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Abstract
The current research examined mood-cognition relationships, more specifically the
effects of mood valence and mood intensity on working memory (WM) performance.
According to the resource allocation model (Ellis & Ashbrook, 1988; Seibert & Ellis, 1991)
mood adversely affects cognitive task performance because attention is drawn towards the
mood state and away from the task. This is consistent with numerous studies showing that
mood disorders are associated with impaired cognitive performance. However, the results are
less consistent in studies using experimental mood inductions of healthy participants. Some
studies show that induced mood states debilitate performance while others show that induced
mood states can facilitate cognitive performance.
These apparently conflicting lines of evidence might be reconciled if mood intensity
is taken into account. Mild moods might enhance performance on specific tasks while highintensity moods might uniformly disrupt performance. This idea has not been widely
investigated. Most experimental mood – cognition research has treated mood as a categorical
variable defined by valence alone (i.e., positive or negative) and ignored mood intensity. The
first aim of the research was to develop mood inductions of different intensities and valence.
The second aim was to use these mood inductions to assess the effects of mood intensity and
valence on WM performance. Five experiments with female undergraduate university
students as participants were conducted to achieve these aims.
In Experiment 1, participants provided valence and arousal ratings of sentences,
pictures and music clips. This study produced ten sets of stimuli (five with sentences; five
with pictures), which were used with music clips to induce strong positive, mild positive,
neutral, mild negative and strong negative moods in Experiments 2, 3 and 4.
In Experiments 2 and 3, the effectiveness of the mood inductions was assessed using
self-report measures of mood and facial muscle electromyography (EMG) measures taken
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before the induction (time 1), after the induction (time 2) and on completion of two WM
tasks (time 3). Both sentence and pictorial mood inductions generated transient positive and
negative mood states at time 2 compared to a neutral induction and baseline mood (time 1).
There was a convergence of self-report and EMG evidence, which validated the mood
induction procedures. The sentence mood induction procedure (Exp. 2) did not lead to mood
intensity differences at time 2. The time 3 data suggested that the strong negative and strong
positive moods lasted longer than the mild negative and mild positive moods. The pictorial
mood induction (Exp. 3) led to a successful intensity manipulation of negative mood at time
2.
Experiment 4 used the pictorial mood induction procedure (with regular top-ups to
prolong the induced moods) to investigate the effects of mood valence and mood intensity on
WM performance. The WM tasks were verbal and visuospatial 2- and 3-back tasks and
mood induction was assessed using self-report measures. The results showed a successful
intensity manipulation of negative mood states and longer persistence of the strong than mild
induced moods. There was evidence that a strong positive mood state improved performance
on the verbal 3-back task compared to neutral and negative moods.
Experiment 5 examined the WM performance of individuals with high levels of preexisting negative affect. Based on scores on the Depression Anxiety and Stress Scale (DASS)
participants were as assigned to the severe symptom group (high DASS group) or a control
group (low DASS group). Both groups underwent a pictorial neutral mood induction to
equate their current mood prior to completing the four WM tasks. The low DASS group
outperformed the high DASS group on the visuospatial 2-back and 3-back tasks and the
verbal 2-back task. The groups did not differ on the verbal 3-back task. Thus pre-existing
negative mood states appear to impair performance on both verbal and visuospatial WM at
least when the load is low.
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The current research shows that a pictorial mood induction procedure can effectively
manipulate the intensity of negative mood states. However, the relations between mood and
cognition appear complex. Contrary to the resource allocation model, there was some
evidence that induced positive mood enhanced verbal working memory performance.
However, the evidence that higher levels of pre-existing negative affect were associated with
poorer performance in three of the four WM tasks is more consistent with the resource
allocation model. Possible reasons for the apparent lack of impairment on the verbal 3-back
are considered. The research contributes to mood induction methodologies and increases our
understanding of the complex mood-cognition relationship.
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MOOD INTENSITY AND WORKING MEMORY
Chapter 1: Introduction
Our lives consist of a constant stream of different feelings and emotions. Emotions can
be negative, such as jealousy, anxiety, and positive such as love and happiness. Many view
emotions as a rival to conscious cognitive thought, reflected through everyday phrases such as
“your emotions have taken over.” Suspicious as to what thoughts or behaviours emotions might
cause, some view emotions as primitive, dangerous and irrational; something that must be
controlled and overridden by reason. Often viewed as diametrical opposites of the mind in the
past, emotion and reason are seen by some as master and slave (Solomon, 2008). However, in
psychology, there has been a change where the classical Aristotelian view that cognition is an
integral part of emotion and that they are intertwined in complex ways, is now the prevailing
paradigm (Dalgleish & Power, 1999). Emotions are no longer in the periphery of psychological
science and the relationship between cognition and emotion is currently a topic of widespread
interest within the discipline of psychology.
The interconnection between emotion and cognition suggests that any major alteration in
mood is likely to have cognitive consequences. For example, numerous studies demonstrate a
wide range of cognitive deficits in individuals with depression (e.g., Austin, Mitchell, &
Goodwin, 2001; Lee, Hermens, Porter, & Redoblado-Hodge, 2012) and mania (Elsawy, El-Hay,
& Badawy, 2010; Fleck et al., 2003; van Gorp, Altshuler, Theberge, Wilkins, & Dixon, 1998).
The inclusion of these cognitive difficulties as central features of diagnosis in both mania and
depression (American Psychiatric Association, 2013), highlights the importance of cognition in
these affective disorders. As depression is associated with considerable personal and social
distress and a high economic burden (Hawthorne, Cheok, Goldney, & Fisher, 2003), knowledge
of the effects of affective states on cognitive functioning is of great importance.
Numerous recent studies have investigated the cognitive profiles of individuals suffering
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from affective disorders (e.g., Beblo, Sinnamon, & Baune, 2011; Hsu, Young-Wolff, Kendler,
Halberstadt, & Prescott, 2014; Mann‐Wrobel, Carreno, & Dickinson, 2011; Snyder, 2013).
Consequently, knowledge of the relationship between affective states and cognitive performance
has increased substantially. However, the use of clinical populations in the study of the emotion
and cognition relationship has several limitations. The lack of experimental control is perhaps of
greatest concern. Participants are assigned to groups on the basis of their current affective status,
precluding any random assignment, which makes these studies essentially descriptive or
correlational in nature. Furthermore, there is increasing evidence to suggest that cognitive
deficits persist even after the depressive symptoms have remitted (e.g., Snyder, 2013; WeilandFiedler et al., 2004). This growing literature suggests that the deficits may represent pre-existing
deficits rather than a scarring effect of depression (Hsu et al., 2014). These findings along with
the presence of comorbid diagnoses as well as prior or current medication use, all limit the
confidence with which valid inferences can be drawn about the relationship between affective
states and cognition from observed group differences.
The present research therefore sought to further develop and calibrate a method to
experimentally induce mood states of different valences and strengths or intensities. The
developed mood induction method would then be used to examine the effects of mood states of
varying intensities on cognitive performance. Together this research will contribute to
experimental investigations of the effect of emotional states on cognition, which complements
the clinical research.
The purpose of this introductory chapter is to provide an overview of the relevant mood
induction research, theoretical framework and to build a rationale for the present research. To
achieve this, the chapter is organised into seven sections. The first section gives an overview of
common mood induction procedures and some methodological issues associated with them. The
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second section outlines a model which attempts to explain the effects of mood states on cognitive
performance and compares this to the empirical findings.
In the third section, the effect of mood states on cognitive performance is focused on
working memory before the fourth section outlines hemispheric lateralisation of both mood
states and working memory processes. The fifth section covers the role of electromyography
(EMG) in mood research. The sixth section reviews the concept of intensity of mood states and
associated difficulties with isolating a mechanism that satisfactorily merges the
phenomenological experience with empirical findings. The seventh and final section provides an
overview of the empirical research program that was conducted.
Mood Induction Procedures
There is a plethora of procedures to induce transient emotional states experimentally.
Before entering into a discussion about the effectiveness of these, it is important to define and
differentiate affect, emotion, and mood. Affect is a broad term characterised by tone or valence
(negative or positive) and intensity (strong or weak), which is thought to inform an organism of
the state of affairs that it values (Batson, Shaw, & Oleson, 1992). For instance, change from a
less valued state to a more valued state leads to positive affect, while the reverse leads to
negative affect (Batson et al., 1992). Emotion may be defined as a very brief affective state
which includes a coordinated set of responses that occur when an individual faces a situation
(real or imagined) that is relevant to salient personal goals (Rottenberg, Ray, & Gross, 2007).
Emotions can be contrasted with moods, which are longer lasting, but less intense affective
states, often without specific ties to specific objects or elicitors (Mitchell & Phillips, 2006;
Rottenberg et al., 2007). Mood intensity in this research project will refer to the strength of the
affective state, measured objectively by changes in physiological activity and self-report
questionnaires.
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Mood induction procedures (MIP) vary greatly in their nature and effectiveness (e.g.,
Gerrards-Hesse, Spies, & Hesse, 1994; Westermann, Spies, Stahl, & Hesse, 1996). The original
and perhaps most widely used MIP is the Velten technique (Velten, 1968), in which participants
read self-referent sentences designed to elicit a particular mood state. The Velten MIP has been
found to successfully induce the intended mood 60-85% of the time (e.g., Bartolic, Basso,
Schefft, Glauser, & Titanic-Schefft, 1999; Kenealy, 1986). However, there is considerable interindividual variability in the degree to which participants react to the sentences (Kenealy, 1986).
For example, some have found women more responsive to the Velten MIP than men (Gouaux &
Gouaux, 1971), although the reasons remain unclear. Furthermore, a range of idiosyncratic
factors such as experiencing recent emotional events, current mood states as well as personality
have all been found to affect the reactivity to the Velten technique (Scherrer & Dobson, 2009).
Stories or short film clips have been used to effectively induce different mood states in
participants (e.g., Gray, 2001; Rottenberg et al., 2007). Mood can also be induced by evoking
autobiographical memories, where participants are asked to remember a particularly sad or
happy event in their lives and to describe this to the experimenter (e.g., Phillips, Bull, Adams, &
Fraser, 2002). In musical MIPs, certain classical works that are thought to evoke specific mood
emotional states are played to the participants (Clark et al., 2001). Sometimes different types of
MIPs are used in combination (e.g., Yeung, Dalgleish, Golden, & Schartau, 2006). A more
recent addition to mood induction procedures is the threat of shock (e.g., Shackman et al., 2006;
Vytal, Cornwell, Letkiewicz, Arkin, & Grillon, 2013). In this paradigm, there are two different
conditions. In one condition, participants are told to expect a moderately uncomfortable electric
shock. This is believed to generate a relatively strong anxious state and is often referred to as the
threat condition. The other condition has no shocks and is the neutral control condition. Obvious
benefits of this MIP include that it generates a strong emotional response and that the continuous
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presence of the threat of shock maintains the emotional state through the testing phase. However,
this method is limited to exploring the effects of anxiety.
The International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert, 2005), is a
set of emotion-eliciting colour photographs that have been developed for experimental
investigations of emotion and attention. These photographs are standardised, and each slide has
normative ratings in terms of valence, arousal, and dominance. They have been used in
conjunction with music to induce both negative and positive moods successfully in normal
participants (Baumgartner, Esslen, & Jäncke, 2006). Baumgartner et al. explored the potential
additive effects of combining music and IAPS pictures in mood induction. They presented
participants with a mood induction procedure consisting of either IAPS pictures alone, classical
music alone, or IAPS pictures plus classical music. Baumgartner et al. used both
psychophysiological and self-report indices to assess the effectiveness with which the different
procedures induced states of fear, sadness and happiness. All three were found to produce the
intended mood state. However, as indexed by physiological changes and self-report indices, the
combined pictures and music procedure appeared to be the procedure that generated the strongest
emotional reaction.
There are several reviews of the effectiveness of the various mood induction techniques
(e.g., Gerrards-Hesse, Spies, & Hesse, 1994; Rottenberg et al., 2007; Westermann et al., 1996).
Westermann et al. (1996) examined 250 published articles and found that experimental
inductions of positive and negative mood typically yield average to large effect sizes. However,
they reported large variations in the effectiveness of the various techniques. This was especially
evident in positive mood induction conditions, where the presentation of stories or short film
clips in combination with instruction to the participant encouraging them to try actively to enter a
specific mood state was found to be more effective than any other method. The story or film with
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instruction technique was also found to be the most effective in terms of negative mood
induction, although several other techniques, including music, imagination and the Velten, were
also effective. These same trends were evident in Gerrards-Hesse et al.’s (1994) review of MIPs.
Westermann et al. (1996) reported a larger overall effect size for negative than positive mood
induction procedures and attributed this to participants typically entering the testing situation in a
curious, positive mood. To the extent that mood is already elevated at baseline, further increases
in positivity would be harder to demonstrate (Westermann et al., 1996).
Although film clips and stories with explicit instructions have been found to be the most
effective mood induction technique overall, they are not without limitations. Film clips are
typically multimodal. They incorporate a complex interplay of a narrative, nonverbal, verbal
communication, music and sound effects. This complexity is likely to differ between clips,
making it harder to infer whether the experimental condition effects are due to affective states or
different film clips (Rottenberg et al., 2007). Other factors such as clip length, picture quality,
social content and context are also likely to differ between clips. Furthermore, the degree of
participant familiarity with the films will also differ. Those with previous exposure to the films
in their entirety might draw upon their background knowledge of characters and situations shown
in the film clip. This might affect the way participants identify with the situation or characters
portrayed and thus the effectiveness of the technique. Well-known actors playing movies of
different genres might also be a potential problem. For instance, a comedy routine by Robin
Williams is often used to induce positive mood (Rottenberg et al., 2007). However, he has also
acted in films such as One Hour Photo (2002), Insomnia (2002) and The Final Cut (2004) all of
which have very serious themes, likely to induce a more negatively laden mood state rather than
amusement. This character inconsistency might create an emotional conflict in some individuals.
Another shortcoming of the abovementioned MIPs is that they are typically concerned with the
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specific valence induced and do not take the intensity of the induced mood into account. This
focus is reflected in some MIP review articles (Gerrards-Hesse et al., 1994), where the
effectiveness of the various techniques is expressed as the percentage of participants in a mood
induction condition (negative or positive) who report a different post induction mood than a
control group who experienced a “neutral” mood induction. Although categorical mood
differences between experimental conditions constitute the basic criterion against which the
effects of different moods can be compared, a review of the literature suggests that the intensity
of the mood needs to be considered as well.
The primary aim of the current project is to develop two different procedures that will use
stimuli of varying valence and arousal strength to elicit moods with varying intensity. These
procedures will then be used to investigate the effect of mood induction strength and mood
valence on cognitive task performance. One MIP will consist of verbal sentences akin to the
Velten (1968) MIP and another will consist of pictorial stimuli from the IAPS. Several properties
of the Velten and IAPS MIP make them ideal for the current project. Both the Velten MIP
(Gerrards-Hesse et al., 1994; Westermann et al., 1996) and the IAPS (e.g., Baddeley, Banse,
Huang, & Page, 2012; Baumgartner et al., 2006; Brunyé, Mahoney, Augustyn, & Taylor, 2009)
have been used to induce both negative and positive mood states with success. Furthermore, the
stimuli are likely to be novel to the participants, thereby avoiding possible familiarity effects.
Valence and arousal ratings for both the Velten and IAPS stimuli have been published, thereby
allowing a more precise manipulation of the strength or intensity of the mood induction delivered
to the participants. A secondary aim of the study is to use the developed mood induction
procedure to explore the effects of varying mood intensities on cognitive performance. There is
ample evidence to suggest that emotional states affect cognitive processing and that this can be
accounted for by the allocation of mental resources to a cognitive task. A theoretical account of
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this will be presented in the next section.
The Resource Allocation Model
An approach accounting for the effect of mood states on cognitive processes is the
resource allocation model (Ellis & Ashbrook, 1988; Seibert & Ellis, 1991). This model
incorporates capacity limitation models of attention where attention is a limited resource that can
be flexibly allocated to different tasks (e.g., Kahneman, 1973). According to Ellis and
colleagues, cognitive performance depends on the amount of effort or cognitive capacity
allocated to a single task and mood states affect the amount of attentional resources available to
be allocated to a given cognitive task. This theory proposes that mood states adversely affect
cognitive task performance in two ways. First, they prevent the individual from paying sufficient
attention to the actual task. Second, both negative and positive mood states increase the
production of mood relevant, but task-irrelevant thoughts (Ellis, Moore, Varner, Ottaway, &
Becker, 1997; Seibert & Ellis, 1991). The production of these irrelevant thoughts is negatively
correlated with performance on a criterion task (Ellis et al., 1997; Seibert & Ellis, 1991). Thus
according to Ellis and Ashbrook, (1988), both positive and negative mood states affect cognition
by reducing the attention or resources allocated to a certain task. Several studies have evaluated
the resource allocation model.
Behavioural experiments. Oaksford, Grainger and Morris (Experiment 1; 1996) induced
participants into positive, neutral and negative mood states using film clips. The participants then
performed a version of a Wason selection task, which asked them to imagine they were
immigration officers and to check whether immigration forms conformed to a set of rules. They
found that both negative and positive mood states impeded task performance relative to a neutral
mood state. Based on the resource allocation model (Ellis & Ashbrook, 1988; Seibert & Ellis,
1991), Oaksford and colleagues concluded that mood depletes executive resources. Oaksford et
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al. (Experiment 3; 1996) used a 4-move Tower of London task to investigate this proposal
further. In the Tower of London task, coloured disks on three pegs must be moved one-by-one
from an initial arrangement to match a goal arrangement. Participants are asked to plan the
sequence of moves before executing the moves. A 4-move Tower of London task needs a
minimum of four moves to match the goal state, and it relies on executive functioning,
visuospatial working memory capacity and particularly involves the active ''inner scribe'' spatial
rehearsal mechanism (Gilhooly, Wynn, Phillips, Logie, & Della Sala, 2002). Oaksford et al.
(1996) found that positive, but not negative mood, interfered with performance on a 4-move
Tower of London task compared to a neutral mood state. They interpreted this as evidence that
mood depletes central executive resources, but the lack of a significant effect of negative mood
restricted this conclusion to positive mood.
Oaksford et al.’s (1996) finding suggests that the characteristics of the task might affect
the interplay between mood and cognition. Consistent with this, the resource allocation model
(Ellis & Ashbrook, 1988; Seibert & Ellis, 1991) assumes that mood states do not affect cognitive
performance in a uniform way because cognitive tasks differ in their resource demands. A mood
state leaves an individual with fewer cognitive resources to devote to the task and this has a
detrimental effect on performance. However, easy tasks are not very resource demanding,
leaving individuals in a mood state with adequate resources to succeed at the task. Thus,
according to the resource allocation model, mood states will have their greatest impact on
cognitive tasks with the highest demand on cognitive resources.
Several lines of evidence support this prediction. For example, Phillips, Bull, et al.,
(Experiment 1; 2002) induced a positive mood through the recall of autobiographical stories and
tested performance on a Stroop task. The Stroop task consists of a series of colour names printed
in a non-matching colour, (e.g., the word RED printed in blue ink) and the participants typically

10
MOOD INTENSITY AND WORKING MEMORY
name one aspect of the stimulus. The four conditions were naming the ink colour of Xs, reading
words that were colour names, naming the colour that words are printed in (the classical Stroop
task) and a condition requiring the participants to alternate between the two latter tasks.
Performance in the alternating condition was measured by calculating an alternation cost.1
Results showed that participants in a positive mood performed worse than controls on the
alternating task, but there were no effects of induced mood on the other Stroop conditions.
Based on the assumption that the combined executive load of both Stroop inhibition and the
switching between task sets represented the most demanding condition, Phillips, Bull, et al.,
(2002) proposed that the higher the cognitive load of a task, the larger the impairment of positive
mood on performance. Consistent with the resource allocation model, they suggested that this
might be due to positive mood drawing resources away from the task.
Another study induced a negative mood state using the Velten MIP and tested its effect
on a sentence completion task (Ellis, Thomas, & Rodriguez, 1984). The participants were
presented with sentences where the final word was omitted. Following this, two words were
presented, and participants indicated which word correctly completed the sentence. The
sentences were constructed in a way that the final word was obvious and self-evident in some
sentences (low-effort) and less obvious in other sentences (high-effort). A subsequent recall test
of the target words showed that the negative mood group performed equivalently to a neutral
mood control group in the low effort condition, but significantly worse in the high effort
condition. These results are consistent with the resource allocation model and suggest a
debilitating effect of negative mood on verbal completion tasks when the task load increases.
Phillips, Smith, and Gilhooly (2002) investigated the effects of positive and negative

1

The alternation cost was calculated by subtracting the mean response time of the two constituent tasks from the
alternating condition response time.
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mood on planning ability in younger and older adults. They induced participants into the mood
states by combining film clips and music and compared their performance on 5-, 7- and 9-move
Tower of London tasks. Positive mood tended to impair performance on the Tower of London
task compared to a neutral mood in both young and older participants. However, positive mood
impaired older participants more than the younger participants. The negative mood induction
impaired performance in the older group, but facilitated performance in the younger group.
There was no difference between the age groups in the neutral mood. Based on the assumption
that older adults have a reduced working memory capacity compared to younger adults (Bopp &
Verhaeghen, 2005; Craik & Salthouse, 2000), Phillips, Smith, et al. (2002) interpreted the results
as evidence that mood states impose an extra load that occupies processing capacity. This leaves
older adults with a decreased capacity to perform the task compared to the younger adults.
Contrary to the resource allocation model’s predictions, there are studies showing that
positive mood has a facilitative effect on some cognitive tasks. For example, Isen et al.
(Experiment 3;1987) used the candle test to assess the effect of mood states on creative problem
solving. In this task, participants are given a candle, a box of matches and some tacks. They are
asked to figure out how to mount the candle to the wall so that it could be used as a light. 2 Using
short films to induce mood, they found that participants in the positive mood group outperformed
the negative and neutral mood groups on the candle test. The negative mood group (30% correct)
performed numerically, but not significantly better than the neutral mood group (11% correct).
Isen et al. (1987) concluded that a positive mood may foster increased creativity and innovation.
Phillips, Bull, et al. (Experiment 2; 2002) induced a positive or neutral mood in
participants using positive or neutral autobiographical memories. They subsequently assessed

2

The correct solution is to empty the box of tacks, use the tacks to attach the box to the wall and put the candle
into the box.
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performance on a series of three verbal fluency tasks, the letter fluency, the uses fluency task and
one where the participants alternated between letter and category verbal fluency. In letter verbal
fluency tasks, participants are asked to name as many words as possible starting with a certain
letter during a limited time frame. In the uses fluency task, participants nominated as many
uncommon uses for an item as they could within the timeframe. In the category task, participants
named words within a semantic category (e.g., vegetable). In the alternating condition, the
participants alternated between the letter fluency task and a category fluency task, where
participants named one object starting with the letter N, then a vegetable, then another object
starting with N and so on.
Results showed that the positive mood group outperformed the neutral control group on
the uses fluency. There was no significant difference between the groups on the letter fluency
task, but subjective mood ratings after the mood induction and letter fluency were positively
correlated. Participants who reported a more intense positive mood tended to have higher verbal
fluency scores (Phillips et al., 2002). In contrast to the predictions of the resource allocation
model, this study suggests that positive mood facilitates verbal creativity and to some extent
verbal fluency performance. However, the robustness of this outcome is challenged by other
studies which have failed to find any differences between negative and positive mood on verbal
fluency tests (e.g., Clark, Iversen, & Goodwin, 2001; Kingery, 2003).
Based on their findings from the Stroop and fluency tasks, Phillips, Bull, et al., (2002)
concluded that positive mood did not uniformly led to a decline in executive functioning. They
proposed that positive mood leads to a deterioration of the updating and reformulating of
response-stimulus mappings in response to external cues that is necessary to switch between task
sets. As such, positive mood would be expected to have a debilitating effect on tasks involving a
forced switch between task sets, but not necessarily on measures of creativity such as fluency
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tasks.
Other studies have found positive mood to be detrimental to performance on creativity
tasks. Using short film clips, Kaufman and Vosburg (Experiment 2; 1997) induced participants
into negative, neutral or positive mood states and used two insight tasks, the hat rack problem
and the two-string problem (Maier, 1970). In the two-string problem, two strings hang down
from the ceiling. They are too far apart to allow a person to hold on to one and walk to the other.
The participants are given a cup, a screwdriver and a box of pins and asked how the strings could
be tied together. 3 In the hat rack problem the task is to make a solid rack on which to hang a
heavy coat using two sticks and a C-clamp. 4 Kaufman and Vosburg found that the negative
mood group solved the insight problems more quickly than the neutral mood group, which was
faster than the positive mood group.
Although mood state was found to affect performance compared to a neutral mood in
both Isen et al.’s (Experiment 3; 1987), Kaufman and Vosburg’s (Experiment 2; 1997) and
Phillps, Bull, et al. (2002) studies, the effect of mood was not consistent. The fluency tasks used
in Phillips, Bull, et al.’s research was clearly verbal, with executive function components. The
hat rack and string problem are both thought to be tasks that require creative problem solving,
and both tasks are likely to involve a substantial visuospatial component. Kaufman and Vosburg
presented the problems as written descriptions, and the participants were asked to provide written
responses. It is unlikely that the participants would draw different arrangements and move them
around physically before writing their response down. More likely, the participants recoded the
verbal descriptions of the objects into mental images, manipulated and rearranged these mental
3

The correct solution is to tie the screwdriver or cup to one string and set it swinging like a pendulum. Then,
while holding the other string, catch the swinging string and tie them together.
4

The correct solution is to wedge the sticks between the floor and the roof, or two walls, with the C-clamp
tightened on the junction between the two. The C-clamp functions as a peg.
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representations of the objects until they discover a possible or likely solution, then wrote their
response down. As such, participants with more efficient visuospatial processing would be
expected to perform better on these tasks than participants with less efficient visuospatial
processing. This is in contrast to Isen et al.’s (Experiment 3; 1987) candle test, where the objects
to were physically present on a table in front of the participant. Furthermore, the objects used in
the Isen et al. study (a candle, a box of matches, string, and some tacks) are all small and easy to
handle, making it more likely that participants would reach the correct solution by physically,
rather than mentally, rearranging and rotating the objects. This would make a trial and error
strategy easier to adopt. Consequently, the visuospatial working memory demand could be lower
in Isen et al.’s (Experiment 3; 1987) candle test than in Vosburg and Kaufman’s (Experiment 2;
1997) version of the hat rack and string problem. Thus, the contrasting results might be due to
the participants employing different strategies to solve the problems.
Rowe, Hirch and Anderson (2007) induced participants into positive, neutral and negative
moods using a combination of music and recall of autobiographical events. They administered a
flanker test where participants selectively attend to a central target and ignore irrelevant flanking
distractors. Processing of irrelevant flankers is typically indicated by a slowing in response to
the central target when flanked by incompatible compared to compatible distractors. Rowe et al.
(2007) found that the positive mood led to increased flanker distractibility and a trend towards
overall slowing in response times compared to neutral and negative mood. No significant
difference was observed between the negative and neutral mood groups.
Rowe et al.’s (2007) participants also completed a Remotes Associates Test (RAT;
Mednick, Mednick, & Mednick, 1964). In the RAT, participants are given a set of three words
and are asked to provide a fourth that fits with each of the other three. It is a test commonly used
to assess creativity (Isen, 1999). The results showed that the positive mood group outperformed
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the negative and neutral mood groups on the RAT test, with no significant difference between
the negative and the neutral mood group. Rowe et al. (2007) interpreted these results as showing
that positive affect has a broadening effect on attention which can help identify associations in
creativity tests such as the RAT, and a detrimental effect on tasks that require focused spatial
attention. This finding is consistent with other studies, in which positive affect was associated
with increased performance on verbal associations for neutral words and verbal measures of
creativity (e.g., Estrada, Isen, & Young, 1994; Isen et al., 1987).
The effects of strong mood states on cognitive performance have also been investigated.
Murphy et al., (1999), examined the cognitive performance of individuals admitted to hospital
for a manic episode. They found that participants with a manic episode performed worse than a
control group on a Tower of London task. This difference increased as the number of minimum
moves on the Tower of London task (cognitive demand) increased. Similarly, two recent
comprehensive meta-analyses found depression to be associated with substantial deficits in
performance on a range of attention, memory and executive function tasks including verbal and
visuospatial working memory tasks (Lee et al., 2012; Snyder, 2013). Furthermore, impairment
on these tasks was associated with greater symptom severity (Snyder, 2013).
Consequently, there are studies demonstrating that mild mood states in healthy
individuals can both impede and facilitate cognitive performance. However, if a pathological
state of depression can be conceptualised as intense negative mood, then it appears that intense
mood states, regardless of valence, are likely to have a uniformly debilitating effect on tasks of
both verbal and visuospatial nature. It therefore seems that the mood-cognition relationship
might follow a nonlinear relationship, where a modest level of an affective state could enhance
performance on specific tasks, whereas affective states of high intensity, regardless of valence,
would uniformly disrupt performance.
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A neuropsychological theory that is consistent with the resource allocation model is
offered by Drevets and Raichle (1998). They argued that the debilitating effect of emotional
states on cognitive processes could be explained in terms of the existence of a reciprocal
relationship between cerebral blood flow changes in areas associated with processing emotion
and areas associated with specific cognitive operations. They point out that areas such as the
amygdala, posteromedial orbital cortex and the ventral anterior cingulate cortex experience an
increased blood flow during experimentally induced and pathological emotional states, but blood
flow in these regions decreases during the performance of some cognitive tasks. Conversely,
blood flow increases in areas implicated in working memory processing such as the dorsolateral
prefrontal cortex (DLPFC) during the performance of tasks that rely on such processes, but
decreases during experimentally induced and pathological emotional states. The fact that the
ventral portions of the prefrontal cortex are heavily interconnected to subcortical limbic regions,
while areas such as DLPFC have sparse limbic connections is consistent with this (Drevets &
Raichle). In line with Ellis and colleagues’ (Ellis & Ashbrook, 1988; Seibert & Ellis, 1991)
resource allocation model, Drevets and Raichle suggested that this reciprocal relationship
between activity in the ventral and dorsal areas of the prefrontal cortex areas may be due to an
attentional mechanism which allocates resources across systems as demand imposed by an
affective state or a cognitive task rises.
Event-related potential studies. Resource allocation to emotional events has also been
studied using event-related potentials (ERPs). The P300 is a positive long–latency potential that
has a maximum peak latency at least 300ms after an event (Andreassi, 2000). The P300
component of an ERP is considered a fairly reliable index of resource demand in dual task
conditions (Meinhardt & Pekrun, 2003). Meinhardt and Pekrun used pictures and
autobiographical stories to induce participants into a positive, neutral or negative mood. The

17
MOOD INTENSITY AND WORKING MEMORY
participants performed an auditory oddball task concurrently with watching mood relevant
pictures or reading mood relevant stories. In the oddball task participants were presented with a
series of short tones. This sequence was at times interrupted by a short tone of a different
frequency (oddball tone), which was the target stimulus. Participants counted the number of
targets presented. The results showed that the oddball evoked P300 amplitude decreases in both
the negative and positive mood groups compared to the neutral mood group. The decrease in
P300 amplitude did not differ between the positive and negative mood groups. This suggests that
mood states regardless of valence impose an increased cognitive load, which resulted in fewer
resources allocated to the oddball task.
Li, Li, and Luo (2006) used ERPs to investigate the impact of negative mood on verbal
and spatial working memory (WM) using an n-back task. Figure 1.1 shows a graphical
description of the paradigm. In a typical n-back task, the participant is asked to monitor a series
of stimuli, such as letters or pictures, and to respond whether a given stimulus is the same as the
one presented n trials previously. The n is pre-specified and typically ranges from 1-3 items
back. A 0-back control condition of the task is also used, where the participant determines
whether a pre-specified stimulus matches any of the stimuli in the sequence. The task requires
online monitoring, maintenance, updating and at least for the 2- or 3-back tasks, manipulation of
remembered information (Nystrom et al., 2000). As such it is thought to place a demand on key
WM processes (Owen, McMillan, Laird, & Bullmore, 2005).
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Figure 1.1. A graphical representation of a letter identification n-back task. A series of
letters is presented. Arrows indicate a match of stimuli.

In Li et al.’s (2006) study, pictures of negative or neutral valence were presented prior to
each letter. Participants compared the location (spatial) or the name (verbal) of the most recent
stimulus to the letter presented two trials back. Results showed that compared to the neutral
group, the negative mood group showed reduced anterior and posterior P300 amplitudes in both
verbal and spatial tasks, and this difference was significantly larger for the spatial working
memory task. Li et al. (2006) interpreted these results as showing that visuospatial WM and
negative mood rely on a common visuospatial attentional mechanism.
The behavioural and event-related potential studies reviewed largely support the resource
allocation model. In addition, the ERP studies, as well as the neuropsychological theory provided
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by Drevets and Raichle (1998), suggest that WM is particularly affected by mood. The next
section will provide an overview of WM.
Working Memory
A popular and well-researched theory of WM is Baddeley’s (1986; Baddeley & Hitch,
1974) model5. The original model assumed that a capacity limited and modality free attentional
system, termed the central executive, controls two subsidiary and modality specific slave
systems; the phonological loop, and the visuospatial sketchpad. In addition to this, a limitedcapacity temporary multi-modal storage system termed the episodic buffer, has also been
proposed (Baddeley, 2000).
The central executive is thought to be responsible for the selection and operation of
strategies as well as maintaining and switching attention (Baddeley, 1986). Baddeley and
colleagues adopted Norman and Shallice’s (1986) concept of supervisory attention system
(SAS), as the basis for the central executive (Baddeley & Hitch, 1994). In this model, control is
divided between two processes and well-learned habit structures or schemata control routine
behaviour. When new situations arise, the executive component inhibits and countermands the
schemata, thus overriding the old habits.
The phonological loop is assumed to have developed on the basis of processes initially
evolved for language perception (the phonological store) and production (the subvocal rehearsal;
Baddeley, 2000). The phonological store maintains a limited amount of information in an
acoustic code that decays after a few seconds. The second component, the subvocal rehearsal
5

