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ABSTRACT

Vigilance, or sustained attention, is the capacity to attend to information for a prolonged period
of time (Davies & Parasuraman, 1982; Jerison, 1970; Warm, 1977). Due to limitations of the
human nervous system, as well as the environmental context, attention can begin to wane over
time. This results in a phenomenon referred to as the vigilance decrement, or a decline in
vigilance performance as a function of time. The vigilance decrement can manifest as poorer
attention and is thusly associated with poor performance, which is defined behaviorally as more
lapses in the detection of critical signals and an increase in response time to these signals during
watch. Given this, the present dissertation seeks to systematically examine the impact of two
types of motivation (i.e., achievement motivation, autonomous motivation) on vigilance
performance across four experiments. The present experiments manipulate information
processing type, source complexity, and motivational task demands. Three hundred and ninety-
eight participants completed either a cognitive task or sensory task, which were psychophysically
equated in previous studies (Szalma & Teo, 2012; Teo, Szalma, & Schmidt, 2011), with or
without motivational instructions, and with either low, medium, or high source complexity.
Performance measures, perceived stress and workload, and changes to state motivation and
engagement at pre-task and post-task are interpreted across three theories of information
processing: resource-depletion theory, mind-wandering theory, and mindlessness theory. The
results of each of the four studies are discussed in terms of overall support for the resource-
depletionist account. The limitations of the present set of experiments and the future directions

for research on motivation and sustained attention are also discussed.
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CHAPTER ONE: INTRODUCTION

Motivation is an important, but often neglected, factor in human-technology interaction
(Szalma, 2009, 2014). It is particularly important in the context of monitoring tasks, which are
associated with performance decrements and are often unpleasant experiences for the human
operator (Hancock, 2013; Warm, Parasuraman, & Matthews, 2008). Early research at the
intersection of motivation (Lucaccini, Freedy, & Lyman, 1968; Montague & Webber, 1965) and
vigilance is being reexamined for several reasons. First and foremost, initial studies of vigilance
did not examine the role of motivation on perceived stress and workload scores, which are
integral to the perception of monotony or boredom associated with vigilance tasks. Second, the
effects of state motivation and trait motivation have not been examined together as factors that
may covary with vigilance performance, perceived stress, or perceived workload. However,
recent pilot work has suggested that both state and trait motivation may be important in vigilance
performance (Dewar, Fraulini, Claypoole, & Szalma, 2016) and perceptions of stress and
workload that are associated with the vigilance task (Dewar & Szalma, 2016). Furthermore, in
early research, motivation tended to be presumed, rather than measured (Karwowski & Cuevas,
2003), which is problematic given that motivation toward vigilance tasks is not a stable trait
across individuals (Fishbein et al., 2006). This trend is not unique as there is a “tradition” of
attributing performance, stress, and workload to external factors in the environment, rather than
internal individual difference factors (Matthews, 2016, pg. 801).

The presumption of a motivated operator dates to the origins of vigilance research.
Mackworth (1948, 1950) assumed his participants were highly skilled and motivated observers.
These assumptions could very well be correct, given Mackworth’s samples consisted of Royal

Air Force operators who monitored radar that aided in threat detection (albeit with limited



success) in World War 11. The importance of the Clock Test was clearly conveyed to
Mackworth’s participants, but performance on the task still continued to decline despite assumed
motivation. The current set of four studies seeks to rectify this performance discrepancy by
measuring achievement and autonomous motivation across several types of tasks.

The present research for this dissertation is seeks to address the gap in the literature on
motivation and vigilances. As well, the effects of individual differences in trait and state
motivation on vigilance performance have not been reexamined for nearly fifty years (Lucaccini
et al., 1968; Montague & Webber, 1965; for exceptions see Bonnefond, Doignon-Camus, Hoeft,
& Dufour, 2011; Slade & Rush, 1991). Therefore, in four following experiments motivation
effects are examined as both an important individual trait (i.e., achievement motivation) or state
(i.e., autonomous motivation) that impacts performance, perceived engagement, perceived stress,
and perceived workload in various vigilance paradigms, as well as an instruction manipulation
that can effect task perception. The present dissertation seeks to apply recent research on
autonomous motivation (a facet of intrinsic motivation) and achievement motivation (a desire to
perform successfully) to the study of vigilance given the myriad of benefits associated with each
of these types of motivation.

First, a review of the literatures on vigilance and motivation is presented. Following this,
the present plan of study for this dissertation is outlined across four experiments. Reports of task
engagement and task motivation, perceived stress and perceived workload, and performance
outcomes are interpreted across three theories of information processing: resource-depletion
theory, mind-wandering theory, and mindlessness theory. Finally, the discussion concludes with

future directions for work at the conjuncture of motivation and vigilance.



CHAPTER TWO: VIGILANCE

Vigilance, or the ability to sustain attention over a period of time, is crucial to human
performance, particularly in monotonous contexts. For instance, students are required to direct
attention toward lengthy lectures and Soldiers toward long-duration reconnaissance missions.
Furthermore, whole occupations (i.e., airport baggage screeners, loss prevention specialists,
nuclear power plant operators, etc.) are dedicated to the ability of an observer to remain attentive
to threats over time.

When a threat goes undetected, the cost of such an error can be enormous. Lapses in the
detection of threats can result in financial losses (Williams, 2005), nuclear meltdowns (Casey,
2006; Reinerman-Jones, Matthews, & Mercado, 2016), medical complications (Scott, Rogers,
Hwang, & Zhang, 2006; Wakefield, 2000), breaches of homeland security (Hancock & Hart,
2002; Meuter & Lacherez, 2016), unsuccessful military operations (McBride, Merullo, Johnson,
Banderet, & Robinson, 2007), and, most unfortunately, in the loss of life or widespread
destruction (Casey, 2006). Such threats have a very low probability of occurring and are
extremely infrequent, which makes their likelihood and expectancy rare (Davies & Parasuraman,
1982; Warm & Jerison, 1984). The rarity of potential threats results in more inattention to these
potential threats over time (c.f., Hancock, 2013; Loeb, Noonan, Ash, & Holding, 1988;
Parasuraman, 2011; Sprauge, 1981; Tomporowski & Tinsley, 1996) and manifests behaviorally
as poorer performance, especially in visual search (Hout, Walenchok, Goldinger, & Wolfe,
2015).

The decline in human performance in vigilance tasks over time is colloquially referred to
as the “vigilance decrement” (Davies & Parasuraman, 1982; Jerison, 1970; See, Howe, Warm, &

Dember, 1995; Warm, 1977). The vigilance decrement is commonly associated with increases in



self-report measures of stress and workload (Dillard, Warm, Funke, Vidulich, Nelson,
Eggemeier, & Funke, 2013; Warm, Dember, & Hancock, 1996; Warm, Matthews, & Finomore,

2008), as well as many other adverse psychological outcomes (e.g., boredom; Scerbo, 2011).

Understanding the Vigilance Decrement

During World War II, Mackworth’s (1948, 1950) seminal research on the vigilance
decrement indicated that Royal Air Force radar operators exhibited poorer performance as time
on task increased. In this study, the radar operators were asked to monitor and detect small jumps
in the hands of a clock (see Figure 1). Mackworth found that it became more and more difficult
to detect the jumps in the hands of the clock with the passing of time on task. His results have
been replicated in thousands of vigilance studies in the following 68 years. The decrement has
become a hallmark associated with vigilance research, though it should be noted that a vigilance

decrement is not always observed in traditional tests of vigilance.
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Figure 1. The vigilance decrement as first observed by Mackworth (1948, 1950) demonstrates
the decline in performance as a function of time on task.

Some researchers argue that the vigilance decrement is iatrogenically created by the
researcher (Hancock, 2013; Hancock, Volante, & Szalma, 2016). This implies that the perception
of boredom and monotony reported by numerous observers and participants is induced by the
design of the task. This is particularly true in the cases of fuzzy signal detection and tasks
involving low probability of threat or target stimulus presentation (i.e., baggage screening, x-ray
examination, etc.). When the task is designed in a way in which is perhaps motivating or helpful
to the observer (i.e., visual cues or alerts to threatening stimuli), the vigilance decrement is
almost entirely eradicated (Hancock et al., 2016). To overcome the vigilance decrement, it is
argued that the task can be designed to support the limitations of human attention and bolster

individual differences, which assist in vigilant attention (Hancock et al., 2016). The present



dissertation will seek to extend support for this theoretical assumption by systematically
manipulating task complexity, task instructions, and task type. This will demonstrate the extent

to which the vigilance decrement is an iatrogenically created psychological phenomenon.

Theoretical Explanations for the Vigilance Decrement

While task design can determine whether or not the vigilance decrement is observed,
there are several theoretical debates over the state of the mind during vigilance performance. For
example, early explanations of the vigilance decrement suggested that performance declined as a
function of reactive inhibition (Hull, 1943) or arousal (Hebb, 1955; Yerkes & Dodson, 1908).
Drive and arousal theorists suggested the monotonous nature of vigilance tasks lowered activity
in the brainstem and thalamic projections (Loeb & Alluisi, 1984; Welford, 1968), which reduced
the ability to remain vigilant to threats over time. While drive and arousal theories accounted for
the vigilance decrement, these theories could not explain the subsequent increases in subjective
stress and workload post-task.

In an effort to explain the changes in subjective ratings of stress and workload was
resource theory (Hirst & Kalmar, 1987; Kahneman, 1973; Moray, 1967; Navon & Gopher, 1979;
Wickens, 1984). And in more recent years, two new information processing theories have
emerged to explain the vigilance decrement because of some of the pitfalls associated with the
resource account. These theories are outlined below and an overview is provided in Table 1.
Interestingly, there is little integration between resource theory, mindlessness theory, and mind-
wandering theory. Rather than theoretical coalescence, these theories tend to operate in isolation,

oft ignoring seminal research studies related to sustained attention (for more on this see Fraulini,



Hancock, Neigel, Claypoole, & Szalma, 2017). This tends to leave participants keen on research
involving vigilance intrigued, but confused (as described in a later part of this chapter).
Understanding the differing perspectives on task engagement is crucial to both the present

dissertation and broader scientific understanding of motivation’s relationship with vigilance.

Table 1. The table below lists important distinctions between each theory of information
processing in relation to vigilance.

Resource Overload Resource depletion Cognitive and/or
Theory behavioral

engagement
Mindlessness Underload Task monotony Not described
Theory
Mind-wandering Underload Task monotony in Behavioral
Theory conjunction with engagement

intentional or unintentional
mind-wandering

Resource Theory as a Means of Explaining the Vigilance Decrement

Resource theory has arguably been the reigning account of the vigilance decrement,
particularly since the decline of unitary arousal theory (Hancock & Warm, 1989). Resource
theory suggests that declines in performance stem from overload of information processing
capacities induced by either the task environment. Resource theory relies on the assumption that

individuals are capacity-limited, meaning only so much information can be processed at a given



time (Wickens, 1984). Research suggests that such capacity limitations result from the depletion
of “resources” as time on task and task demands increase. This assumption implies that resource
depletion can be either task-induced (i.e., high demand, high task complexity) or state-induced
(i.e., high stress, high fatigue) (Caggiano & Parasuraman, 2004).

Traditionally, resources have been defined as pools of energy (or cognitive capacity;
Moray, 1967) that can be both drained or restored (Hirst & Kalmar, 1987). Resources have been
described either as a general underlying attentional process (Kahneman, 1973) or as separate
task-specific capacities (Wickens, 1984, 2002). The latter is referred to as multiple-resource
theory, which delineates between the types information processing resources associated with task
specificity (i.e., auditory tasks, visual tasks, etc.). However, some researchers oppose multiple
resource theory and propose that only two types of resources are involved in vigilance tasks. One
type of resource is involved in sustained information transfer (i.e., long-term memory transfer)
and the other is involved in short-term memory processing (Humphreys & Revelle, 1984).

To summarize, resource theorists tend to argue that cognitive resources underpin the
ability to efficiently attend to and process information over time. Resource theory also assumes
that if individuals are overstimulated or overloaded, fewer resources are available for
information processing and the quality of performance subsequently declines. In more
demanding attention tasks, a greater decrement will be observed because more resources are
depleted with time on task (Parasuraman, Warm, & Dember, 1987).

Importantly, resource theory is not without its limitations and has garnered several
criticisms. First, the logic of resource theory is circular: performance declines because of
resource overload, and when resources are overtaxed, performance subsequently declines

(Navon, 1984; Szalma & Matthews, 2015, pg. 221). Furthermore, it is difficult to pinpoint



where, exactly, resources are located in the brain and what a resource may consist of
physiologically. But, it is worth noting that the neurological phenomena associated with
resources and information processing is currently under investigation (Langner & Eickhoff,
2013; Matthews, Warm, Reinerman-Jones, Langheim, Washburn, & Tripp, 2010b; Reinerman-
Jones, Matthews, Langheim, & Warm, 2011). It is also difficult to physiologically discern
between the resources that are dedicated to specific processing or unitary processing, or if these
resources are paradoxically both (Hancock & Szalma, 2003, 2008; Szalma, Hancock, &
Hancock, 2012).

For these reasons, resource theory is extremely difficult to falsify (Popper, 1959).
However, due to emerging physiological evidence (e.g., cerebral blood flow velocity) and other
imaging techniques (e.g., fMRI, transcranial Doppler ultrasonography), advocates of resource
theory are much closer to understanding how and where resources may reside in the brain based
on converging evidence (i.e., subjective individual ratings of stress and workload, objective

performance measures, and psychophysiological indicators).

The Mindlessness Explanation of the Vigilance Decrement

Despite the decline of drive and arousal theories, reincarnations of these theories have
recently surfaced (see Fraulini et al., 2017). Under these new accounts of information processing,
it is suggested that vigilance arises from underload or understimulation, which manifests as
mindlessness (Manly, Robertson, Galloway, & Hawkins, 1999; Robertson, Manly, Andrade,
Baddeley, & Yiend, 1997) or mind-wandering (Smallwood, 2013; Smallwood & Schooler,

2006).



The mindlessness account of vigilance assumes that the task induces understimulation
through monotony (Manly et al., 1999; Robertson et al., 1997), which produces the vigilance
decrement. The rarity of threats and the monotony of the task environment lead to increases in
boredom and fatigue as time on task increases. Furthermore, the monotonous task environment
results in inattentive responding and the detection of fewer threats over time (Robertson et al.
1997). Mindlessness theory posits that the mind inactively processes information for a period of
time, which causes lapses in attention and threats to potentially go undetected. This idea very
much parallels the theory of automaticity, which argues that behavioral responses to cognitive
tasks become thoughtless over time and with repetition, thus leading to performance errors when
the environment or scenario becomes novel (Logan, 1980, 1992).

