research exploring the emergence of RNT (Watkins & Roberts, 2020) suggests
that these thought patterns initially begin as a goal-directed response to stress-inducing cues, but over
time the repetition of these patterns of thoughts can lead to the automatic association of the RNT cues,
such as negative mood, with engaging in RNT as a habitual response style (Roberts et al., 2021).

While there are varying definitions of habitual behaviour, experts in the field of associative
learning differentiate between goal-directed actions influenced by the present motivational value of
outcomes and ingrained habitual behaviours triggered directly by the surrounding environment
(Watson & de Wit, 2018). An important question to consider is how habitual responses can be
distinguished from genuine mistakes. One possible way of defining the difference between a habitual
response and a mistake is by simplifying behaviour into responses made to stimuli. An example of a
mistake could be failing to process the stimulus, and consequently generating a random response to
that stimulus, generating a response to a different stimulus, or making no response at all. Another
example of a mistake could be where the stimulus is processed, but the correct response to that
stimulus was too weak to be generated. Therefore, the response is either random, or there is no
response at all. An example of a habit, on the other hand, is where the stimulus is processed and the
correct response is available, but the correct response is not executed because an inappropriate
response is generated instead. That inappropriate response may have been appropriate at a previous
point in time or in a different context.

The aim of this thesis is to explore evidence of habitual behaviour in humans. This thesis
therefore begins by discussing theories of habitual verses goal-directed behaviour, existing evidence
for these theories, current methods of measuring habitual behaviour in a lab-based environment and
evidence for factors that influence habitual behaviour. The design of our new computer-based task is
then described. Chapters 2-4 report nine experiments that test whether our computer-based task shows
evidence of habitual behaviour. This thesis also aims to explore whether the amount of habitual
behaviour observed varies with a range of individual differences. Therefore, Chapter 5 investigates
whether there are correlations between performance on our computer-based task (reported in Chapters
2-4) and scores on a number of self-report individual difference measures: Creature of Habits Scale

(COHS), Habitual Self Control Questionnaire (HSCQ), Barratt Impulsiveness Scale (BIS-11),



Perceived Stress Scale (PSS), Patient Health Questionnaire (PHQ-9), Generalised Anxiety Disorder
Assessment (GAD-7). The results described in the empirical chapters 2-5 are discussed in Chapter 6.
To foreshadow the results, Chapter 6 concludes that whilst our experiments appear to show evidence
of action slips, there is some indication that our congruency effect, showing good performance on
congruent trials but comparatively poor performance on incongruent trials, may be due to competing

goals in a single goal-directed system, rather than two distinct systems.

Habitual behaviour verses goal-directed action

To understand habitual behaviour, it is important to firstly introduce the existing theories
surrounding habitual behaviour verses goal-directed actions. According to Heyes and Dickinson
(1990) a goal-directed action is an action this is focused on achieving a desired outcome. These
actions often involve cognitive effort and motivation to focus actions on a desired outcome (Marien et
al., 2015). Habitual behaviour, on the other hand, may allow an individual to perform responses with
less cognitive effort and may be beneficial for freeing up cognitive capacity. Functional imaging
studies suggest that automatic habitual behaviour is associated with less uncertainty, less brain
activity and more efficiency (Saling & Phillips, 2007). However, habits can also be detrimental to
individuals (Hogarth & Chase, 2011), preventing behavioural change in the face of new situations and
goals (e.g., habitual binge eating whilst attempting to lose weight). Therefore, it is important to
understand the factors that determine when goal-directed actions might be undermined by habits. This
will allow us to identify ways to promote positive behaviour that help us to achieve goals like living a
healthy lifestyle, rather than slipping back into unhelpful habits, such as binge eating, smoking and
drinking excessively. It is also important to consider the empirical question of how long it takes to
train a habit. Lally et al (2010) conducted a study aiming to find to out how long it takes to form a
habit. They found the average modelled time to reach a plateau of automaticity was 66 days, and the
range was from 18 to 254 days. This indicates that it can take a substantial amount of time to form a
habit. However, if the definition of a habit is the execution of a previously learned response that is

inappropriate in the current context, amount of training may not be a necessary condition for a habit.



Therefore, the current research aims to address the question of whether amount of training influences

habitual behaviour.

Goal-directed action

An intuitive explanation of goal-directed actions is that they are actions that are performed to
achieve a desired goal or outcome. A general theory is that the goal-directed system is slow to
respond and effortful (Heyes & Dickinson, 1990), but highly sensitive to changes in the environment.
An example of this could be picking up your mobile phone with the purpose of sending a message to
someone. The action of picking up the phone is done due to the belief that this will lead to the desired
outcome of sending a message. These behaviours, therefore, rely on a combination of belief and
desire (Heyes & Dickinson), where an individual desires an outcome (sending a message) and they
believe an action (picking up their phone) will achieve that outcome. According to this belief-desire
model, if you reduce the desire for the outcome, then the action will cease. Similarly, if you reduce
the belief that the action will result in the outcome, the action will also cease. You can reduce either or
both. It does not matter which one of them is reduced. Reduction of either of them will reduce goal-
directed responding, but not automatic habitual responding.

A way of testing for the presence of goal-directed action is by using the outcome revaluation
procedure (de Wit & Dickinson, 2009; Dickinson, 1985). This procedure was first demonstrated using
rats as subjects. Adams (1982) provided a good example of the outcome revaluation procedure, where
evidence of goal-directed action is shown when reducing the value of the outcome also reduces
responding for that outcome. Conversely, the absence in a reduction in responding would implicate
non-goal-directed behaviour. In Adams' first experiment, rats received either moderate or extensive
training to press a lever to obtain sucrose pellets. For half of the rats, the sucrose pellets were then
devalued by pairing them with lithium chloride-induced sickness. For the remaining animals, the
sucrose pellets remained valuable. The number of lever-press responses performed by each group was
then assessed in an extinction test (where lever presses did not produce pellets). This extinction test
was used to assess whether information about the relationship between the lever press and the sucrose

pellets — an action-outcome relationship — had been encoded. The rats that received moderate training



performed fewer lever press responses when the sucrose was devalued than when it was still valued.
Thus, the rats demonstrated goal-directed control after moderate instrumental training. Conversely,
rats given extended training did not show this sensitivity to outcome value, a finding that will be
examined below.

The theory behind the outcome revaluation procedure is that goal-directed actions are driven
by the intention to achieve a particular outcome. If an individual believes that a particular action will
achieve the desired outcome, then they will perform that action. If the outcome is no longer desirable,
or no longer believed to be available through this specific action, the individual will stop making the
action. In the moderate training groups of Adams' experiments, rats no longer desired the outcome

and therefore reduced their responding for that outcome.

Habit theory

The dominant theory of habits is the Stimulus-Response (S-R) theory. This theory received a
great deal of attention between 1920 and 1950 (e.g., Hull, 1933; Miller, 1935; Spence, 1950; Tolman,
1932; Watson, 1924) and focuses on the relationship between external stimuli (e.g., lever) and an
individual's behavioural responses (e.g., lever press). This theory, which is closely associated with
behaviourism, proposes that behaviour is primarily a result of the direct influence of environmental
stimuli on an individual's responses (Treisman, 1960). According to S-R theory, the association
between a stimulus (e.g., lever) and a response (e.g., lever press) strengthens if the response is
reinforced with an outcome (e.g., food reward). The more a response is performed with a desired
outcome, in the presence of the stimuli, the greater the stimulus-response association will be. After
sufficient reinforcement, the stimulus will later trigger a response. This is predicted to occur even if
the subject does not believe that the outcome is available, or if the subject no longer desires the
outcome. The presentation of S triggers the R due to the link that allows activation to travel from the
S to the R (Holland, 2008). This S-R association means that the response has become automatic in the
presence of the stimulus. Automatic responses can be defined as unintentional, uncontrolled, goal-
independent, autonomous, purely stimulus driven, unconscious, efficient, and fast (Moors & De

Houwer, 2006). In contrast to goal-directed actions, therefore, habitual responses are quick and



effortless. However, habitual behaviour is likely to make errors when the environment changes and
old responses are no longer appropriate. When a change in goal requires performing a different action,
the pre-commuted S-R will persist, leading to habitual selection of outdated responses (Hardwick et
al., 2017). For instance, an S-R response could relate to the example given above of automatically
driving to an old place of work. When the new goal is to drive to the new place work, the individual
may still drive to the old place of work, as this is the habitual response. Hence, an action slip occurs.
As well as evidence for goal-directed action, the outcome revaluation procedure described
above can be used to test for S-R associations, as these should be insensitive to devaluation. Adams'
(1982) outcome devaluation experiments appear to provide evidence for habitual control. Moderate
training resulted in fewer responses for the devalued outcome compared to the still-valued outcome.
Extensive training, by contrast, resulted in no devaluation effect on responses. Thus, overall, moderate
training demonstrated goal-directed control, but extensive instrumental training demonstrated habitual
control. One way to think about this is that the S-R association has become so strong that the response

was performed automatically (we will discuss limitations of this theory below).

Dual-process theory

To capture both goal-directed actions and S-R behaviour, the dual process theory was
developed. Dual-process theories of instrumental learning propose that instrumental behaviours are
controlled by two distinct systems: the goal-directed system and stimulus-triggered habitual system
(e.g., Dickinson & Balleine, 1994; Verplanken, 2018). As discussed above, the goal-directed system
is suggested to facilitate deliberate, reward-driven actions, while the habitual system is suggested to
produce comparatively automatic responses based on stimulus-response (S-R) associations. Habits
can be helpful or unhelpful (depending on whether the environmental contingencies change). In this
way, dual-process theories of instrumental learning capture a wide range of both adaptive and
counterproductive reward-based behaviours.

As discussed above, Adams (1982) used the outcome revaluation procedure to provide
evidence for both the goal-directed and habitual components of instrumental behaviour. This,

therefore, could be considered evidence for dual-process theory. Adams' findings, in which



moderately trained but not extensively trained rats showed sensitivity to outcome revaluation, have
since been replicated (Dickinson etl., 1995; Thrailkill & Bouton, 2015). It is traditionally regarded as
evidence of a habitual response in the extensively trained groups that is driven by an S-R association.

Adams' (1982) outcome devaluation procedure has since been translated for use with human
participants. Valentin et al.'s (2007) participants, for example, learnt to perform two instrumental
actions to obtain different drink rewards. One of the rewards was then devalued by allowing unlimited
consumption. In a subsequent extinction test, participants responded more for the still-valued outcome
than the devalued outcome, a clear demonstration of goal-directed control. This finding has since been
conceptually replicated many times (e.g., de Wit et al., 2012, 2018; Liljeholm et al., 2015; Piray et al.,
2016).

In contrast to the evidence for goal-directed control in humans, clear evidence for habits in
humans has been hard to come by. Tricomi et al. (2009) used a procedure very similar to that of
Adams (1982) to obtain initial promising evidence of habits. Their participants learnt to press one of
two buttons to obtain pictures representing food which was to be consumed after the experiment. An
instrumental button press (R1) in the presence of one fractal stimulus (S1) produced a picture of
chocolate (O1), while a different instrumental button press (R2) in the presence of a second fractal
stimulus (S2) produced a picture of crisps — O2 (S1: R-01, S2: R-02). After completing either
moderate or extensive training of these contingencies, one of the outcomes was devalued through
selective satiation (participants ate a lot of chocolate or crisps). In a subsequent extinction test,
participants who had received moderate training performed significantly fewer instrumental responses
for the devalued outcome than the valued outcome, showing evidence for goal-directed behaviour.
Participants who received extensive training, by contrast, showed no significant difference in response
rates for the still valued and devalued outcomes. Therefore, the devaluation did not reduce responding
in the extensively trained participants. Similar to Adams' findings in rodents, extended training
promoted habitual behaviour.

Although Tricomi et al. (2009) provide exciting evidence for the dual-process theory of
instrumental learning, subsequent research has not been so convincing. In particular, de Wit et al.

(2018) reported five failures to induce behaviour that was insensitive to an outcome devaluation



manipulation through overtraining. Their final two experiments were replications of Tricomi et al.’s
study (barring minor details). As de Wit et al. acknowledged, one can always argue that more
extensive training may have produced evidence of habitual control. The main conclusion from these
studies, however, is that it is by no means easy to experimentally induce habits in humans through
overtraining.

de Wit et al. (2007; see also de Wit et al., 2013) also tried to show evidence for insensitivity
to devaluation but using quite a different procedure. Here, participants first learned to perform
different instrumental responses (R1 and R2) to earn points. Each trial began with a picture of a
closed box and a fruit icon (denoted here as fruits A-H) on the door lid. Once the participant
performed an instrumental response, the door opened to reveal the contents of the box. If the
participant selected the correct response, a fruit stimulus was presented within the box, and the
participant received 1-5 points, depending on the speed of their response. If the participant selected
the wrong response, however, the box was empty, and the participant received zero points.
Importantly, there were three trial types. On congruent trials, the discriminative stimulus (the fruit on
the front of the box) matched the outcome (the fruit inside of the box, i.e., A: R1-A, B: R2-B). For
example, a strawberry on the lid, if followed by the correct response, would be followed by a
strawberry inside the box (and participants would earn points for the correct response). On
incongruent trials, in contrast, the discriminative stimulus was paired with an outcome that served as a
discriminative stimulus for a different response (C: R1-D, D: R2-C). For example, a banana on the lid
(cue C) would be followed by an apple in the box (outcome D) and an apple on the lid (cue D) would
be followed by a banana in the box (outcome C). Finally, on biconditional (control) trials, the
discriminative stimuli and outcomes were unique (E: R1-F, G: R2-H), where the outcomes did not
serve the role of discriminative stimuli, and vice versa. For example, a grape (cue E) might lead to a
plum (outcome F) and a peach (cue G) might lead to a cherry (outcome H).

de Wit et al. (2007) tested the dual-process theory by incorporating an outcome revaluation
test after the learning phase. The aim of this was to explore whether insensitivity to outcome
devaluation could provide evidence for habitual control. This was quite different to the outcome

devaluation procedure used by Tricomi et al. In de Wit et al.’s test, participants were presented with



two open boxes at the start of each trial. Inside each box was a fruit, one of which had been the
outcome associated with a left key response. The other had been an outcome associated with a right
key response (i.e., outcomes A and B were presented on congruent test trials, C and D on incongruent
test trials, and F and H on biconditional test trials). Importantly, during the test trials, there was a
cross superimposed on one of those fruit outcomes. The cross signalled that the instrumental response
that previously produced that fruit outcome no longer earned points. Hence, participants were to
perform the other instrumental response; the one that previously produced the still-valued outcome
(without a cross). Other than this, the test phase procedure was the same as the procedure during
training trials. Once participants made their response, the box opened, revealing how the number of
points earned.

de Wit et al. (2007) found that participants performed above chance on congruent and
biconditional trials; they responded more for the valued outcome (on which no cross had appeared at
the start of the trial) than the devalued outcome (with a cross). de Wit et al. suggested that the
participants solved the congruent and biconditional tests using their goal-directed system (since their
behaviour was governed by the current value of the outcomes). However, importantly, incongruent
trials produced quite different behaviour; participants failed to respond more for the valued than the
devalued outcome on incongruent trials. Hence, performance on these trials was suggested to be
driven by the habitual system, which did not incorporate any representation of the outcomes.

de Wit et al.’s (2007) explanation of the failure to respond in a goal-directed fashion on
incongruent trials is as follows. Crucially, the argument goes, the goal-directed system is subject to
response conflict in the incongruent condition. Specifically, each fruit (C and D) was associated with
both responses (R1 and R2), either as an outcome or as a cue. Hence, when fruit C was presented as a
stimulus, it activated R1 directly (via a C-R1 link). But fruit C was also associated with, and would
therefore activate, outcome D, which would then activate R2 (because D was the outcome following
execution of R2). Activation of response R2 by stimulus C, via activation of outcome D, is referred to
as an S-O-R (in this case C-D-R2) process. In other words, the presentation of C and D at the start of
each incongruent test trial, one with a cross over it, did not provide the participant with any useful

information; they could not base their responding on the current value of C and D because they may



not have known with which responses these outcomes were associated. Hence, if they were to attempt
to respond in a goal-directed fashion, their responding would have been at chance. All this complexity
can be resolved, suggested de Wit et al, by responding simply on the basis of the S-R (e.g., stimulus C
= R1) associations, which do not incorporate any representation of the outcomes. That is, the habit
system took over on incongruent trials, and participants therefore performed R1 and R2 in the
presence of C and D, respectively. Hence, the fruit icons served as discriminative stimuli rather than
being associated with outcomes, and primed both instrumental responses equally, leading to the
chance performance observed. The pattern of results observed by de Wit et al. (2007) has since been
replicated many times (de Wit et al., 2009, 2011, 2012, 2013; Sjoerds et al., 2013).

Although de Wit et al.’s (2007) discrimination findings are robust, the extent to which the
incongruent condition gives rise to habitual control has recently been questioned. De Houwer et al.,
(2018) argued that there are two kinds of outcomes on every trial: the fruit outcome and the points.
They were concerned that the points may have been more salient than the fruit outcomes and so,
during the learning phase, participants would learn which responses produced points, rather than
which responses earned particular fruit outcomes. Therefore, De Houwer et al. argued that the chance
performance seen on incongruent test trials (but not the congruent or control trials) was not evidence
for non-goal-directed behaviour, but of behaviour directed at the goal of points (rather than specific
fruit). In other words, participants may have been behaving in a goal-directed way, despite the
observed result.

To explore whether an effect of outcome devaluation can be found in the Fabulous Fruit Task,
De Houwer et al. (2018) replaced de Wit et al.’s (2007) outcome revaluation test with tests that
devalued the points (in Experiment 1), rather than the fruits, to assess whether participants would
show goal-directed control on incongruent trials under these circumstances. If the behaviour is goal-
directed (and the goal is the points, not the fruit), then devaluing the points would reduce responding
(relative to the other response). The test followed the same procedure as the discrimination learning
task (but without feedback). However, the participants were either instructed that the points that were
previously produced by each instrumental response would now be deducted from their score

(Experiment 1), or that the instrumental contingencies were now reversed (Experiments 2 and 3). In
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each case, the participants successfully switched their response (above chance) on all trial types
(congruent, biconditional and incongruent). Hence, when the test targeted knowledge of the points,
rather than the fruit outcomes, participants demonstrated goal-directed control, even on incongruent
trials. Therefore, one needs to be careful when inferring from the absence of an effect of outcome
devaluation that the outcome (that participants are responding for) has been correctly identified.
Overall, the Fabulous Fruit Task does not appear to provide any evidence for habitual/S-R behaviour.
Only when the goal is correctly identified will an effect of devaluation be observed.

In summary, the traditional devaluation approach — the canonical assay of goal-directed
versus habitual control — has, in two paradigms, failed to provide compelling evidence in humans for
the habitual S-R controller that is proposed by the dual-process theory of instrumental learning.
Tricomi et al. (2009) provided initial evidence of habitual control following overtraining in the
traditional outcome devaluation task (e.g., Adams, 1982). This finding has, however, proven
challenging to replicate (de Wit et al., 2018). In another line of evidence, de Wit et al. (2007, 2013)
found promising signs of habitual control in their discrimination learning studies (the Fabulous Fruit
Task), but subsequent research suggests that those studies lacked sensitivity to detect goal-directed
control (De Houwer et al., 2018). Another issue is that both of these paradigms rely on null effects, or
absence of differences between conditions, to provide evidence of habitual control. Tricomi et al.’s
(2009) overtraining paradigm requires no difference in rates of responding for the valued and
devalued outcomes, while de Wit et al.’s (2007, 2013) Fabulous Fruit Task requires responding to be
no different from chance on incongruent trials. As De Houwer et al. have argued, such null effects
could reflect habitual control, but they could equally reflect other factors such as poor learning. Thus,
even when demonstrations of habitual control in humans have been reported, those demonstrations are
subject to alternative interpretations.

The failures to experimentally observe habits in humans (e.g., de Wit et al., 2018), and the
concerns around interpretations of null effects (e.g., De Houwer et al., 2018), prompted Luque et al.
(2020) to recently develop a new assay of habitual control. They argued that investigating changes in
overt responding after overtraining was impractical in experiments with human participants, because

too much training would be required to change response choice. Instead, they argued that a more
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viable approach would be to explore evidence of habits in changes to reaction times (RTs). In Luque
et al.”s (2020) experiments, participants initially learned different stimulus-response-outcome (S-R-O)
relationships, where participants performed two instrumental responses (R1 and R2) to earn different
types of fictitious diamonds, which translated into points of different value. In the presence of each
stimulus, one response was optimal, in that it earned more points than the other response. In the
presence of S1, for example, R1 responses might have earned diamonds that were worth 100 points,
while R2 responses earned diamonds worth five points. Thus, both responses produced points on each
trial, but the number of points received differed based on the response performed. On subsequent
devaluation tests, the participants could continue earning the diamonds, but some of those diamonds
were devalued, such that they now earned zero points. When the diamonds associated with R1 were
devalued from 100 points to 0 points, the optimal response would be to switch to the alternative
response (R2) to earn five points. In this scenario, participants switched their responses, showing
sensitivity to outcome devaluation (in contrast to Tricomi et al.’s results). However, Luque et al.
observed an RT switch cost, where choosing the alternative response for the non-devalued outcome
came with slowed responding, particularly with extended training and when participants were placed
under time pressure. Lugue et al. therefore argued that, even when overtraining does not reveal
evidence of habits in changes to overt response selection, habits can be revealed through slowed RTs.
Unlike previous experiments, Luque et al.’s (2020) work suggests that habits can be revealed in
humans, following outcome devaluation, through slowed RTs rather than response selection.
Wider literature

There are several examples of research exploring the topic of automaticity where the learning
takes place outside of the laboratory. In these experiments, the learning has already happened when
the participants arrive at the experiment. For instance, research has shown that automatic processes
can be engaged in attentional tasks. The Posner Cueing task (Posner, 1980) is a classic paradigm used
to study attentional processes (Anderson, 2018). It involves presenting a cue that directs attention to a
specific location, followed by a target stimulus. The task measures how quickly and accurately

participants respond to the target, depending on whether the cue was valid or invalid. A valid cue is
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where the cue correctly indicated the target location. An invalid cue is where the cue incorrectly
indicated the target location. The Posner Cueing task is considered an example of automaticity in
attentional tasks, as participants often show faster response times to valid cues, indicating that
attention can be automatically directed by the cue without conscious effort (Anderson, 2018;
Neumann, 1984).

The Stroop task is another paradigm often used to investigate learnt automatic processes
(Stroop, 1935) and how these automatic processes can interfere with controlled tasks. In a Stroop task,
participants are shown a list of colour words (e.g., “red,” “blue,” “green”) printed in various ink
colours. The task is to name the colour of the ink, not the word itself. The reaction time is measured
for both congruent stimuli (where the word’s meaning matches the ink colour, e.g., the word “red” is
printed in red ink) and incongruent stimuli (where the word’s meaning does not match the ink colour,
e.g., the word “red” is printed in blue ink). The Stroop effect refers to participants’ delay in reaction
time when naming the ink colour of incongruent stimuli compared to congruent stimuli. This delay
occurs because reading the word is an automatic process that interferes with the task of naming the
ink colour and highlights the strength and automatic nature of reading, showing how difficult it is to
suppress this automatic response (Augustinova & Ferrand, 2014).

Schneider and Shiffrin’s (1977) work on automatic and controlled processing is a further
example of an approach which aimed to train automatic responses, where their studies showed that
automatic processing develops with consistent practice and exposure. Schneider and Shiffrin
conducted a series of experiments where participants were trained under consistent mapping
conditions, where specific stimuli were consistently paired with specific responses. Over time, this
consistent pairing led to the development of automatic detection of the target stimuli. In contrast,
varied mapping conditions involved changing the pairing of stimuli and responses across trials. This
required participants to use controlled processing, as they could not rely on automatic responses.
Participants became faster and more accurate in detecting target stimuli under consistent mapping
conditions, indicating that the responses had become automatic. Schneider and Shiffrin’s work
highlights the importance of practice and consistency in developing automatic responses, providing

valuable insights into how we learn and perform tasks efficiently (Schneider & Chein, 2003).
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However, their procedure is complex and takes a considerable amount of time to train. Therefore, it
would be beneficial to develop a procedure that is more easily implemented to investigate these
processes.

