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Abstract

Boredom is a common human experience, yet little is known about its underlying neural mechanisms.
This thesis first set out to investigate the construct of boredom and more closely examined its relationship
to phenomenologically similar mood states of depression, apathy and anhedonia. Next, deficits in
sustained attention, and novelty seeking were examined in patients with traumatic brain injury (TBI), who
are characterized by atypically high levels of boredom. Study 1 established that although related to
varying degrees to apathy, anhedonia, and depression, boredom is indeed a distinct emotional experience.
Furthermore, two boredom proneness subtypes - agitated and apathetic - were identified which varied in
their relationships to depression. The relationship between boredom and depression was found to be high
only in the agitated boredom prone subtype, which is characterised by a high degree of motivation to
engage in meaningful, stimulating activities despite the fact that all attempts to do so fail to satisfy. In
Study 2, the relationship between boredom proneness and depression was found to be greater in TBI
patients than in healthy controls. Using a behavioral measure of sustained attention (SART; Robertson et
al., 1997), Study 3 demonstrated a relationship between boredom proneness and sustained attention in
healthy controls, such that RTs were faster and commission errors more prevalent in the agitated boredom
prone subtype. No relationship between boredom proneness and sustained attention was found in TBI
patients. So while attention and boredom show a clear relationship in the healthy brain, this relationship
may be disrupted in TBI patients. Finally, Study 4 demonstrated an association between agitated boredom
proneness and a preference for novel stimuli across participant groups. In addition, patients had a poorer
ability to discriminate between similar and dissimilar stimuli than controls, which was more evident in the
agitated boredom prone group. It may be the case then that agitated boredom prone individuals fail to
satisfy their desire to engage in stimulating activities in part because they fail to accurately identify when
something is indeed novel. Taken together, these results highlight important distinctions between
apathetic and agitated boredom proneness, and the way in which these subtypes relate to depression,
attention, and novelty seeking, in brain injured patients and healthy controls. More work is needed to
determine the role played by boredom in TBI, particularly as this evolves from acute to chronic stages of
the illness. Importantly, identifying boredom as a key element in depressive mood disorders, attention
deficits (e.g., attention deficit hyperactivity disorder), and novelty seeking behaviour, facilitates the design
and implementation of appropriate intervention strategies. For example, it will become increasingly
important to deal with boredom as a significant component of depression. Thus, the work presented here

represents a novel and important contribution to the study of boredom in that it brings the field one step



closer to understanding and treating the experience. Further investigation with greater numbers of patients
is necessary to fully explicate the relationship between boredom and depression, attention, and novelty

seeking in TBI.
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Chapter 1

Introduction

We all experience days in which it is nearly impossible to generate interest in activities; nothing
maintains our interest, focus, or attention, and everything seems ‘boring’. It is such a universal human
experience that we dedicate very little time or attention to actually defining what it means to be bored.
Indeed, the study of boredom has been broad in scope, yet limited by the absence of a consistent
definition of the construct (Darden & Marks, 1999; Geiwitz, 1966; Harris, 2000; Hill & Perkins, 1985;
Mikulas & Vodanovich, 1993; Vodanovich, 2003). For example, boredom has been defined as the feeling
of having no intention or purpose (Heidegger, 1995; Mills, 1959), as well as a state of “being in limbo”
(Heidegger, 1995) in which a desire to engage in the world yields little success (Fenichel, 1951). The lack
of any clear definition of boredom severely limits the meaningful identification of individuals with
atypically high boredom proneness, making it difficult to develop appropriate and effective therapeutic
interventions (Binnema, 2004). Boredom can operate adaptively as a personalized signal to discontinue an
activity and move on to something new. However, when boredom is experienced at atypically high levels
for a majority of the time, its function becomes maladaptive, as it interferes with optimally carrying out
day-to-day activities. Indeed, boredom has been shown to be more pervasive in psychiatric and
neurological populations, ranging from depression to traumatic brain injury (Binemma, 2004; Cicerone,
Levin, Malec, Stuss & Whyte, 2006; Hamilton, Haier, & Buchsbaum, 1984; Seel & Kreutzer, 2003;
Vodanovich, 2003; Vodanovich, Verner & Gillbride, 1991). The presence of boredom in these disorders
may represent a serious impediment to recovery, as engaging such patients in treatment and rehabilitation
becomes extremely difficult.

A range of theories have been proposed to explain the experience of boredom focusing to varying
degrees on motivational and cognitive components. There are those who suggest that boredom is
externally driven in that it is the affective result of impoverished external stimuli perhaps due to

repetition, and a lack of cognitive skills necessary to intrinsically generate interest (Berlyne, 1960; Darden



& Marks, 1999; Geiwitz, 1966; Hebb, 1966; Hill & Perkins, 1985; Mikulas & Vodanovich, 1993; Reid,
1986; Shaw, 1996; Watson, Hickman, Morris, Stutz & Whitting, 1994; Wegner, Flisher, Chikobvu,
Lombard, & Kling, 2008). In contrast, others propose that boredom is internally driven, and may be the
result of a general lack of meaning and/or spirituality in life (Barbalet, 2000; Binnema, 2004;
Csikszentmihalyi, 1975; Eastwood, Cavaliere, Fahlman, & Eastwood, 2007; Hamilton et al., 1984; Leary,
Rogers, Canfield, & Coe, 1986; MacDonald & Holland, 2002; Melton & Schulenberg, 2007; Pattyn, Neyt,
Heridericlcx, & Soetens, 2008; Seib & VVodanovich, 1998; Simmel, 1997; Vodanovich, 2003). More
often, boredom has been conceptualized as an emotional state resulting from inefficient or deficient
emotional, cognitive or attentional processes (Cheyne, Carriere & Smilek, 2006; Csikszentmihalyi, 1975;
Eastwood et al., 2007; Eastwood, Frischen, Fenske, & Smilek, in press; Hamilton et al., 1984; Seib &
Vodanovich, 1998), created by suboptimal levels of cortical arousal (Pattyn et al., 2008; Vodanovich,
2003) or “neurasthenia” (overstimulation; Pattyn et al., 2008; Simmel, 1997). Thus, across varied
definitions, boredom has been taken to reflect a state of core motivational deficits accompanied by a
phenomenological experience of a lack of interest or affective engagement. However, the cognitive and
neural correlates of boredom are poorly understood. In short, boredom is a complex, difficult to define
construct. Furthermore, it is difficult to distinguish boredom from other, similar mood states including
apathy, anhedonia, and depression.

The objective of this thesis was not to generate a comprehensive description of the phenomenon
of boredom, or even to define it more fully than has been done in previous literature. Instead, the goal was
to first determine whether boredom represents a distinct affective construct, second, to examine some of
the cognitive correlates of the experience and finally, to explore the role played by boredom in individuals
who have suffered traumatic brain injury. This research represents the first steps towards a clearer
understanding of boredom and its relationship to cognitive functioning, which will ultimately have
implications for treating psychopathological and neurological disorders in which boredom is pervasive. In
Chapter 2, the relationship between boredom and other, related mood states was explored. Although found

to be related to varying degrees to depression, apathy, and anhedonia, boredom is established as a distinct



emotional construct. Two subtypes of boredom prone individuals were also identified, which are labeled
here as agitated and apathetic. Although these labels are necessarily tentative at this point, they have
intuitive appeal. The agitated subtype represents individuals who are highly motivated to engage in
meaningful and stimulating activities and experience the failure to satisfy that desire as aggressively
dissatisfying. In contrast, the apathetic boredom prone individual lacks that motivational component that
would provoke a desire to redress the emotional experience of boredom - they are bored, but unmotivated
to change. Future work will undoubtedly challenge these definitions and ultimately refine them. They
operate here as a useful heuristic to explore differences in cognitive profiles across the two groups. The
rest of the thesis is devoted to exploring the cognitive correlates of boredom. This is investigated in
individuals with traumatic brain injury (TBI), a population that reportedly experiences atypically high
levels of boredom (Al-Adawi, Powell & Greenwood, 1998). Chapter 3 outlines the characteristics of the
three groups of individuals that represent the study sample, namely, Severe TBI, Concussion, and
Controls. The chapter then describes the relationships between boredom and depression, a common
consequence of TBI. The chapters that follow go on to explore the relationships between boredom and
deficits commonly found post-injury in the cognitive domains of sustained attention (Chapter 4), and
novelty seeking (Chapter 5). The concluding chapter summarizes and highlights the key findings put forth

in the dissertation.



Chapter 2

Boredom as a distinct construct

2.1 Introduction

Despite the relatively poor understanding of the concept of boredom, there have been many attempts to
empirically measure the construct. However, currently available measures of boredom possess limited
amounts of validity and reliability. Furthermore, these measures fail to address the complex nature of the
experience. That is, some scales assess only specific kinds of boredom (e.g., individual differences in
perception of boredom during leisure; Leisure Boredom Scale; Iso-Ahola & Weissinger, 1990), whereas
others measure only specific responses to boredom (e.g., Boredom Coping Scale; Hamilton et al., 1984).
To date, the only empirically validated, comprehensive tool for measuring boredom is the Boredom
Proneness Scale (BPS; Farmer & Sundberg, 1986). The BPS is a 28-item self-report questionnaire
measure of trait susceptibility to the experience of boredom. However, the BPS is not without limitations.
First, the factor structure of the BPS remains somewhat controversial, with factor analyses yielding
anywhere from two to seven factors (Melton & Schulenberg, 2009; Vodanovich, 2003). It is worth noting
that in each of these factor analyses two consistent factors have emerged, measuring respectively the
perceived need for excitement or interest in the environment (External Stimulation), and the ability to
keep oneself focused, interested and entertained (Internal Stimulation; Ahmed, 1990; Farmer & Sundberg,
1986; Vodanovich & Kass, 1990; Vodanovich, Wallace & Kass, 2005). Notwithstanding, inconsistency in
the exact factor structure of the BPS makes it difficult to define subscales and impedes the determination
of the specific factors contributing to the experience of boredom (Musharbash, 2007). More importantly,
scores on the BPS are significantly and positively correlated with a wide range of other related affective
states including depression, hopelessness, loneliness, negative self-awareness, hostility, aggression,
apathy, and amotivation (Ahmed, 1990; Farmer & Sundberg, 1986; Gordon, Wilkinson, McGown, &
Jovanoska, 1997; Seib & Vodanovich, 1998; Vodanovich et al., 1991; Buss & Perry, 1992). Indeed,

Farmer and Sundberg (1986) reported high correlations with a number of distinct scales measuring



depression and prominent symptoms of depression. These associations lead to two critical questions. First,
is boredom a distinct experience from these other, phenomenologically related states? Second, can the
current measures of boredom adequately distinguish it from these other related affective states?

Apathy, anhedonia, depression and boredom all share, at least on face value, some core
motivational and affective components. Apathy is defined as a neuropsychiatric syndrome of primary
motivational loss not attributed to emotional distress, intellectual impairment or diminished consciousness
(Levy et al., 1998; Marin, 1991). Anhedonia is defined as the loss of capacity or failure to experience
pleasure (Klein, 1974; Leventhal, Chasson, Tapia, Miller, & Pettit, 2006; Meehl, 1987; Ribot, 1896;
Snaith, 1993) and although the absence of reward properties may in turn lead to a state of amotivation, the
construct largely reflects affective phenomena. Nevertheless, the presence of a motivational component
across all three constructs — apathy, anhedonia and boredom — makes it difficult to distinguish among
them. Finally, depression has been characterized by both significant affective (e.g., loss of interest or
pleasure) and motivational dysfunction (e.g., inability to engage in normative activity). Perhaps
unsurprisingly then, consistently high correlations have been demonstrated between boredom and
depression (Farmer & Sundberg, 1986; Vodanovich, 2003). Although some research suggests the two
states differ by virtue of their quality and intensity (Farmer & Sundberg, 1986; Kemper, 1987), the
relationship between boredom and depression remains unclear. Despite the fact that previous research has
shown a high degree of relationship between boredom and depression (Farmer & Sundberg, 1986,
Vodanovich, 2003), the relationship between boredom and apathy or anhedonia has not been examined in
detail. However, one would intuitively expect the relationships between boredom, apathy, and anhedonia
to be quite high given their shared features.

Given the high degree of conceptual overlap between apathy, anhedonia, boredom and
depression, an important first step in understanding the role of boredom in cognitive functioning is to
determine the extent to which the construct is independent from related affective states. Study one
attempted to do this by contrasting boredom with the related constructs of apathy, anhedonia, and

depression in order to establish empirically whether boredom represents a unique mood state.



2.2 Methods

2.2.1 Participants and Procedure

Eight hundred and twenty three undergraduate students (age range 16 to 56) were recruited from the
University of Waterloo and York University (males = 243, Mage = 20 years, SD = 3.7). Questionnaires
were anonymously administered on-line and participants received course credit or remuneration for their

participation. The study received institutional ethics approval from both universities.

2.2.2 Measures

Boredom. Three measures were used as indicators of boredom. The 28-item Boredom Proneness Scale
(BPS; Farmer & Sundberg, 1986) measures people’s general susceptibility to experiencing boredom (e.g.,
statements such as “I find it easy to entertain myself” are rated on a 7-point Likert scale). Responses are
summed for a total boredom proneness score ranging from 28 to 196 (higher scores indicate greater
boredom proneness). Estimates of internal consistency (Cronbach’s o)) have ranged from .79 to .84 across
numerous studies (Vodanovich et al., 2005). The BPS has demonstrated high convergent validity with
other boredom measures (rs = .25 or higher; reviewed in Farmer & Sundberg, 1986), as well as measures
of personality, mood, negative affect, life satisfaction, cognitive failures, attention, and time perception
(Vodanovich, 2003).