Other notable accounts of working memory focus on the role of short term memory and controlled attention
(Cowan, 1995; Cowan, 1999) or a unitary system with primary focus on the importance of attention control and the
ability to avoid interference, while retaining the focus when engaging in goal-relevant behavior (e.g., Engle, 2002;
Kane & Engle, 2003). However, the differentiation between the operation of visual and verbal working memory
systems is critical for this research project. For this reason and the fact that Baddeley’s model is widely used in this
research area (e.g., Oaksford, Morris, & Grainger, 1996), this approach to working memory will be employed in this
thesis.
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process, allows one to repeat the information in the acoustic store subvocally. This refreshes
items in the phonological store allowing the acoustic memory trace to linger in the phonological
store beyond its usual 1.5 to 2-second duration (Baddeley, 1986).
The second slave system, the visuospatial sketchpad, is assumed to be capable of
maintaining and manipulating visual and spatial information in much the same manner as the
phonological loop does verbal material (Baddeley, 2000). Rehearsal within the visuospatial
sketchpad is somewhat less clear than in the phonological loop. Logie (1995) described a
rehearsal mechanism for the spatial component of the system termed the inner scribe. Baddeley
(2002) proposed that rehearsal of visuospatial information is made possible through a process
similar to attention, which maintains information in an active state through the central executive.
There is some evidence to suggest that the visual and spatial parts of the system can be
separated (e.g., Darling, Della Sala, Logie, & Cantagallo, 2006; Della Sala, Gray, Baddeley,
Allamano, & Wilson, 1999). The visual component is engaged in tasks such as pattern span,
where participants are asked to reproduce matrices of cells of which half are filled. The size of
the matrix increases until the participant is unable to reproduce the pattern. Its counterpart, the
Corsi finger-tapping test, is thought to measure spatial span. This task consists of an array of nine
pegs. The experimenter initially taps two pegs and the participants copy the sequence. The length
of the sequence increases until performance breaks down. This distinction between visual and
spatial processing system has been demonstrated by Della Sala et al. (1999) who found that
spatial interference disrupted the Corsi task performance more than visual interference, whereas
visual interference disrupted the pattern span task more than spatial interference.
Hemispheric organisation of working memory. Visuospatial working memory
(VSWM) and verbal working memory (VWM) are thought to be organised by hemispheres.
Generally speaking, the left hemisphere is specialised for verbal information and the right
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hemisphere is specialised for spatial information (D'Esposito et al., 1998; Shackman et al., 2006;
Smith & Jonides, 1997). D’Esposito et al. (1998) examined 24 imaging studies of working
memory and found that those studies that tested for asymmetry reported greater activation in the
right prefrontal cortex (PFC) in spatial tasks while verbal tasks were associated with more left
PFC activation. These findings were echoed in a later meta-analysis (Owen et al., 2005).
The hemispheric differences between working memory subcomponents have also been
studied using positron emission tomography (PET). Smith and Jonides (1997) used an item
recognition task and manipulated whether the to-be-remembered information was verbal (letter),
visuospatial (dots in various locations) or visual object (geometric forms). The results showed a
strong tendency for right hemisphere engagement during the visuospatial task and left
hemisphere activation during the verbal task. The recognition of geometric forms activated more
left hemisphere areas compared to the spatial task. These include areas associated with object
recognition as well as speech production. This result was interpreted to suggest that the
participants engaged in verbal inner speech to describe the objects.
Smith and Jonides (1997) also investigated the neural activations of WM using a 3-back
task. A series of letters was presented in different locations and the task varied the verbal and
spatial WM requirements depending on the task instructions. In the verbal condition, the
participants were asked to ignore location and decide whether the identity of each letter matched
the letter presented three back in the sequence. In the spatial condition, the participants decided
whether the location of the letter was the same as that three trials back, regardless of the identity
of the letters. Thus, the stimuli were identical in the two different conditions. Results of the PET
scans showed some bilateral activation in both tasks. In the verbal version, the activation was
predominantly left sided, but some activation of the right posterior parietal cortex was also
observed. The spatial task revealed some activation in the left hemisphere posterior parietal
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cortex and dorsolateral prefrontal cortex, but the most active areas included the right premotor,
posterior parietal and the dorsolateral prefrontal cortices. Within the prefrontal cortex, most of
the activity associated with the spatial task was in the right hemisphere while virtually all of the
verbal activity was associated with left hemisphere activation (Smith & Jonides, 1997).
Mood states and WM performance. A dissociation between the effects of negative and
positive mood on verbal and spatial tasks was observed by Bartolic, Basso, Scheft, Glauser and
Titanic-Scheft (1999). Using the Velten MIP (Velten, 1968), they induced positive or negative
moods in 60 right-handed females then assessed their performance on verbal and figural fluency
tasks. In the verbal fluency task participants named as many words as possible starting with a
specific letter within a limited timeframe. In the figural fluency task, participants are asked to
rapidly generate as many visual designs as possible. These tasks are considered to be associated
primarily with left and right frontal lobe activity respectively. It is considered to tap working
memory abilities to strategically search and retrieve (Rosen & Engle, 1997) as well as store and
update relevant information (Shao, Janse, Visser, & Meyer, 2014). Bartolic et al. found that the
positive mood state led to better performance on verbal fluency while the negative mood state
impaired it. The figural fluency task yielded the opposite pattern of results. Although these
findings suggest a facilitative effect of mood on selective cognitive tasks, the lack of a neutral
mood control group limits firm conclusions in terms of how these effects compare to a neutral
mood state.
Gray (2001) investigated the effects of experimentally induced mood states on WM.
Short film clips were used to induce positive, neutral and negative mood states before the
participants performed a verbal and a visuospatial 2-back task. The results over three
experiments consistently showed that the positive mood state facilitated verbal WM while
impairing visuospatial WM. In contrast, the negative mood state facilitated visuospatial WM
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while impairing verbal WM. A control group in a neutral mood state performed at an
intermediate level. Extending this finding, Gray, Braver and Raichle (2002) used a 3-back task,
with faces as the visuospatial stimuli. Results showed that word 3-back performance was
enhanced by an induced positive mood and impaired by an induced negative mood. In contrast,
performance on the visuospatial face 3-back was impaired by a positive mood induction and
enhanced by a negative mood induction.
However, the mood manipulation checks of these studies pose some challenges. Gray et
al.’s (2002) mood manipulation check after the mood induction was done after the cognitive task
was finished and therefore retrospective (“how did you feel after the last video?”). This might
lessen the accuracy of the mood measurement. However, of more methodological concern is that
neither study (Gray, 2001; Gray et al., 2002) included a mood measure following the cognitive
task. This means they did not demonstrate the presence of the intended mood throughout the
task, complicating the interpretation of the results (Shackman et al., 2006).
In an improved methodology, Shackman et al., (2006), induced a relatively strong
anxious state in participants using a threat of a small electric shock throughout the experiment.
The participants then performed verbal and visuospatial 3-back tasks. Psychophysiological
recordings suggested that the mood manipulation was effective. The results showed that when
the participants knew they would not receive shocks they performed better on the 3-back task
than when they thought they were in danger of receiving electric shocks. However, this
difference was only evident on the visuospatial 3-back task and not the verbal 3-back task.
Shackman et al. (2006) suggested that anxiety involves the activation of visuospatial
attention and that their results could be explained by a competition between task-relevant and
anxiety-relevant goals for limited visuospatial attention resources. Furthermore, they also
proposed that only very intense mood states might lead to an overload of the common neural
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circuitry between areas of the brain processing the mood state and the cognitive task.
Consequently, they suggest an inverted U relationship between anxiety and visuospatial
performance, where a low-to-moderate level of anxiety might be expected to enhance
performance (e.g. Gray, 2001) while intense anxiety states would disrupt performance.
Interim Summary
The literature summarised so far reveals several potentially important aspects of how
mood states and cognition can interact. Mood states, both negative and positive, can represent an
increase in cognitive load (e.g., Ellis et al., 1984; Li et al., 2006; Meinhardt & Pekrun, 2003).
Based on the studies comparing clinical to non-clinical populations (Murphy et al., 1999; Watts,
MacLeod, & Morris, 1988), it seems probable that the additional processing load of mood is a
function of intensity, where very intense mood states will draw more cognitive resources than
milder mood states. If this is the case, then it is likely that more intense mood states will have a
more detrimental effect on cognitive performance than less intense mood states.
Furthermore, based on Phillips, Smith, et al.’s (2002) study involving older adults, it
seems likely that individuals with fewer cognitive resources are particularly vulnerable to the
effects of mood. In line with this, recent studies have found that higher levels of intelligence
(Chuderski, 2015) and WM capacity (Edwards, Moore, Champion, & Edwards, 2015) can
counteract the detrimental effects of anxiety on cognitive performance. Consequently, if mood
states occupy cognitive resources, then even relatively mild mood states might have a
debilitating effect on cognitive processes if processing capacity is low. Thus, processing capacity
is a factor that must be taken into account when studying the impact of mood on cognitive
performance. The current study therefore included measures of cognitive capacity in experiments
where cognitive load was manipulated (experiments 4 and 5).
Some studies outlined are consistent with the resource allocation model (Ellis &
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Ashbrook, 1988; Seibert & Ellis, 1991) where an induced mood can consume processing
capacity, leaving individuals in an affective state with fewer processing resources available to
use on cognitive tasks. However, other findings suggest a more nuanced and asymmetrical effect
of mood on cognition, with negative and positive moods affecting verbal and visuospatial WM
selectively (e.g., Li et al., 2006; Shackman et al., 2006; Vytal et al., 2013). Furthermore, there
are also studies demonstrating that both negative and positive mood states can have a beneficial
as well as a detrimental effect on specific cognitive processes (e.g., Phillips, Bull et al., 2002;
Phillips, Smith et al., 2002; Gray, 2001; Bartolic et al., 1999). Overall, the results of these studies
suggest that a negative mood state may facilitate performance on a visuospatial tasks while
positive affect may impair it (e.g., Gray, 2001; Kaufmann & Vosburg, 1997; Phillips et al.,
2002), while positive affect may facilitate creative thinking and verbal processing (e.g., Bartolic
et al., 1999; Isen et al., 1987; Phillips et al., 2002). This dissociation between positive and
negative mood states on verbal and spatial tasks suggests that there may be a lateralization of
brain activity in conjunction with mood states.
Hemispheric Lateralisation
The circumplex model of affect (Russell, 1980), proposes that all affective states arise
from two neurophysiological dimension systems; one related to valence (positive-negative), the
other to arousal (deactivation-activation). Any specific emotional state is thought to consist of
varying degrees of activity in the valence and arousal systems. For instance, joy is
conceptualised as an emotional state that is the product of strong activation in the neural systems
associated with positive valence together with moderate activation in the neural systems
associated with arousal. Both anxious and depressive states involve substantial negative valence.
However, the key distinction, according to the circumplex model of affect, is in differing arousal
states. Anxious states are high in arousal while depressed states are low in arousal. A neutral
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emotional state would involve medium levels of arousal and pleasure; a state of mind where one
is neither filled with pleasure nor displeasure and is neither aroused nor unaroused.
Heller and colleagues (e.g., Heller, 1990; Heller, Nitschke, Etienne, & Miller, 1997)
integrated the circumplex model of emotion with data on cognitive, emotional and autonomic
functioning. A convergence of evidence from sources such as electroencephalography (EEG),
brain imaging and lesion studies, led them to conclude that the valence dimension is dependent
on functioning in the frontal regions of the brain. They also propose a lateralization of valence.
More left frontal region activity relative to the right is associated with positive or pleasant affect
while more right frontal region activity relative to left is associated with negative or unpleasant
affect (Heller, Koven, & Miller, 2003).
Much of the evidence of this hemispheric asymmetry comes from EEG studies. Frontal
EEG asymmetries may serve as a measure of the neural underpinning of some stable and
enduring personality traits. For instance, baseline right frontal EEG activity has been found to
predict later anxiety symptoms (Blackhart, Minnix, & Kline, 2006). Some studies have identified
a link between right frontal resting EEG activity and depression (e.g., Gotlib, Ranganath, &
Rosenfeld, 1998). However, others have not found such a link (Reid, Duke, & Allen, 1998).
Wheeler, Davidson, and Tomarken (1993) found that individuals with greater right
frontal activity exhibited more intense negative reactions to negatively valenced films.
Conversely, individuals with greater left frontal activation exhibited more intense positive affect
to positively valenced films. Nitschke, Heller, Etienne and Miller (2004) presented short
emotional narratives of sad, happy, fearful, and neutral valence to university students. Compared
to students without depression, they found that individuals with high levels of depression
exhibited less frontal lobe activation prior to the narratives and more right frontal activation
during the sad narrative.
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Studying healthy university students, Waldstein et al. (2000) found that positive valenced
films elicited more left frontal EEG activation than right activation. However, negative valenced
film clips did not elicit any differences in frontal hemispheric activity. Coan, Allen, and HarmonJones (2002) investigated how facial expressions, sometimes used as a MIP with moderate to
low effectiveness (Westermann et al., 1996), influenced frontal asymmetry in healthy
individuals. Facial expressions associated with negative withdrawal emotions were associated
with a reduction of left frontal EEG activity. Facial expressions associated with positive
approach emotions were associated with more left frontal EEG activity than negative withdrawal
emotions were, but this did not differ significantly from a neutral control condition.
The hemispheric asymmetry in brain activity and affective states has also been observed
using brain imaging techniques. Canali, Desmond, Zhao, Glover and Gabrieli (1998) presented
participants with negatively or positively valenced pictures. Functional magnetic resonance
imaging (fMRI) revealed that activation tended to be lateralized towards the left hemisphere
during the presentation of positive pictures and towards the right hemisphere during the
presentation of negative pictures. Gray et al. (2002) used short films to induce participants into a
negative, positive or neutral mood state. Results of the fMRI focusing on the lateral prefrontal
cortex showed greater right-hemisphere task-related activation during the pleasant emotion
conditions and greater left-hemisphere task-related activation during the unpleasant emotion
conditions. Although the direction of the hemispheric asymmetry was opposite to what was
expected, they claimed that this was an artefact of the subtraction method used. Gray et al. stated
that if mood-induced activity was greater during the baseline measures and reduced during the
task, then the mood specific changes would be the opposite of what was reported.
Together these findings show that stable asymmetries in frontal brain activity may mark
some vulnerability to mood state elicitors (Wheeler et al., 1993). They also suggest that MIPs
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such as short film clips, pictures or stories are able to elicit asymmetrical hemispheric frontal
activity, at least for a brief period of time. This means that experimental mood induction can
elicit an asymmetry of hemispheric activity often observed in individuals with pathological
affective disorders (e.g., Allen, Iacono, Depue, & Arbisi, 1993; Gotlib et al., 1998).
As specific affective states are thought to be accompanied by specific brain activity, it is
likely that there are other specific nervous system reactions to affective states that can be
observed. An overview of the relationship between emotions and autonomic nervous system
activity will be provided in the next section.
Electromyography (EMG) and Mood States
The idea of emotion specific autonomic nervous system (ANS) activity is not new. James
(1884) proposed that perceptions of efferent neural activity generate emotions. Based on this
there has been a large body of research dedicated to identifying the autonomic “signature” of
discrete emotions. The muscles and skin of the face are very mobile and flexible (Andreassi,
2000). Furthermore, as the face is the origin of a great deal of emotion expression through both
verbal and nonverbal social communication (Ekman, 2003), much research has focused on
specific facial muscle activity in affective states. Individual muscles such as zygomaticus major
(hereafter zygomatic), which when contracted pulls the face back into a smile, and the corrugator
supercilii (hereafter corrugator), which when contracted draws both eyebrows together into a
frown, have been extensively researched using electromyography (EMG; Larsen, Norris, &
Cacioppo, 2003).
Research has shown that different subjective mood states elicited by mental imagery
produce parallel emotion-specific facial muscle activity (Schwartz, Ahern, & Brown, 1979).
EMG activity differences between depressed and non-depressed groups have also been observed
(e.g., Gehricke & Shapiro, 2000; Gehricke & Shapiro, 2001; Schwartz, Fair, Salt, Mandel, &
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Klerman, 1976). Cacioppo, Bush and Tassinary (1990) exposed female students to slides of
social scenes or nature scenes that had pleasant, neutral or negative content. The participants
were asked to amplify or inhibit their facial expression while others received no instructions.
Results showed that facial EMG activity was highest in the amplify condition and lowest in the
inhibit condition. Interestingly, EMG activity over the corrugator region varied as a function of
the affective valence of the stimuli regardless of instructional condition, with more activity for
negative than positive stimuli. This suggests that facial EMG activity is not completely under
voluntary control and can vary with emotional stimuli. Facial EMG may therefore be an
unbiased indicator of affective states.
Sirota and colleagues (Sirota & Schwartz, 1982; Sirota, Schwartz, & Kristeller, 1987)
have investigated this possibility by inducing negative and positive mood states using the Velten
MIP. In both studies, positive mood was accompanied by an immediate increase in zygomaticus
activity, while a negative mood produced gradual increases in corrugator activity. For the
participants induced into a negative mood, corrugator activity continued after cessation of mood
induction, while zygomaticus activity observed in the positive mood group tended to dissipate
more quickly. The authors propose that the different mood states have different “half-lives,”
where it takes longer to recover from negative than positive mood states. This is consistent with
observations of general lower effect sizes of positive mood induction techniques than negative
mood induction techniques (Westermann et al., 1996). The difference in half-lives may pose a
problem as one mood group could potentially be back to the baseline mood state before the
experiment is finished, creating a problem for studies comparing the positive and negative mood
states on longer cognitive tasks. Furthermore, as there are individual differences in reactivity to
emotional stimuli (Wheeler et al., 1993), one would expect there to be large individual variations
in terms of mood recovery. However, the difference in facial muscle activity might also have
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another underlying cause. It is possible that the moods themselves have the same half-lives while
the different facial mimetic muscles may have different temporal reactivity to the different mood
states. The rapid increase in the zygomatic muscle activity accompanying positive mood
compared to the gradual increase in corrugator activity in negative mood (Sirota & Schwartz,
1982; Sirota Schwartz & Kristeller, 1987) leaves open this possibility.
These studies suggest that facial EMG is a sensitive measure of mood states and a
valuable addition to the subjective self-report measures. The objective physiological measure is
also an index of affective chronometry (Davidson, 1998), giving information on the latency,
peak, magnitude and duration of an individual’s mood state. EMG also has the advantage of
providing an online measure of affect that is not disruptive of the ongoing cognitive task.
Mood Intensity
Our everyday experience informs us that emotions can differ in quality. Anger, sadness,
happiness, and joy are emotional states each of which is associated with a distinct set of
experiences. However, these emotions can be experienced with different intensities. Take fear
for example. Many of us would feel some degree of fear if were to stand in a ladder 4 to 5 metres
up. However, if the scenario is changed by increasing the height tenfold, the feeling of fear,
perhaps accompanied by thoughts like “I might fall”, is likely to be more intense. The language
used along with the emotional experiences illustrates this. When describing emotional states in
everyday life, adverbs are often used to specify the degree, intensity or strength of the feeling.
For many emotions, these adverbs, such as a little, somewhat, or very, can be used to indicate the
degree to which a specific feeling is experienced. For example, it is common to hear that
someone is feeling “a little angry” or, “very angry”; feeling a “little happy “or “very happy” and
so on. Although there are instances when these adverbs do not make sense, as in “a little
enraged” or “somewhat ecstatic”, this might be due to the strength of the feeling being embedded
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in the meaning of the word. The verb to enrage is defined as “to make extremely angry (…)”
(Oxford English Dictionary, 1993), which supports this argument.
Consequently, both linguistic and phenomenological evidence suggests that the
experience of emotional states differs not only in quality, but also in strength or intensity (Frijda,
Ortony, Sonnemans, & Clore, 1992). For ease of communication, the word “intensity” will be
used throughout this thesis to refer to the strength, quantity or intensity of an emotional
experience or induced mood.
Previous mood induction research has focused on the qualitative differences among
emotional states, but it has largely neglected the intensity differences. This might in part explain
some of the inconsistencies reported in the mood and cognition research, where negative mood
states have been found to have both a debilitating (Shackman et al., 2006) and facilitating (Gray,
2001) effects on very similar cognitive tasks. Recall that two very different mood induction
procedures were used in these studies. It is likely that the expectation of electrotactile stimuli
(Shackman et al., 2006) would induce a more intense negative emotional response than the
negative film clips used by Gray. Neglecting the importance of the relative intensity of emotions
might, therefore, lead to misinterpretation of empirical findings (Frijda et al., 1992).
The intuitive notion of differing emotional intensities belies the complexity that arises
when asking the question of what it is that varies to produce the sensation of varying intensity.
One of the main difficulties lies in finding a satisfactory operational definition of the concept.
The possible candidates can roughly be divided into objective and subjective measures of mood
(Frijda et al., 1992). The objective manifestations include behavioural and physiological changes
while the subjective category includes the reported feelings, cognitions, action readiness and
perceived physiological changes. However, a problem arises when there is a discrepancy
between the objective and subjective emotional response to a situation. Of relevance here are
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studies of individuals with spinal cord injuries (SCI), who have impaired sensory, motor and
autonomic systems (Deady, North, Allan, Smith, & O'Carroll, 2010). Despite a widespread
belief that SCI dampens emotional experience (e.g., Hohmann, 1966), there is now extensive
evidence demonstrating that individuals with SCI have comparable emotional experiences and
capacity to healthy individuals (e.g., Bermond, Nieuwenhuysedr, Fasotti, & Schuerman, 1991;
Cobos, Sánchez, Pérez, & Vila, 2004; Deady et al., 2010). This suggests that detecting
variations in emotional experience does not rely solely on the ability to interpret somatic changes
in a situational context.
In contrast to SCI studies, a central diagnostic symptom in post-traumatic stress disorder
(PTSD) is emotional numbing (e.g., restricted range of affect, diminished interest in activities
and feeling emotionally cut off from others; Andrews et al., 2003). This emotional detachment
and reduction in emotional experience frequently occur in the presence of both a disruption in
behaviour, such as avoidance, and physiological changes, such as increased arousal and startle
reflex (Andrews et al., 2003).
Consequently, it appears that emotion reactivity can exist subjectively in the absence of
autonomic reactivity and that autonomic and behavioural reactivity can exist in the absence of a
subjective emotional experience. PTSD might represent a breakdown in the synchronisation
between the different emotional reactivity systems and associated difficulties in affect regulation
(Schore, 2003). Nonetheless, dissociation logic suggests that the emotional reactions in
individuals with SCI and PTSD demonstrate the differentiation of at least some of the
components thought to be involved in the emotional intensity experience. This means that a
combination of psychophysiological and self-report measures is indicated when exploring the
mood – cognition relationship.
Sonnemans and Frijda (1994) focused on the subjective parameters of emotional
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intensity. Thirty-seven participants reported their experience of weekly emotional experiences
over eight separate sessions. The participants’ task was to rate their experiences on a 25 item
scale which tapped theoretical parameters such as peak emotion intensity, duration of emotion,
onset latency from situation to emotional reaction and degree of cognitive change. The results
from the 222 emotional episodes showed that the majority of the variance in overall intensity of
emotion was accounted for by the felt strength of action impulse and behaviour, by autonomic
upset, and by the intrusion of the emotion into thought. This shows that emotional intensity is a
multidimensional construct and that neither feeling, physiological or behavioural manifestations
alone can entirely account for an emotional experience (Frijda, 1992).
Although emotional intensity appears to be an elusive construct to measure, Reisenzein
(1994) explored the construct based on a two-dimensional theory of emotion (e.g., Russel, 1980).
The participants were presented with core affective words that varied in valence (e.g., anger,
jealousy, love and hope), preceded by one of two types of intensity specifiers. One type denoted
a mild intensity, such as “little”, “slightly” or “weak”, while the other type related to a strong
intensity such as “strong,” “great” or “extremely.” The core affective word presented without
any intensity specifier (e.g., “angry”) was presented as a moderate level of intensity. The
participants were then asked to rate 90 words on a pleasure scale, which ranged from highly
unpleasant (-3) to highly pleasant (3), and an arousal scale which ranged from very calm (1) to
highly aroused (7). The results showed that intensity manipulation typically resulted in a roughly
equal absolute increase in both the pleasure and arousal domains.
These results suggest that the quality of an emotion is dependent on the proportion of
pleasure and arousal experienced while emotional intensity can be determined by the absolute
values of pleasure and arousal. This interpretation assumes that there is a neutral point, a neutral
feeling consisting of intermediate pleasure and intermediate arousal, located in the middle of
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both pleasure and arousal axes. This is consistent with the circumplex model of affect (Posner,
Russell, & Peterson, 2005; Russell, 1980).
Together, these studies suggest that emotional intensity is a multidimensional and
complex construct, where neither physiological, behaviour nor subjective experience alone can
fully account for the emotional experience. However, Reisenzeins (1994) findings suggest that
mood intensity can be approached from a relatively simple two-dimensional vantage point. A
graphical depiction of this is shown in Figure 1.2. This allows for the use of stimuli which differ
in valence and arousal to induce transient emotional states of varying intensity.

Figure 1.2. A graphical representation of how emotional intensity can be explained in terms of
pleasure and arousal. The arrows indicate how more intense emotional states consist of roughly
equal absolute increases from neutral in both the pleasure and arousal domains.

The Current Project
Rationale for the project. The current project adopts the resource allocation model of
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Ellis and colleagues (Ellis & Ashbrook, 1988; Seibert & Ellis, 1991), but with some
modifications. The additional processing load of mood is also considered a function of intensity,
where very intense mood states will draw more cognitive resources than a mild mood state. The
revised resource allocation model will take into account the lateralisation of frontal hemispheric
activity observed in mood states and the effect that this might have on cognitive functions, which
are relatively lateralised. More specifically, it is proposed that the facilitating effect of a given
mood state on cognitive performance due to increased local cerebral blood flow will dissipate
once the combined cognitive effort of the mood and the cognitive task exceeds the resource
capacity of the individual. Consequently, individuals in a very intense mood state (e.g., a
depressive episode) will have very few resources to spare for cognitive processes regardless of
task load. It follows from this that the effect of mood on cognition will depend on the following
main variables; the intensity of the mood state; the valence of the mood state; the processing load
of the cognitive task; the content of the task (verbal vs. visuospatial); and the cognitive resources
of that individual. The current research will employ these variables to explore the mood –
cognition relationship.
The studies reviewed above show that experimentally induced mood states affect
cognition in a complex way. Studies show that mood states sometimes impede, sometimes
facilitate and sometimes leave the target behaviour unaffected. The nature of these
inconsistencies is likely to be complex and multifaceted, but methodology is also likely to play a
part. The studies reviewed have used a wide variety of MIPs and these vary greatly in
effectiveness (see Westermann et al., 1996 for review). Furthermore, if the effectiveness of
different MIPs varies considerably, then it is fair to assume that the intensity of the mood states
induced in participants will vary also.
The intensity of the mood state has been briefly mentioned as a possible moderator of the
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mood-cognition relationship (Gray, 2001; Seibert & Ellis, 1991; Shackman et al., 2006).
However, to the knowledge of the current author, no studies have directly examined the effect of
mood intensity on working memory performance. Apart from some correlational effects between
self-reported mood and task performance (Kaufmann & Vosburg, 1997; Phillips et al., 2002),
past research has largely treated experimental mood states as a dichotomous variable.
Participants are allocated to the negative or positive group regardless of the intensity of mood
state achieved. This might be partly responsible for the inconsistent findings reported in the
literature. If mood states are conceptualised as mental states that draw cognitive resources (Ellis
& Ashbrook, 1988; Seibert & Ellis, 1991), then the intensity of the mood states must be included
as an independent variable.
Previous studies have used MIPs with verbal (e.g., Velten or story) and pictorial content
(e.g., film or images). MIPs such as music might also have a substantial verbal component. In
well-known songs containing lyrics such as Obladi Oblada and Yellow Submarine by The
Beatles, (Mecklenbräuker & Hager, 1984), the verbal content of the song is likely to be strongly
tied to the melody. If the attained mood drains cognitive resources due to the production of mood
relevant, but task irrelevant thoughts (Ellis & Ashbrook, 1988), then it is possible that the
specific stimuli presented in the MIP will provide the basis for such thoughts. Thus, verbal (and
some musical) MIPs might produce mood relevant thoughts represented in a verbal form through
the use of inner speech in the phonological loop. On the other hand, pictorial MIPs might
produce mood relevant thoughts of a visual nature (i.e., images; Beck, 1995) maintained in the
visuospatial sketchpad. If this is the case, then it is possible that the MIPs with verbal content
will influence the performance on verbal tasks differently to visuospatial tasks. Conversely,
MIPs with pictorial content might influence visuospatial task performance selectively. A study
that investigates the reciprocal relationship between working memory and mood states asked
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participants to perform either verbal or visuospatial 2-back tasks and observed, among other
things, the mood states following completion of the task (Storbeck & Watson, 2014). Across four
experiments, the results showed that participants who completed the verbal 2-back had a
tendency to report a more positive mood while participants who completed the visuospatial 2back tended towards more negative mood.
Hence, while several studies have examined the effect of mood on tasks involving both
verbal and visuospatial processes (e.g., Vytal et al., 2013; Gray, 2001; Bartolic et al., 1999), none
of the studies focus on whether the stimuli used in the mood induction (e.g., verbal or pictorial)
affects the performance on verbal or visual tasks differentially. The different types of cognitive
tasks used by various researchers may also contribute to the inconsistent findings. Tasks such as
the candle task, Mednick’s RAT, and the hat-rack problem are all complex in nature, involve a
myriad of cognitive processes and are relatively poorly understood (Shackman et al., 2006). This
complicates the interpretation of findings. Although performance on any task undoubtedly will
involve a combination of several cognitive processes, a task that is well understood in terms of
its elementary operations will allow more exact inferences to be made. Furthermore, the use of
tasks of relatively high cognitive specificity permits generalisation to other tasks relying on the
same operations (Shackman et al., 2006). The n-back task is relatively well understood in terms
of both the cognitive processes involved and its neural underpinnings (Owen et al., 2005). As
such, it provides an excellent paradigm against which the effects of different intensities of mood
on cognition can be investigated and will, therefore, be used in the current research.
An increase in activity in regions of the cortex specialised for particular modes of
processing is typically associated with an increase in performance on tasks that rely on such
processes while a decrease in activity is typically associated with a decrement in performance
(Heller & Nitschke, 1997). As negative and positive mood states are associated with increased
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right and left frontal activation, respectively (e.g., Heller et al., 2003), it is likely that these mood
states will selectively facilitate certain types of cognitive processes associated with hemispheric
specific activity. This may explain the dissociation observed between positive and negative
mood states on verbal and spatial performance (e.g., Bartolic et al., 1999; Gray, 2001; Gray et
al., 2002).
However, impaired cognitive functioning among pathologically depressed individuals
suggests that intense negative mood states might have a uniformly debilitating effect on
cognition. It therefore appears that the mood-cognition relationship might follow a nonlinear
relationship, where a modest level of an affective state might enhance performance on specific
tasks (e.g., moderate positive mood would enhance verbal WM and moderate negative would
mood enhance visuospatial WM), whereas affective states of high intensity, regardless of
valence, would uniformly disrupt performance.
The results of Phillips, Smith, et al. (2002) also suggest that differences in processing
capacity are also likely to affect the mood-cognition relationship. Although many researchers
distinguish between verbal and a visuospatial WM (e.g., Baddeley, 1986; Shah & Miyake, 1996),
there is evidence to suggest that capacity in these domain-specific processes is determined jointly
by a domain general mechanism as well as domain specific processes (Kane et al., 2004). This is
consistent with Spearman’s (1927) notion that the positive correlation observed between
performance measures on almost any pair of cognitive task reflects an underlying common
general ability factor, Spearman’s g. Indeed, a substantial relationship has been found between
WM capacity and general fluid intelligence (Conway, Cowan, Bunting, Therriault, & Minkoff,
2002).
Working memory is also involved in effective implementation the task rules and
converting them into an internal mental program (e.g., Duncan, Emslie, Williams, Johnson, &

39
MOOD INTENSITY AND WORKING MEMORY
Freer, 1996; Duncan, Schramm, Thompson, & Dumontheil, 2012). More complex rules impose a
higher demand on working memory. Inefficiency in this process is revealed by a phenomenon
Duncan et al. (1996) termed goal neglect, which refers to the tendency to disregard task
requirements even though they have been understood and can be remembered when prompted.
Neglect increases with the number of rules required to complete that task successfully. Duncan et
al. (2012; 1996) demonstrated substantial overlap between functions reflected in general fluid
intelligence, g, and impairments following frontal lobe damage, thus linking frontal lobe function
to general fluid intelligence. As there are also strong indications that differences in processing
capacity are also likely to affect the mood-cognition relationship (Chuderski, 2015; Edwards et
al., 2015; Phillips et al., 2002), the current research will include a fluid intelligence measure as a
control measure in Experiments 4 and 5.
Overview of the experiments. The current project attempted to evaluate this
conceptualisation of the resource allocation model through a series of five experiments.
Experiment 1 focused on the selection of sets of pictorial and verbal affective stimuli. This was
done by obtaining valence and arousal ratings of a large number of specifically constructed
sentences as well as IAPS pictures. The goal was to develop stimuli, which spanned the
maximum affective range, similar to that reported by the IAPS. This would allow the creation of
ten sets of mood induction stimuli, five distinct sets each of sentences and pictures (strong
positive, mild positive, neutral, mild negative and strong negative), to be used in subsequent
experiments.
The aim of Experiment 2 was to evaluate the effectiveness of a verbal mood induction
procedure with two intensity levels (mild and strong) and two valence levels (positive and
negative) and a neutral condition, on self-report measures of mood and physiological indicators.
The effect on cognitive performance (2-back task) was also examined. The aim of Experiment 3
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was analogous to Experiment 2, but the mood induction procedure used pictorial stimuli.
Experiment 4 combined the manipulation of mood intensity using pictorial stimuli with cognitive
load (2-back versus 3-back). While Experiments 2 - 4 investigated the impact of mild and strong
mood manipulations on WM performance, some participants are unsuitable for mood inductions
due to pre-existing negative emotional states. Consequently, Experiment 5 assessed individuals
presenting with high levels of depression, anxiety or stress symptoms. The participants were
exposed to a neutral mood induction procedure before their working memory performance was
assessed using the same load manipulation of both verbal and visuospatial WM as in Experiment
4.
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Chapter 2. Experiment 1
The Selection of Affective Stimuli
Using sentences designed to elicit particular transient mood states is a popular MIP used
in experimental psychology. Velten (1968), who constructed sentences to be positive, negative or
neutral in content, developed this technique. The underlying reasoning of this method is that the
participant will adopt the overall mood embedded in the sentences. Although there has been
some debate whether any mood changes are due to demand characteristics or not, the Velten
procedure has generally been effective in eliciting temporary mood states and negative mood
states in particular (Gerrards-Hesse et al., 1994; Westermann et al., 1996). However, the emotion
evoking properties of the Velten stimuli are not well studied.
This is in contrast to the International Affective Pictures System (IAPS; Lang et al.,
2005), which is a large set of emotionally evocative colour pictures that have been rated by a
large number of males and females on the dimensions of pleasure, arousal, and dominance. It is
frequently used as a tool to study emotion and attention. One advantage of these pictures is that
they are very well validated. There are numerous studies which explore the physiological,
emotional as well as behavioural responses participants experience when viewing the different
photographs (for an overview see Lang & Bradley, 2007).
Given the popularity of the Velten (1968) mood induction procedure and the widely
published technique used to calibrate and develop the IAPS, it is somewhat surprising that, to
best knowledge of the author, only one study has used any form of emotional rating to assess the
Velten sentences (Jennings, McGinnis, Lovejoy, & Stirling, 2000). Jennings et al. (2000) sought
to categorise 75 of Velten’s original sentences and nine new sentences on two dimensions,
valence, and arousal. Participants read the sentences and were asked to experience each sentence
as though it was happening to them, then rate each sentence according to valence (1 = very
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unhappy to 9 = extremely happy) and arousal (1 = very calm to 9 = very excited). The results
showed that 52 of the sentences reliably elicited the originally intended positive, neutral or
negative valence. A curvilinear relationship was observed between valence and arousal. High
arousal was associated with high (positive) valence, low arousal with intermediate (neutral)
valence and intermediate arousal with low (negative) valence. Jennings et al. suggested that
sentences that were inconsistent with Velten’s designation should only be used with caution, as
they may not elicit the intended mood. Males rated low arousal sentences as more arousing than
females regardless of valence. However, no gender effect was observed on valence ratings.
Furthermore, the SAM valence and arousal ratings showed that very few sentences were rated as
highly arousing or highly calming.
There is therefore a need to obtain mood ratings of sentences which not only includes
more sentences than Velten’s (1968) original, but also sentences that range across the entire
affective space as measured by valence and arousal ratings, similar to IAPS. This would provide
a wider range of stimuli for future studies wishing to utilise verbal mood induction procedures.
Verbal stimuli in mood induction research do not always have the intended emotional effect
(Jennings et al., 2000) and as such having a large sample of emotionally rated sentences
increases experimental control in selection of stimuli.
Music is also a popular mood induction technique. Although music has been reported to
have a smaller effect size than other methods such as the Velten (1968), it has been found to be
equally effective in eliciting positive as well as negative mood states (Westermann et al., 1996).
There is also evidence that music can amplify the emotional impact of sentences (Stratton &
Zalanowski, 1994). However, the selection of music pieces is typically based on previous studies
or based on the judgement of the researcher rather than selected on an empirical basis (Västfjäll,
2002).
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The goal of Experiment 1 was to develop a set of sentences that spanned the maximum
affective range, similar to that reported by the IAPS. A further goal was to identify music clips
which would be consistently experienced as negative, positive or neutral in nature. To achieve
this, valence and arousal ratings of sentences as well as music clips were obtained alongside
IAPS pictures. Using the IAPS pictures and the sentences in the rating study facilitated a direct
comparison of these two stimulus types. Furthermore, obtaining stimuli that span a wide
affective range would also make it possible to compile sets with distinct combinations of valence
and arousal levels. This would allow the creation of ten mood induction sets, five sets each of
sentences and pictures (strong positive, mild positive, neutral, mild negative and strong
negative), which will be used in subsequent experiments in this research project.
There is some evidence to suggest that males and females differ in their responsiveness
and experience of the Velten procedure (Gouaux & Gouaux, 1971; Jennings et al., 2000).
Although this is not found by all studies (e.g., Westermann et al., 1996) and the reasons might
not be clear, emotion regulation differences might play a role. Women tend to employ more
effortful emotional regulation strategies such as rumination, reappraisal, acceptance and problem
solving (Nolen-Hoeksema, 2012). For instance, when asked to down-regulate emotions elicited
by negatively valenced IAPS photographs, women displayed more prefrontal activity, less
amygdala activity, and more activity in the ventral striatal regions compared to men (McRae,
Ochsner, Mauss, Gabrieli, & Gross, 2008). Furthermore, females have been found to be more
reactive to aversive pictures than men (Lang, Greenwald, Bradley, & Hamm, 1993).
There are also cognitive tasks that show sex differences. Perhaps the biggest effect is in
mental rotation, where males outperform females by 0.5 – 1 standard deviations (Miller &
Halpern, 2014). However, remembering object locations moderately favours females (Voyer,
Postma, Brake, & Imperato-McGinley, 2007), while others report better performance in males on
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visuospatial working memory tasks (Loring-Meier & Halpern, 1999). The reason for the varying
findings in the gender –cognition field is unknown, but a complex interaction between
biological, psychological and social influences is likely (Miller & Halpern, 2014).
The inclusion of both males and females in the current project would therefore
complicate the interpretation of the findings as well as require substantially larger sample sizes.
Although including gender as an independent variable would be interesting and well worthy of
further inquiry, the current research was limited the study to female participants for the ease of
interpretation and practical considerations.
Method
Participants
A total of 103 female undergraduate students participated in this research. The mean age
was 23.69 years (SD = 9.4), with a range of 17-54 years. The participants received one hour of
course credit for their participation. Although handedness was controlled for in subsequent
experiments, there is no theoretical basis to suggest that handedness affects emotional experience
and consequently it was not measured in this experiment.
Materials
Pictures. A total of 222 pictures were selected from the IAPS (Lang et al., 2005). The
selection of pictures was made with the aim of obtaining picture ratings from the entire range of
affective space. Consequently, in addition to pictures with ratings around neutral, the selection
included pictures with the highest and lowest valence ratings, as well as pictures with the highest
and lowest arousal ratings.
Sentences. Of the 225 sentences, 92 were sourced from Velten’s (1967) original sentence
pool. Some of these sentences had been modernised by Jennings et al. (2000). Sentences with
obvious cultural or geographical connections were omitted and replaced with local variants (e.g.,
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“Utah is the beehive state” was changed to “Victoria is the garden state”). In addition, 133 new
sentences with positive, neutral and negative affective content were produced by the researcher.
The sentences were generated using specific criteria for each set, in order to maximise the chance
of obtaining sentences with the largest possible range of valence and arousal ratings.
There were five broad criteria for generating the sentences. The strong positive sentences
attempted to capture high arousal, positively valenced content (e.g., rapid thoughts and
movement, euphoria, grandiosity). The mild positive sentences had low arousal positive content
(e.g., being satisfied, content, gratified, appeased, fulfilled), while the neutral sentences had
content which was impersonal or trivial. The mild negative sentences were designed to have a
low arousal negative valenced content (e.g., depression style cognitions, negative thoughts about
the self, the world/environment, and the future). Finally, the strong negative sentences had high
arousal negative valenced content (e.g., anxiety and fear style cognitions, fear about school
assessments, safety, social interaction and health).
Music. Twenty instrumental music clips were selected for the rating study. They were
selected based on the subjective evaluation of the researcher. Each sample clip consisted of the
first two minutes of the music piece. The music was sourced from a wide variety of composers,
(e.g., Grieg, Mozart, Bach, Chopin, and Barber) as well as from various motion picture scores.
They were all instrumental music pieces, without verbal content. In addition to this, the study
included a 20-second clip of Trepak by Tchaikovsky, which was used in the practice trials of the
rating study.
Stimulus sets. The sentences, pictures, and music pieces were randomly assigned to one
of four stimulus sets. A preliminary examination of the data from the current experiment showed
an absence of sentences that had minimum valence ratings similar to the IAPS picture ratings.
Consequently, a fifth stimulus set was constructed where an additional 22 pictures and 25
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sentences were selected and rated. The new sentences were generated using content that was
believed to be highly arousing and negatively valenced. In order to maintain methodological
consistency across stimuli sets, the new stimuli were presented along with a random selection of
stimuli from the other stimuli sets. There were therefore five different sets of stimuli, which
consisted of three practice items, (one sentence, one picture, and one music clip), as well as the
104 test stimuli (50 sentences, 50 pictures and 4 music clips). Each participant rated only one set
of stimuli. The stimulus sets were made up of four blocks, each consisting of 25 stimuli. Within
each block, sentences and pictures were presented in alternating order. One music clip was
presented after every block.
Emotion ratings. The self-assessment manikin (SAM; Bradley & Lang, 1994) was used
to assess the emotional impact of the stimuli. The SAM consists of a graphic figure representing
dimensions of various psychological constructs. It typically depicts the major elements involved
in emotion: valence (e.g., degree of pleasure) and arousal. Dominance is sometimes included as a
third dimension (Bradley & Lang, 1994). The valence rating scale shows five figures with facial
expressions that range from a smile to a frown. The arousal figure shows facial and bodily
experiences that range from wide-eyed, jittery and excited, to relaxed, sluggish, or sleepy.
Participants were asked to describe their emotional experience for each stimulus by placing an
“X” over any of the five figures on each scale or on any of the four intermediate points between
the figures. This resulted in two 9-point scales ranging from 1 (very unpleasant) to 9 (very
pleasant) on the valence dimension and from 1 (very calm) to 9 (very excited) on the arousal
dimension. The SAM converges with physiological activity (e.g., Bradley & Lang, 1994; Lang et
al., 1993), is quick to complete and provides a non-verbal measurement of affective states.
Procedure
Ethical clearance was obtained for the project (PSY/07/09/HREC). The testing was done

47
MOOD INTENSITY AND WORKING MEMORY
in groups of varying size from one to 24 participants. A total of 20 participants rated stimuli set
1, 20 rated set 2, 22 rated set 3, 24 rated set 4 and 17 participants rated stimuli set 5.
After giving consent, the participants were given answer booklets that contained one pair
of valence and arousal SAM scales for each of the stimuli. The items were projected onto a white
screen located at the front of the room. The sentences and pictures were presented on individual
slides using Microsoft PowerPoint. The music clips were embedded into the presentation and
played through a set of speakers positioned on either side of the screen. The timing of the slides
was automated and the study proceeded without break from the start of the first block to the final
music clip. The total procedure lasted about 50 minutes. Each slide was preceded by a warning
slide for three seconds. This slide contained the number of the item to be rated. This was
followed by a slide containing the stimulus, picture or sentence, which was displayed for nine
seconds. A blank slide accompanied the 2-minute music clips. The participants were instructed
to read the sentence carefully, examine the picture or listen to the music. They were then asked
to pay close attention to how these made them feel, noticing their emotional reaction. For the
picture and sentence stimuli, the participants were asked to try to experience each slide as if it
was something happening to them in real life. This was followed by a slide prompting the
participants to rate the stimulus, which was displayed for 10 seconds. Each participant then rated
their experience of the stimulus on the SAM valence scale and the SAM arousal scale.
Results and Discussion
The music clips from one of the stimuli sets were not included as there was a technical
malfunction of the audio equipment in one rating session. Consequently, these four music clips
were not rated and therefore not included in the analyses. The ratings from each of the five sets
of pictures, sentences, and music clips were combined. Each sentence was rated by an average of
22.79 participants (range 17 - 41). Each picture was rated by an average of 22.81 participants
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(range 16 - 41) while the music pieces were rated by an average of 20.31 participants (range 16 24). Mean valence and arousal ratings obtained using the SAM were calculated for each of the
225 sentences and 222 pictures as well as the 16 music clips. The overall mean valence and
arousal ratings are shown in Tables 2.1 and 2.2 respectively.
As not all stimuli were rated by all participants, two one-way analyses of variance
(ANOVA) with stimuli type (IAPS, sentences, music) as the independent variable were
employed to compare the valence and arousal ratings of the stimuli.

Table 2.1
Mean (SD) Valence Ratings (1 is Negative and 9 is Positive).
Type of stimuli

N

Mean rating

Minimum

Maximum

Sentence

225

4.77 (2.29)

1.18

8.45

Picture

222

4.43 (2.23)

1.06

7.88

Music

16

5.49 (1.09)

3.88

6.92

The ANOVAs showed that the stimuli did not differ significantly in valence ratings, F(2,
460) = 2.61, p = .075, ηp2 = .011. However, there was a significant effect of stimuli type on
arousal ratings, F(2, 460) = 9.39, p < .0005, ηp2 = .039. Post hoc testing using Hochberg’s GT26
showed that the arousal ratings for music were significantly lower than those obtained for the
statements (p = .036), which again was lower than arousal ratings for pictures (p = .008).

6

The Hochberg’s GT2 was selected due to large differences in sample size (Field, 2013)
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Table 2.2
Mean (SD) Arousal Ratings (1 is Calm and 9 is Excited).
Type of stimuli

N

Mean rating

Minimum

Maximum

sentence

225

4.81 (1.23)

2.35

7.60

picture

222

5.22 (1.24)

2.50

8.21

music

16

4.00 (0.95)

2.71

6.00

Figure 2.1a, b, and c show the mean scores for the individual stimuli as they
distribute across a two-dimensional affective space defined by valence and arousal ratings. The
original IAPS (Lang et al., 2005) report weaker correlations between valence ratings and arousal
(r = .20) for positive stimuli (valence ratings ≥ 5) than for negative stimuli (valence ratings < 5;
r = -.77) for females. A slightly different trend is evident in the current study, with strong
correlations between arousal and valence ratings for both positive (r = .48) and negative pictures
(r = -.59). In line with the impression given in Figure 2.1b, the sentences show a slightly
different pattern, with strong correlations between arousal and valence ratings for positive (r =
.79) as well as negative sentences (r = -.51). No significant correlations were observed for the
musical clips. Both the pictures and the sentences then appear to elicit high arousal in both
positively and negatively valences stimuli. This is more similar to the correlations for males
where Lang et al. reported strong correlations between arousal and valence ratings for both
positive (r = .68) and negative pictures (r = -.55).
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Figure 2.1a Stimulus Type: Picture

Figure 2.1b Stimulus Type: Sentence

Figure 2.1c Stimulus Type: Music

Figure 2.1. The valence and arousal ratings for the pictures, sentences and music seen in Figure a, b and c respectively.
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The finding that the sentences elicited a range of valence and arousal ratings that
resembles the original IAPS shows that is it possible for sentences to evoke both high
arousing negative (lower right quadrant in Figure 2.1b) as well as low arousing positive
(upper left quadrant in Figure 2.1b) emotional experiences. This has been difficult to obtain
in the past (Jennings et al., 2000). The identification of verbal stimuli which evoke a range of
emotional states similar to the original IAPS represents a methodological advance.
Although any clear pattern is difficult to discern with such a small number of musical
stimuli, there is some spread within the music clips across both valence and arousal (Figure
2.1c). However, the number of music clips rated high in arousal is small and most were rated
as relatively low in arousal. The majority of the included clips were classical music, and
feedback from some participants suggests that they find this type of music somewhat
calming, regardless of tempo and melody progression.
Selection of stimuli for mood induction procedures
Recall that the aim of the current experiment was to produce five distinct sets each of
sentences and pictures (strong positive, mild positive, neutral, mild negative and strong
negative), which will be used to induce mood states in subsequent experiments. These mood
induction sets would differ in valence as well as arousal ratings. This is summarised in Table
2.3.
The stimuli were assigned to these conditions by ranking them based on valence as
well as arousal. Stimuli that were high in valence and arousal were assigned to the strong
positive mood set, while stimuli that were medium high in valence and medium in arousal
were assigned to the mild positive mood set. Stimuli that were rated around the median in
valence and medium low in arousal were assigned to the neutral mood set. Lastly, stimuli that
were rated medium low in valence and medium in arousal were assigned to the mild negative
mood set, while the stimuli low in valence and high in arousal were assigned to the strong
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negative mood set.

Table 2.3.
Description of the Valence / Arousal Combinations of the Stimuli Assigned to the Different
Mood Induction Sets.
Mood induction set

Valence

Arousal

Strong positive

High

High

Mild positive

Medium to high

Medium

Neutral

Medium

Medium to low

Mild negative

Medium to low

Medium

Strong negative

Low

High

From the original stimuli, a total of 150 sentences and 150 pictures and five music
clips were selected. These sentences, along with valence and arousal ratings are presented in
Appendix A. The mean valence and arousal ratings for the selected pictorial and verbal mood
induction sets are shown in Table 2.4.
To confirm that the stimulus categories differed as expected two 5 (mood induction
Set; strong positive, mild positive, neutral, mild negative or strong negative) × 2 (Stimulus
Type; picture, sentence) analyses of variance (ANOVA) were conducted. Both independent
variables were between items variables. As expected, there was a significant main effect of
mood induction set, F(4,290) = 3311.29, p < .0005, ηp2 = .979 on valence. Importantly,
neither the main effect of stimulus type, F(1,290) = 1.85, p = .175, ηp2 = .006, nor the
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interaction effect, F(4,290) = 1.93, p = .106, ηp2 = .026, were significant.

Table 2.4.
Mean (SD) Item Valence and Arousal Ratings of Pictures and Sentences in Each Mood Induction
Set Category (N = 30).
Valence
Mood induction set

Arousal

Pictures

Sentences

Pictures

Sentences

Strong negative

1.58 (0.24)

1.66 (0.23)

5.80 (1.01)

5.39 (0.99)

Mild negative

2.97 (0.39)

2.83 (0.23)

4.89 (0.77)

4.61 (0.80)

Neutral

4.93 (0.28)

5.00 (0.39)

3.74 (0.86)

3.51 (0.75)

Mild positive

6.41 (0.41)

6.63 (0.39)

4.93 (1.13)

4.86 (0.89)

Strong positive

7.51 (0.21)

7.58 (0.39)

5.70 (1.19)

5.74 (0.83)

Note: Item valence ratings range from 1 (unpleasant) to 9 (pleasant) and arousal ratings range
from 1 (calm) to 9 (excited).

A similar result was evident when arousal ratings were examined. There was a
significant main effect of mood induction set, F(4,290) = 49.70, p < .0005, ηp2 = .407. Neither
the main effect stimulus type, F(1,290) = 2.37, p = .128, ηp2 = .008, nor the interaction effect,
F(4,290) = 0.56, p = .695, ηp2 = .008, was significant.
Together these results show that the pictures and sentences mood induction sets are
comparable in terms of arousal and valence ratings. Further analyses were conducted for the
pictorial and verbal mood condition sets separately. Four separate one-way ANOVAs with
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planned contrast analyses were conducted to confirm expected differences in valence and
arousal ratings between the mood induction sets (strong positive, mild positive, neutral, mild
negative and strong negative).
Pictures. For pictures (see Table 2.4), there was a significant effect of mood set on
valence rating, F(4,145) = 1780.75, p < .0005, ηp2 = .980. The mood set variable was
partitioned into four (k -1) planned contrasts, comparing the valence ratings of the strong
negative pictures with the mild negative pictures, the neutral pictures with mild negative
pictures and mild positive pictures and mild positive pictures with the strong positive
pictures. The assumption of homogeneity of variance was not met, so the contrast tests did
not assume equal variances. The results showed that the strong negative pictures had
significantly lower valence ratings (i.e., more negative) than the mild negative pictures,
t(48.30) = 16.75, p < .0005, which again were lower than the neutral pictures, t(52.96) =
22.48, p < .0005. The neutral pictures had lower valence ratings than the mild positive
pictures, t(48.73)= 15.49, p < .0005. Finally, the mild positive pictures had lower valence
ratings than the strong positive pictures, t(41.24)= 11.99, p < .0005.
For pictures, there was also a significant effect of mood set on arousal ratings,
F(4,145) = 20.63, p < . 0005, ηp2 = .363. This was explored with six planned contrasts. To
correct for familywise error, a Bonferroni correction was applied and α level set to (0.05/6) =
0.008. arousal ratings for the strong negative pictures were higher than for the mild negative
pictures, t(58) = 2.57, p = .003, as well as higher for the strong positive picture set than the
mild positive set, t(58) = 5.44, p < .0005. The neutral pictures were rated lower in arousal
than both the mild negative, t(58) = 5.44, p < .0005, and the mild positive pictures, t(58) =
4.61, p < .0005. Furthermore, arousal ratings were not significantly different between the
mild negative and the mild positive pictures, t(58) = 0.18, p = .85, or between the strong
negative and the strong positive pictures, t(58) = 0.33, p = .74.
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Sentences. Corresponding analyses were conducted for the sentences. There was a
significant effect of mood set on valence rating, F(4,145) = 1553.33, p < .0005, ηp2 = .977.
Levene’s test of homogeneity of variance was significant, so the contrast tests did not assume
equal variances. Four planned contrasts showed that valence ratings were lower (i.e., more
negative) for the strong negative than the mild negative sentences, t(57.99) = 19.63, p <
.0005. The mild negative sentences had lower valence ratings than the neutral sentences,
t(47.03) = 26.48, p < .0005, the neutral sentences were lower in valence than the mild
positive sentences, t(58.05) = 16.21, p < .0005 and the mild positive sentences were lower in
valence than the strong positive sentences, t(55.00) = 9.47, p < .0005.
There was also a significant effect of mood set on arousal rating, F(4,145) = 31.57, p
< .0005, ηp2 = .465. As before, this was partitioned into six planned contrasts. To correct for
familywise error, a Bonferroni correction was applied and α level set to (0.05/6) = 0.008.
Arousal ratings for the strong negative sentences were higher than for the mild negative
sentences, t(58) = 3.34, p = .001. Arousal ratings were higher for the strong positive than the
mild positive sentences, t(58) = 3.91, p < .0005. The neutral sentences were rated lower in
arousal than both the mild negative, t(58) = 5.52, p < .0005, and mild positive sentences,
t(58) = 6.39, p < .0005. Moreover, arousal ratings did not differ significantly between the
mild negative and the mild positive sentences, t(58) = -1.45, p = .151, or between the strong
negative and the strong positive sentences, t(58) = -1.15, p = .253.
Music. The music clips for each mood set were selected in a similar fashion to the
pictures and sentences. Although there are fewer music stimuli and the spread was more
restricted than the pictures or sentences, a music piece that fitted with each of the five mood
sets (strong positive, mild positive, neutral, mild negative and strong negative) was selected.
This was done based on a ranking of the valence ratings, from the lowest rated (i.e., most
negative) music clip assigned to the strong negative condition to the highest rated clip
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assigned to the strong positive category. The analyses are based on participant ratings
because an item based analysis was not possible as there was only one musical piece per
category. These music clips and their ratings are shown in Table 2.5.