Researchers in support of mindlessness theory suggest that simple tasks, compared to
complex or demanding tasks, will be more likely to facilitate the onset of the vigilance
decrement. From this perspective, the task structure of simple tasks is boring, thus mindlessness
quickly sets in, and performance on the vigilance task declines. According to the mindlessness
assumption, if vigilance tasks were designed to be more behaviorally engaging, performance
would not decrease as a function of time. Additionally, there would be less mental demand or
workload associated with the task. If the task is engaging, the individual is less likely to perform
mindlessly or thoughtlessly.

While the mindlessness theory of vigilance accounts for fatigue and performance
declines, it is not without its limitations. The mindlessness explanation has been criticized for its
inability to explain the high demand and stress reported by individuals post-task. Individuals
should not report high stress and workload when engaged in a ‘mindless’ activity, since

cognition is limited when the mind is thoughtless or blank. Moreover, a number of vigilance
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studies have indicated that attention does not merely ‘slip away over time,” as mindlessness
theory seems to suggest (Thomson et al., 2015). In the same vein, another issue with
mindlessness theory is that it does not describe the underlying attentional mechanisms associated
with mindlessness or the recovery of attention (Pashler, 1998). For instance, it is unclear whether
mindlessness occurs because of a lack of available resources, or whether mindlessness is induced
because of a habituation or automatic responding (Logan, 1980, 1992; Pashler, 1998). Moreover,
mindlessness theorists do not discuss what happens to the mind when ‘attention drifts away’
(Thomson et al., 2015, pg. 82), or the mechanisms by which attention toward the task is
recovered.

Another limitation of mindlessness theory is that it cannot explain the performance
increment, which is an improvement in performance as a function of time on task (Hancock,
2013). These theorists could possibly argue that the task is not a vigilance task if it does not
induce mindlessness, but that seems counterproductive, especially if it is a traditional vigilance
task known to induce the decrement in some individuals. In the same vein, mindlessness theory
cannot explain the performance of Parasuraman’s (2011) “cognitive superstars.” The monotony
associated with the vigilance task should afford thoughtlessness, which results in poor

performance, not superb performance.

The Mind-Wandering Account of the Vigilance Decrement

The theory of mind-wandering was developed to overcome some of the issues with
mindlessness theory. For example, mind-wandering theory attempts to explain what happens to

the mind when it disengages from the task and how engagement with the task is potentially
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recovered. Champions of mind-wandering theory suggest that attention becomes directed inward
and away from the vigilance task (Smallwood & Schooler, 2006; Thomson et al., 2015). Inward
reflection results in more self-related thoughts or thoughts about task-related performance
(Thomson et al., 2015). According to mind-wandering theory attention can also be directed
outwards and away from the vigilance task (Thomson et al., 2015). Behaviorally, this shift in
attention is exemplified by an increase in thoughts related to daydreaming (Thomson et al.,
2015), or task-unrelated thoughts (TUTSs; Kluger & DeNisi, 1996; Matthews et al., 2002).
Because attentional resources that could be directed toward the vigilance task are instead
directed inward or outward, performance declines due to an attentional shift (Smallwood, 2010).

Mind-wandering theory also distinguishes between two overarching types of mind-
wandering: intentional and unintentional (Seli, Risko, & Smilek, 2016a,b). Intentional mind-
wandering occurs when an individual makes an intentional, conscious choice to abandon focus
on the task at hand (Seli et al., 2016b). This is also referred to as deliberate mind-wandering (Seli
et al., 2016a,b). Conversely, unintentional mind-wandering occurs when the individual does not
deliberately intend to disengage attention from the task, rather attention from the task has merely
slips away because the participant loses focus or spontaneously begins to daydream (Seli et al.,
2016a,b; Seli, Wammes, Risko, & Smilek, 2015). This is also referred to as spontaneous mind-
wandering (Seli et al., 2016a,b).

Like mindlessness theory, mind-wandering theorists propose that vigilance tasks are
inherently monotonous and induce underarousal because of the repetitive environment and rarity
of threats (Thomson et al., 2015). Intentional or unintentional mind-wandering thereby occurs
because of task monotony (Seli et al., 2016; Smallwood, Beach, Schooler, & Handy, 2008).

However, if the task were designed to be more engaging, or the stimuli more interesting, then
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mind-wandering should not occur and individuals will remain engaged with the task (Eastwood
etal., 2012; Thomson et al., 2015). This assumption overcomes the issue with mindlessness
theory, which cannot explain the cognitive increment in some individuals, by arguing that
participants demonstrating a performance increment are superb at self-regulating task-unrelated
thoughts and controlling mindless cognition. However, there is no evidence to support this claim,

rather this is simply a common retort from mind-wandering theorists.

The Land of Confusion: Information Processing Theories and Issues with the

Operationalization of ‘Engagement’

One issue that is particularly relevant to this dissertation is the lack of consistency
between definitions of ‘task engagement’ across each of the aforementioned information
processing theories. For example, the mind-wandering theory suggests that vigilance tasks do not
‘engage’ individuals (Thomson et al., 2015, pg. 84), therefore mind-wandering increases with
time on task and results in a “larger decrement.” Mind-wandering theorists argue that vigilance
tasks that require ‘engagement’ will result in improved performance. But, in mind-wandering
theory, engagement is never clearly defined. It appears across several publications that under the
mind-wandering account engagement refers to some form of physical engagement with the task
(i.e., push a button, use a mouse to click on a threat; Thomson et al., 2015, 2014, 2013; Seli et
al., 2016a,b).

In contrast, resource theory suggests that task engagement is highlighted by energetic
arousal toward the task and the desire to succeed in performing the task (Matthews, 2016;

Matthews et al., 2002; Matthews, Warm, Reinerman-Jones, Langheim, & Saxby, 2010a;
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Matthews et al., 2010b). In this vein, task engagement includes “energy, interest in the task, and
concentration” (Saxby, Matthews, Warm, Hitchcock, Neubauer, 2013, pg. 3). Task engagement
in the resource theory instantiation has more to do with cognition and information processing,
than physical, behavioral engagement. Task engagement, as operationally defined by resource
theory, has also been found to be more reliable in predicting vigilance performance than worry or
distress (Helton, Matthews, & Warm, 2009). Higher levels of task engagement manifest
behaviorally as higher proportions of correct detections and fewer false alarms (Matthews,
Warm, Shaw, & Finomore, 2014; Salcedo, Lackey, Maraj, & Reinerman-Jones, 2014). Lower
task engagement is associated with “a prototypical fatigue state characterized by tiredness, lack
of motivation, and distractibility” (Matthews, 2016, pg. 803).

To date, only one study has indicated that tasks, which afford physical engagement,
improve vigilance performance. And as a result, this study tends to be heavily cited by
proponents of mind-wandering theory. In this particular study, Pop, Stearman, Kazi, and Durso
(2012) had participants ‘engage’ by clicking on an incoming airplane in a flight collision
detection task. Participants who had to use a mouse to click on an incoming aircraft
outperformed participants who had to simply monitor planes for possible collisions (Pop et al.,
2012). Mind-wandering theorists strongly cling to this study and use it to support many of their
arguments about engagement (Thomson, Besner, & Smilek, 2016). It is possible that this
behavioral engagement task supports the idea of Hancock (2013), in that engagement in the task
is determined by the design of the task (Hancock et al., 2016).

In one instance, Thomson et al. (2015) cites the Pop et al. (2012) study to demonstrate
how a “more engaging” task results in “completely abolishing the vigilance decrement” (pg. 87).

If this is the case, then tasks that require a great deal of physical engagement should yield similar
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results. However, as research demonstrates, situations that require constant physical engagement
(like the Sustained Attention to Response Task) actually result in some of the worst vigilance
performance (c.f., Wilson, Head, de Joux, Finkbeiner, & Helton, 2015a; Wilson, Russell, and
Helton, 2015b).

In the Sustained Attention to Response Task (SART), participants withdraw a physical
response to threats and must hold a button or the spacebar during all neutral events (i.e., non-
signals) and release this button when a target stimulus is presented. Following the logic of mind-
wandering theory, the mere action of keeping the button or spacebar pressed in the vigilance task
should result in more task engagement and thereby better performance. However, several studies
have demonstrated that individuals have substantially worse performance on the SART than
traditional vigilance tasks. In one study, Dillard et al. (2014) found that the SART was highly
mentally demanding and effortful, which is not in line with the assertions of mind-wandering
theory, which implies that vigilance tasks are not effortful (Thomson et al., 2015, pg.84). Others
have indicated that the SART affords impulsive responding (Helton, Kern, & Walker, 2009;
Dillard et al., 2014), which makes it difficult to distinguish between intentional performance and
impulsivity, or intentional impulsive responding.

In an effort to replicate SART research in a more ‘engaging’ context, Head and Helton
(2012) used non-repeating naturalistic or urban stimuli analog of the numeric SART. They found
that this version of the SART task was no more ‘engaging’ than the numeric SART, which does
not support mind-wandering theory. Participants performed poorly and were clearly not
cognitively engaged with the task (as measured by the DSSQ and NASA-Task Load Index),
though they were quite behaviorally engaged in the task (e.g., repeatedly pressing down a

button).
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To summarize, behavioral engagement may not correspond to cognitive engagement,
consequently it should not be assumed that because individuals are physically engaged with the
task that they are therefore cognitively engaged in the task. This is not the first time in the history
of psychology that researchers have tried to equate behavior with cognition (to revisit the
downfall of behaviorism and cognitive revolution see Goldstein, 2014). This dissertation urges
researchers interested in attention and engagement to focus on the cognitive aspects of task

engagement, not the physical, and clearly operationalize their conceptualization of engagement.

Attenuating the Vigilance Decrement

The overarching goals of vigilance research include: 1) understanding the mechanisms
underlying sustained attention, and 2) attenuating the vigilance decrement. While the above
information processing theories serve to explain the attentional mechanisms, other streams of
research attempt focus on methods of diminishing or eliminating the vigilance decrement
through the study of individual differences, differences in task types, and differences in task

demands.

The Effect of Individual Differences on the Vigilance Decrement

Individual differences have been important in guiding our understanding of vigilance
over time. Research has indicated that low levels of boredom proneness (Sawin & Scerbo, 1995;

Scerbo, 1998; Thackray, Bailey, & Touchstone, 1977), advanced occupational training (Donald
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& Donald, 2015; Donald, Donald, & Thatcher, 2015), greater control of attention (llkowska &
Engle, 2010), greater self-control/self-regulation (Becker, Mandell, Tangney, Chrosniak, &
Shaw, 2015), high levels of intellect (Craig, 1984; Lehman, Olson, Aquilino, & Hall, 2006;
McGrath 1963a) and aptitude (McGrath, 1963a, 1963b; Wiener, 1975), and higher working
memory capacity (Caggiano & Parasuraman, 2004; Helton & Russell, 2011, 2013; Matthews,
Warm, Shaw, & Finomore, 2014; McGrath 1963a, 1963b) can all influence the performance
decrement.

In this same vein, many studies have examined how individual differences in personality
may influence vigilance performance. Of the span of individual differences, a relatively great
deal of attention has been directed toward the study of traits related to the “Big Five” (e.g.,
extraversion, neuroticism, conscientiousness, agreeableness, and openness; Costa & McCrae,
1992; Mandell, Becker, VanAndel, Nelson, & Shaw, 2015; Matthews, Deary, & Whiteman,
2003; Matthews, 2001; Shaw, Matthews, Warm, Finomore, Silverman, & Costa, 2010). A
number of studies have indicated that introverts outperform extroverts on vigilance tasks
(Mackworth, 1969; Rose, Murphy, Byard, & Nikzad, 2002), though the effect size for this trait
has collectively been rather small (Koelega, 1992). Higher extraversion in particular has been
associated with poorer performance in cognitive-based vigilance tasks (Revelle, 1993; Shaw et
al., 2010). Similarly, participants high in conscientiousness tend to outperform participants low
in conscientiousness in vigilance tasks (Rose et al., 2002). High neuroticism has been associated
with greater performance decrements (Revelle, 1993, pg. 351), which is in line with other
research that indicates individuals high in neuroticism tend to be more prone to stress (Costa &
McCrae, 1992; Matthews, Deary, & Whiteman, 2009). However, these results have become

more mixed over time.
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One individual difference variable relevant to this dissertation is motivation. A number of
studies have indicated that motivation may attenuate the decrement and vigilance performance.
For example, recent meta-analytic evidence has indicated that extrinsic motivators are rather
limited in their effect on performance and may only work in the short-term (Cerasoli, Nicklin, &
Ford, 2014), whereas intrinsic motivators improve performance in the long run. In one study,
when observers were given a monetary reward (an extrinsic motivator), motivation was
undermined and performance suffered (c.f., Esterman, Reagan, Liu, Turner, & DeGutis, 2014;
Murayama & Kuhbander, 2011). In an earlier study, Montague and Webber (1965) found that
monetary rewards had little effect on performance in an extremely long vigil (e.g., 6 hours).
Thus, the research on extrinsic motivators and performance tends to demonstrate limited effects,
which are generally improvements in the short-term, but not over time.

In a similar vein, Unsworth and McMillan (2013) found that poorly motivated (i.e., low
intrinsic motivation) students engaged in more mind-wandering and had worse performance than
their peers higher in intrinsic motivation in a long-duration reading task (which some argue is a
cognitive vigilance task). In another cognitive vigilance task, Dember, Warm, Bowers, and
Lanzetta (1984) found that intrinsic motivation facilitated consistent performance (e.g.,
conservative responses to both correct detections and false alarms) in the task over time. In
sensory vigilance tasks, it seems that intrinsic motivation may be one of the most predictive
variables related to vigilance performance (Matthews, Davies, & Lees, 1990). Intrinsic
motivation resulted in better performance in a sensory sustained attention task (Matthews,
Davies, & Lees, 1990).