The 10-item Boredom Coping scale (BC; Hamilton et al, 1984) assesses the ability to cope with
boredom (participants make forced choice judgements between statements such as “I get bored seeing the
same old faces” or “I continue to be interested in familiar everyday faces”). Summed scores range from 0
to 10, with higher scores indicating greater ability to cope with boredom. The BC scale has demonstrated
high internal consistency (a = .67) and test—retest reliability (r = .64; Hamilton et al., 1984).

The 29-item Multidimensional State Boredom Scale (MSBS; Fahlman, Mercer-Lynn, Flora, &
Eastwood, 2011) measures current feelings of boredom (e.g., participants rate statements such as “Time is
passing slower than usual” on a 7-point Likert scale). Scores are summed for a total ranging from 29 to

203 (higher scores indicate higher levels of state boredom). Reliability estimates range from .94 to .96



(Fahlman et al., 2011).Validity was indicated by significant correlations between scores on the MSBS and
the BPS, ranging from r = 0.39 to 0.63 (Fahlman et al., 2011).

Apathy. The three subscales of the Apathy Evaluation Scale-Self report version (AES-S; Marin,
1990; Marin, 1991; Marin, Biedrzycki, & Firinciogullari, 1991) were used as indicators of apathy. The
18-item questionnaire evaluates the presence of apathy across three domains of goal directed behaviour;
overt activity (Behaviour subscale), thought content (Cognition subscale), and emotional responsivity
(Emotion subscale). Participants rate statements such as “I am interested in things” on a 4-point Likert
scale based on how much the statement describes their thoughts, feelings, and activities in the past month.
Responses within each subscale are summed, and the three subscales are combined to produce a total
ranging from 18 to 72 (higher scores indicate greater levels of apathy). The AES has demonstrated high
internal consistency (o = .88) and test-retest reliability (r =.78; Marin, 1991).

Anhedonia. Two measures were used as indicators of anhedonia. The 14-item Snaith-Hamilton
Pleasure Scale (SHAPS; Snaith, Hamilton, Morley & Humayan, 1995) measures the capacity to
experience pleasure in the last few days (participants rate their agreement with statements such as “I
would enjoy my favorite television or radio program” on a 4-point Likert scale). Responses are summed
to produce a total ranging from 0 to 14 (higher scores indicate greater capacity to experience pleasure).
Internal consistency estimated using Cronbach’s o was reported as .86 (Leventhal et al., 2006), and was
.857 when estimated using the Kuder-Richardson formula applicable to non-parametric data (Guilford,
1954; Snaith et al., 1995).

The 36-item Fawcett-Clark Pleasure Capacity Scale (FCPS; Fawcett, Clark, Scheftner & Gibbons,
1983) measures current ability to experience pleasure (participants rate how pleasurable they find
situations such as “listening to beautiful music” on a 5-point Likert scale). Responses to all items are
averaged to produce a mean pleasure score ranging from 1 to 5 (higher scores indicate greater capacity to
experience pleasure). Across studies (Fawcett et al., 1983; Leventhal et al., 2006), the FCPS has
demonstrated high internal consistency (as = .92 to .96) and convergent validity with other measures such

as the SHAPS, the Beck Depression Inventory-Second Edition (BDI-11; Beck, Steer, & Brown, 1996) and



the pleasure scales of the Weissman Social Adjustment Scale Self-Report (Weissman & Bothwell, 1976),
the Beck Hopelessness Scale (Beck & Steer, 1988) and the Chapman Anhedonia Scale (Chapman,
Chapman & Raulin, 1976).

Depression. Existence and severity of depression was indicated by the two subscales of the BDI-
Il (Beck, Steer, & Brown, 1996), a widely used self-report measure of depression. The BDI-II is
composed of 21 items, each consisting of four self-evaluative statements scored from 0 to 3. Measures of
depression are taken across two major domains of symptomatology: somatic-affective and cognitive,
comprising the two subscales of the BDI-I1 (Beck et al., 1996). Responses from each subscale are tallied,
and then combined to produce a total BDI-I1 score ranging from 0 to 63 (higher scores indicate greater
levels of depression). Internal consistency estimates ranged from .92 to .93, and test-retest reliability was
reported as .93 (Beck et al., 1996).

Descriptive statistics as well as correlations and current reliability estimates for all scales used are

presented in Table 2.1.



1 2 3 4 5 6 7 8 9 10 11 12 13 14
1.BPS (.860)
2. BPS:IN 687 (.564)
3. BPS:EX 958 459  (.858)
4.BC B34 423%  622%  (.652)
5. MSBS T11%  391%  723% 523  (.951)
6. AES 250%  162%*  256%* 146%* 267 (.931)
7. AES:B 357%  213%  356% 197  346% 871* (.611)
8. AES:C 205% 123%  205% 109%** .200%* .968* 776  (.891)
9. AES:E A77% 128%  168% 100%* .188**  882% 692  837** (.505)
10. SHAPS 319% 226  260%  249%  210% 229%  261%* 207* 205 (.787)
11. FCPS 2027 193%  164* 157  126% 117 117  086* .141% 375 (.911)
12. BDI-II 520%  321% 527 36O BAG**  266* 333 213  227%  317%  148%  (.926)
13.BDMI: SA | .515% 315+  516* 389% 636 .283% 328%  235%  245%  321% 138 953%  (.884)
14.BDII:C | 469  288%  464*  269% 5O 202%  284%  148%  176%  261% 137%* 9l1*  745% (.872)
Kurtosis® -48 043 -197 -55 01 -890 -68 -90 -76 751 .40 144 69  1.90
Skew* -06  -117  .057 25  -07 458 .27 59 46 249 37 118 .98  1.40
SD 1950 615 1524 231 3263 1202 289 624 167 190 044 943 585 432
M 10054 3245 652  3.95 10388 37.90 9.89 1675 442 1291 377 1127 724 4.07

Table 2.1. Descriptive statistics and correlations between measures in Study 1, including reliability estimates

Note. Cronbach’s a levels are presented on the main diagonal in parentheses. N = 774 to 823. M = mean, SD = standard deviation
4SE =.09. " SE = .17, ** p < .01, two-tailed. *p < .05, two-tailed.



2.2.3 Data Analysis

Structural equation modeling was applied to the data using Amos 7.0 (Arbuckle, 2006). The construct of
Boredom was indicated by the three scales described above (BPS, BC, and the MSBS). Apathy was
indicated by the three subscales (Behaviour [Beh], Cognition [Cog], and Emotional Responses [Emo]) of
the AES. Anhedonia was indicated by the SHAPS and the FCPS. Finally, Depression was indicated by the
two subscales of the BDI-II (Somatic-Affective [Sad] and Cognitive [Cd]). Random measurement error
was included in the model and missing data (arising from rare cases when a participant declined to answer
an item on a given scale), were included in the analysis using the full information maximum likelihood
method (Anderson, 1957; Arbuckle, 2006).

Several measures of fit were used to determine the best model for the data. These included Chi-
Square (%) — an index of the lack of fit of the model to the data (e.g., a perfect fit would yield a chi-square
of zero). Given the fact that the chi-square test is sensitive to sample size we also used the comparative fit
index (CFI; Bentler, 1990), root-mean-square error of approximation (RMSEA; Browne & Cudeck,
1993), and probability of close fit (pclose; Browne & Cudeck, 1993). Both the CFl and RMSEA index
how well the model fits the data. The pclose provides a test of whether the deviation from close fit,
defined as RMSEA less than or equal to .05, would likely occur due to sampling error alone. A model
with a CFl value greater than .95 and a RMSEA value of less than .08 is considered to represent a very
good fit to the data (Bentler, 1990; Browne & Cudeck, 1993). A high (non-significant) pclose value

indicates that the observed deviation from fit to the model would likely occur due to sampling error.

2.3 Results

If boredom is indeed distinct from apathy, anhedonia, and depression, then structural modeling of the data
should indicate that the best fitting model was one in which all four constructs were psychometrically

distinct. To test this hypothesis, a model was estimated in which each construct was represented by a
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separate factor. The 4-factor model adequately fit the data, ° (29, N = 823) = 259.28, p < .001, CFI =

0.95, RMSEA = 0.10, pclose < .001 (Figure 2.1).
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Figure 2.1. A 4-Factor model measuring the relationship between boredom, apathy, anhedonia and

depression.

Measures used to evaluate each construct (i.e., scales and/or subscales) are indicated in rectangles
(abbreviations as indicated in the text). Error variables (E1 — E10), reflecting imperfect measurement of
indicators on latent variables are represented in circles. Correlations between latent constructs are
presented above the bidirectional arrows representing the strength of the relationships between those
constructs. The strength of the relationships between the constructs and the measures used to assess them
is indicated by a standardized regression coefficient (numbers are presented adjacent to the straight line
arrows linking constructs and their scales). The proportion of variance in each measure attributable to the

latent construct is represented by the square of the standardized regression coefficient.
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The RMSEA, however, suggested that the model could be improved. To determine which component of
the model reduced the fit, model modification indices were utilized indicating there was one source of
lack of fit in the model — the absence of a path from Boredom to the Behaviour subscale of the AES
(Beh). A revised model including this path provided a better fit to the data, x* (28, N = 823) = 170.88, p <

.001, CFI =0.97, RMSEA = 0.08, pclose < .001 (Figure 2.2).
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Figure 2.2 A 4-factor model depicting the confound between Boredom and the Behaviour subscale of the

92/ .81

AES (indicated in grey).
Note: this model was the final measurement model adopted. All other aspects are as indicated for Figure

2.1.
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The degree of the relationship between boredom and the Behavior subscale of the AES was small
but significant (r = 0.22, p <.001), and indicated that the Behaviour subscale of the AES was not only a
measure of apathy, but also measured some components of boredom.

A review of all the individual items from the Behaviour subscale of the AES highlighted the fact
that as a measure of the motivational impairment found in apathy, the scale also unavoidably taps into the
motivational aspect of boredom. Thus, since motivational impairment plays a role in both boredom and
apathy, it is not surprising that measures of a lack of motivation would capture both constructs.

Because the Behaviour subscale of the AES confounded apathy and boredom, a model was
estimated from which the subscale had been removed. The resulting model fit the data well, x* (21, N =
823) = 153.95, p <.001, CFI = 0.96, RMSEA = 0.09, pclose < .001, without changing the relationships
between boredom and the other constructs. Thus, although the Behaviour subscale of the AES measured
both apathy and boredom, its presence did not distort the results. Therefore, the final model adopted
(Figure 2.2) included this measure.

Although the 4-factor model fit the data reasonably well, the possibility that boredom, apathy,
anhedonia and depression were not psychometrically distinct was explored further. A model was
estimated in which 1 factor represented all 4 constructs. The 1-factor model yielded a very poor fit to the
data, ¥ (35, N = 823) = 2171.14, p < .001, CFI = 0.5, RMSEA = 0.272, pclose < .001. This ill-fitting 1-
factor model indicated that multiple constructs were required to explain the pattern of correlations among
the variables. A hierarchical factor model was also explored to evaluate whether the intercorrelations
between the first order factors (boredom, apathy, anhedonia and depression) could be explained in terms
of an overarching second order factor (factor X). Again, the resulting model yielded a very poor fit to the
data, x* (35, N = 823) = 813.231, p < .001, CFI = 0.818, RMSEA = 0.164, pclose < .001. The inferior fit of
these two alternate designs confirmed that the best fitting model was one in which boredom, apathy,
anhedonia and depression were represented by distinct factors.

The final measurement model (Figure 2.2) consisted of high loadings of most measures on the

latent variables as indicated by the standardized regression coefficients, representing the strength of the
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relationship between the latent constructs and the measures used to evaluate them. The proportion of
variance in each measure attributable to the latent construct is represented by squared multiple
correlations: the construct of boredom significantly explained 73% (p < .001) of the variance in the BPS,
44% (p < .001) of the variance in the BC, and 71% (p < .001) of the variance in the MSBS. Anhedonia
accounted for 73% of the variance in the SHAPS, yet only 19% of the variance in the FCPS suggesting
that the FCPS is a poor measure of anhedonia. Apathy, together with a small contribution from boredom,
accounted for 69% (p < .001) of the variance in the Behaviour subscale of the AES. Apathy explained
93% (p < .001) of the variance in the Cognition subscale, and 75% (p < .001) of the variance in the
Emotional Responses subscale. Depression significantly accounted for 85% (p < .001) of the variance in
the Somatic-Affective subscale and 65% (p < .001) of the variance in the Cognitive subscale of the BDI-
.