Table 2.5.
Participant Based Mean (SD) Valence and Arousal Ratings for the Music Pieces Assigned to
Each Mood Set.
Title

Composer

Valence

Arousal

Mood Set

They’re back!

Goldstein

3.88 (1.83)

6.00 (1.73)

Strong negative

Adagio for strings

Barber

4.22 (2.09)

3.45 (2.11)

Mild negative

Autumn

Vivaldi

4.58 (1.91)

3.21 (2.25)

Neutral

Peter and the wolf

Prokofiev

6.31 (1.45)

4.19 (2.46)

Mild positive

Sally and Lightning

Newman

6.75 (1.48)

4.30 (1.77)

Strong positive

A one-way ANOVA showed that there was a significant effect of mood set on both
valence, F(4, 94) = 9.81, p < .0005, ηp2 = .295, and arousal ratings, F(4, 94) = 5.21, p = .001,
ηp2 = .182. Independent groups t-tests showed significantly higher valence ratings (more
positive) for both the strong positive music clip, t(42) = 4.14, p < .0005, and the mild positive
clip, t(38) = 3.08, p = .004, compared to the neutral music clip. The strong negative music
clip was rated as more arousing than the mild negative music clip, t(37) = 4.03, p < .0005,
and the neutral music clip, t(39) = 4.30, p < .0005. No other comparisons reached
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significance.
Comparison of Stimulus Ratings with Previous Research.
To further validate the current study and to explore any differences due to rating
methodology, the ratings obtained in the current study were compared with previously
reported ratings. The pictures were compared with ratings reported in the IAPS manual (Lang
et al., 2005) while the sentences were compared with ratings published by Jennings et al.
(2000).
Comparing picture ratings with IAPS. Correlational analyses between ratings of all
the IAPS pictures included in the current study and the reported IAPS manual ratings
revealed very strong item based correlations for valence, r = .95, p < .0005, as well as arousal
ratings, r = .70, p < .0005.
To further investigate possible differences between the ratings obtained in the current
study with those from the IAPS manual, two 5 (mood set: strong positive, mild positive,
neutral, mild negative and strong negative) × 2 (rating source: IAPS, current study) ANOVAs
were conducted using both valence and arousal ratings as the dependent variables. Both
independent variables were between item variables. Only pictures assigned to the stimulus
categories in the current study were included in the analysis. The two valence and arousal
ratings for IAPS is shown in Figure 2.2.
The interaction effect did not reach significance for valence, F(4,290) = 1.31, p =
.267, ηp2 = .018, or arousal, F(4,290) = 2.21, p = .068, ηp2 = .030. Consequently, the
difference between the ratings obtained in the current study and those reported in the IAPS
manual do not vary across the different stimulus categories.
The main effect of rating source (current study, IAPS manual) was not significant for
arousal, F(1, 290) = 2.58, p = .109, ηp2 = .009, but reached significance for valence, F(1,
290) = 12.24, p = .001, ηp2 = .041. Inspection of the means show that the valence ratings in
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the current study (M = 4.68, SD = 2.19) were overall lower than the ratings reported in the
IAPS manual (M = 4.99, SD = 2.33).
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Figure 2.2. The comparison of the original IAPS valence and arousal ratings and those
obtained in the current study. Error bars represent ± 1 SE.

Although the valence ratings from the current study were lower than that reported in
the IAPS manual, the difference was small and the direction consistent in all categories.
Minor differences like this have been reported elsewhere (e.g., Barke, Stahl, & KrönerHerwig, 2012), and are likely due to minor cultural differences rather than to major
methodological problems. The high correlation coefficients between the ratings in the current
study and those reported in the IAPS manual for both the valence and arousal dimensions are
consistent with this view.
Comparing sentence ratings with Jennings et al., (2000). Of the 150 sentences
assigned to one of the five different mood sets, 39 were previously rated on valence and
arousal (Jennings et al., 2000). Of the 39 sentences, 5 were classified as strong positive, 10
as mild positive, 10 as neutral, 7 as mild negative and 7 as strong negative. There was a
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strong correlation between the ratings obtained in the current study and Jennings et al., both
in terms of valence (r = .78, p < .0005) and arousal (r = .59, p < .0005).
To further compare the findings, two 5 (mood set: strong positive, mild positive,
neutral, mild negative and strong negative) × 2 (rating source: Jennings et al. (2000), current
study) ANOVAs were conducted using valence and arousal ratings as dependent variables.
Both independent variables were between item variables. The ratings for the two sets of
sentences across the 5 conditions are shown in Figure 2.3.
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Figure 2.3. Comparison between valence and arousal ratings reported by Jennings et al.,
(2000) and the current study. Error bars represent ± 1 SE.

The results showed that for valence, there was the expected significant main effect of
stimulus category, F(4,68) = 122.4, p < .0005, ηp2 = .878, but no main effect of rating source,
F(1, 68) = 1.99, p = .163, ηp2 = .028. However, these results were modified by a significant
mood set × rating source interaction, F(4,68) = 20.40, p < .0005, ηp2 = .545. Simple effects
analyses confirmed the impression given by Figure 2.4 that valence ratings were lower in the
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current study than those reported by Jennings et al. (2000), in the strong negative set, t(6.92)
= 5.49, p = .001 and the mild negative set, t(6.37) = 3.66, p = .010. There were no significant
differences between the two studies on the neutral sentence ratings, t(18) = 1.31, p = .206.
The current study had higher valence ratings in both the mild positive, t(18) = 2.51, p = .022,
and the strong positive sets, t(5.18) = 4.07, p = .009 than those reported by Jennings et al.
A similar pattern of results was observed when arousal ratings were explored. The
expected main effect of mood set was significant, F(4, 68) = 33.23, p < .0005, ηp2 = .662.
There was also a significant main effect of rating source, F(1, 68) = 22.38, p < .0005, ηp2 =
.248, where the sentences were rated higher in arousal in the current study than in Jennings et
al. (2000). Although the mood set × rating source interaction failed to reach significance, F(4,
68) = 2.16, p = .082, ηp2 = .113, it showed a marginal trend and was explored further. Figure
2.4, suggests that the primary source of the main effect of rating source are sentences
assigned to the strong negative and strong positive category inductions sets. Simple effect
analyses confirm this, with higher arousal ratings reported in the current study than Jennings
et al.’s, study for the strong negative, t(12) = 3.09, p = .009, mild positive, t(18) = 2.10, p =
.050, and strong positive, t(8) = 4.14, p = .003, mood sets. There were no differences in
arousal ratings for the neutral, t(12.88) = 1.22, p = .245, or mild negative, t(12) = 0.46, p =
.657, sentence sets.
Although these analyses show that there is a large degree of overlap between the two
studies, there are substantial differences as well. The trend was that the current study obtained
a larger spread of the ratings than that reported by Jennings et al. (2000). The sentences
around the neutral point did not differ between the studies, whereas the strong negative and
the strong positive sentences obtained lower and higher valence ratings respectively. A
similar trend, albeit less pronounced, was observed in the arousal ratings. The major
methodological difference between the studies is that the participants in the current study
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were all female and that they rated pictures and music clips in addition to the sentences. It is
likely that these methodological differences account for the observed differences.
Summary and Conclusion.
Although previously reported using pictorial stimuli, the valence and arousal ratings
demonstrate that it is possible to construct sentences that are perceived as highly arousing and
highly negative as well as low arousing positive emotional experiences. Together, these
results show that sentences can have a range across the valence – arousal affective space
which is similar to the IAPS pictures. This makes it possible to assemble a series of stimuli of
both pictures and sentences that is completely matched in terms of valence and arousal
ratings. For both the picture and sentence sets, the arousal is matched in its valence
counterpart. This means that the average arousal in the strong negative stimuli matches the
strong positive stimuli and the average arousal in the mild negative stimuli matches the mild
positive stimuli. Consequently, the stimulus categories vary in valence while controlling for
arousal. These findings will allow a more precise manipulation of the affective “strength” of
the sentences as well as pictures. The following experiments used the verbal and pictorial
stimuli to assess whether a manipulation in “strength” of stimuli used in the mood induction
translates into observable differences in the intensity of induced mood states.
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Chapter 3. Experiment 2
Assessment of a Verbal Mood Induction Procedure
Chapter 1 outlined how linguistic, phenomenological and empirical evidence suggests
that the experience of emotional states differs not only in quality, but also in strength or
intensity (e.g., Frijda et al., 1992). The goal of Experiment 2 was to test the viability of a
verbal mood induction procedure using sentences rated in Experiment 1 to determine if it was
possible to produce positive and negative mood states of mild and strong intensity and a
neutral mood state. Further, the impact of these mood states was examined across three time
points to examine the effect of mood prior to the induction, post induction and after the
completion of a 2-back WM task.
As discussed in Chapter 1, there are disadvantages with using film clips as the mood
induction method. The original MIP is the Velten technique (Velten, 1968), where
participants read self-referent statements designed to elicit a particular mood state. In his
original research, Velten constructed sentences of a positive, neutral or negative tone. The
participants were then assigned to three groups; the elation group which read 60 positive
statements; the neutral group which read 60 neutral statements or the depression group, which
read 60 negative statements. The elation and depression groups started with the same
sentence “today is neither better nor worse than any other day” and then moved progressively
to more positive or negative statements. The neutral group read non-self-referent and mood
neutral statements. In addition to this, participants in two control groups were asked to
behave in a way that they thought someone who had read all 60 elation or depression
statements would behave.
The results of the post-induction mood measurements showed that the elation group
reported a more positive mood and the depression group reported a more negative mood after
the mood induction period. The two demand characteristic control groups did not differ on
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their self-reported mood. This suggests that it was the type of statements that changed the
mood state. Consequently, the Velten technique was proposed as a possible method to study
various mood states experimentally.
To assess a new component within Baddeley’s WM model, the hedonic detector,
Baddeley and colleagues (Baddeley et al., 2012) induced mood states using two different
MIPs. One group received the classic Velten method and another received combination of
pictures and music. The results of the pictorial and music MIP are described in more detail in
chapter 4. The participants in the Velten condition performed a word evaluation task, where
they were asked to rate words as being positive or negative. They found that negative mood
state led participants to judge words as more negative, while a positive mood state led to
more positive evaluations. More importantly for the current research, they directly compared
the verbal and pictorial mood inductions and found that both the Velten and the picture and
music combination created positive and negative moods states. The picture music
combination generated the most intense negative mood, but there was no difference between
the two mood induction procedures in the strength of the positive mood. This suggests that
the verbal mood induction procedure generated positive and negative mood states even in the
absence of concurrent music clips.
Gomez, Zimmermann, Guttormsen-Schar and Danuser (2009) used four film clips
which were rated as high arousal positive valence, low arousal positive neutral valence, low
arousal negative valence and high arousal negative valence, to induce four different mood
states in their participants. The participants first saw a neutral film clip before they saw one
of the four negative or positive films. After each film clip the participants completed a
computer task in which they were asked to buy specific products from a simulated ecommerce website. The task took approximately 9 minutes to complete. The participants
rated their mood prior to the first film, after the second film and after the final computer task.
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The study complemented self-report measures of mood, such as the SAM (Bradley & Lang,
1994), with physiological indicators, including respiration, facial EMG, skin conductance and
heart rate.
The results showed that participants who saw the positive film clips reported higher
SAM valence ratings than those who saw the negative film clips both immediately after the
film clip as well as after the computer task (Gomez et al., 2009). The participants in the high
arousal groups reported higher SAM arousal scores than those in the low arousal groups, but
this effect was not present after the computer task. The EMG measures showed that there was
higher corrugator activity in the negative film group than the positive valence groups both
immediately after the film clip as well as after the computer task. Both the positive and
negative high arousal groups showed higher respiration rates and skin conductance changes
immediately after the emotional film clip compared to the two low arousal groups, but this
difference was not present after the computer task. The results of the computer task were not
reported.
Gomez at al., (2009) interpreted these findings to mean that exposure to negative
stimuli activated defensive activation which persisted for almost 10 minutes. They also
suggested that valence outlasted arousal during the computer task primarily because the task
represented a low cognitive load and did not require a large degree of cognitive effort. The
induced changes in arousal were therefore overridden by the activation needed to complete
the computer task. In relation to the current study, these results showed that manipulation of
affective stimuli defined by valence and arousal ratings can lead to corresponding transient
mood states in participants.
The Velten MIP has also been used to induce mood states of varying intensity to
assess whether mood intensity affected experiences of interpersonal closeness (Hackenbracht
& Gasper, 2013; Experiment 1). Hackenbracht and Gasper manipulated moods by using the
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Velten MIP and manipulated mood intensity by exposing half of each of the negative or
positive mood condition to a mood congruent music clip while they read the Velten
statements.7 The participants then read vignettes about a person’s loss or success, before
rating their closeness to that person. The results showed that more intense mood states
resulted in participants perceiving themselves closer to the person in the vignette, which the
authors interpreted to mean that people use intensity of their feeling to judge interpersonal
closeness. Of more direct relevance to the current study, the manipulation check showed that
the participants in the positive mood condition rated their mood as more positive than those
in the negative mood conditions. Furthermore, the results also showed that those in the strong
negative mood reported more negative mood than those in the mild negative mood condition.
There was no difference in mood ratings between the two positive mood conditions. This
finding is consistent with the notion that music amplifies the emotional impact of words
(Stratton & Zalanowski, 1994) and that combining verbal MIP and concurrent music can
produce in differences in mood intensity.
The Current Experiment
From the literature, it is clear that research into the underlying mechanisms and
consequences of emotion intensity to date is limited. Experiment 2 sought to assess the
effectiveness of a verbal mood induction procedure to produce five different mood states. The
mood induction procedure consisted of presentation of sentences across the valence-arousal
affective space with the aim of producing transient mood states of differing valence (positive,
neutral and negative) as well as intensity (strong and mild). The neutral mood induction
procedure did not vary in intensity. Several properties of the Velten MIP make it ideal for the
current project. The Velten MIP has been found to consistently elicit both negative and
positive affective states (e.g., Bartolic et al., 1999; Kenealy, 1986). In addition, the sentences
7

The music clip for the strong negative mood condition was “Adagio for strings” by Barber, while “Arrival of
the Queen Sheba” by Handel was played to the strong positive mood condition.
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are likely to be novel to the participants eliminating possible effects familiarity might have.
Furthermore, ratings of valence and arousal for the sentences were obtained in Experiment 1,
thereby allowing more precise control of the strength of the mood manipulation delivered to
the participants. The effect of the mood induction was assessed by using a combination of
self-report and physiological indicators. These measures are outlined in the following
sections.
Self-report mood measures. According to Watson et al. (1988) positive affect (PA)
is a general dimension that reflects the extent to which a person feels enthusiastic, active, and
alert. High PA is a state of high energy, full concentration, and pleasurable engagement,
whereas low PA is characterised by sadness and lethargy. In contrast, negative affect (NA)
reflects subjective distress and unpleasant engagement that includes a range of aversive mood
states, including anger, contempt, disgust, guilt, fear, and nervousness. Low NA is
characterised by being in a state of calmness and serenity. PA and NA have emerged as two
largely uncorrelated and independent dimensions (Watson & Clark, 1994).
There is evidence to suggest that individuals with high levels of neuroticism might be
more reactive to mood induction procedures (e.g., Larsen & Ketelaar, 1989) and that
personality dimensions correlate with affect dimensions (e.g., Rusting & Larsen, 1997).
More specifically, it is reported that measures of neuroticism or negative emotionality are
substantially correlated with measures of trait NA, but are generally unrelated to measures of
extraversion or PA. Conversely, extraversion and positive emotionality are strongly related to
trait PA, but not to neuroticism or NA (Watson & Clark, 1994).
The Positive and Negative Affect Schedule (PANAS; Watson et al., 1988) can
measure trait and state experience of affect by varying the instructions. The trait version of
the PANAS was therefore used as a control measure of extroversion and neuroticism.
Furthermore, the PANAS state version was used to assess the participants’ mood states
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during the experiment.
The SAM (Bradley & Lang, 1994) was also included as a state mood measure. The
SAM has been used as an indicator of subjective mood in several mood induction studies
(e.g., Ellard, Farchione, & Barlow, 2012; Gomez et al., 2009). It is quick to complete and
provides a non-verbal alternative to the PANAS.
EMG measures of mood. Two psychophysiological measures of mood were included
in Experiments 2 and 3. Activity levels in the corrugator and zygomaticus muscle regions are
reliable indices of negative and positive mood states respectively (e.g., Bradley & Lang,
1994). Another advantage of the physiological measures is that they allow for a fine-grained
tracking of the development of the mood state (Gomez, et al., 2009). This complements the
self-report measures and consequently corrugator and zygomaticus muscle activity is
monitored in Experiment 2 and 3 to evaluate the effectiveness of the mood induction
procedure.
Handedness. The population estimates of left-handedness vary from 10% to 30%
depending on criteria used and the wide range of estimate underlines the idea that handedness
is not absolute (Kolb & Whishaw, 2003). Left-hand preference is linked to increased
prevalence of different left – right asymmetry patterns on a range of measures, including
blood volume, frontal parietal operculum, hemispheric lateralisation and corpus callosum
thickness (Kolb & Whishaw, 2003). It has been reported that in left-handed individuals,
language is represented primarily in the left hemisphere in 70%, in the right hemisphere in
15% and bilaterally in 15% (Rasmussen & Milner, 1977). As the current research used tasks
associated with asymmetrical hemispheric brain activation and attempted to induce mood
states with co-activation in those areas, it is important to minimise the incidence of atypical
brain lateralisation. While the most accurate method to determine the organisation of cortical
functions is the Wada test (Rasmussen & Milner, 1977), for practical purposes the
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participants in the current research were screened using a self-report measure, the Edinburgh
Handedness Inventory (EHI; Oldfield, 1971).
2-back working memory task. While the primary purpose of Experiment 2 was to
assess the effectiveness of a modified Velten MIP in reliably inducing five mood states, the
n-back tasks to be used in subsequent experiments were also included here. The reasons were
twofold. First, without a cognitive task to complete, participants might engage in rumination
related to their induced mood to a different extent than they would during a cognitive task.
Thus, it is possible that the presence or absence of cognitive tasks affects the duration and
intensity of the mood.
There is evidence that the experience of both positive and negative mood states can be
reduced when people perform demanding cognitive tasks (Erber & Tesser, 1992; Van Dillen
& Koole, 2007; Vytal, Cornwell, Arkin, & Grillon, 2012) and that there is a reciprocal
relationship between areas of the brain subserving the emotional and working memory
processes (Drevets & Raichle, 1998). Experiment 2 used verbal and spatial versions of a 2back task. This is expected to represent a moderate cognitive load (Carlson et al., 1998).
Second, the inclusion of the cognitive tasks in both Experiment 2 and 3 would facilitate
comparison of the two MIPs regarding their effects on cognitive performance.
Past studies using the n-back (e.g., Gray, 2001; Shackman et al., 2006; Smith &
Jonides, 1997) have used a single sequence of stimuli (e.g., string of letters in different
locations), but varied the processes underlying the task by asking the participants to report
either the identity (verbal) or the location (visuospatial) of the letters. The obvious benefit is
that the identical stimuli in each group minimise procedural variability. However, the basis
for task choice in the current research was to use tasks that are modulated by hemispheric
specific regions that overlap with hemispheric specific activity observed in mood states. If the
stimuli contain both visuospatial and verbal information, then the stimuli must be relatively

69

MOOD INTENSITY AND WORKING MEMORY
easy to verbalise and some participants might consequently choose to code this information
verbally (Smith & Jonides, 1997). It is then possible that a task that originally was intended to
be spatial in nature (and consequently more associated with right hemisphere activation)
might, for some participants, in fact also include a substantial portion of verbal processing
(left hemisphere). This would somewhat weaken the distinction in brain activity associated
with the verbal and visuospatial tasks. Consequently, the current project employed two
different versions of the n-back task, one with verbal stimuli (letters) and one with
visuospatial stimuli (circle locations). Recall that similar tasks have been associated with
increased activity in the left and right front regions respectively (e.g., Smith & Jonides,
1997).
Screening of emotional state. Exposure to a mood induction could cause a further
shift in mood state, which might have undesirable consequences for participants who already
have elevated levels of endogenous negative mood. Consequently, all participants completed
the Depression Anxiety and Stress Scale 21 (DASS; Lovibond & Lovibond, 1995). The
DASS consists of 21 statements reflecting negative emotional symptoms and each of these
are rated on a 4-point Likert scale in terms of how much it applied the previous week. The
DASS has good psychometric properties and is a well validated self-report scale designed to
measure states of depression, anxiety and stress (Henry & Crawford, 2005). It was scored by
the experimenter immediately after completion. Participants with scores at or above the
moderate range (depression ≥ 19, anxiety ≥ 14 or, stress ≥ 25) were briefed on their score,
given an outline of the counselling services available at the university and excused from the
study.
The following research questions were of specific interest in this experiment:
1 (a) Can a verbal mood induction produce a positive mood state? The positive
mood induction is expected to affect PANAS PA scores, SAM valence ratings and
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zygomaticus muscle activity as measured by EMG. A successful positive mood induction
will show increases in all three abovementioned indicators compared to baseline levels (time
1 vs. time 2) and higher levels compared to the neutral control group after the mood induction
(time 2). A similar difference after the n-back tasks (time 3) will suggest that the positive
mood persisted.
(b) Can a verbal positive mood induction with two levels of intensity reliably
produce mild and strong positive mood states? Higher PANAS PA scores, SAM valence
ratings and a larger increase in zygomaticus muscle activity in the strong positive mood
group than the mild positive group after the mood induction (time 2) will indicate a
successful intensity manipulation of positive mood. If this manipulation persists through the
n-back tasks, then similar observations should be made at time 3.
2(a) Can a verbal mood induction produce a negative mood state? The negative
mood induction is expected to affect PANAS NA scores, SAM valence ratings and corrugator
EMG muscle activity. Increases in PANAS NA and corrugator activity and decreases in SAM
valence ratings compared to baseline levels (time 1 vs. time 2) and compared to the neutral
control group after the mood induction (time 2) will indicate a successful negative mood
induction. A similar difference after the n-back tasks (time 3) will suggest that the negative
mood persisted.
(b) Can a verbal negative mood induction with two levels of intensity reliably
produce mild and strong negative mood states? Higher PANAS NA scores, lower SAM
valence ratings and a larger increase in corrugator muscle activity in the strong negative
mood group than the mild negative group will indicate successful intensity manipulation of
negative mood. If this manipulation persists through the n-back tasks, then similar
observations should be made at time 3.
Method
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Participants
A total of 93 participants were recruited for this study. The data from 14 participants
were excluded due to reporting above cut-off scores on depression, anxiety or stress
symptoms. Two additional participants were excluded from Experiment 2 for not being
right-handed. Participants who were excluded were given partial credit for their
participation.
The final sample of participants consisted of 77 right-handed female Griffith
University undergraduates at the Gold Coast campus. The mean age was 23.53 (SD = 8.53)
years and the mean EHI handedness was 98.53 (SD = 4.71). All participants had English as
their first language and were given 1 hour course credit for their participation. The
participants were randomly assigned to one of five mood groups. Two of these participants
did not demonstrate muscle activity in the corrugator region due to reported cosmetic
enhancements limiting their movement in the upper face region. However, the subjective
mood measures of these participants did not depart from others in their group and their data
were consequently excluded from EMG analyses only. This led to an n = 15 in each mood
group in the EMG recordings, but an n = 15 in the strong negative, mild negative and neutral
mood groups and an n = 16 in the mild positive and strong positive mood groups.
Procedure and Materials
Overall procedure. The overall experimental sequence is summarised in Table 3.1.
Ethical approval was obtained from the Griffith University Human Research Ethics
Committee (PSY/14/10/HREC).
Handedness. The EHI (Oldfield, 1973) is a 10 item pen and paper questionnaire,
which is designed to assess the degree of handedness. Participants indicate the strength of
hand preference on 10 different activities. This gives a score from -100, indicating strong lefthandedness, to 100 indicating strong right-handedness. Participants scoring below 75 were
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not considered right-handed (Propper, Lawton, Przyborski, & Christman, 2004) and their data
excluded from the study.
Table 3.1
Summary of the Experimental Procedure in Experiment 2.
Sequence number

Description

1

Informed consent

2

PANAS Trait version

3

Edinburgh Handedness Inventory

4

DASS

5

Attachment of EMG electrodes

6

Practice 2-back tasks (verbal and visuospatial)

7

Baseline EMG recording

8

PANAS state version 1 / SAM 1 (time 1)

9

Start EMG recording

10

Mood induction procedure

11

PANAS state version 2 / SAM 2 (time 2)

12

2-back tasks (verbal and visuospatial)

13

PANAS state version 3 / SAM 3 (time 3)

14

End EMG recording electrode detachment

15

Debriefing

Mood Measures
Self-report indices. The PANAS is a 20 item questionnaire that measures the
experience of positive and negative affect. It has sound psychometric properties (Crawford &
Henry, 2004; Watson et al., 1988) and is sufficiently sensitive to detect temporally shifting
affective states (e.g., Kingery, 2003; Phillips et al., 2002). The PANAS consists of 20

73

MOOD INTENSITY AND WORKING MEMORY
adjectives that describe different feelings and emotions (10 positive affect words, e.g.,
interested, excited, strong and 10 negative affect words, e.g., distressed, upset, guilty). In the
state form, participants rate the extent to which they are currently experiencing these
emotions on a five-point scale, from 1 (very slightly or not at all) to 5 (extremely). In the trait
form the participants use the same scale to rate the extent to which they have experienced
these emotions in the last two years. Experiment 2 included both trait and state versions of
the PANAS. The SAM (Bradley & Lang, 1994), as described in Experiment 1, was used
along with the PANAS in Experiments 2 as a subjective indicator of mood states.
EMG measures. As mentioned earlier, facial activity has been found to be a reliable
indicator of mood states not completely under voluntary control (e.g., Larsen et al., 2003).
EMG also has the advantage of providing an online measure of affect that is not disruptive of
ongoing activities task. Facial EMG was consequently used as another indicator of affective
states.
Research suggests that the left side of the face moves more in the expression of
emotions (Borod, Haywood, & Koff, 1997) and is perceived to be more expressive of
emotion than the right side (Nicholls, Wolfgang, Clode, & Lindell, 2002). The facial EMG
was therefore recorded from the left side of participants’ faces. The current project followed
the guidelines for human EMG research as set forth by Fridlund and Cacioppo (1986).
Recording sites were prepared with alcohol swabs before 4mm silver/silver chloride
electrodes were filled with electrode paste and attached to each site. There were two leads
placed for each muscle location. For the corrugator supercilii muscle region, one electrode
was placed directly above the inner commissure of the left eye, with the second placed
approximately 1 cm lateral and slightly superior to this. For the zygomaticus major, the first
electrode was placed slightly inferior and medial to the zygomatic arch, while the second was
placed approximately 1 cm closer to the corner of the mouth. The ground electrode was
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placed on the forehead. Figure 3.1 shows a figural description of the electrode placements.
The electrodes were connected to an EMG amplifier (TEL100 Biopac Systems inc., Santa
Barbara, CA, USA) where signals were amplified 5,000×.

Ground
Corrugator Supercilii

Zygomaticus Major

Figure 3.1. Overview of the EMG electrode placements for the two major facial mimetic
muscles. Note. From “Artnatomy” by V. C. Flores, (2005), used with permission of the
author.

The EMG signals were digitized using a 16 bit analogue/digital converter (UIM100,
Biopac Systems inc.) and recorded using the Aqcknowledge Software 3.9 (Biopac Systems
inc., 2008) with a frequency pass-band of 10 - 500 Hz on a Hewlett-Packard Compaq PC,
with an Intel Pentium 2.8GHz processor and 2 GB ram. To monitor EMG artefacts (e.g., due
to movements), the experimenter inspected incoming EMG data as well as a video feed of the
participant’s head and upper torso from a LifeCam VX5000 (Microsoft, 2008) camera that
was mounted above the computer screen in front of the participant. The EMG recording
coincided with the start of the MIP. The participants were observed by the experimenter
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throughout the MIP to detect movement relevant for the EMG recording as well as any overt
signs of significant distress or discomfort. Although some participants displayed some signs
of distress (e.g., grimacing or turning their head slightly away), no participants withdrew their
consent from the study.
N-Back Task
A letter 2-back task constituted the verbal WM task. This is presented graphically in
Figure 3.2. Using DMDX software (Forster & Forster, 2000) on an HP PC with an Intel
Pentium 2.8GHz processor on a 60Hz, 19-inch LCD screen, the participants were presented
with a sequence of letters and asked to indicate whether a given stimulus was the same as the
letter presented 2 trials previously.
The participants’ task was to press the “Match” key (labelled on the right shift key)
for trials when they thought the current stimulus was the same as that presented two trials ago
and the “No-match” key (labelled on the left shift key) for trials when they thought it was
different. The participants were asked to keep their index fingers on the keys throughout the
task and to respond as fast as possible without making mistakes. The verbal 2-back used in
the current project followed Kane et al.’s, (2007) methodology. Nine phonologically distinct
letters served as stimuli (B, F, L, K, H, M, Q, R, X). To prevent recognition based on
perceptual features, the letters appeared randomly in lower or upper case.
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Figure 3.2. An example of trial sequences in the letter and location 2-back tasks. A series of
stimuli is presented. Each letter or dot is presented for 500 ms followed by a fixation cross for
2500 ms. The participant indicates whether the current stimulus is the same as that 2 trials
back. Dotted arrows indicate a match of stimuli.

The visuospatial 2-back task was similar to the verbal 2-back task, except for the
stimuli, which were a sequence of circles. The circles, each 2.5 cm in diameter, were
presented one at a time in one of nine different locations in an imaginary matrix centred on
the fixation cross. The circles also differed in shading.8 Figure 3.3 shows the nine locations of
the circles. The participants’ task was to indicate whether the current position of the circle
matched the position of the circle presented two trials previously. The response method and
distribution of initial, match and non-matching trials were identical to the verbal 2-back task.
The participants completed 18 practice trials for each of the verbal and visuospatial 2back tasks before the experiment proper began. Participants were given automatic feedback
on each trial. For the experimental versions, there was a single list consisting of 63 stimuli for
8

The verbal n-back had a series of letters that differs in terms of letter case and letter identity, with the latter
being the change of interest. In order to make the two tasks as comparable as possible, the circles also differed
in two ways, shading and location, with the latter constituting the change of interest.
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both the verbal and the visuospatial 2-back tasks. Each stimulus (i.e., letter or circle location)
appeared 7 times within a list and served as the matching target twice. The first target
appeared no sooner than the 5th stimulus. This means that there were 4 initial trials (6.35%),
18 (28.56%) target-matching trials and 41 (65.01%) non-matching trials. There was no
feedback on the experimental trials.

Figure 3.3. The nine possible locations of the circles in the 2-back task.

Mood Induction Procedure
Statements. To induce positive and negative mood states, the verbal statement sets
developed in Experiment 1 were used. There were five different mood groups (strong
negative, mild negative, neutral, mild positive and strong positive). The participants in each
mood group were exposed to lists of 30 sentences. These can be seen in Appendix B. In all
mood groups, except neutral, the sentences were presented according to arousal and valence
rating, starting with the lowest and moving through to the highest of that particular set. In the
neutral mood group, the sentences were presented in a random order. The participants were
asked to read the sentences carefully and pretend that the sentences were thoughts going
through their mind. The participants were asked to engage emotionally with the stimuli by
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imagining how they would feel if they experienced these thoughts.
The sentences were presented visually on a computer screen using Microsoft
PowerPoint using the same computer as for the 2-back tasks. The sentences were presented in
size 32 Calibri black font on a white background. The transition between sentences was
automatic, with each sentence presented for 9 seconds. This was followed by an interstimulus interval (ISI) of 1 second, where one statement faded away to a white screen before
the next statement gradually appeared. The participants were seated in an office chair without
armrests approximately 60cm from the screen.
Music clips. Five different instrumental music pieces that matched the mood of the
sentences were selected from Experiment 1. The music clip “Sally and Lightning” was
presented in the strong positive MIP, “Peter and the wolf” was presented in the mild positive
MIP, “Autumn” was presented in the neutral MIP, “Adagio for strings” was presented in the
mild negative MIP, while “They’re back” was presented in the strong negative MIP. The
music pieces were embedded into the sentence PowerPoint presentations and played
continuously during the MIP using two M-Audio Studiophile AV40 speakers. The speakers
were positioned approximately 50 cm apart on each side behind the computer screen and
hidden from view using black fabric.
Design
The design was a mixed factorial. Mood group was a between-subjects variable, with
five levels (strong positive, mild positive, neutral, mild negative or strong negative).
Participants were assigned to a mood group in a pseudo-randomised fashion according to the
order of attendance (i.e., the first five participants were randomly allocated to one of the five
cells before the next five were allocated). This ensured approximately equal numbers in each
of the five mood groups. The repeated IV relating to the mood induction was time, with three
levels (time 1, time 2, and time 3). The dependent variables (DVs) were PA and NA scores
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on the PANAS, valence and arousal scores on the SAM as well as change in muscle activity
in the corrugator and zygomaticus region as measured by EMG.
Two IVs relating to the cognitive measure were the repeated variable 2-back task type
with two levels (verbal and spatial) and the between subjects variable Task order, with two
levels (verbal first, visuospatial first). A sensitivity score, d', and an inverse efficiency score
(IES) constituted the DVs.
Results
The effectiveness of the modified Velten MIP was evaluated using both self-report
and physiological indicators.
Statistical Approach to Self-Report Measures
As advocated by Rosenthal, Rosnow and Rubin (2000) this project used a series of
ANOVAs, repeated measures t-tests and planned contrasts to investigate the effect the mood
induction procedure. For the planned contrasts, the pooled variance was used and tested using
a t-statistic. The degrees of freedom were adjusted in cases with heterogeneity of
variance. Separate ANOVAs were conducted for PANAS PA, PANAS NA, SAM valence
and SAM arousal. Each analysis used 5 (mood group; strong positive, mild positive, neutral,
mild negative or strong negative) × 3 (time; time 1, time 2, and time 3) mixed factorial
ANOVA.
Any significant interactions of mood group by time were partitioned in two different
ways. First, the effect of time was examined within each mood group. This revealed whether
the mood induction worked (time 1 compared to time 2) and how long it persisted (time 2 to
time 3). Second, the effect of mood group was examined at each of time 1, 2 and 3. The
neutral mood group was treated as a control group and the other groups were compared to it.9
9

Note that this was done only for the relevant dependent variables. Consequently, each negative mood group
was compared to neutral on NA, SAM valence and SAM arousal, while each positive mood group was
compared to neutral on PA, SAM valence and SAM arousal. Bonferroni correction was therefore only applied to
the SAM valence and arousal analyses.
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The comparison of mild and strong mood levels within each valence showed whether the
manipulation of intensity was successful. Bonferonni corrections were applied to correct for
type-I error on follow up tests where relevant.
Baseline measures of affect. As mentioned previously, certain personality traits are
believed to affect receptiveness to mood inductions and therefore need to be controlled for.
Table 3.2 shows the relevant baseline descriptive statistics for the five mood groups for the
self-report measures.
A one-way ANOVA revealed that there were no differences between the mood groups
on PANAS trait negative affect, F(4, 72) = 1.61, p = .181, ηp2 = .082 or PANAS trait positive
affect, F(4, 72) = 0.28, p = .885, ηp2 = .016. Investigation of DASS scores also showed no
differences between the mood groups on symptoms of Depression, F(4,72) = 1.06, p = .381,
ηp2 = .056, Anxiety, F(4,72) = 0.32, p = .867, ηp2 = .017, or Stress, F(4,72) = 0.82, p = .520,
ηp2 = .043. This analysis demonstrates that the random allocation of participants to the five
mood groups was successful and that the groups were matched on relevant trait and mood
measures.
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Table 3.2.
Mean (SD) Scores for the Baseline Trait and Mood Measures.
Mood group
Strong negative

Mild negative

Neutral

Mild positive

Strong positive

(n = 15 )

(n = 15)

(n = 15)

(n = 16)

(n = 16)

PANAS PA

34.27 (7.98)

35.33 (8.58)

29.00 (9.19)

32.38 (8.41)

35.00 (5.48)

PANAS NA

20.33 (8.04)

19.60 (6.33)

20.47 (10.39)

19.88 (8.64)

17.69 (7.48)

DASS Dep

3.87 (4.10)

2.80 (3.09)

4.80 (3.84)

2.75 (2.41)

3.13 (2.73)

DASS Anx

5.07 (4.06)

4.67 (4.32)

4.93 (3.77)

3.75 (5.26)

5.38 (4.36)

DASS Str

11.27 (6.53)

9.67 (7.33)

13.33(6.66)

10.63 (4.89)

10.83 (6.79)

Measure
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Self-reported mood states. The time 1 mood measures for all participants are
reported in Table 3.3. A repeated measures t-test showed that the participants reported
significantly more PA than NA on the PANAS, t(76) = 15.66, p < .0005 at time 1. Single
sample t-tests, comparing the average SAM rating to the scale midpoint of 5 (neutral valence
/ arousal) showed that the participants’ mood was significantly more positive, t(77) = 10.15, p
< .0005, and that their arousal level was significantly lower than neutral, t(76) = 2.82, p =
.006 at baseline. This suggests that the participants entered the study in a positive and relaxed
mood state.

Table 3.3.
Mean (SD) Time 1 State Mood Measures for All Participants (N = 77).
PANAS PA

PANAS NA

SAM valence

SAM arousal

28.19 (7.76)

12.54 (3.91)

6.58 (1.37)

4.45 (1.81)

Mood Induction Procedure Effects
PANAS Positive Affect. Significant main effects of mood group, F(4, 72) = 3.39, p =
.014, ηp2 = .158, and time, F(2, 144) = 31.74, p < .0005, ηp2 = .306 were observed for PA.
These main effects were modified by a significant mood group × time interaction, F(8, 144) =
8.74, p < .0005, ηp2 = .327. The interaction is shown in Figure 3.4.
There was a significant simple main effect of time in the strong positive mood group,
F(2, 30) = 14.90, p <.0005, ηp2 = .498. Repeated measures t-tests showed a significant
increase in PA from time 1 to time 2, t(15) = 3.22, p = .006, and a significant decrease in PA
from time 2 to time 3, t(15) = 4.95, p < .0005.
There was a significant simple main effect of time in the mild positive mood group,
F(2, 30) = 10.24, p <.0005, ηp2 = .406. Repeated measures t-tests showed that PA increased
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significantly from time 1 to time 2, t(15) = 2.81, p = .013, but decreased significantly from
time 2 to time 3, t(15) = 3.75, p = .002.

Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive

40

PANAS Positive Affect

35
30
25
20
15
10
1

2

3

Time

Figure 3.4. PANAS positive affect (PA) before the mood induction (time 1), immediately
after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

There was also a significant simple main effect of time in the neutral mood group,
F(2, 28) = 16.92, p <.0005, ηp2 = .547. Repeated measures t-tests showed that PA decreased
significantly from time 1 to time 2, t(14) = 2.45, p = .028, and again from time 2 to time 3,
t(14) = 3.72, p = .002.
There was a significant simple main effect of time in the mild negative mood group,
F(2, 28) = 16.23, p < .0005, ηp2 = .537. Repeated measures t-tests showed that PA decreased
significantly from time 1 to time 2 t(14) = 5.98, p < .0005, but did not change significantly
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from time 2 to time 3, t(14) = 1.14, p = .275.
There was a significant simple main effect of time in the strong negative mood group,
F(2, 28) = 8.81, p = .001, ηp2 = .386. Repeated measures t-tests showed that PA decreased
significantly from time 1 to time 2, t(14) = 2.89, p = .012, but it did not change significantly
from time 2 to time 3, t(14) = 1.15, p = .270.
In examining the difference between mood groups at each of the three time periods
there was no significant simple effect of mood group for PA at time 1, F(4,72) = 0.47, p =
.757, ηp2 = .025. There was a significant simple effect of mood group at time 2, immediately
following the mood induction, F(4,72) = 12.06, p < .0005, ηp2 = .401. Planned contrasts
showed that both the strong positive mood, t(72) = 4.10, p < .0005, and mild positive mood
group had higher PA scores than the neutral group t(72) = 3.54, p = .001. There was no
significant difference between the strong and mild positive mood groups t(72) = .57, p = .568.
No significant simple effect of mood group was observed at time 3, F(4,72) = 1.74, p
= .150, ηp2 = .088. However, visual inspection of Figure 3.5 suggests that the strong positive
mood group had higher PA scores than the neutral group at time 3. Follow up t-tests at time 3
showed that there were significantly higher PA scores in the strong positive mood group
compared to the neutral group, t(21.63) = 2.67, p = .014. The mild positive group did not
differ significantly from the strong positive mood group, t(30) = 0.58, p = .562 or the neutral
group, t(20.22) = 1.68, p = .109. This suggests that the changes in PA due to the mood
induction remained in the strong positive mood group, but dissipated in the mild positive
group.
PANAS Negative Affect. The assumption of sphericity was not met and consequently
the Huynh-Felt correction was applied to analyses for this measure. Significant main effects
of mood group, F(4, 72) = 5.96, p < .0005, ηp2 = .249, and time, F(1.54, 110.49) = 5.01, p =
.014, ηp2 = .065 were observed. These main effects were modified by a significant mood
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group × time interaction, F(6.14, 110.49) = 12.26, p < .0005, ηp2 = .405. The interaction is
shown in Figure 3.5.
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Figure 3.5. PANAS Negative Affect (NA) before the mood induction (time 1), immediately
after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

There was a significant simple main effect of time on PANAS NA in the strong
negative mood group, F(2, 28) = 16.03, p < .0005, ηp2 = .534. Repeated measures t-tests
showed that NA increased significantly from time 1 to time 2, t(14) = 4.26, p = .001, then
decreased significantly from time 2 to time 3, t(14) = 3.82, p = .002.
There was a significant simple main effect of time on PANAS NA in the mild
negative mood group, F(2, 28) = 17.29, p < .0005, ηp2 = .553. Repeated measures t-tests
showed that NA increased significantly from time 1 to time 2, t(14) = 6.05, p < .0005, then
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decreased significantly from time 2 to time 3, t(14) = 4.39, p = .001.
There was a significant simple main effect of time on PANAS NA in the neutral mood
group, F(2, 28) = 3.56, p =.042, ηp2 = .203. Repeated measures t-tests showed that NA
decreased significantly from time 1 to time 2, t(14) = 2.54, p = .024, and there was a nonsignificant trend towards an increase in NA from time 2 to time 3, t(14) = 1.96, p = .070.
The simple main effect of time on PANAS NA was not significant in the mild positive
mood group, F(2, 30) = 1.47, p =.245, ηp2 = .089, but it was significant in the strong positive
mood group, F(2, 30) = 4.36, p =.022, ηp2 = .225. Repeated measures t-tests showed that NA
decreased significantly from time 1 to time 2, t(15) = 2.36, p = .032, then increased
significantly from time 2 to time 3, t(15) = 2.14, p = .049.
Examination of the simple effect of mood group at each time period showed that at
time 1, there was no significant difference between mood groups for NA, F(4,72) = 0.22, p =
.929, ηp2 = .012.
At time 2, immediately following the mood induction there was a significant effect of
mood group on NA, F(4, 72) = 18.87, p < .0005, ηp2 = .521. 10 There was heterogeneity of
variance and consequently the degrees of freedom were adjusted in the planned contrasts.
Planned contrasts at time 2 showed that there were significantly higher NA scores in both the
strong negative group, t(14.36) = 4.70, p < .0005, and the mild negative mood group, t(20.59)
= 6.97, p < .0005, compared to the neutral group. Furthermore, participants in the strong
negative mood group reported more NA than those in the mild negative mood group, t(15.44)
= 2.88, p = .011.
At time 3, there was no significant simple effect of mood group, F(4, 72) = 1.80, p =
.138, ηp2 = .091. However, Figure 3.6 suggests that that the strong negative mood group had

10

There was substantial heterogeneity of variance at time 2. Although the ANOVA procedure is fairly robust
against violations of variance (e.g., Tomarken & Serlin, 1986), a non-parametric test was done to confirm the
results. The results, Kruskal-Wallis, χ2(4, N = 77) = 40.48, p < .0005, confirms the parametric ANOVA results.
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higher NA scores than the neutral group and follow up t-tests at time 3 supported this, t(72) =
2.35, p = .021. The strong negative mood group also had a significantly higher level of NA
than the mild negative group, t(72) = 2.06, p = .043. There was no difference between the
mild negative and neutral group, t(72) = .29, p = .770. This suggests that the changes in NA
due to the mood induction remained in the strong negative mood group, but dissipated in the
mild negative group.
SAM valence. Significant main effects of mood group, F(4, 72) = 10.59, p < .0005,
ηp2 = .371, and time, F(2, 144) = 21.82, p < .0005, ηp2 = .233, were observed for the SAM
valence ratings. However, these main effects were modified by a significant mood group ×
time interaction, F(2, 144) = 16.18, p < .0005, ηp2 = .473. This interaction is shown in Figure
3.6.
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Figure 3.6. SAM valence scores before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the two cognitive tasks (time 3). Scores
range from 1 (negative) to 9 (positive). Error bars represent ± 1 SE.
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There was a significant simple main effect of time on SAM valence in the strong
negative mood group, F(2, 28) = 25.52, p < .0005, ηp2 = .646. Repeated measures t-tests
showed that SAM valence decreased significantly (became more negative) from time 1 to
time 2, t(14) = 6.09, p < .0005, then became less negative from time 2 to time 3, t(14) = 2.80,
p = .014.
There was a significant simple main effect of time on SAM valence in the mild
negative mood group, F(2, 28) = 32.67, p < .0005, ηp2 = .700. Repeated measures t-tests
showed that SAM valence scores became significantly more negative from time 1 to time 2,
t(14) = 8.57, p < .0005, and significantly less negative from time 2 to time 3, t(14) = 4.01, p =
.001.
There was a significant simple main effect of time on SAM valence in the neutral
mood group, F(2, 28) = 4.39, p =.022, ηp2 = .239. Repeated measures t-tests showed that
mood valence did not change significantly from time 1 to time 2, t(14) = 1.05, p = .313, but
there was a trend towards more negative scores from time 2 to time 3, t(14) = 1.98, p = .068.
There was a significant simple main effect of time in the mild positive group, F(2, 30) =
10.87, p < .0005, ηp2 = .420. Repeated measures t-tests showed that the SAM valence in the
mild positive mood group became significantly more positive from time 1 to time 2, t(15) =
3.45, p = .004, and became significantly less positive from time 2 to time 3, t(15) = 4.42, p <
.0005.
The simple main effect of time was significant in the strong positive mood group, F(2,
30) = 14.48, p < .0005, ηp2 = .491. The SAM valence scores became significantly more
positive from time 1 to time 2, t(15) = 2.79, p = .014, and significantly less positive from time
2 to time 3, t(15) = 4.58, p < .0005.
As all mood groups are theoretically expected to affect SAM valence scores, the
number of contrasts needed to assess the main effect of mood groups on time exceeded the
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degrees of freedom (df = 4). Consequently, a Bonferroni correction (α = .05/6 = .008) was
applied to all analyses.
There was no significant difference between the mood groups at time 1 (baseline),
F(4,72) = .17, p = .954, ηp2 = .009, and a significant main effect of mood group on SAM
valence scores was observed at time 2, F(4,72) = 38.14, p < .0005, ηp2 = .679. At time 2,
planned contrasts showed that participants in both the strong negative, t(72) = 5.19, p <
.0005, and mild negative mood group, t(72) = 4.91, p < .0005, reported significantly lower
(more negative) SAM valence ratings than the neutral group. Furthermore, participants in
both the strong positive, t(72) = 3,72, p < .0005, and mild positive, t(72) = 3,45, p = .001,
mood groups reported significant more positive SAM valence scores than those in the neutral
group. In terms of the intensity manipulation, there were no reliable differences in SAM
valence scores between the strong and mild negative group, t(72) = .28, p = .780, or the
strong and mild positive mood groups, t(72) = .27, p = .787.
There was a trend towards a significant difference between the mood groups at time 3,
F(4,72) = 2.30, p = .067, ηp2 = .113. Figure 3.7 suggests that this trend reflects greater
persistence of the strong than mild negative induced mood. However, none of the planned
contrasts reached significance (all ps > .11).
SAM arousal. The SAM arousal ratings over the three time periods are shown in
Figure 3.7. The main effect of mood group, F(4, 72) = 2.46, p = .053, ηp2 = .120, approached
significance indicating a trend toward lower arousal in the neutral group. The main effect of
time, F(2, 144) = .47, p = .625, ηp2 = .007, and the mood group × time interaction, F(2, 144)
= 1.51, p = .158, ηp2 = .078, failed to reach significance.
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Figure 3.7. SAM arousal scores before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the two cognitive tasks (time 3). Scores
range from 1 (very calm) to 9 (very excited). Error bars represent ± 1 SE.

Interim summary. The self-report data at Time 2 suggest that the verbal mood
induction procedure was effective in eliciting both positive and negative mood states that
differed significantly from neutral mood. Evidence indicating that the intensity manipulation
was successful was observed on one measure, PANAS NA. At time 2, NA was significantly
higher in the strong negative mood group than mild negative mood group. However, this
difference had disappeared by time 3. Nevertheless, the PANAS ratings at Time 3 suggested
that the intensity manipulation affected duration of the induced moods. In comparison to the
neutral group, NA at time 3 was higher in the strong negative group and PA was higher in the
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strong positive group. Neither NA in the mild negative nor PA in the mild positive groups
differed from the neutral group at time 3.
Statistical Approach to EMG Measures
The EMG data were screened for facial movements and other artefacts prior to
processing. Data periods containing movement artefacts were eliminated. The data from both
zygomaticus and corrugator were subjected to an IIR 50Hz band stop filter off-line to
eliminate electrical interference. Following Fridlund and Cacioppo (1986), the signal was
rectified and averaged using a 500 ms time constant. The mean rectified signal was
calculated for 30-second epochs and change scores from the baseline were calculated by
subtracting the baseline scores from the mean obtained at each 30-second epoch. A
logarithmic transformation [log10 (X + 2)] was applied to both corrugator and zygomaticus
data to normalise the positively skewed distributions prior to further analysis (Westbury &
Neumann, 2008).
The effect of the mood induction on EMG activity was examined for both muscles
regions (corrugator and zygomaticus). To allow comparison with the self-report measures,
the EMG activity at the three time points which most closely mapped onto the self-report
indices will be reported here. In addition, the EMG activity during the 2-back tasks is
reported below. Baseline measures will be used as time 1 EMG data, the last epoch of EMG
recording during the mood induction (epoch 10) will be referred to as time 2, and time 3
EMG data is based on the final epoch of the second 2-back task (epoch 9, second task). The
EMG data were gathered continuously and the development of the changes in corrugator and
zygomaticus muscle activity over the course of the experiment can be seen in Appendix C.
These three time periods comprise of a mix of baseline scores and change scores,
therefore the baseline measures of EMG activity, which did not differ between groups,
(F(4,70) = 0.29, p = .883, ηp2 = .016, for corrugator activity, and F(4, 70) = 0.96, p = .437,
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ηp2 = .052 for zygomaticus activity) was expressed as change scores of zero for all
participants. This meant that there was zero variance in time 1 change scores meaning a full
ANOVA cannot be used for the EMG data analysis. Instead, the EMG data were analysed
using 5 (mood group; strong positive, mild positive, neutral, mild negative or strong negative)
× 2 (time; time 2 and time 3) mixed factorial ANOVAs where mood group was the betweensubjects variable and time was the repeated variable. As with the self-report data, the
different mood induction groups were compared on theoretically relevant indices.
Consequently, the negative mood groups were compared to neutral on activity in the
corrugator area while the positive mood groups were compared to neutral on activity in the
zygomaticus area. Follow up analyses consisted of single sample t-tests, repeated measures ttests and one-way ANOVAS with planned contrasts, similar to the self-report data.
Corrugator EMG activity. As reported above, there were no significant differences
between the mood groups in corrugator activity at time 1. Single sample t-tests showed that
corrugator activity increased significantly from time 1 to time 2 in the strong negative group,
t(14) = 17.68, p < .0005, the mild negative group, t(14) = 17.16, p < .0005, the neutral group,
t(14) = 22.38, p < .0005, the mild positive group, t(14) = 13.93, p < .0005, and the strong
positive group, t(14) = 21.97, p < .0005.
The overall analysis based on time 2 and 3 data revealed a significant main effect of
mood group, F(4, 70) = 5.39, p = .001, ηp2 = .235, and time, F(1, 70) = 10.26, p = .002, ηp2 =
.128. These effects were modified by a significant mood group × time interaction, F(4, 70) =
4.56, p = .002, ηp2 = .207, which is shown in Figure 3.8.
Corrugator muscle activity did not change significantly from time 2 to time 3 in the
strong negative mood group t(14) = 0.81, p = .43, nor the mild negative mood group, t(14) =
.87, p = .40. Corrugator activity increased significantly from time 2 to time 3 in the neutral
mood group, t(14) = 2.54, p = .024, the mild positive mood group, t(14) = 2.57, p = .022, and
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Mean change (Log10 µV) corrugator activity

the strong positive mood group, t(14) = 3.14, p = .007.
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Figure 3.8. The mean corrugator activity change (Log10 µV) at the last 30 seconds of the
mood induction procedure (time 2) and the last 30 seconds of the second n-back task (time 3).
Change scores obtained by subtracting the baseline scores from the mean obtained at each 30second epoch. Error bars represent ± 1 SE.

There was a significant effect of mood group at time 2, immediately following the
mood induction, F(4,70) = 8.64, p < .0005, ηp2 = .331. There was heterogeneity of variance
in the ANOVA and consequently the degrees of freedom were adjusted in the planned
contrasts. Planned contrasts showed that the strong negative mood had a larger increase in
corrugator activity than the neutral group, t(24.04) = 2.65, p = .014. The level of change in
corrugator activity for the mild negative group was intermediate between the strong negative
and neutral groups, but did not differ significantly from either (ps > .15).
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No significant simple effects of mood group were observed at time 3, F(4,70) = 2.25,
p = .072, ηp2 = .114, suggesting that the changes in corrugator activity due to the mood
induction had dissipated by then.
Zygomaticus EMG Activity. As reported above, there were no significant
differences between the mood groups in zygomaticus activity at time 1. Single sample t-tests
showed that zygomaticus activity increased significantly from time 1 to time 2 in the strong
negative group, t(14) = 17.57, p < .0005, the mild negative group, t(14) = 46.04, p < .0005,
the neutral group, t(14) = 14.56, p < .0005, the mild positive group, t(14) = 10.40, p < .0005,
and the strong positive group, t(14) = 16.62, p < .0005.
The overall analysis based on time 2 and 3 data revealed significant main effects of
mood group, F(4, 70) = 8.02, p < .0005, ηp2 = .314, but not time, F(1, 70) = .94, p = .34, ηp2 =
.013. However, there was a significant mood group × time interaction, F(4, 70) = 10.54, p <
.0005, ηp2 = .376, which is shown in Figure 3.9.
Zygomaticus muscle activity decreased significantly from time 2 to time 3 in the
strong positive mood group t(14) = 3.81, p = .002, and the mild positive mood group, t(14) =
2.28, p = .039. Zygomaticus activity did not change significantly from time 2 to time 3 in the
neutral mood group, t(14) = 1.33, p = .205, but increased for both the mild negative mood
group, t(14) = 10.05, p < .0005, and the strong negative mood group, t(14) = 2.54, p = .023.
There was a significant effect of mood group at time 2, immediately following the
mood induction, F(4,70) = 9.44, p < .0005, ηp2 = .350. There was heterogeneity of variance
in the ANOVA and consequently the degrees of freedom were adjusted in the planned
contrasts. Planned contrasts showed that both the strong positive mood group, t(26.60) =
3.99, p < .0005, and the mild positive mood group, t(21.26) = 2.39, p = .026, had larger
increases in zygomaticus activity compared to the neutral group. There was no significant
difference observed between the strong and mild positive mood groups, t(17.29) = .59, p =
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.564. No significant simple effects of mood group were observed at time 3, F(4,70) = 2.25, p
= .072, ηp2 = .114, suggesting that the changes in zygomaticus activity due to the mood
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Figure 3.9. The mean zygomaticus activity change (Log10 µV) at the last 30 seconds of the
mood induction procedure (time 2) and the last 30 seconds of the second n-back task (time 3).
Error bars represent ± 1 SE.

Interim summary. The EMG data suggests that the verbal mood induction procedure
was successful in producing broad differences in negative, neutral and positive mood.
Overall, the time 2 data showed that the two negative mood groups had higher increases in
corrugator activity than the neutral control group. However, there was no significant
difference between the two negative mood groups, indicating that corrugator activity was not
sensitive to the intensity manipulation of negative mood. The data at time 2 showed that the
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two positive mood groups had larger increases in zygomaticus activity than the neutral
control group, but that there was no difference between the two positive mood groups. There
were no differences in corrugator or zygomaticus activity between any of the groups after the
2-back tasks at time 3, suggesting that any EMG marker of the induced mood states had
dissipated by then.
Integration of Self-Report and EMG Measures
The ANOVAs showed that both the self-report ratings and EMG indices were
sensitive to manipulations of positive and negative mood states. There were some differences
between the self-report and EMG data where the self-report measures appeared to be more
sensitive to the intensity manipulation than the EMG measures. Besides these differences, the
data converged well. The finding that these group-based analyses yielded similar findings
suggests that self-report and EMG measures reflect same underlying emotional states. If so,
we might expect to find evidence within individuals. Therefore, the correlations between the
self-report measures and EMG measures were examined.
Associations among self-report measures of affect and arousal. Table 3.4 shows
that there were significant associations among the self-report measures at each time point. At
time 1, SAM valence scores were positively correlated with PANAS PA ratings and
negatively correlated with PANAS NA ratings, suggesting that PANAS and SAM are
measures of similar constructs. SAM arousal scores were also positively correlated with
PANAS PA. A similar pattern emerged at time 2, immediately after the mood induction,
where SAM valence scores were positively associated with ratings of PANAS PA and
negatively associated with ratings of PANAS NA. SAM arousal scores were significantly
positively associated with PANAS PA. At time 3, after the second 2-back task, SAM valence
scores were positively associated with PANAS PA and negatively associated with PANAS
NA. SAM arousal scores were positively associated with both PANAS NA and PA. In line
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with the assertion that PA and NA are separate dimensions (Watson et al., 1988), the
correlations between PANAS PA and PANAS NA were not significant at any of the three
time periods.
Associations among EMG and self-report measures. Table 3.4 shows that baseline
corrugator activity was not significantly correlated with any self-report measures at time 1.
Baseline zygomaticus activity was significantly positively correlated with SAM valence and
PANAS PA, such that more baseline zygomaticus activity was associated with more positive
valence ratings and more PA at time 1. At time 2, corrugator activity was negatively
correlated with zygomaticus activity, possibly reflecting the influence of the mood
inductions. Corrugator activity was negatively correlated with SAM valence ratings and
PANAS PA ratings. Corrugator activity was positively correlated with PANAS NA.
Participants with higher corrugator activity reported lower (more negative) valence ratings,
more PANAS NA and less PANAS PA. Conversely, zygomaticus activity was positively
correlated with SAM valence, SAM arousal and PANAS PA. Zygomaticus activity was
significant negatively correlated with PANAS NA. Participants with more zygomaticus
activity reported higher (more positive) valence and higher arousal ratings, more PA and less
NA. At time 3, after the final 2-back task, corrugator activity was negatively correlated with
SAM valence scores. There were no significant correlations with zygomaticus activity.
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Table 3.4.
Pearson Correlations Between the Self-Report Mood Measures and EMG (Log10 µv) Activity1 (N = 77).
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

1. Corr time 1

1

2. Zygo time 1

-.047

1

3. Sam Val time 1

-.157

.293*

1

4. Sam Aro time 1

-.114

.216

.177

1

5. Panas NA time 1

-.004

-.101

-.446**

.218

1

6. Panas PA time 1

-.145

.286*

.493**

.462**

-.022

1

7. Corr time 21

-.195

-.207

-.018

-.092

.015

.118

1

8. Zygo time 21

.048

.183

.153

.484**

.040

.171

-.285*

1

9. SAM Val time 2

.048

.290*

.275*

.279*

.026

.187

-.505**

.542**

1

10. SAM Aro time 2

-.038

.389**

-.083

.462**

.178

.222

-.020

.370**

.134

1

11. PANAS NA time 2

-.145

-.095

-.184

-.097

.281*

.007

.358**

-.290*

-.601**

.161

1

12. PANAS PA time 2

-.073

.492**

.226*

.382**

.210

.549**

-.334**

.457**

.664**

.441**

-.188

1

13. Corr time 32

.207

-.085

-.062

-.056

.034

-.014

.100

.044

-.039

.078

.102

-.014

1

14. Zygo time 32

.015

-.372**

.140

.099

-.050

.147

.101

.362**

.098

-.098

-.071

-.031

.013

1

15. SAM Val time 3

-.175

.163

.522**

.134

-.357**

.280*

-.219

.174

.426**

-.082

-.325**

.231*

-.249*

.075

1

16. SAM Aro time 2

-.185

.206

-.009

.447**

.263*

.257*

.014

.199

.043

.633**

.183

.266*

.072

.025

-.005

1

17. PANAS NA time 3

-.146

-.082

-.427**

.040

.775**

-.068

.079

-.097

-.150

.230*

.537**

.139

.059

-.051

-.434**

.312**

1

18. PANAS PA time 3

-.212

.367**

.366**

.313**

-.048

.705**

-.074

.316**

.323**

.329**

-.090

.677**

-.051

.151

.448**

.364**

-.118

1

= EMG activity the final 30 seconds of the mood induction; 2 = EMG activity the final 30 seconds of the 2-back tasks. *p < .05, ** p <.001.
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2-Back Task Performance. A sensitivity score (d') and an inverse efficiency score (IES)
were the main outcome measures of the two n-back tasks. d' was calculated using the formula
d' = z(H) - z(F)
where H is hit rate and F is false alarm rate(Macmillan & Creelman, 1991). Higher d' scores
indicate better performance. The d' scores for the five mood groups on the visuospatial and
verbal 2-back tasks are shown in Figure 3.10. The inverse efficiency score (IES; Townsend &
Ashby, 1983) was calculated for each participant using the formula

where RT represents response times on correct trials and PC represents the rate of correct
responses. This gives an index, expressed in ms, where lower scores indicate better
performance. The IES scores for the five mood groups on the visuospatial and verbal 2-back
tasks are shown in Figure 3.11.
The effect of mood group on 2-back task performance was examined using two 5
(mood group; strong positive, mild positive, neutral, mild negative or strong negative) × 2
(task order; verbal first, visuospatial first) × 2 (task type; verbal, visuospatial) mixed factorial
ANOVAs where mood group and task order were the between subjects variables and Task
was the within participants variable. The dependent variables were sensitivity (d') and IES.
For d', the main effects of mood group, F(4,67) = 0.89, p = .477, ηp2 = .050, task
order, F(1,67) = 1.18, p = .281, ηp2 = .017, and task type, F(1,67) = 1.86, p = .177, ηp2 =
.027, all failed to reach significance. The task type × mood group, F(4,67) = 2.01, p = .103,
ηp2 = .107, task type × task order, F(1,67) = 1.79, p = .185, ηp2 = .026, and task order ×
mood group, F(4,67) = 0.45, p = .773, ηp2 = .026, all failed to reach significance. The mood
group × task order × task interaction also failed to reach significance, F(4,67) = 1.33, p =
.269, ηp2 = .073.
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Figure 3.10. The 2-back performance as a function of first task and mood group. Error bars represent ± 1 SE.
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Figure 3.11. IES scores as a function of first task and mood group. Error bars represent ± 1 SE.
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The IES data were examined similarly. The main effects of mood group, F(4,67) =
1.56, p = .196, ηp2 = .085, task order, F(1,67) = 0.06, p = .803, ηp2 = .001, and task type,
F(1,67) = 0.03, p = .864, ηp2 = .001, were not significant. The task type × mood group,
F(4,67) = 0.49, p = .864, ηp2 = .001, task type × task order, F(1,67) = 0.03, p = .870, ηp2 =
.001, and task order × mood group , F(4,67) = 0.24, p = .917, ηp2 = .014, all failed to reach
significance. The mood group × task order × task type interaction also failed to reach
significance, F(4,67) = 1.82, p = .135, ηp2 = .098.
Assessing the first 2-back task maximises the influence of the MIP as it is more likely
that differences in mood were present when the participants performed the task. The effect of
mood group on first task performance was examined using two 5 (mood group; strong
positive, mild positive, neutral, mild negative or strong negative) × 2 (task type; verbal,
visuospatial) between subjects ANOVA, where both mood group and task type acted as
between subjects variables. The dependent variables were d' and IES on the first 2-back task.
For d', neither the main effects of mood group, F(4,67) = 0.94, p = .448, ηp2 = .053,
nor task type, F(1,67) = 0.09, p = .766, ηp2 = .001, reached significance. The mood group ×
task type interaction, F(4,67) = 1.19, p = .299, ηp2 = .069, was also non-significant. The IES
results showed that neither the main effects of mood group, F(4,67) = 1.75, p = .149, ηp2 =
.095, nor task type, F(1,67) = 0.83, p = .774, ηp2 = .001, reached significance. The mood
group × task type interaction, F(4,67) = 0.47, p = .755, ηp2 = .027, was also non-significant.
Discussion
The primary aim of Experiment 2 was to assess whether the sentences developed in
Experiment 1 could reliably produce positive and negative mood states each with two levels
of emotional intensity (strong and mild) as well as a neutral mood state. To evaluate this, the
experiment used a combination of self-report and psychophysiological indicators as outcome
measures. There were a large number of analyses and results presented in the result section.
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For ease of presentation, an overview of the main findings related to the research questions is
provided in Table 3.5. The discussion is structured according to the research questions.
Can a verbal mood induction produce a positive mood state? The results showed
that both the mild and strong positive mood groups reported an increase in PANAS PA
scores, SAM valence ratings and zygomaticus muscle activity at time 2 compared to time 1.
There was more zygomaticus activity in the two positive mood groups than in the neutral
mood group after the mood induction. This is consistent with the finding that pleasant stimuli
typically elicit increased muscle activity in zygomaticus major region (Lang et al., 1993). The
increase in zygomaticus activity in the positive mood groups is in contrast to Larsen et al.
(2003), who observed little effect of valence of words on zygomaticus activity. Possibly the
use of sentences as opposed to single words activates a larger semantic network (Collins &
Loftus, 1975) and as such elicit stronger affective reactions.
The results also showed that the two positive mood groups had higher PANAS PA
and SAM valence ratings than in the neutral mood group after the mood induction. Together
this suggests that both strong and the mild positive verbal mood induction procedures were
able to generate a transient positive mood state in the participants. This is consistent with
prior research (e.g., Baddeley et al., 2012; Bartolic et al., 1999; Ellis et al., 1984; Velten,
1968). At time 3, after the two 2-back tasks, the strong positive mood group reported higher
PANAS PA ratings than the neutral group. However, there was no difference observed for
either SAM valence scores or zygomaticus activity. The mild positive mood group did not
differ from the neutral group on any outcome measure at time 3. These results suggest that
the positive mood state observed at immediately after the mood induction had dissipated in
the mild positive group. However, the significant PANAS PA results suggest that some of the
positive mood state generated by the strong positive mood induction was still present though
the two 2-back tasks.
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Table 3.5
Summary of the Main Findings for the Verbal Mood Induction Procedures.
Research question

Relevant comparison

PANAS

PANAS

SAM

PA

NA

valence

Corr

Zygo

Mild positive mood induced?

Time 1 vs. time 2 (mild positive group)

yes

yes

yes

Mild positive mood induced?

Mild positive vs. neutral (time 2)

yes

yes

yes

Mild positive mood sustained?

Mild positive vs. neutral (time 3)

no

no

no

Strong positive mood induced?

Time 1 vs. time 2 (strong positive group)

yes

yes

yes

Strong positive mood induced?

Strong positive vs. neutral (time 2)

yes

yes

yes

Strong positive mood sustained?

Strong positive vs. neutral (time 3)

yes

no

no

Intensity difference at time 2?

Strong positive vs. mild positive

no

no

no

Intensity difference at time 3?

Strong positive vs. mild positive

no

no

no

Mild negative moods induced?

Time 1 vs. time 2 (mild negative group)

yes

yes

yes

Mild negative moods induced?

Mild negative vs. neutral (time 2)

yes

yes

no

Mild negative mood sustained?

Mild negative vs. neutral (time 3)

no

no

no

Strong negative mood induced?

Time 1 vs. time 2 (strong negative group)

yes

yes

yes

Strong negative mood induced?

Strong negative vs. neutral (time 2)

yes

yes

yes

Strong negative mood sustained?

Strong negative vs. neutral (time 3)

yes

no

no

Intensity difference at time 2?

Strong negative vs. mild negative

yes

no

no

Intensity difference at time 3?

Strong negative vs. mild negative

no

no

no
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The correlational analysis (Table 3.3) shows how the zygomaticus activity showed
weak correlations with the self-report measures at time 1. However, after the mood induction
there were significant correlations with PANAS PA, SAM valence and arousal ratings and a
negative correlation with PANAS NA. Consequently, the zygomaticus activity correlated in
an expected direction with all self –report indices. There were no significant correlations at
time 3, suggesting that the underlying mood state had faded.
Can a verbal mood induction reliably produce mild and strong positive mood
states? As can be seen in Table 3.4, the strong and the mild positive mood inductions did not
differ in terms of their SAM valence, PANAS PA ratings or zygomaticus activity at either
time 2 or time 3. Although there was some evidence to suggest that the mood state generated
by the strong positive mood induction persisted longer than the mild positive mood induction,
these results suggest that the verbal mood induction was not successful in manipulating
intensity. Recall that the pre-mood induction measurements showed that on average, the
participants entered the current study in a positive and relaxed mood state. This has been
reported before (e.g., Baddeley et al., 2012). If the participants are closer to their maximum
positive mood when entering the testing, this might cause a ceiling effect in the positive
mood inductions (Jennings et al., 2000). Consequently, there may be less affective “room” to
move in the positive direction than the negative direction. This would make a manipulation of
intensity in positive mood difficult to achieve. This is consistent with observations of general
lower effect sizes of positive mood induction techniques than negative mood induction
techniques (Westermann et al., 1996).
Can a verbal mood induction produce a negative mood state? The negative mood
states were expected to affect PANAS NA scores, SAM valence ratings and corrugator EMG
muscle activity. The results showed that participants in both the strong and the mild negative
mood groups reported an increase in PANAS NA and a reduction in SAM valence ratings as
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well as increases in corrugator activity from time 1 to time 2, after the mood induction.
Furthermore, the results also showed that both the strong and the mild negative mood groups
had higher levels of PANAS NA and lower SAM valence ratings than the neutral mood
group at time 2. Consistent with the self-report measures, the strong negative group displayed
more corrugator activity than the neutral group at time 2. This is in line with previous
research (Lang et al., 1993), linking corrugator activity to negative mood states. However,
this was not observed for the mild negative group.
An increase in corrugator activity throughout the experiment was observed in the
neutral mood group. However, this might reflect other processes than increases in negative
mood states. Informal post-experiment debriefing suggests that several participants in the
neutral mood group found some of the sentences odd or unusual. Increased corrugator
activity has been associated with higher mental effort (e.g., Boxtel & Jessurun, 1993). From
time 1 to time 2 the neutral group showed no significant change in SAM valence and a
reduction in PANAS NA, the two self-report measures most closely related to corrugator
activity. Consequently, this corrugator increase may be less a reflection of negative mood and
more a reflection of a momentary mental effort recruited by the participants in the neutral
group to make sense of and understand the meaning of the seemingly arbitrary sentences.
At time 3, the strong negative mood group reported higher levels of PANAS NA than
the neutral group, but there were no differences between the two groups in terms of SAM
valence ratings or corrugator activity. The mild negative group did not differ significantly
from the neutral group on any measures at time 3.
Correlational analyses (Table 3.3) showed that there were no significant correlations
between corrugator activity and the self-report measures at time 1. However, after the mood
induction at time 2, strong relationships between corrugator activity and all self-report
measures except SAM arousal appeared. This was reduced at time 3, suggesting that the

107
MOOD INTENSITY AND WORKING MEMORY
mood states were faded by then. Along with the correlations observed for the positive mood
inductions, this convergence of the EMG and self-report data suggest that they are both
measuring the same underlying phenomenon, which lends credence to the mood induction
procedure.
Together these results suggest that both strong and the mild negative verbal mood
induction procedures generated transient negative mood states. This is consistent with prior
research (e.g., Baddeley et al., 2012; Bartolic et al., 1999; Ellis et al., 1984; Sirota et al.,
1987; Velten, 1968). This negative mood state appeared to have dissipated completely in the
mild negative mood group at time 3. However, as with the strong positive mood induction,
the significant PANAS NA results suggest that some of the induced negative mood state
remained through the two 2-back tasks in the strong negative mood induction, relative to the
neutral group.
Can a verbal mood induction reliably produce mild and strong negative mood
states? The results show that there were higher PANAS NA scores in the strong than the
mild negative mood group at time 2. There were no differences observed in terms of SAM
valence ratings or corrugator muscle activity. At time 3 however, this difference in PANAS
NA had dissipated and there were no difference in SAM valence ratings or corrugator
activity. This means that the intensity manipulation of negative mood was partially
successful, but the difference in induced mood intensity that was apparent at time 2 did not
last through the experiment.
Unlike the positive mood group, these participants were expected to have ample
affective room to move in the negative direction. The statements used in the strong negative
mood induction were rated in Experiment 1 as being significantly more negative than those in
the mild negative mood induction. However, this did not translate into an observable
difference in mood states. It is possible that an explanation can be found in the methodology
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of the rating study in Experiment 1. Recall that the statements were presented along with
IAPS pictures and that the affective rating of the statements tended to have a larger spread
than those reported by Jennings et al., (2000). As the IAPS pictures span a large area of the
affective space, it is possible that the presence of the pictures had an affective “anchoring”
effect (Tversky & Kahneman, 1974) on the participants, where more extreme pictures
provided reference points from which the participants adjusted their ratings of the sentences.
If this is the case, it is possible that the difference in “strength” between the strong and mild
verbal mood induction sets was overestimated and that the strong and mild versions deliver a
more similar “dose” of mood than the ratings suggest.
Duration of mood states. The PANAS PA ratings indicated the positive mood was
sustained through the end of the two 2-back tasks in the strong positive mood group
compared to the neutral group. Similarly, the PANAS NA ratings indicate that the negative
mood was sustained to some extent to the end of the experiment in the strong negative groups
compared to the neutral group. However, no other measure indicated that the differences in
mood states observed at time 2 were present in either of the mood induction groups at time 3,
after the 2-back tasks. So it appears that the intensity manipulation is partially manifested in a
mood state of longer duration. In the case of the positive mood, this occurs despite no
evidence of intensity differences between the strong and mild positive groups at time 2.
Consequently, the intensity manipulation of the verbal mood induction method then appears
to affect the duration of the induced mood state more than the strength of mood state.
Furthermore, the current findings suggest that the rate of mood dissipation is slower in the
strong than the mild mood induction for both positive and negative valence.
Despite this effect, there were clear observations that all induced mood states were
reduced during the experiment. This dissipation of the induced mood state is consistent with
the observation of Phillips et al. (Experiment 1; 2002), where the mood groups could be
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differentiated immediately after the mood induction, but did not differ significantly in mood
after the cognitive task. Furthermore, Baddeley et al., (2012) noted that the induced positive
mood state was reduced during the experiment, but it was not assessed explicitly. Several
other studies (e.g., Bartolic et al., 1999; Isen et al., 1987) that have used the Velten MIP did
not assess whether the mood state and mood manipulation were present at the end of the
experiment. Frost and Green (1982) observed that the positive mood state, but not the
negative mood state, created by the Velten procedure had dissipated after a 10 minute waiting
period. In the current experiment, the total duration from the end of the mood induction to the
end of the second 2-back task was approximately 10 minutes. From the current methodology
it is difficult to ascertain if the dissipation of the mood states is due to a general temporal
dissipation of the mood states or whether the engagement in the cognitive task reduces
emotional experience (e.g., Erber & Tesser, 1992; Van Dillen & Koole, 2007; Vytal et al.,
2012). As noted later (Chapter 8) this issue could be followed up in future research.
The stimulus sets used in the strong negative and the strong positive groups were
equivalent in terms of arousal and significantly higher than those used in the mild negative
and mild positive groups. The neutral mood group stimulus set had the lowest arousal
ratings. However, contrary to Gomez et al. (2009), this did not translate into arousal
differences between neutral group and other mood groups. Gomez et al.’s (2009) found that
changes in valence lasted longer than arousal and as such any changes in arousal would
perhaps be expected to be less pronounced than valence. However, the absence of any
difference in arousal altogether at time 2 was somewhat surprising. Gomez at al. used film
clips and perhaps arousal generated by the use of less vivid material such as sentences have a
different half-life than more complex material.
2-back performance. There were no significant differences in the mood group’s
performance on n-back task performance for the d-prime or IES measures. This is in contrast
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with previous studies (e.g., Bartolic et al., 1999; Gray, 2001; Shackman et al., 2006).
Shackman et al. proposed that a modest level of anxiety may enhance the performance of
spatial working memory whereas a high level of anxiety may disrupt performance. There
were some differences between the induced moods which may account for this. While
Shackman et al. induced a very specific anxiety response the current mood induction induced
a broader negative mood state. Furthermore, it is possible that the strong negative mood
induction did not generate an affective reaction as intense as that generated by using
electrotactile stimuli (Shackman et al., 2006) and is more comparable to the intensity induced
by Gray (2001). The differences in mood states between the groups were smaller by the end
of the second 2-back task (time 3) than at time 2. The observation that the groups did not
maintain their induced mood state to the end of the n-back tasks complicates the
interpretation of the data. However, there were no effects observed when analysing the first
task. This suggests that the lack of differences in 2-back performance cannot exclusively be
attributed to the dissipation of mood states.
Overall, the results (summarised in Table 3.4) show that the verbal mood induction
was successful in creating broad states of positive and negative mood, thus confirming
research questions 1a and 2a. Although there were indications that the strong mood
inductions resulted in more persistent mood states than the mild versions, the intensity
manipulation mood proved difficult to achieve. The results showed that the intensity
manipulation of positive mood was not successful, which disconfirms research question 1b.
There was some evidence towards a successful intensity manipulation of negative mood
partially confirming research question 2b.
The pattern of correlations between the EMG and self-report indices provides support
for the validity of the mood induction procedure. The close correspondence following the
mood induction at time 2 was not evident either before the mood induction (time 1) or
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following the cognitive tasks at time 3. This convergence of measures suggests that they
measure the same underlying phenomenon, namely the moods induced just prior to time 2.
States of negative affect such as depression are thought to be maintained and
exacerbated by verbal rumination (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008).
Inducing mood states by use of sentences is likely to induce mood states and thoughts which
are readily available to verbal rumination. As instructions for tasks and even task strategies
are likely to be actively applied using a phonological code (e.g., Baddeley, 2000), it is
possible that verbally induced mood states are more vulnerable to task distraction than mood
states induced by other stimuli. Using pictorial stimuli to elicit emotional responses has a
long history (e.g., Lang & Bradley, 2007) and may serve as a medium well suited to
circumvent the challenges inherent in the verbal induction methods. The use of pictorial
stimuli to induce mood states will be investigated in the next experiment.
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Chapter 4. Experiment 3
Assessment of a Pictorial Mood Induction Procedure
The IAPS images are often used in mood induction paradigms where single pictures
are viewed prior to each trial of a task (e.g., Dreisbach, 2006; Fröber & Dreisbach, 2012).
Assuming the pictures elicit the expected mood state, this ensures that the mood state is
present throughout the task. However, there is evidence that emotional processing continues
even after the image is absent (Codispoti, Bradley, & Lang, 2001). Smith et al., (2005) asked
participants to view three blocks of 12 images that were pleasant, neutral or unpleasant in
valence. A number of physiological recordings were taken during the task. As expected,
corrugator EMG activity was greater during the unpleasant compared to the neutral or
pleasant image blocks. Furthermore, corrugator activity increased with increasing exposure to
the unpleasant images in a block and continued into the inter-block interval. The authors
interpreted this as evidence of a sensitisation process, where there is a cumulative effect of
exposure to aversive images. Although zygomaticus EMG activity did not show a similar
build-up of activity in the pleasant condition, the startle blink response was reduced from
block one to block three. The authors suggest that this indicates an increasing pleasant mood
state with prolonged exposure. These results suggest that using the IAPS pictures can be an
effective and precise method to induce transient mood states akin to a verbal mood induction
method used in Experiment 2.
Bradley, Codispoti, Sabatinelli and Lang (2001) investigated whether the presentation
of specific categories of pictures could lead to the experience of discrete emotions in the
viewers. Participants were presented with a series of pictures selected from the IAPS (Lang
et al., 2005). There were 18 different content categories. The participants viewed each picture
for 6 seconds and then selected which emotions they felt during the presentation from a list of
24 emotions. The results showed that a fairly wide range of emotions was selected for most
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picture contents. Disgust was the most reliably induced emotion, typically reported when
viewing content such as mutilation, spoiled food and contamination. Consequently, even a
relatively homogenous collection of pictures, both in terms of content and valence-arousal
ratings, failed to generate a high level of agreement between picture content and discrete
emotions (Bradley et al., 2001).
The IAPS’ reliable valence and arousal ratings have been used to induce broad
differences in emotional state (Brunyé et al., 2009). Brunyé et al., (2009) investigated the
impact of the IAPS’ pictures arousal and valence ratings on two spatial memory tests. They
presented five sets of IAPS images each containing 18 images. Two sets were matched for
positive valence but differed in arousal (high or low), two were matched for negative valence
but differed in arousal (high or low). There was also a neutral control set of pictures. The two
memory tasks were a free verbal description of a map viewed earlier in the study and a spatial
verification task, where the participants were asked to indicate whether a statement regarding
a geographical position (e.g., Harris Centre is north of Steiner Hall) was true.
In regards to the mood manipulation, the results showed that the manipulation of
arousal resulted in higher ratings of arousal in the high arousal than the low arousal condition.
This finding was found in both the positive and negative valenced conditions. There were no
differences in valence ratings between the high and low arousal conditions in either the
positive or negative valence conditions (Brunyé et al., 2009).
In the free recall tests, participants were asked to write down landmarks they
remembered. The results showed that the high arousal groups (both positive and negative
valence) reported greater distances between successively recalled landmarks compared to the
neutral control group. There were no differences between the low arousal groups and the
control group and there was no difference when comparing the positive and negative valence
groups. In the spatial verification task, the high arousal groups outperformed the control
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group on the statements related to landmarks that were furthest away from each other. Brunyé
et al. interpreted this to mean that higher arousal amplifies the symbolic distance effect and
leads to a broadening of the spatial mental representation.
Baddeley and colleagues (Baddeley et al., 2012) used both the Velten MIP as well as
a procedure combing music and IAPS pictures to assess the effect of mood states on affective
judgements of words. They found that negative mood states resulted in more negative
judgements of words compared to a positive mood induction. Importantly for the current
study, they found that both MIPs effectively elicited negative and positive mood states.
However, they also found that the combined picture and music procedure generated a more
intense negative mood than the Velten procedure alone. This means that combining the IAPS
pictures with music can create lasting mood states.
The Current Experiment
Together these studies suggest that repeated exposure to IAPS images can have a
cumulative effect on mood state. Brunyé et al.’s (2009) study demonstrates that it is possible
to use the IAPS images as mood induction stimuli to generate negative, positive and neutral
mood states with specific constellations of valence and arousal. The current experiment
therefore sought to extend the mood induction procedure used in Experiment 2 to induce
mood by varying valence and intensities by using pictorial stimuli. It used the sets of IAPS
images described in Experiment 1. As in Experiment 2, the effect of the mood induction was
assessed by using a combination of self-report and physiological indicators.
The following research questions were of specific interest in this experiment:
1 (a) Can a pictorial mood induction produce a positive mood state? As in
Experiment 1, the positive mood induction was expected to affect PANAS PA scores, SAM
valence ratings and zygomaticus muscle activity as measured by EMG. A successful positive
mood induction will show increases in all three abovementioned indicators compared to
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baseline levels (time 1 vs. time 2) and higher levels compared to the neutral control group
after the mood induction (time 2). A similar difference after the n-back tasks (time 3) will
suggest that the positive mood persisted.
(b) Can a pictorial positive mood induction with two levels of intensity reliably
produce mild and strong positive mood states? Higher PANAS PA scores, SAM valence
ratings and a larger increase in zygomaticus muscle activity in the strong positive mood
group than the mild positive group after the mood induction (time 2) will indicate a
successful intensity manipulation of positive mood. If this manipulation persists through the
n-back tasks, then similar observations should be made at time 3.
2 (a) Can a pictorial mood induction produce a negative mood state? The negative
mood induction was expected to affect PANAS NA scores, SAM valence ratings and
corrugator EMG muscle activity. Increases in PANAS NA and corrugator activity and
decreases in SAM valence ratings compared to baseline levels (time 1 vs. time 2) and
compared to the neutral control group after the mood induction (time 2) will indicate a
successful negative mood induction. A similar difference after the n-back tasks (time 3) will
suggest that the negative mood persisted.
(b) Can a pictorial negative mood induction with two levels of intensity reliably
produce mild and strong negative mood states? Higher PANAS NA scores, lower SAM
valence ratings and a larger increase in corrugator muscle activity in the strong negative
mood group than the mild negative group will indicate successful intensity manipulation of
negative mood. If this manipulation persists through the n-back tasks, then similar
observations should be made at time 3.
Method
Participants
A total of 91 female Griffith University undergraduates at the Gold Coast campus
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were recruited for this study. One participant’s data were excluded from Experiment 3 for not
being right-handed and a total of 13 participants were excluded due to too high scores on the
DASS screening measure. The final number of participants were 77, with a mean age was
24.14 (SD = 9.01) years and mean EHI score of 98.54 (SD = 5.09). All participants had
English as their first language and were given 1 hour course credit for their participation.
The participants were randomly assigned to one of five mood groups. Equipment
malfunction resulted in the loss of EMG data from two participants, but their behavioural
data were included in the other analyses. This led to an n = 15 in all mood groups in analyses
of the EMG recordings. For the 2-back tasks and the self-report mood measures the strong
negative, mild negative and neutral mood groups had samples of n = 15 while the mild and
strong positive groups had n = 16.
Procedure and Materials
The materials, method, procedure and design of this experiment were identical to that
of Experiment 2, except that the mood induction procedure used pictorial stimuli.
Mood induction procedure. Images from the IAPS (Lang et al., 2005) rated in
Experiment 1 for arousal and valence, were used to induce the mood states in this
experiment. There were five different mood groups (strong negative, mild negative, neutral,
mild positive and strong positive). The participants in each mood group were exposed to a
sequence of 30 images11 outlined in Experiment 1 (Table 2.4). In all mood groups except

11

The images included were: (strong negative: 9220, 2900, 2981, 9911, 9400, 3550, 3170, 3069, 2691, 9428,
9902, 6540, 4664, 3150, 9181, 6570, 9410, 3060, 3010, 3005, 6250, 3102, 9042, 6350, 3053, 9903, 6560, 2683,
2703, 3063); (mild negative: 9390, 9373, 2715, 2110, 1280, 9101, 2220, 2120, 8231, 8485, 1275, 1205, 6010,
2745, 9584, 1301, 9417, 9530, 2682, 9171, 9404, 2278, 2100, 9341, 9490, 7590, 9622, 3216, 9046, 2718);
(neutral: 7058, 2516, 7705, 7487, 7550, 2389, 2749, 4572, 7161, 2880, 5534, 2493, 2595, 9070, 2635, 2702,
7247, 7056, 2038, 2396, 2200, 7820, 4770, 2383, 1675, 7002, 7182, 5532, 4631, 7055); (mild positive: 1650,
2216, 7508, 7460, 5814, 4601, 4534, 4250, 5849, 8185, 8220, 5629, 8170, 2345, 2362, 4535, 8205, 7390, 2191,
8210, 4609, 8080, 8465, 2055, 5470, 5890, 2339, 4641, 5830); (strong positive: 7325, 2050, 2040, 4532, 2058,
7502, 2209, 2208, 8490, 8501, 8370, 8190, 7330, 4626, 1720, 8496, 2150, 2345, 2550, 1750, 2071, 2655, 1710,
2346, 5833, 5480, 4625, 8502, 8470, 8030).
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neutral, the images were presented according to arousal rating, starting with the lowest and
moving through to the highest rated picture of that particular set. In the neutral mood group,
the images were presented in a random order.
The participants were asked to examine the images carefully and pretend that these
were situations they were actually experiencing. The participants were asked to engage
emotionally with the stimuli by imagining how they would feel if they experienced these
situations. The images were presented using the same stimulus display as described in
Experiment 2.
Results
The effectiveness of the pictorial MIP was evaluated using both self-report and
physiological indicators and the analyses used here was the same as detailed in Experiment 2.
The results section is structured similarly to Experiment 2.
Baseline Measures of Affect
Table 4.1 shows the baseline measures of affect.
Table 4.1
Mean (SD) Scores for the Trait PANAS Measures of Mood and the DASS Scores.
Mood group
Strong negative

Mild negative

Neutral

Mild positive

Strong positive

(n = 15 )

(n = 15)

(n = 15)

(n = 16)

(n = 16)

PANAS PA

35.93 (5.96)

33.93 (6.70)

31.87 (9.09)

35.87 (7.49)

35.68 (7.82)

PANAS NA

20.87 (7.23)

20.80 (6.12)

21.60 (9.75)

20.31 (5.91)

18.38 (6.29)

DASS Dep

5.60(4.42)

2.87 (1.81)

4.73 (4.79)

5.75 (6.02)

3.88 (2.96)

DASS Anx

5.07 (4.06)

4.20 (3.63)

4.67 (4.51)

5.13 (4.26)

4.88 (4.73)

DASS Str

13.47 (6.61)

10.47(6.71)

11.00 (4.56)

9.63 (5.18)

Measure

9.60(5.46)

A one-way ANOVA revealed that there were no significant differences between the
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mood groups on trait negative affect (PANAS NA), F(4, 72) = 0.45, p = .771, ηp2 = .045 or
trait positive affect (PANAS PA), F(4, 72) = 0.85, p = .501, ηp2 = .045. Investigation of
DASS scores also showed no significant differences between the mood groups on symptoms
of Depression, F(4,72) = 1.23, p = .306, ηp2 = .064, Anxiety, F(4,72) = 0.12, p = .976, ηp2 =
.006, or Stress, F(4,72) = 1.16, p = .337, ηp2 = .060.
Self-reported mood states. The time 1 mood measures for all participants are
reported in Table 4.2. A repeated measures t-test showed that the participants reported
significantly more state PA than NA on the PANAS, t(76) = 16.94, p < .0005 at time 1.
Single sample t-tests, comparing the average SAM rating to 5 (neutral) showed that the
participants’ mood was significantly positive at time 1, t(76) = 11.85, p < .0005. Their
arousal level did not differ significantly from neutral, t(76) = 0.97, p = .332.