Reward pathways in the brain, which are related to motivation, have also been implicated

in performance on vigilance tasks (Kelley & Berridge, 2002; Wise, 1985). In one physiological
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study, Bonnefond et al. (2011) administered a 60-minute Flanker Task to participants. The
results indicated that motivation regulated activity in the anterior cingulate cortex (ACC), which
is an area of the brain that corresponds to sustained attention abilities. Higher activation in this
area of the brain corresponded with better performance. Matthews, Warm, Reinerman-Jones,
Langheim, and Saxby (2010a) have also reported similar results. In two studies, physiological
measures of energy expenditure (in this case cerebral blood flow velocity and blood
oxygenation) were obtained. Higher activation in areas of the brain related to reward (i.e.,
dopaminergic pathways) of the brain corresponded to improved performance in a vigilance task

(Matthews et al., 2010a; Matthews et al., 2010b).

The Effect of the Type and Design of the Task on the Vigilance Decrement

In addition to personality and motivational differences, the type of vigilance task can also
influence the vigilance decrement. For example, tasks that are more ‘game-like’ in nature may
better facilitate motivation or include a task structure designed to afford more motivation and
engagement in the vigilance task (Hancock & Szalma, 2003; Szalma, Schmidt, Teo, & Hancock,
2014; Szalma, 2014). Furthermore, in one meta-analytic review of the sensitivity decrement, See
et al. (1995) reported a greater vigilance decrement for sensory simultaneous tasks, than sensory
successive tasks, in conditions with a low event rate. Successive tasks require the observer to
compare new stimuli to stimulus representations held in memory, whereas simultaneous tasks
require observers to compare stimulus elements presented at the same point in time (see Figure

2). Additionally, Parasuraman and Mouloua (1987) found that successive discrimination tasks
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are more mentally demanding than simultaneous discrimination tasks (c.f., Desmond, Matthews,

Bush, 2001), especially in low event rate conditions.

43

12

56 12 43

Successive Stimulus Presentation Simultaneous Stimulus Presentation

Figure 2. A redrawing of the simultaneous and successive stimuli used in Desmond et al. (2001)
is included to demonstrate the differences between the two task types. In Desmond et al. (2001)
participants were asked to discriminate between slightly larger digits and include a button
response when a difference in digit size was detected.

In the same meta-analysis, See et al. (1995) indicated that cognitive tasks tend to be more
complex, and for this reason can decrease the vigilance decrement, since these types of tasks are
thought to be more “engaging” (Becker, Warm, Dember, & Howe, 1994; Parasuraman, Warm, &
Dember, 1987; Warm & Dember, 1998). Different types of tasks may afford more or less
cognitive engagement (Szalma, 2014), and thus attenuate the vigilance decrement differently.
For example, cognitive tasks require the individual to manipulate the information presented in
the task to identify a threat or critical signal. Sensory tasks require observers to monitor

perceptual or physical changes to some attribute of the stimuli or the task environment. The
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distinction between these two task categories is important because different information
processing systems may be utilized for each task (i.e., top-down versus bottom-up processing).

In terms of the vigilance decrement, See et al. (1995) reported that greater decrements
tend to occur in sensory vigilance tasks than cognitive vigilance tasks, but this is dependent on
event rate and task type as well. In one study, Deaton and Parasuraman (1988) observed that
cognitive vigilance tasks were “more resistant to the decrement over time than sensory
vigilance” (pg. 1458). In this same study, participants in the high event rate cognitive condition
were most susceptible to performance errors (i.e., fewer hits, more false alarms). There was no
effect of event rate (e.g., high or low) on performance in the sensory condition, which is
interesting given that previous research has indicated that correct detections can decrease as
event rate increases (Parasuraman, 1985).

Another aspect of vigilance tasks that can affect the decrement is information processing
load, or task complexity. Less demanding or less complex tasks tend to have a low event rate
(i.e., less than five critical hits per minute; Galinsky, Dember, & Warm, 1989) and do not require
much effort beyond mere perception of the critical signal or threat. These types of tasks tend to
be defined as “simple” tasks in the literature. One example of a simple task could be the
simultaneous sensory task used by Desmond et al. (2001; Figure 2). Participants had to observe
two sets of digits and determine which set of digits was slightly larger than the other (the number
“12” in the example). Contrasting this, the successive sensory task used by Desmond et al.
(2001) argued by researchers to be more demanding, especially temporally demanding.
Participants in this condition had to remember the size of the previously presented digit set and
compare the size of the previous set to the following set, then indicate a difference in physical

size using a button response.
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Furthermore, complex tasks can also attenuate or reverse the vigilance decrement (Warm,
Dember, Lanzetta, Bowers, & Lysaght, 1985). More demanding or more complex tasks typically
require a greater degree of thinking than less demanding or less complex tasks. Complex tasks
also tend to involve a working memory component and symbolic manipulation. This could
explain why better performance is observed in complex tasks than simple tasks, especially
considering that many simple tasks tend to be sensory (Levine, Romashko, & Fleishman, 1973).
Take for example one study by Molloy and Parasuraman (1996). They found that participants
completing a complex-single task condition actually outperformed participants in a complex
multi-task condition or simple single-task condition. This suggests that performance is better
with some degree of complexity (Warm, Howe, Fishbein, Dember, & Sprague, 1984), but it also
demonstrates an optimal level of complexity: the task was neither too simple nor too demanding.
It is possible that “the effect [of complexity] is most likely based upon motivational rather than
learning factors” (Warm et al., 1985, pg. 19). In this vein, complex or demanding tasks may
afford (Szalma, 2014) more cognitive engagement. However, these latter claims require more
empirical testing, thus the impetus for the present research.

It is also worth noting that very little agreement exists in the vigilance literature regarding
which tasks are more or less demanding. And, there is also disagreement about what qualifies as
a cognitive task. There is a large discrepancy between what may be simple or sensory to some,
but complex or cognitive to others (the vigilance literature is rife with examples). Generally, it
appears that the researchers subjectively choose which task is more complex versus simple a
priori. Therefore, to overcome any ambiguity and to distinguish between the tasks prior to any
experimentation in this dissertation, Table 2 is included as a guide to the most commonly

accepted definitions of sensory, semantic, cognitive, successive, and simultaneous vigilance
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tasks. Examples of each task are also included in this Table. These operationalizations and

examples are used throughout the present dissertation.

Table 2. The table below includes a definition for each type of task, as well as examples of the
type of vigilance task.

Simultaneous Compare critical signals  Figure 2 (Desmond et al., Simultaneous
or neutral events at the 2001).
same point in time.

Successive Compare critical signals  Figure 2 (Desmond et al., Successive
or neutral events to 2001).
previously displayed
critical or neutral stimuli
(compared at different
points in time).

Cognitive Require observers to Perform addition or Symbolic;
manipulate information.  subtraction to observe a top-down processing

critical signal vs. neutral
event (Szalma & Teo,
2012).

Sensory Require observers to Critical signals are bolded  Perceptual; bottom-
detect a perceptual or or italicized, whereas up processing
physical difference neutral events are normal
between stimuli. text (Szalma & Teo,

2012).

Semantic Require observers to Critical signals include Symbolic;
process the meaning of four-legged animals, top-down processing
text. whereas neutral events are

non-four-legged animals
(Thomson, Besner, &
Smilek, 2016).

Simple Low event rate; low task  Critical signals occur Low
demand; typically when one digit of a two- processing
sensory in nature digit pair is slightly larger load

than another digit; neutral
events consist of same-
sized digit pairs (Deaton
& Parasuraman, 1988;
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Desmond et al., 2001).

Complex Greater task demands; Critical signals include High
typically involve a four-legged animals (e.g., processing
working memory cow, horse, rabbit, etc.), load
component; dual-tasks neutral events include

non-four-legged animals
(e.g., barn, chair, rock,
etc.), and distractors
(referred to in this
manuscript as ‘lures’)
include two- or no-legged
animals (e.g., eel,
sparrow, etc.) (Thomson,
Besner, & Smilek, 2016).

The Importance of Time on Task

The perception of time associated with the pace of the task or the perceived length of the
vigil can have an effect on subsequent perception of task complexity and task demand. The
duration of the vigilance task is a critical factor influencing the magnitude of the performance
decrement. Typically, the vigilance decrement manifests within the first fifteen minutes of the
task (Teichner, 1974). But, as Smit, Eling, and Coenen (2004) have pointed out, highly
demanding vigilance tasks can produce a vigilance decrement in a matter of minutes. Others
have found that when a vigilance task is complex or difficult, it is possible to observe a decline
in performance within a very short amount of time (i.e., five to ten minutes; Helton, Dember,
Warm, & Matthews, 2000; Helton et al., 2007; Nuechterlein, Parasuraman, & Jiang, 1983). Even

short vigilance tasks are hard mental work even if time is perceived to pass quickly (Finomore,
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McClernon, Amick, Pee, Funke, & Warm, 2016). In this vein, the length of the task is also

associated with the perception of the task being more or less demanding or difficult.

The Effect of Task Instructions on Vigilance Performance

Another factor that impacts the observer’s perception of the task is the phrasing of the
task and the language used to communicate task instructions. The way in which a task is framed
drastically changes how subsequent information is processed. For example, in one study
conducted by Matthews, Panganiban, and Hudlicka (2011) observers who received task
instructions framed in terms of ‘threat’ (or danger) were more motivated to seek out these
harmful stimuli and had a higher proportion of hits compared to participants who received
neutral task instructions. The type of instructions changed the type of information participants
focused on and differently directed their attention.

In another study, Matthews and Desmond (2002) found that subjective fatigue in a
driving task was moderated by motivational task instructions (i.e., the words “MEASURING
DRIVING SKILL” were presented on screen for a brief period of time) (pg. 673). Participants
receiving the motivating instructions imputed more effort into a driving task and demonstrated
superior driving performance (as measured by slower speeds on corners, less drifting, smaller
angles of the steering wheel) because they believed their driving skills were being assessed at
this moment in time.

In an early study of motivational instructions, Lucaccini et al. (1968) found that when
instructions framed the vigilance task as a ‘challenge,” and not as a “‘monotonous’ task, no

decrement was observed. Interestingly, when the task was framed as being ‘monotonous,’
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participants viewed the vigilance task more negatively and had a much lower proportion of hits
compared to participants who were instructed that the task was ‘challenging’ (Lucaccini et al.,
1968). However, false alarm and response time data were not reported in this study, thus it is
unknown how these changes to instructions might affect criterion setting or response time.

The findings of Lucaccini et al. (1968) are particularly intriguing given that Deci,
Eghrari, Patrick, and Leone (1994) found that when a task is acknowledged as being boring,
participants are more likely to reengage with the task when left alone with the task for a brief
period of time. Therefore, it is possible that this is why Lucaccini et al. (1968) did not observe
similar effects of task instructions. Although the seminal task used by Deci et al. (1994) was not
a traditional vigilance task, it does approximate a monotonous computer-based vigilance task. In
this study, participants were required to perform an 8-minute dot monitoring task. Deci et al.
(1994) found that when an experimenter provided acknowledgement of the ‘boring’ aspects of
the task, rationale for performing the task, and gave participants some control during the
experiment, there was a longer duration of engagement (defined in this study as the length of
time participants spent on the task) in the monotonous dot task when the experimenter left the
room. The goal of Deci et al. (1994) was to demonstrate that when acknowledgement, rationale,
and autonomy (i.e., choice) are provided in boring tasks, individuals are more likely to engage in
the task on their own. However, because of the aim Deci et al. (1994) was mainly to study
engagement, performance on the dot task was unfortunately not measured. This is particularly
intriguing for vigilance, because this study is the first of its kind to demonstrate that boring,
monotonous tasks do not necessarily induce disengagement when the correct ingredients are

combined.
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In a very recent study of instruction manipulations, Salcedo, Lackey, Maraj, and
Reinerman-Jones (2014) did not find any effects of motivating instructions on performance in a
human-robot interaction vigilance task. This evidence demonstrates that manipulations to task
instructions may have an effect in some cases, but not in every instance. Additionally, the
sporadic reporting of performance data and differences in performance metrics (i.e., correct
detections vs. steering wheel angle) in vigilance studies makes it difficult to synthesize the
effects of instruction manipulations across task types. The differences in significant results
between studies and the lack of research on task instructions in general, make it difficult to draw
conclusions from these mixed findings. Therefore, the present pilot work for this dissertation and
present set of studies described in this dissertation seek to capitalize on the research on human
motivation. This dissertation should further elucidate the relationship between sustained attention

and motivational processes.

Pilot Work

A pilot study was conducted for this dissertation to test the claims of Deci et al. (1994),
as well as establish a clearer pattern of results in terms of the effect of motivational
manipulations on task instructions in vigilance task. The goal of this study was to replicate as
best as possible the work of Deci et al. (1994) and control for individual differences in intrinsic
motivation, which may also influence performance on the vigilance task, especially if the
instructions are manipulated to be more or less motivating. For example, the seminal research of
Deci and colleagues’ (1994) indicated that motivational instructions (i.e., a sense of autonomy,

acknowledgement for participation in the study, and rationale for completing the study) had a
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positive effect on engagement with the task such that participants who received motivating
instructions spent more time on a boring dot monitoring task than any of the other available tasks
(i.e., reading magazines, etc.). In the present pilot work, we utilized the original Deci et al.
(1994) instructions, but had participants perform a traditional (sensory) vigilance task. The
original Deci et al. (1994) study did not report performance data on the dot task, so the effect of
their instructional manipulations on performance cannot be evaluated from their study. The only
dependent measure collected in the original Deci et al. (1994) was ‘free’ time spent on the task.
In sum, the present pilot work attempts to partially replicate the results of Deci et al. (1994) in a
vigilance paradigm and to determine whether the effects of motivating instructions can facilitate

performance. We seek to expand upon this research by collecting performance data as well.

Task Conditions

Participants were randomly assigned to either a motivating instruction condition or
neutral instruction condition. The motivating instruction conditions could include the presence of
acknowledgment, rationale, and autonomy. Before the mean split on the data (which allowed us
to split the group into participants high and low in motivation), 24 participants were randomly
assigned to received meaningful rationale (19 participants did not receive any rationale), 25
participants received acknowledgement of the boredom associated with the task (18 participants
did not receive any acknowledgement of the task demands), and 22 participants received
autonomous instructions, which used language supportive of choice, (21 participants received

neutral instructions) during the experiment. The original wording of these task instructions can
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be found in Deci et al. (1994) and the original instructions have been modified for the present set

of experiments, which are discussed later in this dissertation.

Measures

Differences in intrinsic motivation were assessed using the Intrinsic Motivation Inventory
(IMI; Deci et al., 1994). All self-report measures used in this study were counterbalanced across
participants to control for order effects and included: the IMI (Deci et al., 1994; Ryan, 1982),
DSSQ (Matthews et al., 2002), NASA-TLX (Hart & Staveland, 1988), and a demographics form.