An advantage of the structural equation model is that the estimated correlations among the four
latent constructs are corrected for random measurement error. Therefore, they should provide a more
accurate picture of the relation between boredom and the other constructs than simple correlations
between pairs of measures. There were significant yet low estimated correlations between boredom and
apathy (r = 0.24, p <.001), and boredom and anhedonia (r = 0.38, p < .001). The correlation between
boredom and depression was substantially higher (r =0.72, p <.001). With such a high correlation
between boredom and depression, it was possible that the two constructs overlapped to such a degree that
they were psychometrically indistinguishable from one another. That is, they may have been two
components of the same construct. One means of testing this possibility was to fix the correlation between
boredom and depression at 1.00 to model a scenario in which the two constructs are essentially considered
to be identical. The resulting model yielded a very poor fit to the data, x*= (32, N = 823) = 536.31, p <
.001, CFI =0.88, RMSEA = 0.14, pclose < .001. Additionally, the difference in fit between the original
(Figure 2.2) and current models was significant, A ¥* (3, N = 823) = 277.28, p < .001, suggesting that

although boredom and depression were highly related, they were empirically distinct.
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According to the Diagnostic and Statistical Manual of Mental Disorders — Fourth Edition, Text
Revision (American Psychiatric Association, 2000) both apathy and anhedonia are considered diagnostic
features of depression, however, boredom is not. Therefore, the possibility that the relation between
boredom and depression was mediated by apathy and anhedonia was investigated via a model in which
boredom and depression were partially correlated, with apathy and anhedonia held constant. The resulting
model (Figure 2.3) fit the data well, yielding approximately the same fit statistics as the final
measurement model, 5° (28, N = 823) = 170.88, p < .001, CFI = 0.97, RMSEA = 0.08, pclose < .001).
More importantly, although the correlation between boredom and depression was slightly reduced, it was
still significant (r = .66, p <.001), indicating that the contribution of apathy and anhedonia to the

relationship between boredom and depression was minimal.
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Figure 2.3. A 4-factor model depicting the partial correlation between boredom and depression, with

apathy and anhedonia held constant.
The proportion of variance in boredom unexplained by apathy or anhedonia is represented by D1, and the
proportion of variance in depression unexplained by apathy or anhedonia is represented by D2. All other

aspects of the figure are as indicated in Figure 2.1.
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Another possible explanation for the high degree of correlation between boredom and depression
came from examining the scales used to measure both constructs. There are a number of highly similar
items in the BPS and the BDI-II. More specifically, both scales include questions about one’s ability to
concentrate, activity level, loss of interest, enjoyment, restlessness and low self-image. It was possible that
these similarities in content could account for the high correlation between boredom and depression.
Therefore, a model was estimated in which overlapping items in the BPS and BDI-Il were removed from
the analysis to determine their impact on the relation between the constructs. The resulting model
provided similar results when compared to the final model adopted, ¥ (28, N = 823) = 163.71, p < .001,
CF1 =0.97, RMSEA = 0.08, pclose < .001. There were small changes in the correlations between
boredom and depression (fromr =.72, p <.001 to r = .70, p <.001), and boredom and apathy (from r =
.24, p<.001tor=.23, p<.001). The correlation between boredom and anhedonia remained unchanged
(r=.38, p <.001). Thus, removing the overlapping items from the analysis did not substantially improve

the model fit, or change the correlations between the constructs.
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To further explore the relationship between boredom and depression, the BPS was subdivided
into 2 subscales (Appendix A), representing the two factors which emerged in factor analyses of the BPS
(Ahmed, 1990). The Internal Stimulation subscale (IN) indexed the ability to keep oneself focused,
interested, and entertained through internal stimulation, and the External Stimulation subscale (EX)
indexed the perceived need for excitement, challenge, or interest in the external environment (Ahmed,
1990). Correlations were estimated to determine which component of boredom was most related to the
experience of depression. Results showed that the external subscale was more highly correlated with the
BDI-II (r = .527, p <.001) than the internal subscale (r = .321, p <.001). These correlations were
significantly different from each other, z = -6.50, p < .001 (DeCoster, 2007)". Moreover, the external
subscale was more highly correlated with both the somatic-affective (r = .516, p <.001) and cognition (r =
464, p <.001) subscales of the BDI-II than was the internal subscale (r = .315, p <.001 and r = .288, p
<.001 respectively). Most importantly, the squared correlation coefficients (r°) revealed that 28% (p <
.001) of the variance in the BDI-II was attributable to the external subscale, while only 10% (p <.001)
was attributable to the internal subscale. This pattern of correlation suggested that a perceived lack of
interest in, or alternatively, a need for excitement from, the environment was most responsible for the
relationship between boredom and depression.

Due to the confound between apathy and boredom in the final SEM model adopted (Figure 2.2),
correlations were estimated between apathy and the two subscales of the BPS. Results yielded significant
correlations between the internal subscale and measures of apathy (Behavior: r = .213, p <.001;
Cognition: r =.123, p <.001; Emotional Responses: r =.128, p < .001), with the greatest correlation
between the internal subscale and the behavior subscale of the AES. Estimated correlations between the
external subscale and apathy followed a similar pattern (Behavior: r = .356, p <.001; Cognition: r =.205,

p <.001; Emotional Responses: r =.168, p < .001). Whereas the internal subscale of the BPS explained

! Dissattenuated correlations between both subscales of the BPS and the BDI-I1 were calculated to investigate the
impact of subscale content on correlational values. Results showed values that were similarly different in magnitude
(ry= .43, r,=.57). Thus, subscale items were not making a significant impact on correlations between measures.
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.05% of the variance in the behavior subscale of the AES, the external subscale of the BPS explained 13%
of the variance in the behavior subscale of the AES. This suggested that the external subscale of the BPS
was most responsible for the relationship between boredom and the behavioural component of apathy.

To verify these findings using SEM, a model was estimated in which there were 4 indicators of
boredom, namely, the 2 subscales of the BPS (i.e., internal and external), the BC, and the MSBS. The
resulting model (Figure 2.4) provided similar results when compared to the final model adopted (Figure
2,2), ¥*(37, N = 823) = 188.71, p < .001, CFI = 0.97, RMSEA = 0.07, pclose < .001. The correlation
between boredom and depression changed slightly (from r =.72, p <.001 to r = .71, p <.001), as did the
correlation between boredom and anhedonia (r = .37, p <.001). The correlation between boredom and
apathy (r = .24, p <.001) remained unchanged. Perhaps more importantly, the construct of boredom
significantly explained 75% (p < .001) of the variance in the external subscale of the BPS, but only 27%
(p <.001) of the variance in the internal subscale. This suggested that the external stimulation subscale of
the BPS represents a far better measure of boredom in general. Indeed, the reliability estimate for the

external subscale was o = .858, compared with only a = .564 for the internal subscale.
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With the emerging differences between the internal and external subscales in the data, it seemed
worthwhile to divide the sample based on participants’ endorsements of these two factors. The aim was to
create two groups of individuals who were characteristically different in their phenomenological
experience of boredom, to determine whether these two subtypes of boredom proneness differed in their
relationships to depression and apathy. Accounting for reverse scored items (Appendix A), those who
scored high on the internal subscale and low on the external subscale (N = 124) were characterized as
experiencing what could be termed apathetic boredom proneness. That is, they had difficulty maintaining
focus and keeping themselves interested and entertained through internal stimulation. Those who scored
high on the external subscale and low on the internal subscale (N = 135) were characterized as
experiencing agitated boredom proneness, in that they were interested in engaging in the environment but
their continued efforts to achieve external stimulation were fruitless, leaving them aggressively
dissatisfied. The labels used to describe these two boredom proneness subtypes are necessarily tentative at
this stage, and will undoubtedly require refinement through further research. Nevertheless, the key
defining feature of these subtypes is the difference in the locus of stimulation being sought (i.e., internal
versus external), as well as the degree of motivation for the search (i.e., high versus low).

Correlations between boredom and depression within each subtype of boredom proneness (i.e.,
agitated and apathetic) yielded the following results. First, the BPS was significantly correlated with the
BDI-I1 in the agitated group (r =.203, p < .05), but not in the apathetic group (r =.136, p =.133),
suggesting that only those defined as experiencing agitated boredom also experienced significant
symptoms of depression. This relationship between agitated boredom and depression was even more
evident when examining the correlations between the subscales of the BPS and BDI-II (Figure 2.5). That
is, in both the agitated and apathetic boredom prone individuals, there was no relationship between the
internal subscale of the BPS and either subscale of the BDI-II, however, there was a significant
relationship between the external subscale of the BPS and the Cognitive subscale of the BDI-II (agitated:

r=.22, p <.01; apathetic: r = .20, p < .01).
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Figure 2.5. Correlations between the two subscales of the BPS and the two subscales of the BDI-1I across
boredom proneness subtypes.
Left panel=apathetic boredom prone; right panel=agitated boredom prone. CD=Cognitive subscale of the

BDI-Il; SAD=somatic, affective subscale of the BDI-II.
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Interestingly, although non-significant, the internal subscale of the BPS was negatively correlated with
measures of depression in the apathetic group, but not in the agitated group. This may suggest that the
search for internal stimulation, however unsuccessful, helps to stave off depression in apathetic boredom
prone individuals, but not in those prone to experiencing agitated boredom.

Estimated correlations between boredom and apathy within each subtype of boredom proneness
revealed a significant positive correlation between the AES and BPS in the apathetic group (r =.186, p <
.05), yet no correlation was found in the agitated group (r = -.057, p = .508). The difference between these
correlations trended towards significance (z =1.95, p =.051; DeCoster, 2007). Moreover, in the apathetic
group, both subscales of the BPS were positively correlated with subscales of the AES, with the external
subscale having a greater degree of correlation than the internal subscale (Figure 2.6). In the agitated
group, the BPS subscales were not significantly correlated with the AES, however, there was a positive

trend for the Behavior subscale, and a negative trend for the other subscales.
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Figure 2.6. Correlations between boredom and apathy within the 2 boredom proneness subtypes.

Beh= Behaviour; Cog=Cognition; Emo=Emotion.
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These results suggest that the relationship between boredom and apathy was greatest in individuals with
apathetic boredom proneness as one might expect. Despite this, it was the responses on the external
stimulation subscale of the BPS that continued to drive the relationship between boredom and apathy even
within the apathetic boredom prone group. Moreover, the strongest relationship between apathy and

boredom was evident in the Behavior subscale of the AES (Figure 2.6; see also Figure 2.2).

2.4 Discussion

The goal of study one was to distinguish the construct of boredom from phenomenologically related states
of apathy, anhedonia and depression. Although boredom is correlated to varying degrees with each
construct, results clearly showed that boredom represents a distinct affective state.

Although shown here to be statistically independent, boredom and depression were highly
correlated, consistent with previous findings (Farmer & Sundberg, 1986; VVodanovich, 2003). Although
they appear to share some symptoms (Farmer & Sundberg, 1986), it is unclear why boredom and
depression are related to such a high degree. Despite a high degree of overlap in the content of individual
items in the scales used to measure boredom (BPS) and depression (BDI-I1), the current results show that
the correlation between the two is not solely based on those items. In addition, both scales seem to be
measuring similar elements of experience. That is, a recent investigation of the factor structure of the
BDI-11 (Cohen, 2008), suggests that one of the two dimensions of depression measured is symptom
expression in terms of arousal level (e.g., “loss of energy/pleasure” indicative of low arousal, and
“agitation/irritability” indicative of high arousal). Although the factor structure of the BPS remains
unspecified, most researchers agree that two of the domains of experience measured by the BPS are a
perceived lack of external or internal stimulation (Ahmed, 1990; Farmer & Sundberg, 1986; VVodanovich
& Kass, 1990; Vodanovich et al., 2005; Melton & Schulenberg, 2009). The current study demonstrated
that when boredom was measured by separate external and internal stimulation subscales, it was the
perceived lack of external stimulation that was most related to depression. This was also true when the

sample was split into two separate groups characterized by different phenomenological experiences of
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boredom (i.e., apathetic and agitated boredom proneness). That is, an agitated bored state was more
related to depression than an apathetic one. Thus, although portions of the BDI-II and the BPS appear to
measure similar elements of experience (i.e., arousal and stimulation), this study established that
depression and boredom are empirically distinct constructs.

Boredom and depression have also been shown to be distinct in a study of anti-depressant
(citalopram) treatment for depression and boredom in cancer patients, where the incidence of depression
is high (Theobald et al., 2003). Results showed that over the course of the 8-week study, symptoms of
depression and boredom improved at different rates in response to citalopram. That is, above baseline
improvements in depression were notable by week two of the study, whereas improvements in boredom
were not evident until week six. Moreover, results demonstrated two distinct forms of boredom (labeled
by those authors as overt and spirituality), which differed in their relationships to depression. More
specifically, overt boredom was correlated with depression, whereas boredom related to meaning and
spirituality was not. These findings are consistent with results presented here.

In contrast, a recent study addressing this issue investigated the relationship between boredom
and ‘life meaning’ (Fahlman, Mercer, Gaskovski, Eastwood & Eastwood, 2009; see also Melton &
Schulenberg, 2007), defined as an existential awareness of purpose translating into the development of
meaningful life goals. Researchers found the relationship between boredom and depression was mediated
by ‘life meaning’. That is, when the variance associated with life meaning was removed from the analysis,
the relation between boredom and depression was minimized. In addition, life meaning predicted levels of
boredom weeks later, whereas depression did not. Furthermore, changing perceptions of life meaning
caused changes in levels of boredom. Taken together, these findings suggest that the relationship between
boredom and depression may be dependent on at least one other factor (i.e., life meaning; Fahlman et al.,
2009).

Another recent study investigating the nature of the relationship between boredom and depression
found that everyday cognitive failures, such as lapses in attention and memory, play a role in causing both

depression and boredom (Carriere, Cheyne, & Smilek, 2008). Although the authors could not determine
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whether boredom causes depression or vice versa, they did find that the same attention and memaory
failures shown to lead to depression may also lead to boredom, as they impact people’s ability to sustain
interest and maintain engagement with their surroundings. Thus, the relation between boredom and
depression seems to be driven in part by common cognitive mechanisms underlying both.

The relationships between measures of boredom and apathy and boredom and anhedonia in the
current study were surprisingly lower than expected given their high degree of conceptual overlap. It is
unclear why this is the case, especially in light of the fact that boredom and depression were so highly
related. Another noteworthy finding relates specifically to the relationship between boredom and apathy.
The AES evaluates the presence of apathy across three domains of goal directed behaviour; overt activity
(the behaviour subscale), thought content (the cognition subscale), and emotional responsivity (the
emotion subscale). When the experimental sample was split into two subtypes of boredom proneness (i.e.,
apathetic and agitated), results showed, as one would intuitively expect, that the relationships between
apathy and boredom were greatest in individuals with apathetic boredom proneness. However, within both
the apathetic and agitated groups, it was the perceived lack of external stimulation that was most related to
the experience of apathy. On the surface this finding seems counterintuitive, as one would suspect that a
lack of internal stimulation would be most related to apathy. Indeed, across a broad range of disciplines,
boredom has been thought of as either an apathetic state, where one has no intention or purpose (e.g.,
Heidegger, 1995; Mills, 1959), or an agitated state in which a desire to engage in the world yields little
success (e.g., Fenichel, 1951). Moreover, boredom and apathy were most strongly related through the
Behavior subscale of the AES, which is a measure of goal directed overt activity. Thus, it may be possible
that the relationship between boredom and apathy is mediated by a lack of external stimulation.