A further example of tasks that have played an important role in exploring theories surrounding
instrumental cue-driven response choice are Pavlovian Instrumental Transfer (PIT) tasks (Colwill &
Rescorla, 1988; Corbit & Balleine, 2005). In a PIT task, two responses (R1 and R2) are initially
trained to predict two outcomes (O1 and O2), resulting in R1-O1 and R2-O2 associations. In a
subsequent test phase, instrumental response choice (R1 vs R2) is then assessed in the presence of
Pavlovian stimuli (S1 and S2) that are associated with each of the two outcomes (S1-O1, S2-02). The
common result of these tasks is that, in the presence of Pavlovian stimulus S1, subjects are more
likely to make response R1 than R2. Conversely, in the presence of S2, subjects are more likely to
make response R2 than R1 (Watson et al., 2014). This has been considered evidence for insensitivity
to outcome value (Corbit et al., 2007). However, there are other ways to explain these findings.
Seabrooke and colleagues (2017) conducted three experiments using an outcome-selective Pavlovian-
instrumental transfer (PIT) design and an outcome devaluation procedure. In Experiment 1,
participants learned to perform one response to earn crisps points and another to earn popcorn points.
Following this, one outcome was devalued by making it taste unpleasant. The results showed that
participants’ choices were biased towards the non-devalued outcome, indicating goal-directed control.
Importantly, the extent of this bias was unaffected by the devaluation manipulation. In the second
experiment, when stimuli indicated an equal likelihood of both outcomes, the cue-driven response
choice was influenced by the devaluation manipulation. The third experiment reinforced these results
by showing a selective avoidance of the cued, devalued outcome. Overall, Seabrooke et al.’s research
supports a goal-directed model of PIT, where the expected probability and value of outcomes
independently influence response choices.

In the current research, we were keen to pursue the idea that a habit, learned in a simple
instrumental-learning task, could produce more than just a slowing of an optimal response, but also
result in non-optimal/incorrect responding. Our approach was slightly different to that usually taken in

the learning field. It is common to recognise the devaluation method as evidence for habitual
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behaviour. However, we did not manipulate outcome value. Rather, we used a simple interference
procedure in which a putative habit, possibly S-R in nature, was set against a goal-directed action.
Current research

Our main aim is to present a simple procedure measuring habitual behaviour that is easy to
implement and interpret and captures the behaviour described in the driving to work example above.
In our experimental design, participants first learn two stimulus-response-outcome (S-R-0)
relationships, as shown in Table 1. The stimuli are the background colours of the screen (green or
blue), the responses are joystick movements (left or right), and the outcomes are pictures of food
rewards (Pringles or jellybeans) presented on screen. The participants are instructed to move the
cursor as quickly as possible to earn points towards the food rewards. On S1 trials, R1 responses
produce O1 points (e.g., if green then left responses produce jellybean points), while R2 responses
produce no points. Conversely, on S2 trials, R2 responses produce O2 points (e.g., if blue, then right
responses produce Pringles points), while R1 responses earn no points.

Table 1. Experiment design: 2-way congruency (congruent, incongruent)

Instrumental Training Test

Stimulus  Response  Outcome Outcome Stimulus Correct Response Test Trial
Rl ==——p O1 S1 R1 Congruent

S1 01
R2 wp S2 R1 Incongruent
R2 = 02 S2 R2 Congruent

S2 02
Rl mp S1 R2 Incongruent

Note. S1 and S2 represent the screen colour (green/blue), R1 and R2 represent instrumental responses

(left/right), and O1 and O2 represent food outcomes (jellybeans/Pringles). @ represents “no outcome”.

)

In the test phase, each trial begins with the presentation of either outcome O1 or O2. The

participants are instructed to perform the response that, during the training phase, produced the

presented outcome (i.e., O1 > R1, 02 - R2). Hence, the presentation of the outcomes at the start of

each test trial communicates to participants which outcome they could earn on that trial. Importantly,
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participants are not allowed to respond immediately. They are required to withhold responding until
the screen changes to the colour of one of the stimuli S1 or S2 (therefore, S1 and S2 play the same
role as the traffic lights in the driving to work example above). The presented stimulus (which signals
to the participant they can now respond) could be either congruent or incongruent with the outcome
that had been presented at the start of the trial. Therefore, it is also congruent or incongruent with the
correct response on that trial. As demonstrated in Table 1, on a congruent trial, O1 might be followed
by S1, both of which are associated with R1 in training. Conversely, on an incongruent trial, O1 might
be presented first, indicating that R1 is the correct response but S2, associated with R2, would signal
that a response could now be executed. Hence, any S-R link that might form in training would
promote the incorrect response on incongruent trials on test. Importantly, participants are informed
that they should ignore the colour of the stimulus on test, and only use the presentation of S1 and S2
to signal when to respond, not how to respond. We chose screen colour as the stimulus to ensure
participants process the stimulus. All participants were screened for colour blindness before each
experiment and screen colour was counterbalanced for S1 and S2. We thought there could be an issue
with participants being able to detect the stimulus presentation without processing the colour (e.g.,
they may just notice an event occurs in the corner of the screen). Lastly, the number of jellybean and
Pringle points earned depends on the speed of the correct responses to increase motivation to respond
quickly. In this way, we expect incongruent trials to impair response accuracy relative to congruent
trials. The difference in accuracy on the two trial types can be interpreted as the extent to which the
stimulus (inappropriately) controls responding on incongruent trials — a measure of habit learning.
Our procedure is similar to that used by Brass et al., (2001) to investigate automatic imitation.
In their experiment, Participants were presented with a number 1 or 2 on each trial, in the centre of a
computer screen. On trials where the number 1 was presented, they were required to lift their left
index finger off a keyboard as quickly as possible. On number 2 trials, they were required to lift their
right index finger. Also on screen, in addition to the numbers, a pair of hands were present with all
fingers pointing at the participant. On each trial, at the same time as the number 1 or 2 appeared, the
index finger of one hand would rise. Participants were required to ignore this movement when making

their own movement. The observed rising finger could be on the same side as that required to be
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moved by the participant (i.e., the finger of the hand on the left moved when a 1 appeared, and the
finger of the hand on the right moved when a 2 appeared). These were congruent trials - the observed
(to-be-ignored) finger movement matched the participant’s finger movement. On incongruent trials,
the observed moving finger was on the opposite hand to that of the correct response. (i.e., the finger of
the hand on the left moved when a 2 appeared, and the finger of the hand on the right moved when a 1
appeared). Brass et al. found that participants responded faster and more accurately when the spatial
location of the finger on screen matched the response they needed to make. For example, observing
one finger moving on incongruent trials can lead to participants moving that finger, rather than the
“correct” finger on that trial — an effect that could be described as “automatic imitation”. Similar to
this, evidence for habitual behaviour would be seen in our experiments when responses are
determined by an S-R relationship, or habit, that undermines goal-directed action. In both cases, two
responses are set against each other, one of which is 'correct’ and the other of which is better practised

in the sense that the S-R was trained, rather than the O-R.
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Chapter 2 — O-S delay

Chapter 1 outlined the theory of habitual behaviour. It also described the design of our new
experimental procedure for measuring habitual behaviour. In this new procedure, participants are told
which outcome to respond for on each test trial but are not allowed to respond for that outcome until a
stimulus is presented. The main manipulation was the nature of the stimulus that signalled that a
response could now be made. On congruent test trials, that stimulus had been associated in training
with the correct response. On incongruent test trials, that stimulus had been associated with the
incorrect response. We anticipated that we would observe action slips/higher levels of incorrect
responding on incongruent than congruent test trials. It was necessary to adapt the design of our
experiments to allow for the most appropriate procedure. Therefore, we designed two separate general
methods one for face-to-face testing and one for remote testing. The order of presentation of
experiments is not chronological but chosen for logic and flow. Hence, the two methods will appear
interchangeably throughout the following chapters.

Method 1 (in-person) was administered both pre- and post-pandemic lockdowns. The

experiment was programmed using E-Prime (https://pstnet.com/) and was presented on a 22-inch

desktop computer in a University of Plymouth laboratory, with an experimenter present. Instrumental
responses were performed using a joystick. The reason a joystick was used was to ensure participants
were not able to physically prepare their left/right response. For example, if a keyboard was used, they
could simply take their finger off the key for the incorrect response. With a mouse, if the correct
response was a right swipe, they could simply place the mouse right over to the left, so that a left
swipe was impossible.

Method 2 (online) was administered during the pandemic lockdowns. We developed a web-
based instrumental task to carry out our standard experimental procedure. The experiment was
programmed by the University of Plymouth Psychology technicians using ASP.NET web pages, with
a C# server-side code structure mixed with some in-page JavaScript. The programme ran on the

University of Plymouth Net IIS internal web server with an MS SQL database hosted internally.
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Participants completed the experiment online using either a desktop computer or a laptop. Left and

right movements were made either with a mouse or a laptop trackpad.
Experiment 1 — O-S delay

Experiment 1 implemented our experimental design, but with an additional O-S delay
manipulation. According to the dual-process theory, goal-directed control will be disrupted when
there is less time to prepare responses in advance, as goal-directed behaviour is time consuming and
effortful (Heyes & Dickinson, 1990), in comparison with automatic habitual behaviour, which is fast
and effortless. Therefore, we aimed to see if manipulating the amount of time participants had to
prepare their response would influence the number of action slips made. We added a long delay
between presentation of the O and the S on half of the trials, and a short O-S delay on the other half of
the trials. We anticipated that any congruency effect would be exaggerated by the short delay between
the outcome and stimulus presentations. Shorter delays should present less opportunity for
participants to prepare their response in advance and keep the goal in mind (Mittner et al., 2014).

In addition to applying a response delay manipulation, we created a baseline measure to
compare against the congruent and incongruent trials. To do this, we included a control stimulus in
the presence of which neither instrumental response produced points. If performance is hindered on
incongruent trials by the priming of an incompatible response (by the stimulus), we would expect to
see poorer performance in the incongruent trials than in the neutral baseline condition.

Method

Participants. Forty-one undergraduate psychology students (36 females, 5 males) from
University of Plymouth participated in exchange for course credit. The participants were aged
between 18 and 45 years (M = 20.68 years, SD = 5.25 years).

Design. The experiment followed a 3 (congruency: congruent, incongruent, baseline) by 2
(delay: short, long) repeated-measures design, as shown in Table 2. The dependent variables were
response accuracy and RT during the test phase. The O-S delay manipulation was applied to test trials

only.
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Stimuli. As shown in Table 2, as well as the two main discriminative stimuli (S1 and S2), a
third discriminative stimulus (S3) was used as the control stimulus. Green/blue screens were
randomly assigned to S1 (Stimulus 1) or S2 (Stimulus 2) for each participant. S3 was the same screen
colour for all participants — yellow. Pringles/jellybeans were randomly assigned to O1 (Outcome 1) or

02 (Outcome 2) for each participant. Left/right responses were also randomly assigned to R1

(Response 1) or R2 (Response 2) for each participant.

Table 2: Experiment 1 design: 3 (congruency: congruent, incongruent, baseline) by 2 (delay: short,

long)
Instrumental Training Test
Stimulus  Response  Outcome Outcome  Stimulus Correct Response  Congruency Delay
Rl = O1 st R1 Congruent ~ Snortdelay
Long delay
S1 01
Short delay
R2 = S2 R1 Incongruent Long delay
R2 = 02 ) R2 Congruent ~ Srortdelay
Long delay
S2 02
Short delay
Rl = S1 R2 Incongruent Long delay
. Short delay
Rl wp I 01 S3 R1 Baseline Long delay
S3
R2 — @ 02 3 R2 Baseline ~ orortdelay
Long delay

Note. S1, S2 and S3 represent the screen colour (green/blue/yellow), R1 and R2 represent
instrumental responses (left/right), and O1 and O2 represent food outcomes (jellybeans/Pringles). @

represents “no outcome”.

Procedure. Experiment 1 was conducted using our in-person method (Method 1). At the

beginning of the experiment, each participant was presented with a series of self-report measures of

individual differences on-screen to be completed directly before the experiment. Details of these self-

report measures will be discussed in Chapter 5. A joystick was then positioned in front of each

participant. Participants were instructed to hold onto the joystick throughout the experiment and to

keep the cursor central (unless they are making their responses). Before the instrumental training

phase, participants were told that they could earn Pringles and jellybeans points by moving the cursor
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left and right, and that they would need to learn the relationship between the screen colour, response,
and food picture. They were also told to respond as quickly as possible on each trial because the
number of points earned are related to the speed to which they respond, as demonstrated in Table 3.

Table 3: Number of points earned during training, based on reaction time (RT)

Reaction Time (ms) Points

[y
o

Less than or equal to 200
201-400
401-600
601-800
801-1000
1001-1200
1201-1400
1401-1600
1601-1800
1801-2000
More than 2000

O P, N W & 01 O N 00 ©

The participants completed six practice training trials (two of each training trial type). At the
start of each practice training trial, the target zones for the instrumental responses were highlighted on
the screen, as shown in Figure 1. These target zones were two rectangles, one on the far-left and one
on the far-right, both the full height of the screen, which indicated to participants where they needed
to move the cursor (to the left or right) for a response to be registered. Each training trial also began
with a fixation cross, presented centrally and in grey, with the statement “Please centralise the
cursor”. Once the cursor was centralised, the fixation cross turned black (500ms), before being
replaced by one of the discriminative stimuli S1 or S2 (background screen colour). Participants then
moved the cursor as quickly as possible to make their left or right response, using the joystick.

During training, correct responses were reinforced with points. The number of points that the
participants earned on any given training trial depended on how quickly they responded, as shown in
Table 3 detailing the RT-points conversion rate. Once the response was made, a picture of the reward
(jellybeans or Pringles) was presented, along with the points earned on that trial. An exception to this
rule was that, if the correct response was registered after 2 s of the stimulus appearing onscreen, a

message appeared stating that the response was too slow.
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Please centralize the cursor

Left Mouse zone + Right Mouse zone

N J N J/

Figure 1: Example of screen layout showing target zones where participants make their instrumental

responses during practice training trials.

The practice training trials were followed by 252 instrumental training trials. This training
phase was separated into three blocks of 84 trials, with 28 trial types in each block, as shown in Table
2. Each block was separated by a two-minute break. The only difference between practice and training
trials was that the screen no longer showed target response zones on the training trials.

At the end of the training phase, participants completed four blocks of 16 test trials. These 16
test trials consisted of four presentations of each baseline trial type (O1-S3 and 02-S3), and two
presentations of each congruent trial type (O1-S1 and O2-S2) and incongruent trial type (O1-S2 and
02-S1). The interval between the presentation of the outcome (O) and the stimulus (S) on test was
manipulated to create two conditions: short delay (2-3 seconds) verses long delay (10-11 seconds).
The precise delay on any given trial was randomly determined between the upper and lower limits.
Half of each trial types within each block were presented with a short O-S delay, the remainder with a
long O-S delay. Each test trial began with the fixation cross from the training phase, indicating that
participants should centralise their cursor. Once the cursor was centralised, one of the outcome
pictures from the training phase (jellybeans or Pringles) was presented centrally for 2000ms to
indicate which outcome the participant should respond for on that trial. Participants had to then

perform the correct instrumental response, shown in Table 2, as quickly as possible once the screen

22



changed colour and were told they would lose points if they moved the cursor before the screen
changed colour. Participants were not told how many points they earned on each test trial, but they
were told that points were still accumulating. The trial ended if the cursor was moved at any point
before the onset of the stimulus, and the participants were informed that they had moved the cursor
too early. At the end of the test phase, participants were given a randomly determined (range 3-6)

number of each Pringles and jellybean reward for consumption.
Results

Exclusions. We chose to exclude participants who achieved less than 80% accuracy on the
final test, because we were concerned that these participants may have misunderstood the instructions.
Specifically, participants who performed poorly on the final test may have thought that they were to
respond to the stimulus (screen colour) that was presented on each test trial, rather than the outcome.
This would produce a large congruency effect (good performance on congruent trials but
comparatively poor performance on incongruent trials), but it would not be a true demonstration of
habitual responding. Participants who were simply making the same response for all trials would have
scored 50% overall accuracy, which would be an indication of lack of understanding or effort rather
than habitual behaviour. Similarly, those who misunderstood the instructions and responded
consistently for the stimulus instead of the outcome picture would have scored 50%. In order to be
cautious, we therefore took 80% accuracy during the test as a conservative cut-off for differentiating
participants who showed a lack of understanding or effort from those showing habitual behaviour.
Any demonstration of a congruency effect under these circumstances would be against the backdrop
of good overall performance, which would suggest that the participant had understood the test
instructions. Five participants were removed for achieving less than 80% accuracy on the test trials,
leaving 36 participants (31 females, 5 males).

Training. As can be seen in Figure 2, participants achieved over 90% correct responses after
the initials 42 trials and maintained that accuracy throughout the remaining practice trials. This
indicates that they learnt the S-R-O contingencies quickly during the training phase. It is also

important to note that they were training well beyond the point where they had reached asymptote.
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Figure 2: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 1
(excluding trials with baseline stimuli). Over 90% correct responses are shown after the initials 42
trials. Error bars represent the standard error of the mean for each training trial interval.

Test accuracy. Figure 3 shows the mean percentage of correct responses in the test, separated
by congruency and delay condition. Error bars represent difference-adjusted, 95% within-subjects
confidence intervals (Baguley, 2012). The graphs shows that accuracy was higher during congruent
trials than baseline trials and incongruent trials. This was supported by a 3 (congruency condition:
congruent, incongruent, baseline) x 2 (delay condition: short, long) repeated-measures ANOVA,
which revealed a significant main effect of congruency condition F(2,70) = 9.93, p < .001, generalised
eta squared (ng?) = .06. The Bayes Factor analysis provided extreme evidence for this congruency
effect, BF1o > 100. In order to unpack the differences found in the ANOVA, a series of paired t-tests
were run to compare the effects of two congruency conditions. Participants performed more
accurately on congruent trials than baseline trials. t(71) = 3.05, p = .003, d, = 0.47, BF1, = 8.76, and
incongruent trials, t(71) = 3.72, p < .001, d, = 0.69, BF1o = 59.05, as shown in Figure 3. Accuracy on
baseline and incongruent trials did not differ, t(71) = 1.29, p = .20, d, = 0.24, BF10 = 0.29. There was a
significant main effect of delay, with higher accuracy on long trials than short trials, F(1, 35) = 4.62, p

=.04, ng? = .01, although these results should be treated with caution as the Bayes Factor was
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inconclusive, BFio = 1.04. Figure 3 suggests that delay had a greater effect on accuracy during
incongruent trials than congruent or baseline trials, with accuracy higher after a long delay than a
short delay. However, the congruency by delay interaction was not significant, F(2, 70) = 2.26, p =
.11, ng2 = .02. A Bayes Factor was inconclusive, BFio = 0.59, which therefore, did not provide

evidence of a null hypothesis.
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Figure 3: Bar graph of mean accuracy (%) for congruency and delay conditions in Experiment 1
(n=36). Higher accuracy is shown in the congruent trials than the incongruent or baseline trials, for
both delay conditions. Error bars represent difference-adjusted, 95% within-subjects confidence
interval.

Test reaction times. Figure 4 shows the mean reaction times during the test phase, for trials
in which the correct response only was performed. The graph shows that reaction times were similar
for congruent and incongruent trials and were slower overall for baseline trials. A 3 (congruency
condition: congruent, incongruent, baseline) x 2 (delay condition: short, long) repeated-measures
ANOVA revealed a significant main effect of congruency, F(2, 70) = 6.60, p = .002, ns®> = .01.
However, the Bayes Factor was inconclusive, BFio = 1.73. Therefore, these results should be treated
with caution. Subsequent simple-effect comparisons showed that participants responded significantly
more slowly on baseline trials than congruent trials, t(71) = 3.88, p <.001, d; = 0.71, BF10 = 95.00 and

incongruent trials, t(71) = 2.82, p = .006, d, = 0.44, BF1o = 4.94. No significant difference in reaction
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times was observed between congruent and incongruent trials, t(71) = 0.48, p = .63, d, = 0.08, BF1 =
0.14.

There was a significant main effect of delay, with participants performing more quickly after
a long delay than a short delay, F(1, 35) = 32.07, p < .001, ng? = .04. The Bayes Factor analysis
provided extreme evidence for this RT difference, BF1o > 100. However, there was no congruency by
delay interaction, F(2, 70) = 0.50, p = .61, ng? = .0006, BF10 = 0.12.
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Figure 4: Bar graph of mean reaction times (ms) for congruency and delay conditions in Experiment
1 (n=36). Faster responses are shown in the long delay condition than the short delay condition, for
all congruency conditions. Error bars represent difference-adjusted, 95% within-subjects confidence
interval.

Discussion

Experiment 1 aimed to explore whether our instrumental task with a congruent verses
incongruent trial manipulation could get a congruency effect, with the use of a baseline condition for
further comparison. Additionally, Experiment 1 incorporated a O-S delay manipulation during test
trials to see if this would have an impact on the main congruency effect. Participants were given
instrumental S:R-O training and were then required to execute goal-directed actions to earn jellybeans
and Pringles reward points on test. The results suggest that in Experiment 1, goal-directed actions

(e.g., R1 to obtain O1) were affected by the presentation of stimuli that signalled that a response could
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now be made. In particular, accuracy on incongruent test trials (e.g., when the signal that responses
for O1 could now be made was the presentation of S2) was lower than accuracy on congruent trials
(e.g., when the signal that responses for O1 could now be made was the presentation of S1). There
was no difference between performance on incongruent and baseline trials in Experiment 1. This
suggests that performance on congruent trials was enhanced by the presentation of the compatible
stimulus (e.g., S1 following O1), relative to the other two conditions; the compatible stimulus on
congruent test trials appeared to help participants to respond accurately. Therefore, the results of
Experiment 1 appear to show evidence of ‘action promoters’ rather than ‘action slips’.

While Experiment 1 seems to provide evidence of ‘action promoters’, it is worth considering
the differences between the baseline stimulus, S3, and the other stimuli, S1 and S2. This is a reason to
guestion that the current congruency effect is evidence for a stimulus-supported enhancement of
performance in the congruent condition (i.e., that the effect of stimuli on congruent trials is
faciliatory), rather than action slips in the incongruent condition. Stimulus S3 was never followed by
reward, whichever response was executed during training. This may have led to some frustration for
the participants; there was no ‘correct’ response to the baseline stimulus S3 during training. Perhaps
then, stimulus S3 became an aversive stimulus, and this negative value interfered with performance
on baseline test trials (e.g., O1 followed by S3). Alternatively, perhaps the salience of S3 was
maintained throughout training, in a way that the salience of S1 and S2 was not. One speculative
possibility is that S3 was more salient on test than S1 and S2 because it was not followed by
consistent responses in training (e.g., Pearce & Hall, 1980); there was no correct response to S3, so
responses would have been chosen at random. This increased salience of S3 may then have distracted
the participant and prevented fast/accurate responding on test. Consistent with this idea, presentation
of S3 slowed responding (longer RTs were seen to S3 than to S1 and S2) on test. It would appear that
it was difficult to execute the chosen response on test in the presence of S3. Of course, there is the
possibility that it was the actual colour (yellow) that made this stimulus more salient, given that it was
not counterbalanced.

The analysis above points to a more general issue about appropriate control conditions in

experiments such as the one presented here. Stimuli S1 and S2 and outcomes O1 and O2 are exactly
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equated in the current design. It is not, however, possible to create a baseline condition that is equal in
its motivational and attentional properties to the two experimental conditions. A novel S3 on test
might be more salient, and a familiar S3 that was not involved in instrumental training might be
aversive. An S3 that was followed by reward regardless of the response made may also become more
salient. In line with this, Le Pelley et al. (2016) propose a simple model where salience is increased
when associative strength is high. Hence, wherever the observed baseline response accuracy lies
relative to the experimental congruent/incongruent conditions, it may have been artificially increased
or decreased by factors that are irrelevant to the experimental manipulation. It would probably be
possible to produce a baseline condition that generates high accuracy and, therefore, apparent
evidence that incongruent trials interfere with responding (e.g., using a low salience colour, varying
the training parameters until you produced a low-salience, non-aversive stimulus), but what would
that actually show? On reflection, we feel that perhaps the baseline condition implemented here is of
limited utility. In the subsequent experiments, we removed the baseline condition, leaving the simpler
and more elegant bidirectional control design. The issue of whether there is response facilitation on
congruent trials or interference on incongruent trials will, therefore, be left open.