Table 4.2.
Mean (SD) Baseline State Mood Measures for all Participants (N = 77).
PANAS PA

PANAS NA

SAM valence

SAM arousal

28.24 (7.73)

12.15 (3.78)

6.68 (1.24)

4.83 (1.52)

Mood Manipulation
PANAS Positive Affect. There was no significant main effect of mood group, F(4,
72) = 0.88, p = .484, ηp2 = .046, but a significant main effect of time, F(2, 144) = 38.72, p <
.0005, ηp2 = .350 was observed. However, this main effect was modified by a significant
mood group × time interaction, F(8, 144) = 5.15, p < .0005, ηp2 = .222, (Figure 4.1).
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Figure 4.1. PANAS positive affect (PA) before the mood induction (time 1), immediately
after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

There was a significant simple main effect of time in the strong positive mood group,
F(2, 30) = 18.74, p <.0005, ηp2 = .555. Repeated measures t-tests showed that there was a
significant increase in PA from time 1 to time 2, t(15) = 2.65, p = .018, and a significant
decrease from time 2 to time 3, t(15) = 5.53, p < .0005.
There was a significant simple main effect of time in the mild positive mood group,
F(2, 30) = 6.71, p =.004, ηp2 = .309. Repeated measures t-tests showed that PA did not
change significantly from time 1 to time 2, t(15) = .23, p = .821, but it decreased from time 2
to time 3, t(15) = 2.75, p = .015.
There was a significant simple main effect of time in the neutral mood group, F(2, 28)
= 13.13, p <.0005, ηp2 = .484. Repeated measures t-tests showed that PA decreased
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significantly both from time 1 to time 2, t(14) = 3.43, p = .004, and again from time 2 to time
3, t(14) = 2.19, p = .046.
There was a significant simple main effect of time in the mild negative mood group,
F(2, 28) = 10.07, p < .0005, ηp2 = .418. Repeated measures t-tests showed that PA decreased
significantly from time 1 to time 2, t(14) = 2.37, p < .033, and again from time 2 to time 3,
t(14) = 2.54, p = .024.
There was a significant simple main effect of time in the strong negative mood group,
F(2, 28) = 14.54, p < .0005, ηp2 = .509. Repeated measures t-tests showed that PA decreased
significantly from time 1 to time 2, t(14) = 4.76, p < .0005, and it increased significantly
from time 2 to time 3, t(14) = 3.08, p = .008.
As expected, simple effect analyses showed no significant simple effect of mood
group on PA at time 1, F(4,72) = 0.47, p = .912, ηp2 = .013. There was a significant effect at
time 2, immediately following the mood induction, F(4,72) = 5.55, p = .001, ηp2 = .236. No
significant simple effects were observed at time 3, F(4,72) = 0.70, p = .698, ηp2 = .030.
Planned contrasts for the time 2 data showed that the strong positive mood, t(72) =
2.44, p = .017, and the mild positive mood group had significantly higher PA scores
compared to the neutral group, t(72) = 2.17, p = .033. There was no significant difference
between the strong and mild positive mood groups, t(72) = 0.28, p = .782.
PANAS Negative Affect. Significant main effects of mood group, F(4, 72) = 10.93, p
< .0005, ηp2 = .378, and time, F(2, 144) = 13.51, p < .0005, ηp2 = .158 were observed for NA.
These main effects were modified by a significant mood group × time interaction, F(8, 144) =
14.47, p < .0005, ηp2 = .446, which is shown in Figure 4.2.
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Figure 4.2. PANAS negative affect (NA) at before the mood induction (time 1), immediately
after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

There was a significant simple main effect of time on NA in the strong negative mood
group, F(2, 28) = 44.87, p < .0005, ηp2 = .762. Repeated measures t-tests showed that NA
increased significantly from time 1 to time 2, t(14) = 9.85, p < .0005, then decreased
significantly from time 2 to time 3, t(14) = 6.42, p < .0005.
There was a significant simple main effect of time on NA in the mild negative mood
group, F(2, 28) = 6.45, p < .0005, ηp2 = .315. Repeated measures t-tests showed that NA
increased significantly from time 1 to time 2, t(14) = 3.46, p = .004, then decreased
significantly from time 2 to time 3, t(14) = 2.35, p = .034.
There was no significant simple main effect of time on NA in the neutral mood group,
F(2, 28) = 2.47, p =.103, ηp2 = .150, the mild positive mood group, F(2, 30) = .97, p =.389,
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ηp2 = .061, or the strong positive mood group, F(2, 30) = 2.18, p =.131, ηp2 = .127.
Analyses confirm the impression from Figure 4.2 that there were no significant simple
effect of mood group at time 1, F(4,72) = 1.07, p = .380, ηp2 = .056 or time 3, F(4,72) = 1.80,
p = .138, ηp2 = .091. There was a significant simple main effect of mood group on NA at
time 2, immediately following the mood induction, F(4, 72) = 37.54, p < .0005, ηp2 = .676.
There was heterogeneity of variance and consequently the degrees of freedom were adjusted
in the planned contrasts. Planned contrasts at time 2 showed that participants in the strong
negative mood group reported more NA than those in the mild negative mood group, t(25.33)
= 4.15, p < .0005. There were significantly higher NA scores in both the strong negative
group, t(16.89) = 7.85, p < .0005, and the mild negative mood group, t(19.50) = 4.01, p =
.001, compared to the neutral group.
SAM valence. Significant main effects of mood group, F(4, 72) = 10.59, p < .0005,
ηp2 = .371, and time, F(1.99, 143.39) = 47.71, p < .0005, ηp2 = .399, were observed. These
main effects were modified by a significant mood group × time interaction, F(7.97, 143.39) =
21.99, p < .0005, ηp2 = .550. See Figure 4.3.
There was a significant simple main effect of time on SAM valence in the strong
negative mood group, F(2, 28) = 44.02, p < .0005, ηp2 = .759. Repeated measures t-tests
showed that SAM valence decreased significantly (became more negative) from time 1 to
time 2, t(14) = 12.02, p < .0005, then increased significantly (became less negative) from
time 2 to time 3, t(14) = 4.84, p < .0005.
There was a significant simple main effect of time on SAM valence in the mild
negative mood group, F(2, 28) = 26.75, p <.0005, ηp2 = .656. Repeated measures t-tests
showed that SAM valence scores became significantly more negative from time 1 to time 2,
t(14) = 7.43, p < .0005, and significantly less negative from time 2 to time 3, t(14) = 2.57, p =
.022.
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Figure 4.3. SAM valence scores before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the two 2-back tasks (time 3). Scores range
from 1 (negative) to 9 (positive). Error bars represent ± 1 SE.

There was a significant simple main effect of time on SAM valence in the neutral
mood group, F(2, 28) = 19.29, p < .0005, ηp2 = .580. Repeated measures t-tests showed that
SAM valence became significantly more negative from time 1 to time 2, t(14) = 5.73, p <
.0005, while there was no significant change from time 2 to time 3, t(14) = 1.31, p = .212.
There was a significant simple main effect of time in the mild positive group, F(2, 30)
= 7.16, p =.003, ηp2 = .323. Repeated measures t-tests showed that the SAM valence in the
mild positive mood group became significantly more positive from time 1 to time 2, t(15) =
2.33, p = .034, and less positive from time 2 to time 3, t(15) = 3.92, p = .001.
The simple main effect of time was significant in the strong positive mood group, F(2,
30) = 19.87, p < .0005, ηp2 = .570. The SAM valence scores became significantly more
positive from time 1 to time 2, t(15) = 3.65, p = .002, and significantly less positive from time
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2 to time 3, t(15) = 6.26, p < .0005.
As indicated visually in Figure 4.3, there was a significant simple effect of mood
group on SAM valence scores at time 2, immediately following the mood induction, F(4, 72)
= 41.75, p < .0005, ηp2 = .699. There were no significant simple effects at time 1, F(4, 72) =
.66, p = .622, ηp2 = .035 or, at time 3, F(4, 72) = 1.37, p = .254, ηp2 = .071.
At time 2, planned contrasts with Bonferroni correction (α = .05/6 = .008) showed that
participants in the strong negative group reported significantly more negative SAM valence
ratings than participants in the mild negative group, t(72) = 4.58, p < .0005, and the neutral
group, t(72) = 6.88, p < .0005. A similar trend was observed in the mild negative mood
group, t(72) = 2.29, p = .025, but the corrected significance level was not met.
Participants in both the strong positive, t(72) = 4.42, p < .0005, and mild positive,
t(72) = 3.26, p = .002, mood groups reported significantly more positive SAM valence scores
than those in the neutral mood group. However, there was no significant difference in SAM
valence ratings between the strong and mild positive mood groups, t(72) = 1.18, p = .240.
SAM arousal. There was a significant main effect of time, F(2, 144) = 5.25, p = .006,
ηp2 = .068, but not mood group, F(4, 72) = .77, p = .548, ηp2 = .041 for the SAM arousal
ratings. The main effect of time was modified by a significant mood group × time
interaction, F(8, 144) = 2.56, p = .012, ηp2 = .125. The SAM arousal ratings at the three time
periods are shown in Figure 4.4. There was a significant simple main effect of time on SAM
arousal in the strong negative mood group, F(2, 28) = 8.14, p = .002, ηp2 = .368. Repeated
measures t-tests showed that SAM arousal increased significantly from time 1 to time 2, t(14)
= 2.94, p = .011, then decreased significantly from time 2 to time 3, t(14) = 4.13, p = .001.
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Figure 4.4. SAM arousal scores before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the two 2-back tasks (time 3). Scores range
from 1 (very calm) to 9 (very excited). Error bars represent ± 1 SE.

There was a significant simple main effect of time on SAM arousal in the mild
negative mood group, F(2, 28) = 3.56, p =.042, ηp2 = .203, which reflects a gradual decline
across time points. Repeated measures t-tests showed there was no significant difference
from time 1 to time 2, t(14) = 1.13, p = .227, or from time 2 to time 3, t(14) = 1.73, p = .106.
There were no significant simple main effects of time on SAM arousal ratings in the
neutral mood group, F(2, 28) = 1.47, p =.248, ηp2 = .095, the mild positive mood group, F(2,
30) = 1.00, p =.380, ηp2 = .063, or the strong positive mood group, F(2, 30) = 1.59, p =.222,
ηp2 = .096.
There were no significant simple main effects of mood group at time 1, F(4, 72) =
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0.76, p = .55, ηp2 = .041, or time 3, F(4, 72) = 0.95, p = .44, ηp2 = .050. However, there was
a marginally significant simple main effect of mood group at time 2, F(4, 72) = 2.10, p = .09,
ηp2 = .104. Follow up tests at time 2, with Bonferroni correction (α = .05/6 = .008), showed
that the strong negative group had significant higher SAM arousal ratings than the neutral
group, t(72) = 2.78, p = .007. There was no significant difference between the strong and
mild negative mood group, t(72) = 1.79, p = .078.
Interim Summary. Analysis of the self-report measures suggests that the pictorial
mood induction procedure was effective in eliciting broad positive and negative mood states
that differed significantly from neutral. However, there were no indications that the mood
states persisted through the 2-back tasks. Evidence that the intensity manipulation worked
was observed on both the self-report measures related to the negative mood where SAM
valence ratings were significantly lower and PANAS NA ratings were significantly higher in
the strong than the mild negative group. Neither of the self-report measures was sensitive to
the intensity manipulation of positive mood.
Electromyography Data
The EMG data preparation and statistical approach was as described in Experiment 2.
The changes in corrugator and zygomaticus muscle activity over the course of the experiment
can be seen in Appendix D. There were no significant differences in baseline corrugator,
F(4,70) = 1.53, p = .204, ηp2 = .080, or baseline zygomaticus activity, F(4, 70) = .85, p =
.498, ηp2 = .046, between the mood groups. Consequently, any differences observed at time 2
and 3 can be attributed to the mood manipulation.
Corrugator EMG activity. As reported above, there were no significant differences
between the mood groups in corrugator activity at time 1. Single sample t-tests showed that
corrugator activity increased significantly from time 1 to time 2 in the strong negative group,
t(14) = 22.34, p < .0005, the mild negative group, t(14) = 34.47, p < .0005, the neutral group,
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t(14) = 24.93, p < .0005, the mild positive group, t(14) = 17.43, p < .0005, and the strong
positive group, t(14) = 19.24, p < .0005. Figure 4.5 shows the change in EMG corrugator

Mean change corrugator activity (Log10 V)

activity at the two relevant time periods.

Strong Negative
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Time
Figure 4.5. The mean corrugator activity change (Log10 µV) at the last 30 seconds of the
mood induction procedure (time 2) and the last 30 seconds of the second n-back task (time 3).
Change scores obtained by subtracting the baseline scores from the mean obtained at each 30second epoch. Error bars represent ± 1 SE.

The overall analysis based on times 2 and 3 data revealed significant main effects of
mood group, F(4, 70) = 5.36, p = .001, ηp2 = .234, and time, F(1, 70) = 6.87, p = .011, ηp2 =
.089. However, these effects were modified by a significant mood group × time interaction,
F(4, 70) = 10.91, p < .0005, ηp2 = .384. Corrugator muscle activity for participants in the
strong negative mood group decreased significantly from time 2 to time, 3 t(14) = 2.76, p =
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.015. Corrugator activity did not change significantly from time 2 to 3 for participants in the
mild negative mood group t(14) = 0.05, p = .96 or the neutral mood group, t(14) = 1.65, p =
.122. There was a significant increase in corrugator activity from time 2 to time 3 in both the
mild positive mood group, t(14) = 6.45, p < .0005, and the strong positive mood group, t(14)
= 3.37, p = .005.
There was a significant simple effect of mood group at time 2, immediately following
the mood induction, F(4,70) = 18.27, p < .0005, ηp2 = .511. Planned contrasts showed that
the strong negative mood group had a larger increase in corrugator activity than both the
neutral, t(70) = 5.52, p < .0005, and the mild negative mood groups, t(70) = 3.19, p = .002.
The mild negative group had larger corrugator increases than the neutral mood group, t(70) =
2.32, p = .023.
No significant simple effect of mood group was observed at time 3, F(4,70) = .79, p =
.534, ηp2 = .043, suggesting that the changes in corrugator activity due to the mood induction
had dissipated by the time the n-back task was completed.
Zygomaticus EMG activity. As reported above, there were no significant differences
between the mood groups in zygomaticus activity at time 1. Single sample t-tests showed that
zygomaticus activity increased significantly from time 1 to time 2 in the strong negative
group, t(14) = 18.76, p < .0005, the mild negative group, t(14) = 25.54, p < .0005, the neutral
group, t(14) = 32.23, p < .0005, the mild positive group, t(14) = 29.41, p < .0005, and the
strong positive group, t(14) = 12.16, p < .0005. The change in zygomaticus activity in the two
relevant time periods can be seen in Figure 4.6.
The overall analysis based on time 2 and 3 data revealed significant main effects of
mood group, F(4, 70) = 6.36, p < .0005, ηp2 = .267, and time, F(1, 70) = 5.20, p = .026, ηp2 =
.069. However, these effects were modified by a significant mood group × time interaction,
F(4, 70) = 6.21, p < .0005, ηp2 = .262.
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Figure 4.6. The mean zygomaticus activity change (Log10 µV) at the last 30 seconds of the
mood induction procedure (time 2) and the last 30 seconds of the second n-back task (time 3).
Error bars represent ± 1 SE.

The zygomaticus muscle activity for participants in the strong positive mood group
decrease marginally from time 2 to time, 3 t(14) = 2.07, p = .058. There was no change in
zygomaticus activity in the mild positive mood group from time 2 to time, 3 t(14) = .31, p =
.762. There were significant increases in activity from time 2 to time 3 in the neutral, t(14) =
12.94, p < .0005, mild negative, t(14) = 2.18, p = .047 and the strong negative mood groups,
t(14) = 2.49, p = .026.
There was a significant effect of mood group at time 2, immediately following the
mood induction, F(4,70) = 6.37, p < .0005, ηp2 = .267. There was heterogeneity of variance
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in the ANOVA and consequently the degrees of freedom were adjusted in the planned
contrasts. Planned contrasts showed that both the strong positive mood group, t(15.19) =
4.22, p = .001, and the mild positive mood group, t(17.71) = 3.32, p = .004, had larger
increases in zygomaticus activity from time 1 compared to the neutral group. The strong
positive mood group had a marginally significant larger increase in zygomaticus activity
compared to the mild positive mood group, t(22.03) = 2.03, p = .055. The simple effects of
mood group at time 3 was not significant, F(4,70) = 1.72, p = .155, ηp2 = .090.
Interim summary. The physiological measures suggest that using pictorial stimuli in
the mood induction procedure were successful in producing broad differences in negative,
neutral and positive mood states. Furthermore, the intensity manipulation resulted in
significantly more corrugator activity for participants in the strong compared to those in the
mild negative groups at time 2. At time 2 there was a trend towards participants in the strong
positive mood group exhibiting more zygomaticus activity than those in the mild positive
group, who showed more zygomaticus activity than the neutral group. There was no
difference between the mood induction groups on corrugator or zygomaticus activity after the
2-back tasks (time 3), which suggests that the induced mood states had dissipated by then.
Integration of Self-report and EMG Measures
As in Experiment 2, the correlations between the self-report measures and EMG
measures were examined.
Associations among self-report measures. The correlations in Table 4.3 show that
higher baseline SAM valence scores (more positive) were associated with more PANAS PA
and less PANAS NA. Baseline SAM arousal scores were positively correlated with PANAS
PA, but not PANAS NA. The correlations between PANAS PA and PANAS NA were not
significant at time 1 or time 3, but there was a significant negative correlation between these
measures at time 2. At time 2, immediately after the mood induction, SAM valence scores
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were associated with higher ratings of PANAS PA and lower ratings of PANAS NA and
higher SAM arousal scores were significantly associated with higher PANAS NA, but not PA
ratings. The time 3 data showed that SAM valence scores were associated with higher ratings
of PANAS PA and lower ratings of PANAS NA. In addition, higher SAM arousal scores
were associated with higher ratings of PANAS PA.
Associations among EMG and self-report measures. For the EMG activity, Table
4.3 shows that baseline corrugator activity was not significantly correlated with any baseline
self-report measure (time 1), but there was a positive correlation between baseline corrugator
and zygomaticus activity. The baseline zygomaticus activity was significantly positively
correlated with PANAS PA, such that more baseline zygomaticus activity was associated
with higher PA ratings.
Table 4.3 shows that at time 2, participants with higher corrugator activity reported
lower (more negative) SAM valence ratings, more PANAS NA and less PANAS PA.
Furthermore, participants with more zygomaticus activity tended to report higher (more
positive) SAM valence. There was no correlation between corrugator activity and SAM
arousal at time 2. At time 3, the period after the final 2-back task, corrugator activity was
negatively correlated with PANAS PA ratings, while there were no significant correlations
with zygomaticus activity. In general, there was a closer correspondence between the
physiological measures and the self-report data at time 2 than either time 1 or time 3. Weaker
correlations would be expected at time 3 as the induced mood states dissipate and muscle
activity return to normal. However, the strong time 2 correlations between the self-report and
EMG measures suggest that the mood inductions affected both, which supports the validity of
the mood inductions.
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Table 4.3.
Pearson Correlations Between the Self-Report Mood Measures and EMG (Log10 µv) Activity1. (N = 77).
1
1

2

1. Corr time 1
2. Zygo time 1

.262*

1

3. SAM val time 1

-.004

.028

1

4. SAM aro time 1

.095

.145

.047

1

5. PANAS NA time 1

.115

-.011

-.455**

.170

1

6. PANAS PA time 1

.196

.275*

.360**

.503**

.079

1

7. Corr time 21

-.149

-.189

-.176

-.143

.187

-.089

1

8. Zygo time 21

-.023

-.087

-.047

.114

.075

.120

-.244*

1

9. SAM val time 2

.076

.132

.339**

-.010

-.253*

.216

-.618**

.265*

1

10. SAM aro time 2

.026

-.079

.188

.411**

.186

.302**

.122

-.016

-.210

1

11. PANAS NA time 2

-.003

-.161

-.214

-.055

.445**

-.104

.587**

-.107

-.761**

.395**

1

12. PANAS PA time 2

.160

.291*

.237*

.304**

.107

.614**

-.345**

.219

.610**

.184

-.338**

1

13. Corr time 32

.089

-.043

-.301**

-.025

.002

-.196

.230*

.084

-.115

-.006

-.039

-.223

1

14. Zygo time 32

.052

-.339**

-.022

.026

.163

-.183

.017

.170

.001

.158

.168

-.022

-.037

1

15. SAM val time 3

.123

.015

.375**

.007

-.160

.258*

-.346**

.303**

.421**

.156

-.167

.308**

-.195

.166

1

16. SAM aro time 3

.095

-.107

.089

.463**

.175

.258*

-.107

.106

-.031

.570**

.088

.293**

-.026

.142

.148

1

17. PANAS NA time 3

.053

.034

-.119

.108

.410**

.052

.318**

-.116

-.359**

.162

.404**

-.020

-.012

.104

-.459**

.147

1

18. PANAS PA time 3

.222

.271*

.223

.358**

.063

.634**

-.097

.149

.202

.339**

.017

.672**

-.241*

-.087

.447**

.494**

-.032

1

3

4

5

6

7

2

8

9

10

11

12

13

14

15

16

= EMG activity in final 30 seconds of the mood induction; = EMG activity in final 30 seconds of the 2-back tasks. * = p < .05, ** = p <. 001

17

18

1
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2-back Task Performance
The same statistical approach to the 2-back task performance was used as in
Experiment 2. The d' and IES of the five mood groups on the visuospatial and verbal 2-back
tasks are shown in Figure 4.7 and 4.8 respectively.
For d', the main effects of mood group, F(4,66) = 0.18, p = .946, ηp2 = .011, task
order, F(1,66) = 0.18, p = .672, ηp2 = .003, and task type, F(1,66) = 1.23, p = .272, ηp2 =
.018, all failed to reach significance. The task type × mood group, F(4,66) = 0.18, p = .947,
ηp2 = .011, task type × task order, F(1,66) = 0.12, p = .729, ηp2 = .002, and task order ×
mood group, F(4,66) = 0.72, p = .579, ηp2 = .042, were not significant. The mood group ×
task order × task interaction was also not significant, F(4,66) = 0.64, p = .634, ηp2 = .037.
As in Experiment the first 2-back task was examined using a 5 (mood group; strong
positive, mild positive, neutral, mild negative or strong negative) × 2 (task type; verbal,
visuospatial) between subjects ANOVA, where both mood group and task type acted as
between subjects variables. The main effects of mood group, F(4,66) = 0.48, p = .749, ηp2 =
.028, and task type, F(1,66) = 0.06, p = .034, ηp2 = .001, were not significant. The mood
group × task type interaction, F(4,66) = 0.61, p = .656, ηp2 = .036, was also non-significant.
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Figure 4.7. d - prime 2-back performance as a function task order and mood induction mood group. Error bars represent ± 1 SE.
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For the IES data the main effects of mood group, F(4, 66) = 0.85, p = .500, ηp2 = .049,
task order, F(1, 66) = 1.34, p = .251, ηp2 = .020, and task type, F(1, 66) = 2.13, p = .149, ηp2
= .031, were not significant. The task type × mood group, F(4, 66) = 0.26, p = .904, ηp2 =
.015, task type × task order, F(1, 66) = 0.23, p = .633, ηp2 = .003, and task order × mood
group , F(4, 66) = 1.15, p = .340, ηp2 = .065, all failed to reach significance. The mood group
× task order × Task interaction also failed to reach significance, F(4, 66) = 0.42, p = .793, ηp2
= .025.
Analysis of the first 2-back task showed that there were no significant the main effects
of mood group, F(4,66) = 0.71, p = .589, ηp2 = .041, or task type, F(1,66) = 2.53, p = .116,
ηp2 = .037. Moreover, the mood group × task type interaction, F(4,66) = 0.97, p = .431, ηp2 =
.055, was also non-significant.
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Discussion
Experiment 3 examined the effectiveness of a MIP using pictorial stimuli to assess
whether the IAPS pictures selected in Experiment 1 could reliably produce positive and
negative mood states with two levels of intensity in addition to a neutral mood state. The
experiment used a combination of self-report measures as well as psychophysiological
indicators to assess this. The main findings related to the research questions are presented in
Table 4.4. The discussion will be structured around the specific research questions.
Can a Pictorial Mood Induction Produce a Positive Mood State?
The results showed that both the strong and the mild positive mood groups reported
an increase in SAM valence ratings and zygomaticus muscle activity from time 1 to time 2,
after the mood induction. There was no significant change observed on PANAS PA in the
mild positive mood group from time 1 to after the mood induction. However, recall that the
participants entered the testing situation in a mild positive and relaxed mood state. This is in
contrast to the neutral group, where there was a reduction in PANAS PA after the mood
induction and the strong positive mood group, where there was a significant increase in
PANAS PA from time 1 to 2. Consequently, these results suggest that the mild mood
induction simply maintained the already mild positive mood state, while the strong positive
mood induction added a further improvement in PANAS PA.
Correlational analyses (Table 4.3) show that there was a positive correlation between
zygomaticus and SAM valence ratings at time 2. This was not present at time 1 and gone by
time 3, suggesting that the underlying mood state had disappeared and muscle activity in the
face returned to normal levels again by the end of the second 2-back task. This converging of
the measures supports the validity of the mood induction procedure.
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Table 4.4
Summary of the Main Findings for the Pictorial Mood Induction Procedures.
Research question

Relevant comparison

PANAS

PANAS

SAM

PA

NA

Valence

Corr

Zygo

Mild positive mood induced?

Time 1 vs. time 2 (mild positive group)

No

Yes

Yes

Mild positive mood induced?

Mild positive vs. neutral (time 2)

Yes

Yes

Yes

Mild positive mood sustained?

Mild positive vs. neutral (time 3)

No

No

No

Strong positive mood induced?

Time 1 vs. time 2 (strong positive group)

Yes

Yes

Yes

Strong positive mood induced?

Strong positive vs. neutral (time 2)

Yes

Yes

Yes

Strong positive mood sustained?

Strong positive vs. neutral (time 3)

No

No

No

Intensity difference at time 2?

Strong positive vs. mild positive

No

No

Yes*

Intensity difference at time 3?

Strong positive vs. mild positive

No

No

No

Mild negative moods induced?

Time 1 vs. time 2 (mild negative group)

Mild negative moods induced?

Mild negative vs. neutral (time 2)

Yes

Yes

Yes

Mild negative mood sustained?

Mild negative vs. neutral (time 3)

Yes

Yes*

No

Strong negative mood induced?

Time 1 vs. time 2 (strong negative group)

No

No

No

Strong negative mood induced?

Strong negative vs. neutral (time 2)

Yes

Yes

Yes

Strong negative mood sustained?

Strong negative vs. neutral (time 3)

Yes

Yes

No

Intensity difference at time 2?

Strong negative vs. mild negative

No

No

No

Intensity difference at time 3?

Strong negative vs. mild negative

Yes

Yes

Yes

Note: * = marginally significant results.
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Both the strong and mild positive mood groups had higher PANAS PA, SAM valence
ratings as well as more zygomaticus activity at time 2 than the neutral mood group. Together
with the increases in positive mood states observed from time 1 to time 2, this suggests that
the pictorial mood inductions were able to produce positive mood states. This confirms
research question 1a and is consistent with findings in Experiment 2 using verbal material as
well as past research using IAPS to induce transient moods (e.g., Baddeley et al., 2012).
However, there were no differences between either of the two positive mood groups and the
neutral mood group at time 3, which suggests that the induced positive mood states was quite
transient and had dissipated by the end of the cognitive task.
Can a Pictorial Mood Induction Reliably Produce Mild and Strong Positive Mood
States?
The two positive mood groups did not differ from each other at time 2 in terms of
PANAS PA or SAM valence ratings. However, participants in the strong positive mood
group exhibited more zygomaticus activity at time 2 than those in the mild positive mood
group, who again showed more activity than those the neutral mood group. This is consistent
with the view that zygomaticus muscle region is associated with positive affect (e.g., Lang et
al., 1993; Larsen et al., 2003) and suggests that the intensity manipulation of positive mood
was partially effective. As discussed in Experiment 2, more difficulties altering the positive
than negative mood state may be due to participants entering in a mild positive mood state
and that this creates a ceiling effect, leaving them with less affective “room” to move in the
positive direction.
Can a Pictorial Mood Induction Produce a Negative Mood State?
The self-report indicators were sensitive to the two negative mood inductions. The
results showed that participants in both the strong and the mild negative mood groups
reported an increase in PANAS NA and a decrease in SAM valence ratings as well as
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increased corrugator activity from time 1 to time 2. The results at time 2 also showed that the
strong and mild negative groups had lower SAM valence ratings and higher PANAS NA
ratings compared to the neutral group. Furthermore, the strong and mild negative mood
induction groups displayed more corrugator activity compared to the neutral group at time 2.
Correlational analyses (Table 4.3) show a strong relationship between corrugator
activity and the self-report measures at time 2. This was not observed at time 1 or time 3,
showing a strong converging of measures at time 2. This indicates that negative mood states
were induced. Furthermore, these correlations were stronger than for the positive mood
states, suggesting that the negative mood inductions were more potent than the positive mood
inductions. This is consistent with prior findings of reduced effect sizes for negative
compared to positive mood induction methods (e.g., Westermann et al., 1996).
Together these results suggest that both strong and the mild negative pictorial mood
induction procedures generated negative mood states, which is consistent with prior research
(e.g., Baddeley et al., 2012; Brunyé et al., 2009). However, the two negative mood groups
did not differ significantly from the neutral group on any measures at time 3, suggesting that
the induced negative mood states had dissipated by then. Consequently, although the results
confirm the research question (1a) that pictorial mood induction can produce a negative mood
state, this did not persist.
Can a Pictorial Mood Induction Reliably Produce Mild and Strong Negative Mood
States?
Participants in the strong negative mood group reported significantly more PANAS
NA, lower SAM valence ratings and showed more corrugator activity than those in the mild
negative mood group. Consequently, both the negative groups separated from the neutral
group and the greatest intensity in negative mood state was observed in the strong negative
mood induction group. This outcome fits with the corrugator muscle region being associated
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with negative mood states (e.g., Lang et al., 1993) and a fairly linear positive relationship
between negative mood states and corrugator activity (Larsen et al., 2003). These results
suggest that the intensity manipulation of negative mood states was a success.
However, the induced mood states appeared to have dissipated by the end of the 2back tasks (time 3). This has been reported in some previous research (e.g., Phillips et al.,
2002) and partly in Experiment 2. However, in contrast to Experiment 2, the intensity
manipulation did not result in longer lasting mood states. Although Brunyé et al. (2009)
found arousal to dissipate by the end of the experiment, they observed reliable differences in
valence ratings after a cognitive task lasting about 9 minutes. Brunyé et al.’s task length is
comparable to the two 2-back tasks in the current study. However, they employed a simulated
online shopping task. It is possible that more mental effort needed to be recruited in the 2back tasks than in Brunyé et al.’s tasks and that it therefore absorbed less mood. This
highlights the difficulty in sustaining a mood state through mood irrelevant tasks lasting
around 10 minutes and suggests that some mechanism is needed to maintain the induced
mood state when using the current paradigm. This was done with success by Baddeley et al.
(2012) using verbal stimuli.
The strong negative mood group participants had higher SAM arousal ratings than
participants in the mild negative group immediately after the mood induction. Other than this
the SAM arousal ratings were not sensitive to the mood manipulation. Although the present
study was not designed to manipulate arousal directly, the IAPS pictures have been found to
affect arousal previously and affective picture processing takes place even after the image
itself is removed (Codispoti et al., 2001). Consequently, it was unexpected that the mood
induction resulted in only a very modest effect on arousal as measured by the SAM arousal
ratings. This largely corresponds with findings in Experiment 2 and is again is in contrast to
Gomez et al. (2009) and Brunyé et al. (2009). However, the difference in SAM arousal
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ratings between the stimuli used in Brunyé et al.’s high and low arousal conditions was over
twice as large as the difference between the current study’s strong and mild mood inductions.
It is therefore likely that the differences in stimuli arousal simply were not large enough to
translate into reliable mood arousal differences.
2-Back Performance. As in Experiment 2, examination of both the sensitivity and
efficiency performance scores revealed no differences amongst the mood groups. This is in
contrast to what others have reported (e.g., Bartolic et al., 1999; Gray, 2001; Shackman et al.,
2006). However, the interpretation of this is complicated by the finding that the induced
mood states were not sustained through the 2-back tasks. In contrast to Experiment 2, there
was no evidence that the mood states lasted through the 2-back tasks. However, analyses of
the first 2-back task, presumably when the participants were most likely to be affected by the
induced mood state, did not reveal any effects of mood group on cognitive performance. This
suggests that the lack of effect of mood group on 2-back performance most likely cannot be
attributed to the dissipation of mood states.
From the resource allocation model (e.g., Seibert & Ellis, 1991), one would expect the
mood states to represent a cognitive load, which should be present during the first task.
However, if the combined cognitive load of the mood state and the 2-back task does not
exceed that individual’s intellectual capacity, then it is likely that the 2-back task can be
performed adequately without interference from the mood state.
Summary. The correlational analyses showed a convergence of measurements at time
2, which was not present at time 1, before the mood induction or at the end of the 2-back
tasks, time 3. This adds validity to the mood induction. Overall, the results (summarised in
Table 4.4) show that the pictorial mood induction successfully generated broad states of both
positive and negative mood, which confirms research question 1a and 2a. The results showed
that the EMG measurements were sensitive to the intensity manipulation of positive mood.
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However, this was not evident in the self-report indicators. Thus, research question 1b was
partially confirmed. There were no evidence which suggested that the intensity manipulation
of positive mood persisted through the end of the experiment (time 3). The results showed
that all measurements at time 2 were sensitive to intensity manipulation of negative mood.
Thus, research question 2b is confirmed. However, as with the positive mood states, the
results suggest that the negative mood states, and thus the intensity manipulation, did not last
through the experiment (time 3).
Together the results of Experiment 2 and 3 showed promise in terms of manipulating
intensity of mood, especially negative mood, but there were some differences in outcome
between the verbal and pictorial mood inductions procedures. These will be discussed in
more detail in Chapter 5. Furthermore, although there were no group based effects of mood
group on 2-back performance, an analysis of the 2-back performance on an individual level
might further contribute to understanding the results. A correlational analysis was therefore
conducted. This is presented along with a comparison of the verbal and pictorial mood
inductions in Chapter 5.
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Chapter 5
Comparison of the Mood Induction Procedures and Exploratory Analyses
This chapter contains a discussion where the outcome of the verbal and pictorial mood
induction procedures assessed in Experiments 2 and 3 respectively are compared. From this
discussion, the mood induction procedure which showed the most promise in manipulating
mood intensity will be selected to be used in subsequent experiments. Following this,
exploratory correlation analyses of the performance on the 2-back tasks are presented and
discussed.
Comparison of the Verbal and Pictorial Mood Inductions. Experiments 2 and 3
had two main objectives. The first was to design mood induction procedures which could
induce positive, negative and neutral mood states reliably. The findings show that both the
verbal and pictorial mood inductions were successful in generating positive and negative
mood states. Measures of mood taken at time 2 differed significantly and in the expected
direction from the same measures taken at time 1. The positive and negative mood groups
also differed significantly from the neutral group on relevant measures.
The second objective was to assess whether it would be possible to vary the intensity
of the mood induction so that it would give two different doses of positive and negative mood
states. Subjective and physiological indices were used to assess the two objectives. The
results of the two experiments related to the intensity are summarised in Table 4.5. It shows
the intensity manipulations at time 2, after the mood induction. The results show that, for
both the verbal and the pictorial mood induction procedures, only one out of four relevant
outcome measures indicate that the intensity manipulation of positive mood was effective.
There was also only one of four outcome measure indicating a successful intensity
manipulation of negative mood for the verbal mood induction procedure. However, for the
pictorial mood induction, three of four outcome measures indicate a successful intensity
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manipulation of negative mood. The findings indicate that neither the verbal nor the pictorial
procedures managed to reliably manipulate the intensity of positive mood. However, the
pictorial procedure was more successful than the verbal procedure in inducing negative mood
states of varying intensities.

Table 5.1.
Summary of the Intensity Manipulation From Experiments 2 and 3. Strong Mood
Groups are Compared to Mild Groups After the Mood Induction at Time 2. Checks
Indicate Areas Where the Difference was Significant and in the Expected Direction
While Crosses Indicate Failures to Observe Expected Results.
Verbal MIP

Pictorial MIP

Outcome
Positive

Negative

Positive

Negative

measure
Zygomaticus

*

~

*

~

Corrugator

~



~



PANAS PA



~



~

PANAS NA

~



~



SAM valence









SAM arousal









The results from both Experiment 2 and 3 showed that the effect of the mood
induction did not reliably persist through the end of the 2-back task (time 3). However, there
was some evidence that the mood states in the strong mood groups lasted through the 2-back
task in the verbal mood induction (see Table 3.4), while this was not observed for the
pictorial mood induction (see Table 4.4). This suggests that moods induced by the statements
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may persist to a larger degree than moods induced by pictures. Although both words and
pictures have access to the same semantic representations, words are thought to be processed
in a controlled manner versus a relatively automatic processing of pictures (Carr, McCauley,
Sperber, & Parmelee, 1982). It possible that the differences in mood duration stem from
pictures being processed more automatically. Furthermore, the sentences are self-referent,
while the pictures are not. This may mean that the sentences produce more widespread and
longer lasting memories than the pictures. As such it may produce an effect akin to levels of
processing on memory recall (Craik & Lockhart, 1972), where the sentences are processed on
a deeper level than pictures. This is an avenue for future research which will be further
explored in Chapter 8.
Consequently, it appears that verbal mood induction may last somewhat longer, but
pictorial mood inductions may allow for intensity manipulations, at least of negative mood
states. Other studies have sought to maintain the mood state by either presenting mood
inducing stimuli prior to each trial (Van Dillen & Koole, 2007), having a mood related music
piece playing throughout the tasks (e.g., Phillips et al., 2002) or having mood refreshers
during the experiment (Baddeley et al., 2012). If the induced mood can be maintained by use
of mood refreshers during the experiment, then the pictorial mood induction procedure is the
most likely procedure to manipulate intensity of mood states that persist through the
experiment. Consequently, a pictorial mood induction with mood refreshers was used in
Experiment 4 to explore the effects of mood intensity and varying cognitive load.
Exploratory Analyses. The ANOVAs exploring an effect of induced mood on 2-back
performance in Experiments 2 and 3 were not significant. This was somewhat surprising
given the findings of previous research. (e.g., Gray, 2001; Gray et al., 2002; Shackman et al.,
2006; Vytal et al., 2013). To further explore the relationship between mood and cognitive
performance (d-prime), an exploratory correlational analysis was conducted. This is
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presented in Table 5.2.
Table 5.2.