In conclusion, the present study statistically established that although related to varying degrees
to apathy, anhedonia, and depression, boredom represents an independent affective construct. This
finding provides clear insight into the nature of boredom by identifying the distinct subtypes of apathetic
and agitated boredom proneness. Interestingly, it was the agitated state that was most responsible for the

relationships between boredom and the other latent variables. Establishing boredom as a distinct construct

29



makes an investigation of its cognitive correlates possible as a next step, which has important implications
for the identification and treatment of boredom in psychiatric (e.g., depression) and neurological (e.g.,
traumatic brain injury) populations in which it is most pervasive and disruptive (Binemma, 2004;
Cicerone et al, 2006; Hamilton et al. 1984; Seel & Kreutzer, 2003; Vodanovich, 2003; Vodanovich et al.,

1991).
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Chapter 3

Exploring the relationship between Boredom and Depression in TBI

3.1 Introduction

The second goal of this thesis was to investigate the cognitive correlates of the subjective experience of
boredom. Patients who had suffered varying degrees of closed head injuries were examined as this
population consistently reports atypically high levels of boredom. In particular, traumatic brain injury
(TBI) often leads to pervasive emotional and cognitive changes in the individual , including increases in
boredom and depression, and decreases in motivation (Al-Adawi et al., 1998; Chervinsky et al., 1998;
Glenn et al., 2002; Mathias, Beall & Bigler, 2004; Seel & Kreutzer, 2003; van Baalen et al., 2006).
Frontal cortices represent the most commonly injured brain region in TBI which leads to a range of
cognitive difficulties including, but not limited to, poor sustained attention and concentration and a bias
toward novelty over familiarity (Catalano et al., 2004; Cicerone, Levin, Malec, Stuss & Whyte, 2006;
Dockree et al., 2004; Dockree et al., 2006; Gianotti et al., 2009; Manly et al., 2003; Mathias et al., 2004;
O’Keeffe et al., 2007; Robertson et al., 1997; Whyte et al., 2006). The current investigation focused on
the subjective experience of boredom in patients with different degrees of TBI, to examine relationships

between boredom and depression following TBI.

3.2 Participant Characteristics

There were three groups of participants in this study and for the chapters that follow on the relationship
between sustained attention and boredom (Chapter 4) and novelty preference and boredom (Chapter 5).
Males who had sustained acceleration/deceleration closed head injuries were recruited from the
Kitchener-Waterloo, Hamilton, and Niagara communities, St. Michael’s Hospital in Toronto, and the
University of Waterloo’s volunteer subject pool. They were split into two patient groups categorized by
injury severity, determined using American Congress of Rehabilitation Medicine (1993) criteria (i.e.,
Glascow Coma Scale scores — where available, duration of loss of consciousness, and post traumatic

amnesia). One patient group (Concussion) was comprised of 38 males (M age = 24; SD = 9) who had
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sustained concussions or other forms of mild TBI. The other patient group (TBI) was comprised of 14
males (M age = 36; SD = 12.1) who had sustained moderate to severe TBI. Eighty-eight males (M age =
23; SD = 7.4) were recruited through the University of Waterloo’s undergraduate volunteer subject pool
and the local community to form the control group (Controls). Participants either received course credit or
remuneration for their participation, and signed a consent form before completing the experiment. All
procedures were approved by the Office of Research Ethics at the University of Waterloo. Characteristics

of each experimental group are summarized in Table 3.1.
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Group (N) Age Age Years ACRM criteria BPS Internal External BDI-II
M (SD) Range Post Score  Subscale Subscale  Score
Injury M (SD) score score M (SD)
M (SD) M (SD)
Controls (88)  23(7.4) 17-57 NA 93.42 26.58 64.51 11.53
(28.37)  (15.30) (19.68) (11.62)
Concussion (38) 24 (9.0) 18-54 GCS 13-15 w/in 30 mins, 101.21 30.37 67.47 10.58
LOC < 30 mins (23.72) (4.74) (19.57) (9.87)
TBI (14) 36 (12.1) 18-56 GCS =<12,LOC>30mins, 106.21 34.57 68.43 13.36
PTA (21.93) (8.72) (17.32) (9.96)
Pt1 42 20 Coma for several weeks 100 35 63 0
Pt2 36 30 Coma for several months 75 28 50 4
Pt3 40 20 Coma for 6 weeks 140 48 89 30
Pt4 56 30 LOC 40 mins 100 16 71 8
Pt5 25 6 LOC, coma for 6 weeks 119 28 87 18
Pt6 34 14 Level 3 coma for 6 weeks 123 39 78 16
Pt 7 18 2 LOC, PTA 2 weeks 116 36 77 11
Pt8 54 10 Coma for 2 weeks 80 27 52 10
Pt9 23 12 LOC > 2 hours 143 35 102 32
Pt 10 39 <1 LOC, PTA for 8 hours 113 38 74 22
Pt 11 39 2 ‘Brief” LOC 72 28 42 8
Pt 12 19 10 LOC — unknown length 104 37 63 20
Pt 13 30 11 Come for 2 weeks, PTA 91 40 49 3
Pt 14 49 2 Collapsed with seizure 111 49 61 5

Table 3.1. Participant Characteristics of studies 2, 3 & 4

Note. M=mean; SD=standard deviation; GCS=Glasgow Coma Scale; LOC=loss of consciousness; PTA=post traumatic

amnesia.
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3.3 Boredom

Susceptibility to experiencing boredom was measured with the Boredom Proneness Scale (BPS; Farmer &
Sundberg, 1986; see Section 2.2.2 for description). Analyses of the BPS scores across the three groups
were conducted using a one-way analysis of covariance (ANCOVA), with participant’s age as a covariate
to control for any differences resulting from age.? Although the mean BPS score was highest for the TBI
group, next highest for the Concussion group and lowest for the Controls (Table 3.1), results showed that
these differences were not significant [F(2, 136)=1.31, p=.274]. The three groups also showed no
difference in their scores on the internal [F(2, 134)=1.66, p=.195], or external subscales of the BPS [F(2,
134)=.366, p = .694].

This finding was surprising given the documented subjective reports of increased levels of
boredom in individuals with TBI (Al-Adawi et al., 1998; Chervinsky et al., 1998; Glenn et al., 2002; Seel
& Kreutzer, 2003; van Baalen et al., 2006). One possible explanation for this discrepancy is that the BPS
as a general measure of boredom proneness fails in its ability to measure the experience of boredom in
individuals with TBI (i.e., the test lacks appropriate sensitivity). It may also be the case that patients with
TBI do in fact show elevated levels of boredom proneness relative to premorbid levels. In addition, many
of the moderate to severe TBI patients had suffered their injury many years prior to testing (Table 3.1). It
may well be the case that boredom levels subside with age in general and with time post injury in
particular, both possibilities that would require further research. Also, the sample size tested here is quite
small which may have impacted the results. Finally, the reliability of self-report measures is often
guestioned because they may very well contain responder biases, and reflect poor responder insight.
Indeed, TBI patients are known to have poor insight and are unreliable historians when it comes to

autobiographical information (Mathias, Beall & Bigler, 2004; McAvinue et al, 2005). Further research is

% Results indicated that the relationship between age and BPS scores did not differ significantly as a function of
participant group. That is, there was no significant interaction between age and participant group on the total BPS
score [F(2, 134) = 1.52, p = .222], the internal subscale score [F(2, 132) = 2.26, p =.109], or the external subscale
score[F(2, 132) = 2.47, p = .089]. Thus, the interaction term was removed from subsequent models analyzing BPS
scores.
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needed to investigate the inconsistency between subjective reports and empirical evidence regarding
boredom levels in traumatic brain injury.

In light of the findings in Study 1 (Chapter 2), the current participant groups were further
examined based on the distinct kinds of boredom proneness identified - apathetic or agitated. Those who
scored high on the internal subscale of the BPS and low on the external subscale of the BPS were
characterised as experiencing apathetic boredom (see Section 2.3). Those who scored high on the external
subscale of the BPS and low on the internal subscale of the BPS were characterised as experiencing
agitated boredom. When the sample was characterised according to these two subtypes of boredom
proneness, the following profile emerged. Twenty-nine percent of the TBI group were characterised as
experiencing apathetic boredom, 14% experienced agitated boredom, and 57% did not fall into a specific
subtype. In the Concussion group, 18% were characterised as experiencing apathetic boredom, 5%
experienced agitated boredom, and 76% did not fall into either subtype. Finally, in the Control group,
16% were characterised as experiencing apathetic boredom, 16% experienced agitated boredom, and 68%
did not fall into a subtype. In other words, the TBI group was twice as likely to present with apathetic
boredom proneness than either the Concussion or Control groups. Note, with such small numbers of
agitated boredom prone individuals in the concussion and TBI groups, results with these data should be

interpreted with caution.

3.4 Depression

Depression severity was indicated by the BDI-I1 (Beck, Steer, & Brown, 1996; see Section 2.2.2 for
description). ANCOVA was performed on the BDI-1I scores (Table 3.1) to determine whether there were
differences between the participant groups, controlling for age. Results yielded a significant interaction
effect between participant group and age [F(2, 134) = 4.05, p < .05]. Linear regression lines were fit to the
data, yielding significant positive slopes relating age and BDI-I1 scores in both the control and concussion
groups, and a non-significant negative slope in the TBI group. Multiple regression analysis indicated that

for the control and concussion groups, greater age was significantly associated with higher levels of
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depressive symptoms, whereas for the TBI group, there was no such association. One possibility for the
lack of any association between depression and age in the TBI group may relate to the fact that
individuals with TBI often have poor insight into their own behaviours and as a consequence may
experience lower levels of depressive symptoms (Seel & Kreutzer, 2003). Alternatively, the mean number
of years post injury for this group is 12.14 years. It may be the case that any symptoms of depression

experienced in the acute phase post injury have subsided by the time of testing in this study.

3.5 Relationship between boredom and depression

Bi-variate correlations were performed between measures of boredom (BPS) and depression (BDI-II) to
determine whether there was any relation between the two across the participant groups. Based on
previous results (Section 2.3), it was expected that boredom and depression would be highly correlated in
all groups. However, it was hypothesized that the relationship between boredom and depression would be
the strongest in the TBI group, and greatest among those who were in a state of agitated boredom. Results
revealed significant correlations between BPS and BDI-11 scores in all three groups (Control: r = .409, p <
.01; Concussion: r =.616, p < .01; TBI: r =.764, p < .01). Although the differences between these
correlations were non-significant, there was a trend towards a stronger relationship between boredom and
depression in the concussion (z=1.41, p=0.15) and TBI groups (z=1.78, p=.07) than in controls. This is
consistent with previous research establishing high levels of boredom and depression in these patient
groups (Seel & Kreutzer, 2003).

When correlations were calculated between the BDI-1I and the individual subscales of the BPS,
no significant relationships were found between the internal subscale and the BDI-1I scores in any of the
groups (Control: r = .134, p = .218; Concussion: r =.268, p = .104; TBI: r = .260, p = .369). In contrast,
the external subscale was significantly correlated in all three groups (Control: r = .393, p <.001;
Concussion: r =.662, p <.001; TBI: r =.786, p < .001). Tests of differences between these correlations
revealed no significant difference between the concussion and TBI groups, however, there was a

significant difference between the TBI and controls (z = -2.01, p<0.05), and the difference between the
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concussion and controls approached significance (z=1.89, p=0.057). Thus, the relationship between the
BDI-11 and the external subscale scores of the BPS is greater in the TBI and concussion groups than

controls (Figure 3.1).
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Figure 3.1. Relationship between BDI-Il and BPS scores across participant groups.
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These findings are consistent with the results of Study 1 (Section 2.3), which found the external subscale
of the BPS to be the driving force behind the relationship between the BPS and BDI-II, and suggest that
this relationship is magnified following traumatic brain injury.

When the study sample was characterized based on whether individuals were experiencing
apathetic or agitated boredom proneness, some of the resultant categories had very few participants.
Thus, the following analyses are meant only to be descriptive and to highlight possible trends, and should
be interpreted with caution until larger sample sizes can be obtained. Analysis revealed a greater degree of
depression in those with agitated boredom proneness than apathetic boredom proneness (Figure 3.2). This
difference was significant in the control group (t=-3.05, p<.01), indicating that agitated controls had
higher scores on the BDI-II than apathetic controls. This is consistent with the hypothesis, and earlier

findings in Study 1 (Section 2.3).
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Note: Error bars represent the standard error of the mean.
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3.6 Discussion

The goal of Study 2 was to investigate the relationship between depression and boredom in patients with
varying degrees of TBI, where boredom has been reported to be pervasive (Al-Adawi et al., 1998;
Chervinsky et al., 1998; Glenn et al., 2002; Seel & Kreutzer, 2003; van Baalen et al., 2006). Results
showed that individuals with TBI were more likely to experience apathetic boredom proneness (as
opposed to agitated boredom proneness) than the other two groups of participants. Apathetic boredom
proneness describes a lack of desire to seek external stimulation, and a difficulty maintaining interest in
seeking internal stimulation. Although the literature on apathy following TBI is scarce, researchers have
found a high incidence of apathy post injury, which increases with age and time since injury, and has a
negative impact on motivation for rehabilitation (Al-Adawi, Powell, & Greenwood, 1998; Chervinsky et
al., 1998; Glenn, 2002; Kant, Duffy, & Pivovarnik, 1998). Given that the majority of the TBI participants
in the current study were older and further from the time of injury, it is perhaps not surprising that the
incidence of apathy was high. It may be the case that the prevalence of boredom proneness subtypes
differs over the course of recovery from TBI. Immediately post injury patients may show a tendency
towards agitated boredom as they attempt to piece together their lives. This propensity may be expected
to lead to the increased novelty seeking and risk taking behaviour characteristic of TBI patients, at least in
the acute phases post injury (Gianotti et al., 2009). Any tendencies of this kind may then be expected to
diminish over time in concert with other changes including age. In other words, it is possible that agitated
boredom in the early phases post TBI gives way to apathetic boredom in more chronic phases. Certainly
the group tested here were a long time post injury. Since different mechanisms may be at play depending
on age and time since injury (Al-Adawi, Powell, & Greenwood, 1998; Chervinsky et al., 1998; Glenn,
2002; Kant, Duffy, & Pivovarnik, 1998), this speculative time course of post-injury boredom would be
worthy of further investigation to determine appropriate interventions that are tailored to each individual’s
needs, in order to optimize recovery and motivation for recovery.