Our results showed that the delay manipulation did not affect the number of action slips
observed (short versus long delay between presentations of outcome O and stimulus S). Our
expectation was that, in the short delay condition (2-3s between O and S), participants would find it
harder to think of the correct response before the stimulus S was presented. This might lead to more
stimulus-consistent responses (errors) on incongruent trials. Whilst the congruent-incongruent
difference in accuracy was larger for the short delay condition (around 5%) than the long delay
condition (around 2%), the analysis did not show a significant congruency by delay interaction. One
explanation for the absence of any effect of delay on action slips is simply that the delay manipulation
was not strong enough in this experiment. Perhaps no delay at all is needed to see an increase in
action slips.

A second, more complex, possible reason why we saw no effect of delay on action slips might
have been that there were two processes in operation, one facilitated by the short delay and one by the

long delay, which cancelled one another out. For example, it may be that the short delay condition
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allows easy maintenance of the goal in working memory (Schooler et al., 2011), but the long delay
condition allows greater time for the participants to prepare their response. That is, the short delay (2-
3s) may not always have been enough time for participants to prepare the appropriate response R for
that trial (given the presented outcome O). This would then lead to an increase in action slips on short
incongruent trials. Some support for this hypothesis comes from the observation that overall
responding was faster on long delay trials than short delay trials, as shown in Figure 4. Hence, the
failure to see a difference in the size of the action slip effect between the long and short delay
conditions may have been due to better response preparation in the long delay condition and lower
mind-wandering in the short delay condition.

The main finding from Experiment 1 was that performance on incongruent trials produced
poorer performance than on congruent trials, which provides prima facie evidence for action slips.
These findings are similar to those in automatic processing tasks, such as the Stroop task (Stroop,
1935), but with the incorrect response trained during the instrumental task. It is possible that the
salient yellow stimulus in the baseline condition, which we decided was unlikely to be helpful in
identifying the source of the congruent-incongruent difference in accuracy, may have nevertheless
influenced participants’ performance in the two crucial conditions. In a subsequent experiment, we

sought to replicate the congruency effect, but without a baseline condition.
Experiment 2 — O-S delay online

In Experiment 2, we aimed to see if the congruency effect could also occur when the
experiment is run online in a less controlled environment. We also aimed to further explore the delay
manipulation. We used the same task as Experiment 1, but this time applied the online method

(Method 2).
Method

Participants. Forty-one undergraduate psychology students (35 females, 6 males) from the
University of Plymouth participated in exchange for course credit. The participants were aged

between 18 and 52 years (M = 25.27 years, SD = 7.34 years).
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Design and Procedure. The experiment followed a 2 (congruency condition: congruent,
incongruent) by 2 (delay condition: short delay, long delay) repeated-measures design. The design and
procedure were the same as Experiment 1, except in the following respects. We omitted the baseline
condition, so only green and blue background screen colours were used, as shown in Table 1
illustrating Experiment 2’s design. Participants completed four blocks of eight test trials. These eight
trials within each block consisted of presentations of each congruent trial (O1-S1 and 02-S2) and

each incongruent trial (O1-S2 and O2-S1) presented both with and without the delay task.
Results

Exclusions. The exclusion criteria from Experiment 1 were applied. Twelve participants were

removed for achieving less than 80% accuracy on the final test, leaving 29 participants (25 females, 4

males).

Training. Figure 5 shows, as in Experiments 1, the participants learnt the contingencies

quickly, with a long period during which participants were asymptote.
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Figure 5: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 2. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.
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Test response accuracy. Figure 6 shows the mean percentage of correct responses during the
test, separated by congruency and delay conditions. The results shown in Figure 6 suggest that the
participants were more accurate on congruent trials than incongruent trials, and that this pattern was
not affected by the delay manipulation. A 2 (congruency condition: congruent vs. incongruent) by 2
(delay condition: short delay vs. long delay) repeated-measures ANOVA confirmed this conclusion.
Most importantly, there was a significant main effect of congruency on response accuracy, F(1, 28) =
7.71, p = .010, d; = 0.52, BF1, = 7.74, with higher accuracy during congruent trials than during
incongruent trials. There was no significant effect of delay, F(1, 28) = 0.38, p = .541, BF1,=0.23, or a
congruency x delay interaction, F(1, 28) = 0.38, p = .541. A Bayes Factor analysis confirmed that
there is moderate evidence that accuracy did not differ between long and short delay trials, BF1o =

0.31.
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Figure 6: Bar graph of mean accuracy (%) for congruency and delay conditions in Experiment 2
(n=29). Higher accuracy is shown in the congruent trials than the incongruent trials, for both delay
conditions. Error bars represent difference-adjusted, 95% within-subjects confidence intervals.

Test reaction times. As in Experiments 1, a comparable analysis was conducted on the RTs
for correct trials only at test. Figure 7 shows that reaction times were slower during incongruent trials
than congruent trials. This was supported by ANOVA and Bayes Factor analyses, which showed a

significant main effect of congruency on RT, F(1, 28) = 8.05, p =.008, d, = 0.53, BF1p = 5.37. There
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was also a main effect of delay condition on RT, F(1, 28) = 25.42, p <.001, d; = 0.94, and the Bayes
Factor provided extreme support for this, BF1o > 100, with participants responding more quickly on
long delay trials than short delay trials. No significant congruency x delay interaction, F(1, 28) =
0.42, p =.524, BF1 = 0.30, was observed.
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Figure 7: Bar graph of mean reaction times (ms) for congruency and delay conditions in Experiment
2 (n=29). Faster responses are shown in the long delay condition than the short delay condition, for
both congruency conditions. Error bars represent difference-adjusted, 95% within-subjects
confidence intervals.

Discussion

Experiment 2 was a replication of Experiment 1 but using our online method (Method 2) to
see if the congruency effect could be replicated in a less controlled setting. Additionally, the baseline
condition was removed as it appeared to be of limited utility. In line with Experiment 1, we found a
highly significant congruency effect on accuracy in Experiment 2. These results suggest that even
when we apply a less controlled online procedure, we find evidence of action slips in our experiments.
Furthermore, the RT pattern suggests that the accuracy data were not due to a speed accuracy trade
off. Rather, the data suggests that the incongruent trials were harder, with lower accuracy and higher
RTs. This finding has methodological implications, as it shows that the experiment can be run

remotely, which allows greater scope for reaching a wider target population. Running online
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experiments can also be particularly beneficial in times where it is not possible to conduct face-to-face
research, such as during the pandemic.

Whilst Experiment 1 found a significant main effect of delay on accuracy, we found no
significant main effect of delay in Experiment 2. Furthermore, there was no delay x congruency
interaction in Experiment 1 or Experiment 2. If the delay manipulation was influencing the
congruency effect, we would expect to see a congruency X delay interaction, which was not the case
for either Experiments. In Experiment 1, the action slips were, if anything, larger in the short delay
condition. However, in Experiment 2, it was the reverse. As previously mentioned, Experiment 1 was
conducted in a lab rather than online, with a joystick rather than a mouse/trackpad. These factors
could have contributed to the differing delay effects between Experiment 1 and Experiment 2. As
previously mentioned, one account of the greater errors on short delay trials in Experiment 1 is that
goal-directed control is disrupted when there is less time to prepare responses in advance; goal-
directed behaviour — preparing the response that is appropriate to earn the outcome — is time
consuming and effortful (Heyes & Dickinson, 1990), in comparison with automatic habitual
behaviour (e.g., S-R responding left to the green screen), which is fast and effortless. Therefore, when
there was less time to prepare a response (short O-S delay), more action slips are made. However, the
absence of the delay effect in Experiment 2 can also be explained using the dual-process theory. In the
online procedure, participants may have found it easier to physically prepare their responses, even in
short O-S delay trials, as they were using a trackpad or mouse to make their responses, rather than the
joystick used in the face-to-face procedure. However, during long O-S delays, there is more
opportunity for participants to get distracted from the task, and therefore revert to habitual behaviour
when the goal is no longer held in working memory. Previous research has shown that during a high-
demand task, mind wandering is associated with less accuracy and increases over time (Thomson et
al., 2014). Whilst this could be the case during long O-S delays in both Experiment 1 and Experiment
2, Experiment 2’s online procedure is less controlled, and therefore there are higher risks of external

distractions interfering with participants goal-directed behaviour during these long O-S delays.
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Experiment 3 — no O-S delay

As neither Experiments 1 or 2 found a significant congruency x delay interaction, but there
was a hint from Experiment 1 that accuracy is worse after short delays, we felt it was important to
replicate these experiments with an even shorter O-S delay. The aim of this was to see if there was an
effect on congruency when participants had no time to prepare their response at all. With this in mind,
Experiment 3 shortened the short O-S delay condition to almost no delay (500ms to 1 second) with
the expectation that this would increase action slips, in line with the dual process theory. We kept the
long delay the same as Experiments 1 and 2 (10-11 seconds). Experiment 3 used the face-to-face

procedure (Method 1).

Method

Participants. Forty-four undergraduate psychology students (35 females, 9 males) from the
University of Plymouth participated in exchange for course credit. The participants were aged
between 18 and 37 years (M = 21.95 years, SD = 4.47 years).

Design and Procedure. The experiment followed the same 2x2 (congruency x delay) design
as Experiment 2, demonstrated in Table 1, and used the same face-to-face procedure as Experiment 2
(Method 1), with the following exceptions. The interval between the presentation of the outcome (O)
and the stimulus (S) on ‘short delay’ test trials was decreased to 500ms to 1 second. We also doubled
the number of test trials that had previously been used to 64 test trials. This was done to allow a more
stable estimate of participant performance.
Results

Exclusions. The exclusion criteria from the previous experiments were applied. Nine
participants were removed for achieving less than 80% accuracy in test trials, leaving 35 participants
(29 females, 6 males).

Training. Figure 8 shows participants learnt the contingencies quickly, with a long period

(although slightly shorter than previous experiments) during which participants were at asymptote.
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Figure 8: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 3. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.

Test response accuracy. Figure 9 shows the mean percentage of correct responses during the
test, separated by congruency and delay conditions. The graph suggests that the participants were
more accurate on congruent trials than incongruent trials, and that this pattern was affected by the
delay manipulation. A 2 (congruency condition: congruent vs. incongruent) by 2 (delay condition:
short delay vs. long delay) repeated-measures ANOVA confirmed this conclusion. There was a
significant main effect of congruency on response accuracy, F(1, 34) = 12.14, p =.001, d, = 0.59, and
the Bayes Factor provided extreme support for this, BF1o > 100, with higher accuracy during
congruent trials than during incongruent trials. The main delay effect was also significant, F(1, 34) =
8.03, p =.008, d; = 0.48, with participants responding more accurately in long delay trials than short
delay trials. However, the Bayes Factor for the main delay effect was inconclusive, BFio = 1.79,
therefore, these results should be treated with caution. There was also a significant congruency x
delay interaction, F(1, 34) = 5.59, p = .024, but again, the Bayes Factor was inconclusive, BFo =

0.80, and actually pointed towards support for the null hypothesis, although anecdotal.
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Figure 9: Bar graph of mean accuracy (%) for congruency and delay conditions in Experiment 3
(n=35). Higher accuracy is shown in the congruent trials than the incongruent trails, with a greater
congruency effect in the long delay condition. Error bars represent difference-adjusted, 95% within-
subjects confidence intervals.

Test reaction times. Figure 10 shows, as in previous experiments, a comparable analysis was
conducted on the RTs for correct trials only at test. There was a significant main effect of congruency
condition on RT, F(1, 34) = 8.66, p = .006, d, = 0.50, BF1, = 5.15, with participants responding more
quickly on congruent trials than incongruent trials, as shown in the graph. There was also a main
effect of delay condition on RT, F(1, 34) = 17.12, p < .001, d, = 0.70, with participants responding
more quickly on long delay trials than short delay trials. A Bayes Factor analysis also provided
extreme evidence for this effect, BF1o > 100. No significant congruency x delay interaction on RT

was observed, F(1, 34) = 1.60, p = .215, BF1, = 0.36.
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Figure 10: Bar graph of mean reaction times (ms) for congruency and delay conditions in Experiment
3 (n=35). Faster responses are shown in the long delay condition than the short delay condition, for
both congruency conditions. Error bars represent difference-adjusted, 95% within-subjects
confidence intervals.

Discussion

Experiment 3 replicated the main procedure of Experiment 2 but applied the more controlled
environment of Experiment 1 (in a laboratory, using a joystick) and decreased the ‘short delay’
condition to almost no delay (500-1000 ms). Again, a main congruency effect was found, with
participants responding more accurately on congruent trials than incongruent trials. Experiment 3 also
replicated the main effect of delay found in Experiment 1 (not seen in Experiment 2). Again,
participants responded more quickly and more accurately on long delay trials than short delay trials,
suggesting that action slips are more likely to occur when the participant has no time prepare their
response. Most importantly, Experiment 3 found a significant congruency by delay interaction on
accuracy, which has not been found in previous experiments. This suggests that delay has a significant
effect on accuracy, but mostly on the incongruent trials. These results indicate that habitual behaviour

is more prominent where there is no delay between the presentation of the outcome and the stimulus.
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General discussion

In all three experiments, we appear to see evidence for habitual behaviour. Responding was
more accurate when the presented stimulus was congruent with the available outcome (i.e., O1
followed by S1, or O2 followed by S2) than when the stimulus was incongruent with the outcome
(i.e., O1 followed by S2, or O2 followed by S1). These results indicate that the stimuli S1 and S2
presented on incongruent trials disrupted goal-directed behaviour (Dickinson & Balleine, 1994);
participants’ accuracy appeared to be influenced by the stimuli presented, even though they were
instructed explicitly to ignore those stimuli.

While we have taken the difference in accuracy between the congruent and incongruent trials
as evidence of habitual behaviour, it is important to acknowledge that accuracy rates did not
significantly differ between the incongruent and baseline trials in Experiment 1. If accuracy had been
significantly poorer in the incongruent condition than the baseline condition (similar to de Wit et al.’s
biconditional control trials), it would have provided even stronger evidence of habitual control. That
said, it is difficult to interpret the function of the baseline trials, which is why we removed them from
subsequent experiments. A direct comparison of congruent and incongruent trials allows for a cleaner
experimental design, but we acknowledge that it is unclear at this stage whether the incongruent
stimuli interfere with goal-directed action, or whether the congruent stimuli facilitate goal-directed
action (or both).

In addition to the congruency manipulation, the delay between O and S on test was
manipulated in all three of the experiments in this chapter. This manipulation did not affect the
number of errors observed in Experiment 2 but did have a significant effect on the number of errors
observed in Experiments 1 and 3. The main difference here was that Experiments 1 and 3 were carried
out in a controlled lab environment, where participants used a joystick to make a response, whereas
participants completed Experiment 2 remotely online using either a mouse or trackpad. In
Experiments 1 and 3, participants made more errors on short delay trials than long delay trials. These
results suggest that participants’ opportunity to prepare their response in advance in long O-S delay

improved their accuracy. However, in trials with short O-S delays, participants did not appear to have
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enough time to prepare the correct response, and consequently may have reverted to S-R responses
(Hardwick etal., 2019). The online nature of Experiment 2 may have meant participants had
additional distractions during the long O-S delay which disrupted their goal-directed behaviour, which
could explain why the results differed in terms of the delay manipulation.

In Experiment 3, the short delay was decreased further to almost no delay. It is here that we
found a congruency x delay interaction. An interpretation of this is that by decreasing the short delay
to almost no delay, we made it even harder for participants to prepare their responses in advance on
these trials, reverting them to habitual behaviour. It is important to note that the Bayes Factor was
inconclusive, so these results should be treated with caution.

In addition to these findings, in all three experiments, shortening the delay increased
participants’ reaction times. It is worth bearing in mind that these reaction times are for accurate
responses only, so in order to respond accurately, it took participants more time to respond on short
delay trials than long delay trials. A dual process explanation of these results is that on long delay
trials, participants were able to hold the correct response in mind after presentation of the outcome
and made their response quickly after presentation of the stimulus. In short delay trials, on the other
hand, the sudden presentation of the stimulus did not allow participants enough time to prepare the
correct response in advance of stimulus presentation, causing a longer response time after the stimulus
was presented to make the correct response.

To summarise, Chapter 2 has presented clear congruency effects in our experiment, providing
evidence of action slips. The evidence for the effect of O-S delay is mixed at best. Decreasing O-S
delay had a tendency to increase the congruency effect. Although evidence for this effect was not
strong. We wanted to explore whether we could increase action slips through other experimental
manipulations. In addition to the congruency manipulation, Chapter 3 focuses on introducing working

memory manipulations to our experiments to explore this potential effect on action slips.
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Chapter 3 — Load and time pressure

As discussed in Chapter 1, goal-directed processes are thought to take up working memory
capacity, whilst automatic processes do not. Therefore, when there is competition between goal-
directed actions and habitual responses, increasing cognitive load is likely to increase automatic
behaviour (de Wit et al., 2013; Le Pelley et al., 2005). One way to test for automatic behaviour in
experiments is, therefore, to use a secondary cognitive task that requires participants’ working
memory. Cognitive load tasks, for example, are recognised as an effective way to exhaust working
memory capacity and, therefore, increase the potential to detect automatic behaviour (De Houwer &
Beckers, 2003; Wills, et al., 2011). An example of this is seen in De Houwer and Beckers’ forward
cue competition experiment. In a computer game task, participants first learnt that that firing a
particular weapon (A) was followed by the destruction of a tank. Later, weapon A was fired
simultaneously with a new weapon (B), which also led to the destruction of the tank. Participants
were then asked to rate the extent to which weapon B caused the destruction of the tank. The causal
status of B was uncertain, as it always occurred in the presence of A, which was known to destroy the
tank independently of B. However, the authors found that participants gave higher ratings for the
extent to which B was considered to cause the tank’s destruction (a reduced blocking effect) when
they were under additional working memory load, compared to no load. Therefore, applying
additional working memory load interfered with participants’ ability to reason that the causal status of
B was uncertain. Instead, they responded based on the contiguity between weapon B and the
destruction of the tank. The authors argued that the load task prevented the operation of the reasoning
processes that would otherwise have reduced the ratings of the efficacy of the tank (cue B).

To explore whether reducing participants’ working memory capacity leads to more action
slips in our experiments, we embedded an additional task during the O-S delay in half of the trials in
Experiments 4-6. This additional task was designed to create a distraction or increase cognitive load
on half of the trials, reducing participants’ working memory capacity and, therefore, increasing action

slips in these trials.
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Applying time pressure in experimental tasks is another manipulation that is thought to
increase action slips (Buabang et al., 2023). According to dual-process theories, goal-directed
processes operate relatively slowly (Moors & De Houwer, 2006). Therefore, stimulus-driven
responses may become apparent when examining responses that are generated under strict time
constraints. One example of existing research demonstrating this effect of time pressure is Hardwick
et al. (2019). They conducted an experiment where participants were trained to make specific
responses when presented with specific visual stimuli. Participants received either moderate or
extensive training. In a subsequent reversal phase, two of the trained stimulus-response associations
were reversed. The test phase then involved four different levels of time restraints. The results showed
that more action slips were made by participants in the extensive training group when they were under
greater time pressure. Experiment 7 explores whether time pressure has an effect on action slips in our
experiments, using a between-subject design. Half of the participants are presented with the original
procedure from Chapter 1, where they are told that their points depend on the speed of their response
and that they lose points if they respond too slowly. The remaining participants are told to focus on
responding as accurately as possible, with no mention of speed.

In line with Chapter 2, we expected to find a congruency effect in each of Chapter 3’s
experiments, with more action slips on incongruent trials. The idea behind applying a cognitive load
task to our experiments during the O-S delay is that it requires more of participants’ working memory
capacity, reducing their ability to keep the goal in mind across the O-S delay. Therefore, we expected
any congruency effect to be exaggerated by increasing distraction or cognitive load tasks in
Experiments 4-6. In Experiment 7, we expected to see a larger congruency effect for participants in
the ‘time pressure’ condition used in previous experiments, compared with those in the ‘no time
pressure’ condition. The reasoning behind this is that removing the time pressure is thought to free up

working memory capacity. Therefore, it will be easier for participants to keep the goal in mind.
Experiment 4 — distraction task

Experiment 4 applied the ‘in-person’ experimental design detailed in Chapter 1. A distraction

task was embedded between O and S presentation on half of the test trials. We used a moderate O-S

41



delay of 3-4s for all test trials, to allow time to implement the distraction task between presentation of
the outcome (O) and stimulus (S) on test trials. On distraction trials, a photograph of a person was
presented, and participants were asked to rate verbally how much they liked each photograph. This
was meant as a mild distraction to trigger mind wandering (Schooler et al., 2011), as a larger
distraction may also affect participants’ performance on the congruent trials, reducing all responding
to chance. Our hypothesis was that the distraction task might disrupt the maintenance of the goal in
working memory and therefore render the participants more susceptible to influence of the
incompatible stimulus on incongruent trials.

Overall, the experiment utilised the same training procedure as Experiments 1-3 and
manipulated O-S congruence and distraction on test orthogonally. We predicted that performance
would be poorer on incongruent trials than congruent trials, and that this difference would be more

marked when a distraction was present.

Method

Participants. Sixty-six undergraduate psychology students (57 females, 9 males) from the
University of Plymouth participated in exchange for course credit. The participants were aged
between 18 and 34 years (M = 20.41 years, SD = 2.87 years).

Design and Stimuli. The experiment followed a 2 (congruency condition: congruent,
incongruent) by 2 (distraction condition: distraction, no distraction) repeated-measures design. Thirty
photographs of famous people (faces only) were used for the distraction manipulation, as shown in
Appendix 1.

Procedure. The procedure was the same as Experiment 3, with the following exceptions. On
test, there was a 3-4s delay between the presentation of the outcome and the stimulus on every test
trial. On distraction trials, if the joystick was kept central throughout the delay, a photograph of a
person was presented (also throughout the delay). Each photograph was individually presented with a
white background and placed in the centre of the screen. Participants were asked to verbally rate how
much they liked each photograph, using a scale between 1 (“Don’t like at all””) and 7 (“Like very

much”). On ‘no distraction’ trials, the screen remained blank for an equivalent duration.
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Participants completed four blocks of eight test trials, as shown in Table 1. These eight trials
consisted of presentations of each type of congruent trial (O1-S1 and O2-S2) and each type of
incongruent trial (O1-S2 and O2-S1), each with and without the distraction task.

Results

Exclusions. The exclusion criteria from previous experiments were applied. Nineteen
participants were removed for achieving less than 80% accuracy in test trials, leaving 47 participants
(39 females, 8 males).

Training. Figure 11 shows, as in previous experiments, participants learnt the contingencies

quickly, and mean accuracy during training remained above 95% after the first 40 trials.

100

95

20

Accuracy (percent)

85

80

75
0-40 41-80 81-120 121-160 161-200 201-240

Trial block

Figure 11: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 4. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.

Test response accuracy. Figure 12 shows the mean percentage of correct responses on test,
separated by congruency and distraction conditions. The graph suggests that the participants were
more accurate on congruent trials than incongruent trials, and that this pattern was not affected by the
distraction manipulation. A 2 (congruency condition: congruent vs. incongruent) by 2 (distraction

condition: distraction vs. no distraction) repeated-measures ANOVA confirmed this conclusion. Most
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importantly, there was a significant main effect of congruency on response accuracy, F(1, 46) =

10.49, p =.002, d, = 0.47, ng? = .06, with higher accuracy on congruent trials than on incongruent
trials. A Bayes Factor analysis provided extreme support for this congruency effect, BFio > 100. There
was no effect of distraction on accuracy, F(1, 46) = 0.61, p = .44, ng> = .002, BF1, = 0.18, or
congruency x distraction interaction, F(1, 46) = 0.09, p = .76, ng> = .0004, BF1o = 0.22, with both

Bayes Factors providing evidence for the null hypothesis.
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Figure 12: Bar graph of mean accuracy (%) for congruency and distraction conditions in Experiment
4 (n=47). Higher accuracy is shown in congruent trials than the incongruent trials, for both
distraction conditions. Error bars represent difference-adjusted, 95% within-subjects confidence
intervals.