All measures were administered online using Qualtrics survey software on a desktop computer.

Procedures

Participants completed the experiment on a desktop computer in a quiet laboratory space.
Data were collected from one participant at a time. All participants were required to surrender
any timepieces, such as watches or mobile phones prior to their participation in the study. First,
participants were given an informed consent and then completed pre-task measures. Participants
were then introduced to the sensory vigilance task by the researcher (for the protocol and stimuli
see Szalma, 2011). All participants completed the same sensory task. Task type was not
manipulated in this experiment. Participants completed a short block of practice trials, which

lasted approximately two minutes and oriented them to the pace and format of the task.
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After this practice session, participants were asked if they had any questions and the
researcher left the room for the duration of the vigil. After the experiment, participants then

completed all post-task measures and demographics.

Task Design and Stimuli

The entire vigilance task was approximately 24 minutes in length and had an event rate of
26 events per minute. The task consisted of monitoring the movements of three dots positioned
above three bar graphs (see Szalma, 2011 for study stimuli; Teo et al., 2011). A critical signal
resulted when the uniformity in spacing was unequal between the dots and graphs. Twelve
critical signals appeared at random intervals during each of the four 6-minute periods on watch.
Neutral events were cases in which all three dots were an equal distance from their respective bar
graphs. Participants were instructed to press the spacebar on the keyboard when a critical signal

was detected and withhold response to neutral events.

Participants

The sample consisted of 43 (32 females; 11 males) undergraduate students (60.6%
freshmen; 7.0% sophomores; 23.3% juniors; 9.3% seniors) recruited from the research
participation system at the University of Central Florida. The average age of participants was
20.02 years (Median = 19.00 years, SD = 2.92 years). The oldest student in this sample was 33-

years-old and the youngest student was 18 years of age. All participants reported normal or
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corrected-to-normal vision. Participants reported that they did not consume caffeine prior to

participation in this study.

Results

A significant difference between intrinsic motivation at pre-test was not observed
between men (M = 152.45, SD =28.35) and women (M = 164.06, SD = 28.27), t(41) = -1.174,
p = .247. Given this, a mean split was performed on intrinsic motivation scores, collapsed across
participant sex. Twenty-one participants had high intrinsic motivation (scores greater than or
equal to 166) and 22 participants had low intrinsic motivation (less than or equal to 165). The

means and standard deviations for all measures are reported in Table 3.
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Table 3. The table below includes the means and standard deviations across intrinsic motivation,
stress, and workload measures (N = 43).

IMI 184.24** 139.00**
(15.83) (18.17)
Pre-IM 20.14** 15.79**
(4.81) (4.25)
Post-1IM 11.52 8.65
(6.82) (6.85)
Pre-SM 23.05 21.09
(6.19) (5.99)
Post-SM 19.67 17.58
(8.42) (7.50)
Pre-TRTs 19.95 20.05
(7.37) (6.48)
Post-TRTs 22.05 24.44
(6.59) (7.12)
Pre-TUTs 17.14 15.25
(8.26) (6.11)
Post-TUTs 16.15 18.01
(7.14) (8.05)
Workload 60.87 56.45
(17.17) (14.40)

Note. IM = intrinsic motivation. SM = success motivation. TRTs = task-related thoughts. TUTs =
task-unrelated thoughts. Numbers in parentheses represent standard deviations. * = p < 0.05,
**k —

=p<0.01.

Participants higher in intrinsic motivation reported significantly more intrinsic motivation
at pre-test than participants low in intrinsic motivation on both the IMI and pre-DSSQ subscale.
No significant differences in success motivation were observed between participants low and
high in intrinsic motivation at pre-task or post-task. No significant differences in TRTs, TUTSs, or
global workload scores were observed between participants low and high in intrinsic motivation

at pre-task or post-task.
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A 2 (high motivation vs. low motivation) x 2 (motivating instructions vs. neutral
instructions) x 4 (watch period) mixed measures factorial ANOVA was performed for each of
the performance measures collected in this study. There was no significant main effects or
interactions for period on watch. Additionally, there were no significant main effects or
interactions of intrinsic motivation on motivating or neutral instructions across any of the
performance measures.

A 2 (High Motivation vs. Low Motivation) x 2 (Acknowledgement present vs.
Acknowledgement absent) x 4 (Period on Watch) mixed factorial ANOVA was performed for
hits and false alarms. There were no significant main effects or interactions for intrinsic
motivation or acknowledgement. There were no significant main effects or interactions for
watch.

A 2 (High Motivation vs. Low Motivation) x 2 (Rationale present vs. Rationale absent) x
4 (Period on Watch) mixed factorial ANOVA was performed for hits and false alarms. There
were no significant main effects or interactions for intrinsic motivation or rationale. There were

not significant main effects or interactions for watch.

Discussion

The present study expanded upon the original experiment by Deci et al. (1994) by
measuring performance outcomes as a function of intrinsic motivation, meaningful rationale,
acknowledgement, and motivating instructions. In the original study, Deci and colleagues (1994)
found that participants engaged with a boring dot task for longer periods of time when they

received a rationale for completing the task, the researcher acknowledged that the task was
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boring, and the participants had some autonomy over the task during the study. However, based
on the present results, it does not appear that these findings do not necessarily translate to all
boring tasks (at least not traditional vigilance tasks).

Generally, the results indicated that motivational manipulations to task instructions had
different effects on performance outcomes in terms of accuracy for participants high or low in
intrinsic motivation, but these differences were not statistically significant. A classic vigilance
decrement in performance was only observed in the autonomous instruction condition for
participants low in intrinsic motivation, otherwise performance was consistently poor across
conditions and by intrinsic motivation. This is a major limitation of this study. Many participants
found it difficult to discern between critical signals and neutral events and reported very low hit
rates over time across all conditions. This is not in line with Szalma (2011), which established

this task a monotonous vigilance task and resulted in a drastic vigilance decrement.
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CHAPTER THREE: MOTIVATION

“Control leads to compliance, autonomy leads to engagement.” — Daniel Pink (2009, pg. 56).

Autonomous Motivation

One theory that aims at facilitating intrinsic motivation and autonomous engagement in
activities is self-determination theory (SDT; Deci et al., 1994; Ryan & Deci, 2008; Ryan, 2012).
SDT suggests that all individuals, to differing degrees, innately desire to be actively engaged in
activities and wish to become competent at their work (Ryan & Deci, 2008). Self-determination
theory also suggests that people are inherently motivated to internalize the goals and values of
uninteresting, but important tasks (Deci et al., 1994).

SDT assumes that people are at least initially engaged with the task or activity at hand
through a combination of extrinsic and intrinsic motivators (Deci & Ryan, 1985, 2012a). This
engagement is directly related to the extent that individuals feel controlled by the task or feel
some control over the task (Deci & Ryan, 1985, 2012a). According to SDT, when people act
with a sense of volition and experience choice, they are said to be autonomously motivated
(Gagné & Deci, 2005; McBride et al., 2010). In contrast, controlled motivation occurs when
performing an activity feels forced (McBride et al., 2010; Sheldon & Elliot, 1998). SDT also
“maintains that knowing whether people’s motivation is more autonomous or more controlled is
far more important for making predictions about the quality of people’s engagement,
performance, and well-being” (Deci & Ryan, 2012a, pg. 86). Autonomy also inherently exists on

a continuum, wherein some activities begin through extrinsic motivation and progress toward

35



intrinsic motivation through the regulation of certain types of needs, but the reverse is also
possible.

According to Ryan and Deci (2000, 2008), autonomous regulation occurs for several
reasons. Self-determination theory states that three contextual factors can influence autonomous
motivation, such as meaningful rationale (e.g., explaining the purpose of the activity),
acknowledging the individual’s feelings (e.g., understanding how that person feels about the
activity), and facilitating more autonomy (e.g., giving the person some choice or control in the
activity). SDT assumes that when the task environment incorporates these three factors, the
activity will be experienced as fully autonomous.

Moreover, SDT posits that three universal needs also facilitate motivation and autonomy.
Importantly, these needs are not forced homeostatic deficiency mechanisms, but are more like
omnipresent “nutriments” for sustaining well-being (Ryan, Sheldon, Kasser, & Deci, 1996).
Needs can also be thought of as “necessities” that each person must have in order to grow and to
flourish (Ryan, Sheldon, Kasser, & Deci, 1996). These needs include autonomy, competence,
and relatedness. Autonomy is the degree of choice in activities or tasks, or an experience of
personal control (Ryan & Deci, 2008). Activities and lifestyles that thwart the need for autonomy
may deplete energy and therefore result in amotivation, or a lack to engage in the task at hand
(Ryan & Deci, 2000). According to SDT, it is crucial to have some choice over the engagement
in activities or tasks because this may serve to bolster intrinsic motivation toward the activity
over time (Ryan & Deci, 2000, 2008).

Autonomous maotivation is also influenced by both individual traits and the
environmental context, much like a symbiotic relationship (Ryan & Deci, 2008). Competence is

efficacy in that individuals feel effective in what they do and the knowledge they utilize when
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performing a task or activity (Deci & Ryan, 1985; White, 1959). Relatedness is the feeling of
connectedness with others and belonging to others socially (Ryan & Deci, 2008), which is akin
to Baumeister’s conceptualization of belongingness (Baumeister & Leary, 1995). Additionally,
individuals can differ in the strength of each need, but the needs themselves are universal and
generally autonomy and competence account for the most variance when measuring engagement
in a given task or activity (Ryan & Deci, 2008). Autonomy is an important human need that must
be fulfilled regardless of gender, social status, or cultural climate (e.g., collectivist or
individualistic; Ryan & Deci, 2000).

Autonomous motivation has been found to significantly influence performance across
many domains, such as school (Black & Deci, 2000; Cordova & Lepper, 1996; Deci & Ryan,
1987, 2012b; Reeve & Lee, 2014; Reeve, 2002; Ryan & Deci, 2013), work (Gagné & Deci,
2005), and health-related behaviors (Ryan, Patrick, Deci, & Williams, 2008). Students
autonomously motivated in school perform better on examinations and can write more creatively
(Ryan & Deci, 2012). Students high in autonomous motivation also tend to study for longer
periods of time and have better relationships with their teachers (Black & Deci, 2000).

Studies of workplace motivation indicate that work tasks which are structured to be more
complex or challenging, are more likely to be viewed as more meaningful and more likely to
prompt autonomous motivation (Gagné & Deci, 2005; Stone, Deci, & Ryan, 2009). Work tasks
that are perceived as mundane are found to lead to lower satisfaction and prompt controlled
motivation toward these tasks (Gagne & Deci, 2005).

In terms of the domain of health, those that chose to participate in healthy activities and
healthy lifestyles had a lower incidence of disease (Ryan, Patrick, Deci, & Williams, 2008).

Furthermore, when healthcare providers offered patients some degree of choice in their medical
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treatments, patients exhibited better health over time and better relationships with their providers

(Ryan, Patrick, Deci, & Williams, 2008).

Achievement Motivation

Much like self-determination theory, the research on achievement motivation maintains
that individuals seek to excel in what they do and actively strive to accomplish goals. Goals are
future-based ideals used to approach the achievement of an outcome or the avoidance of an
outcome (Elliot, 1999). More specifically, achievement goals “relate to wanting to develop,
attain, or demonstrate competence” (Harackiewicz, Barron, & Elliot, 1998, pg. 2). The approach-
avoidance distinction comes from Elliot (1999), who argued that approach goals are utilized to
pursue success and seek out positive outcomes, whereas avoidance goals are important in
avoiding negative outcomes like failure (McClleland, 1985; Muis, Winne, & Edwards, 2009).

Another important dimension of the achievement goal framework is the quality of the
goal pursued, which is determined by the type of outcome (e.g., develop competence, a mastery
goal, versus demonstrate competence, a performance goal). According to Ames (1992; Ames &
Archer, 1988), mastery goals are used to integrate the task value into one’s current value system,
bolster self-efficacy, and foster deep learning. Conversely, performance goals are important in
accomplishing tasks, outperforming others, or completing something quickly with minimal effort
(Ames, 1992; Murayama, Elliot, & Friedman, 2012). Individuals driven primarily by
performance goals tend to complete work well, but do not glean any additional knowledge from

the task, unlike individuals driven primarily by mastery goals.
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Together, the theories of mastery and performance goals, and approach and avoidance
goals comprise the 2 x 2 achievement goal model (see Figure 3 for an illustration). The 2 x 2
achievement goal framework has been used in a myriad of studies on achievement motivation

and performance, particularly scholastic achievement (Bipp & van Dam, 2014).
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Figure 3. A redrawing of the 2 x 2 achievement goal model (Ames, 1992; Ames & Archer,
1988; Elliot, 1999).

In academic settings, approach goals are important in student perceptions of interest and
value of the activity, as well as persistence in their academic efforts (Pintrich, 2000). On the
other hand, avoidance goals in academia have been linked to maladaptive behaviors like cheating
and plagiarism (Pintrich, 2000). In a study of students majoring in accounting, Dull, Schleifer,

and McMillan (2015) found that both mastery and performance approach-goals were integral to
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student success in the accounting course. Others have found mastery-approach goals to be
important in predicting student affect, and performance-avoidance goals to predict anxiety
toward school and more boredom in school (Ranellucci, Hall, & Goetz, 2015).

Mastery-avoidance achievement goals helped students to strive to avoid academic losses
(i.e., failing a test, losing points on a homework assignment) (Senko & Freund, 2015). In a
similar vein, Michou, Vansteenkiste, Mouratidis, and Lens (2014) found that autonomous versus
controlled motivation influenced student performance in school and had a significant impact on
the types of goals (e.g., mastery, performance, approach, avoidance) adopted by the students.
Students who engaged in their coursework autonomously had higher needs for achievement
(Michou et al., 2014). These students also reported allocating more effort to their studies and
education (Michou et al., 2014), than participants reporting more controlled motivation.

To summarize, the research on achievement motivation suggests that people innately
strive for successful performance on a given activity (McClleland, 1961; Nicholls, 1984). High
achievement motivation may help individuals approach their work, study, or leisure activities
with a need for success and skilled performance, which is supported by meta-analytic evidence
that achievement motivation in fact carries over into multiple domains (Van Yperen, Blaga, &

Postmes, 2014).