Results also demonstrated a trend towards a stronger relationship between boredom and

depression in the concussion and TBI groups than in the controls. This is not surprising given the high
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incidence of post-injury depression in patient groups (Glenn, 2002; Kant, Duffy & Pivovarnki, 1998; Seel
& Kreutzer, 2003). Furthermore, the relationship between boredom and depression was found to be
largely driven by the external subscale of the BPS in both the TBI and concussion groups, but not the
controls. However, when the sample was characterized by boredom proneness subtype, all participants
(control, concussion, and TBI) in the agitated boredom prone group were more likely have higher levels
of depressive symptoms than those in the apathetic boredom prone group. These findings are consistent
with Study 1, and have important implications for the rehabilitation and recovery of TBI patients. It is
well known that the incidence of depression and boredom are both high following TBI (Al-Adawi et al.,
1998; Seel & Kreutzer, 2003), and that symptoms of boredom and depression have responded differently
to treatment in a patient population (Theobald et al., 2003; Section 2.4). The findings presented here
suggest that the co-morbid expression of boredom and depression is greatest in individuals with agitated
boredom proneness, suggesting the need for individualized treatment approaches based on boredom
proneness subtype. Based on the present findings, intervention strategies designed to specifically target
features of agitated boredom proneness will likely have the most successful outcomes in treating post-
injury depression in TBI patients. Further research with more participants is needed to explicate the

relationship between agitated boredom and depression in patient populations.
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Chapter 4

Exploring the relationship between Boredom and Attention in TBI

4.1 Introduction

Deficits in attention represent perhaps the most common cognitive consequence of TBI (Catalano et al.,
2006; Cicerone, Levin, Malec, Stuss & Whyte, 2006; Dockree et al., 2004; Dockree et al., 2006; Manly et
al., 2003; Mathias et al., 2004; McMillan et al., 2002; O’Keeffe et al., 2007; Robertson et al., 1997;
Whyte et al., 2006). While the field of brain injury research currently lacks an adequate characterization
of these attention deficits, one common tool used to measure sustained attention is the Sustained Attention
to Response Task (SART; Robertson et al., 1997). In this task, participants are randomly presented with
numbers from ‘1’ to ‘9’, and are required to respond with a button press to every number except one (e.g.,
the number °3”). In an improvement over traditional vigilance tasks which require monitoring a long
stream of information for the occurrence of a particular target to respond to, the SART task requires
monitoring for a period of less than 5 minutes for the appearance of a target to withhold a response from.
This forces an individual to more actively attend to the task in order to overcome the tendency to
automatically respond. Thus, errors on this task are thought to be more reflective of an impaired ability to
sustain attention (for alternate versions of the SART see Dockree et al., 2006; Manly et al., 2003;
Robertson & O’Connell, 2010).

Previous research has shown that injury severity is directly related to performance on tasks of
sustained attention such as the SART, with severely injured patients demonstrating the worst
performances (Robertson et al., 1997; Manly et al., 2003; Dockree et al., 2006). In addition, results
typically show that TBI patients make significantly more errors of commission (i.e., erroneously
responding to a ‘3’), and while there is no difference in overall response times (RT) between the two
groups, TBI patients show more variability in RT (Robertson et al., 1997; Stuss et al., 1999; Manly, 2000;
Manly et al., 2003; Dockree et al., 2006). Furthermore, in an alternate version of the SART in which the

numbers are presented in a fixed ascending sequence (i.e., allowing individuals to predict when the no-go
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trials will occur) control participants slow down for the trials immediately preceding a no-go trial,
whereas TBI patients do not show any such signs of preparatory slowing (Manly et al., 2003; Dockree et
al., 2004; Dockree et al., 2006; O’Keeffe et al., 2007). In fact, in various versions of the SART, the RT of
TBI patients gets shorter on trials just preceding an error, suggesting that the patients have stopped paying
attention to the stimuli and are instead automatically responding to the trials based on their habitual and
most frequent response. That is, errors are considered the result of a change in the approach to the task
from a controlled, effortful processing of information, to an automatic mode of responding (Robertson et
al., 1997; Dockree et al., 2004; Manly et al., 1999; Cheyne et al., 2006; Smallwood et al., 2007; Cheyne et
al., 2009).

Many researchers have proposed that this attentional ‘drift’ from controlled to automatic
responding in healthy individuals is a consequence of cognitive underarousal and boredom (Fisher, 1993;
Hamilton, 1981; Hamilton, Haier & Bauchsbaum, 1984; Robertson et al., 1997; Manly et al., 1999;
Wallace, Vodanovich, & Restino, 2003; Kass, Wallace & Vodanovich, 2003; Kass, Vodanovich, Stanny
& Taylor, 2001; Cheyne, Carriere & Smilek, 2006 & 2009; Carriere, Cheyne & Smilek, 2008; Cheyne et
al., 2009; Pattyn et al., 2008). However, this association between attention and boredom has been
established using only questionnaire measures. That is, many studies of healthy individuals have
demonstrated that significant relationships exist between high levels of boredom proneness and what
could be considered failures or 'lapses' of attention (e.g., putting milk in the pantry instead of the fridge;
Wallace, Kass & Stanny, 2002; Wallace, Vodanovich & Restino, 2003; Cheyne, Carriere & Smilek, 2006;
Carriere, Cheyne & Smilek, 2008). Thus, while previous research has demonstrated a link between lapses
in attention and boredom in healthy individuals using questionnaire measures, the relationship between
attention and boredom has not been investigated using behavioural measures of attention, nor has this
relationship been studied in TBI patients where boredom is reportedly more pervasive.

In the present study, the relationship between boredom proneness and sustained attention was
examined in patients with varying degrees of TBI. If, as previous research suggests, sustained attention

deficits are related to injury severity, one would expect to find that the severely injured TBI patients yield
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the worst performance on the SART. Additionally, if, as previous research suggests, poor sustained
attention is reflective of higher levels of boredom, one would expect to see the greatest attentional deficits
to be evident in individuals with high BPS scores. However, if impaired sustained attention is the result of
something other than cognitive underarousal and/or boredom, no differences should be found in SART
performance based on level of boredom proneness. Finally, if sustained attention was found to be related
boredom, one would expect to see differences in performance based on the subtype of boredom proneness
being experienced (Malkovsky, Merrifield, Goldberg & Danckert, 2012). That is, individuals with
apathetic boredom proneness who lack the desire to engage in the external environment would be
expected to demonstrate poorer performance than individuals with agitated boredom proneness, who are

highly motivated to engage in their surroundings in their search for stimulation.

4.2 Methods and Procedure

The three groups of participants in the present study have been described elsewhere (Chapter 3, Section
3.2). The SART (Robertson, et al., 1997) was used to measure sustained attention. In the current version
of the SART, 225 single digits (25 of each of the 9 digits) were randomly presented in white on a black
background over a 4.3 minute period. The font size of the digits varied across trial presentation, with
equal random presentation of 48, 72, 94, 100 and 120 point size Symbol font. Each digit was presented for
250 msec, followed by a 900 msec mask consisting of a ring with a diagonal cross in the middle (Figure

4.1).
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Figure 4.1. Schematic representation of trial sequences in the Sustained Attention to Response Task
(SART).
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Participants were required to respond as quickly and as accurately as possible to the appearance of
each digit by pressing the computer’s spacebar, unless the digit 3 was presented. On the 25 occasions that
the digit 3 was presented, participants were required to withhold a response. These 25 ‘no-go’ trials were
randomly presented throughout the 225 trials. Eighteen practice trials were presented prior to the start of
the task. The SART was created in E-prime, and presented to participants on a 15.4 inch computer screen
with 1024 X 768 pixels resolution and an NVIDIA 512 MB Quadro NVS 140M video card, Intel Core 2
Duo CPU at 2.60 GHz with a refresh rate of 60 Hz.

All participants completed the SART in the lab. Data collected from the SART was processed
prior to analysis as follows: Across all participant groups, individual trials that had response times less
than 100 ms were removed, as they represented anticipatory responses made prior to the presentation of
the stimulus. For controls, individual trials with response times greater than 2 SD from the individual’s
grand mean were also removed, as these represented uncharacteristically slow responses. This resulted in
the elimination of an average of seven trials (3.11%) per individual (SD=3.12) from further analysis. An
average of seven trials (3.11%) per individual in the concussion group (SD=3.23) and eight trials (3.55%)
per individual in the TBI group (SD=3.52) were greater than 2 SD from the individual’s grand mean.
However, given that increased variability is a hallmark of TBI (Dockree et al., 2006), these trials were not
eliminated from further analysis. One control participant had a rate of 100% commission errors (i.e., 25
out of a possible 25), which exceeded our pre-determined accuracy cut-off value of 88% errors (i.e., 22
out of 25). This participant was removed from the data set. One concussion patient was excluded from the
analysis due to missing data. Thus, in total, two participants (one control and one concussion patient) were

excluded from further analysis. Data was analyzed using ANCOVA, with age as the covariate.

4.3 Results

4.3.1 Reaction Time

Analysis of RT revealed a significant main effect of age [F(1, 134)=32.62, p<.001]. Correlations between

age and RT were significant in the TBI (r=.724, p<.01) and control (r=.445, p<.001) groups, and trended
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towards significance in the concussion group (r=.296, p=.075). These results indicate that across the
groups, reaction time increased with age. No interaction was observed between age and participant group.
Therefore, all further analyses of RT contrasted group performance without controlling for age.

Planned comparisons of the RT means revealed significant differences between the TBI and
control groups (t=-4.75, p<.001), and the TBI and concussion groups (t=3.0, p<.001). There was no
significant difference between the concussion and control groups (t=-.811, p=.421). Thus, individuals in

the TBI group were slower to respond than those in the concussion and control groups (Figure 4.2).
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Figure 4.2. Mean SART response time across participant group.

Note: Error bars represent the standard error of the mean.
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Next, to determine whether each group slowed down during performance of the SART, RTs for
the first half of the task (trials 1-112) were directly contrasted against the last half (trials 113-225) in a
mixed design repeated measures ANOVA with group as the between subject variable and first versus last
half RTs as the within subjects variable. Results revealed a main effect of RT [F(1,135)=4.44, p<.05] and
a non-significant trend towards an interaction between RT and group [F(2, 135)=2.15, p=.120]. Thus, RTs
tended to be slower in the last half of the task, a difference that appeared to be more pronounced in the

two patient groups (Figure 4.3).
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Figure 4.3. Mean reaction time for first half (trials 1-112) and second half (trials 113-225) of the SART

task across group.

Note: Error bars represent the standard error of the mean.
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To further examine how SART performance evolved over the course of the task, the 225 trials of
the SART were sorted into nine blocks of 25 trials each. Linear curve estimates (on the RT for each bin)
were calculated to determine whether there were differences in response trends across groups. Analysis
revealed no significant linear trend for controls (R?=.000, p=.603), or the concussion group (R*=.002,
p=.459). The curve of the TBI group approached significance (R*=.022, p=.097), suggesting a trend

towards slowing down over time (Figure 4.4).
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Figure 4.4. Mean reaction time over 225 trials of SART, grouped into 9 blocks of 25 trials each.
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To examine variance in performance across the groups, each individual's standard deviation across the
whole task was used to generate a group mean variance score as a dependent variable. Analysis of RT
variance controlling for age, yielded a significant interaction effect between participant group and age
[F(2,132) = 6.44, p < .01]. Linear regression lines were fit to the data, yielding significant positive slopes
relating age and RT variance in both the concussion and TBI groups, with no significant relation evident
in controls. Multiple regression analysis indicated that both the concussion and TBI groups had
significantly larger slopes than controls, while the slopes of the TBI and concussion groups were not
significantly different from each other. These results indicated that as they age, the patient groups became
increasingly variable in their performance relative to controls.

It was hypothesized that the TBI group would have the most variable performance, followed by
the concussion group, with controls showing the least amount of variability. Although the analysis of
mean reaction time variance, did not reveal a main effect of participant group [F(2,132)=1.56, p=.213],
the pattern of response variability was as hypothesized (Figure 4.5). Therefore, planned comparisons were
executed on the adjusted means (controlling for age). Results revealed a significant difference between the
control and the concussion groups (t=-3.68, p<.001). The difference between the TBI group and controls
approached significance (t=1.88, p=.063). There was no significant difference between the TBI and

concussion groups (t=-.03, p=.975; Figure 4.5).
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Figure 4.5. Mean SART reaction time variance (left) adjusted for age effects (right) across participant
group.

Note: Error bars represent the standard error of the mean.
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The mean RT surrounding errors of commission was calculated for each individual (using the
three trials immediately preceding and anteceding an erroneous response on a no-go trial) to determine
whether there was a relationship between RT and accuracy. It was hypothesized that controls would slow
down after making an error, but patients would not (Robertson et al., 1997; Chan, 2002). To test this, pre
and post error RTs were analyzed in a mixed design ANOVA with group as the between subjects variable
and pre versus post error RT as within subjects variables. No significant interaction effect was found
between RT and group [F(2,135)=.237, p=.790]. Thus, contrary to predictions based on previous

literature, none of the groups showed any post error slowing in RT.