Test reaction times. Figure 13 shows, as in previous experiments, a comparable analysis was
conducted on the RTs for correct trials only at test. There was a main effect of distraction condition,
F(1, 46) = 18.65, p <.001, d, = 0.63, ny? = .04, with participants responding more quickly on no
distraction trials than distraction trials. A Bayes Factor analysis provided extreme support for this
distraction effect, BF1o > 100. No effect of congruency condition, F(1, 46) = 2.92, p = .09, ng2 = .004,
BF10 = 0.48, nor congruency x distraction interaction, F(1, 46) = 0.10, p = .75, ng2 = .0001, BF o =

0.23, was observed.
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Figure 13: Bar graph of mean reaction times (ms) for congruency and distraction conditions in
Experiment 4 (n=47). Faster responses are shown in the no distraction condition than the distraction
condition, for both congruency conditions. Error bars represent difference-adjusted, 95% within-
subjects confidence intervals.

Discussion

As in previous experiments, participants made more errors on incongruent trials than
congruent trials, supporting the evidence for action slips found in Chapter 2. We predicted a reduction
in working memory capacity would increase the number of errors on incongruent trials. However, our
distraction manipulation had no impact on the number of action slips observed. The faces task was
only a light distraction; therefore, it may have been insufficient to affect participants’ accuracy.
Having said this, the distraction task slowed participants’ responses, suggesting it had some impact on
performance in the experiment. A simple explanation for this, based on Luque et al.’s (2020) findings,
is when trials became more difficult, participants compensated by taking longer to respond. Thus,
accuracy was not affected by the distraction task. It is reassuring that Experiment 4 replicated the
action slip effect seen in the experiments from Chapter 2, and that the distraction task had an impact.
However, participants seem to have been able to maintain accuracy despite this impact. In order to
further explore the effect of working memory on action slips, we implemented a task that imposes a

higher cognitive load than the faces task of the current experiment.
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Experiment 5 — online load

Wills et al. (2011) used a more challenging load task to reveal perhaps more automatic
associative processes in a contingency learning task. Their load task requires participants to remember
number sequences during a transfer test where working memory is occupied at the point of
responding. They found that this concurrent load task generated a switch from rule-based to a simpler
feature-based generalisation in their causal learning task. Experiment 5 aimed to further explore the
effect of cognitive load on action slips by embedding Wills et al.’s cognitive load task into half of the
test trials between the O and S presentation. As our previous experiments found a significant main
effect of congruency on accuracy, we expected to find the same effect in Experiment 5. Whilst
Experiment 4 found no effect of distraction on accuracy, we were investigating whether a cognitive
load manipulation would have this effect in Experiment 5, as it was designed to impose higher

cognitive load on participants than Experiment 4.
Method

Participants. Sixty-one participants (27 females, 34 males) were recruited via Prolific and
took part in the experiment. The participants were aged between 20 and 70 years (M = 38.30 years,
SD =12.62 years).

Design, Stimuli and Procedure. Experiment 5 used the ‘online” (Method 2) experimental
design described in Chapter 1, with the same 2 (congruency condition: congruent, incongruent) by 2
(load condition: load, no load) repeated-measures design used in Experiment 4. To allow time to
implement the cognitive load task, all test trials had a delay of 10-11 seconds between presentation of
O and S. Half of the test trials involved a working memory task for participants to complete during the
delay, creating a ‘cognitive load’ manipulation. The imposed ‘load” was a digit-span test. Six random
numbers were played sequentially, through headphones. Participants were instructed to remember
these numbers in sequence. After they heard the 6 numbers, they had to keep the cursor centred whilst
they waited for the screen to change colour to make their response. After making a response,
participants were presented with a number on screen and were asked to respond by selecting the

number they heard next in the sequence via the keyboard. Hence, if they heard “3, 4, 6, 1, 5, 2 during
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the O-S delay, and were presented with “6” after they had made their response, they were required to
select “1” using the keyboard. As the cognitive load manipulation was reliant on participants hearing
the numbers played through the headphones, an audio check was added to the beginning of the
experiment. During the audio check, participants were unable to continue to the next screen until they

correctly typed the two words played to them through the headphones, using the keyboard.
Results

Exclusions. The exclusion criteria from previous experiments were applied. Eight
participants were removed for achieving less than 80% accuracy on the final test, leaving 53
participants (25 females, 28 males).

Training. As in previous experiments, Figure 14 shows participants learnt the contingencies
quickly, reaching around 90% accuracy by training trial 40. However, there does tend to be a slower

pattern for online experiments, compared to face-to-face experiments.
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Figure 14: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 5. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.
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Test response accuracy. Figure 15 shows the mean percentage of correct responses during
the test, separated by congruency and load conditions. The graph suggests that the participants were
more accurate on congruent trials than incongruent trials and made more errors on load trials than no
load trials. A 2 (congruency condition: congruent vs. incongruent) by 2 (load condition: load vs. no
load) repeated-measures ANOVA confirmed that there was a significant main effect of congruency on
response accuracy, F(1, 52) = 10.36, p = .002, d, = 0.44, with higher accuracy during congruent trials
than during incongruent trials. A Bayes Factor analysis provided extreme support for this congruency
effect, BF10 > 100. Whilst there was lower accuracy on load trials than no load trials, this effect was
not significant and the Bayes Factor was inconclusive, F(1, 52) = 3.39, p =.071, d; = 0.25, BFyo =

0.61. There was also no congruency % load interaction, F(1, 52) = 1.48, p =.229, BF1o = 0.24.
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Figure 15: Bar graph of mean accuracy (%) for congruency and load conditions in Experiment 5
(n=53). Higher accuracy is shown in congruent trials than incongruent trials, and more errors in the
load condition than the no load condition. Error bars represent difference-adjusted, 95% within-
subjects confidence intervals.

Test reaction times. Figure 16 shows, as in previous experiments, a comparable analysis was
conducted on the RTs for correct trials only at test. There was a large main effect of load condition,
F(1, 52) = 69.94, p <.001, d, = 1.15, BF1 > 100, with participants responding more quickly on no

load trials than load trials. No significant effect of congruency condition, F(1, 52) = 1.62, p = .208,
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BF10 = 0.21, was observed, and the congruency x load interaction, F(1, 52) = 3.41, p = .071, BFy =

0.66, was inconclusive.
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Figure 16: Bar graph of mean reaction times (ms) for congruency and load conditions in Experiment
5 (n=53). Faster responses are shown in the no load condition than the load condition, for both
congruency conditions. Error bars represent difference-adjusted, 95% within-subjects confidence
intervals.

Discussion

Consistent with previous experiments, there was a significant congruency effect on accuracy.
Whilst accuracy appeared to be lower on incongruent trials in the load condition than in the no load
condition, there was no main effect of load or interaction between the two factors. This suggests that
our O-R procedure does not require a great deal of working memory capacity. However, there was a
large effect of load on RTs for correct responses. As in Experiment 4, a simple explanation for this is
that participants prioritise accuracy over response time and compensate on the more difficult load
trials by responding more slowly to ensure high accuracy. There was no significant difference in RTs
between congruent and incongruent trials, suggesting that main effect of congruency on accuracy was
not due to a speed accuracy trade off. Most importantly, there was no congruency x load interaction.
Therefore, there was no evidence for the effect of cognitive load on habitual behaviour. One

explanation for this is that environmental conditions outside of experimenter control could have
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affected participants’ working memory throughout the experiment, regardless of trial condition. As
participants completed Experiment 5 remotely online, we were unable to monitor the conditions of
their surrounding environment. Although participants were instructed to complete the experiment in a
quiet setting, this experiment was conducted during a ‘lockdown’ phase of the pandemic. Therefore,
potential distractions in participants’ home environments may have been unavoidable and may have
reduced working memory capacity even on ‘no load’ trials. It felt important to replicate this
experiment using our in-person method (Method 1) to see if we would observe a load effect on action

slips when there is less risk of external distractions.
Experiment 6 — lab load mouse

Experiment 6 aimed to explore the same cognitive load manipulation of Experiment 5 under
more controlled conditions. The same ‘online’ programme from Experiment 5 was used. However,
Experiment 6 ran the programme in the lab with an experimenter present. The only adjustment to the
programme itself was the number of test trials, which were doubled to allow more opportunity to
observe action slips, as accuracy in all previous experiments had been consistently high. Responses
were made using a mouse rather than a joystick, as a joystick was not compatible with this web-based

version of the experiment.

Method

Participants. Eighty undergraduate psychology students (55 females, 22 males, 3 other) from
the University of Plymouth participated in exchange for course credit. The participants were aged
between 18 and 41 years (M = 20.28 years, SD = 3.56 years).

Design, Stimuli and Procedure. The experiment followed the same 2 (congruency condition:
congruent, incongruent) by 2 (load condition: load, no load) repeated-measures design as Experiment
6. This experiment, however, was run in the laboratory for a more controlled environment (Method 1).
Two additional changes were made: a mouse was used instead of a joystick and the number of test

trials was doubled to 64.

50



Results

Exclusions. The exclusion criteria from previous experiments were applied. Fourteen
participants were removed for achieving less than 80% accuracy in test trials, leaving 66 participants
(47 females, 16 males, 3 other).

Training. Figure 17 shows, as in previous experiments, participants learnt the contingencies

quickly, with a long period during which participants were asymptote.
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Figure 17: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 6. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.

Test response accuracy. Figure 18 shows the mean percentage of correct responses during
the test, separated by congruency and load conditions. The graph suggests that the participants were
more accurate on congruent trials than incongruent trials and made more errors on load trials than no
load trials. A 2 (congruency condition: congruent vs. incongruent) by 2 (load condition: load vs. no
load) repeated-measures ANOVA confirmed that there was a significant main effect of congruency on
response accuracy, F(1, 64) = 16.89, p <.001, d; = 0.51, with higher accuracy during congruent trials
than during incongruent trials. A Bayes Factor analysis provided extreme support for this congruency

effect, BF1o > 100. There was no significant main load effect, F(1, 64) = 3.23, p =.077, BF10 = 0.22.
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There was a significant congruency x load interaction, F(1, 64) = 4.46, p = .039, where load appeared
to have an effect on incongruent trials but not congruent trials. However, the Bayes Factor was

inconclusive, BF1o = 0.53. Therefore, this result should be treated with caution.
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Figure 18: Bar graph of mean accuracy (%) for congruency and load conditions in Experiment 6
(n=66). Higher accuracy is shown in congruent trials than incongruent trials, and more errors in the
load condition than the no load condition. Error bars represent difference-adjusted, 95% within-
subjects confidence intervals.

Test reaction times. Figure 19 shows, as in previous experiments, a comparable analysis was
conducted on the RTs for correct trials only at test. The graph suggests that RT were similar for all
trial conditions, where all responses appear to be relatively fast (between 420 and 450 ms). No main
effect of load condition, F(1, 64) = 0.49, p = .485, BF10 = 0.21, or congruency condition, F(1, 64) =
0.86, p = .358, BF1o = 0.17, was observed, and the congruency X load interaction, F(1, 64) =3.53, p =

.065, BF1o = 0.45, was inconclusive.
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Figure 19: Bar graph of mean reaction times (ms) for congruency and load conditions in Experiment
6 (n=66). Similar response times are shown in all conditions. Error bars represent difference-
adjusted, 95% within-subjects confidence intervals.

Discussion

Experiment 6 replicated the main effect of congruency on accuracy found in our previous
experiments. Again, there was no main effect of congruency on RT, indicating that our congruency
effect on accuracy was not due to a speed-accuracy trade-off. We used the same procedure as
Experiment 5, with the only exceptions being that the current experiment was conducted in-person
(Method 1), whereas Experiment 5 was conducted online (Method 2), and the current experiment used
double the number of test trials than Experiment 5. When investigating effects of load, results differed
across the two experiments. In Experiment 5, there was a main effect of load on RT, and no load
effect on accuracy. Conversely, Experiment 6 found no main effect of load on RTs (participants
responded quickly on all trials, regardless of load or congruency condition). When exploring effects
on accuracy, there was a significant load by congruency interaction in Experiment 6, where the
difference between accuracy during congruent and incongruent trials was greater under the load

condition. These results indicate that the congruency effect was more pronounced when participants
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had reduced working memory capacity, providing us with some evidence for automatic processes in
our experiment, although the Bayesian evidence was anecdotal.

Although Experiment 5 and 6 applied the same cognitive load manipulation (Wills et al.’s
digit span task), the effect of this manipulation varied between experiments. There was a significant
congruency x load interaction in Experiment 6, but no interaction in Experiment 5. As previously
mentioned, the key difference between these experiments was that Experiment 5 applied the online
procedure, where responses were made with a trackpad/mouse (Method 2) and Experiment 6 applied
the in-person procedure (Method 1), but responses were made with a mouse (rather than a joystick). It
is possible that participants found it easier to prepare their response in advance using a trackpad,
which could explain why we saw a greater effect of load on action slips in Experiment 6, where only a
mouse was used. Another possibility is that there were more external distractions when participants
completed the experiment online in Experiments 5. Therefore, this could have affected participants’
working memory throughout the experiment, regardless of trial condition. In order to explore whether
the response method (trackpad verses mouse) or environment (lab verses online) had an effect on the
results, we combined the data from Experiments 5 and 6, giving us 118 participants in total, and ran
post-hoc analyses.

Post-hoc analysis of response method. Firstly, we investigated the effects of congruency
and load for all participants in these two experiments when adding an additional between-subject
factor of response method (mouse verses trackpad). 95 participants used a mouse to make their
response, and 23 participants used a trackpad. As shown in Figure 20, this analysis revealed no main
effect of response method on accuracy, F(1, 116) = 1.07, p = .303, BF = 0.30. There was also no
response method x congruency interaction F(1, 116) = 0.04, p = .843, BF = 0.19, nor response method

x load interaction F(1, 116) = 0.67, p = .413, BF = 0.24.
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Figure 20: Bar graph of mean accuracy results from a post-hoc analysis of response method by
congruency and load conditions in Experiments 5 and 6 (n=118). Higher accuracy is shown in the
congruent trials than the incongruent trials for both response methods. The graph on the left shows
the results of participants who responded using a mouse (n=95), whilst the graph on the right shows
the results of participants who responded using a trackpad (n=23). Error bars represent difference-
adjusted, 95% within-subjects confidence intervals.

Whilst response method had no effects on accuracy, Figure 21 shows, there was a significant
main effect of response method on RT, F(1, 116) = 14.74, p <.001, d =, BF > 100), with participants
responding faster with a mouse (mean RT = 472 ms) than a trackpad (mean RT = 589 ms). There was
no response method x congruency interaction F(1, 116) = 0.20, p = .653, BF = 0.22. However, there
was a response method x load interaction F(1, 116) = 9.59, p = .002, BF > 100, where the difference
in RTs between load conditions was larger when a trackpad was used. Participants appeared to
respond much slower on load trials than no load trials when they were using a trackpad. However,

there was a much smaller difference in RTs when participants used a mouse.
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Figure 21: Bar graph of mean reaction times (ms) from a post-hoc analysis of response method by
congruency and load conditions in Experiments 5 and 6 (n=118). Faster mouse response time is
shown than trackpad response time, and the difference in response times between load conditions was
larger when a trackpad was used. The graph on the left shows the results of participants who
responded using a mouse (n=95), whilst the graph on the right shows the results of participants who
responded using a trackpad (n=23). Error bars represent difference-adjusted, 95% within-subjects
confidence intervals.

Post-hoc analysis of in-person/online condition. As mentioned above, we felt it was
important to explore the effect of conducting the experiment in person (Method 1) or online (Method
2) when comparing results between Experiments 5 and 6. To ensure the procedure was the same for
all participants except for the online versus lab environment, we excluded participants who responded
using a trackpad, leaving only those who responded using a mouse. This left a sample of 95
participants: 65 who conducted the experiment in-person in a lab and 30 who conducted the
experiment online. We ran another ANOVA with online verses laboratory environment as a between-
subject factor. As shown in Figure 22, there was no main effect of environment on accuracy, F(1,93)
=0.01, p =.961, BF = 0.18, nor an environment x congruency interaction, F(1,93) = 0.40, p = .528,
BF = 0.22, nor environment x load interaction F(1,93 = 1.88, p =.173, BF = 0.36. This means that
running the experiment online in a less controlled environment, when a mouse was used to respond,
had no effect on participants’ overall performance in the task and did not significantly influence the

number of action slips made.
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Figure 22: Bar graph of mean accuracy results from a post-hoc analysis of in-person verses online
condition by congruency and load conditions in Experiments 5 and 6 (n=95). Higher accuracy is
shown in congruent trials than incongruent trials for both in-person and online conditions. The graph
on the left shows the results of participants who completed the experiment in-person in the lab
(n=65), whilst the graph on the right shows the results of participants who completed the experiment
online (n=30). Error bars represent difference-adjusted, 95% within-subjects confidence intervals.

Whilst online verses in-person environment had no effect on accuracy, it was considered
important to also investigate the effects of online verses in-person environment on RTs. As shown in
Figure 23, there was a main effect of online/in-person environment on RT F(1,93) =13.80, p <.001,
BF > 100, with participants responding more quickly in the lab with a mouse (mean RT = 442 ms)
compared to online with a mouse (mean RT = 560 ms). There was also a significant online/in-person
x load interaction F(1,93) = 43.11, p < .001, BF > 100, where the online/in-person effect on RT was
larger under load conditions than no load conditions. There was no online/in-person by congruency
interaction F(1,93) = 0.49, p = .485, BF = 0.17. These results suggest that, although participants were
generally slower at responding when conducting the experiment online, particularly under load

conditions, this RT difference did not depend on the congruency of the trial.
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Figure 23: Bar graph of mean reaction times (ms) from a post-hoc analysis of in-person lab verses
online condition by congruency and load conditions in Experiments 5 and 6 (n=95). Faster responses
are shown in the in-person lab condition than the online condition, where the online/in-person effect
on RT was larger under load conditions than no load conditions. The graph on the left shows the
results of participants who completed the experiment in-person in the lab (n=65), whilst the graph on
the right shows the results of participants who completed the experiment online (n=30). Error bars
represent difference-adjusted, 95% within-subjects confidence intervals.

Post-hoc analysis of combining Experiments 5 and 6. Figure 24 shows when the data from
both the online and laboratory tasks are combined there is still a congruency effect on accuracy,
F(1,117) = 26.18, p <.001, BF > 100, main load effect F(1,117) = 6.44,p <.001,d =, BF=1.21, and
congruency by load interaction F(1,117) = 4.90, p = .029, d =, BF = 0.60. However, the Bayes
Factors for the load effect and the congruency by load interaction were inconclusive, so these results
should be treated with caution. Participants were more accurate during congruent trials than
incongruent trials. On congruent trials, accuracy was very similar on both load and no load trials.

However, on incongruent trials, accuracy was lower on load trials than no load trials.
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Figure 24: Bar graph of mean accuracy (%) for congruency and load conditions in Experiments 5
and 6 combined (n=118). Higher accuracy is shown in congruent trials than incongruent trials for
both load conditions. Error bars represent difference-adjusted, 95% within-subjects confidence
intervals.

In addition to investigating the effects of congruency and load on accuracy when combining
the data from Experiments 5 and 6, we also explored the congruency and load effects on RTs. As seen
in Figure 25, there was a main effect of load, F(1,117) = 35.86, p <.001, BF > 100, and no main
effect of congruency on RT, F(1,117) = 2.48, p =.118, BF = 0.19. There was a significant
congruency x load interaction this time, F(1,117) = 6.48, p = .012, BF = 0.96, where participants were
slightly faster on incongruent trials than congruent trials under ‘no load conditions’ but were slower
on incongruent trials than congruent trials under ‘load conditions’. This suggests that the complexity
of the digit span task on load trials caused participants to slow down their responses on incongruent
trials. According to dual-process theory, goal-directed actions are effortful, whereas habitual
responses are fast and automatic (Heyes & Dickinson, 1990). Therefore, we would expect participants
to respond quickly if they are demonstrating S-R behaviour. However, in Figure 25, our results appear
to indicate an element of goal-directed effort being made during incongruent load trials, as
participants slow down to compensate on the more difficult trials. Again, the Bayes Factor was

inconclusive, so these results should be treated with caution.
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Figure 25: Bar graph of mean reaction times (ms) for congruency and load conditions in Experiments
5 and 6 combined (n=118). Faster responses are shown in the no load condition than the load
condition, for both congruency conditions. Error bars represent difference-adjusted, 95% within-
subjects confidence intervals.

It is worth noting the fast reaction times across all conditions in Experiment 6. These RTs
were numerically faster than ‘online’ versions of the experiment. An obvious reason for this could be
that participants face distractions in their home environments, which slow down their responses due to
reduced working memory capacity. However, the RTs in the current experiment were also faster than
previous ‘in-person’ versions of the experiment. A potential explanation may lie in the method of
responding. In all other “in-person’ experiments in this thesis, participants used a joystick to make
their responses. In our ‘online’ versions of the experiment, a large proportion of participants used a
laptop trackpad. It is possible that use of a joystick or trackpad could have slowed down the overall
mean RTs. Whereas, in the current experiment, participants were able to make their responses
quickly, using a standard mouse on a desktop computer.

Regardless of the explanation for faster reaction times, it appears that participants may have
prioritised responding quickly in this experiment. It is possible that the time pressure imposed across
all trials also reduced participants’ working memory capacity on ‘no load’ trials, compromising the

effect of our digit span load task. We expected it to increase the congruency effect on load trials, but
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the observed congruency x load effect was not supported by the Bayesian analysis. We have
consistently found a congruency effect on accuracy in our experiments, but our distraction/load
manipulations have not clearly increased this effect. Similar to Luque et al.'s (2020) findings, it seems
that participants slow down their responses to avoid decreasing their accuracy in distraction/load
trials. In this chapter, we attempted to manipulate action slips by restricting participants’ working
memory capacity. The next step was to explore the opposite approach: whether freeing-up working
memory capacity allows participants to focus on the goal, and therefore removes the congruency

effect. We felt a simple method to do this was to remove the time pressure in the experiment.
Experiment 7 — online between-subject time pressure

In order to explore the theory that imposing a time pressure has an effect on action slips,
Experiment 7 applied our basic online experimental procedure (Method 2) with a congruent x
incongruent trial manipulation, but no with additional within-subject manipulation (e.g., O-S delay or
cognitive load task). Instead, we applied a between-subject manipulation of time pressure. In
Experiments 1-6, participants were exposed to all conditions. This can lead to carryover effects where
the experience of one condition influences responses in subsequent conditions (Poling et al., 1995).
Therefore, it felt important to explore this procedure using a between-subject design in Experiment 7,
rather than a within-subject design. Half of the participants were told to respond as quickly as
possible, with points based on their response time, and the other half of participants were simply told

to respond as accurately possible, with no mention of response time.

Method

Participants. 156 undergraduate psychology students (112 females, 41 males, 3 other) from
the University of Plymouth participated in exchange for course credit (78 participants in each time
pressure condition). The participants were aged between 18 and 51 years (M = 21.69 years, SD = 6.23
years).

Design, Stimuli and Procedure. The experiment followed a 2 (congruency condition:
congruent, incongruent) by 2 (time pressure condition: time pressure, no time pressure) mixed design,

where the congruency condition was manipulated within-subjects, and the time pressure condition
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was manipulated between-subjects. The ‘online’ (Method 2) experimental design was applied. The
key difference between conditions was in the test phase instructions. Participants in the ‘time
pressure’ condition were given the same instructions as previous experiments, where they were told to
respond as quickly as possible. Participants in the ‘no time pressure’ condition were instructed,
“There is no time pressure in the main test trials, so you don’t need to rush. You will win 5 points for
all correct responses and 0 points for all incorrect responses.” This was to ensure participants in the

‘no time pressure’ condition focused on accuracy rather than speed.
Results

Exclusions. The exclusion criteria from previous experiments were applied, leaving 59
participants in each time pressure condition (time pressure: 43 females, 15 males, 1 other; no time
pressure: 45 females, 12 males, 2 other).