Pilot Work

Theories of achievement motivation argue that this construct is a stable trait that predicts
performance across domains. However, there has been little research examining the effect of

achievement motivation in a vigilance context. Because there is little research investigating the
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influence of achievement motivation in sustained attention tasks (Schneider & Eckelt, 1975;
Slade, 1988; Slade & Rush, 1991), the present pilot work remains relatively exploratory. Thus,
the goal of this pilot work is relatively simple in that the effects of achievement motivation on
vigilance performance, as well as dependent measures of perceived stress and workload, will be
examined to better inform the hypotheses that were developed for the present dissertation. One
limitation of this pilot work was that response time was unable to be collected due to an error in
the software. It is important to note that this error was addressed for all four experiments

described later in this dissertation.

Procedures

Data were collected from one participant at a time in a quiet laboratory space. All
participants were required to surrender any timepieces, such as watches or mobile phones prior
to participation in the study. It is important to note that participants were not aware of the length
of the vigil, but that the entire experiment would not exceed two hours. First, participants were
provided an informed consent and then completed pre-task measures (e.g., pre-DSSQ and the
AMS).

Following this, participants were introduced to the practice task, which required
approximately 1-2 minutes to complete. The practice task demonstrated the difference between
critical signals and neutral events, as well as allowed participants to acclimate to the task. After
the short practice task, participants completed the vigil. The researcher left the room at this time.
The entire task was approximately 24 minutes in length and consisted of four periods on watch

with the restriction that signals were presented on adjacent trials (i.e., one critical signal would

41



never immediately follow another critical signal). Five critical signals appeared at random within
each six-minute period on watch. The second critical signal never appeared immediately after the
first signal.

After the vigil, participants then completed all post-task measures (e.g., post-DSSQ and
the NASA-TLX) and provided relevant demographic information. The order of self-report
measures used in this study were counterbalanced across participants to control for order effects
and included: the Ray Achievement Motivation Scale (AMS; Ray, 1979), DSSQ (Matthews et
al., 2002), NASA-TLX (Hart & Staveland, 1988), and a demographics form. All measures were

administered using Qualtrics survey software on a desktop computer.

Participants

The sample consisted of 59 (39 females; 20 males) undergraduate students (76.3%
freshmen; 15.3% sophomores; 8.5% juniors) recruited from the research participation system at
the University of Central Florida. The average age of participants was 18.75 years (Median =
18.00 years, SD = 1.65 years). The oldest student in this sample was 27-years-old and the
youngest student was 18 years of age. All participants reported normal or corrected-to-normal
vision. Participants were asked refrain from consuming caffeine 24 hours prior to participation

in this study.
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Conditions

Participants were randomly assigned to either a sensory-based vigilance task requiring
perceptual processing or cognitive-based task requiring symbolic processing (Szalma & Teo,
2012). Twenty-six participants were randomly assigned to the cognitive condition and 33 to the
sensory condition. For purposes of analyses, a median split was performed after data collection
to divide participants by high or low achievement motivation. Participants scoring under twenty-
one points (which was the average achievement motivation score reported by this sample) on the
AMS were categorized as being low in achievement motivation and participants scoring over
twenty-one points on the AMS formed the high achievement motivation group. After this mean
split was performed, sixteen participants low in achievement motivation (AchM) were assigned
to the cognitive condition and seventeen participants low in achievement motivation were
assigned to the sensory condition. Sixteen participants high in achievement motivation were
assigned to the sensory condition and ten participants high in achievement motivation were

assigned to the cognitive condition (note that different sample sizes are a result of data cleaning).

Results and Discussion

Participants low in AchM reported an average score of 19.03 (SD = 1.63) on the AMS,
whereas participants high in AchM reported an average score of 24.46 (SD = 2.52). AchM was
not significantly correlated with any measures of performance or with the condition to which

participants were assigned. Participants higher in AchM outperformed peers lower in
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achievement but only in a cognitive vigilance condition (Dewar & Szalma, 2016), which may
afford more engagement because it is more challenging and complex (Matthews, 2016).

Overall, participants reported a moderate degree of global workload associated with the
vigilance tasks (M = 43.50, SD = 17.33). Participants reported moderate levels of engagement
with the vigilance tasks at pre-test (M = 19.28, SD =4.65), low levels of distress prior to
completing the vigilance tasks (M =5.79, SD = 4.07), and moderate levels of worry at pre-task
(M = 18.84, SD = 5.89).

In terms of performance, the average number of false alarms across conditions was 3.25
(SD = 4.24) and the proportion of correctly detected critical signals was 85% (SD = .19), while
performance is not perfect, the results indicate that all participants exuded some effort in each
vigilance task and performance was not subject to a floor effect. The means and standard

deviations for these data are reported in Figure 4.
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Figure 4. The figure includes stress and workload changes from pre-task to post-task for
participants high or low in achievement motivation in the cognitive and sensory conditions.
Note: blue columns = cognitive task low AchM; red columns = cognitive task high AchM; green
columns = sensory task low AchM; purple columns = sensory task high AchM.

A two (high or low achievement motivation) by two (cognitive or sensory condition)
factorial analysis of variance (ANOVA) was performed for change scores for each of the three
factors on the DSSQ: engagement, distress, and worry. There was a significant interaction
between achievement motivation and condition for the change in distress scores between pre-task
and post-task, F(3, 55) = 3.73, p < .10, I]lf,2 = .06. There was a significant change in distress
scores from pre-task to post-task for participants low in achievement motivation in the sensory
condition and for participants high in motivation in the cognitive condition. No main effects of
achievement motivation or condition were observed for pre-task or post-task scores on the

distress subscale of the short DSSQ. The most dramatic increase in distress between pre-task and
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post-task was observed for participants high in achievement motivation in the cognitive
condition and participants low in achievement motivation in the sensory condition.

There was a significant interaction between achievement motivation and condition for the
change in worry scores between pre-task and post-task, F(3, 55) = 3.86, p < .10, I]p2 =.07.
Participants low in achievement motivation in the sensory condition and participants high in
achievement motivation in the cognitive condition reported the greatest change in worry on the
short DSSQ. All worry scores decreased post-task. No main effects of achievement motivation
were observed for pre-task or post-task scores on the worry subscale of the short DSSQ. Worry
decreased for all groups between pre-task and post-task.

There were no significant main effects for pre-task or post-task engagement scores. There
was no significant interaction for pre-task engagement, post-task engagement, or change in
engagement scores. However, engagement decreased between pre-task and post-task across all
groups.

A two (high or low achievement motivation) by two (cognitive or sensory condition)
factorial ANOVA was performed on global workload scores. No significant main effects or
interactions were observed. Participants in the cognitive condition did not report significantly
greater workload associated with the task than participants in the sensory condition. Participants
high in achievement motivation did not report significantly greater workload associated with the
task than participants low in achievement motivation.

A two (high or low achievement motivation) by two (cognitive or sensory condition) by
four (watch period) mixed measures factorial ANOVA was performed for proportion of hits and

errors of commission. There were no significant effects of watch period on proportion of hits.
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There was a significant main effect of condition on proportion of hits, F(3, 55) = 28.43, p <
.001, I]p2 =.34. No other significant main effects or interactions were observed. Participants in
high in motivation in the cognitive condition outperformed participants low in achievement
motivation, but participants in the sensory condition correctly detected more signals. This could
be due to the information processing requirements related to the task. Participants in the sensory
condition performed similarly, regardless of high or low achievement motivation. The average

proportion of correct detections per period on watch is reported in Figure 5.
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Figure 5. The average proportion of correct detections are reported for the present pilot study for
participants low and high in AchM for both the sensory and cognitive conditions. Note: blue line
= cognitive task low AchM; red line = cognitive task high AchM; green line = sensory task low
AchM; purple line = sensory task high AchM.
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A two (high or low achievement motivation) by two (cognitive or sensory condition) by
four (watch period) mixed factorial ANOVA was performed for number of false alarms. There
was a significant effect of watch on proportion of false alarms, F(3, 55) = 9.47, p <.001,
1]p2 =.147. There was a significant watch by motivation interaction, F(3, 55) = 2.46, p < .10,
1],° = .043. Participants high in achievement motivation in the cognitive condition showed
consistently low rates of false alarms across all periods on watch. Interestingly, participants high
in achievement motivation did not commit any false alarms in the cognitive condition.
Participants high in achievement motivation in the sensory condition performed similarly to
participants low in achievement motivation in the cognitive and sensory conditions. False alarms
tended to decrease over time on watch. No other significant main effects or interactions were

observed. The average number of false alarms over time is reported in Figure 6.
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Figure 6.The average number false alarms are reported for the present pilot study for
participants low and high in AchM for both the sensory and cognitive conditions. Note: blue line
= cognitive task low AchM; red line = cognitive task high AchM; green line = sensory task low
AchM; purple line = sensory task high AchM.
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The performance data indicated that participants high in achievement motivation behave
more like conservative responders. However, participants high in motivation in the sensory
condition performed similarly to participants low in motivation in the sensory and cognitive
conditions. Participants low in achievement motivation indicated some of the worst performance
in the cognitive vigilance task. Thus, it appears that achievement motivation impacts response
bias. Participants high in motivation in the cognitive condition did not achieve as much correct
detection as participants in the sensory condition. This performance effect is most likely an
artefact of the difficulty associated with the cognitive condition. The sensory task merely
requires perceptual sensitivity and does not include a symbolic manipulation component like the
cognitive task. Importantly, participants in the cognitive condition high in achievement
motivation committed the fewest false alarms.

Achievement motivation appears to be related to overall performance, at least in the
cognitive condition. This could be due to the challenge associated with the task, but this is a
speculation that will require further testing and hopefully an answer will be divulged in this
dissertation. Since the cognitive condition requires a working memory component, which may
appeal to participants high in achievement motivation, these individuals may approach this task
with a sense of mastery goals in mind: make as few mistakes as possible (i.e., false alarms,

misses) and correctly detect as many critical signals as possible.
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CHAPTER FOUR: THE PRESENT RESEARCH

While a handful of studies examining extrinsic motivation or intrinsic motivation in
vigilance exist, there has been relatively little research on other possible manifestations of
motivation in vigilance (i.e., motivational manipulations to task perception, manipulations to task
instructions, etc.). Therefore, the present dissertation seeks to extend the understanding of the
role of motivation in vigilance. In this dissertation, two forms of motivation, achievement
motivation (a trait measure) and autonomous motivation (a state measure) will be examined in
relation to their effect on sustained attention in varying vigilance conditions.

Achievement motivation, which is the motivation to experience success, is associated
with the need to perform a given task in a manner that meets goal completion criteria.
Achievement motivation is not necessarily the innate joy of performing a specific activity, but it
may be closely related to intrinsic motivation. In a similar vein, autonomous motivation may
incorporate some facets of intrinsic motivation, but this type of motivation is another type of
motivation. Autonomous motivation, which is the motivation to experience and perceive choice,
focuses more on the need for choice or control over an aspect of the task, and less on the pure
enjoyment associated with the activity. Again, autonomous motivation should be related to
intrinsic motivation, but it is ultimately distinct. Importantly, pilot work demonstrated that
achievement motivation might help to offset the vigilance decrement, but does so differently than
autonomous motivation or other forms of motivation. The present dissertation will attempt to
further elucidate under which conditions these types of motivation influence vigilance

performance.
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To summarize, the present dissertation seeks to better understand the role of achievement
motivation and autonomous motivation on human performance in several vigilance tasks that
require different types of information processing (e.g., cognitive vs. sensory) and manipulate the
types of instructions surrounding the task (i.e., motivational or controlling). No study, to date,
has examined the role of instruction manipulations of motivation in conjunction with state and
trait measures of motivation across several vigilance conditions. It is possible that the way in
which a task is framed may influence vigilance performance by activating motivational schemas
(i.e., high or low autonomous motivation or high or low achievement motivation) linked to

performance.

Implications for Theory

As previously discussed in the literature review, there is substantial disagreement
regarding the mechanisms subsuming attention and information processing during vigilance
tasks. There is also disagreement amongst the three theories of vigilance over the role of
individual differences in vigilance performance. For example, as Thomson et al. (2015)
incorrectly propose that, “manipulations of task engagement should either have no effect on the
vigilance decrement or they should increase the decrement” (pg. 86). This would be untrue in
instances where motivation was used to manipulate engagement in the vigilance task.
Motivation, by definition, facilitates engagement in tasks, even in unimportant or boring tasks
(Deci et al., 1994; Ryan & Deci, 2000, 2008). Motivation is important in assisting the human

operator to “understand and cope with the task demands” (Matthews, 2016, pg. 801).
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Moreover, Thomson et al. (2015) argue that an “engagement condition would arguably
place the highest demand on attentional resources and should therefore have displayed a great
decrement according to the [resource-] depletion account” (pg. 87). This postulation fails to
consider motivational theories, which suggest that motivation directs and drives attention, as well
as behavior (Chelazzi, Perlato, Santandrea, & Della Libera, 2013; Della Libera & Chelazzi,
2009; Hughes & Zaki, 2015; Zedelius, Broadway, & Schooler, 2015; Zedelius, Veling, & Aarts,
2012). Because of the debate betwixt these three theories of information processing, the present
dissertation seeks to understand the role of both achievement motivation and autonomous

motivation across several types of sustained attention tasks.

Goals for this Dissertation

There are several goals for the present dissertation. An overarching goal for this
dissertation is to systematically demonstrate the extent to which the design of the vigilance task
induces a performance decrement and how individual differences in motivation can potentially
offset this decline in performance over time. This research would support the theoretical idea that
the vigilance decrement may in fact be a phenomena constructed entirely by the researcher,
wherein the decrement can only be “defeated” based on the design of the task and appropriate
selection of individual differences (Hancock, 2013; Hancock et al., 2016).

The four following experiments seek to empirically compare the arguments proposed by
the three theories of information processing (i.e., the resource-depletion model, the mindlessness
account, and mind-wandering theory) in vigilance. This dissertation will consider the importance

of manipulating task type (i.e., cognitive, sensory) and task load (i.e., complexity) within a single
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study, as the results linked to motivation may differ based on the task type (as demonstrated by
pilot work and the broader vigilance literature). Different tasks require different forms of
information processing, thus individual differences may be better elucidated in one type of task

over another. Each study is explained in detail in the following chapters.
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CHAPTER FIVE: EXPERIMENT ONE

Experiment One of this dissertation examined the role of individual variation in
autonomous motivation and achievement motivation with respect to engagement in vigilance
tasks, stress and workload associated with sustained attention, and vigilance performance across
task types. These individual differences in motivation have been selected because of their

influence on task engagement and potential influence on attention.