4.3.2 Accuracy

Failing to respond to a ‘go’ trial was considered an error of omission, while erroneously responding to a
‘no-go’ trial was considered an error of commission. Analysis of the rate of omission errors, yielded a
significant interaction effect between participant group and age [F(2, 132) =5.89, p <.01]. Linear
regression lines were fit to the data, yielding a significant positive slope relating age and accuracy in the
concussion group, with no significant relation evident in the TBI or control groups. These results

indicated that as the concussion group aged, they made more errors of omission (Figure 4.6).
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Figure 4.6. Relationship between age and number of SART omission and commission errors across group.
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Analysis of the rate of commission errors, also yielded a significant interaction effect between
participant group and age [F(2, 132)=4.62, p<.05]. Linear regression lines were fit to the data, yielding a
significant negative slope relating age and rate of commission errors in the control group, with no
significant relation evident in the TBI or concussion groups. These results indicated that as individuals in
the control group aged, they were less likely to make errors of commission (Figure 4.6).

Planned comparisons on the adjusted means (controlling for age) yielded no significant
differences between the groups in the number of omission or commission errors made. Taken together, the
pattern of accuracy results suggests that although there were no significant group differences, the
concussion and control groups shifted their approach to the task as they aged. The concussion group
became more conservative in their strategy, evident in the increase of omission errors. That is, as they got
older, the concussion group were more reluctant to respond on go trials (i.e., resulting in higher omission
error rates) perhaps in an attempt to minimize commission errors for the infrequent no-go trials. As they
aged the control group became more vigilant in their approach to the task, evident in the decrease in
commission errors. No change in strategy was evident in the TBI group, who may be less aware of their

errors (McAvinue et al., 2005; O’Keefe, 2007), or less able to cognitively shift their approach to the task.

4.3.3 Relationship between sustained attention and boredom proneness

Analysis of the relationship between boredom and attention was conducted with bi-variate correlations
between the BPS and SART variables. Estimated correlations between the full-scale BPS (as well as its
individual subscale scores) and SART RTs were non-significant across all groups (Control: r=-.041,
p=.704; Concussion: r=.185, p=.274; TBI: r=-.225, p=.439). There were also no significant correlations
between BPS scores and SART RT variance across groups. However, analysis of pre and post error RTs
revealed significant correlations with the internal subscale of the BPS in the control group (pre-error:
r=.232, p <.05; post-error: r=.240, p<.05). That is, higher scores on the internal subscale were associated
with slower RTs immediately preceding and anteceding errors of commission in controls. Of note, the

correlation between the external subscale and post-error reaction times approached significance in the
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control group, r=-.208, p=.056. Again, this relationship suggests that greater proneness to boredom was
related to slower RTs surrounding errors of commission in controls.

Correlations between BPS scores and the rate of SART omission errors were non-significant
across groups. However, a significant correlation was found between the external subscale of the BPS and
the rate of SART commission errors in controls (r=.301, p<.01). That is, higher scores on the external
subscale were associated with higher commission error rates in controls. No significant correlations were
found between commission errors and BPS scores in the patient groups.

In light of the effects of age within the SART variance and accuracy measures, the associations
between the BPS and these specific SART variables were examined using partial correlations to control
for age. Correlations were found to be significant in the control group between the SART commission
error rate and the BPS full-scale (r=.225, p<.05) as well as BPS external subscale (r=.302, p<.01). Thus,
when controlling for age, there is a significant positive association between BPS scores and commission
errors in controls, with higher levels of boredom proneness related to increased commission error rates.

The study sample was then analyzed based on subtypes of boredom proneness (i.e., apathetic vs.
agitated; see Chapter 2 for definitions). In the patient groups this subdivision yielded very small sample
sizes with respect to agitated boredom proneness (TBI: n=2; Concussion: n=2). Therefore, the data could
not be analyzed quantitatively. Instead, t-tests were used to compare the means of the control group across
boredom subtypes, and individual data points from the patient groups were examined qualitatively,
relative to the controls. In addition, t-tests were used to compare groups within the apathetic subtype,
which had large enough samples in each group to make meaningful comparisons.

For the apathetic subtype, there was no difference in RT between the concussion and control
groups (t=.898, p=.381; Figure 4.7). However, there were significant differences between the TBI and
control groups (t=-2.3, p<.05), and the TBI and concussion groups (t=2.406, p<.05), suggesting that the
apathetic TBI group were slower to respond than both the concussion and control groups. This is
consistent with the above mentioned finding that the TBI group had the slowest overall RT. When the

control group was compared across boredom subtype, the difference in RT between apathetic (M=300.86)
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and agitated (M=273.43) boredom prone controls approached significance (t=-1.86, p=.075), such that
agitated boredom prone controls were faster to respond than apathetic boredom prone individuals. No

discernible pattern was evident in the patient groups (Figure 4.7).

60



p<0.05
— e
400
D ¢
s p=0.075 9
O
@ L
[
é 300 \ T
— L
o
C
S 200
=
=1
-]
O
S
D 100 .
[ ] apathetic boredom prone
[ agitated boredom prone
; 1]
o O A\
O 0‘%
© O
OQ

Figure 4.7. SART Reaction time across boredom proneness subtype.
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To examine RT surrounding errors of commission, a difference score was calculated by
subtracting the pre-error RT from the post-error RT (averaged over the three preceding and anteceding
trials in each individual). Thus, a positive difference score would reflect post-error slowing. In the
apathetic boredom subtype, there were no significant differences between the groups on this measure.
However, when comparing the control group across the two subtypes, there was a significant difference
(t=-2.08, p<.05), indicating that apathetic boredom prone controls slowed down after commission errors

(M=5.11), a pattern which was reversed in the agitated boredom prone controls (M=-23.78; Figure 4.8).
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When examining commission errors, there were no significant differences between the groups
within the apathetic boredom subtype. However, when comparing the controls across boredom subtype, a
significant difference was found between apathetic and agitated controls (t=2.13, p<.05), indicating that
agitated boredom prone controls made more errors of commission (M=15.0) than apathetic boredom
prone controls (M=10.86; Figure 4.9). No significant differences were found in the number of omission
errors made either within the apathetic subtype (across patient groups), or across boredom subtypes

(within the control group).
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In sum, these results indicate that although no differences in RT were seen when the samples were
examined as a whole, the apathetic boredom prone TBI individuals were slower to respond than agitated
boredom prone individuals in both the concussion and control groups. Moreover, these results indicate
that healthy individuals characterized as prone to experiencing agitated boredom were faster to respond,
made more errors of commission, and sped up after making errors of commission relative to their

apathetic boredom prone counterparts.

4.4 Discussion

Results from the current study revealed that RT on the SART increased with age across all
participant groups. Contrary to previous findings (Robertson et al., 1997; Stuss et al., 1999; Manly, 2000;
Manly et al., 2003; Dockree et al., 2006), results also demonstrated that individuals with TBI were slower
to respond than the other groups. In addition, the TBI group demonstrated a trend towards slowing down
over the course of the task suggesting that for this group, sustained attention waned over time, even
though that time span was relatively short (~5 minutes). Both patient groups were also found to be more
variable in their performance as they aged, and trended towards greater overall variability compared to
controls. This suggests that brain injured individuals have difficulty sustaining attention over a short time
period, a problem which becomes even more difficult as they age.

There were no differences between the groups in post error RT. Previous research has shown that
healthy individuals will tend to slow down after making an error (Robertson et al., 1997; Chan, 2002)
whereas brain injured patients will show no such sensitivity to having made an error. In other words, the
failure to show post error slowing in our patients is consistent with previous literature. Why the control
group in the present study were similarly insensitive to having made an error is more difficult to
determine. It may be that our (mostly undergraduate) sample was not well motivated to perform the task
and did not therefore make any attempts to optimize performance. Further research directly manipulating
motivation levels would be needed to investigate this possibility. In one such study, Borman & Danckert

(under consideration) added incentives to the SART by having a ‘health bar' much like you would see on
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first-person shooter video games. The bar tracked correct responses and penalized commission and
omission errors. With respect to post error slowing only those in the low boredom proneness group
showed significant slowing post errors. In addition, only the apathetic boredom prone group showed any
relationship between motivation levels and errors of commission. This group, but not the agitated
boredom prone group, showed a negative relationship between motivation levels and commission errors
(i.e., higher levels of motivation were associated with lower commission error rates). So at least in this
one study, motivation levels do influence sustained attention performance, with distinct influences for
apathetic and agitated boredom prone individuals (Borman & Danckert, under consideration).

When accuracy was examined, results showed that all participant groups were committing errors
at the same rate. Thus, although they were not making more errors than controls, the patient groups were
slower to respond, suggesting a speed-accuracy trade-off. That is, patients may have needed to respond
more slowly in order to achieve the same level of accuracy as controls. Results also indicated a shift in
task strategy with age in both the concussion and control groups, but not the TBI group. More
specifically, the concussion group became more conservative in their approach, with increased reluctance
to respond on 'go’ trials resulting in more errors of omission (Figure 4.6). On the other hand, the control
group became more vigilant with age, evidenced by a decrease in commission error rate (Figure 4.6). The
TBI group showed no shift in strategy with age, possibly owing to a lack of awareness of errors
(McAvinue et al., 2005; O’Keefe, 2007), or difficulty in making shifts in cognitive strategy (Cicerone et
al., 2006).

When the relationship between boredom proneness and attention was examined, significant
correlations were found between the BPS and some SART variables in the control group. More
specifically, greater boredom proneness was associated with pre and post error slowing, and increased
commission error rate in controls. No significant relationships were found between the BPS and any of the
SART variables in the patient groups. These analyses did not distinguish between agitated and apathetic
boredom. When the sample was characterized by boredom proneness subtype, significant differences

were found in SART performance between apathetic and agitated controls. That is, agitated boredom
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prone controls were faster to respond (Figure 4.7), made more errors of commission (Figure 4.9), and
sped up after making commission errors (Figure 4.8) when compared to apathetic boredom prone
controls. Apathetic boredom prone controls were slower to respond and demonstrated the expected post
error slowing. Thus, in healthy individuals, there was a pattern of more conservative responding among
the apathetic boredom prone group, and a more impulsive response style among the agitated boredom
prone group. These distinct patterns suggest different attentional profiles depending on boredom
proneness subtype. Thus, claims that lapses in attention lead to boredom (Carriere et al., 2008) should be
re-examined in the context of the boredom proneness subtypes. Indeed, recent work (Malkovsky et al.,
2012) measuring lapses in everyday attention found that only those characterized as being prone to
apathetic boredom showed such lapses. Of note, the post error slowing shown by the apathetic boredom
prone controls is what would have been expected from the entire control sample (Robertson et al., 1997;
Chan, 2002). When the conservative strategy of the apathetic boredom prone group is coupled with the
impulsive style of the agitated boredom prone group any evidence of post error slowing was cancelled
out.

Due to the small sample sizes of agitated boredom prone individuals in the patient groups, only
gualitative comparisons between apathetic and agitated boredom prone patients could be made.
Nevertheless, individuals in the TBI group appeared to generate approximately the same RTs in both
boredom subtypes. However, in contrast to controls, agitated concussed individuals were slower to
respond than their apathetic counterparts. Agitated boredom prone patients made more commission errors
than their apathetic counterparts, which is consistent with the performance of healthy controls and
previous research on sustained attention deficits in TBI (Robertson et al., 1997; Manly, 2000; Manly et
al., 2003; Dockree et al., 2006). Perhaps previous studies of sustained attention in TBI have investigated
only those TBI patients who could be characterized as experiencing boredom as an agitated state. It may
also be the case that it is these individuals who demonstrate increased impulsivity, the often cited

symptom of dysexecutive syndrome. With the distinct attentional profiles of the two boredom proneness
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subtypes presented here - at least in the controls - it seems prudent to examine the relationship between

sustained attention and boredom within this context in future work.
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Chapter 5
Exploring the relationship between Boredom and Novelty Preference
in TBI

5.1 Introduction

Sensation seeking - the propensity to seek varied, novel, complex, and intense sensations and experiences
- is often marked by increased risk-taking behaviour, and boredom susceptibility (Zuckerman, 1971;
Zuckerman, 2005; Joseph, Liu, Jiang, Lynam, & Kelly, 2009; Lawson et al., 2012; Zheng et al., 2010).
While the cognitive correlates of sensation seeking are still under investigation, some have thought that
sensation seeking behaviour may be related to achieving and maintaining a high level of arousal (e.g.,
Zuckerman & Como, 1983). This same need for arousal has been thought by many to underlie the
experience of boredom (Pattyn et al., 2008; Vodanovich, 2003; Zuckerman, 2005). This is perhaps most
prominent within the agitated boredom prone subtype - individuals characterized as motivated to engage
in stimulating, meaningful activities. It may also be the case that the increased sensation seeking and risk
taking behaviour commonly reported in TBI patients (Gianotti et al., 2009), is a consequence of boredom
and the need to maintain a higher level of arousal.

The present study set out to investigate the relationship between boredom and an individual's
preference for novel versus familiar stimuli. An individual with a high need for seeking novel, complex
and intense sensations (i.e., a sensation seeker) would be expected to also demonstrate a preference for
novelty over familiarity on the task employed here. The Cognitive Bias Task (CBT; Goldberg & Podell,
2000) was designed to examine adaptive decision making in patients with focal frontal brain lesions. In
this task, participants are required to choose one of two targets that they liked best in relation to a probe.
The probe differed from the target along five binary dimensions (see below for details). Targets could
then be assigned a score determined by how many of those binary dimensions were shared with the probe

- a high score indicating a high degree of similarity between the target and probe and vice versa. Thus, by
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asking the individual to indicate which of two targets they liked best in relation to the probe, the task
provides an index of the individual's preference for either novel (i.e., low similarity targets) or familiar
(i.e., high similarity targets) stimuli (Goldberg & Podell, 2000). Results showed that males with right
frontal lesions had a greater preference for familiarity, while males with left frontal lesions had a weaker
preference for familiarity than males with posterior lesions and healthy controls (Goldberg & Podell,
2000).