Training. Figure 26 shows, as in previous experiments, participants learnt the contingencies

quickly, with a long period during which participants were asymptote.
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Figure 26: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 7. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.
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Test response accuracy. Figure 27 shows the mean percentage of correct responses during
the test, separated by congruency and time pressure conditions. The graph suggests that the
participants were more accurate on congruent trials than incongruent trials in both time pressure
groups. The graph also shows that the no time pressure group made more errors than the time pressure
group. A 2 (congruency condition: congruent vs. incongruent) by 2 (time pressure condition: time
pressure vs. no time pressure) mixed model ANOVA confirmed that there was a significant main
effect of congruency on response accuracy, F(1, 116) = 9.39, p =.003, d, = 0.28, BF1 = 11.58, with
higher accuracy during congruent trials than during incongruent trials. Whilst there was a higher mean
accuracy in the time pressure group than no time pressure group, this effect was not significant and
the Bayes Factor was inconclusive, F(1, 116) = 1.63, p = .204, d, = 0.19, BF1, = 0.39. There was also

no congruency x time pressure interaction, F(1, 116) = 0.24, p = .622, BF1, = 0.22.
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Figure 27: Bar graph of mean accuracy (%) for congruency and time pressure conditions in
Experiment 7 (n=118). Higher accuracy is shown in congruent trials than incongruent trials in both
time pressure groups. Error bars represent difference-adjusted, 95% within-subjects confidence
intervals.

Test reaction times. As in previous experiments, a comparable analysis was conducted on
the RTs for correct trials only at test. Figure 28 shows there was a main effect of time pressure

condition between subjects, F(1, 116) = 4.34, p =.040, d, = 0.37, with participants responding more
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quickly on time pressure trials than no time pressure trials, but the Bayes Factor was inconclusive,
BF10 = 1.69. No significant effect of congruency condition, F(1, 116) = 0.67, p = .415, BF1=0.19,

nor congruency x time pressure interaction, F(1, 116) = 1.53, p = .219, BF1o = 0.15, was observed.
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Figure 28: Bar graph of mean reaction times (ms) for congruency and time pressure conditions in

Experiment 7 (n=118). Faster responses are shown in the time pressure condition than the no time
pressure condition, for both congruency conditions. Error bars represent difference-adjusted, 95%
within-subjects confidence intervals.

Discussion

Experiment 7 used a simple congruent verses incongruent version of the experiment, with a
manipulation to measure the effect of time pressure between subjects. We have consistently
demonstrated a congruency effect in Experiments 1-6, where participants were instructed to respond
as quickly as possible on test. Dual-process theories argue that goal-directed processes operate
relatively slowly (Moors & De Houwer, 2006), compared to automatic habitual processes. Therefore,
we predicted that removing any time pressure from the experiment would result in no congruency
effect, as participants would have more capacity to keep the goal in mind and avoid action slips. We
would, therefore, see a greater effect of congruency in the time pressure condition than in the no time
pressure condition. Our results found a congruency effect on accuracy for both conditions, but no

congruency effect on RT. As in previous experiments, this reveals no speed-accuracy trade-off.
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Overall, accuracy was very high in both conditions, so it may be the case that without an additional
within-subject manipulation, the task was easier than previous experiments for both groups and
automatic processes were not triggered. As would be expected, there was a significant main effect of
time pressure on RT. Participants who were told to respond as quickly as possible responded faster

than participants under no time pressure, regardless of congruency.
General discussion

As in Chapter 2, this chapter provides evidence for habitual behaviour in all four experiments,
where accuracy was higher on congruent trials than incongruent trials. There was no main effect of
congruency on RT in any of the four experiments, suggesting that lower accuracy during incongruent
trials was not due to a speed-accuracy trade-off. Rather, it seems that the more difficult incongruent
trials produced more action slips, perhaps due to the previously associated S-R relationship during
training. The main aim of Chapter 3 was to explore whether reducing participants’ working memory
capacity would lead to more action slips, indicating habitual behaviour. In addition to our standard
congruency manipulation, we embedded a working memory task into half of the test trials in
Experiments 4-6. Experiments 4 and 5 found no main effect of the working memory manipulation on
accuracy, but there was a main effect of this manipulation on RTs for both experiments. This suggests
that when trials became more difficult, participants compensated by taking longer to respond. Thus,
accuracy was not affected when participants slowed their responses. Experiment 6 ran the same
programme as Experiment 5, but in the lab, rather than online, and with twice as many test trials. This
time, we found a main load effect on accuracy, but no effect of load on RT. Participants responded
equally fast across all trials, regardless of load or congruency condition. Accuracy was higher during
congruent trials than incongruent trials, and this difference for larger on incongruent trials than
congruent trials. However, the observed congruency x load effect was not supported by the Bayesian
analysis, so this result should be treated with caution. This indicates that the load manipulation
increased action slips in Experiment 6, and this was not due to a speed-accuracy trade-off. It is not
clear why the RT results of Experiment 5 and 6 differed, as the only difference in the procedure was

the environment in which the experiment was conducted (Method 1 verses Method 2). Perhaps this
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was due to the added pressure of performing the experiment in a lab with an experimenter present in
Experiment 6.

Our experiments consistently show a main congruency effect on accuracy, with more action
slips on incongruent trials than congruent trials providing evidence of habitual behaviour. We have
also shown that this congruency effect increases when working memory capacity is reduced.
However, our congruency effect still appeared in Experiment 7 even when time pressure was
removed. If our congruency effect is evidence of habitual behaviour, we would expect this effect to
disappear when participants are told to focus on accuracy instead of speed. A possible explanation for
this is that, rather than unconscious, S-R behaviour, the few errors made on incongruent trials were
due to conscious goal-directed actions. Participants may have purposely chosen the incorrect response
because they momentarily believed it was the correct response. It could be that our observed action
slips are due to two competing goals, rather than two separate processes. This theory will be discussed
further in Chapter 6.

It is not yet clear whether our congruency effect is due to two separate systems operating
goal-directed action sand automatic habitual responses, or whether the action slips observed in our
experiments are due something else that is primarily goal-directed. This raises the question of how the
main effect of congruence — our observation of stimulus-driven action slips — relates to other similar
results already in the literature. The standard manipulation to test for stimulus-driven behaviour is to
devalue the outcome between training and test (Adams & Dickinson, 1981; de Wit et al., 2018; Luque
et al., 2020; Tricomi et al., 2009). Therefore, it felt important to develop a version of our experiment
that is more in line with existing devaluation procedures. If we are able to demonstrate a congruency
effect when the outcome is devalued, this would provide evidence for habitual behaviour, and support

dual process theories.
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Chapter 4 — Devaluation and training

Chapter 4 aimed to explore the extent to which our congruency effects (shown in Chapters 2
and 3) connect to the existing habit literature. As discussed in Chapter 1, dual-process theories of
instrumental learning propose that instrumental behaviours are controlled by two distinct systems: the
goal-directed system and stimulus-triggered habitual system (e.g., Dickinson & Balleine, 1994;
Verplanken, 2018). The goal-directed system is suggested to facilitate deliberate, reward-driven
actions, while the habitual system is suggested to produce comparatively automatic responses based
on stimulus-response (S-R) associations. When participants stop responding for outcomes that have
been devalued in an outcome devaluation procedure, this is seen as evidence for goal-directed
behaviour. The outcome is no longer valuable to the participant. Therefore, they no longer make the
conscious effort to obtain it. On the other hand, if responding continues for a devalued outcome, this
is considered evidence for automatic, habitual behaviour, developed through repeated S-R training. In
line with this, extensive training is considered critical for developing habitual responses. Automatic
habit behaviour is formed through repeating the behaviour to the point where conscious effort is no
longer needed to make this response. For example, in Tricomi’s et al.’s (2009) experiment,
participants who had received moderate training performed significantly fewer instrumental responses
for the devalued outcome than the valued outcome, showing evidence for goal-directed behaviour.
Participants who received extensive training, by contrast, showed no significant difference in response
rates for the still valued and devalued outcomes, providing evidence of habitual behaviour. The key
difference between our procedure and devaluation procedures is that our experiments focus on
outcome availability rather than outcome value. In the test phase of our procedure, each trial begins
with the presentation of either outcome O1 or O2. The participants are instructed to perform the
response that, during the training phase, produced the presented outcome (i.e., 01 - R1, O2 &> R2).
Hence, the presentation of the outcomes at the start of each test trial communicates to participants
which outcome they could earn on that trial (which food points are available), rather than which

outcome is worth more points. Therefore, Chapter 4 aims to adapt our procedure to follow traditional
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devaluation procedures more closely. Furthermore, we have not yet manipulated the amount of
training participants receive to see whether this has an effect on action slips.

To summarise, Chapter 4 aims to apply two approaches to our experimental procedure that
are commonly used in existing literature to measure habitual behaviour verses goal-directed action:
manipulation of outcome value, and manipulation of amount of training (Adams & Dickinson, 1981;
de Wit et al., 2018; Luque et al., 2020; Tricomi et al., 2009). These experiments will include the O-S
delay manipulation from Chapter 2, to increase task complexity. As our procedure is simple, and
participants have high rates of accuracy in both congruent and incongruent trials, we felt it would be
too easy for participants to keep the goals in mind without imposing the delay manipulation. We ran
an additional study without this variability in O-S delay and it did not produce the congruency effect.

Therefore, the variability in the delay seems to enhance the congruence effect.
Experiment 8 — devaluation

As discussed in Chapter 1, outcome devaluation has become a standard procedure for
distinguishing goal-directed behaviour from habitual behaviour by specifically manipulating the value
of the outcomes at test and observing the resulting effects on participants’ performance (Corbit,
2018). The aim of Experiment 8 was to investigate whether we could find evidence of habitual
behaviour by adapting our procedure to closer reflect the existing devaluation procedures. As in
previous experiments, participants were told that they would win jellybean/Pringles points for making
the correct response during the test trials. However, in this experiment we devalued one of the
outcomes by presenting both outcomes together at the start of each test trial, with a cross over the
outcome that produced no points. This followed the same devaluation procedure of de Wit et al.'s
(2007) Fabulous Fruit Task, where a cross superimposed on one of the fruits signalled that the
instrumental response that produced that fruit previously no longer earned points, and participants
were to perform the instrumental response that previously produced the still-valued outcome. We also
emphasised the value of the outcome and the importance of the points by adding a Leaderboard to

Experiment 8.
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Method

Participants. Eighty-three undergraduate psychology students (73 females, 10 males) from
the University of Plymouth participated in exchange for course credit. The participants were aged
between 18 and 44 years (M = 21.86 years, SD = 5.88 years).

Design, Stimuli and Procedure. The online method (Method 2) was applied. The experiment
was very similar to Experiment 1 in Chapter 2, with the following exceptions. At the beginning of the
experiment, participants were told that the aim of the task was to win as many jellybeans and Pringles

points as possible to beat the Leaderboard, as shown in Figure 29.

Your aim in this task is to win as many points as possible to beat the Leaderboard:

Position Participant number Jellybeans points Pringles points Total points
1 8 140 137 277
2 130 138 133 271
3 33 132 136 268
4 29 126 136 262
5 132 124 138 262

Figure 29: Example of Leaderboard shown to participants at the start of the Experiment 8.
Participants are told the aim of the task is to win as many points as possible to beat the Leaderboard.

Whilst the short delay condition in the test phase was the same as Experiment 1 (3-4 seconds),
the long delay condition was increased to 19-20 seconds. This was to increase the difference between
the two delay conditions further, and to see what would happen when the long delay was increased to
a point that may result in mind wandering (Schooler et al., 2011). In previous experiments, we
observed more action slips in short delays than long delays. Our explanation for this is that
participants did not always have enough time to prepare their response when there was a short O-S
delay. Therefore, increasing the long delay could serve to give them even longer to prepare their
response, or it could allow more time to lose focus on the goal. Participants were warned in the test
trial instructions that there would sometimes be a long delay so as not to think the screen had frozen.
During the test trials, instead of displaying one outcome picture before the screen changed colour,
both the jellybeans and Pringles pictures were displayed together with a cross through one of them, as

shown in Figure 30. Participants were instructed at the start of the test that the cross indicated which
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outcome had no points available on that trial, and therefore, no value. Presentation of the jellybean

and Pringles pictures were randomised on each test trial.

Figure 30: Example of how the devalued outcome is shown to participants at the start of each test
trial in Experiment 8. The cross indicates which outcome is worth no points on that trial.

At the end of the experiment, participants were shown a Leaderboard of the top 5 scorers,
based on the points earned in the test trials. If the participant's score was one of the five highest, their
score was shown to them in red in the Leaderboard at the end of the experiment.

Results

Exclusions. The exclusion criteria from previous experiments were applied. Twenty-one
participants were removed for achieving less than 80% accuracy in test trials, leaving 62 participants
(54 females, 8 males).

Training. Figure 31 shows, as in previous experiments, the participants learnt the

contingencies quickly, staying above 90% accuracy after 40 training trials.
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Figure 31: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 8. Over
90% correct responses are shown after the initials 40 trials. Error bars represent the standard error
of the mean for each training trial interval.

Test response accuracy. Figure 32 shows the mean percentage of responses that earned
points during the test, separated by congruency and delay conditions. The graph suggests that the
participants were more accurate on congruent trials than incongruent trials, and that this pattern was
not affected by the delay manipulation. A 2 (congruency condition: congruent vs. incongruent) by 2
(delay condition: short delay vs. long delay) repeated-measures ANOVA, however, revealed that the
difference between response accuracy on congruent and incongruent trials was not significant, F(1,
61) = 3.21, p = .078, d; = 0.23. However, the Bayes Factor was inconclusive, BFio = 0.47. Therefore,
this was not evidence for the null hypothesis. There was no main effect of the delay condition, F(1,
61) = 0.14, p =.709, BF1 = 0.15, nor a congruency x delay interaction, F(1, 61) = 0.02, p = .885,

BFi10=0.21.
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Figure 32: Bar graph of mean accuracy (%) for congruency and delay conditions in Experiment 8
(n=62). Higher accuracy is shown in congruent trials than incongruent trials in both delay
conditions. Error bars represent difference-adjusted, 95% within-subjects confidence intervals.

Test reaction times. As in previous experiments, a comparable analysis was conducted on
the RTs for correct trials only at test. Figure 33 shows there was a main effect of delay condition on
RT, F(1, 61) = 11.68, p = .001, d, = 0.37, with participants responding more quickly on long delay
trials than short delay trials. The Bayes Factor analysis provided extreme evidence for this delay
effect, BF1o > 100. No significant effect of congruency condition, F(1, 61) = 0.74, p = .394, d, = 0.11,

BF10 = 0.19, nor congruency x delay interaction, F(1, 61) = 0.33, p = .566, BF1o = 0.19, was observed.
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Figure 33: Bar graph of mean reaction times (ms) for congruency and delay conditions in Experiment
8 (n=62). Faster responses are shown in the long delay condition than the short delay condition, for
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both congruency conditions. Error bars represent difference-adjusted, 95% within-subjects
confidence intervals.

Discussion

Experiment 8 applied a very similar procedure to Experiment 1 in Chapter 2, with a few
changes in design to be more in line with existing devaluation procedures. A cross was shown over
the outcome with no value to highlight that one of the outcomes had been devalued on the trial. A
Leaderboard was also added to highlight the aim of winning points. In all previous experiments in
Chapters 2 and 3, we found a significant congruency effect, indicating that participants were making
action slips on incongruent trials. However, in this experiment, there was no significant congruency
effect. This suggests that participants were able to keep the goal in mind, even for incongruent trials,
and respond to the valued outcome. If participants were making automatic S-R responses, we would
have expected to see more errors on incongruent trials, regardless of outcome value (Adams &
Dickinson, 1981; de Wit et al., 2018; Luque et al., 2020; Tricomi et al., 2009). One possible
explanation for this is that emphasising the value of the outcome strengthened goal-directed behaviour
across all trials. Participants may have found it easier to keep the goal in mind and ignore the stimulus
when the devalued outcome was also presented at the start of the trial. It is also possible that adding a
Leaderboard for participants to beat other participants’ scores added an element of competition and
therefore increased their motivation to earn points across all trials (Landers et al., 2015). It is
important to note that this null result is not because the devaluation did not 'work' - participants were
extremely accurate in this experiment. Therefore, the devaluation, if anything, worked too well.
Participants responded for the outcome that would earn points and ignored the screen colour. Little, if
no, action slips were made.

The results in Experiment 8 are in line with previous findings, that devaluation procedures
with human participants result in evidence for goal-directed behaviour, rather than habitual behaviour.
These results raise the question of whether the congruency effect seen in our Experiments presented in
Chapters 2 and 3 is evidence to support a dual-process account of habitual behaviour. In order to

investigate this further, Experiment 9 focuses on manipulating the amount of training presented to

73



participants, as this is a procedure commonly used in the existing literature to measure habitual

behaviour verses goal-directed action.
Experiment 9 — long verses short training

As existing research emphasises the importance of amount of training for increased habitual
behaviour, Experiment 9 applied a between-subject manipulation of training. We ran our standard
congruency x delay procedure applied in Chapter 2. However, whilst one group of participants were
given the long training used in previous experiments (240 training trials), a second group of
participants were given a shorter version of the training (24 training trials). As Experiments in
Chapter 2 showed a congruency effect, we expected to see a congruency effect for participants
conducting the same experiment (those in the ‘long training’ condition). However, in line with
existing research on habitual behaviour (Adams & Dickinson, 1981; de Wit et al., 2018; Luque et al.,
2020; Tricomi et al., 2009), we expected the congruency effect to significantly reduce for the

participants in the ‘short training’ condition.

Method

Participants. 171 undergraduate psychology students (144 females, 27 males) from the
University of Plymouth participated in exchange for course credit (90 participants in the short training
condition, 81 participants in the long training condition). The participants were aged between 18 and
57 years (M = 19.68 years, SD = 3.79 years).

Design, Stimuli and Procedure. The in-person method (Method 1) was applied. The
experiment used a mixed design, where the congruency and delay conditions were manipulated
within-subjects, as shown in Experiment 3, and amount of training was manipulated between-subjects.
As previously discussed, we have other data to suggest that a very simple task without the O-S delay
manipulation does not produce the basic congruency effect. Therefore, we felt it was important to
include it in this experiment. Participants in the ‘long training” condition were given the same
procedure as Experiment 3, with 240 training trials. The procedure was the same for participants in

the ‘short training’ condition, however they only received 24 training trials.
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Results

Exclusions. The exclusion criteria from previous experiments were applied, leaving 66

participants in each training condition (long training: 57 females, 9 males; short training: 56 females,

10 males).

Training. As in previous experiments, the participants in the long training condition learnt
the contingencies quickly, with accuracy remaining above 90% after 42 training trials, as shown in
Figure 34. The mean accuracy across the 24 training trials in the short training condition was 83.52%

(this corresponds to halfway through the first bin in Figure 34).
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Figure 34: Line graph of mean accuracy (%) of training trials for S1 and S2 in Experiment 9. Over
90% correct responses are shown after the initials 40 trials. Error bars represent difference-adjusted,
95% within-subjects confidence intervals.

Test response accuracy. Figure 35 shows the mean percentage of correct responses during
the test, separated by congruency, delay and training conditions. The graph suggests that the
participants were more accurate on congruent trials than incongruent trials in both training conditions.
However, for participants who received short training, this difference was only apparent in the short
delay condition. The graph also shows that participants made more errors in the short delay trials than

the long delay trials in both training groups, but this was particularly prominent in the incongruent
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trials. A 2 (congruency condition: congruent vs. incongruent) by 2 (delay condition: short delay vs.
long delay) by 2 (training condition: short training vs. long training) mixed ANOVA confirmed that
there was a significant main effect of congruency on response accuracy and extreme support from the
Bayes Factor analysis, F(1, 130) = 20.40, p <.001, d, = 0.39, BF1 > 100, with higher accuracy during
congruent trials than during incongruent trials. There was also a significant main effect of delay with
extreme evidence from the Bayes Factor analysis, F(1, 130) = 16.90, p < .001, d, = 0.36, BF1 > 100,
with higher accuracy in long delay trials than in short delay trials, and a significant congruency x
delay interaction, F(1, 130) = 11.60, p < .001, BF1, = 10.58, where the congruency effect was more
prominent in short delay trials than long delay trials. There was no main effect of training condition
on response accuracy , F(1, 130) = 0.08, p =.784, BF1, = 0.15, congruency x training interaction, F(1,
130) = 0.98, p =.323, BF10 = 0.21, delay x training interaction, F(1, 130) = 0.17, p = .682, BF 1o =

0.14, nor congruency x delay x training interaction, F(1, 130) = 0.14, p = .706, BF1, = 0.06.
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Figure 35: Bar graph of mean accuracy (%) for congruency and delay conditions for both training
groups in Experiment 9 (n=132). Higher accuracy is shown in congruent trials than incongruent
trials in both training groups. In the short training group, the congruency effect was only observed in
the short delay condition. The graph on the left shows the results of participants in the long training
condition (n=66), whilst the graph on the right shows the results of participants in the short training
condition (n=66). Error bars represent difference-adjusted, 95% within-subjects confidence intervals.

Breaking our results down further, we ran repeated-measures ANOVAS on each training
group individually. In the ‘long training’ condition, there was a significant main effect of congruency,

on response accuracy, F(1, 65) = 14.82, p <.001, d, = 0.47, BF1o = 59.92, with higher accuracy during
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congruent trials than during incongruent trials. There was also a significant main effect of delay, F(1,
65) = 8.88, p =.004, d, = 0.37, BF1 = 14.36, with higher accuracy in long delay trials than in short
delay trials. The congruency x delay interaction was not significant, F(1, 65) = 3.65, p = .060,
however, the Bayes Factor analysis was inconclusive, and therefore did not support a null hypothesis,
BF1 = 0.76.

In the ‘short training’ condition, there was a significant main effect of congruency, on
response accuracy, F(1, 65) = 6.36, p =.014, d, = 0.31, BF1o = 3.45, with higher accuracy during
congruent trials than during incongruent trials. There was also a significant main effect of delay, F(1,
65) = 8.06, p = .006, d; = 0.40, BF1o = 10.44, with higher accuracy in long delay trials than in short
delay trials, and a significant congruency x delay interaction, F(1, 65) = 9.60, p =.003, BF1, = 3.38,
where the congruency effect only occurred in the short delay trials, t(65) = 3.38, p =.001, d, = 0.42.
There was no congruency effect in the long delay trials, t(65) = 0.15, p = .880.

Test reaction times. As in previous experiments, a comparable analysis was conducted on
the RTs for correct trials only at test. Figure 36 shows there was a main effect of congruency
condition, F(1, 130) = 13.48, p <.001, d;, = 0.32, BF = 15.15, with participants responding more
quickly on congruent trials than incongruent trials. There was also a main effect of delay on RT and
extreme evidence for this effect, F(1, 130) = 31.52, p <.001, d; = 0.47, BF10 > 100, with participants
responding more quickly on long delay trials than short delay trials, and a significant delay x training
interaction, F(1, 130) = 9.03, p = .003, BF1o = 36.82, where a short delay resulted in a slower reaction
time for participants in the long training condition only. No significant effect of training condition,
F(1, 130) = 0.81, p = .371, BF10 = 0.45, congruency x delay interaction, F(1, 130) = 0.42, p = .520,
BF10 = 0.15, congruency x delay x training interaction, F(1, 130) = 0.16, p = .687, BF1o = 0.34, or

congruency x training interaction, F(1, 130) = 3.33, p = .070, BF1o = 0.44, were observed.
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Figure 36: Bar graph of mean reaction times (ms) for congruency and delay conditions for both
training groups in Experiment 9 (n=132). Faster responses are shown in congruent trials than
incongruent trials, with faster responses in the long delay condition than the short delay condition in
the long training group only. The graph on the left shows the results of participants in the long
training condition (n=66), whilst the graph on the right shows the results of participants in the short
training condition (n=66). Error bars represent difference-adjusted, 95% within-subjects confidence
intervals.