Correlations Between Visual and Verbal d-Prime Scores and Mood Measures. Verbal and Pictorial
Mood Inductions Were Combined. Time Period is Indicated by the Number Following the Mood
Measure Where 1 = Time 1, 2 = Time 2, And 3 = Time 3. N = 30 in all Groups.
Mood group
Strong

Mild

Negative

Negative

2-back task

2-back task

Mild

Strong

Neutral

Positive

Positive

2-back task

2-back task

2-back task

Mood measure

Visual

Verbal

Visual

Verbal

Visual

Verbal

Visual

Verbal

Visual

Verbal

PANAS PA 1

.268

.181

.142

.128

-.014

.005

-.176

.132

.240

.299

PANAS NA 1

-.369*

-.354

-.251

-.277

-.030

.137

-.320

-.214

-.119

.081

SAM val 1

.467**

.289

.286

.167

.105

-.035

.284

.506**

.335

.190

SAM aro 1

.001

.023

.107

-.107

.180

.151

-.448*

-.259

.374*

.024

Corr time 1

.196

.164

-.037

-.172

.288

.353

.002

.123

-.222

-.050

Zygo time 1

.361*

.028

.108

-.135

.319

.219

-.128

.004

-.119

.114

PANAS PA 2

.304

.207

.152

.206

.070

.091

-.109

.047

.094

.221

PANAS NA 2

-.364*

-.252

.084

.249

-.079

.014

-.183

-.120

-.037

.374*

SAM val 2

.437*

.149

.362*

.257

-.038

-.045

.449**

.413*

.188

.260

SAM aro 2

-.041

-.011

.020

-.308

-.066

-.005

-.012

.061

.286

.083

Corr time 2

-.012

.090

-.249

-.202

-.387*

-.186

-.224

-.057

.293

.055

Zygo time 2

-.239

-.239

.135

.065

.132

.316

.222

.276

.236

.306

PANAS PA 3

.367*

.325

.324

.191

.200

.250

-.085

.106

.105

.321

PANAS NA 3

-.362*

-.300

-.438*

-.219

-.028

-.193

-.297

-.230

.096

-.120

SAM val 3

.263

.432*

.527**

.069

.087

.182

.330

.419*

.167

.378*

SAM aro 3

.174

-.128

.080

-.403*

.230

.002

-.177

-.044

.165

-.145

Corr time 3

.180

.102

-.306

-.122

-.164

.021

-.403*

-.240

-.066

-.082

Zygo time 3

-.272

.017

-.248

.127

-.257

-.165

.080

.070

-.022

-.148

Note * = p < .05, ** = p <. 001.
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The samples from Experiment 2 (verbal mood induction) and Experiment 3 (pictorial
mood induction) were combined for this purpose, and the data were split according to mood
group. The d-prime score was chosen as the IES data did not contribute anything over and
above the d-prime data.
As can be seen in Table 5.2, there are six significant correlations between the mood
measures and d-prime scores before the mood induction (time 1). Four of these correlations
point in the direction that more positive mood (higher SAM valence, more zygomaticus
activity) and less negative mood (lower PANAS NA) were associated with better 2-back
performance. As these mood measures were taken prior to the mood induction, it is likely that
these correlations were due to pre-existing mood states. There are 16 significant correlations
after the mood induction at times 2 and 3. Again the trend is that indicators of more positive
mood (higher SAM valence ratings, higher PANAS PA) and less negative mood (lower
PANAS PA, less corrugator activity) were associated with better 2-back performance.
However, closer inspection shows that this picture is slightly different for the two negative
groups compared to the two positive groups. For the two negative groups, the correlations at
time 2 and 3 show that a more positive mood (higher SAM valence ratings) and lower
negative mood (lower PANAS NA ratings) was associated with better performance mainly on
the visual 2-back task. For the two positive mood groups, the correlations at time 2 and 3
indicate that a more positive mood (higher SAM valence ratings) was associated with better
performance mainly on the verbal 2-back.
There was only one significant correlation in the neutral mood group across all three
time points. This suggests that the significant associations observed between mood measures
and 2-back performances in the other groups are due to the mood induction.
The significant correlations at time 1 (before the mood induction) mean that the
correlations involving the same variables at times 2 and 3 cannot be attributed unequivocally
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to the mood inductions. Nevertheless, there are 11 instances in which correlations that were
non-significant at time 1 were significant at time 2 or 3. With one exception, these
correlations showed that a more positive mood or less negative mood was associated with
higher d-prime scores on the 2-back tasks.
Together the correlations show that there are associations between the mood state and
2-back performance and that these association became stronger after the mood induction.
This suggests that mood states affect performance on the 2-back tasks. By increasing the
cognitive load and making methodological changes to extend the mood state, it is possible
that differences between mood groups will be observed on the n-back tasks. This will be
explored in Experiment 4 presented in Chapter 6.
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Chapter 6. Experiment 4
Pictorial Mood Induction with 2- and 3-back Tasks
As outlined in chapter 1, it has been proposed that both negative and positive mood
states can impose a load on mental resources (e.g., Ellis & Ashbrook, 1988; Ellis et al., 1984;
Li et al., 2006; Meinhardt & Pekrun, 2003). Studies comparing clinical to non-clinical
populations typically find substantial cognitive deficits associated with depression (Lee et al.,
2012; Murphy et al., 1999; Snyder, 2013; Watts et al., 1988) and mania (Elsawy et al., 2010;
Fleck et al., 2003; van Gorp et al., 1998) and that these deficits are smaller, but still present in
patients in remission (e.g., Halvorsen et al., 2012; Hasselbalch, Knorr, & Kessing, 2011;
Snyder, 2013). Based on this, it appears probable that more intense mood states (e.g., a
depressive or manic episode) will draw more cognitive resources than milder mood states
(e.g., disappointment over a missed opportunity).
Cognitive Load and Mood Intensity
There is also experimental evidence to suggest that intensity of mood matters, where a
stronger negative mood state has a different effect than a milder negative mood state. Recall
that Gray (2001) found that a mild negative mood state facilitated visuospatial working
memory performance while a mild positive mood state facilitated verbal memory
performance. The apparently contrary findings of debilitating effects of negative mood states
on visuospatial working memory reported by some researchers (e.g., Shackman et al., 2006;
Vytal et al., 2013) might reflect differences in intensity. Using threats of shock is likely to
induce a more present and intense negative mood state than the film clips used by Gray
(2001).
Consequently, when using paradigms which putatively generates more intense
negative mood states the pattern of results resemble that observed in individuals in
pathological emotional states. As such, it appears that intense mood states have a debilitating
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effect on performance on specific cognitive tasks. The mechanism is likely to be the
competition of shared neural resources between the mood state and the cognitive task
(Shackman et al., 2006).
Vytal and colleagues (Vytal et al., 2012; Vytal et al., 2013), agree with Shackman et
al.’s (2006) view of a competition of shared neural resources between negative affect and
visuospatial working memory, but they suggest that anxiety affects the verbal and
visuospatial components of working memory differently. By using risk of electrotactile
shock, Vytal et al., (2013) induced alternating states of threat of shock (anxiety) or safety (no
anxiety) in participants. The participants then completed verbal and visuospatial versions of
1-, 2-, and 3-back load. They found anxiety to have a uniformly detrimental effect on
visuospatial n-back performance regardless of task load. This is consistent with Shackman et
al., and is further evidence that intense negative mood states debilitate visuospatial working
memory performance.
Furthermore, Vytal et al. (2013) reported that anxiety reduced performance on the
verbal WM task, but only on the low and medium load (1- and 2-back) and not on the 3-back
load. They argue that verbal WM at low loads is disrupted by the cognitive component
maintaining anxiety, possibly sub-vocal rehearsal occupying the phonological loop. As
cognitive load increases, this disruption would fade away as resources are allocated in a topdown fashion away from the anxiety maintaining thoughts and towards task relevant
processing. As anxiety and verbal working memory share less neutral circuitry than the
visuospatial working memory, the participants are able to mobilise cognitive resources as
verbal working memory load increases. According to this view, anxiety would disrupt
visuospatial WM regardless of load, while anxiety would only disrupt verbal WM in low load
conditions.
A top-down regulation of attentional resources as proposed by Vytal et al., (2013)
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would require the participant to purposely allocate mental resources away from the negative
mood and towards the task. Failure to do so would result in poorer performance because the
participant would not be able to focus on the negative mood state and the task goals at the
same time. The ability to act according to task goals in the presence of distraction has been
found to be related to frontal lobe functioning and fluid intelligence (e.g., Duncan et al.,
1996) and frontal lobe functions emerge as increasingly critical to successful performance as
complexity of a task increases (e.g., Andrews et al., 2013). Consequently, if mood states
occupy cognitive resources, then even relatively mild mood states might have a debilitating
effect on cognitive processes if processing capacity is low. Thus, processing capacity is a
factor that must be taken into account when studying the impact of mood on cognitive
performance. The current experiment will include a measure of fluid intelligence to control
for this.
The Current Experiment
Chapter 1 reviewed literature showing that MIPs such as short film clips, pictures or
stories can elicit asymmetrical hemispheric frontal activity, at least for a brief period. The
typical finding is that more left frontal region activity relative to the right is associated with
positive and pleasant affect while more right frontal region activity relative to left is
associated with negative and unpleasant affect (Heller et al., 2003). This overlaps with
asymmetry in the working memory system, where generally speaking, greater activation in
the right prefrontal cortex (PFC) is associated with visuospatial working memory tasks, while
verbal working memory tasks are associated with more left PFC activation (e.g., Owen et al.,
2005; Smith & Jonides, 1997).
Recall that the resource allocation model of Ellis and colleagues (Ellis & Ashbrook,
1988; Seibert & Ellis, 1991), presented in Chapter 1, views the processing of emotional states
to represent an addition in cognitive load. If this is the case, then one would expect the mood-
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related addition in cognitive load to increase as a function of intensity of the mood state,
where more intense mood states draw more cognitive resources than milder mood states. This
is consistent with findings of strong negative mood states having a debilitating effect on
cognitive performance on tasks subserved by areas where there is a competition for neural
resources. The debilitating effect of relatively strong anxiety states on visuospatial working
memory performance is an example of this (e.g., Vytal et al., 2013, Shackman et al., 2006).
However, there are also studies reporting that mood states, both positive and negative,
facilitate performance on certain tasks. Mild negative mood has been found to facilitate
processing of visuospatial tasks (e.g., Gray, 2001; Kaufmann & Vosburg, 1997; Phillips et
al., 2002), while positive affect has been found to facilitate creative thinking and verbal
processing (e.g., Bartolic et al., 1999; Isen et al., 1987; Phillips et al., 2002). Consequently,
the intensity of the mood state may play a role in determining the facilitative or detrimental
effects on cognition. This will be assessed in the current experiment.
Experiments 2 and 3 showed that although a variation in intensity in positive mood
states was difficult to generate, differences in the intensity in negative mood states can be
induced using a mood induction procedure with a combination of pictorial and music stimuli.
Although the correlational analysis presented in Chapter 5 suggested a relationship between
some mood measures and working memory performance, no differences were observed in the
analyses comparing mood groups. This is in contrast to studies reviewed above. The reason
for this may be that the mood states were not maintained throughout the experiment. Another
potential reason is that the 2-back tasks were not sufficiently taxing on the working memory
system. The participants may have had enough resources to process both the mood state as
well as the cognitive task. Furthermore, Vytal et al. (2013) showed that cognitive load
imposed by the task might interact with task type in intense negative mood states. Experiment
4 therefore added variations in cognitive load (2-back and 3-back) as well as methodological
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changes designed to maintain the induced mood states through the n-back tasks.
Based on the above the effects of mood on cognition are therefore expected to depend
on following main variables; the valence of the induced mood state; the intensity of the
induced mood state; the processing load of the cognitive task; the content of the task (e.g.,
verbal vs. visuospatial); and the cognitive resources of that individual. It is proposed that the
facilitative effect of a given mood state on cognitive performance (e.g., Gray, 2001; Bartolic
et al., 1999), possibly due to increased local cerebral blood flow (Heller et al., 2003), will
dissipate once the combined cognitive load imposed by mood and the cognitive task exceeds
the resource capacity of that individual. Consequently, for tasks sharing neural resources with
mood states, individuals in a very intense mood state will have very few resources available
for cognitive processes regardless of task load (e.g., Vytal et al., 2013), while even mild
mood states may have a detrimental effect on performance in situations with high cognitive
demand. The effect mood states have on tasks with which it shares neural resources are then
of particular interest in evaluating this proposition. Therefore, the effect of positive mood
state on verbal working memory performance and the effect of negative mood states on
visuospatial working memory are the focus of the hypotheses.
Based on the results in Experiments 2 and 3, it is expected that all mood groups will
have enough resources to perform the 2-back tasks equally well. However, on the 3-back
tasks, it is expected that the effects of mood state on working memory performance will
become more evident. It is expected that this will be most prominent in the strong mood
induction groups. However, the inclusion of the mild mood groups and 2-back loads will aid
interpretation of the findings.
Method
Participants
A total of 181 (150 females, 31 males) undergraduate students took part in this
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experiment. The majority of the data were collected during laboratory classes in a secondyear course in psychology. As mentioned previously, the current study limited its participants
to right-handed, female participants without current symptoms of emotional distress, the 31
males were therefore excluded.
Fifteen participants with EHI handedness scores under 75 were excluded from the
analyses. A further 22 participants had scores above the 95th percentile indicating severe
symptoms on the DASS. However, as this was a group testing situation, the participants with
high DASS scores were given the neutral mood induction protocol in order to avoid
identification. The data from these participants were excluded from the current experiment,
but will be presented in chapter 7. One participant withdrew her consent during the mood
induction phase and her data were excluded from all analyses. One participant in the neutral
mood group failed to complete the baseline mood measures, but did complete the remaining
mood measures. Her data were retained for all other analyses. A total of seven participants
failed to complete the Culture Fair Tests adequately, but their data were retained for all other
analyses. The final sample consisted of 112 female students enrolled in first or second year
psychology courses at Griffith University. Their mean age was 24.42 years (SD = 9.17).
Materials
As described in Experiment 2, the DASS-21 (Lovibond & Lovibond, 1996) was used
to screen for emotional suitability, while the EHI (Oldfield, 1971) was used to assess
handedness. As in Experiments 2 and 3, the SAM (Bradley & Lang, 1994), and PANAS
(Watson et al., 1988) were used as subjective indicators of mood states.
The Culture Fair Test (CFT; Cattell & Cattell, 1960) is a visuoperceptual reasoning
task that consists of four subtests: Series, Classification, Matrices and Groups. It assesses the
ability to deduce the relations between the stimuli (geometric shapes or figures) and to make
inferences based on these relations. The test correlates well with the Wechsler and Stanford -
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Binet intelligence scales and is considered as a good measure of fluid intelligence (Colom &
García-López, 2003; Kaplan & Saccuzzo, 2012). The final score is the sum of all the subtests
(max = 46) and it will serve as an estimate of fluid intelligence and thereby cognitive
capacity. Table 6.1 shows age, handedness and Culture Fair Test scores along with DASS
scores for each of the five mood groups.

Table 6.1.
Mean (SD) Age, Handedness and Culture Fair Test Scores Along With DASS Scores for
Each Mood Induction Group.

Mood Groups
Strong
Negative
(n = 21 )

Mild
Negative
(n = 23)

Mean age

23.62 (9.69)

25.83 (10.12)

23.12 (6.78) 22.04 (7.62)

26.60 (9.63)

EHI

96.19 (7.51)

97.64 (6.35)

97.83 (6.08) 99.39 (2.92)

95.52 (8.22)

CFT

35.63 (3.52)

36.36 (3.39)

35.79 (4.03) 35.95 (3.37)

35.78 (3.77)

DASS
Depression

4.00 (4.00)

3.91 (3.98)

4.72 (4.24)

4.09 (3.38)

4.10 (3.86)

DASS
Anxiety

3.05 (3.20)

3.22 (3.29)

4.16 (3.74)

3.91 (4.02)

4.70 (4.37)

DASS
Stress

8.76 (5.16)

10.70 (6.48)

12.56 (5.46)

9.13 (4.89)

10.30 (5.28)

Measure

Neutral
(n = 25 )

Mild
Positive
(n = 23)

Strong
positive
(n = 20)

Note. EHI = Edinburgh Handedness Inventory; CFT = Culture Fair Test.
There were no significant differences between the mood groups in scores on the
Culture Fair Test, F(4, 105) = 0.127, p = .972, ηp2 = .005, the Edinburgh Handedness
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Inventory, F(4,107) = 1.21, p = .309, ηp2 = .043, DASS-21 symptoms of depression,
F(4,107) = 0.16, p = .957, ηp2 = .006, anxiety, F(4,107) = 0.71, p = .59, ηp2 = .026, or stress,
F(4,107) = 1.76, p = .143, ηp2 = .062.
N-back task. Working memory was assessed using visuospatial and verbal 2-back
task as described in experiments 2 and 3. The cognitive load was manipulated by adding a 3back condition, where the participants have to compare the current item with that presented 3
items back. There was a visuospatial and verbal version at each level of load. Consequently,
there were four different n-back tasks. The same stimuli as described in Experiment 2 were
used in both the 2- and 3-back versions.
Mood induction. The pictorial mood induction procedures were identical to those
described in Experiment 3 with one exception. To maintain the mood during the study, three
mood top-ups were added to reactivate the originally induced mood state. Mood top-ups have
been used with success before (Baddeley et al., 2012). A subset of the images was therefore
presented after the mood induction at regular intervals through the current experiment. These
would act as mood refreshers or top-ups designed to maintain the induced mood state. Each
mood top-up consisted of a re-presentation of three pictures and a music clip. The final nine
pictures and 30 seconds of the music clip played in the main mood induction were used for
the mood top-ups. Each picture was displayed for 10,000 ms with the music clip playing
throughout the mood top-up. Participants were exposed to the mood top-ups after each of the
first three n-back tasks.
Procedure
An overview of the procedure can be seen in Table 6.2. Ethical clearance was
obtained for the project (PSY/70/11/HREC). The testing was done in groups of varying size
from three to 17 participants, but on individual computers with Sony MDR headphones. This
sequence was identical for participants in all mood induction groups. However, the order of
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the n-back tasks, both load (2-back, 3-back) and task type (verbal, visuospatial) was
counterbalanced across mood groups.

Table 6.2.
The Overall Sequence of Events for Experiment 4.
1. Screening and demographics (DASS-21, EHI)
2. Culture Fair Test (CFT; Cattell, 1973)
3. Practice n-back
4. Baseline measures (time 1: SAM, PANAS)
5. Mood induction (strong positive, mild positive, neutral, mild negative or strong
negative)
6. Post-induction mood rating (time 2: SAM; PANAS)
7. N-back 1
8. Mood top-up
9. N-back 2
10. Mood top-up
11. N-Back 3
12. Mood top-up
13. N-back 4
14. Post-task mood rating (time 3: SAM; PANAS)
15. De-brief

After giving consent, the participants completed the DASS-21 and provided
demographic details. The CFT was then completed following the standardised group
instructions provided in the manual. For some groups, this was done the following week due
to time constraints. A brief presentation and group instructions for the n-back tasks then
followed. This was done using PowerPoint slides projected on a screen in front of the
classroom. The DASS-21 questionnaires were scored shortly after completion with the aid of
a research assistant, either while participants completed the CFT or while getting the
preliminary instructions for the n-back tasks. All eligible participants were randomly
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allocated to one of five mood groups.
There were 17 computers in the room each consisting of a Hewlett Packard PC with
an Intel Pentium 2.8GHz processor and a 60Hz, 19-inch LCD screen. All stimuli were
displayed using DMDX software (Forster & Forster, 2003) and the mood induction, mood
top-ups and n-back tasks were embedded in the same file. Each computer had one mood
induction procedure loaded onto it. The participants were asked to put on their headphones
and start the n-back practice. In the practice phase, the participants completed one version for
each of the verbal and visuospatial 2- and 3-back tasks. Each practice version consisted of 18
trials. Participants were asked if there were any questions regarding the n-back tasks before
they were asked to complete baseline mood ratings on the SAM and the PANAS using pen
and paper. While doing this, the experimenter loaded the experiment proper onto the
computer.
The participants started the MIP in their own time after finishing the baseline
measures. Prior to the commencement of the MIP a slide appeared instructing the participant
to “Examine each picture very carefully and imagine how experiencing these situations in
real life would make you feel. Pay close attention to your emotional reaction." The mood
induction then followed, before the participants completed their second mood rating (time 2).
Each participant then completed the four n-back tasks each consisting of 36 trials. After each
of the first three n-back tasks, all participants received a mood top-up as described
previously. Following the completion of the final n-back task, the participants rated their
mood for the final time on the SAM and the PANAS (time 3). The participants were then
thoroughly debriefed before they were excused.
Design. The design was mixed factorial. Mood group was a between-subjects
variable, with five levels (strong positive, mild positive, neutral, mild negative or strong
negative). Participants were assigned to a mood group in a randomised fashion. Task order
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was a between-subjects variable with four levels (2-back, 3-back verbal; 2-back, 3-back
visuospatial; 2-back, 3-back visuospatial, 2-back, 3-back verbal; 3-back, 2-back verbal; 3back, 2-back visuospatial; or 3-back, 2-back visuospatial, 3-back, 2-back verbal). The
repeated IV relating to the mood induction was time, with three levels (time 1, time 2, and
time 3). The repeated IVs relating to the cognitive measure were n-back task type (verbal and
spatial) and cognitive load (2-back or 3-back). The dependent variables (DVs) were PA and
NA scores on the PANAS, valence and arousal scores on the SAM. As in Experiments 2 and
3, d' and IES constituted the main DVs for the n-back tasks.
Results
As in the previous experiments, this experiment used ANOVAs, repeated measures ttests and planned contrasts to investigate the success of the mood induction procedure as well
as the performance on the n-back tasks.
The baseline mood measures for all participants are reported in Table 6.3 A repeated
measures t-test showed that the participants reported significantly more positive affect than
negative affect on the PANAS, t(110) = 17.60, p < .0005 at baseline. Furthermore, single
sample t-tests, comparing the average SAM rating to 5 (neutral) showed that the participants’
mood was significantly more positive, t(110) = 8.36, p < .0005, and that their arousal level
was significantly lower than neutral, t(110) = 4.47, p < .0005. This suggests that, as in
previous experiments, the participants entered the current study in a positive and relaxed
mood state.
ANOVAs were run for the DVs PANAS PA, PANAS NA, SAM valence and SAM
arousal. Each analysis used a 5 (mood group; strong positive, mild positive, neutral, mild
negative or strong negative) × 3 (time; time 1, time 2, time 3) mixed factorial ANOVA in
which mood group was the between subjects variable and time was the repeated variable.
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Table 6.3.
Mean (SD) Time 1 State Mood Measures for all Participants (N = 111).
PANAS PA

PANAS NA

SAM valence

SAM arousal

25.21 (6.73)

13.46 (3.29)

6.11 (1.39)

4.43 (1.33)

Mood Manipulation
PANAS Positive Affect. There were significant main effects of mood group, F(4,
106) = 3.25, p = .015, ηp2 = .109 and time, F(2, 212) = 73.47, p < .0005, ηp2 = .409. These
effects were modified by a significant mood group × time interaction, F(8, 212) = 5.62, p <
.0005, ηp2 = .175, which is shown in Figure 6.1.
There was a significant simple main effect of time in the strong positive mood group,
F(1.66, 31.45) = 7.69, p =.002, ηp2 = .288. Repeated measures t-tests showed positive affect
did not change from time 1 to time 2, t(19) = 0.85, p = .407. However, there was a significant
decrease in positive affect from time 2 to time 3, t(19) = 2.99, p = .008.
There was a significant simple main effect of time in the mild positive mood group,
F(2, 44) = 21.22, p <.0005, ηp2 = .491. Repeated measures t-tests showed that positive affect
did not change significantly from time 1 to time 2, t(22) = 0.31, p = .758, but it decreased
significantly from time 2 to time 3, t(22) = 4.98, p < .0005. There was a significant simple
main effect of time in the neutral mood group, F(2, 46) = 34.15, p <.0005, ηp2 = .598.
Repeated measures t-tests showed that positive affect decreased significantly both from time
1 to time 2, t(23) = 5.89, p < .0005, and again from time 2 to time 3, t(23) = 2.58, p = .017.
There was a significant simple main effect of time in the mild negative mood group,
F(2, 44) = 20.64, p < .0005, ηp2 = .484. Repeated measures t-tests showed that positive affect
decreased significantly from time 1 to time 2, t(22) = 4.88, p < .0005, but did not change
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from time 2 to time 3, t(22) = 0.10, p = .925.
There was a significant simple main effect of time in the strong negative mood group,
F(2, 40) = 16.16, p < .0005, ηp2 = .447. Repeated measures t-tests showed that positive affect
decreased significantly from time 1 to time 2, t(20) = 3.95, p = .001, and a further significant
decrease from time 2 to time 3, t(20) = 2.10, p = .048.
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Figure 6.1. PANAS PA ratings before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the n-back tasks (time 3). Scores range from
10 – 50. Error bars represent ± 1 SE.

As expected, simple effect analyses showed no significant simple effect of mood
group on positive affect at time 1, F(4,106) = 0.81, p = .521, ηp2 = .030. However, there was
a significant effect at time 2, immediately following the mood induction, F(4,106) = 8.81, p
< .0005, ηp2 = .248.
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Planned contrasts at time 2 showed that both the strong positive mood, t(107) = 3.72,
p < .0005, and the mild positive mood group, t(107) = 2.66, p = .009, had significantly higher
positive affect ratings than the neutral mood group. However, there was no significant
difference between the strong and mild positive mood groups, t(107) = 1.14, p = .259.
There was a marginally significant effect of mood group at time 3, F(4,106) = 2.38, p
= .056, ηp2 = .082. Planned contrasts at time 3 showed that the strong positive mood group
reported higher positive affect than both the mild positive mood group, t(107) = 2.28, p =
.025, and the neutral group, t(107) = 2.52, p = .013. There were no differences between the
mild positive and neutral mood groups at time 3, t(107) = 0.20, p = .840.
These results suggest that both positive mood inductions successfully generated
increases in Positive Affect compared to the neutral control group. Although there was no
difference between the two positive mood groups at time 2, the results suggest that PANAS
PA ratings were sensitive to the intensity manipulation at time 3. The increase in PANAS PA
in strong positive group persisted through the cognitive tasks and lasted longer than the mild
positive mood group.
PANAS Negative Affect. Significant main effects of mood group, F(4, 106) = 12.80,
p < .0005, ηp2 = .326, and time, F(2, 212) = 8.77, p < .0005, ηp2 = .076 were observed. These
main effects were modified by a significant mood group × time interaction, F(8, 212) =
21.06, p < .0005, ηp2 = .443. The interaction is shown in Figure 6.2.
There was a significant simple main effect of time on negative affect in the strong
negative mood group, F(2, 40) = 33.74, p < .0005, ηp2 = .628. Repeated measures t-tests
showed that negative affect increased significantly from time 1 to time 2, t(20) = 7.16, p <
.0005, then decreased significantly from time 2 to time 3, t(20) = 4.97, p < .0005.
There was a significant simple main effect of time on negative affect in the mild
negative mood group, F(2, 44) = 8.47, p = .001, ηp2 = .278. Repeated measures t-tests showed
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that negative affect increased significantly from time 1 to time 2, t(22) = 3.20, p = .004, then
decreased significantly from time 2 to time 3, t(22) = 4.74, p < .0005.
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Figure 6.2. PANAS NA before the mood induction (time 1), immediately after the mood
induction (time 2) and after completion of the n-back tasks (time 3). Scores range from 10 –
50. Error bars represent ± 1 SE.

There was a significant simple main effect of time on negative affect in the neutral
mood group, F(2, 46) = 3.23, p =.049, ηp2 = .123. Repeated measures t-tests showed that
negative affect decreased significantly from time 1 to time 2, t(23) = 2.08, p = .048, but it did
not change significantly from time 2 to time 3, t(24) = 0.52, p = .611.
There was a simple main effect of time on negative affect in the mild positive mood
group, F(2, 44) = 7.13, p =.002, ηp2 = .245. Repeated measures t-tests showed that negative
affect decreased significantly from time 1 to time 2, t(22) = 4.24, p < .0005, and increased
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significantly from time 2 to time 3, t(22) = 2.35, p = .028.
The simple main effect of time on negative affect was significant in the strong
positive mood group, F(2, 38) = 6.51, p =.004, ηp2 = .255. Repeated measures t-tests showed
that negative affect decreased significantly from time 1 to time 2, t(19) = 2.91, p = .009, but
did not change significantly from time 2 to time 3, t(19) = 0.08, p = .936.
Examination of the simple effect of mood group at each time period showed that there
was no significant difference between mood groups for negative affect at time 1, F(4,106) =
.84, p = .503, ηp2 = .031.
At time 2, immediately following the mood induction, there was a significant effect of
mood group on negative affect, F(4, 107) = 33.37, p < .0005, ηp2 = .555. 12 There was
heterogeneity of variance and consequently the degrees of freedom were adjusted in the
planned contrasts. Planned contrasts at time 2 showed that the strong negative group had
significantly higher negative affect scores the mild negative mood group t(24.89) = 4.01, p =
.011, and the neutral mood group, t(25.02) = 5.99, p < .0005. Participants in the mild
negative mood group had higher negative affect scores than those in the neutral mood group,
t(45.99) = 4.23, p < .0005.
There was a significant simple effect of mood group at time 3, F(4,107) = 7.81, p <
.0005, ηp2 = .226. Planned contrasts showed that the strong negative group had significantly
higher negative affect scores than both the mild negative, t(31.05) = 3.19, p = .003, and the
neutral mood group, t(28.78) = 3.11, p = .004. There was no significant difference observed
between the mild negative and the neutral mood group, t(45.74) = .25, p = .802.
These results suggest that both negative mood inductions successfully generated
increases in PANAS NA compared to the neutral control group. Furthermore, the results at

12

As in Experiments 2 and 3, there was substantial heterogeneity of variance at time 2. Kruskal-Wallis, χ2(4,
N = 112) = 59.35, p < .0005, confirms the parametric ANOVA results.
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time 2 and time 3 also suggest that PANAS NA ratings were sensitive to the intensity
manipulation and that the increase was maintained throughout the n-back tasks for the strong
negative group.
SAM valence. Significant main effects of mood group, F(4, 106) = 13.02, p < .0005,
ηp2 = .329, and time, F(2, 212) = 38.34, p < .0005, ηp2 = .266, were observed for SAM
valence ratings. However, these main effects were modified by a significant mood group ×
time interaction, F(2, 212) = 23.88, p < .0005, ηp2 = .468. This interaction is shown in Figure
6.3.
There was a significant simple main effect of time on SAM valence in the strong
negative mood group, F(2, 40) = 59.66, p < .0005, ηp2 = .749. SAM valence ratings decreased
significantly (became more negative) from time 1 to time 2, t(20) = 9.32, p < .0005, but
ratings increased (became less negative) from time 2 to time 3, t(20) = 3.62, p = .002.
There was a significant simple main effect of time on SAM valence in the mild
negative mood group, F(2, 44) = 21.14, p <.0005, ηp2 = .492. Repeated measures t-tests
showed that SAM valence scores became significantly more negative from time 1 to time 2,
t(22) = 6.12, p < .0005, but became significantly less negative from time 2 to time 3, t(22) =
4.22, p < .0005.
There was a significant simple main effect of time on SAM valence in the neutral
mood group, F(2, 46) = 19.62, p < .0005, ηp2 = .460. Repeated measures t-tests showed that
SAM valence became significantly less positive from time 1 to time 2, t(23) = 3.96, p = .001,
and from time 2 to time 3, t(24) = 2.11, p = .045, reaching the negative range by time 3.
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Figure 6.3. SAM valence ratings before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the n-back tasks (time 3). Scores range from
1 (negative) to 9 (positive). Error bars represent ± 1 SE.

There was a significant simple main effect of time in the mild positive mood group,
F(2, 44) = 30.68, p < .0005, ηp2 = .582. Repeated measures t-tests showed that the SAM
valence became significantly more positive from time 1 to time 2 t(22) = 4.22, p < .0005,
before becoming significantly less positive from time 2 to time 3, t(22) = 7.60, p < .0005.
The simple main effect of time was significant in the strong positive mood group, F(2,
38) = 11.57, p < .0005, ηp2 = .379. The SAM valence scores became significantly more
positive from time 1 to time 2, t(19) = 6.10, p < .0005, and significantly less positive from
time 2 to time 3, t(19) = 4.27, p < .0005.
As all mood groups are theoretically expected to affect SAM valence ratings the
number of contrasts at time 2 exceeded the number of groups. Consequently, a Bonferroni
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correction (α = 0.05/6 =0.008) was applied. As expected, there was no significant simple
effect of mood group on SAM valence ratings at time 1, F(4, 106) = .75, p = .561, ηp2 =
.027. There was a significant simple main effect of mood group on SAM valence ratings at
time 2, F(4, 107) = 53.20, p < .0005, ηp2 = .665.
At time 2, planned contrasts showed that the strong negative, t(107) = 6.41, p < .0005,
and mild negative mood groups, t(107) = 4.02, p < .0005, reported significantly more
negative SAM valence ratings than the neutral mood group. Furthermore, both the strong
positive, t(107) = 6.09, p < .0005, and mild positive, t(107) = 4.54, p < .0005, mood groups
reported more positive SAM valence ratings than those in the neutral mood group. In terms of
the intensity manipulation, the strong negative group had numerically lower valence ratings
(more negative) than the mild negative groups, but this difference was only marginally
significant, t(107) = 2.43, p = .017, according to the corrected p value. There was no
significant difference between the strong and mild positive mood groups in valence ratings,
t(107) = 1.69, p = .095.
There was also a significant simple main effect of mood group at time 3, F(4, 106) =
4.67, p = .002, ηp2 = .149. Planned contrasts with Bonferroni correction (α = 0.05/6 =0.008)
showed that the strong negative group did not differ significantly from the neutral group at
time 3, t(40.93) = 2.15, p = .037, but had marginally significant more negative scores than the
mild negative group, t(40.62) = 2.73, p = .009. No other differences reached significance.
SAM arousal. Significant main effects of mood group, F(4, 106) = 5.58, p < .0005,
ηp2 = .174, and time, F(2, 212) = 6.73, p = .001, ηp2 = .060, were observed. These main
effects were modified by a significant mood group × time interaction, F(8, 212) = 6.31, p =
.001, ηp2 = .112. The mean SAM arousal ratings at the three time periods are shown in Figure
6.4.
There was a significant simple effect of time on SAM arousal in the strong negative
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mood group, F(2, 40) = 8.53, p < .0005, ηp2 = .299. Repeated measures t-tests showed that
SAM arousal increased significantly from time 1 to time 2, t(20) = 2.59, p = .018, then
decreased significantly from time 2 to time 3, t(20) = 4.71, p < .0005. There was no
significant simple main effect of time on SAM arousal in the mild negative mood group, F(2,
44) = 2.05, p =.141, ηp2 = .085.

Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive

9
8

SAM Arousal

7
6
5
4
3
2
1
1

2

3

Time
Figure 6.4. SAM arousal ratings before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the n-back tasks (time 3). Scores range from
1 (very calm) to 9 (very excited). Error bars represent ± 1 SE.

There was a significant simple effect of time on SAM arousal in the neutral mood
group, F(2, 46) = 11.79, p <.0005, ηp2 = .339. Repeated measures t-tests showed that arousal
decreased significantly from time 1 to time 2, t(23) = 4.40, p < .0005, but there was no
change from time 2 to time 3, t(24) = 1.69, p = .103. There was no significant simple effects
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of time in either the mild, F(2, 44) = 2.69, p =.079, ηp2 = .109, or the strong positive mood
group, F(2, 38) = .18, p =.839, ηp2 = .009.
There was no significant simple effect of mood group on SAM arousal ratings at time
1, F(4, 106) = .87, p = .482, ηp2 = .032. However, there was a significant simple main effect
of mood group on SAM valence ratings at time 2, F(4, 107) = 7.83, p < .0005, ηp2 = .226.
Using a Bonferroni correction (α = 0.05/6 =0.008) at time 2, planned contrasts showed
that the strong negative group had higher arousal ratings than the mild negative group, t(107)
= 4.73, p < .0005, and the neutral group, t(107) = 2.78, p = .007. There were no significant
differences in arousal ratings between the neutral group and the mild negative mood group
t(107) = 1.94, p = .055, or the mild positive group, t(107) = 1.76, p = .081. However,
participants in the strong positive mood group had higher arousal ratings than the neutral
group, t(107) = 4.38, p < .0005 and there was a trend toward higher arousal ratings than the
mild positive group, t(107) = 2.63, p = .010.
There was a marginally significant simple effect of mood group at time 3, F(4, 107) =
2.30, p = .063, ηp2 = .079. Planned contrasts with Bonferroni correction (α = 0.05/6 =0.008)
showed that the strong positive mood group had significantly higher arousal ratings than the
neutral mood group, t(107) = 2.94, p = .004. No other comparisons approached significance.
Summary of mood induction results. There were no group differences before the
mood induction (time 1). The results showed that the mood induction generated positive and
negative mood states compared to neutral. Furthermore, there were indications that the strong
negative mood induction led to a negative mood state that was more intense than the mild
negative induction. The negative mood state appears to have been maintained through the nback tasks in the strong negative group. Both the strong and mild positive mood inductions
led to positive mood states, but they did not differ significantly at time 2. However, the mood
state generated by the strong positive mood induction persisted through the n-back tasks.
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This was not the case for the mild positive induction. This means that the pictorial mood
induction procedure was partially successful in varying the intensity of mood states as both of
the strong mood inductions persisted through the n-back tasks.
N-Back Task Performance
The effect of mood group on n-back task performance was examined using 5 (mood
group; strong positive, mild positive, neutral, mild negative or strong negative) × 2 (task;
verbal, visuospatial) × 2 (load; 2-Back, 3-Back) × 4 (task order; 3-back verbal first, 2-back
verbal first, 3-back visuospatial first, 2-back visuospatial first) mixed factorial ANOVA.
Mood group and task order were the between subjects variables while task and load were the
repeated measures variables. The dependent variables were sensitivity (d') and IES.
d' sensitivity score. The mean d' for the five mood groups on the n-back tasks is
shown in Figures 6.5 and 6.6. The main effect of load F(1, 92) = 147.73, p < .0005, ηp2 =
.616, showed that participants performed better on the 2-back load (M = 2.79, SE = 0.11)
compared to the 3-back load (M = 1.70, SD = 0.09). The significant main effect of task, F(1,
92) = 10.10, p = .002, ηp2 = .099, was due to the participants performing better on the
visuospatial (M = 2.39, SE = 0.10) than the verbal (M = 2.10, SE = 0.10) n-back tasks. There
was no main effect of mood group, F(4, 92) = .43, p = .784, ηp2 = .019. There was a main
effect of task order, F(3, 92) = 2.93, p = .038, ηp2 = .087. However, this was modified by a
marginally significant load × task order interaction, F(3, 92) = 2.17, p = .062, ηp2 = .076.
The load × mood group, F(4, 92) = .55, p = .701, ηp2 = .023, task × mood group, F(4, 92) =
.59, p = .671, ηp2 = .025, task × task order, F(3, 92) = .63, p = .601, ηp2 = .020, task × load,
F(1, 92) = .52, p = .348, ηp2 = .010, interactions were not significant.
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Figure 6.5. 2-back d` scores as a function of mood group and task order. All groups were presented with either the verbal nback tasks first, or the visuospatial n-back tasks first. a = 2-back, 3-back verbal; 2-back, 3-back visuospatial; b = 2-back, 3back visuospatial, 2-back, 3-back verbal c = 3-back, 2-back verbal; 3-back, 2-back visuospatial. d = 3-back, 2-back
visuospatial, 3-back, 2-back verbal.
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A further breakdown of the task order × load interaction showed that there was no
significant simple effect of task order on the 2-back tasks, F(3, 108) = 1.79, p = .154, ηp2 =
.047. There was however, a simple effect of task order on the 3-back tasks, F(3, 108) = 4.89,
p = .003, ηp2 = .120. Tukey’s honestly significant difference test showed that participants
starting with the verbal 2-back task were outperformed on the 3-back tasks by participants
who had the visuospatial 3-back first, p = .013, and participants starting with the verbal 3back task first, p = .009. There were no other significant differences.
Recall that the data showed that the pictorial mood induction procedure was
successful in creating positive and negative mood states. Furthermore, of the mood states,
only the strong negative and strong positive mood states persisted through the n-back tasks.
It may therefore be of greater value to assess only the first n-back task performed by the
participants. This maximises the influence of the induction procedure on n-back performance
as it is more likely that differences in mood were present when the participants performed the
first n-back task.
One-way ANOVAs (mood group; strong positive, mild positive, neutral, mild
negative or strong negative) were conducted for each of the first n-back tasks. The means are
presented in Figure 6.7. There was no significant effect of mood group for the visuospatial 2back, F(4, 25) = .87, p = .494, ηp2 = .123, the verbal 2-back, F(4, 22) = 2.29, p = .092, ηp2 =
.294, or the visuospatial 3-back task, F(4, 19) = .61, p = .661, ηp2 = .114. However, there
was a significant effect of mood group on the verbal 3-back task, F(4, 26) = 3.98, p = .012,
ηp2 = .380, which was the most difficult of the four n-back tasks. Tukey HSD Post Hoc
comparisons showed that participants in the strong positive mood group outperformed those
in the strong negative, p = .041, mild negative, p = .027 and neutral, p = .012, mood groups.
There was also a non-significant trend towards better performance of the strong positive
group compared to the mild positive mood group, (M = 1.66, SE = .13), p = .092.
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IES efficiency score. The IES scores were calculated as outlined in Experiment 2 and
are shown in Figures 6.8 and 6.9. The main effect of load, F(1, 92) = 85.28, p < .0005, ηp2 =
.481, showed that overall participants were more efficient on the 2-back tasks (M = 1101.71,
SE = 42.08) compared to the 3-back tasks (M = 1386.58, SD = 59.06). The significant main
effect of task, F(1, 92) = 9.30, p = .003, ηp2 = .092, was due to the participants being more
efficient on the visuospatial (M = 1195.88, SE = 42.51) than the verbal (M = 1292.41, SE =
58.96) n-back tasks. There was no main effect of mood group, F(4, 92) = 1.66, p = .166, ηp2
= .067. In contrast to the d prime findings, there was no main effect of task order, F(3, 92) =
2.10, p = .106, ηp2 = .064.
These main effects were modified by significant interactions between load × task
order, F(3, 92) = 4.81, p = .004, ηp2 = .136, load × mood group, F(4, 92) = 2.85, p = .028, ηp2
= .110. The task × mood group, F(4, 92) = 1.87, p = .123, ηp2 = .075, task × task order, F(3,
92) = .95, p = .418, ηp2 = .030, task × load, F(1, 92) = 2.27, p = .135, ηp2 = .024, task order ×
mood group, F(12, 92) = .90, p = .551, ηp2 = .105, interactions were not significant.
None of the three way interactions reached significance, task × load × mood group,
F(4, 92) = .44, p = .78, ηp2 = .019, load × mood group × task order, F(12, 92) = .76, p = .686,
ηp2 = .091, task × mood group × task order, F(12, 92) = .92, p = .531, ηp2 = .107, task × load
× task order, F(3, 92) = .87, p = .46, ηp2 = .028, load × mood group × task order, F(12, 92) =
.76, p = .686, ηp2 = .091. The four way interaction, load × task × mood group × task order,
F(12, 92) = .45, p = .936, ηp2 = .056, did not reach significance.
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Figure 6.8. 2-back IES scores as a function of mood group and task order. All groups were presented with either the verbal
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Figure 6.9. 3-back IES scores as a function of mood group and task order. All groups were presented with either the verbal
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A further breakdown of the load × task order interaction showed that there was no
significant simple effect of task order on the 2-back tasks, F(3, 108) = .94, p = .426, ηp2 =
.025. There was however, a simple main effect of task order on the 3-back tasks, F(3, 108) =
2.89, p = .039, ηp2 = .074. Tukey’s HSD test showed that participants starting with the verbal
3-back task were more efficient on the 3-back tasks than participants who had the verbal 2back first, p = .023. No other differences were observed.
The breakdown of the load × mood group interaction showed no significant simple
main effect of mood group on either the 2-back tasks, F(4, 107) = 1.18, p = .326, ηp2 = .042,
or the 3-back tasks, F(4, 107) = 2.07, p = .089, ηp2 = .072. The interaction was also broken
down by looking at the effect of load in each mood group. As expected there were significant
simple main effects of load in all mood groups, strong negative, F(1, 20) = 21.12, p < .0005,
ηp2 = .514, mild negative, F(1, 22) = 34.65, p < .0005, ηp2 = .612, neutral, F(1, 24) = 16.84,
p < .0005, ηp2 = .412, mild positive, F(1, 22) = 6.12, p = .021, ηp2 = .220, and strong
positive, F(1, 19) = 8.95, p = .008, ηp2 = .320. Comparison of the effect sizes suggests that
the effect of load was stronger in the negative mood groups than in the neutral and positive
mood groups.
As with the d prime data, analyses of performance on the first tasks were conducted.
One-way ANOVAs (mood group; strong positive, mild positive, neutral, mild negative or
strong negative) were conducted for each of the first n-back tasks. The means are displayed in
Figure 6.10. No significant effect of mood group were observed for the visuospatial 2-back,
F(4, 25) = .95, p = .449, ηp2 = .133, the verbal 2-back, F(4, 22) = 1.35, p = .283, ηp2 = .197,
the visuospatial 3-back, F(4, 19) = 1.16, p = .361, ηp2 = .196, or the verbal 3-back tasks, F(4,
26) = 2.06, p = .115, ηp2 = .241.
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Discussion
The aim of this experiment was to investigate the effects of intensity and valence of
induced mood states on cognitive performance in differing working memory loads. The
experiment used a pictorial mood induction procedure to induce transient mood states.
Working memory performance was evaluated using verbal and visuospatial n-back task with
loads varying from 2-back to 3-back. The discussion will first focus on the mood induction. It
will then focus on interpreting the cognitive performance.
Mood Manipulation
The results of the mood inductions are summarised in Tables 6.4. Both the strong and
the mild positive mood groups reported an increase in SAM valence ratings from time 1 to
time 2. The PANAS PA did not change significantly from time 1 to time 2 in either of the
two positive mood groups. However, as in Experiment 2 and 3, the participants entered the
testing situation in a positive mood state and the positive mood inductions appear to have
maintained that level of positive affect. This is in contrast to the neutral mood group, which
had a significant reduction in PANAS PA ratings from time 1 to time 2. There was no change
in SAM arousal ratings from time 1 to 2 in the two positive mood groups. Furthermore, the
two positive mood inductions led to higher PANAS PA ratings and SAM valence ratings
compared to the neutral group at time 2. Together, this suggests that the positive mood
induction procedures generated an increase in positive mood compared to a neutral control
group.
Regarding the intensity manipulation, the strong positive mood group did not differ
from the mild positive mood group on any measure except for a marginally significant higher
SAM arousal rating at time 2.
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Table 6.4.
Overview of the Results Related to the Mood Manipulation in Experiment 4.
Time 2
Contrast