Previous research used the CBT to examine the relationship between an individual's preference
for novelty and boredom proneness (Malkovsky, et al., 2012). Results indicated that higher levels of
boredom proneness were associated with a weaker preference for familiarity in healthy individuals,
especially in those with agitated as opposed to apathetic boredom proneness. The present study aimed to
replicate these findings, and to examine the relationship between novelty preference and boredom in
patients with TBI who are commonly characterized by both increased boredom proneness and sensation
seeking (Al-Adawi, Powell & Greenwood, 1998; Gianotti et al., 2009; Catalano et al., 2004). It was
hypothesized that higher levels of boredom proneness would be associated with a preference for novelty,
and that this would be most evident in individuals with agitated boredom proneness, who are, by the

definition used here, more inclined to seek out arousing stimuli in the external environment.

5.2 Methods and Procedures

The three groups of participants in the present study have been described elsewhere (Chapter 3, Section
3.2). Preference for novel over familiar stimuli was assessed using the Cognitive Bias Task (CBT;
Goldberg & Podell, 2000). This forced-choice task examines personal preference for stimuli that can be
classified as either ‘novel’ or ‘familiar’ with respect to a probe stimulus. Participants are first shown a
probe which varies along five binary dimensions: color (red/blue), shape (circle/square), number (1 or2),
size (large/small), and contour (outline/filled; Figure 5.1). Two target stimuli are then presented which can
be characterized according to a “similarity index” - a score out of five representing the degree of

similarity between the target and probe; higher scores indicate greater similarity. Each trial consists of the
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presentation of one probe and two target stimuli which vary on their degree of similarity to the target

(Figure 5.1).
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Figure 5.1. Cognitive Bias Task.

A probe stimulus is presented at the top of the screen for 2 seconds, followed by two target stimuli, which
vary in their degree of relatedness to the probe. In the example given above, target 1 has four features in
common with the target (colour, size, number and contour) leading to a similarity index of 4, whereas
target 2 has two features in common with the target (shape and contour) leading to a similarity index of 2.
Thus, if asked which target is most similar to the probe, the correct response would be target 1. If, when
asked which stimulus do you like most, the participant chooses target 2, this would be an indication of a

preference for novelty.
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In three separate conditions, participants are instructed to make judgments concerning the target items
with respect to their relationship to the probe. In the first two conditions participants first look at the probe
and then select which of the two targets they consider to be either most similar (similar judgment) or
dissimilar (dissimilar judgment) to the probe. The final condition required the participant to indicate
which target they liked best. Similarity scores for the target stimuli are summed across trials to generate a
cumulative score ranging from 80 to 220 for each condition (i.e., similar, dissimilar, and preference;
optimal performance in the dissimilar condition would yield a score of 80, whereas optimal performance
in the similar condition would yield a score of 220). Thus, the task yields indicators of each individual’s
judgments of similarity and dissimilarity, which are used as a baseline when considering their preference
scores. Those with a preference for familiarity will generate a similarity index that approximates the score
obtained when making similarity judgments. Conversely, those with a preference for novelty will generate
a similarity index that approximates the score obtained when they made dissimilarity judgments.

The CBT task was created in SuperLabPro, and presented to participants on a 15.4 inch computer
screen with a resolution of 1024 X 768 pixels. An NVIDIA 512 MB Quadro NVS 140M video card was
used, with an Intel Core 2 Duo CPU at 2.60 GHz, with a refresh rate of 60 Hz. All participants completed
the CBT in the lab. There were 60 trials in each of the three experimental conditions. Similar and
dissimilar conditions were presented in alternating order to counterbalance effects of primacy and

recency. The preference condition was always presented last.

5.3 Results

5.3.1 Performance on the CBT

Across all three groups, participant similarity indices approximated optimal performance in the dissimilar

and similar conditions, and demonstrated a preference for similarity in the 'like' condition (Figure 5.2).
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Figure 5.2. Scores on the Cognitive Bias Task across group.
Optimal similar indices were 220 in the similar condition and 80 in the dissimilar condition. Scores in the
“like” condition that were above 150 indicated a preference for familiarity, whereas scores below 150

indicated a preference for novelty.
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CBT scores were analyzed using ANCOVA to determine whether there were any differences
between the participant groups, controlling for age. There were no significant main effects of age on
dissimilar scores [F(1,136)=.126, p=.723], similar scores [F(1, 136)=.220, p=.640], or like scores [F(1,
136)=.561, p=.455]. Nor were there any significant interaction effects between participant group and age
for the dissimilar condition [F(2, 134)=1.73, p=.181], the similar condition [F(2, 134)=.310, p=.734], or
the “like” condition [F(2, 134)=1.35, p=.262]. Thus, the interaction term was removed from the model.

A repeated measures ANOVA with group as the between-subjects factor and similarity indices
(similar and dissimilar) as the within-subjects factor revealed a significant interaction effect [F(2,
137)=3.65, p=.028]. Post-hoc tests of the similar condition revealed a significant difference between the
TBI and control groups (t=2.55, p=.012), indicating that the TBI group had a significantly lower similarity
score. Recall that similarity scores should optimally be approaching the highest possible score. Thus, the
TBI group performed more poorly than controls in making similarity judgments. No significant
differences were found between the TBI and concussion groups (t=.278, p=.782), or the concussion and
control groups (t=-1.61, p=.114) in making judgments in the similar condition. In the dissimilar condition,
results showed a significant difference between the concussion and control groups (t=2.08, p=.040),
indicating that the concussion group had a significantly higher similarity score. Recall that similarity
scores in the dissimilar condition should be optimally approaching the lowest possible score. Thus, the
concussion group performed more poorly than controls in making dissimilarity judgments. No significant
differences were found between the TBI and concussion groups (t=.911, p=.367), or the TBI and controls
(t=-.413, p=.681), in making judgments in the dissimilar condition. Taken together, these results indicated
that although they could do the task, patients in both groups had greater difficulty discriminating between
similar and dissimilar stimuli when compared to controls.

Analysis of the “like” condition (Figure 5.2) revealed a significant difference between the
concussion and control groups (t=2.11, p=.037), with the concussion group having higher scores and thus
greater preference for familiarity than controls. No significant differences were found between the TBI

and concussion groups (t=.739, p=.464) or the TBI and control groups (t=.564, p=.574). Taken together,
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these results suggested that all participants demonstrated a preference for familiarity, which was greater in

the concussion group relative to controls.

5.3.2 Relationship between preference for novelty and boredom

Across all three groups, analysis revealed non-significant correlations between measures of boredom (the
full-scale BPS, and both of its subscales) and cognitive style (all three conditions of the CBT). However,
when CBT performance was examined across boredom subtype, correlations were found in the apathetic
concussion group. More specifically, there was a significant negative correlation found between the CBT
dissimilar condition and the BPS external subscale (r=-.764, p<.05). That is, higher scores on the BPS
external subscale were associated with lower scores on the dissimilar condition of the CBT. Results also
showed a trend towards a positive correlation between the CBT dissimilar condition and the BPS internal
subscale (r=.753, p=.051), with higher scores on the BPS internal subscale being associated with higher
scores on the CBT dissimilar condition. These results indicated that in concussed individuals who were
apathetically boredom prone, higher scores on the internal subscale were related to poorer performance,
whereas higher scores on the external subscale were related to better performance in discriminating
between targets and probes (i.e., dissimilarity judgments). No significant correlations were evident in the
apathetic TBI or control groups. In the agitated subtype, no significant correlations were found between
the BPS (full-scale and subscales) and CBT (all three conditions) in the control group. Given the small
sample of agitated boredom prone patients (Concussion N=2, TBI N=2), correlations were not considered
meaningful.

To further examine the relationship between CBT performance and boredom proneness subtype
(Figure 5.3), separate repeated measures ANOVAs were conducted on the apathetic and agitated
subtypes, with group as the between-subjects factor, and similarity indices (similar and dissimilar) as the
within-subjects factor. No interaction was found in the agitated subtype [F(2, 15)=1.35, p=.290], however,

a significant interaction effect was found in the apathetic subtype [F(2,22)=4.039, p=.032].
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Figure 5.3. CBT scores across group in the apathetic and agitated boredom prone subtypes.
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Post hoc tests of the apathetic subtype revealed the following. In the similar condition, a
significant difference was found between the TBI and control groups (t=-3.11, p=.007), with lower scores
in the TBI group. As similarity scores should optimally be approaching the highest possible score, results
indicated that the TBI group performed more poorly than controls in making similarity judgments. No
significant differences were found between the TBI and concussion group (t=1.09, p=.306), or concussion
and control group (t=-1.67, p=.111). In the dissimilar condition, no significant differences were found
between the TBI and concussion group (t=.146, p=.887), or the TBI and control group (t=1.43, p=.171).
However, the difference between the concussion and control groups approached significance (t=2.08,
p=.052), with higher scores in the concussion group. As optimal scores in the dissimilar condition should
be approaching the lowest possible score, results indicated that the concussion group trended towards
poorer performance than controls when making judgments of dissimilarity. Taken together, these results
indicated that apathetic boredom prone patients had difficulty discriminating between similar and
dissimilar stimuli when compared to apathetic boredom prone controls.

To further examine the ability to make similarity judgments between the two boredom subtypes, a
difference score was calculated by subtracting the dissimilar score from the similar score (Figure 5.4). A
higher score on this measure represents greater ability to discriminate between similar and dissimilar
stimuli. Comparison of the means of these difference scores across boredom proneness subtype suggested
that apathetic boredom prone individuals had higher difference scores than agitated boredom prone
individuals in each group. This difference only approached significance in the TBI group (Controls: t=-

1.41, p=.179; Concussion: t=-.807, p=.725; TBI: t=-2.38, p=.076; Figure 5.4).
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Figure 5.4. CBT difference scores across boredom proneness subtype.

Note: Difference scores were calculated by subtracting dissimilar from similar scores. Given that an
optimal score on the dissimilar condition was 80, and an optimal score on the similar condition was 220, a
difference score of 150 represented a perfect ability to make similarity judgments. Error bars represent the

standard error of the mean.
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Thus, this pattern of results suggests that individuals with agitated boredom proneness had
greater difficulty discriminating target stimuli based on their similarity/dissimilarity to the probe, when
compared to their apathetic counterparts. This was especially true of individuals in the TBI group.

In sum, when comparing individuals within the apathetic boredom prone subtype, patients had
more difficulty discriminating between similar and dissimilar stimuli than controls. However, when
comparing individuals between the two boredom prone subtypes, all participants with agitated boredom
proneness (especially in the TBI group), had more difficulty discriminating between similar and dissimilar
stimuli than participants with apathetic boredom proneness.

Analysis of the “like” condition across boredom subtype revealed that in all three participant
groups, agitated boredom prone individuals had lower scores than their apathetic counterparts (Figure
5.5). This suggested a weaker preference for familiarity in the agitated boredom prone individuals across
groups - a difference that was significant only in controls (controls: t=3.42, p<.01; concussion: t=-.379,

p=.716; TBI: t=-.248, p=.816 ).

81



220

O Apathetic
200 B Agitated

180
160

140

Mean CBT “like"” scores

120

100

80

Control Concussion TBI

Figure 5.5. CBT “like” scores across boredom proneness subtype.

Note: Error bars represent the standard error of the mean.
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Thus, controls with agitated boredom proneness had a significantly weaker preference for
familiarity when compared against controls with apathetic boredom proneness, replicating previous

results (Malkovsky et al., 2012).

5.4 Discussion

The goal of the present study was to examine the relationship between boredom and novelty preference. It
was hypothesized that there would be a high degree of relationship between boredom and novelty
preference, which would be most prominent in the TBI patient groups who are known to have increased
levels of sensation seeking and risk taking behaviour (Gianotti et al., 2009). This hypothesis was not
substantiated. Instead, results from the present study demonstrated that patients had more difficulty
discriminating between similar and dissimilar stimuli compared to controls, a difficulty which was most
prominent in the agitated as opposed to apathetic boredom prone subtype (Figures 5.3 and 5.4). It is
possible that while making similarity judgments, patients were not paying as much attention to the context
of the decision at hand, which led to more errors (Goldberg & Podell, 2000). That is, during the task,
participants were asked to choose between two targets relative to a probe. If patients tended to ignore the
probe, or at least processed it in a less efficient manner than controls, they would not have been as
successful in making the correct decisions about the targets. Using the CBT, Goldberg & Podell (2000)
found that compared to those with right frontal lesions, males with left frontal lesions ignored the probe
when choosing targets that they liked the best, indicative of a difficulty in making context-dependent
decisions. With respect to boredom, this would lead to a difficulty in recognizing when a stimulus or
event was in fact novel. Given the poorer discrimination performance in the agitated boredom prone
groups it may be the case that one potential cause for their boredom is a difficulty in determining what is
in fact a novel event. More specifically, it is quite possible that agitated boredom proneness is rooted in a
disconnection between expected and actual reward. That is, an agitated boredom prone individual may
expect an event or a stimulus to be exciting, but the actual experience of the event is perceived as less

exciting than predicted, yielding a feeling of agitation. Thus, it may be the perception of the event after
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the fact that leads to the experienced discrepancy between expected and actual reward. Given the
difficulties with novelty processing in agitated boredom proneness, it is possible that the inability to
perceive an event or stimulus as novel or exciting is responsible for the experience of boredom. In
apathetic boredom proneness, there is no expectation of reward from the external environment, so the
experience of an event is not being compared to a predicted experience, and thus perception (or
misperception) of novelty may not be responsible for the experience of boredom. Future studies should
investigate the relationship between novelty processing and the experience of reward across boredom
proneness subtypes to determine whether this is indeed the case.