Hypotheses

Engagement and Motivation Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) should be
significantly related to the level of engagement and motivation at post-task. Task
engagement and motivation will be measured by energetic arousal, concentration, success
motivation, intrinsic motivation, task-related thoughts (TRTs), and task-unrelated
thoughts (TUTS). Cognitive task engagement will be measured using concentration,

TRTs, and TUTs.

Note: TRTs and TUTs are typically associated with the Worry dimension of the Dundee
Stress State Questionnaire. However, mind-wandering theory suggests that these
subfactors are unique byproducts of vigilance performance. This claim was tested across

each of the four experiments included in this dissertation.
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2) Specific hypotheses related to cognitive engagement were developed given the three

theories of information processing:

a.

Under the resource theory account of vigilance, AchM and AuM should be
significantly related to concentration at post-task, but not under the mindlessness

or mind-wandering account.

If cognitively engaged with the task, AchM or AuM should be significantly

related to an increase in TRTs at post-task under the resource-depletion account.

According to mindlessness theory, there should be few if any TRTs.

Under the mind-wandering assumption, there will be high TRTSs at pre-task and

low TRTs at post-task, regardless of the type of motivation involved in vigilance.

Assuming a resource theory perspective, if individuals are engaged with the task,

participants AchM or AuM should be related to a significant decrease in TUTSs at

post-task.

According to mindlessness theory, there should be more TUTs as the mind drifts

away from the task because vigilance tasks afford this behavior.
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g. Under the mind-wandering assumption, there will be high TUTs if disengaged
with the task, especially at post-task as inward or outward task-unrelated thoughts

increase during the vigil.

Stress and Workload Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) may affect stress
and workload. Stress and workload will be measured by tense arousal, hedonic tone,

anger/frustration, and global workload. Thus, the hypotheses are as follows:

a. AchM and AuM should be significantly related to tense arousal. Participants
lower in motivation will lack effective coping strategies to overcome the

monotony associated with the task.

b. AchM and AuM should be significantly related to higher hedonic tone because

these individual differences are related to finding enjoyment in the task.

c. AchM and AuM should be significantly related to anger/frustration. Participants

lower in motivation will lack effective coping strategies related to managing

perceived anger and frustration.
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2) Itis hypothesized that the cognitive task will be perceived as more work than the sensory

task based on previous evidence from the existing literature on vigilance.

a. However, participants high in AchM and AuM may be significantly related to
global workload. It is possible that participants high in AchM or AuM will
approach the cognitive task as if it is a complex challenge, which may reduce

overall perceived workload.

Performance Measures

1) Proportion of correct detections, number of false alarms, average response time, and
signal detection theory measures of sensitivity and response bias will serve as measures

of performance.

2) AchM and AuM should be significantly related to the proportion of correct detections
because individuals high in these differences want to strive toward success and perceive

control over their performance.

3) Similarly, AchM and AuM should be significantly related to the number of false alarms

because individuals high in these differences want to strive toward success and perceive

control over their performance, thus reporting a low number of false alarms over time.
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4) AchM and AuM may be significantly related to mean response time because previous

literature has demonstrated that motivation is linked to attention.

Participants

An a priori power analysis for ANCOVA was conducted for Experiment One using
G*Power Version 3.1 with a medium effect size and conventional criteria (« = 0.05, 1-5 = 0.80;
Faul, Erdfelder, Lang & Buchner, 2007), which is useful tool that allows researchers in the
social, psychological, and biomedical sciences to estimate power and effect sizes prior to data
collection. This power analysis indicated that 72 participants needed to be recruited from the
University of Central Florida’s research participation system (SONA) for Experiment One. To
qualify for participation in the present study, participants reported normal or corrected-to-normal
vision and were at least 18 years of age or older. ANCOVA was selected as the method of data
analysis because the covariates AchM and AuM are continuous variables. ANCOVA permits
testing interactions between each of these continuous variables and both between-groups
(cognitive vs. sensory task condition) and within-groups (period on watch) independent

variables.
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Data Cleaning and Final Sample

One hundred participants were collected from the online SONA study pool for
Experiment One. Five of these participants were removed from the sample for incomplete
SuperLab data and three participants were removed for incomplete survey data.

The inclusion criteria were as follows: participants achieved a minimum score of 70%
correct detections (i.e., hits) in the first period on watch and did not commit more than two or
three standard deviations above ten false alarms in any given watch period. This inclusion
criteria was utilized for two reasons: 1) it is a common performance threshold utilized in the
vigilance literature, and 2) if the performance criteria were made stricter, the amount of data
included in the present study could be substantially reduced and another potential issue of
restriction of range could become present.

After data cleaning based on the inclusion criteria, the final sample for this study
consisted of 79 undergraduate students. Thirteen participants (10 cognitive task; 3 sensory task)
were removed for performance deviations that required them to be excluded from the present

analyses.

Design

Participants were randomly assigned to one of two conditions: cognitive or sensory. The

number of participants in each condition are included in Table 4.
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Table 4.The table below indicates the two conditions to which participants were randomly
assigned in Experiment One.

Cognitive ' 35

Sensory 44

In the sensory task, participants were asked to monitor only one specific quadrant at a
time (see Figure 7 for an example). The specific quadrant, which participants monitored, was
randomized across conditions to control for any effects related to quadrant location (i.e., top,
bottom, left, right). No such effects of the location were observed. Critical signals were cases in
which one of the digits in the two-digit pair was physically larger in font size than the other (see
Figure 7). Participants were instructed to press the spacebar on a keyboard when they detected a
critical signal. All other two-digit pairs were considered neutral events and participants were
asked to withhold response to these non-signals. This task required no symbolic manipulation,
merely perceptual processing, which is similar to bottom-up processing or spatial magnitude
processing.

Participants in the cognitive task were instructed to respond to critical signals that result
from symbolic manipulation (i.e., subtraction). Critical signals were cases in which the
difference between the two-digit pair was equal to -1, 0, or 1 (see Figure 7). Participants were
instructed to press the spacebar on a keyboard when they believed a critical signal had appeared
on the screen. All other difference solutions (i.e., -5, -3, 6, 8) were considered neutral events and

participants were asked to withhold response to these stimuli.
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An Example of Cognitive Stimuli An Example of Sensory Stimuli

98 63 98 63

55 19 55 19

Figure 7. An example of the cognitive versus sensory stimuli with task instructions included for
clarification (from Szalma & Teo, 2012; Teo et al., 2011). The two types of tasks are redrawn
together for comparison. The red highlighting indicates the display participants were asked to
monitor (note: the red highlighting disappeared once the vigil began). Display location was
randomized once per participant.

Task Stimuli and Environment

Each experimental task consisted of four blocks of 123 neutral events and five critical
signals (i.e., signal probability of 0.039), or a total of 20 critical signals and 492 neutral events
over the course of a 21-minute vigil. Stimuli were presented for 2500 milliseconds using
SuperLab 4.0 software on a Dell Optiplex 745 desktop computer. The stimuli are adapted from
Szalma and Teo (2012). These stimuli have been psychophysically equated for discrimination
difficulty across a number of studies in our laboratory and across several other studies (Deaton &
Parasuraman, 1985; Fraulini, Claypoole, Dewar, & Szalma, 2016; Szalma & Teo, 2012).

Participants were seated approximately 50.8 centimeters from the desktop computer
monitor in a uniformly lit, quiet cubicle. Data were collected from only one person at a time. A

researcher was not present in the room for the vigil, but did return to administer the post-task
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surveys. All participants shut down electronic devices (e.g., cellphones, tablets, laptops, etc.) and

surrendered watches (if worn) to the researcher prior to beginning the experiment.

Measures

The survey software controlled for order effects during administration by randomly
counterbalanced pre- and post-task measures. All measures were completed prior to beginning
the vigil (with the exception of the demographic information, post-Dundee Stress State
Questionnaire, and NASA-TLX, which are post-task measures and administered at the end of the
vigil). All measures were completed online using the Qualtrics system survey software on the
desktop computer. Participants could leave an item blank if they did not wish to respond to it
(this is in accordance with IRB protocol; i.e., no forced response). Participants could ask the
researcher any questions at any time, except during the vigil in which the researcher left the

room.

Individual Difference Measures of Motivation

Intrinsic Motivation Inventory

The Intrinsic Motivation Inventory (IMI; Deci et al., 1994; Ryan, 1982) is a state measure
of subjective experience related to intrinsic motivation and self-regulation. The IMI has been

found to have strong reliability and validity across samples (McAuley, Duncan, & Tammen,
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1989). The 25-item IMI consists of three subscales: perceived interest/enjoyment (8 items),
value/usefulness (9 items), and choice/autonomy over (8 items) a selected activity.

Given the manipulations to the instructions in subsequent studies of this dissertation and
the pilot work for this dissertation, only the autonomy/choice subscale of the IMI was utilized in
the present study. Higher scores on the IMI autonomy/choice subscale indicate that participants
feel more autonomous motivation toward the task than controlled motivation. The reliability of

this measure for Experiment One is reported in Appendix I.

Achievement Motivation Scale

The Ray Achievement Motivation Scale (AMS; Ray, 1979) is a trait index of student
achievement. The AMS has been cross-culturally validated and the average of the cross-
validation reliabilities indicated that Cronbach’s o = .70. The short form of the AMS consists of
fourteen questions, with seven items requiring reverse scoring. Higher scores on the AMS
indicate stronger motivation toward achievement and success. The reliability of this measure for

Experiment One is reported in Appendix I.
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Stress and Workload Measures

Dundee Stress State Questionnaire

The Dundee Stress State Questionnaire (DSSQ; Matthews et al., 2002) was used to assess
the subjective stress levels of participants in the experiment. The long version (i.e., 70 to 90-item
version, Matthews et al., 2002) yields eleven primary scales that measure the following: mood
and affect, motivation, cognitive state, and thinking style, all of which are of particular interest to
this dissertation. After reverse-scoring relevant items, the items corresponding to each subscale
are then summed to compute a score for that particular subscale. Higher scores indicate more of
that factor. For example, higher scores on the motivation subscales indicate higher motivation

toward the task at pre- or post-task.

NASA-Task Load Index

The NASA-TLX (Hart & Staveland, 1988) has been used extensively to measure the
perceived workload associated with sustained attention tasks (Warm, Dember, & Hancock,
1996). The NASA-TLX is comprised of six subscales: Mental Demand, Physical Demand,
Temporal Demand, Performance, Frustration, and Effort. These six subscales are used to
calculate an overall, or “global,” workload score. Participants rate each subscale from 0 — 100,
with 100 indicating a high level of workload and O reflecting very little. Next, participants
completed fifteen paired comparisons. Participants are asked which subscale in each pair
contributed more to workload, and these were used to compute a weighted scale score. Higher

scores are indicative of greater workload.
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Procedure

Participants arrived at the laboratory and were seated at a cubicle in the data collection
room. Next, participants read and signed an electronic informed consent. Participants then
proceeded to complete the pre-task individual difference measures (e.g., AMS,
Autonomy/Choice subscale of the IMI) and pre-task stress measures (e.g., pre-DSSQ).
Participants then completed a short set of practice trials (approximately one-two minutes in
duration), which were designed to facilitate understanding of the presentation pace, as well as
practice recognizing and responding to critical signals.

After the brief practice trial, participants completed either the cognitive or sensory
vigilance task (participants were randomly assigned to either condition). Instructions within this
practice trial explained how to complete the task. Participants were asked to press the spacebar if
they detected a critical signal. When the vigil ended, participants completed all post-task
measures (e.g., post-DSSQ, NASA-TLX). Demographic information was collected at the end of
the study. Participants were given a post-participation form and thanked for their participation in

the study. A visual representation of the procedures is illustrated in Figure 8.
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Figure 8. A pictorial representation of the procedures used in the present dissertation. Double
arrows represent randomized counterbalancing of the measures to control for order effects.

Descriptive Statistics

Data from 79 undergraduate students (53 females; 26 males) was collected from the
research psychology pool (SONA) at the University of Central Florida for Experiment One. Of
the students who participated, 58.2% were freshmen, 15.2% were sophomores, 19.1% were
juniors, and 7.6% were seniors. The average age of participants was 19.25 years (Median = 19.00
years, SD = 1.95 years). The oldest student in this sample was 30-years-old and the youngest
student was 18 years of age. All participants reported normal or corrected-to-normal vision.

Participants indicated that they did not to consume caffeine 24 hours prior to this study.
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The participants included in the present study did not differ substantially from those
excluded from Experiment One (based on inclusion criteria). For example, the average age of
participants that were excluded was 19.08 years of age (Range: 18 — 24), 3 male participants
were removed, and 10 female participants were removed. There was only one significant
difference between participants that were included and those that were excluded from analyses.

Participants differed significantly across post-task tense arousal; participants excluded
from the present analyses reported a higher average post-task tense arousal score, which had a
relatively large effect. The complete engagement, motivation, stress, and workload scores for the
participants removed from Experiment One are listed in Appendix J. The effect sizes for

analyses on the excluded data are included in Appendix K.

Results

Engagement and Motivation Measures

The average AchM score was 22.32 (SD = 3.68; Range: 16.00 — 32.00) and the average
AuM score was 35.15 (SD = 10.36; Range: 7.00 — 49.00). There was a slight negative skew for
AchM scores and a strong positive skew for AuM scores. AchM and AuM scores were used as
covariates to conduct separate one-way Analyses of Covariance (ANCOVA) with task type as
the independent variable and pre-task and post-task engagement and motivation measures as the
dependent variables.

The purpose of the ANCOVA was to test for interactions between the individual

difference variables (e.g., AchM and AuM, respectively) and the independent variables (e.g.,
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task type, time on watch). Thus, the main effects of condition and time are not of primary
concern in this dissertation, but are included for the purposes of completeness. The means and
standard deviations of these measures are reported in Table 5. The means and standard

deviations for the full DSSQ are reported in Appendix D.

Table 5. The table below includes the means and standard deviations for all measures of
engagement and motivation (N = 79).