Discussion

In Experiment 9, participants in the ‘long training’ condition conducted the same experiment
as those in Experiment 3. As we found a significant congruency effect on accuracy in Experiment 3
(and in other experiments in Chapters 2 and 3), we expected to also find a significant congruency
effect on accuracy for participants in the ‘long training’ condition. The ‘long training’ results were in
line with our prediction, showing evidence for habitual behaviour with extensive training. In relation
to the ‘short training’ condition, we expected the congruency effect on accuracy to disappear, as
existing research specifies that extensive training is required to develop habitual behaviour (Adams &
Dickinson, 1981; de Wit et al., 2018; Luque et al., 2020; Tricomi et al., 2009). However, we found a
congruency effect in the ‘short training” condition, and there was no difference in congruency effect
between the ‘short training’ condition and the ‘long training’ condition.

As in previous experiments, we found a main congruency effect, providing evidence of action
slips, which is in line with the dual process theory. However, there is evidence of action slips in the

short training group as well as the long training group, which suggests our congruency effect may not
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be showing habits after all. Although, of course, it is possible that the task is so simple that even as
few as 24 training trials in this experiment was enough to train a habit. This will be discussed future in

the general discussion.
General discussion

In Chapters 2 and 3, we consistently saw a congruency effect in our experiments. However,
when we tried to manipulate devaluation in Experiment 8, we did not observe a congruency effect.
Existing literature uses the outcome devaluation procedure to test for evidence of habitual behaviour
(de Wit et al., 2018; Luque et al., 2020; Tricomi et al., 2009). According to dual-process theory,
continued responding for a devalued outcome can be considered evidence for habitual behaviour
(Adams & Dickinson, 1981). On the contrary, high accuracy on incongruent trials suggests a strong
effect of devaluation. Accuracy was very high across all conditions in Experiment 8. Therefore, it
may be beneficial to use a more subtle devaluation procedure in future experiments to allow an effect
of the Stimulus. We also found no effect of amount of training on congruency. According to dual
process theories, we would expect to see goal-directed control after moderate instrumental training,
but habitual control after extensive instrumental training. However, we found no significant difference
between the two groups. The congruency effect was still there when we shortened training. It is
possible that our congruency effect is measuring something other than habitual behaviour (or
automatic habitual behaviour), or that our task is so simple that we would need to reduce the training
even further to see an effect of training condition on congruency. Future research could explore this
further by running a ‘no training’ condition, where the pre-test instructions simply state the S-R
relationship rather than running training trials. The ’long training’ condition could also be increased to
three days of training (e.g., Tricomi et al.).

An additional point to consider relates to the importance of the long-delay test trials for
measuring habitual behaviour. There is a short-delay effect whatever the level of training, which
appears to be related to preparation of the response on test. However, if there is a long delay between
Outcome and Stimulus on test, participants have plenty of time to prepare their response. If a long-

delay congruence effect is observed in the long training group, this could be considered evidence of

79



habitual behaviour. In line with this, Experiment 9 found a long-delay congruency effect in the long
training group, but no congruency effect in long delay trials after a short amount of training. Which
could be evidence of habitual behaviour. Therefore, it may be that this is where one should look to

find a habit effect. The implications of these findings will be discussed further in Chapter 6.

80



Chapter 5 — Individual differences

In Chapters 2-4, we attempted to manipulate action slips by a number of factors commonly
associated with habitual behaviour: O-R delay, cognitive load, time pressure, outcome value and
amount of training. We found a reliable congruency effect throughout all our experiments. This
congruency effect appears to be a direct measure of habitual behaviour. The degree to which people
show a tendency towards habitual behaviour varies significantly between individuals (Ersche et al.,
2017). Several self-reported trait measures (which will be introduced below) have previously been
used to capture these individual differences. However, there are limitations to self-report measures, as
they rely on an individual’s ability to recognise their own behaviour (Sniehotta & Presseau, 2012).
Therefore, comparing performance on our tasks with these self-reported measures may provide a
more objective measure of habitual tendencies. This is important, as it allows a greater understanding
of habit formation and can inform interventions designed to enhance beneficial habitual behaviour or

reduce detrimental habitual behaviour.

Creature of Habit

The Creature of Habit Scale (COHS; Ersche et al., 2017) is a self-reported measure of habits
in everyday life. The questionnaire is made up of 27 items to quantify individual differences in
habitual tendencies, as shown in Appendix 2. When developing this questionnaire, a factor analysis
revealed two distinct aspects: automaticity, which captures some of the autonomous nature of habitual
behaviour, e.g., “l often find myself running on ‘autopilot’, and then wonder why | ended up in a
particular place or doing something that I did not intend to do”; and routine, which refers to consistent
scheduling of the behaviour, e.g., “T tend to do things in the same order every morning (e.g., get up,
go to the toilet, have a coffee...)”. Answers are given on a 5-point Likert scale ranging from 1 =
“strongly disagree” to 5 = “strongly agree”. The final scores for the two distinct subscales of
automaticity (11 items) and routine (16 items) are calculated by averaging the respective item scores.
As correlation between these two subscales was found to be relatively low (r=.154; Ersche et al.), they
are not combined to an overall score, but used as separate measures of habitual behaviour. Routines

involve a time-based sequence of actions that are performed consciously to make daily life more orderly
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and efficient (Clark, 2000). Therefore, ‘routine’ habits may be more linked with goal-directed actions, as
they are consciously made to achieve a desired outcome. In contrast to routines, automaticity does not
involve any conscious effort, or dependency of outcome (Saling & Phillips, 2007).

As the COHS s still a relatively new self-reported measure of habitual behaviour, there is
limited existing research on the link between this self-reported measure and performance on
experiments measuring habitual behaviour in instrumental learning tasks. Therefore, the initial aim of
this chapter is to see whether our experiments assess habits directly and then see if that correlates with

self-reported habitual behaviour.

Goal-pursuit

As well as measuring self-reported habitual behaviour using the COHS, we measured goal-
oriented personality traits using the Habitual Self-Control Questionnaire (HSCQ; Schroder et al.,
2013). The aim is to see whether there is an association between performance on our experiments and
self-reported tendencies towards goal-directed behaviour. The HSCQ is a 14-item questionnaire
measuring variations in people's commitment to completing tasks and their self-perceptions around
their drive for goal-pursuit, as shown in Appendix 3. Participants express their level of agreement to
each item on a 5-point Likert scale, ranging from disagree strongly (1) to agree strongly (5). Goal-
striving personalities are likely to run counter to regularity and repetition (Dunn, 2000). In line with
this, Ersche et al. (2017) found a negative correlation between COHS automaticity and HSCQ goal-
directed control. Therefore, we expected to find the same negative correlation between these two
measures in our experiments. Furthermore, if performance on our tasks positively correlate with
COHS automaticity, we expected to find a negative correlation between HSCQ goal-directed control
and performance on our tasks.
Impulsivity

Another consideration in our experiments is that performance on our tasks is linked to
participants’ levels of self-reported impulsivity. With respect to the influence of impulsive traits on
habit formation, there is growing evidence that self-reported impulsivity is associated with deficits in

goal-directed control (Hogarth et al., 2012). Hogarth and colleagues explored this theory by assessing
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smokers for self-reported impulsivity and capacity for goal-directed control over instrumental
performance in an outcome devaluation procedure. They found that reduced goal-directed control was
selectively associated with the motor impulsivity factor of Barrett’s Impulsivity Scale (BIS; Patton et
al., 1995), which reflects tendency for action without thought. Participants who scored high in motor
impulsivity had a reduced devaluation effect, indicating habitual behaviour. The BIS-11 is a 30-item
self-report questionnaire used to measure impulsive behaviour, as shown in Appendix 4. Answers are
given on a 4-point Likert scale (1 = “rarely/never”, 2 = “occasionally”, 3 = “often”, 4 = “almost
always/always”). Items include statements about impulsive behaviour, for example “I act on impulse”,
“I say things without thinking”, and “I plan tasks carefully”. The items are grouped into three
subscales — motor impulsivity (assessing tendency for action without thought), non-planning
impulsivity (assessing future orientation), and attentional impulsivity (assessing capacity for sustained
attention). As this measure is commonly used in research for assessing impulsivity, we used the BIS-
11 in our experiments to assess whether performance on our task was associated with self-reported
impulsivity.

As well as association between self-reported impulsivity and performance of outcome
devaluation procedures, there is existing research associating self-reported impulsivity with self-
reported habitual behaviour. Ersche et al. (2019) found a positive association between self-reported
impulsivity on the BIS, and automaticity measured using the COHS. Impulsivity was positively
correlated with automaticity. However, impulsivity was negatively associated with routine
behaviours. Impulsivity seems to selectively enhance automatic stimulus-driven, goal-independent
actions whilst diminishing the occurrence of routine behaviours. Impulsive actions are spontaneous
and have been described as an ‘inability to control automatic reactions to stimuli’ (Kopetz et al.,
2018). Therefore, the positive relationship between impulsivity and stimulus-driven behaviours
captured by the COHS automaticity scale may seem intuitive (Ersche et al.). However, the negative
correlation between impulsivity and routine is less intuitive. It seems habits have two quite different
aspects — one is about control/impulsivity and the other is about carefully doing the same thing
repeatedly. In other words, is someone susceptible to habitual behaviour when it is inappropriate

(impulsive S-R-like behaviour), versus, does someone tend to arrange their life in such a way that
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their habits bring about a desired outcome (routine)? As existing research has found an association
between self-reported habitual behaviour and impulsivity, we also ran correlational analyses between
impulsivity and self-reported habitual behaviour and habitual control measured in the COHS and
HSCQ, and included these in Appendix 8.
Stress, depression, and anxiety

Several other individual differences have previously been associated with habitual behaviour.
Experiences of acute or chronic stress has been identified as a factor that can influence the switch
from goal-directed action to habitual behaviour (Dias-Ferreira et al., 2009; Schwabe et al., 2011).
Moreover, Heller et al. (2018) found that on a two-stage decision-making task, individuals high in
depression demonstrated greater habitual and less goal-directed decision-making in the face of stress.
Ample evidence supports rumination as a vulnerability marker for the development and maintenance
of depressive symptoms and episodes (Nolen-Hoeksema et al., 2008; Watkins, 2008). Consistent with
the habit-goal framework, rumination has often been described as habitual in the depression literature
(e.g., Hertel, 2004). Trait anxiety and experiences of adversity during childhood —a well-known risk
factor for depression (Nelson et al., 2017), are associated with increased automatic habitual
responding in everyday life, when habitual behaviour is measured using the COHS (Ersche et al.,
2017). Furthermore, a study by Olafsson et al. (2020) found that on an outcome devaluation task,
stronger habitual (relative to goal-directed) behaviour was associated with a greater number of
previous depressive episodes in a group of formerly depressed individuals. To summarise, stress,
depression and anxiety have all been correlated with habitual behaviour. Therefore, a further aim of
this chapter was to see if there were associations between performance in our task and self-reported
levels of stress, depression and anxiety. We expected stress, depression, and anxiety to be associated
with greater self-reported daily habits (measured using COHS automaticity) and greater action slips in
our experiments.

We aimed to measure self-perceived stress in participants using the Perceived Stress Scale
(PSS; Cohen et al., 1983). The PSS is a 10-item self-report measure to assess the degree to which

people perceive their lives as stressful, as shown in Appendix 5. Items include questions such as “in

84



the last month, how often have you felt nervous and stressed?””. Response choices are ranked from “0”
(never) to “4” (very often), providing a 0-40 severity score. Scores ranging from 0-13 are considered
low stress, scores between 14-26 are considered moderate stress, and scores above 27 are considered
high perceived stress.

We assessed participants’ level of depression using the 9-item depression module of the
Patient Health Questionnaire depression scale (PHQ-9; Kroenke et al., 2001), as shown in Appendix
6. This questionnaire is used to diagnose depression and grade the severity of symptoms in general
medical and mental health settings. Scores of each of the nine Diagnostic and Statistical Manual of
Mental Disorders criteria of major depressive disorder are ranked from “0” (not at all) to “3” (nearly
every day), providing a 027 severity score. A higher PHQ-9 score indicates greater depressive
tendencies and depression severity. The cut off for moderate depression is a PHQ-9 score of 10.

Level of anxiety was assessed using the 7-item Generalised Anxiety Scale (GAD-7; Spitzer et
al., 2006). The scale asks participants how often in the past two weeks they have felt certain states of
anxiety, such “feeling nervous, anxious, or on edge,” and “trouble relaxing”, as shown in Appendix 7.
Response choices are “0” (not at all) to “3” (nearly every day), providing a 0-21 severity score. The
cut off for moderate anxiety is a GAD-7 score of 10.

To summarise, the current chapter aims to explore whether there is an association between
performance in our experimental task and self-reported measures of habitual behaviour and goal-
directed control (as potential individual traits). There is also the possibility that instead of measuring
habitual behaviour, our experiments are measuring errors that are due to something else, such as
impulsivity. Therefore, this chapter also aims to explore whether there is an association between
performance in our experiments and self-reported impulsivity. Furthermore, we explored associations
between performance in our experiments and self-reported measures of several other individual

differences associated with habitual behaviour (levels of stress, depression, and anxiety).

Method

Each self-report measure was presented to participants on-screen and completed directly

before one of the experiments outlined in Chapters 2-4. For experiments run online, the questionnaire
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was built into the experiment. If the experiment was run in the lab using E-Prime, the questionnaire
was developed and presenting using Qualtrics on a web browser directly before running the E-Prime
experiment.

Exclusions. The same exclusion criteria were applied to all self-report measures. As in other
chapters, we excluded participants with a mean accuracy of less than 80% across all trials on the
experiment. Participants were also excluded if they failed an attention check embedded within the
guestionnaire. In order to test whether participants were paying attention to the questions, an
additional question was added to the regular set of questions within the measure, asking the
participant to select a specific answer. Finally, participants were excluded if their score was
considered implausible, based on the scoring guidelines of the measure (i.e., we followed Patton et
al.’s (1995) guidance for removing scores of 52 or less on the BIS-11). The number of data points
vary between each analysis, as not all experiments contained all the questionnaires. This means that
the number of participants for each correlation vary depending on whether the participants completed
both measures for each correlation.

Self-reported habitual behaviour (COHS). The Creature of Habit Scale (COHS; Ersche et
al., 2017) was completed by a total of 459 participants. As above, the exclusion criteria were applied,
leaving a sample of 313 participants with COHS scores. The mean COHS score of the remaining
sample was 66.86 (SD=13.47). The structure of the COHS contains two subscales: routine and
automaticity. The mean routine score was 41.87 (SD=8.97) and the mean automaticity score was
24.99 (SD=8.12).

Self-reported goal-directed behaviour (HSCQ). The Habitual Self Control Questionnaire
(HSCQ, Schroder et al., 2013) was completed by a total of 414 participants. Following exclusions,
this left a sample of 283 participants with HSCQ scores, with a mean HSCQ score of 42.99
(SD=7.84).

Self-reported impulsivity (BIS). The Barratt Impulsivity Scale Version 11 (BIS-11; Patton
et al., 1995) was completed by a total of 793 participants. As detailed above, participants were
excluded for scoring less than 80% accuracy in the experiment. Participants were also excluded for

failing the attention check in the questionnaire. BIS-11 guidelines specify an additional reason for
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exclusion: scores below 52 are considered to represent inaccurate responding (Stanford et al., 2009).
Scores between 52 and 71 represent normal levels of impulsivity, with scores above 71 considered
high. Of the sample remaining after our own exclusion criteria were applied, 56 participants scored
less than 52 and were therefore excluded based on implausible BIS scores. This left a sample of 547
participants. The mean BIS score of the remaining sample was 66.38 (SD=8.95), with 149 participants
scoring over 71 (27.2%).

Self-reported stress (PSS). The Perceived Stress Scale (PSS-10; Cohen et al., 1983) was
completed by a total of 576 participants. Once the usual exclusion criteria were applied, the remaining
sample of 405 participants had a mean PSS score of 21.57 (SD=6.45). Forty-six participants scored
between 0 and 13 (low stress), 265 scored between 14 and 26 (moderate stress), and 94 scored
between 27 and 40 (high stress).

Self-reported depression (PHQ). The Patient Health Questionnaire 9-item depression scale
(PHQ-9; Kroenke et al., 2001) was completed by a total of 352 participants. After exclusions, there
were 229 participants with PHQ-9 scores, with a mean PHQ-9 score of 9.20 (SD=6.27).

Self-reported anxiety (GAD). The Generalised Anxiety Disorder 7-item scale (GAD-7;
Spitzer et al., 2006) was completed by a total of 352 participants. After exclusions, the remaining
number of participants with GAD-7 scores was 229, with a mean GAD-7 score of 7.59 (SD=5.49).

Measures of task performance. To obtain a measure of participants’ responses that were
controlled by the stimulus presented, an action slip score was first calculated for each participant. This
action slip score was calculated by subtracting a participant’s percentage of accuracy on incongruent
trials from their percentage of accuracy on congruent trials. A positive action slip score thus revealed
a decrease in response accuracy for incongruent trials — suggesting the stimulus controlled their
responses. To represent the difference in mean reaction times for congruent and incongruent trials, an
‘RT cost’ score was also calculated for each participant by subtracting their mean RT on congruent
trials from their mean RT on incongruent trials. Four scores from the experiments were used for the
correlation analyses: action slip score, overall mean accuracy (including both congruent and
incongruent trials), RT cost score, and overall mean RT (including both congruent and incongruent

trials).
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Results

It is worth noting, we only include scatter plots for significant correlations between
performance in our experiment and individual differences measures throughout this chapter. Further
significant correlations between the COHS, HSCQ, BIS, PHQ-9 and GAD-7 scores are shown in

Appendix 8.

COHS and HSCQ correlations with performance in our experimental task

Table 4 shows the first analysis, which correlated the measures derived from our experiments
(action slip score, mean accuracy, RT cost score, and mean RT) with self-reported habitual behaviour
(based on total COHS score, and the two subscales, routine behaviour and automaticity) and self-
reported goal-directed behaviour (based on total HSCQ score) using Pearson’s correlation and
Bayesian correlation tests.

Table 4: Results of COHS and HSCQ Pearson’s correlation analyses with performance in
Experiments 1-9

Pearson’s Correlations

Variable Actionslip  Mean RT cost Mean RT
score Accuracy score (s)
(%)
COHS Routine N 313 313 313 313
Pearson’s r -0.01 0.08 -0.01 0.07
p-value 0.977 167 .850 .207
BFio 0.07 0.18 0.07 0.16
Automaticity N 313 313 313 313
Pearson’s r 0.03 -0.03 0.01 0.12
p-value 0.586 .651 .828 .034*
BF1o 0.08 0.08 0.07 0.67
HSCQ Total HSCQ score N 283 283 283 283
Pearson’s r -0.02 0.01 -0.05 0.01
p-value 0.699 .885 421 872
BF1o 0.08 0.08 0.10 0.08

*p<.05, **p<.01, *** p<.001
f BFlo = 3-10, il BF10= 10-30, 1 BFlo = 30-100, it BFlo > 100

COHS and HSCQ scores and task performance. As shown in Table 4, there were no
significant correlations between COHS scores and action slip scores, mean accuracy, or RT cost
scores. As shown in Figure 37, there was a marginally significant positive correlation between mean

RT and COHS automaticity, r=.12, p=.034, BF1, = 0.66, with participants responding more slowly in
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the experiment when they scored higher on the automaticity measure. However, this correlation was
weak, and the Bayesian correlation was inconclusive. There were no significant correlations between

COHS routine scores and task performance, nor HSCQ scores and performance in our experiments.
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Figure 37: Scatter plot showing results of Pearson’s correlation analysis between COHS automaticity
score and overall mean RT (ms) in Experiments 1-9.

BIS correlations with performance in our experimental task
Table 5 shows the results of correlation analyses of BIS impulsivity scores and action slip
score, mean accuracy, RT cost score and mean RT. As shown in Table 5, there were no significant

correlations between impulsivity and action slip score or RT cost score.

Table 5: Results of BIS Pearson’s correlation analyses with performance in Experiments 1-9

Pearson’s Correlations

Variable Actionslip  Mean RT cost Mean RT
score Accuracy score (s)
(%)
BIS- Total BIS score N 547 547 547 547
11 Pearson’s r 0.05 -0.13 -0.01 0.10
p-value .293 .002** .962 .023*
BF1o 0.09 6.33° 0.05 0.71
Attentional score N 547 547 547 547
Pearson’s r -0.02 -0.02 -0.02 0.06
p-value 729 .603 .613 141
BF10 0.06 0.06 0.06 0.16
Motor score N 547 547 547 547
Pearson’sr 0.05 -0.12 0.04 0.07
p-value .238 .005** .344 .095
BF10 0.11 2.73 0.08 0.22
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Non-planning score N 547 547 547 547

Pearson’s r 0.06 -0.15 -0.02 .09
p-value 133 <.001*** .596 .047*
BF1o 0.17 33.757f 0.06 0.38

*p < .05, ** p <.0L, *** p <.001
t BFyo= 3-10, ' BFy0= 10-30, Tt BFyo = 30-100, 'ttt BF10> 100

Total BIS scores and task accuracy. Table 5 shows that the correlation analysis between
overall mean accuracy and total BIS impulsivity score revealed a weak negative correlation, r=-.13,
p=.002, BF1o = 6.33, as illustrated in Figure 38, where impulsive participants made more overall

errors in the tasks.
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Figure 38: Scatter plot showing results of Pearson’s correlation analysis between mean accuracy (%)
in Experiments 1-9 and total BIS score.

BIS subscale scores and task accuracy. Figure 39a shows overall accuracy was negatively
correlated with motor impulsivity, r=-.12, p=.005, BF1o = 2.73. Overall accuracy was also negatively
correlated with non-planning impulsivity, r=-.15, p<.001, BFy, = 33.75, as shown in Figure 39b.
Those who scored higher on motor impulsivity or non-planning impulsivity made slightly more
errors. However, these correlations were weak and the Bayesian correlation for motor impulsivity was

inconclusive. There was no significant correlation between mean accuracy and attentional impulsivity.
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Figure 39: Scatter plot showing results of Pearson’s correlation analysis between mean accuracy (%)
in Experiments 1-9 and BIS subscale scores: a) motor impulsivity (bottom left); b) non-planning

impulsivity (bottom right).

BIS scores and task RTs. The Pearson’s correlations between mean RT and impulsivity

showed a weak positive correlation between mean RT and total BIS score, r=.10, p=.023, as shown in

Figure 40a, and a marginally significant positive correlation between mean RT and non-planning

impulsivity, r=.09, p=.047, as shown in Figure 40b. Participants who scored higher on total BIS

impulsivity and non-planning impulsivity responded marginally slower in our experiments. However,

the Bayesian correlations did not support these findings for total BIS score, BFio = 0.71, nor non-

planning impulsivity, BF1o = 0.38. There were no significant correlations between mean RT and the

other BIS subscales (attentional impulsivity and motor impulsivity).
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Figure 40: Scatter plot showing results of Pearson’s correlation analysis between mean RT (ms) in
Experiments 1-9 and the following BIS impulsivity scores: a) total BIS score (left); b) non-planning

impulsivity score (right).
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PSS, PHQ and GAD correlations with performance in our experimental tasks

As habitual behaviour has previously been associated with stress (PSS), depression (PHQ),
and anxiety (GAD), we ran these correlations with performance on our own experiments to see if
there were any associations between these self-reported individual differences and our measure of
habitual behaviour. As shown in Table 6, there were no significant correlations between action slip
score, overall mean accuracy, or RT cost score with any of these individual differences measures we
explored (perceived stress, depression, and anxiety).