All participants in the current study showed a preference for familiarity. As hypothesized, this
preference was weaker in individuals with agitated boredom proneness (Figure 5.5). This finding suggests
a positive association between a preference for novelty and agitated boredom proneness, in that
individuals who are by nature more likely to seek external stimulation, are also more likely to prefer novel
stimuli (Malkovsky et al., 2012). Surprisingly, patients with TBI did not show a stronger preference for
novelty than the other groups. One possibility is that the TBI patients did not attend to the novel stimuli as
efficiently. This is substantiated by the finding that both the TBI and concussion groups performed more
poorly than controls when discriminating between targets and probes (Figure 5.4). That is, the patient
groups may have had a harder time detecting when something was in fact novel. An alternate possibility is
that TBI patients may have formed a negative emotional association with the stimuli. When faced with a
choice between stimuli, TBI patients may fail to show any novelty preference because they do not see
stimuli as being novel, or because that novel information also functions as distracting information relative
to the probe, making it less likely to be selected. This would be consistent with previous research that
shows impoverished attention to novelty and impaired novelty processing in patients with frontal lobe
damage (Daffner et al., 2000; Yamagata, Yamaguchi, & Kobayashi, 2004), and research showing that
previously ignored visual stimuli are rated negatively (Raymond, Fenske, & Tavassoli, 2003). Perhaps
then the difficulties assimilating and accommodating novel information serve as a catalyst for the high

rate of sensation-seeking behaviour commonly found in TBI patients. That is, individuals with TBI may
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not be able to feel stimulated because they fail to process the stimuli that would be expected to produce
stimulation. This leads to continuous search for something that will produce the desired stimulation, and

leaves them feeling frustratingly bored.
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Chapter 6

Conclusion

Boredom is a common human experience that is poorly understood. Various theories have been
proposed to define boredom, implicating deficits in attention, motivation, arousal and/or reward circuitry.
To date, there is no universal theory or definition of boredom, making it difficult to identify and treat.
This thesis set out to examine the relationship between boredom, depression and attention, particularly in

a population reported to experience high levels of boredom - traumatic brain injured (TBI) patients.

Research has shown that boredom is highly related to other affective mood states, most
conspicuously depression, leading to the assertion that boredom is merely a by-product or symptom of
affective mood states. In Chapter 2, results established boredom as an affective state that is empirically
distinct from depression, apathy, and anhedonia. While related to varying degrees to these other affective
states potentially due to a common motivational deficit, boredom was identified as a distinguishable
construct. Although independent, boredom and symptoms of depression are likely to interact in complex
ways. Previous research showing different rates of recovery from depression and boredom in response to
pharmacotherapy (Theobald et al., 2003), highlights the need to better understand how the two constructs

interact, particularly in the context of psychological disorders and neurological impairments.

Data from Chapter 2 also demonstrated that boredom cannot be considered a unitary construct
and instead is comprised of two distinct subtypes which differ in their phenomenological experience, and
the level of motivation to redress the experience. Apathetic boredom proneness is described here as a state
in which one has little motivation to seek stimulation from the outside world. Instead, the individual
focuses inward in attempts to achieve stimulation, however, with low motivation levels any failure to
redress boredom is not perceived as being overly distressing. Agitated boredom proneness is described
here as a desire to seek external stimulation, whereby engagement in the environment is repeatedly
unsuccessful, leading to aggressive dissatisfaction. These boredom proneness subtypes were found to be

differentially associated with apathy and depression, with agitated boredom proneness demonstrating a
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stronger relationship to depression, whereas apathetic boredom proneness, as one would expect, showed a
stronger relationship to apathy. The categorical labels of boredom proneness subtypes presented here are
necessarily speculative and not without limitations. For example, the apathetic boredom prone subtype
was highly related to apathy (as measured by the AES), but this relationship was driven by responses on
the external subscale of the BPS, the subscale used here as an index of agitated boredom proneness. The
behaviour subscale, which is a measure of overt goal-directed behaviour, could thus be taken as a measure
of one's level of motivation to engage with the environment. Indeed, this subscale was shown to
contribute to both apathy and boredom in the structural model (Figure 2.2). Intuitively then, one would
expect to see a negative correlation between the behaviour subscale of the AES and the internal subscale
of the BPS, representative of low motivation to engage with the external environment. This was not the
case. Both the internal and external subscales of the BPS were positively correlated with the behaviour
scale of the AES. However, when looking only at the agitated boredom prone group there was no
relationship between the AES and BPS. Finally, one would expect to see lower scores on the behaviour
subscale in individuals with apathetic boredom proneness, and higher scores in individuals with agitated
boredom proneness. This was in fact the case, as individuals with apathetic boredom proneness scored
significantly lower (M=9.38, SD=2.7) than individuals with agitated boredom proneness (M=10.64,
SD=2.7; t=3.82, p<.001). These results suggest that the two subtypes of boredom proneness proposed here
do in fact differ in terms of their endorsement of apathy. The picture is somewhat complicated by the fact
that for both depression and apathy, it is the external stimulation subscale of the BPS (over the whole
sample) that drives the observed relationships (and not necessarily in the expected directions). This may
prompt a debate concerning the labels chosen here, or alternatively, may reflect the imprecise labeling of
the subscales of the BPS. Further research is needed, perhaps with a new scale intended to specifically
address the motivational difference proposed here between agitated and apathetic boredom proneness, to

describe in more detail the different boredom prone subtypes.
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The relationship between boredom and depression, sustained attention, and novelty seeking was
examined in patients with TBI. Results showed that TBI patients were more likely to be characterized as
apathetic than agitated boredom prone. This was perhaps not surprising given previous research showing a
high incidence of apathy in chronic stages of TBI (Al-Adawi et al., 1998; Chervinsky et al., 1998; Glenn,
2002; Kant, Duffy, & Pivovarnik, 1998; most patients tested here were at least 11 years post injury).
Interestingly, the relationship between boredom and depression was found to be greatest in patients with
agitated boredom proneness, irrespective of age. Several possibilities warrant further research. Does
boredom proneness subtype change over time or in response to different kinds of psychological and
neurological injury? An important step in this regard would be to determine how boredom proneness
changes over the lifetime in healthy individuals. Just as the elderly have been shown to have a positivity
bias in recollection memory (Gallo et al., 2011; Werheid et al., 2011), it may be the case that boredom
levels are lower in the elderly - that is, as a negative affective evaluation, boredom may diminish with age
in those individuals demonstrating a strong positivity bias. Any diminution of boredom proneness with
age may differ according to the subtype of boredom proneness. The same may turn out to be true for
patients with TBI. Boredom proneness levels were not higher in the TBI group in the current thesis
(although without premorbid measures it is impossible to know whether boredom proneness levels had
increased in these patients post injury). However, given that most of those individuals were characterised
as apathetically boredom prone, it may be that this subtype of boredom proneness is more likely to
diminish over time than is agitated boredom proneness. Further research would be needed to test this
hypothesis. Certainly, given that the agitated boredom prone individuals also had higher levels of
depressive symptoms, one might hypothesise that this subtype is experienced as a more intense negative
affective experience and so may have greater consequences for the individual's mental health. A recent
study examining cardiac health in relation to boredom, found that chronic boredom led to increased
cardiovascular disease (Britton & Shipley, 2010). Again, such a relationship may be modified by boredom
proneness subtype. Given the description put forth here of agitated boredom proneness, one could

hypothesise that this subtype would be most likely to suffer cardiovascular problems associated with
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increased stress levels. Recent work has shown that inducing a state of boredom does in fact lead to
increased cortisol levels and increased heart rates - a finding that is most prevalent in high boredom prone

individuals (Merrifield & Danckert, under consideration).

The current study demonstrated that sustained attention deficits were related to boredom in
healthy controls, but not in TBI patients (Chapter 4). However, across all participants, distinct attentional
profiles were evident depending on boredom proneness subtype. That is, in healthy controls, agitated
boredom prone individuals were faster to respond, made more errors of commission, and sped up after
making commission errors, whereas their apathetic boredom prone counterparts were slower to respond
and showed post-error slowing. In the patient groups, agitated boredom prone individuals trended towards
more commission errors than apathetic boredom prone patients, a pattern which is consistent with the
performance of the healthy controls and patients with frontal lesions (Robertson et al., 1997; Manly, 2000;
Manly et al., 2003; Dockree et al., 2006). However, in contrast to controls, agitated boredom prone
patients trended towards slower responding than apathetic boredom prone patients. Thus, evidence
presented here highlights the need to examine the relationship between boredom and sustained attention

within the context of boredom proneness subtypes, while also considering age and time since injury.

In the current investigation of novelty seeking, TBI patients had more difficulty discriminating
between similar and dissimilar stimuli compared to controls. However, the TBI patients did not show a
greater preference for novelty than controls. In light of the established sensation seeking behaviour of TBI
patients, the latter finding at first glance appears counterintuitive. However, previous research showing
impoverished attention to novelty and impaired novelty processing in patients with frontal lobe damage
supports the idea that perhaps TBI patients have deficits of selective attention that impede their ability to
recognize novelty (Daffner et al., 2000; Yamagata, Yamaguchi, & Kobayashi, 2004). Distinct novelty
seeking profiles also emerged based on boredom proneness subtypes across participants. Individuals
characterized as agitated boredom prone demonstrated poorer ability to discriminate between similar and

dissimilar stimuli, and showed a weaker preference for familiarity than their apathetic boredom prone
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counterparts. As with TBI patients, the difficulty in discriminating between novel and familiar stimuli
may be indicative of deficits in processing novelty within the agitated boredom prone subtype. Given the
model of boredom proposed here - i.e., that boredom arises as a consequence of a disconnection between
expected and actual reward values of stimuli/actions - the failure to discriminate what is truly novel may
be at the heart of that disconnection. In other words, any given stimulus or event would need to have an
extreme 'novelty' value to be perceived as interesting by an agitated boredom prone individual. Further
research is necessary to examine this relationship. Event-related potentials (ERP) represent an intriguing
methodology in this respect given the wealth of research demonstrating distinct ERP signatures for
novelty processing (Jiang et al., 2009; Lavstad et al., 2012; Optiz et al., 1999; Ruhnau et al., 2010;
Sokhadze et al., 2009; Wetzel, Widmann, & Schroger, 2012). If novelty detection is impaired on a visual
discrimination task in individuals with agitated boredom proneness, this would be reflected in reduced
amplitude of the P3 response (Jiang et al., 2009; Legvstad et al., 2012; Wetzel et al., 2012). Certainly,
evidence presented here suggests that it would be worthwhile to investigate the possibility that poor
ability to recognize novelty plays a role in the maintenance of sensation seeking behaviour in both TBI
patients and the agitated boredom prone subtype.

In sum, data presented here highlights the need to consider boredom in terms of two different
subtypes, the phenomenological experience of which may change over the course of aging, and/or
neurological insult. Although commonly experienced, boredom has significant cognitive and emotional
consequences especially in neurological and psychiatric populations where boredom may compromise
engagement in rehabilitation and recovery, and impede a successful return to normal social and
occupational functioning. The identification of apathetic or agitated boredom proneness becomes
especially necessary then in the context of treatment planning, where interventions will need to target
specific symptoms of the boredom subtype being experienced in order to be most effective. For example,
apathetic boredom prone individuals would benefit from treatments that focus on behavioural activation in
order to increase motivation, whereas these treatments would likely be ineffectual if employed with

agitated boredom prone individuals who already have high levels of motivation. Instead, agitated boredom
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prone individuals would benefit from treatments that focus on improving novelty detection (such as
modified visual or auditory discrimination tasks) as a means to experiencing desired stimulation. That is,
if one can recognize and acknowledge novelty when it occurs, there may be a greater likelihood of feeling
stimulated. Thus, learning how to feel stimulation may decrease the continuous, unsuccessful, and often
detrimental sensation seeking behaviour formerly employed in attempts to achieve external stimulation.
Along these lines, another focus of treatment for agitated boredom prone individuals should be on
interpretation or appraisal of events in order to rehabilitate the disconnect between expected and actual
reward. Perceiving an event as the exciting event it truly is would bridge the gap between the expectation

and the outcome.
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Appendix A

Subscales of the Boredom Proneness Scale (Ahmed, 1990)

Perceived Lack of Internal Stimulation (note: many of these items are reverse scored to determine level of

boredom proneness - e.g., item 11 would be reverse scored)

2.
7.
8.

11.
18.
22.
23.
24.
217.

Frequently when I am working | find myself worrying about other things.
I have projects in mind all the time, things to do.

| find it easy to entertain myself.

I get a kick out of most things I do.

I often wake up with a new idea.

Many people would say that | am a creative or imaginative person.

I have so many interests, I don’t have time to do everything.

Among my friends, | am the one who keeps doing something the longest.

It seems that the same things are on television or the movies all the time; it’s getting old.

Perceived Lack of External Stimulation

1
3
4
5
6
9

10.
12.
13.
14.
15.
16.
17.
19.
20.
21.
25.
26.

. Itis easy for me to concentrate on my activities.

. Time always seems to be passing slowly.

. T often find myself at “loose ends”, not knowing what to do.

. | am often trapped in situations where | have to do meaningless things.

. Having to look at someone’s home movies or travel slides bores me tremendously.

. Many things | have to do are repetitive and monotonous.

It takes more stimulation to get me going than most people.

I am seldom excited about my work.

In any situation I can usually find something to do or see to keep me interested.
Much of the time | just sit around doing nothing.

I am good at waiting patiently.

I often find myself with nothing to do — time on my hands.

In situations where | have to wait, such as a line or queue, 1 get very restless.

It would be very hard for me to find a job that is exciting enough.

I would like more challenging things to do in life.

| feel that | am working below my abilities most of the time.

Unless | am doing something exciting, even dangerous, | feel half-dead and dull.

It takes a lot of change and variety to keep me really happy.
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