Pre Post Pre Post Pre Post

AchM 22.63 22.07 22.32

(4.23) (3.22) (3.68)
AuM 33.34 36.59 35.15

(9.47) (10.91) (10.36)
Success 21.11 19.89 20.75 19.73 20.91 19.80
Motivation (5.58) (7.05) (6.53) (7.49) (6.09) (7.25)
Intrinsic 25.43 15.97 24.43 14.84 24 .87 15.34
Motivation (3.51) (4.92) (6.01) (5.26) (5.05) (4.92)
Energetic 16.40 17.57 16.70 17.05 16.57 17.28
Arousal (4.49) (4.41) (3.80) (4.02) (4.10) (4.18)
Concentration  15.09 7.94 15.88 6.23 15.53 6.99

(6.25) (6.56) (5.99) (7.22) (6.08) (6.95)
TRTs 19.51 24.29 20.18 23.11 19.89 23.63

(7.78) (7.49) (8.15) (7.00) (7.94) (7.20)
TUTSs 17.86 15.03 17.50 14.77 17.66 14.89

(7.65) (7.10) (8.67) (7.30) (8.18) (7.17)

Note. Numbers in parentheses represent standard deviations. TRTs = task-related thoughts. TUTs
= task-unrelated thoughts. TRTs and TUTs are proposed to be indicators of engagement under
the mind-wandering account of vigilance. However, resource theorists argue that task
engagement manifests through intrinsic motivation, success motivation, concentration and
energetic arousal.
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There was a significant main effect of AchM, but not condition, on pre-task energetic
arousal, F(1, 75) =5.44, p =.022, I]p2 =.068, and post-task energetic arousal, F(1, 75) = 5.36, p
=.023, 17,” = .067. There were no additional significant main effects, interactions, or correlations
to report for these analyses.

There was a significant interaction between AuM and task type on post-task intrinsic
motivation, F(1, 76) = 3.28, p = .074, I]p2 =.041. There was a significant main effect of AuM,
but not task type, on post-task energetic arousal, F(1, 75) = 6.13, p = .016, I]p2 =.076, pre-task
intrinsic motivation, F(1, 76) = 6.55, p = .012, I]p2 =.079, and post-task task-unrelated thoughts,
F(1, 76) = 5.90, p = .018, 17, = .072. There was a significant correlation between AuM scores
and pre-task intrinsic motivation (r = .261, p < .004) and post-task intrinsic motivation (r = .426,
p <.004). No additional significant main effects, interactions, or correlations were observed for

these analyses. These correlations are reported in Appendix C.

Stress and Workload Measures

AchM and AuM scores were used as covariates to conduct separate one-way ANCOVAS
with task type as the independent variable and pre-task and post-task stress and workload
measures as the dependent variables. The means and standard deviations of these measures are
reported in Table 6. The means and standard deviations for the full NASA-TLX are reported in

Appendix E.
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Table 6. The table below includes the means and standard deviations for all measures of stress
and workload (N = 79).

Pre Post Pre Post Pre Post
Tense 12.86 17.03 13.05 15.40 12.96 16.13
Arousal (4.61) (5.92) (3.67) (4.93) (4.08) (5.42)
Hedonic 25.54 22.23 25.70 22.11 25.63 22.16
Tone (4.25) (4.22) (3.73) (4.36) (3.94) (4.27)
Anger/ 7.46 11.03 8.02 11.50 7.77 11.29
Frustration (3.16) (4.46) (3.61) (4.65) (3.41) (4.55)
Global 38.37 38.68 38.55
Workload (14.37) (12.50) (13.27)
Mental 4291 31.55 36.58
Demand (28.04) (27.11) (27.93)
Temporal 36.85 34.32 35.44
Demand (28.39) (25.95) (26.91)
Physical 9.00 9.61 9.34
Demand (8.34) (9.77) (9.11)
Perceived 33.86 48.45 41.98
Performance (25.45) (34.51) (31.50)
Effort 36.43 26.45 30.87
(26.50) (23.22) (25.06)
Frustration 34.69 34.98 34.84
(31.06) (35.00) (33.10)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations are reported for the NASA-TLX and are included for completeness.

There were no significant main effects or interactions when AchM was entered as the
covariate. However, there was a significant correlation between AchM scores and pre-task
anger/frustration, (r = -.300, p < .01), and post-task anger/frustration (r = -.485, p <.01). No

additional significant main effects, interactions, or correlations were observed for these analyses.
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There was a significant effect of AuM, but not task type, on post-task tense arousal, F(1,
75) = 3.81, p = .055, 1]p2 =.048, post-task hedonic tone, F(1, 76) = 21.31, p < .001, I]p2 =.219,
pre-task anger/frustration, F(1, 76) = 8.55, p = .005, I]p2 =.101, and post-task anger/frustration,
F(1, 76) = 25.305, p < .001, I]p2 =.250. There were no additional significant main effects,
interactions, or correlations to report for these analyses. These correlations are reported in

Appendix F.

Performance Measures

Mixed-measures ANCOVAs with task type as the between-subjects variable, period on
watch as the within-subjects variable, and AchM or AuM entered as the covariate were
performed on all dependent measures related to performance (e.g., proportion of correct
detections, number of false alarms, mean response time, sensitivity, and response bias). Separate
ANCOVAs were performed for each of these dependent variables. The correlations between
each type of motivation and the proportion of correct detections, number of false alarms, and
mean response time are reported in Appendix G.

There were no significant main effects or interactions to report for proportion of correct
detections when either AchM or AuM was entered into the separate mixed-measures
ANCOVAs. However, performance in terms of correct detections tended to be variable. The
proportion of correct detections tended to increase in Periods 2 and 4 for participants in the
cognitive condition, while performance decline for participants in the sensory condition until
Period 4 where an increase in proportion of correct detections was observed. The average

proportion of correct detections over time is displayed in Figure 9.
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Figure 9.The average proportion of hits with standard errors bars are reported for the sensory
and cognitive conditions for Experiment One.

Participants in the cognitive task tended to report fewer false alarms than participants in
the sensory condition. Participants in the cognitive task also tended to report fewer false alarms
as time on task increased.

When AuM was entered as the covariate into the mixed-measures ANCOVA, there was a
significant main effect of period on watch on number of false alarms committed, F(3, 225) =
3.41, p =.039, 1]p2 =.043, ¢ = .619. There was a significant decline in the number of false alarms
committed as a function of period on watch. There were no additional significant main effects or
interactions to report for this analysis. There were no significant main effects or interactions
observed when AchM was entered into the mixed-measures ANCOVA. The average number of

false alarms committed over time is reported in Figure 10.
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Figure 10.The number of false alarms with standard error bars are reported for the sensory and
cognitive conditions for Experiment One (N = 79).

Participants in the sensory task reported lower response times for each period on watch,
compared to participants in the cognitive task. This finding is not unexpected given that the
cognitive task requires symbolic processing (i.e., performing simple subtraction) and the sensory
task requires perceptual processing (i.e., discriminating between larger and smaller digits).

There was a nearly significant main effect of AuM when it was entered into the mixed-
measures ANCOVA as the covariate, F(1, 75) = 3.57, p = .063, I]p2 =.046. Average response
time tended to decrease as autonomous motivation scores increased, according to correlation
analyses, which were albeit non-significant. There were no significant main effects or
interactions for response time when AchM was entered into the mixed-measures ANCOVA. The

means and standard deviations for response time are reported in Figure 11.
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Figure 11. The figure above includes the means and standard errors for the average response
time between conditions (N = 79). Note. Response time is reported in milliseconds.

Sensitivity and Response Bias

The proportion of correct detections and false alarms were used to compute indices of

sensitivity (d’; reported in Figure 12) and response bias (c; reported in Figure 13; See et al.,

1995). Separate mixed-measures ANCOVA with task type as the between-subjects variable,

period on watch as the within-subjects variable, and AchM or AuM as the covariate were

performed for sensitivity and response bias. While the cognitive and sensory task stimuli have

been psychophysically equated previously in the literature, it cannot be determined if they are

equated in the present Experiment. There were significant differences between the two task types

in terms of response bias, but both groups generally trended toward more conservative

responding over time.
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There was a main effect of watch period, but not task type or AchM, on sensitivity, F(3,
73) =2.60, p =.053, 1]p2 =.033. Pairwise comparisons indicated that there was a significant
difference in sensitivity between Periods 1 and 2 (p < .001), Periods 1 and 4 (p = .587), Periods 2
and 3 (p =.006), and Periods 3 and 4 (p =.003). The results indicated that sensitivity increased
between Periods 1 and 2 and then Periods 3 and 4, but decreased between Periods 2 and 3.There
were no other significant pairwise comparisons for period of watch. There were no other
significant main effects or interactions to report for these analyses. Achievement motivation was
not significantly correlated with sensitivity.

There were no significant main effects, interactions, or correlations to report for period
on watch, task type, or AchM on response bias. Achievement motivation was not significantly
correlated with response bias. Response bias tended to increase for both conditions, which
indicates that participants were more conservative in their responses over time.

There were no significant main effects, interactions, or correlations to report for period
on watch, task type, or AuM on sensitivity or response bias. Correlations are reported in

Appendix H.
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Figure 12. The figure above includes the means and standard errors for changes in sensitivity
across conditions and over time (N = 79).
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Figure 13. The figure above includes the means and standard errors for changes in response bias
across conditions and over time (N = 79).

Discussion

Engagement and Motivation

The results of Experiment One indicated that motivation is not necessarily a unified

construct; rather specific types of motivation may influence specific components of vigilance

performance. For example, achievement motivation was negatively related to energetic arousal at

pre-task and post-task, but autonomous motivation was not. However, achievement motivation

and autonomous motivation were both related to post-task cognitions, or post-task unrelated

thoughts. This implies that achievement motivation and autonomous motivation likely change

perceptions of the task once it is completed, or dictate the amount of energy required of the
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individual prior to beginning the vigilance task. The following three experiments included in this
dissertation will test this claim.

One issue identified in Experiment One was the lack of convergence between
achievement motivation and success motivation. Theoretically, both measures of motivation
should indicate a moderate, positive, and significant correlation, despite one measure being a
state measure and the other being a trait measure. However, this was not the case in Experiment
One. This finding calls into question the validity and reliability of the selected measure of
achievement motivation, the Ray Achievement Motivation Scale. To further elucidate the
reliability of this measure, it will be utilized in Experiments Two and Three to establish
reliability across two new samples of undergraduate students. It is important to note that it is
unlikely that success motivation in the DSSQ is operationalized poorly due the robust item
selection procedures that were utilized in the generation of the original DSSQ (Matthews et al.,
2002). It is suspected that the Ray Achievement Motivation Scale may have issues because it has
not been cross-culturally validated in a North American sample and the short version of the scale
has received less testing and validation than the long form. In a reliability analysis, the
Achievement Motivation Scale (Ray, 1979) demonstrated a Cronbach’s alpha of .530 (14 items),
which is not indicative of a strong reliability. Furthermore, participant data indicated a slight
negative skew in achievement motivation, which indicates that participants in the sample in fact
reported lower scores for this trait measure (this is potentially a restriction of range issue).

In relation to the theories of information processing, the evidence demonstrated an
increase in post-task task-related thoughts, which indicates that participants were concerned
about their performance and cogitating on that performance at post-task. Anecdotally, many

participants were interested to know how they performed when the task concluded and asked the
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researcher if they could see their results. This desire to have knowledge of their results is not
particularly unexpected considering performance feedback was not provided during this study.
The findings related to cognitive engagement (i.e., post-task task-related and unrelated-
thoughts) do not align with the assumptions of mind-wandering theory, which suggests that
participants either actively or passively disengage during a vigilance task causing the decrement.
These findings also do not support the mindlessness theory of vigilance, which suggests the mind
is thoughtless during vigilance performance and this results in the performance decrement. No
such decrement, as it is traditionally defined in the vigilance literature, was observed in either
task. In order to support mind-wandering theory, an increase in task-related thoughts at post-task
should not be observed; rather an increase in task-unrelated thoughts at post-task would need to
be observed. To conclude, preliminary evidence suggests that motivation could offset some
performance declines associated with vigilance performance, albeit it may not be a significant

effect of motivation on performance.

Stress and Workload

Participants in the cognitive task did not report significantly more global workload than
participants in the sensory condition. However, there was a significant difference between task
types in the amount of perceived mental effort that the task required. As hypothesized,
participants in the cognitive condition reported that the task was moderately effortful (Grier,
2015). These results support resource theory in that more resources are required for processing

due to the effortful nature of the cognitive task.
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There were no significant correlations between achievement motivation and any of the
stress and workload measures. This is indicates that achievement motivation is unlikely to be
related to perceiving and coping with stress. However, as previously noted, the selected measure
of achievement motivation may have not been appropriate as it has not been normed in a North
American sample.

Interestingly, autonomous motivation was significantly related to post-task tense arousal,
hedonic tone, and anger/frustration, which implies that autonomous motivation may affect the
stress and workload that are perceived post-vigil. Autonomous motivation appeared to
moderately correlate with lower tense arousal and anger/frustration at pre-task and post-task. It is
possible that autonomous motivation may act as a coping mechanism, which serves to lower
anger and frustration toward the task. However, additional studies are required to test this claim.
This finding is important for informing Experiment Three as motivation should further offset the
negative aspects of the vigilance task when compounded with task instructions that support
autonomy.

To summarize, achievement motivation does not appear to be helpful in coping with the
stress and workload associated with the task and has some limited involvement with engagement
in vigilance. The evidence seems to indicate that participants higher in autonomous motivation
may be more resilient to the demand and stress associated with vigilance tasks. It is likely the
case that autonomous motivation is a coping mechanism for the negative aspects of the vigilance

task, but Experiments Two, Three, and Four are required to test this idea.
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Performance

In terms of performance, it was clear that the cognitive task was more challenging to
perform than the sensory task. Participants in the cognitive condition exhibited longer response
times, less correct detection, and tended to commit more false alarms than participants in the
sensory task. Furthermore, the signal detection analyses indicate an increase in response bias
over periods on watch, which implies a shift toward more conservative responses over time for
both groups. Analysis of sensitivity scores indicated that the two groups were equivalent in their
ability to distinguish critical signals from neutral events. While the cognitive task may have
required more information processing and was perceived as more mentally demanding and
frustrating, the sensory task was not immune to the vigilance decrement (at least in terms of
correct detections reported for Periods 1 through 3 on watch). The lack of challenge associated
with the detection of perceptual stimuli resulted in a vigilance decrement during these periods of
watch.

To summarize, the results of the data from Experiment One related to engagement, stress,
workload, and performance tend to support to the resource-depletionist account of vigilance,
which suggests that cognitive resources are required to maintain vigilance. The respective effects
of achievement motivation and autonomous motivation suggest that motivation changes these
aspects of vigilance, which could explain the sporadic improvements in performance in the
cognitive condition and an increase in performance toward the end of the vigil in the sensory

condition.
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CHAPTER SIX: EXPERIMENT TWO

Experiment Two extended the work of Experiment One by increasing the information
processing requirements of the task by incorporating source complexity (i.e., increasing the
number of displays) into the task design. One purpose of this study was to understand the role of
motivation in varyingly complex vigilance tasks. Experiment Two demonstrated how changes in
task type and source complexity interact with motivational differences. This experiment tested
the idea that individual differences in motivation can offset or potentially eliminate the vigilance
decrement.