Table 6. Results of PSS, PHQ and GAD Pearson’s correlation analyses with performance in
Experiments 1-9

Pearson’s Correlations

Variable Actionslip  Mean RT cost Mean RT
score Accuracy score (s)
(%)

PSS Total PSS score N 405 405 405 405
Pearson’s r 0.02 0.01 0.01 0.06
p-value 0.728 .780 933 .203
BF1o 0.07 0.07 0.06 0.14

PHQ-9 Total PHQ score N 229 229 229 229
Pearson’s r -0.04 0.01 0.02 0.20
p-value 0.509 972 787 .003**
BF1o 0.10 0.08 0.09 6.541

GAD- Total GAD score N 229 229 229 229

7
Pearson’sr 0.05 -0.09 0.09 0.26
p-value 0.413 A77 .184 <.001***
BF1o 0.12 0.20 0.20 > 1007f

*p < .05, ** p <.0L, *** p <.001
TBFlo = 3-10, il BF10= 10-30, 1 BF10= 30-100, it BF1o> 100

PSS, PHQ and GAD scores and task RTs. Both depression (PHQ score), r=.20, p=.003,
BF10 = 6.54, as shown in Figure 41a, and anxiety (GAD score), r=.26, p<.001, BF1, > 100, as shown
in Figure 41b, showed significant positive correlations with mean RT. Participants who scored higher
on depression and anxiety tended to respond more slowly in our experiments. The Bayesian
correlation showed particularly strong support for anxiety’s correlation with mean RT. There was no

significant correlation between perceived stress score (PSS) and mean RT.
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Figure 41: Scatter plot showing results of Pearson’s correlation analysis between mean RT (ms) in
Experiments 1-9 and the following individual differences measures: a) depression (PHQ-9) score
(left); b) anxiety (GAD-7) score (right).

Discussion

The current chapter aimed to explore whether there are associations between performance in
our experiments and self-reported measures of habitual behaviour and goal-directed control (as
potential individual traits). We also explored whether performance on our experimental task was
associated with self-reported impulsivity, stress, depression, and anxiety.

Our results found no association between self-reported habitual behaviour (COHS scores) and
action slip score, nor RT cost score. As our action slip score was a representation of the congruency
effect found in our experiments, these results suggest that the congruency effect is not associated with
self-reported habitual personalities. We also found no association between self-reported goal-directed
control (HSCQ score) and performance in our experiments. If anything, we found that higher scores in
COHS automaticity led to slower responding across trials, regardless of trial congruency. This
suggests that individuals with higher automatic habitual traits may have had to slow down their
responding to ensure accuracy across trials (regardless of trial congruency). However, this correlation
was very weak, and the Bayesian correlation was inconclusive, so these results should be treated with

caution.
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One significant finding was that there was a moderate negative correlation between COHS
automaticity score and HSCQ score, with very strong support from the Bayesian correlation, as shown
in Figure 44a in Appendix 8. This, therefore, replicates the findings from Ersche et al. (2017)’s
correlations - that goal-striving personalities are likely to run counter to automatic, habitual
personalities. A potential reason behind this is that goal-striving individuals manage their behaviour
by considering the consequences of their actions. Individuals with automatic, habitual personalities,
on the other hand, may be more inclined to allow environmental stimuli to take over their control.

It is important to note that using self-report measurements of behaviours that largely occur
without awareness can be criticised (Sniehotta & Presseau, 2012). COHS Automaticity is the measure
of an individual’s tendency towards automatic, involuntary responding. However, as the measure is
self-reported, the automaticity score is reliant on participants’ awareness of their automatic
behaviours. This poses a problem if automaticity is unconscious behaviour. In fact, you might expect
the opposite correlation, where those people who are especially habitual give a low score on COHS
automaticity because they are unaware of their automatic behaviour. Furthermore, given that
automatic actions are dependent on the context that triggers them, automatic action patterns
necessarily vary enormously with respect to individuals' lifestyles. This poses a particular challenge
for self-report measures, which require questionnaire items that capture the specificity of the
environment while applying to many people. As the consumption of food is largely automatic (Cohen
& Farley, 2008), it is not surprising that many COHS automaticity items are related to eating.
However, participants may have automatic habitual tendencies, but not in a food-related way.
Therefore, they may score low on COHS automaticity simply because it does not capture the context
of their automatic behaviour. Other non-food related behaviours are equally likely to be automatic but
may be more difficult to assess by questionnaire (Ersche et al. 2017).

Another potential reason that we did not find an association between self-reported habitual
traits and action slips scores is the possibility that, instead of measuring habitual behaviour, our
experiments are measuring errors that are due to something else, such as impulsivity. We found a
negative correlation between mean accuracy and non-planning impulsivity. Participants with more

accurate overall performance in our experiments tended to score lower on the non-planning
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impulsivity measure. A possible explanation for this is that those with high non-planning impulsivity
scores were likely to respond automatically to the stimuli, without planning their responses. On the
other hand, those with low non-planning impulsivity scores were more likely to think about their
responses in advance. Therefore, participants with low non-planning impulsivity scores performed
more accurately across the experimental trials. This could also be interpreted as a form of goal-
directed control.

To summarise, participants with high non-planning impulsivity were more likely to have low
goal-pursuit traits, as shown in Figure 43d in Appendix 8 and high automatic habitual traits, as shown
in Figure 42d in Appendix 8, and these participants tended to make more errors in the task in our
experiments. This suggests that high accuracy in our experiments could be linked to goal-directed
control, rather than automatic habitual behaviour. This also provides evidence for the association
between impulsivity and performance in our experiments.

In addition to the correlations described above, is also worth discussing the attentional
impulsivity correlations. This BIS subscale was negatively correlated with goal-directed control
(HSCQ score), and positively correlated with automatic habitual behaviour (COHS automatic score).
These results are shown in Appendix 8 and replicate Ersche et al.’s (2019) findings. However,
attentional impulsivity did not correlate with performance in our experiments. Whilst we may expect
there to be an association between attentional impulsivity and action slips, as self-reported automatic
habitual behaviour is associated with high attentional impulsivity, our findings replicate those of
Hogarth et al. (2012). In their devaluation experiment, they found no difference in devaluation effect
between groups split by attentional impulsivity score. Individuals who struggle to pay attention to a
task may also struggle with goal-directed control in real-life situations. However, the tasks in our
experiments were relatively easy and short-lived compared to more complex real-life goals, such as
losing weight or quitting smoking. Therefore, even participants with high attentional impulsivity may
have found it easy to sustain attention in our experiments.

As well as investigating associations between performance in our task and several relevant
behavioural traits (habitual behaviour, goal-pursuit and impulsivity), we explored a number of clinical

states that have previously been associated with habitual behaviour. Experiences of acute or chronic
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stress has previously been identified as a factor that can influence the switch from goal-directed action
to habitual behaviour (Dias-Ferreira et al., 2009; Schwabe et al., 2011). In line with this, our results
found a moderate positive correlation between self-reported automatic habitual behaviour (COHS
automaticity) and stress (PSS), where those who reported higher rates of stress also reported higher
automatic habitual behaviour, as shown Figure 44b in Appendix 8. These results are in line with
existing findings that stress can influence habitual behaviour (Dias-Ferreira et al.; Schwabe & Wolf).
Therefore, we expected to find a positive correlation between self-reported perceived stress and action
slip scores in our experiments. This was not the case.

As already discussed, it is possible that the action slips in our experiments were due to two
competing goals, rather than S-R behaviour. This could explain why there was no association between
perceived stress and action slip scores. It also possible that, whilst participants scoring high on the
perceived stress scale (PSS) believe they have high levels of stress in general life, they may not have
been feeling stressed at the precise time they completed the experiment. Therefore, their general
levels of stress did not impact their performance in our experiments. Future research could apply a
stress manipulation to our experimental procedure to measure the effect of stress applied at the time of
the experiment. An example of existing research that has successfully induced stress in a laboratory
setting is Le et al.'s (2021) ‘Simple Singing Stress Procedure’. In this procedure, participants in the
stress condition were instructed to sing a song in front of the experimenter while being video- and
audio-recorded. They were also told they would have to sing the song again at the end of the
experiment whilst being assessed by a panel. Participants in the no-stress condition simply read the
song lyrics in each test phase. They found that participants in the stress condition showed significantly
higher blood pressure and salivary cortisol immediately after the initial singing session, compared to
those in the no-stress condition. Therefore, applying the Simple Singing Stress Procedure during the
training phases of our experiments, with the anticipation of singing again after the test phase to a
panel of experimenters, could be a simple method of exploring the effects of induced stress on action
slips.

A further investigation of this chapter was to explore the association between performance in

our experiments and depression and anxiety. A study by Olafsson et al. (2020) found that on an
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outcome devaluation task, stronger habit relative to goal-directed behaviour was associated with a
greater number of previous depressive episodes in a group of formerly depressed individuals. Trait
anxiety has also previously been associated with increased automatic habitual responding in everyday
life, where habitual behaviour was measured using the COHS (Ersche et al., 2017). In line with this,
our results found a moderate positive correlation between self-reported automatic habitual behaviour
(COHS automaticity) and depression and anxiety, as shown in Appendix 8 Figures 44c and 44d,
where those who reported higher automatic habitual behaviour also reported higher rates of
depression or anxiety. Therefore, we expected to find an association between performance in our
experiments and both self-reported depression scores (PHQ-9) and generalised anxiety scores (GAD-
7). However, there were no correlations between action slip scores in our experiments and depression
or anxiety.

One significant clinical finding in our experimental tasks was a positive correlation between
overall RT in our experimental test trials and self-reported levels of depression and anxiety, with
participants responding slower when they had also reported higher levels of depressive and anxious
states. These findings are in line with existing evidence that depressed individuals perform more
slowly on reaction time tasks than participants in a control group (Azorin et al., 1995). However,
existing evidence for the effect of anxiety on RTs has been mixed and tends to depend on the
motivation behind RTs (Farber & Spence, 1956). As performance was generally high across our
experiments, these results indicate that participants with high levels of depressive or anxious states
slow their responses to perform accurately in our experiments (regardless of trial congruency). This
sounds like goal-directed behaviour, rather than habitual behaviour, which could explain why there
was no association between action slip scores and depression, nor anxiety.

Overall, our results found no evidence for an association between performance in our
experiments and self-reported measures of habitual behaviour, nor self-reported goal-directed control.
However, we found evidence of an association between impulsivity and overall performance in our
experiments, where low overall accuracy in our experiments is associated with participants who do
not tend to plan their responses in advance (high non-planning BIS score). This could also be

interpreted as a lack of goal-directed control - an interpretation that is supported by our correlation
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analysis, showing that low scores in goal-directed control (HSCQ score) were associated with high
non-planning impulsivity (BIS score), as illustrated in Figure 43d in Appendix 8 These results
suggest that performance in our experiments could be linked to goal-directed control, rather than
automatic habitual behaviour, as participants’ accuracy in our experimental tasks appear to depend on
planning their responses in advance. Other individual differences (depression and anxiety) were also
associated with self-reported habitual behaviour and goal-directed control but were only related to
mean RT across all trials in our experiments, as shown in Table 6, indicating that these participants
slowed their responses in order to respond accurately, which also sounds like goal-directed control.
People who are anxious tend to slow their responses to ensure they respond correctly, which is in line
with previous findings (Mkrtchian et al., 2017).

It is important to remember that correlations between these factors do not imply causation.
Habitual behaviour and impulsivity may be related, but it is essential to interpret the findings in the
context of the specific study design and research methods used. These results will be discussed further

in Chapter 6.
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Chapter 6 — General discussion

The experiments in this thesis aimed to investigate evidence of habitual behaviour and
whether the amount of habitual behaviour observed varied with manipulations of response delay,
working memory capacity, devaluation, and amount of training. We also aimed to explore whether
individual differences were associated with performance in our experiments, including self-reported

habitual behaviour, goal-directed control, impulsivity, perceived stress, depression, and anxiety.

Summary of results

A congruency effect was consistently found in our experiments (with one exception, which
we will discuss below). Responding was more accurate when the presented stimulus was congruent
with the available outcome (i.e., O1 followed by S1, or O2 followed by S2 on test) than when the
stimulus was incongruent with the outcome (i.e., O1 followed by S2, or O2 followed by S1). These
results indicate that participants’ responses were influenced by the stimuli (S1 and S2) presented, even
though participants were instructed explicitly to ignore those stimuli. This leads to the question of
whether the stimuli presented on incongruent trials disrupted goal-directed behaviour.

In addition to the congruency manipulation, all three experiments in Chapter 2 implemented a
manipulation in the delay between O and S on test. The short O-S delays had a tendency to increase
the congruency effect. Although evidence for this effect of O-S delay was not strong, the numerical
pattern was consistent across experiments, where shorter delays showed a bigger congruency effect on
accuracy. In addition to the effect on accuracy, there was also an effect on RTs. In order to respond
accurately, it took participants more time to respond on short delay trials than long delay trials. A
possible interpretation of these findings is that, in short delay trials, the sudden presentation of the
stimulus may not have allowed participants enough time to prepare their responses in advance,
causing a longer response time. In long delay trials, on the other hand, participants had ample time to
prepare their responses to obtain the presented outcome. They were then able to hold that response in
mind until the stimulus was presented and make the prepared response quickly. These findings can be
accommaodated by dual-process theory by assuming that goal-directed control will be disrupted when

there is less time to prepare responses in advance. This leads to a larger effect of the stimuli, as goal-
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directed behaviour is time consuming and effortful, in comparison with automatic habitual behaviour,
which is fast and effortless (Heyes & Dickinson, 1990).

The main aim of Chapter 3 was to explore whether reducing participants’ working memory
capacity would increase the congruency effect. In addition to our standard congruency manipulation,
we embedded a working memory task into half of the test trials in Experiments 4-6. This additional
task was designed to create a distraction or increase cognitive load on half of the trials to see if this
would increase the number of action slips made. The results suggest that a ‘light’ load task was not
enough to interact with our congruency effect. When the digit-span load task was applied (which
required a higher level of working memory), participants appear to slow down on incongruent trials
during the more difficult load trials to ensure accuracy. When participants did not compensate in
terms of speed (Experiment 6), a load x congruency effect on accuracy was observed. These results
provided some evidence that the congruency effect can be increased by reducing working memory
capacity, which again, supports the dual-process theory. It is not clear why the RT results differed
when the load experiment was conducted online verses in-person. It is possible that the difference in
speed of responding was due to the added pressure of performing the experiment in a lab with an
experimenter present in Experiment 6.

Chapter 4 aimed to explore to what extent our congruency effects shown in Chapters 2 and 3
connect to the existing habit literature. We aimed to do this by exploring two approaches commonly
used in existing literature to measure habitual behaviour verses goal-directed action: manipulation of
outcome value, and manipulation of amount of training (Adams and Dickinson, 1981; de Wit et al.,
2018; Luque et al., 2020; Tricomi et al., 2009). In Chapters 2 and 3, we consistently saw a congruency
effect in our experiments. However, when we tried to manipulate devaluation (Experiment 8), this
congruency effect was not observed. These results suggests that by putting more focus on the value of
the outcome, participants were more able to focus on which outcome to respond for, resulted in high
accuracy in both congruent and incongruent conditions. In other experiments, it is possible that the
screen colour was more salient than the outcome, resulting in action slips. It is important to note that
this lack of congruency effect only occurred in this one experiment. When we returned to the standard

testing procedure of the previous chapters and manipulated the amount of training participants
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received (Experiment 9), we observed a main congruency effect, but we found no effect of increased
training on accuracy. The congruency effect was still there, and undiminished, when we shortened
training. The theoretical implications of these results will be discussed below.

In Chapter 5, as well as manipulating the congruency effect, we aimed to explore whether
there is an association between performance in our experiments and self-reported measures of habitual
behaviour and goal-directed control as potential individual traits. Additionally, we aimed to explore
whether several self-reported individual differences (impulsivity, stress, depression, and anxiety) were
associated with performance in our experiments. Our results found no association between self-
reported habitual behaviour (COHS scores) and action slip score, nor RT cost score. This suggests
that the congruency effect found in our experiments is not associated with self-reported habitual
personalities. We also found no association between self-reported goal-directed control (HSCQ score)
and action slips scores, nor RT cost score, overall accuracy, or overall RT. These are the results one
might predict if our congruency effect is due to competing goals, rather than dual processes. The
action slip score is formed from one goal (performance on congruent trials) subtracted from another
goal (performance on incongruent trials), so it is possible that they cancel each other out.

There was strong evidence for a correlation between overall accuracy in our experiments
(regardless of trial congruency) and non-planning impulsivity, with participants who do not tend to
plan their responses in advance (high non-planning BIS scores) performing less accurately across the
experimental trials. If they are right about their own behaviour when answering the BIS questions
(they do not plan in advance), then these findings are consistent with Experiment 3’s results. In
Experiment 3, long delays led to higher accuracy. When participants had the opportunity to plan in
advance, accuracy was higher. However, some people might not have taken that opportunity - because
they have high non-planning impulsivity tendencies. This leads to the question of why the association
between non-planning impulsivity and accuracy is seen on congruent trials no less than on
incongruent trials (i.e., there is no correlation with the action slip score). It is possible that this comes
down to the significance of the stimulus. In these experiments, S signifies nothing on test trials. So, on
congruent trials, perhaps participants who have not planned their response are simply responding

randomly when S appears, rather than responding for the outcome. Therefore, the association between
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performance in our experiments and non-planning impulsivity could be interpreted as a lack of goal-
directed behaviour. In line with this, further correlation analyses shown in Appendix 8 found that non-
planning impulsivity was positively associated with automatic habitual behaviour (COHS
automaticity score) and inversely associated with goal-directed control (HSCQ score). These results
indicate that people with high non-planning impulsivity may have lower goal-directed control, which

may, in turn, have influenced performance in our experiments (regardless of congruency).

Theoretical implications

Dual-process theory proposes that instrumental behaviours are controlled by two distinct
systems: the goal-directed system (facilitating deliberate, reward-driven actions) and the stimulus-
triggered habitual system (producing automatic responses based on S-R associations). Therefore, if
the dual-process account is correct, and S-R associations interfere with goal-directed control, we
would expect to see a congruency effect in our experiments, where participants are less accurate on
incongruent trials following interference from the trained S-R associations. As previously stated, we
observed this congruency effect in all our experiments (with the one exception). A dual-process
explanation of the action slips made on incongruent trials is that participants’ goal-directed behaviour
(e.g., for O1 by responding R1) is undermined by an incompatible response triggered by the
presentation of an incompatible stimulus (e.g., S2 that is associated with R2). The proposed
mechanism underlying the incompatible response is an S-R link formed during training. This link
affects behaviour automatically — quickly and perhaps outside of the participant’s awareness (Moors
& De Houwer, 2006). Furthermore, the S-R mechanism is argued to be qualitatively different from
the goal-directed system; it is evolutionarily older and has a distinct neural basis (e.g., Killcross &
Coutureau, 2003). This S-R mechanism is the predominant explanation for action slips (Watson & de
Wit, 2018). We also observed an increase in the congruency effect during short O-R delays and under
high cognitive load. According to dual-process theory, goal-directed actions are effortful, in
comparison with habitual S-R responses (Heyes & Dickinson, 1990). Therefore, on trials where
responding for the goal (outcome) is incongruent with the S-R associations, participants would need

more time to prepare their responses and more working memory capacity to avoid making an
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incorrect S-R response. Therefore, our O-S delay and cognitive load effects are consistent with the
dual-process theory.

The main outcome of our results is that it appears habitual behaviour can be observed with
humans using our basic instrumental experiments. We acknowledge that, by interpreting the
congruency effect observed as evidence for habitual behaviour, we have somewhat “stretched” the
definitions of habits. Insensitivity to outcome devaluation manipulations is typically regarded as the
canonical measure of habitual control, at least in the animal learning literature (e.g., Adams &
Dickinson, 1981). Still, there is a substantial but largely distinct literature that seeks to examine habits
in humans from the ideomotor literature (e.g., Elsner & Hommel, 2001). In these studies, researchers
often seek evidence of habits not through outcome devaluation manipulations, but rather through
performance on reaction time and interference tasks, similar to that used here (e.g., Brass et al., 2001;
see also Stroop, 1935). Gaining a clearer picture of how performance in our experimental procedure
relates to devaluation manipulations was an important consideration we explored in Chapter 4. This
link was required as interference tasks and devaluation tasks might measuring two different
psychological processes.

It is important to consider why we did not see an effect of devaluation in Chapter 4. We used
the same devaluation procedure as the Fabulous Fruit Task (de Wit et al., 2007; de Wit et al., 2013),
which has previously been found to be an effective measure of habitual behaviour in lab-based
experiments (although, see De Houwer et al.’s argument in Chapter 1). de Wit and colleagues found
that participants will continue responding even when the outcome has been devalued, providing
evidence for habitual behaviour. Therefore, if we are to believe the dual-process theory of habitual
behaviour, we would expect to continue to see a congruency effect when our procedure is more in line
with the Fabulous Fruit Task (Experiment 8). However, the devaluation procedure did not produce
these results for us. Accuracy was high across all trials (around 98%), so it cannot be argued that the
participants simply did not understand the instructions; participants clearly knew which outcome to
respond to on each trial. Rather, our devaluation manipulation appeared to increase participants’
ability to hold the goal in mind or resist the influence of the nature of the stimulus S when it was

presented. Rather than displaying both outcomes with a cross over the ‘incorrect’ outcome, our other
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experiments only displayed the ‘correct’ outcome at the beginning of each trial. Displaying the two
outcomes (valued and devalued) simultaneously on screen before responding, rather than displaying
the valued outcome alone, appeared to make participants almost immune to action slips. It is possible
that indicating which outcome not to go for, as well as which outcome they should go for, made it
easier for participants to make the correct response. In line with existing research, our devaluation
results appear to provide evidence of goal-directed behaviour in humans, but not S-R responding.

A further common theme in previous literature on habitual behaviour is manipulating the
amount of training participants receive (Adams & Dickinson, 1981; de Wit et al., 2018; Luque et al.,
2020; Tricomi et al., 2009). As outlined in Chapter 4, a dual-process account would argue that more
habitual behaviour will be observed when the amount of training is increased. However, we found no
statistically significant difference between accuracy following short training and long training
(Experiment 9). A congruency effect was observed even in the short training condition. As amount of
training is considered fundamental in developing habitual behaviour, the fact that our congruency
effect appears even after only a short amount of training suggests that we may be measuring
something other than habitual behaviour in our experiments.

To summarise, in line with the dual process theory of habitual behaviour, our experiments
almost consistently show a congruency effect, which can be manipulated through participants’
opportunity to prepare their goal-directed response (Experiments 1-3) and through decreasing their
working memory capacity (Experiments 5-6). However, this congruency effect still appears even after
a short amount of training (Experiment 9), which is inconsistent with the S-R account and dual
process theory.

Methodological implications

Running experiments with participants face-to-face in a lab allows more control over the
experimental conditions. Therefore, this would be the preferred method of conducting our
experimental procedure. However, for the purposes of this thesis, we were forced to use the online
method for some of the experiments due to social-distancing rules during the pandemic. Future

experiments may benefit from following the face-to-face procedure, as we found a difference in RTs
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between participants in Experiment 5 (online) and Experiment 6 (in-person), possibly due to
additional distractions in the online environment. Having said this, we still found our congruency
effect in online experiments, indicating that it is possible to run this experiment online. Whilst face-to-
face would be preferable, having an experiment that can run online has practicable benefits, such as
reaching a wider range of the population and increasing sample size.

One small outstanding point relates to the training performance. One might expect accuracy
to be close to 100% on such a simple task, rather than the 95% accuracy observed. Our only
explanation for this poorer than expected performance is that participants were responding as quickly
as possible to maximise points earned. This is not unusual for an instrumental training task. To some
extent, participants can choose how accurate they want to be; faster responses earn more points, but
incorrect responses earn zero points. Perhaps 5% errors were deemed acceptable in the pursuit of
faster responses by our participants. The scoring system on test would have rewarded this adjustment;
increasing reaction time by less than 100ms (the kind of increase we observed) would have led to a
maximum reduction of a single point. In general, when accuracy is rewarded more than speed,
participants are likely, if possible, to adapt to the kinds of interventions in place in our experiments to
maintain high levels of accuracy. Perhaps a scoring system that heavily penalizes slightly slower

responses would reveal stronger congruency effects under a O-S delay or cognitive load manipulation.