Time 3

Positive

Negative

Sam

Sam

Positive

Negative

Sam

Sam

Affect

Affect

valence

arousal

Affect

Affect

valence

arousal

Strong positive vs. neutral

Yes

Yes

Yes

Yes

No

Yes

Mild positive vs. neutral

Yes

Yes

No

No

No

No

Strong positive vs. mild positive

No

No

(Yes)*

Yes

No

No

Strong negative vs. neutral

Yes

Yes

Yes

Yes

No

No

Mild negative vs. neutral

Yes

Yes

No

No

No

No

Strong negative vs. mild negative

Yes

(Yes)*

Yes

Yes

(Yes)*

No

Note. Yes = significant result in the expected direction, No = Non- significant result, * = marginally significant result.
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However, there was evidence to suggest that the intensity manipulation affected the
duration of the mood state. The strong positive mood appears to have lasted through to the
end of the experiment, as they reported higher PANAS PA than both the mild positive and
the neutral mood groups at time 3. This is in contrast to Experiment 3 and suggests that the
mood top-ups were at least partially effective in maintaining the positive mood states. In sum,
the results showed that both positive mood inductions generated positive mood states and the
intensity manipulation resulted in a longer lasting rather than a more intense positive mood
state.
Both the strong and the mild negative mood groups reported increases in PANAS NA
and decreases in SAM valence ratings from time 1 to time 2. In addition, the SAM arousal
ratings increased significantly from time 1 to time 2 for the strong negative mood group. The
two negative mood inductions led to higher PANAS NA and SAM valence ratings than the
neutral group at time 2. Compared to the neutral mood group, the strong negative mood
group had higher PANAS NA ratings, but did not differ in SAM valence ratings at time 3.
There was no difference in mood ratings between the mild negative and the neutral mood
group at time 3. This suggests that the negative mood induction procedures generated
increases in negative mood compared to the neutral control group, but whereas the strong
negative mood was maintained at time 3, the mild negative mood was not.
In relation to the intensity manipulation, the strong negative mood group reported
higher PANAS NA ratings, marginally significant lower SAM valence ratings and higher
SAM arousal ratings than the mild negative mood group at time 2. The same result was found
at time 3, except for SAM arousal ratings, which did not differ between the two negative
groups. This suggests that the intensity manipulation of negative mood was successful.
However, the negative mood state was not maintained in the mild negative mood state.
The finding that both the mild mood groups failed to maintain their induced mood
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states through the experiment was somewhat surprising given the addition of the mood topups in the current experiment. The top-ups were sourced from the mood induction, so the
mild mood groups received presumably a milder top-up than the strong mood groups.
However, both the positive and negative mild mood inductions were effective in inducing
positive and negative mood states respectively at time 2. This suggests that the stimuli have
the capacity to induce and therefore likely maintain a mood state. In addition to the
differences in strength of mood top-ups, it is possible that a cognitive bias has contributed to
the mood top-ups having a greater effect on the strong mood groups than the mild mood
groups.
Recall that Baddeley et al., (2012) showed that mood states can affect emotional
experience of words, where positive mood states lead to a more positive experience, while
negative mood states lead to more negative experience. If the current mood states amplifies
the emotional experience of mood congruent stimuli (in this instance the images in the mood
top-ups), then the negative stimuli would be experienced as more negative by those in the
strong negative mood group than those in the mild negative mood group. Similarly, those in
the strong positive mood group would experience a positive stimulus as more positive than
those in the mild group. This amplification of emotional experience means that the mood
top-ups would have a greater effect on those in the strong than the mild mood groups above
and beyond what could be expected due to differences in the strength of the top-up.
N-Back Task Performance
Manipulation of cognitive load. In terms of performance, as measured by both the
d`and IES, the added cognitive load of the 3-back task resulted in a reduction in performance
compared to the 2-back task. This demonstrates that the manipulation of load was successful,
which is consistent with previous findings (e.g., Carlson, 2003; Vytal et al., 2013). However,
the results showed better performance on the visuospatial compared to the verbal n-back
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tasks. This suggests that the two versions were not fully matched. The same tendency was
reported by Gray (2001). The verbal and visuospatial tasks are matched in terms of cognitive
complexity so it is likely that the reason for the difference in performance lies elsewhere,
possibly the mood induction procedure.
The mood inductions consisted of a series of pictures presented along with music.
Viewing IAPS pictures has been found to activate areas in the occipital lobe as well as
inferior and superior parietal lobolus and this activation pattern was more pronounced in the
right than left hemisphere (Lang et al., 1998). This overlaps with brain activation when a
spatial was compared to a verbal working memory task (Smith & Jonides, 1997). It is
possible that the viewing of pictures in between each task acts a perceptual prime (e.g.,
Wiggs & Martin, 1998) for later visuospatial working memory processing. This may create a
sharpening process, where the neural preparedness after viewing pictures favours processing
of visuospatial over verbal stimuli. Consequently, the picture based mood induction might
have a slight facilitative effect on performance on the visuospatial n-back tasks. Although
this was not observed on the 2-back tasks in Experiments 2 and 3 or in the current
experiment, this effect might be evident only in the higher load conditions, where capacity
constraints are encountered.
Effects of mood on n-back performance. The only evidence for an effect of mood
on n-back performance occurred when the first task attempted was the verbal 3-back task,
where the strong positive mood group outperformed the strong negative, mild negative and
neutral mood groups. There was a non-significant trend towards a better performance than the
mild positive mood group. There was no difference between the other mood groups. This is
in line with correlations reported in Chapter 5 where positive mood states were in general
associated with increased working memory performance. However, the finding in this
experiment was limited to a beneficial effect on verbal working memory tasks. This is
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consistent with prior research reporting a facilitative effect of positive mood states on verbal
working memory, both with 2-back (Gray, 2001) and 3-back load (Gray et al., 2002). This is
also consistent with previous work reporting a facilitative effect of positive mood states on
the processing of verbal information and verbal measures of creativity (e.g., Estrada et al.,
1994; Isen et al., 1987; Phillips et al., 2002).
The finding runs counter to the mood as cognitive load theory (e.g., Ellis & Ashbrook,
1988; Seibert & Ellis, 1991), which predicts that mood states represent an added cognitive
load and as such will have a debilitating effect on performance. However, the explanation for
this finding may lie in transient changes in neural activity due to the mood state. Chapter 1
reviewed literature showing that mood induction procedures such as short film clips, pictures
or stories are able to elicit asymmetrical hemispheric frontal activity, at least for a brief
period of time, with more left frontal region activity relative to the right being associated with
positive pleasant affect, while more right frontal region activity relative to left being
associated with negative unpleasant affect (Heller et al., 2003). It is therefore possible that
the strong positive mood group had more activity in the left frontal lobe region compared to
the neutral and negative mood groups. This overlaps with regions associated with verbal
working memory (Smith & Jonides, 1997). An increase in activity in regions of the brain
specialised for particular modes of processing is typically associated with an increase in
performance on tasks that rely on such processes (Heller & Nitschke, 1997). This presents
itself as a likely explanation of how positive mood facilitated verbal working memory
performance.
The negative mood groups did not differ from the neutral mood group on either the 2back or 3-back visuospatial loads. Consequently, the presence of a negative mood state did
not affect working memory performance. This is in contrast to the resource allocation model
as well as previous studies reporting a beneficial effect of negative mood states on
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visuospatial processing (e.g., Bartolic et al., 1999; Gray, 2001) and studies reporting a reverse
effect (e.g., Shackman et al., 2006; Vytal et al., 2013).
It is possible that a difference in intensity of the induced mood state can account for
some of the differences. Recall that both Vytal et al. (2013) and Shackman et al. (2006) used
the threat of shock to induce states of anxiety. Shackman et al. reported that the threat of
shock paradigm they used generated an intensity of anxiety twice as large as that reported by
Gray (2001), which used film clips. Using film clips to induce mood states has been found to
have comparable effect sizes to combined mood inductions (Westermann et al., 1996), which
was used in the current study. It is therefore possible that the negative mood states generated
in the present study were intense enough to allow an intensity manipulation, but not intense
enough to create the debilitating effect of negative affect on visuospatial working memory.
In sum the mood measures showed that it is very difficult to manipulate intensity of
positive mood, but that it is possible to manipulate intensity of negative mood. Furthermore,
adding mood top-ups between the n-back tasks helped to maintain the induced mood state
throughout the experiment for both the strong mood induction groups. The study found a
facilitative effect of strong positive mood on tasks highly taxing on the verbal working
memory system. This is consistent with the view that positive mood states can facilitate
verbal working memory. However, no other effect of mood was found on working memory
performance.
The initial sample included a substantial number of participants with depression,
anxiety or stress symptoms, which were too high for them to be ethically included in the
mood induction experiment. These individuals are likely to experience very intense natural
mood states and longer lasting negative mood traits. Experiment 5 compares the working
memory performance of participants with severely high emotional symptoms with the neutral
controls.
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Chapter 7. Experiment 5
Working Memory and Severe Emotional Symptoms
Experiment 4 showed that a strong positive mood state can improve verbal working
memory performance when the cognitive load is high. However, there was no effect of
negative mood states on working memory performance. The absence of an effect of negative
mood induction on working memory performance is in contrast with previous findings of
studies (e.g., Gray, 2001; Shackman et al., 2006; Vytal et al., 2013). This is in contrast to
studies of individuals with depression and anxiety that reliably observe cognitive deficits
compared to healthy controls (e.g., Snyder, 2013). The current study therefore compared
participants with pre-existing high levels of negative affect to healthy control participants to
examine group differences in n-back task performance. However, unlike previous studies,
transient mood in the high negative affect and control groups was equated by inducing a
neutral mood in both groups.
Cognitive dysfunction is a central aspect of depression and “diminished ability to
think or concentrate, or indecisiveness (…)” is listed as one of nine core symptoms in DSMV (APA, 2013). Consistent with this, numerous studies have found cognitive deficits in
individuals with depression diagnoses (e.g., Elliott, 1998; Snyder, 2013). A recent metaanalysis found depression to be associated with a broad executive function deficit (Snyder,
2013). In particular, it was found that depression was associated with deficits in inhibition,
set shifting, working memory, planning and verbal fluency (Snyder, 2013).
With the exception of generalised anxiety disorder (reduced capacity to concentrate,
fatigue), an individual’s cognitive functioning is not included in the diagnostic criteria of
anxiety disorders in DSM-V. Despite this, there is a large body of evidence suggesting that
anxiety disorders are associated with difficulties in both attention and memory (e.g., Ferreri,
Lapp, & Peretti, 2011; Tempesta et al., 2013). Reduced working memory capacity has been
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proposed as explaining these deficits (Eysenck & Calvo, 1992; Shackman et al., 2006; Vytal,
Cornwell, Letkiewicz, Arkin, & Grillon, 2013).
As mentioned previously, there is an increasing body of evidence that the level of
activity in the frontal region of the cerebrum is different in individuals suffering from
affective disorders compared to healthy controls (Fitzgerald, Laird, Maller, & Daskalakis,
2008). More specifically, depressed individuals tend to have reduced activation in several key
regions of the PFC, most notably the dorsolateral, ventrolateral and ventromedial cortices
(Levin, Heller, Mohanty, Herrington, & Miller, 2007), while increases are often observed in
the subgenual cingulate and subcortical regions (Fitzgerald et al., 2008). A similar right shift
in neural activation has also been observed in anxious individuals (e.g., Coan & Allen, 2003;
Dalton, Kalin, Grist, & Davidson, 2005). Successful treatment of depression is often
associated with reversals in this hemodynamic activity pattern (Fitzgerald et al., 2008; Heller
et al., 2013; Ritchey, Dolcos, Eddington, Strauman, & Cabeza, 2011). Increased activity of a
brain region in hemodynamic imaging is typically associated with increased cognitive task
performance (Heller & Nitschke, 1997). Hence, the reduced executive functioning observed
in individuals with emotional disorders is likely to be, at least in part, due to reduced
metabolic activity in critical frontal lobe structures.
Harvey et al. (2004) explored the updating process in working memory in individuals
with depression. Both the depressed and healthy control participants completed verbal nback tasks with varying 0-, 1-, 2-, 3- back loads. The two groups were comparable at the 0back load, but individuals with depression showed marked deficits at the 1-, 2-, 3- back loads.
They also found that the n-back results correlated negatively with the number of
hospitalisations and the length of the illness, linking severity of illness to cognitive
performance. Harvey et al. interpreted this to mean that individuals with depression have
difficulties with updating items in working memory.
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In a later experiment, Harvey et al. (2005) compared healthy controls to depressed
individuals on a verbal n-back task with 1-, 2-, 3- back loads. They found the two groups to
be comparable at all loads. However, there were differences in the metabolic pattern
associated with performing the tasks, with depressed individuals having greater activation in
prefrontal and anterior cingulate areas than controls. Harvey et al. interpreted this to mean
that to a certain extent individuals with depression could compensate for reduced capacity by
recruiting more resources. These studies by Harvey and colleagues (Harvey et al., 2005;
Harvey et al., 2004) suggest that depressed individuals have verbal working memory
challenges, but can to a certain extent override this and mobilise cognitive resources at times.
This is consistent with Vytal and colleagues (Vytal et al., 2012; Vytal et al., 2013) findings
on induced states of anxiety.
Rose and Ebmeier (2006) explored the visuospatial working memory performance of
individuals with major depressive disorder. They used visual versions of n-back tasks with
varying 0-, 1-, 2-, 3- back loads. Results showed that the depressed participants had reduced
accuracy and longer response times compared to healthy controls, but that this did not vary
across working memory load. This maps on to and extends Vytal et al.’s (2013) finding of a
stable deficit across loads in experimentally induced anxiety to individuals with depression.
Together these studies show that both depression and anxiety is associated with
working memory deficits. Although depression, anxiety and stress differ conceptually, there
is considerable clinical overlap between the conditions (Clark & Watson, 1991) and selfreport scales typically correlate around .50 (Lovibond & Lovibond, 1996). Common to these
conditions is the experience of negative affect (Lovibond & Lovibond, 1996). One can
therefore assert that experiencing negative affect over prolonged periods could be associated
with working memory deficits. However, while the working memory deficits are a relatively
robust find in the clinical studies (e.g., Tempesta et al., 2013; Snyder, 2013), as mentioned in

191
MOOD INTENSITY AND WORKING MEMORY
chapter 1, experimentally inducing negative affect in otherwise healthy subjects yields more
inconsistent results (e.g., Experiment 2-4 current study; Clark, Iversen, & Goodwin, 2001;
Gray, 2001). Consequently, trait like experiences of negative affect may have a more stable
detrimental effect on working memory than transient state negative affect.
Typically the clinical studies compare individuals experiencing negative affect
(depression and anxiety disorders) to healthy controls. The possible added effects of transient
mood effects at time of testing are typically not controlled. Separating the two has merits
because a subtle, but stable deficit in cognitive performance has been observed in depressed
individuals even after symptom remission (e.g., Halvorsen et al., 2012; Hasselbalch et al.,
2011).
Consequently, not all cognitive deficits observed in studies with clinical participants
are solely due to momentary mood states. By inducing a neutral mood state in both
participants with high symptoms of negative affect as well as healthy controls, the transient
mood states will be equated. This will inform whether it is the ongoing, pre-existing nature of
negative affect rather than the induced, temporary negative mood states that impairs cognitive
performance associated with pathological mood states.
The Current Study
As mentioned in Chapter 6, there were a number of participants who were screened
using the DASS as part of the data collection for Experiment 4. Participants with scores on or
above the 95th percentile on any of the three scales were deemed to be too emotionally
vulnerable to be exposed to a mood induction because a further shift in mood state (in a
negative direction) may have had undesirable consequences. However, as the data for
Experiment 4 were collected in groups, the participants with high DASS scores were given
the neutral mood induction protocol to avoid identification. This included all four n-back
tasks as described in Chapter 6. The data obtained from the high DASS participants were
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therefore included in this study and compared to the neutral control group reported in
Experiment 4, who were exposed to the same mood induction protocol, but had normal scores
on the DASS.
There are studies reporting the working memory performances in a clinical population
during the illness phase (e.g., Harvey, et al., 2004; Rose & Ebmeyer, 2006) and in remission
(e.g., Halvorsen et al., 2012; Hasselbalch et al., 2011). Exposing the individuals with high
DASS scores to the neutral mood induction is expected to reduce the current transient mood
state to compare to that of healthy controls. Consequently, any differences would be
attributable to more stable traits. To the best knowledge of the author, no studies have
examined this.
The Depression, Anxiety and Stress Scale was designed to measure the negative
emotional states of depression, anxiety and stress. The three scale scores can be summed to
provide a composite measure of negative emotional symptoms (Lovibond & Lovibond,
1996). High scores on any of the three scales therefore indicate an experience of substantial
negative affect in the period leading up to the study and can be defined as a high on trait
negative affect. Recall that Experiment 2 – 4 induced states of broad negative and broad
positive mood rather than specific emotional states. Consequently, the high DASS scorers
allow an examination of the effects of pre-existing negative affect rather than state negative
affect.
The resource allocation model (Ellis & Ashbrook, 1988; Seibert & Ellis, 1991)
predicts that all mood states impair cognitive performance. As individuals presenting with
high levels of pre-existing negative affect are expected to experience a substantial negative
mood state, it is expected that they have a reduced working memory performance compared
to the healthy controls. However, recall that Vytal et al. (2013) found that anxiety disrupted
visuospatial WM regardless of load, but only disrupted verbal WM in low load conditions.
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They proposed that verbal WM at low loads is disrupted by the cognitive component
maintaining anxiety, but that this disruption fades away as resources are allocated in a topdown fashion away from the anxiety and towards task. As anxiety and verbal working
memory share less neutral circuitry than the visuospatial working memory, the participants
are able to mobilise cognitive resources as verbal working memory load increases. However,
it is uncertain if this finding can be extended to a sample with naturally pre-existing negative
affect.
From this, two specific predictions were tested:
1.

The Resource Allocation Model predicts that the high DASS participants will

have a reduced performance compared to healthy controls on all tasks.
2.

If the findings of Vytal et al. (2013) can be extended to a sample with pre-

existing negative affect, then it is expected that the high DASS participants will have reduced
performance compared to healthy controls on all n-back tasks except the high load verbal
task, the verbal 3-back.
Method
Participants
The participants were 47 female students enrolled in first or second-year psychology
courses at Griffith University. The participants included in the low DASS group were the
same participants reported in the neutral mood group (n = 25) as described in Experiment 4.
Participants screened in Experiment 4 with DASS scores above the cut-off on any of the three
scales (19 on the depression scale, 14 on the anxiety scale or 25 on the stress scale), were
included in the current experiment and constituted the high DASS group (n = 22). The mean
age for the high DASS group was 24.00 years (SD = 10.41), and 23.12 years (SD = 6.78) for
the low DASS group. The mean scores for handedness, handedness and Culture Fair Test and
DASS scores for the low and high DASS groups are shown in Table 7.1.
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Independent groups t-tests showed that there were no differences between the groups
in terms of handedness, t(35.09) = 1.46, p = .154, age, t(44) = 0.35, p = .732, or Culture Fair
Test score, t(43) = 1.20, p = .238. As expected, the high DASS group had significantly higher
DASS depression, t(43) = 4.28, p < .0005, Anxiety, t(43) = 6.56, p < .0005, and Stress, t(43)
= 5.37, p < .0005 scores than the low DASS group.
Materials
Mood induction. Both groups received the neutral mood induction as described in
Experiment 4. The materials and procedure were as described in Experiment 4.

Table 7.1.
Mean (SD) Age, Handedness and Culture Fair Test Scores Along With DASS Scores for the
Low (n = 25) and High DASS (n = 22) Groups.
Group

Mean age

EHI

CFT

DASS Dep

DASS Anx

DASS Str

Low DASS

23.12

97.83

35.79

4.72

4.16

12.56

(6.78)

(6.08)

(4.03)

(4.24)

(3.74)

(5.46)

24.00

94.41

34.10

14.36

12.81

23.27

(10.41)

(9.42)

(5.46)

(9.32)

(5.15)

(7.21)

High DASS

Design
The design was a mixed factorial design. Participants were assigned to a group based
on DASS scores. This was a between-subjects variable, with two levels (low DASS; high
DASS). The repeated IV relating to the mood induction was time, with three levels (time 1,
time 2, and time 3). The DVs related to the mood induction phase were PA and NA scores on
the PANAS, valence and arousal scores on the SAM. The repeated IVs relating to the
cognitive measure was n-back task type (verbal and spatial) and cognitive load (2-back or 3-
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back). As the data were collected in groups, a subset of the computers was used by the high
DASS scorers. Consequently, the task order has cells which were too small in order for it to
be included as an IV in this study. An overview of the task orders can be seen in Table 7.2 As
in Experiments 2, 3 and 4, d' and efficiency score (IES) constituted the DVs for the measure
of working memory.

Table 7.2.
Number of Participants in Each Task Order of the High and Low DASS Groups.
2-3
visuospatial;
2-3 verbal

2-3 verbal;
2-3
visuospatial

3-2
visuospatial;
2-3 verbal

3-2 verbal;
3-2
visuospatial

Low DASS

5

5

6

8

High DASS

2

12

3

5

Group

Results
Mood Manipulation
The current experiment used t-tests, ANOVAs and planned contrasts to investigate the
changes in mood during the experiment as well as the performance on the n-back tasks. As
the mood states of the participants in the high and low DASS groups at the various times of
the experiment are of obvious importance to the interpretation of the results, the groups will
be compared at all times regardless of significant omnibus results.
ANOVAs were conducted for PANAS PA, PANAS NA, SAM valence and SAM
arousal. Each analysis used a 2 (DASS group; low DASS, high DASS) × 3 (time; T1, T2, T3)
mixed factorial ANOVA in which DASS group was the between subjects variable and time
was the repeated variable. The interactions of DASS group by time were partitioned in two
different ways. The first way examined the effect of time within each DASS group and was
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employed for all mood relevant DVs. This revealed how the mood developed during the
neutral mood induction (time 2) and how it was affected by time and performing the n-back
tasks (time 3). The second partitioning examined the effect of DASS group at each of time 1,
2 and 3.
PANAS Positive Affect. The main effect of DASS group, F(1, 43) = 1.64, p = .21,
ηp2 = .037, was not significant. There was a significant main effect of time, F(2, 86) = 38.50,
p < .0005, ηp2 = .472. This main effect was modified by a significant DASS group × time
interaction, F(2, 86) = 4.00, p = .022, ηp2 = .085. The interaction is shown in Figure 7.1.

PANAS Positive Affect

30

25

20

Low DASS
High DASS

15

10
1

2

3

Time
Figure 7.1. PANAS positive affect (PA) at before the mood induction (time 1), immediately

after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

Repeated measures t-tests showed that the PA decreased significantly from time 1 to
time 2 t(23) = 5.89, p < .0005, as well as from time 2 to time 3, t(24) = 2.58, p = .017, in the
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low DASS group.13 PA ratings of participants in the high DASS group did not change
significantly from time 1 to time 2, t(21) = 1.26, p = .22, but dropped significantly from time
2 to time 3, t(20) = 5.34, p < .0005.
Independent groups t-tests showed that the participants in the low DASS group
reported significantly higher levels of PANAS PA than the high DASS group at time 1, t(45)
= 2.22, p = .031, but there were no significant differences between the groups in PANAS PA
at time 2, t(46) = .42, p = .675, or time 3, t(44) = 1.01, p = .320.
PANAS Negative Affect. The DASS group × time interaction did not reach
significance, F(2, 86) = .387, p = .68, ηp2 = .009. This is shown graphically in Figure 7.2.
There was a significant main effect of DASS group, F(1, 43) = 7.24, p < .0005, ηp2 =
.144, with higher PANAS NA ratings for the high DASS group (M = 15.33, SE = 0.64) than
the low DASS group (M = 12.97, SE = 0.55). There was also a significant main effect of
time, F(2, 86) = 4.76, p = .011, ηp2 = .100. However, the repeated measures t-tests did not
show a significant difference time 1 to time 2, t(45) = 1.78, p = .082, or from time 2 to time 3,
t(46) = 0.23, p = .82.
Figure 7.2 gives the impression that the NA decreased from Time 1 to Time 2.
However, repeated contrasts demonstrated this effect only reached significance for the Low
DASS participants, t(23) = 2.08, p = .048. No other comparisons approached significance.
The Low DASS participants had lower NA ratings than the High DASS group at time 1, t(45)
= 2.37, p = .022, after the mood induction (Time 2), t(34.01) = 2.64, p = .012, but not after
the n-back tasks (Time 3), t(44) = 1.53, p = .133.

13

The low DASS group is the same as the neutral mood group presented in Experiment 4 in chapter 6. The
statistics are repeated here to facilitate comparison with the high DASS group.

198
MOOD INTENSITY AND WORKING MEMORY

PANAS Negative Affect
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18

16
Low DASS
High DASS

14

12

10
1

2

3

Time

Figure 7.2. PANAS negative affect (NA) at before the mood induction (time 1), immediately
after the mood induction (time 2) and after completion of the two cognitive tasks (time 3).
Scores range from 10 – 50. Error bars represent ± 1 SE.

SAM valence. The DASS group × time interaction (Figure 7.3) did not reach
significance, F(2, 88) = 1.53, p = .22, ηp2 = .034. However, there was a significant main
effect of DASS group, F(1, 44) = 7.87, p = .007, ηp2 = .152, with SAM valence ratings in the
negative range for the high DASS group (M = 4.73, SE = 0.21) and in the positive range for
the low DASS group (M = 5.91, SE = 0.18). There was also a main effect of time, F(2, 88) =
15.83, p < .0005, ηp2 = .265. Repeated measures t-tests showed that there was a significant
drop in SAM valence ratings from time 1 to time 2, t(45) = 3.87, p < .0005, but no change
from time 2 to time 3, t(46) = 1.32, p = .193.
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Figure 7.3. SAM valence scores before the mood induction (time 1), immediately after the
mood induction (time 2) and after completion of the n-back tasks (time 3). Scores range from
1 (negative) to 9 (positive). Error bars represent ± 1 SE.

There was a significant decrease in SAM valence ratings in the Low DASS group
from time 1 to time 2, t(23) = 3.96, p = .001, and from time 2 to time 3, t(24) = 2.11, p =
.045. The High DASS group reported a significant reduction in SAM valence ratings from
time 1 to time 2, t(21) = 2.12, p = .045, but not from Time 2 to Time 3, t(21) = 0.11, p = .915.
The low DASS group had higher (more positive) SAM valence ratings t(45) = 3.10, p
= .003, than those in the High DASS group at time 1, and this difference was marginally
significant after the mood induction (Time 2), t(46) = 1.93, p = .060. The two groups did not
differ significantly after the cognitive tasks (Time 3), t(45) =.89, p = .378.
SAM arousal. There was a significant main effect of time, F(2, 88) = 15.49, p <
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.0005, ηp2 = .260. Repeated measures t-tests showed that there was a significant drop in SAM
arousal ratings form time 1 to time 2, t(45) = 4.71, p < .0005, but no change from time 2 to
time 3, t(46) = -0.57, p = .573. The main effect of DASS group, F(1, 44) = .06, p = .804, ηp2
= .001, and the DASS group × time interaction did not reach significance, F(2, 88) = 1.87, p
= .16, ηp2 = .041. This is shown in Figure 7.4.

8
7

Low DASS
High DASS

SAM Arousal

6
5
4
3
2
1
1

2

3

Time
Figure 7.4. SAM arousal scores before the mood induction (time 1), immediately after the

mood induction (time 2) and after completion of the two cognitive tasks (time 3). Scores
range from 1 (very calm) to 9 (very excited). Error bars represent ± 1 SE.

Follow up analyses showed that there was a significant drop in arousal ratings in the
Low DASS participants from Time 1 to Time 2, t(23) = 4.40, p < .0005. No other analyses
reached significance.
Summary of Mood Induction Results
The results of the mood induction analysis showed that the high DASS group had
higher levels of PANAS NA, lower levels of PANAS PA, and lower SAM valence ratings
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compared to the low DASS group before the neutral mood induction. SAM arousal scores did
not differ between the groups. The mood induction reduced these differences and at time 2
the only reliable difference between the groups was the higher levels of PANAS NA in the
high DASS group. The level of PANAS PA was similar in the two groups, while the high
DASS group had marginally significant higher SAM valence ratings. The differences in
mood states further eroded after the cognitive task to the point that there were no differences
in mood states between the high and the low DASS groups at time 3.
N-Back Task Performance
As in the previous experiments, a sensitivity score, d', and the IES efficiency score
constituted the main outcome measures of the n-back tasks. As before, the effects of DASS
group on cognitive performance were examined using 2 (DASS groups; low DASS, high
DASS) × 2 (task; verbal, visuospatial) × 2 (load; 2-Back, 3-Back) mixed factorial ANOVAs
where DASS group was the between subjects variable and task and load were the repeated
variables.
d' sensitivity score. As expected, there was a significant main effect of load, F(1, 45)
= 40.47, p < .0005, ηp2 = .474 on d'. The main effect of task, F(1, 45) = .80, p = .376, ηp2 =
.017, the interaction of load × DASS group, F(1, 45) = .11, p = .751, ηp2 = .002 and task ×
load, F(1, 45) = .13, p = .714, ηp2 = .003, were not significant. The main effect of DASS
group, F(1, 45) = 7.37, p = .009, ηp2 = .141 and the task × DASS group interaction effect,
F(1, 45) = 4.57, p = .038, ηp2 = .092, reached significance. However, these effects must be
interpreted in light of a significant task × load × DASS group interaction, F(1, 45) = 11.50, p
= .001, ηp2 = .204. This is shown in Figure 7.5.
The interaction was partitioned according to task type. A 2 (DASS group; low DASS,
high DASS) × 2 (Load; 2-back, 3-back) mixed factorial ANOVAs was conducted at each
level of Task (verbal, visuospatial). For the visuospatial n-back task there was a significant
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main effect of Load, F(1, 43) = 23.99, p < .0005, ηp2 = .358 and DASS group, F(1, 43) =
11.66, p = .001, ηp2 = .213. The Load × DASS group simple interaction, F(1, 43) = .93, p =
.341, ηp2 = .021, was not significant. This means that the groups performed better on the
visuospatial 2-back task (M = 2.58, SE = 0.21), than the visuospatial 3-back task (M = 1.56,
SE = 0.17), and the low DASS group (M = 2.54, SE = 0.21) outperformed the high DASS
group (M = 1.60, SE = 0.23).

Mean d` (higher is better)

4

Low DASS
High DASS

3

2

1

2-back
Visuo

3-Back
Visuo

2-Back
Verb

3-back
Verb

n-back task
Figure 7.5. The n-back performance the two DASS groups as measured by d`. Error bars
represent ± 1 SE.

For the verbal task there was a significant main effect of Load, F(1, 43) = 33.43, p <
.0005, ηp2 = .437, but not DASS group, F(1, 43) = 2.64, p = .112, ηp2 = .058. However, this
must be interpreted in the light of a significant Load × DASS group simple interaction effect,
F(1, 43) = 9.28, p = .004, ηp2 = .177. Follow up t-tests comparing the two groups at each

203
MOOD INTENSITY AND WORKING MEMORY
level of load showed that the low DASS group outperformed the high DASS group on the
verbal 2-back task, t(45) = 2.58, p = .013, but not the verbal 3-back task, t(45) = 0.13, p =
.898.
Repeated measures t-tests showed there was a significant effect of load, with lower dprime scores on the 3-back tasks than the 2-back tasks in both the low DASS, t(24) = 5.26, p
< .0005, and the high DASS groups, t(21) = 3.85, p = .001.
Efficiency (IES). There was a significant main effect of load, F(1, 45) = 13.50, p =
.001, ηp2 = .231, with higher IES (less efficient processing) on the 3-back load than the 2back load. The IES results are shown in Figure 7.6.
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2-back
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Figure 7.6. Inverse Efficiency Scores (IES) as a function of DASS group on all n-back tasks.
Note that the IES is expressed in ms, where lower is better. Error bars represent ± 1 SE.
.
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The main effect of task, F(1, 45) = .55, p = .46, ηp2 = .012, DASS group, F(1, 45) =
.17, p = .680, ηp2 = .004, as well as the interaction effects of task × DASS group, F(1, 45) =
.28, p = .598, ηp2 = .006, load × DASS group, F(1, 45) = .02, p = .877, ηp2 = .001 and task ×
load, F(1, 45) = .09, p = .773, ηp2 = .002, all failed to reach significance. However, the task ×
load × DASS group interaction, F(1, 45) = 4.19, p = .047, ηp2 = .085, was significant.
The interaction was again partitioned according to task type. A 2 (DASS group; low
DASS, high DASS) × 2 (load; 2-back, 3-back) mixed factorial ANOVAs at each level of task
(verbal, visuospatial) was conducted. For the verbal n-back task there was a significant
simple effect of load, F(1, 43) = 13.03, p = .001, ηp2 = .232, with more efficient performance
on the 2-back (M = 1043.64, SE = 50.28), than the 3-back tasks (M = 1250.52, SE = 67.19).
The simple effect of DASS group, F(1, 43) = 0.09, p = .760, ηp2 = .002, or the Load × DASS
group simple interaction effect, F(1, 43) = 0.06, p = .814, ηp2 = .001 were not significant.
For the visuospatial n-back task there was a significant effect of Load, F(1, 43) =
12.43, p = .001, ηp2 = .224, with more efficient performance on the 2-back (M = 1072.07, SE
= 59.47), than the 3-back tasks (M = 1302.61, SE = 101.26). The simple effect of DASS
group, F(1, 43) = .85, p = .362, ηp2 = .019 was not significant, but the Load × DASS group
interaction approached significance, F(1, 43) = 3.26, p = .078, ηp2 = .070.
Independent measures t-tests showed that there were no significant differences
between the two groups on 2-back, t(45) = 0.63, p = .535, or the 3-back visuospatial tasks,
t(45) = 0.55, p = .588. Repeated measures t-tests showed there was a significant effect of load
with more efficient performance on the 2-back tasks than the 3-back tasks for the low DASS
group, t(24) = 4.10, p = .001. The same trend was present in the high DASS group, but this
only approached significance, t(21) = 2.02, p = .057.
In sum, the results showed that both groups were less accurate (lower d-prime scores)
and had a less efficient performance (higher IES scores) on the 3-back tasks than the 2-back
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tasks. For the visuospatial n-back tasks, the d-prime data showed that the low DASS group
outperformed the high DASS group on both the 2-back and the 3-back tasks. For the verbal
n-back tasks, the d-prime data showed that the low DASS group performed better that the
high DASS group on the 2-back task, but not the 3-back task.
Discussion
This experiment explored the effect of cognitive load on n-back performance in
individuals with severe emotional symptoms compared to healthy controls. Due to
methodological considerations both individuals with high DASS and low DASS scores were
exposed to a neutral mood induction, which was designed to equate the current transient
mood state. Consequently, any differences would be attributable to more stable traits.
Mood Induction
As expected the high DASS group had lower PANAS PA, higher PANAS NA and
low SAM valence scores than the low DASS group before the mood induction, at time 1.
There was no difference in the SAM arousal scores. After the mood induction (at time 2), the
low and high DASS groups did not differ significantly on any measure other than the PANAS
NA, where the high DASS group had higher PANAS NA ratings. The change in mood state
from time 1 to time 2 can be attributed to the mood induction. At time 3 there were no
significant differences on any state mood measure between the two groups. This means that
the mood induction along with the four n-back tasks were able to considerably reduce the
group differences in mood state observed before the induction.
This is consistent with findings reported in Experiments 2-4, where the induced
positive and negative mood states gravitated towards neutral while performing the n-back
task. The methodology in the current research does not allow firm conclusions about how
much the dissipation of the mood states can be attributed to performing a working memory
task. However, the observation of a reduced emotional experience in Experiment 2-5 is line
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with the notion that engagement in cognitive processing can dampen the emotional
experience (e.g., Erber & Tesser, 1992; Van Dillen & Koole, 2007; Vytal et al., 2012).
However, the majority of research is focused on this relationship from the other direction,
how emotional states affect cognitive performance. This is covered next.
N-Back Performance and Symptoms of Depression, Anxiety and Stress
There was no difference between the groups on the Culture Fair Intelligence Test.
This suggests that any differences on the n-back tasks were not due to differences in
cognitive capacity. The IES scores showed fewer significant effects than the d-prime data.
However, there was an effect of load for both visuospatial and verbal n-back tasks, with
better performance on 2-back than the 3-back tasks. While the pattern of results on the verbal
n-back tasks resembled the d-prime results, this was not significant.
The d` scores showed that the low DASS group outperformed the high DASS group
in both the 2-back and 3-back visuospatial tasks. This is in contrast to findings in Experiment
4, where neither the mild nor the strong negative mood group performed differently to the
neutral mood group. This suggests that the reduced visuospatial working memory
performance of the high DASS group is more likely to be due to differences in pre-existing
mood traits rather than state mood.
The findings of reduced visuospatial working memory in the high DASS group is
consistent with previous reports related to reduced visuospatial working memory function in
individuals with depression (e.g., Snyder, 2013) and anxiety (Eysenck & Calvo, 1992). It is
also in line with the predictions of the resource allocation model (Seibert & Ellis, 1991). The
results here are also consistent with experimental mood induction studies and the view that
visuospatial working memory (right frontal brain activation) and anxiety (right frontal brain
activation) compete with neural resources (Shackman et al., 2006; Vytal et al., 2013).
However, the two groups differed in PANAS NA prior to the n-back tasks (time 2), PANAS

207
MOOD INTENSITY AND WORKING MEMORY
NA declined during the task and the groups did not differ on any mood measures after the
tasks. It therefore seems unlikely that current mood state can fully account for these findings.
The d` results on the verbal n-back tasks showed that the low DASS group
outperformed the high DASS group on the 2-back load, but not on the 3-back load, which
was difficult for both groups. This finding is in contrast to the results of the 2-back verbal
task in Experiment 4, where there were no differences observed between the two negative
mod groups and the neutral mood group. This lends further credence to the notion that the
deficit in performance observed in the high DASS group is more likely to be due to preexisting trait-like differences rather than current mood states.
This lack of group difference at the higher cognitive load is contrary to the findings of
Harvey et al., (2004) and Ellis et al. (1984) as well as the resource allocation model (Seibert
& Ellis, 1991). However, the finding is in line with Vytal and colleagues (2012; 2013), who
propose that a top-down regulation can result in a close to normalised performance in verbal
working memory, but not in visuospatial working. This is thought to be due to the greater
neural overlap between mood state and task resources, where the mood state consumes right
hemisphere resources. Verbal tasks have less neural overlap with the anxious mood state.
Consequently, on verbal tasks with low load, there are spare resources to engage in anxiety
related verbal processing, an inner-speech, which maintains the anxiety state. Verbal tasks
with high cognitive load, on the other hand, compete with this phonological maintenance
mechanism of anxiety and therefore move resources away from the worry maintenance
process and towards the verbal task. This leads to a relatively normalised performance on the
higher load verbal tasks. The results of the current study thereby extend Vytal et al. findings
to a trait population and to include negative affect rather than the specific anxiety state
induced by the electrotactile method (Vytal et al., 2012; Vytal et al., 2013).
In summary, the study found that individuals experiencing severe emotional
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symptoms (high DASS) responded to a neutral mood induction in that their mood state
approached that of the low DASS group after the mood induction. The two groups did not
differ in current mood state on any measure at the end of the experiment, showing that the
mood induction along with the completion of four working memory tasks removed the group
differences in current mood state observed at the start of the experiment. The results of the
working memory tasks showed that the low DASS group performed better on both the 2-back
and the 3-back visuospatial tasks. They also performed better on the 2-back verbal task, but
there was no difference as load increased on the 3-back task. These results suggest that preexisting mood states have a detrimental effect on working memory performance even when
current mood states are reduced. Chapter 8 discuss how these results can be integrated with
the results of the prior experiments and put into a theoretical framework.
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Chapter 8.
General Discussion
The present research examined the relation between mood states and cognition, with
particular emphasis on the role of mood intensity. To achieve this, Experiments 1, 2 and 3
were aimed at developing and calibrating methods to experimentally induce positive and
negative mood states of different strengths or intensities. Both verbal and pictorial mood
induction procedures were examined. A combination of self-report and physiological indices
was employed to assess this. Based on a comparison of the findings of Experiments 2 and 3,
the pictorial mood induction procedure was considered to be the most successful at
manipulating intensity. In Experiment 4, the pictorial mood induction was applied to
examine the effects of strong and mild positive and negative mood states on working memory
performance. N-back tasks with verbal and visual content were used to assess working
memory. Each task involved two levels of working memory load, namely 2-back and 3-back.
Finally, Experiment 5 examined the difference in working memory performance between
individuals with high levels of pre-existing negative mood symptoms to those with normal
levels. The experiment attempted to account for current mood state by exposing both groups
of participants to the neutral mood induction before completing several verbal and
visuospatial working memory tasks.
The development of the mood induction procedures and the manipulation of mood
intensity will be discussed before the role of valence, mood intensity and mood trait on
working memory performance will be considered. Implications of the findings will then be
discussed.
Manipulation of Mood States
The current research used stimuli which differ in valence and arousal to induce
transient emotional states of varying hedonic valence as well as intensity. Emotionally
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equivalent sets of verbal and pictorial stimuli were assembled and compared in their
effectiveness to induce positive and negative mood states of varying intensity. The results
showed that both the verbal and pictorial mood induction procedures led to increases in selfreported negative and positive mood compared to before the mood induction and compared to
the neutral mood induction. The EMG results echo this, with both the verbal and pictorial
mood induction procedures leading to increases in corrugator and zygomaticus compared to
both levels before the mood induction and to the neutral mood group.
The pattern of correlations among the self-report measures of mood and between these
self-report measures and the relevant EMG measures of corrugator and zygomaticus activity
support the interpretation that negative and positive mood states were induced. That these
intercorrelations were stronger immediately after the mood induction (at time 2) than before
the induction (time 1) or after the cognitive tasks (time 3) further supports the construct
validity of the mood induction procedures.
Previous studies report difficulties in maintaining the induced mood state (e.g.,
Phillips et al., 2002) and this can affect the interpretation of the results (Shackman et al.,
2006). In order to demonstrate the presence of the intended mood throughout the task,
measurements must be obtained immediately after the mood induction as well as after the
task (Shackman et al., 2006). However, in previous research this was not always done. For
example, mood state might be measured after the mood induction, but not after the task (e.g.,
Gray, 2001; Kaufmann & Vosburg, 1997; Oaksford et al., 1996; Seibert & Ellis, 1991).
The results of Experiment 2, 3 and 4 suggest that the induced mood states are difficult
to maintain while completing the n-back working memory tasks. However, there were several
indications that the induced mood states had not dissipated completely by the end of the nback tasks. In Experiment 2, this was observed in both the strong positive and negative mood
induction groups. At time 3, induced changes in PANAS PA remained in the strong positive
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mood group, but had dissipated in the mild positive group. Similarly, PANAS NA remained
elevated in the strong negative mood group at time 3, but not in the mild negative group. A
similar observation was made in Experiment 3, where both the strong and mild negative
mood groups had higher PANAS NA ratings than the neutral mood group at time 3.
The results of the verbal mood induction in Experiment 2 showed that there were
issues with the mood intensity manipulation. At time 2, there were no mood measures that
were sensitive to the manipulation of positive mood intensity. In relation to the manipulation
of negative mood, the PANAS NA ratings showed a difference in intensity between the
negative mood groups, but this was not reflected in the other measures at time 2. Although
the intensity manipulation was unreliable, as noted above, it appears that the intensity
manipulation using verbal stimuli affected the duration of the induced mood states, with
longer lasting moods in both the strong positive and negative mood groups observed at time
3.
The results of Experiment 3 showed that the pictorial mood induction procedure
provided stronger evidence for the intensity manipulation of negative than positive mood.
Although the zygomaticus activity was greater in the strong than the mild positive group at
time 2, there were no differences between the two positive mood groups on any of the selfreport measures. Furthermore, the positive groups did not differ from each other, or the
neutral mood group, on measures of positive mood at time 3. Consequently, the evidence for
intensity manipulation of positive mood using pictorial stimuli was weak.
Experiment 3 provided stronger evidence for the intensity manipulation of negative
mood. At time 2, the strong negative mood group reported higher PANAS NA and lower
SAM valence ratings as well as more corrugator activity than the neutral mood group. The
mild negative group was intermediate on all of these measures. This provides strong evidence
that the pictorial mood induction was successful in manipulating intensity of negative mood
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states. However, the intensity manipulation was not carried through to time 3, when only the
strong mood group reported increased PANAS NA ratings compared to the neutral group.
The results of the pictorial mood induction (Experiment 3) are in contrast to the
results of the verbal mood induction (Experiment 2). Despite the verbal mood induction
yielding little evidence of a successful intensity manipulation of positive or negative mood
states at time 2, the results at time 3 suggest that the induced mood persisted in both the
strong mood groups. This begs the question of whether verbal stimuli generate longer lasting
mood states than the pictorial stimuli.
Words are thought to be processed in a controlled manner versus a relatively
automatic processing of pictures (Carr et al., 1982). It possible that a difference in mood
duration can stem from pictures being processed more automatically. Furthermore, the
sentences used in the positive and negative mood inductions were self-referent. While the
instructions in the pictorial mood induction were intended to ensure a careful examination of
the scene in the picture; the pictures are not self-referent as such. 14 This may mean that the
sentences produce more widespread and longer lasting memories than the pictures. As such
the difference between the verbal and pictorial mood inductions might reflect an effect akin
to levels of processing (Craik & Lockhart, 1972), where the sentences are encoded more
deeply than pictures and therefore generate longer lasting mood states.
A possibility for future research to explore this would be to adapt the level of
processing paradigm to mood inductions. A shallow encoding would be to ask participants
focus on the colours present in the pictures; an intermediate encoding could be to ask
participants focus on the scene in the picture while a deep and self-referent encoding could
involve getting the participants to apply the scene in the picture to their own life. If levels of