Behavioural and clinical research implications

As well as providing the existing literature with theoretical implications in the study of
habitual behaviour, the research in this thesis has both behavioural and clinical implications.
Understanding the mechanisms behind habitual behaviour relate heavily to behavioural change
research, such as quitting smoking, increasing work productivity, and replacing unhealthy behaviour
with more healthy alternatives (Ersche et al., 2016; Hogarth et al., 2003; Sebold et al., 2014; Voon et
al., 2015). There are always competing response options in terms of food choices (unhealthy verses
healthy), alcohol (alcoholic vs soft drinks), activity choices (watch tv vs go for run) etc., so our study
could be used to measure habit formation in a variety of cases, where the outcomes in our experiment

relate to these competing choices.
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Our findings may also have implications for research into clinical conditions. As discussed in
Chapter 5, chronic stress (Dias-Ferreira et al., 2009; Schwabe et al., 2011), depression (Heller etal.,
2018) and trait anxiety (Ersche et al., 2017) have previously been associated with increased automatic
habitual behaviour. Rumination is associated with stress (Nolen-Hoeksema et al., 1999), depression
and anxiety (Watkins et al., 2009; Young & Dietrich, 2015), and rumination in terms of repetitive
negative thoughts has been conceptualised as habitual behaviour (Hertel, 2004; Watkins & Nolen-
Hoeksema, 2014). The analyses of our self-report measures, shown in Appendix 8, replicated these
findings. We found positive correlations between self-reported automatic habitual behaviour (COHS
scores) and self-reported stress (PSS scores), depression (PHQ-9 scores), and anxiety (GAD scores),
as well as negative correlations between these three clinical traits and self-reported goal-directed
control (HSCQ).

Although we found associations between self-reported habitual behaviour and the self-
reported stress, depression and anxiety, we found no evidence for an association between action slip
scores in our experiments and three clinical traits. A possible reason for this is that the self-report
measures used in this thesis applied to levels of stress, depression, and anxiety in general life. For
example, they may feel stressed in life generally but were not feeling high levels of stress at the time
of the experiment. It is possible that a different study focusing on the current clinical state of the
participants would find correlations between these clinical traits and performance in our experiments.
For example, inducing stress at the time of the experiment by adding Le et al.’s (2021) ‘Simple
Singing Stress Procedure’ to our task could be a simple method of exploring the effects of induced
stress on action slips.

One significant clinical finding in our experimental tasks was that our correlational analyses
found an association between overall RTs and levels of depression and anxiety. Participants with high
levels of depression and anxiety tended to respond more slowly across all trials than participants with
low levels of depression and anxiety. It would be beneficial to explore this further, as understanding
the mechanisms behind habitual behaviour and goal-directed control may have implications for
rumination research and could therefore play a role in developing interventions for treating depression

and anxiety.
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Future research

A key point in Chapter 6 is that we consistently saw a congruency effect in our experiments,
except when we tried to manipulate devaluation (Experiment 8). One consideration for why
participants’ goal-directed control was not disrupted is that the devaluation manipulation made it too
easy for them to keep the goal in mind. Therefore, they did not revert to habitual behaviour. To
explore this further, and increase task complexity, future research could include our digit span load
task (Experiments 5 and 6) in our devaluation procedure. This would allow us to see whether
increasing task complexity and applying a manipulation that was previously found to effect
congruency (Experiment 6) would result in a congruency effect when the outcome is devalued.

In general, future research could focus on exploring whether motivation plays a role in
performance on our experimental tasks. Buabang et al., (2021) applied a variation of the Fabulous
Fruit Task (de Wit et al., 2007) to explore the role of motivation in goal-directed control. Their
primary finding was that performance after devaluation depended on participants’ motivation to learn
about the fruit outcomes. When motivation to learn about the fruit outcomes was not high enough,
performance for the fruit outcomes was, consequently, reduced. Motivation was especially important
for incongruent trials. They found that a lack of motivation led to the pattern of results that would
usually be interpreted as evidence for habits, when in fact the behaviour was goal-directed. According
to Buabang and colleagues, motivation to learn an association involves the individual deciding to
engage in a set of mental actions (R), which depend on the value of achieving the outcome (O) and
the expectancy that learning the association will lead to this outcome (R—O). In other words, if the
outcome is not valuable enough to the individual, they may choose not to learn the association, which
will result in lower R-O performance.

In order to explore the role of motivation further, a future study applying our experimental
procedure could focus on increasing participants’ motivation to win pringles/jellybean points.
Motivation could be amplified by increasing the value of the points, e.g., by having a financial
association to the points. The number of points won for each outcome could determine the value of a

bonus payment awarded to the participant. In order to strengthen the motivation further, incorrect
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responses could result in a loss of points, and therefore a smaller bonus payment. Both outcomes
could start with a high value of points. Then, on later trials, one of the outcomes would be devalued
by associating it with negative points. If performance is goal-directed, we would expect participants to
show greater accuracy and respond only for the outcome with value, resulting in no congruency
effect. However, if participants make action slips, responding for the devalued outcome on
incongruent trials, this could be considered evidence for habitual behaviour. Just like our existing
devaluation experiment (Experiment 8), there is no personal incentive for making correct responses.
Therefore, incorrect responses are not necessarily evidence for habitual behaviour, as participants
could have chosen to respond to the stimulus (S) on some trials, as this was easier than holding R-O in
mind during the O-S delay, resulting in action slips. However, unlike Experiment 8, action slips in the
proposed future experiment result in a direct financial loss to the participant. Therefore, they are likely
to be more motivated to consistently respond for the O and ignore the S. In Experiment 8, participants
received no physical reward at the end of the Experiment 8. Therefore, the incentive for R-O accuracy
may not have been high enough to motivate them.

Another key point in Chapter 6 was that we found no effect of reduced training on action slips
(Experiment 9). Extensive training is considered critical for developing habitual responses (Tricomi et
al., 2009). However, the congruency effect was still there in our experiment when we applied a
shortened version of training for half the participants (although it was weaker). In line with existing
research on habitual behaviour (Adams & Dickinson, 1981; de Wit et al., 2018; Luque et al., 2020),
we expected the congruency effect to significantly reduce for the participants in the ‘short training’
condition. A potential future experiment could remove training altogether for half of the participants
and simply state the S-R relationships at the beginning of the test phase as a verbal instruction.
Conversely, the long training condition for the other half of participants could also be extended to
three days of training, as this has been a method previously used in habit research (e.g., Tricomi et

al.).
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Conclusion

To conclude, the current thesis presents a new and very simple method to demonstrate
habitual behaviour. The evidence for habits comes, not from the absence of an effect of outcome
devaluation, but from the presence of stimuli that promote a different response from that which is
consistent with the overall goal. Our hope is that this procedure might be helpful in future studies

investigating the nature of habitual behaviour.
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Appendix 2: Creature of Habit Scale (COHS; Ersche et al., 2017)

Instructions:
Here are some statements relating to behaviours, feelings, or preferences that some people may have.
Please indicate the extent to which you agree with each statement with regard to yourself. Please

answer honestly, as there are no right or wrong answers.

I like to park my car or bike always in the same place.
I generally cook with the same spices / flavourings
When walking past a plate of sweets or biscuits, I can't resist taking one.

I tend to go to bed at roughly the same time every night.

o~ w D e

| often take a snack while on the go (e.g., when driving, walking down the street, or surfing

the web).

6. | quite happily work within my comfort zone rather than challenging myself, if | don't have
to.

7. ltend to do things in the same order every morning (e.g., get up, go to the toilet, have a
coffee...).

8. Eating crisps or biscuits straight out of the packet is typical of me.

9. Whenever | go into the kitchen, I typically look in the fridge.

10. I always try to get the same seat in places such as on the bus, in the cinema, or in church.

11. | often find myself finishing off a packet of biscuits just because it is lying there.

12. I normally buy the same foods from the same grocery store.

13. I rely on what is tried and tested rather than exploring something new.

14. | generally eat the same things for breakfast every day.

15. I tend to like routine.

16. I usually treat myself to a snack at the end of the workday.

17. In a restaurant, | tend to order dishes that | am familiar with.

18. 1 am one of those people who gets really annoyed by last minute cancellations.

19. | often find myself eating without being aware of it.

20. 1 usually sit at the same place at the dinner table.

21. | often find myself running on ‘autopilot’, and then wonder why | ended up in a particular
place or doing something that I did not intend to do.

22. 1 always follow a certain order when preparing a meal.

23. Television makes me particularly prone to uncontrolled eating.

24. 1 tend to stick with the version of the software package that | am familiar with for as long as |

can.

25. | often find myself opening up the cabinet to take a snack.
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26. | am prone to eating more when | feel stressed.

27. 1 find comfort in regularity.

Answers:
0 = strongly disagree
1 = mildly disagree
2 = undecided
3 = mildly agree

4 = strongly agree
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Appendix 3: Habitual Self-Control Questionnaire (HSCQ); Schroder et al., 2013)

Instructions:
Please indicate the extent to which you agree with each statement with regard to yourself. Please

answer honestly, as there are no right or wrong answers.

1. 1 usually succeed in translating good intentions into action.

2. | always tackle important and difficult tasks without delay.

3. It would be easy for me to adopt a new habit such as doing exercise every day.

4. When a goal requires controlling my behaviour over a long period of time, | tend to give up after a
while.

5. When | fail in a matter of some importance to me, | stick to my guns and try even harder than
before.

6. If something important to me turns out to be quite difficult, I just persist in my efforts.

7. When | have made up my mind to complete an unpleasant task, nothing can stop me from doing so.
8. Even if | am really determined to do so, I often have difficulty rejecting a tempting offer.

9. When there is an opportunity to do something more enjoyable, my previous good intentions are
usually lost.

10. 1 find it easy to motivate myself even if | do not enjoy a task at all.

11. Being rational and self-controlled does not seem to fit my way of life.

12. If I am convinced that completing a task is really important and worth the effort, | feel that | have
a lot of willpower.

13. When there are more obstacles to overcome than I had expected, | tend to abandon the idea.

14. 1 was quite successful in controlling unwanted habits in the past.

Answers:
1 = disagree strongly

2 = disagree a little
3 = neither agree nor disagree
4 = agree a little

5 = agree strongly
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Appendix 4: Barrett’s Impulsiveness Scale (BIS-11; Patton et al., 1995)

Instructions:
People differ in the ways they act and think in different situations. This is a test to measure some of
the ways in which you act and think. Do not spend too much time on any statement. Answer quickly

and honestly.

. | plan tasks carefully.
. I do things without thinking.
. | make-up my mind quickly.

. I am happy-go-lucky.

1

2

3

4

5. I don’t “pay attention.”

6. I have “racing” thoughts.
7. 1 plan trips well ahead of time.
8. I am self-controlled.

9. | concentrate easily.
10. I save regularly.

11. I “squirm” at plays or lectures.

12. 1 am a careful thinker.

13. I plan for job security.

14. | say things without thinking.

15. I like to think about complex problems.

16. I change jobs.

17. T act “on impulse.”

18. I get easily bored when solving thought problems.
19. I act on the spur of the moment.

20. 1 am a steady thinker.

21. | change residences.

22. | buy things on impulse.

23. | can only think about one thing at a time.

24. | change hobbies.

25. | spend or charge more than | earn.

26. | often have extraneous thoughts when thinking.
27. 1 am more interested in the present than the future.
28. | am restless at the theatre or lectures.

29. | like puzzles.

30. I am future oriented.
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Answers:

1 = Rarely/Never

2 = Occasionally

3 = Often

4 = Almost Always/Always
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Appendix 5: Perceived Stress Scale (PSS; Cohen et al., 1983)

Questions:

1.

In the last month, how often have you been upset because of something that happened

unexpectedly?

2. Inthe last month, how often have you felt that you were unable to control the important
things in your life?
In the last month, how often have you felt nervous and “stressed”?

4. In the last month, how often have you felt confident about your ability to handle your
personal problems?

5. In the last month, how often have you felt that things were going your way?

6. In the last month, how often have you found that you could not cope with all the things that
you had to do?

7. In the last month, how often have you been able to control irritations in your life?

8. In the last month, how often have you felt that you were on top of things?

9. In the last month, how often have you been angered because of things that were outside of
your control?

10. In the last month, how often have you felt difficulties were piling up so high that you could
not overcome them?

Answers:

0 = Never

1 = Almost Never
2 = Sometimes

3 = Fairly Often
4 = Very Often
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Appendix 6: Patient Health Questionnaire (PHQ-9; Kroenke et al., 2001)

Instructions:

Over the last two weeks, how often have you been bothered by any of the following problems?

Little interest or pleasure in doing things?

Feeling down, depressed, or hopeless?

Trouble falling or staying asleep, or sleeping too much?
Feeling tired or having little energy?

Poor appetite or overeating?

© o~ 0w D P

Feeling bad about yourself - or that you are a failure or have let yourself or your family
down?

7. Trouble concentrating on things, such as reading the newspaper or watching television?

8. Moving or speaking so slowly that other people could have noticed? Or the opposite - being
so fidgety or restless that you have been moving around a lot more than usual?

9. Thoughts that you would be better off dead, or of hurting yourself in some way?

Answers:
0 = Not at all
1 = Several days
2 = More than half the days
3 = Nearly everyday
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Appendix 7: Generalised Anxiety Scale (GAD-7; Spitzer et al., 2006)

Instructions:

Over the last 2 weeks, how often have you been bothered by any of the following problems?

1. Feeling nervous, anxious or on edge?

2. Not being able to stop or control worrying?

3. Worrying too much about different things?

4. Trouble relaxing?

5. Being so restless that it is hard to sit still?

6. Becoming easily annoyed or irritable?

7. Feeling afraid as if something awful might happen?
Answers:

0 = Not at all

1 = Several days

2 = More than half the days
3 = Nearly everyday
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Appendix 8: Additional correlation results between self-reported measures

COHS and HSCQ correlations with BIS scores

As well as running correlational analyses between impulsivity and habitual behaviour
measured in our instrumental experiments, we also ran correlations between impulsivity and self-
reported habitual behaviour (measured using the COHS) and goal-pursuit traits (measured using the
HSCQ). The results are shown in Table 7.
Table 7: Results of COHS and HSCQ Pearson’s correlation analyses with BIS scores

Pearson’s Correlations

Variable Barrett Impulsivity Scale (BIS)
Total BIS  Attentional Motor Non-
score score score planning
score
COHS Routine score N 313 313 313 313
Pearson’s r -0.09 -0.01 -0.10 -0.10
p-value 119 .985 .091 .070
BFio 0.24 0.07 0.29 0.37
Automaticity score N 313 313 313 313
Pearson’s r 0.33 0.33 0.17 0.25
p-value <.001***  <,001*** .002** <.001***
BFio > 10077 > 1007t 8.007 > 10077
HSCQ Total HSCQ score N 283 283 283 283
Pearson’s r -0.49 -0.44 -0.17 -0.49
p-value <.001*** <, 001*** .005** <.001***
BF1o > 1007 > 1007 3.75¢ > 1007f7f

*p<.05,**p<.01, *** p<.001
T BF10= 3-10, 7" BF1= 10-30, 7T BF1= 30-100, "7 BF,> 100

COHS scores and BIS scores. Table 7 shows there was a positive correlation between
COHS automaticity score and total BIS impulsivity, r=.33, p<.001, BF1o > 100, as illustrated in Figure
42a. Participants who scored higher on automaticity also scored higher on impulsivity. There was also
a positive correlation between COHS automaticity score and the three BIS subscales: attentional
impulsivity, r=.33, p<.001, BF1, > 100, as shown in Figure 42b; motor impulsivity, r=.17, p=.002,
BF10 = 8.00, as shown in Figure 42c; and non-planning impulsivity, r=.25, p<.001, BFy, > 100, as

shown in Figure 42d. There were no significant correlations between COHS routine and BIS scores.
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Figure 42: Scatter plot showing results of Pearson’s correlation analysis between COHS automaticity

Automaticity Score

Automaticity Score

score and BIS impulsivity scores: a) total BIS score (top left); b) attentional impulsivity score (top
right); ¢) motor impulsivity score (bottom left); d) non-planning impulsivity score (bottom right).

HSCQ score and total BIS impulsivity, r=-.49, p<.001, BF1 > 100. Participants who scored higher on

HSCQ score and BIS scores. Figure 43a shows there was a negative correlation between

goal-pursuit tendencies scored lower on impulsivity. There was also a negative correlation between

HSCQ score and the three BIS subscales: attentional impulsivity, r=-.44, p<.001, BFy, > 100, as

shown in Figure 43b; motor impulsivity, r=-.17, p=.002, BF1, = 3.75, as shown in Figure 43c; and

non-planning impulsivity, r=-.49, p<.001, BF10 > 100, as shown in Figure 43d.
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Figure 43: Scatter plot showing results of Pearson’s correlation analysis between HSCQ goal pursuit
score and BIS impulsivity scores: a) total BIS score (top left); b) attentional impulsivity score (top
right); ¢) motor impulsivity score (bottom left); d) non-planning impulsivity score (bottom right).

PSS, PHQ and GAD correlations with COHS and HSCQ scores
As shown in Table 8, we also ran correlational analyses on self-reported habitual behaviour
(COHS scores) and self-reported goal-directed behaviour (HSCQ score) against self-reported

perceived stress (PSS), depression (PHQ), and anxiety (GAD) scores.
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Table 8: Results of COHS and HSCQ Pearson’s correlation analyses with PSS, PHQ and GAD

Pearson’s Correlations

Variable Total Total PSS Total Total GAD
HSCQ score PHQ score
score score

COHS Routine score N 283 173 227 227

Pearson’s r -0.08 0.13 0.19 0.22
p-value 183 .098 .005** .001**
BF10 0.18 0.37 4.36" 17.417
Automaticity score N 283 173 227 227
Pearson’sr -0.40 0.44 0.31 0.32
p-value <.001*** <.001*** <.001***  <.001***
BFo > 1007t > 1007Hf > 10071 > 1007t
HSCQ Total HSCQ score N - 143 217 217
Pearson’s r - -0.38 -0.20 -0.14
p-value - <.001*** .003** .039*
BF1o - > 100771 5.98f 0.71

*p < .05, ** p <.0L, *** p <.001

TBF1=3-10, T BFo= 10-30, 7T BF1o = 30-100, " BF10> 100

COHS scores and HSCQ score. We firstly checked if COHS and HSCQ scores were

correlated and found a significant negative correlation between COHS automaticity and HSCQ, r=-

40, p<.001, BF1 > 100, as shown in Figure 44a, where participants who scored higher on the

automaticity measure tended to score lower on the goal-pursuit measure. There was no significant

correlation between COHS routine and HSCQ score.

COHSS automaticity and PSS, PHQ and GAD scores. There were strong positive

correlations between COHS automaticity and the three other individual difference measures:

perceived stress (PSS), r=.44, p < .001, BFy, > 100, as shown in Figure 44b; depression (PHQ), r=.31,

p <.001, BFi > 100, as shown in Figure 44c; and anxiety (GAD), r=.32, p <.001, BFy, > 100, as

shown in Figure 44d. Participants who scored higher on automaticity tended to report higher

perceived stress, depression, and anxiety.
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Figure 44: Scatter plot showing results of Pearson’s correlation analysis between COHS automaticity
score and the following individual differences measures: a) HSCQ goal pursuit score (top left); b)
perceived stress (PSS) score (top right); c¢) depression (PHQ-9) score (bottom left); d) anxiety (GAD-
7) score (bottom right).

COHSS routine and PSS, PHQ and GAD scores. COHS routine had positive correlations
with depression, r=.19, p=.005, BFo = 4.36, as shown in Figure 45a; and anxiety, r=.22, p=.001, BF1o
= 17.41, as shown in Figure 45b. Participants who scored higher on routine behaviour tended to report
higher depression and anxiety. There was no significant correlation between COHS routine and
perceived stress.

HSCQ score and PSS, PHQ and GAD scores. HSCQ had significant negative correlations
with perceived stress, r=-.38, p < .001, BF1, > 100, as shown in Figure 46a; depression, r=.20, p=.003,
BF10 = 5.98, as shown in Figure 46b; and anxiety, r=-.14, p=.039, BF1, = 0.71, as shown in Figure

46c¢. Participants who scored higher on self-reported goal-directed traits scored lower on self-reported

138



stress, depression, and anxiety. However, the Bayesian correlation did not support the anxiety and

HSCQ correlation, BF1p = 0.71.
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Figure 45: Scatter plot showing results of Pearson’s correlation analysis between COHS routine
score and the following individual differences measures: a) depression (PHQ-9) score (left); b)
anxiety (GAD-7) score (right).
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Figure 46: Scatter plot showing results of Pearson’s correlation analysis between HSCQ goal pursuit
score and the following individual differences measures: a) perceived stress (PSS) score (left); b)
depression (PHQ-9) score (middle); ¢) anxiety (GAD-7) score (right).
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PSS, PHQ and GAD correlations with BIS scores
As shown in Table 9, we also ran correlational analyses on self-reported impulsivity (BIS

score) against self-reported perceived stress (PSS), depression (PHQ-9), and anxiety (GAD-7) scores.

Table 9: Results of BIS Pearson’s correlation analyses with PSS, PHQ and GAD

Pearson’s Correlations

Variable Barrett Impulsivity Scale (BIS)
Total BIS Attentional  Motor Non-
score score score planning

score

PSS Total PSS score N 405 405 405 405

Pearson’s r 0.30 0.48 0.10 0.10
p-value <.001*** <.001*** .054 .038*
BF1o > 10011 > 100111 0.40 0.53
PHQ-9 Total PHQ score N 229 229 229 229
Pearson’s r 0.30 0.45 0.14 0.10
p-value <.001*** <.001*** .030* 132
BF1o > 100771 > 10011 0.87 0.26
GAD- Total GAD score N 229 229 229 229
7
Pearson’s r 0.25 0.39 0.13 0.05
p-value <.001*** <.001*** .045* 497
BF1o > 100771 > 1007777 0.61 0.10

*p < .05, ** p <.0L, *** p <.001
t BF10= 3-10, Tt BF1o= 10-30, ' BFyo = 30-100, Tt BF10> 100

PSS and BIS correlations. Figure 47a shows stress (PSS) was positively correlated with total
BIS impulsivity score, r=.30, p < .001, BF10 > 100, with more impulsive participants reporting higher
levels of stress. This relationship was strongest for the attentional impulsivity subscale, r=.48, p <
.001, BF1 > 100, as shown in Figure 47b. There was also a marginally significant positive correlation
between stress and non-planning impulsivity, r=.10, p=.038, but this relationship was weak, and the

Bayesian correlation did not support this, BF1o = 0.53.

140



90+

Total BIS score

60+

oo
=

-
[=}

. . 30
] ® o o o
L ] L
o * ee o
8 L ] [ ] L 1]
@ 954 seeee 00 @
%‘ o e seeee ® o 0o o
‘B . L ] L ] e ° @ [ 1 1]
=
o
E 201
©
c
o
T
[}
g 154
® 00 90 000N PO .
o0 S48 0000080RN L ]
® o o eve o .e .
[ ] L L ]
104 (]
10 20 30 0 10 20 30

50

Perceived stress score

Perceived stress score

Figure 47: Scatter plot showing results of Pearson’s correlation analysis between perceived stress
(PSS) score and the following BIS impulsivity scores: a) total BIS impulsivity score (left); b)
attentional impulsivity score (right).

PHQ and BIS correlations. Figure 48a shows depression was also positively correlated with

total BIS score, r=.30, p <.001, BF1, > 100, with more impulsive participants reporting higher levels

of depression. Again, this relationship was strongest for the attentional impulsivity subscale, r=.45, p

<.001, BF1 > 100, as shown in Figure 48b. There was a marginally significant positive correlation

between depression and motor impulsivity, r=.14, p=.039, but this relationship was weak, and the

Bayesian correlation did not support this, BF1o = 0.87.
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Figure 48: Scatter plot showing results of Pearson’s correlation analysis between depression (PHQ-
9) score and the following BIS impulsivity scores: a) total BIS impulsivity score (left); b) attentional
impulsivity score (right).
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GAD and BIS correlations. Figure 49a shows anxiety (GAD) was also positively correlated
with total BIS impulsivity score, r=.25, p <.001, BF1, > 100, with more impulsive participants
reporting higher levels of anxiety. As with stress and depression, the strongest relationship between
impulsivity and anxiety was found in the attentional impulsivity subscale, r=.39, p <.001, BF1, > 100,
as shown in Figure 49b. There was a marginally significant positive correlation between anxiety and
motor impulsivity, r=.13, p=.045, but again this relationship was weak, and the Bayesian correlation

did not support this, BFio = 0.61.
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Figure 49: Scatter plot showing results of Pearson’s correlation analysis between anxiety (GAD-7)
score and the following BIS impulsivity scores: a) total BIS impulsivity score (left); b) attentional
impulsivity score (right).
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