14

The instructions from Experiment 4: “Examine each picture very carefully and imagine how experiencing
these situations in real life would make you feel. Pay close attention to your emotional reaction."
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processing can be applied to mood induction, one should see the deeper processed pictures
generating mood that last longer than the shallow visual processing.
The sentences in the neutral mood induction had valence ratings around 5 (i.e.,
neutral) and were rated low in arousal. This is a similar to ratings obtained by Jennings et al.,
(2000). The majority of the neutral sentences however, were not self-referent (e.g., Victoria is
the garden state) and may be simply less engaging than the self-referent sentences used for
the positive and negative sentence mood induction. Using more self-referent sentences with a
relative neutral content such as “I am human” or “I am alert and I feel OK” in future studies,
may clarify the extent to which engagement explains this (Jennings et al., 2000).
From the results, it appears that inducing positive mood is more difficult than
inducing a negative mood state. This will also make it difficult to manipulate intensity in of
positive mood. This is consistent with reduced effect sizes for positive compared to negative
mood inductions in past research (e.g., Gerrards-Hesse et al., 1994; Westermann et al., 1996).
The finding that participants typically enter a research participation situation with a positive
mood has been mentioned previously as an explanation for this relative difficulty in inducing
positive mood (Westerman et al., 1996). This leaves the participant with less affective room
to move in the positive direction and consequently a ceiling effect is observed.
It is a natural direction for future research to explore the ceiling effect hypothesis by
inducing a neutral mood state before inducing other mood states. Starting from a neutral
mood state would allow conclusions about whether the difficulty in generating positive affect
stems from insufficient affective room. If comparable effect sizes can be observed in both
negative and positive mood inductions, this would suggest that it is limitations in affective
space. Nonetheless, care must be taken to ensure a neutral starting point when comparing
positive and negative mood inductions.
Experiments 2-4, as well as the clinical study reported in chapter 7, have shown that
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both a neutral mood induction followed by completion of n-back tasks reduces positive as
well as negative mood states. The mood top-ups used in Experiment 4 were effective in
maintaining the strong mood states, but not the mild. The question as to why mood states are
reduced is addressed next.
Why Are Induced Mood States Reduced Over Time?
Experiments 2, 3 and 4 in the current research showed that induced mood states were
reduced over the course of each experiment. This also holds for individuals with high
symptoms of depression, anxiety and stress (Experiment 5). Emotion regulation can focus on
either the experience (e.g., refocusing of attention) or the expression of emotion (e.g.,
limiting the facial expression; John & Gross, 2004; Phillips, Henry, Hosie, & Milne, 2008).
Both of these regulation strategies are conscious and effortful. As such, it is likely that a
person engaging in effortful emotional regulation would direct attention away from the task
which would result in reduced task performance. It is possible that this could partly explain
the results of Experiment 5. Although the differences in mood state between the low DASS
and the high DASS groups had been reduced substantially after the neutral mood induction,
this difference vanished completely by time 3. Furthermore, the high DASS group had lower
sensitivity scores on all n-back tasks, except the verbal 3-back. Consequently, an effortful
emotional regulation strategy (e.g., John & Gross, 2004) could partly explain both the
elimination of group differences in negative mood states and the poorer n-back performance
of the high DASS group relative to the low DASS group.
However, this pattern was not observed in Experiment 2-4, where a reduction in
group differences in mood states occurred in the absence of mood group differences in n-back
task performance. This leads one to think of other involved mechanisms. It is possible that
reciprocally inhibitory mechanisms between structures in the brain could explain this.
Drevets and Raichle (1998) outlined the existence of a reciprocal relationship between
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cerebral blood flow changes in areas associated with processing emotion and areas associated
with specific cognitive operations. These areas operate in a way where increased inactivity in
one area leads a decrease in activity in the other and vice versa. This inhibitory mechanism
can be, at least to certain extent, top-down regulated, where requiring a participant to engage
in a demanding cognitive task will result in a substantial reduction in emotional experience
(Drevets & Raichle, 1998). The dense connectivity between the limbic and hippocampal
systems means that reducing emotions with cognitive tasks may reduce emotion-laden
memories (Brewin, Gregory, Lipton, & Burgess, 2010). Indeed, there is some evidence that
playing Tetris, a clear visuospatial task, interferes with the consolidation of traumatic
memories and thereby reducing the formation of traumatic memories (Holmes et al, 2009).
Consequently, emotional processing could retard cognitive processing while cognitive
processing could dampen the emotional experience. Consistent with this, there is evidence
that performing working memory tasks reduces the emotional experience (Van Dillen &
Koole, 2007) and that demanding tasks reduce the effect of the mood induction more than
less demanding tasks (Erber & Tesser, 1992; Vytal et al., 2012).
In the case of Experiments 2-4, engagement in the n-back tasks could have directed
neural activity towards areas involved in working memory and away from emotional
processing. Thus, it is likely that the dissipation of mood states observed are at least partly
due to automatic neural processes related to engagement in the task rather than a conscious
and effortful regulation of mood. Together this suggests that not only do emotional states
appear to affect cognitive performance, but engagement in cognitive processing affects the
emotional experience.
From this one could speculate whether different tasks are more effective in reducing
specific emotions or mood states. For instance, the neural overlap and consequent
competition for neural resources has been put forth as an explanation for the observed
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debilitating effects of anxiety on visuospatial working memory (Shackman et al., 2006; Vytal
et al., 2013). It is a natural direction for future research to address whether the effect also runs
in the opposite direction. While some research already has been conducted using verbal
working memory task to reduce anxiety (Vytal et al., 2012), this could be developed further.
For instance, could engagement in a visuospatial working memory task reduce negative mood
states (e.g., anxiety) more than positive mood states? Conversely, could engagement in a
verbal working memory task reduce positive more than negative mood states? To assess the
effect of cognitive task performance on emotional experience careful measurements of the
mood states needs to be done before as well as after completion of the cognitive task.
Theoretical Integration
The resource allocation model of Ellis and colleagues (Ellis & Ashbrook, 1988;
Seibert & Ellis, 1991) states that mood states interfere with cognitive processing by
preventing the individual from paying sufficient attention to a particular task and that the
mood states generate mood relevant, but task irrelevant thoughts. Mood states should then
have a debilitating effect on cognitive performance, which would be more pronounced as the
demands of the task increase.
The results of Experiment 2 and 3 showed little differences in cognitive performance
between the positive and negative mood states and the neutral mood group. However, in
Experiment 4, where the mood state for both the strong positive and negative mood groups
persisted through the experiment, the strong positive mood group performed better on the
verbal 3-back task when it was presented first. This is in contrast to the resource allocation
model as well as the findings of Shackman et al. (2006) and Vytal et al., (2012; 2013). The
finding is partially in line with Gray and colleagues (Gray, 2001; Gray et al., 2002), who
found positive mood states to facilitate verbal working memory while negative mood states
facilitated visuospatial working memory. Consequently, the data obtained in the current
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research does not support the resource allocation model. However, the difficulties in
maintaining the mood state through all the working memory tasks limits the firmness with
which the conclusions regarding the resource allocation model can be made (Shackman, et
al., 2006).
The results showed a different pattern in Experiment 5, in which a neutral mood
induction was used in an attempt to equate the current mood state between a group with high
levels of pre-existing symptoms of depression, anxiety and stress and a healthy control group.
Despite the two groups having similar mood states and fluid intelligence scores, there were
reliable differences between the groups on visuospatial 2-back and 3-back tasks, and on the
verbal 2-back task. The groups did not differ on the verbal 3-back task. Based on the results
of Experiment 4 and 5, the verbal 3-back was the most difficult task. However, there was no
sign that a floor effect could explain the verbal 3-back results in Experiment 5. This suggests
that the patterns of results are due to differences in pre-existing mood traits rather than an
artefact of the tasks.
Vytal et al. (2013) propose that anxiety also disrupts verbal working memory, but
only on low and moderate loads. As cognitive load increases, resources are relocated away
from the anxiety and towards the task. The results of Experiment 5, where there was an
impairment in performance of the high DASS group relative to the low DASS group on the
verbal 2-back task but not the verbal 3-back task, are consistent with this. This is in contrast
to the results of the visuospatial n-back tasks, where the low DASS group outperformed the
high DASS group on both 2-back and the 3-back load. This pattern of results is consistent
with that reported by Vytal et al. (2013). Experiment 5 therefore extends Vytal et al.’s (2013)
finding from an experimental anxiety induced population to a clinical population with high
levels of pre-existing negative affect.
The cognitive effect of state versus trait moods. The results of Experiment 2, 3 and
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4 showed little evidence of an effect of induced mood states on cognitive performance, with a
better verbal 3-back performance in the strong positive mood group on one level of task order
being the only reliable result. This is in contrast to the results of Experiment 5, where
significant differences between high DASS and low DASS group participants were observed
on 3 of the 4 tasks. This result occurred even when the group differences in current mood
state were close to equated at time 2 and fully eliminated at time 3. Furthermore, the results
of Experiment 5 cannot be explained by group differences in cognitive capacity, as the fluid
intelligence scores did not differ between the groups. This leaves the DASS scores.
The DASS is designed to tap emotional states by asking responders to reflect on their
emotional experience during the last week (Lovibond & Lovibond, 1996). As such one might
question whether this qualifies as a trait measure. However, scores on the DASS are fairly
stable and have been found to predict DASS scores 3-8 years later (Lovibond, 1998).
Furthermore, there are fairly high correlations between DASS scale scores and scores on trait
measures of anxiety. Bieling, Antony and Swinson (1998) reported that scores on the three
DASS scales correlated between .47-.67 with trait scores on the State-Trait Anxiety Inventory
(STAI; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). One can therefore conclude
that even though it is not a trait measure as such, the DASS does tap fairly stable specific
emotional vulnerabilities, as well as a primary general vulnerability to emotional distress
(Lovibond, 1998).
As mentioned in the Chapter 6 discussion, it is possible that even the strong intensity
mood inductions were not strong enough to alter the brain activation patterns compared to the
neutral control group and this might explain the limited differences being observed in
working memory performance. This can be contrasted with the fear of shock paradigms (e.g.,
Shackman et al., 2006; Vytal et al., 2013), which is likely to have elicited a stronger anxiety
response and subsequent larger shifts in hemispheric activity. However, there were few
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differences in state mood between the two groups in Experiment 6, where the largest
difference in cognitive performance was observed. Recall that there is a large body of
evidence suggesting that more left frontal region activity relative to the right is associated
with positive or pleasant affect while more right frontal region activity relative to left is
associated with negative or unpleasant affect (e.g., Heller et al., 2013; Wheeler, Davidson, &
Tomarken, 1993). It is possible that prolonged exposure to negative affective states, as
expected in the high DASS participants, would lead to more marked activation patterns and
therefore larger cognitive effects compared to healthy controls (low DASS participants).
It then appears that differences in trait mood might explain the results in Experiment
5. A number of studies are consistent with the view that current mood state alone cannot fully
account for the cognitive deficits often observed in individuals suffering from mood
disorders. For example, there are studies reporting that compared to healthy controls,
cognitive deficits can be detected in previously depressed patients with symptom remission
(e.g., Halvorsen et al., 2012; Hasselbalch et al., 2011; Snyder, 2013). Furthermore, EEG
studies report an atypical right dominated frontal activation pattern in depressed individuals
not only when depressed, but also in remission (Coan & Allen, 2003). This echoes
observations of anxiety being associated with deficits in a range of cognitive tasks (e.g.,
Eysenck & Calvo, 1992) and reduced frontal activity in individuals with high trait anxiety
compared to those with low trait anxiety, even when state anxiety has been controlled
(Bishop, 2009).
It follows from this that even in the absence of current negative mood states, the
frontal brain activation pattern of the high DASS participants is likely to be different,
possibly more right frontal dominated, compared to the low DASS participants. This fits well
with Vytal et al.’s (2013) notion that shared neural resources in the right frontal region
between the visuospatial task and the mood state result in a scarcity of available resources.
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Furthermore, the results of Experiment 5 maps on to Vytal et al.’s findings that anxiety
disrupts performance on both verbal and visuospatial tasks on low and medium load tasks (1and 2-back), but that this effect is abolished in verbal tasks when the load increase (e.g., 3back). As the complexity of that task increases, it consumes available resources. As verbal
working memory tasks are associated with activity in left frontal regions (e.g., D'Esposito et
al., 1998; Owen, McMillan, Laird, & Bullmore, 2005; Smith & Jonides, 1997), one can
expect less competition of neural resources between mood and cognition on verbal tasks. This
allows top-down redistribution of resources towards the verbal tasks as demand increases
(Vytal et al., 2013). However, due to the limited right frontal neural resources, this
redistribution is not possible for visuospatial tasks and increasing the task load does not lead
to a normalised performance on these tasks (Vytal et al., 2013).
The larger effect of trait than state mood on working memory performance observed
in the current research suggests that there are limitations as to how well experimental mood
induction research can be generalised to the clinical population. A recent study found that
around 30% of Australian adolescents experience heightened levels of anxiety or depression
(Short, Gradisar, Lack, Wright, & Dohnt, 2013). This highlights the relative abundance of
individuals experiencing high levels of negative affect, also in undergraduate university
students, often the participants in experimental cognitive research. As such, it is
recommended that trait-like mood measures are routinely included in cognitive research, even
when mood states are not investigated specifically.
Contributions of the Research
The current study makes several methodological contributions. Experiment 1 showed
that it is possible to generate sentences that cover a larger affective range than has been done
in previous research (Jennings et al., 2000; Velten, 1968). Arousal ratings increased as
valence became increasingly more negative or positive. This mirrors the pattern observed in
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the IAPS (Lang & Bradley, 2007). Having verbal stimuli that elicit the same breadth of
affective responses as IAPS represents a methodological advance. This allows for greater
precision of the amount or dose of mood provided to participants when using verbal mood
inductions.
The research also makes several contributions to the use mood induction procedures.
First, the convergence of psychophysiological and self-report measures following the mood
induction supports the validity of the verbal and pictorial mood induction procedures.
Second, the mood top-ups included in Experiment 4 maintained the mood in the strong mood
groups to the end of the tasks. This extends the previous successful use of mood refreshers
from a verbal mood induction (e.g., Baddeley et al., 2012; Phillips, Smith et al., 2002) to a
procedure using pictorial content. Third, the effectiveness of the neutral mood induction to
neutralise current emotional states in people with symptoms of mood disorders makes it
feasible to conduct research separating the effects of current mood states from more stable
trait moods on cognitive performance.
Finally, the development of the mood inducing statements and varying mood
induction procedures represent methodological advances that will benefit the experimental
research into affective states and the mood-cognition area. Rather than treating mood as a
categorical variable defined by valence alone, the research has provided a method to
manipulate mood strength over two levels (mild and strong) within the negative valence.
An observation throughout the experiments was that the emotional states were
reduced while completing the cognitive task. Although future research should compare the
effects of having a task and not completing a task on mood duration, the findings here appear
to support prior research showing that engaging in effortful cognitive processing reduce
emotional experience (Erber & Tesser, 1992; Holmes, James, Coode-Bate, & Deeprose,
2009; Van Dillen & Koole, 2007; Vytal et al., 2012). With both a neuropsychological theory
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(Drevets & Raichle, 1998) and multiple examples that variations of working memory tasks
reduce the emotional experience, it is a natural avenue for future research to study how the
emotion reduction properties of working memory tasks can be applied in a clinical setting.
Although distraction has been viewed as a helpful part of anxiety reduction programs
(Salkovskis, 1996), there is little focus on the use of working memory tasks in clinical work.
Reducing the emotional experience is often the goal of psychological acute care and the use
of working memory tasks might represent a valuable tool here. With the increased use of
electronic approaches to the treatment of psychological problems (Luxton, McCann, Bush,
Mishkind, & Reger, 2011), taxing the working memory in user-friendly ways such as via
apps, video games or engaging puzzle games appear as appropriate candidates.
Summary and Conclusions
The present research attempted to develop a procedure to induce positive and negative
mood states of varying intensity, which was employed to investigate the effect of mood
valence and intensity on working memory performance. The main findings were as follows.
The research has developed and rated a large collection of mood inducing sentences
which have similar characteristics to the IAPS. This was used to create two mood induction
procedures, one using verbal and one using pictorial stimuli, with five sets each. Both the
verbal and the pictorial mood induction procedures reliably generated positive and negative
mood states. The pictorial mood induction method was found to effectively manipulate the
intensity of negative mood, but neither mood induction procedure was able to induce positive
mood states of varying intensity. There was a modest effect of mood induction observed on
n-back task performance, where the strong positive mood group outperformed the other
groups on the verbal 3-back task. This is contrary to the predictions from the resource
allocation model (e.g., Seibert & Ellis, 1991).
Furthermore, participants with pre-existing symptoms of negative emotionality, as
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measured by DASS, were found to have a reduced visuospatial working memory
performance compared to a healthy control group. This was also observed in the low load
verbal 2-back task, but not in the 3-back task. This extends Vytal et al.’s (2013) findings to a
clinical sample. A consistent finding across all experiments was that mood states dissipated
while performing the n-back tasks. However, without having a condition without a task, it is
difficult to ascertain whether the reduction of from time 2 to time 3 is due to performing the
task itself or a general dwindling of the mood state. Future research could examine this.
Knowledge of how mood states interact with cognition and how they influence each
other are important questions for cognitive science. They are also central to understanding
how mood - cognition relationship can affect behaviour, often the focus of clinical
intervention in affective disorders (Heller et al., 2003). The current research has provided
several methodological advances in this area. Although the current research did not observe a
strong link between induced mood states and working memory performance, the results
provide new insight into how pre-existing mood can affect working memory performance. As
such, the current project provides a significant contribution to mood - cognition research.
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Appendix A
Valence
rating

SD

1 I feel great when I laugh

8.45

1.05 6.75

2.00

2 Life’s a blast: I can’t remember when I felt so good

8.40

1.27 7.60

2.06

3 I think I’ll have some of my friends for life

8.35

0.99 6.65

2.08

4 When I was a child I laughed every day

8.30

1.08 6.50

2.24

5 I feel like I won the lottery

8.18

1.44 7.27

2.68

6 I know I can get the things I want in life

8.15

1.14 5.90

2.81

7 Laughter is a big part of my life

8.10

1.21 6.55

2.04

8 I will feel very satisfied when I finish my degree

8.05

1.64 7.00

1.97

9 The relationships I have now are the best I’ve ever had

8.00

1.21 5.85

2.37

10 I feel I can take on anything today!

8.00

1.26 7.30

1.69

11

I have all I need to be happy

8.00

1.29 6.13

2.31

12

I feel like I am walking on sunshine

7.92

1.56 5.92

2.78

13 I am particularly happy and energised today

7.90

1.21 7.40

1.57

14 Spending time with friends and family makes me feel good

7.88

1.36 5.54

2.48

15 I have friends that will support me if I ever need them to

7.81

1.08 4.14

2.17

16 I have several talents that will help me in the future

7.80

1.24 6.05

1.99

17 I feel like I’m bubbling over with happiness and joy

7.78

1.40 7.06

1.76

18 I have got many plans and new ideas for the future

7.75

1.07 7.50

1.32

19 I’ve got many good friends

7.72

1.74 6.00

2.68

20 Jokes makes me laugh out loud

7.71

1.30 6.42

2.21

21 I feel ready for anything; I’m unstoppable

7.70

1.38 7.10

2.02

22 I feel like jumping because I’m so happy

7.68

2.03 6.73

2.75

23 It’s great to be alive

7.65

1.53 6.05

2.24

Sentence

Arousal
Rating SD
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24 I can make things happen

7.64

1.26 6.23

2.67

25 I’m in charge of my life and I like it that way

7.61

1.34 5.61

2.10

26 I have done much in my life so far that I am proud of

7.60

1.67 6.55

1.73

I am able to do most things I put my mind to and that makes
27 me feel safe and pleased

7.60

1.35 4.45

2.84

28 I’m going to have it all!

7.53

1.54 7.37

1.50

29 I love life when I am with friends who enjoy my company

7.53

1.77 5.47

2.40

30 Good food is important in my life

7.50

1.15 4.80

2.53

31 I am feeling very productive today

7.50

1.25 5.88

1.85

32 I have lots of good memories from my childhood

7.49

2.01 4.71

2.62

Some things tastes so good that I just close my eyes and
33 smile

7.47

1.97 4.24

2.93

34 Thinking of my friends makes me smile

7.46

1.53 4.92

2.50

35 Things look totally awesome

7.45

1.57 6.15

1.84

36 When I have the right attitude, nothing can depress me

7.42

1.53 5.17

2.65

I feel proud whenever I think of some of the things I have
37 achieved

7.41

1.14 5.45

2.24

The world is full of opportunity and I’m trying to take
38 advantage of it

7.40

1.50 7.25

1.65

39 I know I can do it; I’m going to seize the day!

7.40

1.14 6.85

1.79

40 I bet things will go well for the rest of the day

7.38

1.61 5.58

2.67

Sometimes a taste is so good that I just close my eyes and
41 smile

7.35

1.57 5.25

2.57

42 My parents are proud of my achievements so far in life

7.35

1.92 5.19

2.44

43 In many ways I am very satisfied with my life

7.33

1.74 4.67

2.46

44 I have done many things others have not been able to do

7.33

1.52 5.42

2.78

Compared to many other people in the world, my life is
45 great

7.32

1.59 5.09

2.49
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46 I’m energized

7.32

1.21 6.05

2.73

47 I feel inspired to do great things now

7.30

1.66 6.05

2.09

48 Jokes makes me laugh out loud

7.29

1.26 4.47

2.00

49 I have gotten quite far already in my life

7.27

1.08 5.14

2.34

50 The baby smiles as I enter the room

7.24

2.14 5.18

2.13

51 I know I can get the things I want in life

7.24

1.71 4.53

2.53

52 I have lots of new ideas springing into my head

7.20

1.54 7.00

1.30

53 I’m in a great mood now

7.20

1.47 5.30

2.00

54 I feel that my mind has never been sharper

7.20

1.40 5.50

2.16

55 I think I can pretty much do whatever I want to with my life

7.17

1.71 5.75

2.45

56 I feel peaceful and content

7.13

1.75 2.71

1.92

57 I know if I try I can make things turn out fine

7.13

1.15 5.21

2.28

58 I am in love and I am looking forward to each day

7.10

2.36 5.85

2.87

59 I feel creative

7.05

1.73 5.95

2.14

60 I've got lots of ideas and I’m feeling very creative today

7.05

1.29 6.05

2.63

61 There is nothing I need at the moment, I feel great

7.05

1.59 4.18

2.52

I have achieved my many of my most important goals so far
62 in life

7.00

1.80 4.86

2.26

I am able to create and maintain friendships and that makes
63 me feel secure

7.00

1.99 4.32

2.45

64 I am starting to feel playful and full of energy

6.96

1.65 6.50

2.13

65 Most people like me

6.88

1.54 4.08

2.15

66 It was their sixth consecutive best seller

6.88

1.33 5.33

2.43

67 I often feel like "the life of the party"

6.86

1.52 5.64

2.54

68 It doesn’t get any better than this.

6.82

2.44 5.00

2.77

69 I am starting to feel completely ecstatic

6.78

2.11 5.81

2.45
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70 I feel at peace as I sit by the lake

6.76

1.30 2.47

1.91

I really enjoyed the long summer holidays when I was a
71 child

6.73

1.64 4.64

2.28

72 My future is so bright I’ve got to wear shades

6.72

1.75 4.87

2.55

73 I can concentrate hard on anything I do

6.67

1.49 4.46

2.41

74

6.64

1.40 4.59

2.28

75 I get told I have a great smile

6.45

1.68 4.95

2.40

76 Some chimps have been taught to use sign language

6.35

1.96 4.73

2.57

One of my many strengths is that I can get lots of things
77 done in a very short time

6.35

2.10 4.30

2.41

78 I can make any situation turn out right

6.33

1.61 5.17

2.14

79 Nothing can bum me out now

6.17

2.05 4.51

2.43

80 I am able to sleep well every night

6.16

1.71 3.74

2.49

81 You have to take the ferry to get to the island

6.15

1.53 4.90

2.22

I have noticed that my head is racing with thoughts and
82 ideas

6.15

1.53 6.95

1.32

83 I am starting to feel upbeat and jovial.

6.14

1.52 4.91

2.43

84 I feel completely aware

6.14

1.49 4.18

2.42

85 I am starting to feel quick and agile

6.11

1.90 4.92

2.24

86 There is a large rose-growing centre in Perth

6.08

1.25 3.54

2.26

87 The nightclub had a female vocalist and a live band

5.95

1.46 4.50

2.18

88 Victoria is known as the garden state

5.90

1.21 2.85

1.84

89 Compared to most people, I read sentences really fast

5.88

1.68 3.65

2.18

90 The store was ready to open

5.79

0.93 4.46

2.47

91 Most oil paintings are done on canvas

5.65

1.39 3.35

2.13

92 The organisation depended on the people for support
93 He played basketball yesterday morning

5.63

1.31 3.63

2.55

when I think of it, I am very industrious
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5.58

1.18 3.21

2.36

94 My parents brag about me to their friends

5.54

1.82 4.05

1.81

95 Perennials bloom every year

5.54

1.14 3.50

2.04

96 When it comes right down to it, I’m just too cool

5.51

1.70 3.56

2.01

The Chinese language has many dialects, including
97 Cantonese, Mandarin, and Woo

5.50

1.24 3.70

2.05

98 An orange is a citrus fruit

5.50

1.01 2.50

1.71

My thinking seems accelerated today compared to other
99 days

5.41

1.93 4.10

1.97

100 The movie theatre was located downtown

5.38

1.13 3.42

2.04

101 The Orient Express travels between Paris and Istanbul

5.38

1.41 4.38

2.04

102 There are four main seasons

5.36

0.79 2.86

1.88

103 Diamonds really can cut glass

5.35

0.93 4.10

2.00

104 My memory is in rare form today

5.33

1.72 3.46

2.23

105 The book contained nine chapters

5.20

1.77 2.75

1.59

The names on the Christmas mailing list are alphabetically
106 ordered

5.20

1.11 3.15

2.18

107 Some cricket bats are made from the wood of the ash tree

5.11

0.74 2.89

1.79

108 The rug was made according to an old pattern

5.10

1.07 2.70

1.98

109 The doorkeeper was dressed in red

5.09

0.43 2.95

1.96

110 The mansion was rented by the delegation

5.05

0.22 3.30

1.87

111 She walked over to the shop and knocked on the door

5.00

0.31 2.82

1.89

112 There are some forms in which no oath is required.

4.95

1.10 3.70

1.78

113 Black and white pictures are arranged in ten sections.

4.95

0.51 2.65

1.73

114 Slang is a constantly changing part of the language

4.95

0.58 2.95

1.86

115 Basket weaving was invented before pottery making

4.91

0.97 2.41

1.97

116 The eucalyptus tree was the largest tree on the block

4.91

1.06 3.00

1.98
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117 Saturn is sometimes in conjunction with the earth

4.86

0.56 3.14

2.05

118 The system is supervised by its board of regents

4.85

1.04 3.60

1.88

119 The walls were made of plaster

4.85

0.49 2.35

1.66

120 Some think that electricity is the safest form of power

4.75

0.90 3.63

1.56

121 Elephants carried the supplies

4.70

1.66 4.60

1.88

I get butterflies in my stomach when I think of people
122 watching me

4.68

1.93 6.22

1.72

123 The merger did not change the company's policy

4.59

1.14 3.14

1.78

124 The wood was discoloured

4.55

1.36 3.05

1.88

125 At the end appears a section entitled "bibliography notes."

4.55

1.32 2.95

1.82

126 The time of Easter varies

4.53

1.17 3.26

1.97

127 Mules hauled the supplies up the mountain

4.25

1.21 3.85

1.84

128 The desert climate is hot and dry

4.25

1.36 3.17

1.97

129 I worry that I might be assaulted

3.76

1.68 4.41

1.87

130 My classes are harder than I expected

3.65

1.04 5.60

1.43

131 My self-esteem is not what it used to be

3.62

2.35 3.46

1.92

132 Most males are stronger than me and can hurt me

3.41

1.46 5.12

2.18

133 Schoolwork makes me feel like a failure

3.39

1.50 4.17

1.83

It seems like an impossible task to finish all the years ahead
134 of me in university

3.38

1.74 4.71

2.40

135 I feel a little sad today

3.27

1.16 2.95

1.89

136 I am sure the climate is going to change for the worse

3.23

1.31 3.36

1.97

137 Sometimes I try to avoid social gatherings, even if invited

3.20

1.32 4.65

2.28

138 Even now I think about exams that I did poorly on

3.16

1.26 4.84

1.86

139 I have fewer friends than I would like

3.15

1.18 4.30

1.78

140 If I have a child, it may be deformed

3.12

1.50 5.35

1.87
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141 If I have a one-night-stand, I can get HIV

3.12

1.76 4.12

2.20

142 I have been spending too much money

3.11

1.65 5.36

2.00

143 I get tired for no reason

3.10

1.17 4.20

1.91

144 I feel people judge me

3.09

1.41 4.23

2.41

145 It is hard for me to concentrate on reading

3.05

1.57 5.65

1.50

146 I tend to make poor decisions about my life

3.05

1.39 3.55

1.76

Activities that I used to love, just doesn’t matter that much
147 anymore

3.05

1.40 3.50

1.97

148 The other students are much brighter than I am

3.00

0.82 4.84

1.71

149 I doubt that I’ll ever make a contribution in the world

3.00

1.34 4.80

2.33

The economic situation will make it near impossible for me
150 to get a job

3.00

1.59 5.45

2.21

151 Everyone else seems to be having more fun

3.00

1.28 3.39

1.80

152 My mind goes blank during almost every test

2.95

1.10 5.90

2.05

153 My classmates ridicule my answers

2.95

1.67 5.15

2.11

154 A rapist might attack me in a parking lot

2.94

1.56 5.18

2.32

155 I usually make poor first impressions

2.92

0.78 3.29

1.81

Even when I give my best effort, it just doesn’t seem to be
156 good enough

2.80

1.36 5.20

2.07

157 My mistakes haunt me; I’ve made too many

2.77

1.27 4.09

2.51

158 I am getting my teeth pulled out

2.76

1.39 5.88

2.00

159 I seem to defeat myself while working on assignments

2.75

1.29 3.88

2.15

160 My parents don’t know who I am

2.73

1.67 3.91

2.47

161 I wish I could be myself, but nobody likes me when I am.

2.73

1.81 3.80

2.47

I feel like crying when I think of how difficult my life will
162 be

2.68

1.25 4.05

2.46

163 I will probably do poorly on my next assignment

2.65

1.23 5.50

2.26

231
MOOD INTENSITY AND WORKING MEMORY
164 When I think about, I’m really all alone in world

2.64

1.76 3.77

2.16

165 I feel cheated by life.

2.64

1.36 3.77

2.35

166 I feel embarrassed by my body and the way I look

2.59

1.30 4.36

2.34

167 The harder I work, the more confused I get

2.58

1.35 5.95

1.96

The bad economy will make it impossible for me to fulfil
168 my dreams

2.54

1.28 4.29

2.51

169 I may have cancer now without knowing it

2.53

1.97 5.29

2.05

170 If I fail an exam, then I know that will ruin my later studies

2.52

1.33 5.05

2.58

My thoughts are so slow and downcast; I don't want to think 2.50
171 or talk

1.28 4.50

2.28

I feel I am being suffocated by the weight of my past
172 mistakes

2.50

1.50 5.90

2.25

173 I have some moles that could be skin cancer

2.48

1.12 4.39

2.44

174 I am worthless

2.46

1.86 3.54

2.16

175 When I talk no one really listens

2.45

1.47 4.65

2.54

176 Nobody understands me or even tries to

2.41

0.96 3.64

1.89

177 Voices in my head tell me to strangle my brother

2.41

2.06 6.12

1.65

Sometimes I feel really guilty about the way I’ve treated my
178 parents

2.38

1.17 3.96

1.83

We will all suffer from the effects of climate change in the
179 future

2.35

1.35 4.60

2.28

180 The last bad mark I got shows how hopeless I am

2.33

1.46 3.42

2.24

181 Sometimes I feel so guilty that I can’t sleep

2.32

1.59 4.09

2.24

182 Based on my accomplishments, I am a failure

2.32

1.59 3.91

2.31

183 My actions often humiliate me

2.29

1.16 4.42

2.81

184 I can get drugged and raped in a nightclub

2.29

1.69 5.35

2.06

185 I’ll probably never find someone that will love for who I am

2.25

1.62 6.25

2.29
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186 I am realising that I am unhappy

2.21

1.02 3.79

2.65

187 I doubt I’ll ever finish university

2.18

1.59 3.91

2.27

188 I can imagine myself failing a test now

2.14

1.17 3.64

2.22

189 I feel like my lives in a rut that I’m never going to get out of

2.11

1.29 5.53

2.17

190 My courses are too hard for me

2.00

0.92 5.30

2.54

191 I can get raped while walking at night

2.00

1.58 6.00

2.60

192 It is likely that I will get cancer at some point in my life

2.00

1.87 4.88

2.42

193 I have been betrayed by a good friend

2.00

1.32 4.94

2.41

194 Life is such a heavy burden

1.96

1.12 3.21

1.74

195

1.95

1.10 4.00

2.43

196 I will probably do poorly on my next exam

1.95

1.23 6.30

1.34

197 Other people laugh at me behind my back

1.95

1.05 5.40

2.04

198 It’s no wonder I have no close friends anymore

1.92

1.10 3.17

2.30

199 Every time I turn around, something else has gone wrong

1.90

1.25 5.60

1.57

200 The man who murdered my little daughter deserves to die!

1.88

1.22 7.12

1.54

201 I feel completely useless

1.86

1.13 3.86

1.98

202 It’s a constant battle for me to keep on top of things

1.85

1.23 5.00

2.47

I feel like crying when I think of how difficult my life is at
203 the moment

1.79

1.10 4.25

3.04

I’ll stuff up my next class presentation and everyone will
204 laugh at me

1.75

1.16 6.25

1.94

205 Today is one of those days when everything I do is wrong

1.75

1.21 5.50

1.57

206 I want to go to sleep and never wake up

1.75

1.33 4.95

2.86

207 My future seems hopeless and destined for failure

1.71

1.16 3.79

2.67

208 I don’t think things are ever going to get better

1.70

0.86 4.90

2.47

209 I can picture myself failing an exam
210 I’m completely alone.

1.70

1.13 6.35

2.08

I’m tired of trying
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1.67

1.24 4.00

2.84

211 The environment is beyond repair

1.65

1.04 5.00

2.25

212 My boyfriend is having sex with another woman

1.65

1.22 7.24

1.60

213 There must be something wrong with me

1.60

1.05 5.30

2.05

214 A child I know well will be hit by a truck and die

1.59

1.12 6.24

2.46

215 I feel worthless

1.55

1.15 4.20

2.75

216 The best solution might be to kill myself

1.55

1.37 4.68

3.14

217 I feel trapped or caught in a life situation that doesn't suit me

1.50

0.89 5.80

1.64

218 I probably won't finish my degree

1.50

1.02 4.25

2.85

219 I might as well take lots of pills and kill myself tonight

1.47

0.72 5.06

2.46

220 A child I love is being held captive and tortured

1.41

0.80 6.94

2.44

221 I want to drown a child I know well

1.41

0.71 6.18

1.85

222 I feel I’m close to breaking down

1.35

0.99 5.70

2.56

223 There is no hope

1.35

0.81 4.80

2.93

224 I feel that others would be better off if I were dead

1.29

0.69 3.29

2.69

225 I want to mutilate my little sister

1.18

0.53 6.24

2.14
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Appendix B
Strong Negative Sentences
1. I’m tired of trying
2. I probably won't finish my degree
3. I feel worthless
4. I feel like crying when I think of how difficult my life is at the moment
5. There is no hope for me
6. I don’t think things are ever going to get better
7. I want to go to sleep and never wake up
8. The environment is beyond repair
9. It’s a constant battle for me to keep on top of things
10. The best solution might be to kill myself
11. Other people laugh at me behind my back
12. Today is one of those days when everything I do is wrong
13. I feel like my life is in a rut that I’m never going to get out of
14. I might as well take lots of pills and kill myself tonight
15. I can picture myself failing an exam
16. Every time I turn around, something else has gone wrong
17. I feel I’m close to breaking down
18. I’ll stuff up my next class presentation and everyone will laugh at me
19. I will probably do poorly on my next exam
20. I feel trapped or caught in a life situation that doesn't suit me
21. I feel I am being suffocated by the weight of my past mistakes
22. I’ll probably never find someone that will love for who I am
23. I child I know well will be hit by a truck and die
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24. I can get drugged and raped in a nightclub
25. Voices in my head tell me to strangle my brother
26. I want to drown a child I know well
27. I want to mutilate my little sister
28. A child I love is being held captive and tortured
29. The man who murdered my little daughter deserves to die!
30. My boyfriend is having sex with another woman
Mild Negative Sentences
1. I usually make poor first impressions
2. Everyone else seems to be having more fun
3. Activities that I used to love, just doesn’t matter that much anymore
4. I am worthless
5. Nobody understands me or even tries to
6. When I think about, I’m really all alone in world
7. I feel cheated by life
8. I wish I could be myself, but nobody likes me when I am
9. My parents don’t know who I am
10. Sometimes I feel really guilty about the way I’ve treated my parents
11. I feel like crying when I think of how difficult my life will be
12. My mistakes haunt me; I’ve made too many
13. The bad economy will make it impossible for me to fulfil my dreams
14. I feel embarrassed by my body and the way I look
15. I have some moles that could be skin cancer
16. My thoughts are so slow and downcast; I don't want to think or talk
17. When I talk no one really listens

236
MOOD INTENSITY AND WORKING MEMORY
18. I doubt that I’ll ever make a contribution in the world
19. The other students are much brighter than I am
20. If I fail an exam, then I know that will ruin my later studies
21. My classmates ridicule my answers
22. A rapist might attack me in a parking lot
23. Even when I give my best effort, it just doesn’t seem to be good enough
24. I may have cancer now without knowing it
25. The economic situation will make it near impossible for me to get a job
26. I will probably do poorly on my next assignment
27. It is hard for me to concentrate on reading
28. I am getting my teeth pulled out
29. My mind goes blank during almost every test
30. The harder I work, the more confused I get
Neutral Statements
1. The desert climate is hot and dry
2. Mules hauled the supplies up the mountain
3. The time of Easter varies
4. At the end appears a section entitled "bibliography notes."
5. The wood was discoloured
6. The merger did not change the company's policy
7. I get butterflies in my stomach when I think of people watching me
8. Elephants carried the supplies
9. Some think that electricity is the safest form of power
10. The walls were made of plaster
11. The system is supervised by its board of regents
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12. Saturn is sometimes in conjunction with the earth
13. Basket weaving was invented before pottery making
14. Black and white pictures are arranged in ten sections
15. There are some forms in which no oath is required
16. Slang is a constantly changing part of the language
17. She walked over to the shop and knocked on the door
18. The mansion was rented by the delegation
19. The doorkeeper was dressed in red
20. The rug was made according to an old pattern
21. Some cricket bats are made from the wood of the ash tree
22. The book contained nine chapters
23. The names on the Christmas mailing list are alphabetically ordered
24. My thinking seems accelerated today compared to other days
25. My memory is in rare form today
26. Diamonds really can cut glass
27. There are four main seasons
28. The movie theatre was located downtown
29. The orient express travels between Paris and Istanbul
30. An orange is a citrus fruit
Mild Positive Sentences
1. I feel at peace as I sit by the lake
2. I feel peaceful and content
3. I am able to sleep well every night
4. Most people like me
5. I feel completely aware
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6. There is nothing I need at the moment, I feel great
7. One of my many strengths is that I can get lots of things done in a very short time
8. I am able to create and maintain friendships and that makes me feel secure
9. I can concentrate hard on anything I do
10. The nightclub had a female vocalist and a live band
11. Nothing can bum me out now
12. I know I can get the things I want in life
13. When I think of it, I am very industrious
14. I really enjoyed the long summer holidays when I was a child
15. Some chimps have been taught to use sign language
16. I have achieved my many of my most important goals so far in life
17. You have to take the ferry to get to the island
18. I get told I have a great smile
19. It doesn’t get any better than this
20. I can make any situation turn out right
21. I know if I try I can make things turn out fine
22. I’m in a great mood now
23. It was their sixth consecutive best seller
24. My future is so bright I’ve got to wear shades
25. I feel that my mind has never been sharper
26. I often feel like "the life of the party"
27. I think I can pretty much do whatever I want to with my life
28. I am starting to feel completely ecstatic
29. I've got lots of ideas and I’m feeling very creative today
30. I am starting to feel playful and full of energy
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Strong Positive Sentences
1. I have friends that will support me if I ever need them to
2. Some things tastes so good that I just close my eyes and smile
3. I am able to do most things I put my mind to and that makes me feel safe and pleased
4. In many ways I am very satisfied with my life
5. I have lots of good memories from my childhood
6. Thinking of my friends makes me smile
7. I love life when I am with friends who enjoy my company
8. Spending time with friends and family makes me feel good
9. I’m in charge of my life and I like it that way
10. The relationships I have now are the best I’ve ever had
11. I am feeling very productive today
12. I know I can get the things I want in life
13. I feel like I am walking on sunshine
14. I’ve got many good friends
15. It’s great to be alive
16. I have several talents that will help me in the future
17. I have all I need to be happy
18. I can make things happen
19. Jokes makes me laugh out loud
20. When I was a child I laughed every day
21. I have done much in my life so far that I am proud of
22. Laughter is a big part of my life
23. I think I’ll have some of my friends for life
24. I feel like jumping because I’m so happy
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25. I feel great when I laugh
26. I will feel very satisfied when I finish my degree
27. I feel like I’m bubbling over with happiness and joy
28. I feel ready for anything; I’m unstoppable
29. I feel like I won the lottery
30. I feel I can take on anything today!
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Appendix C

Mood Condition
Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive

Mean corrugator EMG change (log10 µV)
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Figure AC.1.1 The mean change (Log10 µV) in corrugator activity from baseline during the verbal mood induction procedure and each of the
two 2-back tasks. Each epoch represents 30 seconds. Epoch 10 in the mood induction as well as epoch 9 in the second 2-back task map onto time
2 and 3 in the self-report data. Error bars represent ± 1 SE.
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Mean zygomaticus EMG change (log10 µV)

Mood Condition
Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive

0.55

0.38
0.36

0.50

0.34
0.32

0.45

0.30

0.40

0.28
0.26

0.35

0.24

0.30

0.22
0.20

1

2

3

4

5

6

7

Mood induction

8

9

10

1

2

3

4

5

6

7

8

9

1

First 2-back

2

3

4
5
6
Second 2-back

7

8

Figure AC1.2. The mean change (Log10 µV) in zygomaticus activity from baseline during the verbal mood induction procedure and each of the
two 2-back tasks. Each epoch represents 30 seconds. Epoch 10 in the mood induction as well as epoch 9 in the second 2-back task map onto time
2 and 3 in the self-report data. Error bars represent ± 1 SE. Note different scale EMG during the n-back tasks.
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Appendix D
Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive

Mean corrugator EMG change (log10 µV)
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Figure AD1.1. The mean change (Log10 µV) in corrugator activity from baseline during pictorial the mood induction procedure and each of the
two 2-back tasks. Each epoch represents 30 seconds. Error bars represent ± 1 SE.
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Strong Negative
Mild Negative
Neutral
Mild Positive
Strong Positive
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Figure AD1.2. The mean change (Log10 µV) in zygomaticus activity from baseline during the pictorial mood induction procedure and each of
the two 2-back tasks. Each epoch represents 30 seconds. Error bars represent ± 1 SE. Note different scale EMG during the n-back tasks.
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