In addition to studying how motivation affects performance, another goal of this study is
to manipulate task design to elicit a vigilance decrement. In this study, it was possible to test the
claim that vigilance is a psychological phenomenon afforded by the task (Hancock, 2013;
Hancock et al., 2016). To conclude, in Experiment Two participants were randomly assigned to
monitor one, two, or four displays and were randomly assigned to the two types of vigilance

tasks (e.g., cognitive or sensory).

Hypotheses

Engagement and Motivation Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) should be
significantly related to the level of engagement and motivation at post-task. Task
engagement and motivation will be measured by energetic arousal, concentration, success

motivation, intrinsic motivation, task-related thoughts (TRTs), and task-unrelated
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thoughts (TUTSs). Cognitive task engagement will be measured using concentration,

TRTs, and TUTSs.

2) Specific hypotheses related to cognitive engagement were developed given the three

theories of information processing:

a. Under the resource theory account of vigilance, AchM and AuM should be

significantly related to concentration at post-task, but not under the mindlessness

or mind-wandering account.

b. If cognitively engaged with the task, AchM or AuM should be significantly

related to increased TRTSs at post-task under the resource-depletion account.

c. According to mindlessness theory, there should be few if any TRTs.

d. Under the mind-wandering assumption, there will be high TRTs at pre-task and

low TRTs at post-task, regardless of the type of motivation involved in vigilance.

e. Assuming a resource theory perspective, if individuals are engaged with the task,

participants AchM or AuM should be related to a significant decrease in TUTSs at

post-task.
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f. According to mindlessness theory, there should be more TUTs as the mind drifts

away from the task because vigilance tasks afford this behavior.

g. Under the mind-wandering assumption, there will be high TUTs if disengaged

with the task, especially at post-task as inward or outward task-unrelated thoughts

increase during the vigil.

Stress and Workload Measures

3) Achievement motivation (AchM) and autonomous motivation (AuM) may affect stress
and workload. Stress and workload will be measured by tense arousal, hedonic tone,

anger/frustration, and global workload. Thus, the hypotheses are as follows:

a. AchM and AuM should be significantly related to tense arousal. Participants

lower in motivation will lack effective coping strategies to overcome the

monotony associated with the task.

b. AchM and AuM should be significantly related to higher hedonic tone because

these individual differences are related to finding enjoyment in the task.

c. AchM and AuM should be significantly related to anger/frustration. Participants

lower in motivation will lack effective coping strategies related to managing
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perceived anger and frustration.

4) 1t is hypothesized that the cognitive task will be perceived as more work than the sensory

task based on previous evidence from the existing literature on vigilance.

a. However, participants high in AchM and AuM may be significantly related to
global workload. It is possible that participants high in AchM or AuM will
approach the cognitive task as if it is a complex challenge, which may reduce

overall perceived workload.

Performance Measures

1) Proportion of correct detections, number of false alarms, average response time, and the

signal detection theory measures of sensitivity and response bias.

2) AchM and AuM should be significantly related to the proportion of correct detections
because individuals high in these differences want to strive toward success and perceive

control over their performance.

3) Similarly, AchM and AuM should be significantly related to the number of false alarms

because individuals high in these differences want to strive toward success and perceive

control over their performance, thus reporting a low number of false alarms over time.
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4) AchM and AuM may be significantly related to mean response time because previous

literature has demonstrated that motivation is linked to attention.

Participants

An a priori power analysis was conducted for Experiment Two using G*Power Version
3.1 with a medium effect size and conventional criteria (« = 0.05, 1- = 0.80; Faul et al., 2007) to
estimate power and effect sizes prior to data collection. Following this analysis, approximately
130 participants needed to be recruited from the University of Central Florida’s psychology
research participation system (SONA) to achieve the desired statistical power. ANCOVA was
utilized for statistical analyses because the covariates AchM and AuM are continuous variables.

To qualify for participation in Experiment Two, participants reported normal or
corrected-to-normal vision and were at least 18 years of age or older. Participants were not
allowed to participate in multiple forms of this study, meaning if participants completed
Experiment One, they were not able to participate in Experiments Two, Three, or Four. A new
sample of SONA participants was obtained for each experiment in this dissertation. Participants

indicated that they did not consume caffeine 24 hours prior to the study.

86



Data Cleaning and Final Sample

One hundred and thirty participants were collected from the SONA study pool for
Experiment Two. Six of these participants were removed from the sample for incomplete
SuperLab data.

The inclusion criteria were as follows: participants achieved a minimum score of 70%
correct detections (i.e., hits) in the first watch period and did not commit more than ten false
alarms in any given watch period, and participants had not previously participated in Experiment
One. The same rationale from Experiment One for the use of this performance cutoff applies to
Experiment Two.

After data cleaning, the final sample for this study consisted of 105 undergraduate
students. Nineteen participants were removed from this sample because of performance
deviations that did not meet the inclusion criteria. More specifically, three participants were
removed from the sensory one display condition, two participants were removed from the
sensory two display condition, five participants were removed from the sensory four display
condition, three participants were removed from the cognitive one display condition, one
participant was removed from the cognitive two display condition, and five participants were

removed from the cognitive four display condition.

87



Design

In Experiment Two, participants were randomly assigned to either the cognitive or
sensory task and were required to monitor one, two, or four displays (randomized and
counterbalanced) to increase the complexity of the task to facilitate changes in processing
demand and observe the effect of motivation in a much more complex vigilance task (see Table

7).

Table 7. The table below indicates the conditions to which participants were randomly assigned
in Experiment Two.

Cognitive One Display 13
Two Displays 20
Four Displays 9
Sensory One Display 20
Two Displays 26
Four Displays 17

Task Stimuli and Environment

The task stimuli and experimental environment used in Experiment Two were identical to

participants used in Experiment One.
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Measures
The same measures from Experiment One were used in Experiment Two. The reliabilities

of these measures for Experiment Two are reported in Appendix .

Procedure

The procedure for Experiment Two was the same as Experiment One, with one
exception. Participants were randomly assigned to one of six conditions: 1) a cognitive task with
one display, 2) a cognitive task with two displays, 3) a cognitive task with four displays, 4) a
sensory task with one display, 5) a sensory task with two displays, or, 6) a sensory task with four

displays.

Descriptive Statistics

One hundred and five undergraduate students (68 females; 35 males; 2 transgender) were
recruited from the SONA psychology research pool at the University of Central Florida for
Experiment Two. Of participants who participated, 63.1% were freshmen, 15.2% were
sophomores, 13.2% were juniors, and 8.5% were seniors. The average age of participants was
19.44 years (Median = 19.00 years, SD = 2.40 years). The oldest student in this sample was 32-

years-old and the youngest student was 18 years of age. All participants reported normal or
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corrected-to-normal vision. Participants indicated that they did not to consume caffeine 24 hours
prior to this study.

The participants included in the present study did not differ substantially from those
excluded from Experiment Two (based on inclusion criteria). For example, the average age of
participants that were excluded was 19.74 years of age (Range: 18 — 29), 5 male participants
were removed, and 14 female participants were removed. There was only one significant
difference between participants that were included and those that were excluded from analyses.

Participants differed significantly across pre-task concentration; participants excluded
from the present analyses reported a higher average pre-task concentration score, which had a
relatively large effect. The complete engagement, motivation, stress, and workload scores for the
participants removed from Experiment Two are listed in Appendix J. The effect sizes for

analyses on the excluded data are included in Appendix K.

Results

Engagement and Motivation Measures

The average AchM score was 21.92 (SD = 3.40; Range: 17.00 — 32.00) and the average
AuM score was 35.47 (SD = 9.35; Range: 13.00 — 49.00) across all conditions. There was a
moderate negative skew for achievement motivation scores and a robust positive skew for
autonomous motivation scores, which indicates that many participants in this sample reported
being high in this state motivation.

A two (condition) x three (number of displays) ANCOVA with AchM or AuM as the

covariate was performed on all dependent measures related to motivation and engagement (note:
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the same measures from Experiment One were used). Separate ANCOVAs were performed for
each pre-task and post-task measure. The means and standard deviations of these measures
across task types are reported in Table 8. The means and standard deviations of these measures
across number of displays are reported in Table 9. Correlations of AchM and AuM with the

engagement and motivation measures are reported in Appendix C.

Table 8. The table below includes the means and standard deviations for all measures of
motivation and engagement across task type (N = 105).

Pre Post Pre Post Pre Post

AchM 22.40 21.60 21.94

(3.43) (3.37) (3.39)
AuM 34.07 36.41 35.37

(9.56) (9.17) (9.37)
Success 12.36 16.95 14.92 19.94 13.92 18.79
Motivation (7.57) (6.90) (8.28) (6.42) (8.03) (6.74)
Intrinsic 21.86 11.74 21.03 11.60 21.32 11.63
Motivation (4.63) (4.66) (5.07) (5.23) (4.88) (4.97)
Energetic 15.95 17.19 16.98 17.22 16.56 17.18
Arousal (3.72) (4.07) (4.03) (4.30) (3.91) (4.18)
Concentration 21.88 9.36 21.82 6.63 21.78 7.71

(5.49) (6.34) (6.35) (6.73) (6.00) (6.65)
TRTs 10.93 21.21 11.37 20.75 11.25 20.94

(8.66) (7.17) (8.28) (5.51) (8.38) (6.17)
TUTs 9.76 14.19 9.95 16.06 9.93 15.25

(8.99) (7.17) (8.64) (6.63) (8.72) (6.88)

Note. Numbers in parentheses represent standard deviations.
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Table 9. The table below includes the means and standard deviations for all measures of
motivation and engagement across the number of displays (N = 105).

Pre Post Pre Post Pre Post
AchM 22.24 21.67 21.96
(2.86) (3.54) (3.93)
AuM 35.42 34.63 37.44
(9.65) (9.53) (8.74)
Success 14.21 19.52 14.13 17.83 13.00 19.80
Motivation (9.13) (7.65) (7.43) (5.12) (8.14) (7.92)
Intrinsic 21.03 11.06 21.85 12.28 20.72 11.20
Motivation (4.21) (5.28) (4.94) (4.81) (5.67) (5.05)
Energetic 16.06 16.48 17.23 17.73 16.08 17.44
Arousal (3.95) (4.66) (3.65) (3.62) (4.39) (4.43)
Concentration 21.64 7.82 20.82 8.13 24.08 6.76
(6.57) (7.25) (5.99) (5.99) (4.38) (7.36)
TRTs 10.21 19.06 12.00 21.26 11.12 22.96
(9.05) (6.04) (7.43) (5.27) (9.46) (7.46)
TUTs 9.36 14.00 10.76 15.08 8.96 17.38
(8.26) (6.78) (8.05) (6.78) (10.53) (6.95)

Note. Numbers in parentheses represent standard deviations.

There was a significant interaction between task type and number of displays, but not
AchM, on post-task task-related thoughts, F(2, 93) = 3.40, p = .038, I]p2 = .068. Participants in
the cognitive condition observing four displays reported the greatest number of post-task task-
related thoughts (M = 24.75, SD = 9.59), whereas participants in the sensory condition observing
only one display reported the fewest post-task task-related thoughts (M = 19.52, SD = 4.59).

There was a significant three-way interaction between condition, number of displays, and
AuM, on post-task energetic arousal, F(2, 93) = 3.43, p = .037, 1]p2 =.069. In follow-up

ANCOVAs exploring the effects of each level of the independent variables on post-task
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energetic arousal, only one result was significant. There was a significant effect of the covariate
AuM on post-task energetic arousal in the cognitive task wherein participants monitored only
one display, F(1, 11) = 4.92, p = .049, 17,” = .309.

Participants in the sensory condition observing only one display (M = 16.38, SD = 4.05)
and four displays (M = 16.23, SD = 4.29) reported the lowest levels of energetic arousal at post-
task. There was also a significant main effect of number of displays on post-energetic arousal,
F(2,93) =4.59, p =.012, 1]p2 =.089. Participants in the cognitive task observing two (M =
17.40, SD = 2.96) or four displays (M = 18.75, SD = 4.33) reported the most energetic arousal at
post-task. Participants in the sensory task displayed some of the lowest energetic arousal at post-
task, which is similar to what was observed at pre-task.

There was also a significant main effect of task type on post-task concentration, F(1, 93)
=3.41, p =.068, 17p2 = .035. Participants in the cognitive task reported more concentration at
post-task than participants in the sensory condition.

There was a significant correlation between autonomous motivation and post-task success
motivation (r =.227, p < .05), pre-task intrinsic motivation (r = .344, p <.01), post-task intrinsic
motivation (r = .355, p <.01), and pre-task concentration (r = .217, p <.05). No additional
significant correlations, main effects, or interactions were observed with autonomous motivation

as a covariate.

Stress and Workload Measures

A two (condition) x three (number of displays) ANCOVA with either AchM or AuM as

the covariate was performed on all outcome measures related to stress and workload. Separate
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ANCOVAs were performed for each pre-task and post-task measure. The means and standard
deviations of these measures by task type are reported in Table 10. The means and standard
deviations of these measures by number of displays are reported in Table 11. The means and
standard deviations for the full DSSQ and NASA-TLX are reported in Appendix D. The
correlations between measures of stress and workload and the covariates are included in

Appendix F.
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Table 10. The table below includes the means and standard deviations for all measures of stress
and workload across task types (N = 105).

Pre Post Pre Post Pre Post
Tense 12.14 15.50 13.02 15.13 12.65 15.29
Arousal (3.40) (5.92) (3.41) (4.42) (3.40) (5.03)
Hedonic 25.21 21.74 25.67 22.62 25.46 22.22
Tone (4.02) (3.64) (4.14) (4.10) (4.07) (3.94)
Anger/ 7.24 10.52 8.56 10.89 8.00 10.83
Frustration (2.66) (4.44) (3.72) (4.02) (3.38) (4.25)
Global 41.45 31.17 39.25
Workload (13.23) (24.05) (12.84)
Mental 43.26 32.35 36.61
Demand (27.63) (25.36) (26.71)
Temporal 34.38 23.68 28.26
Demand (28.54) (22.50) (25.58)
Physical 11.05 8.76 9.96
Demand (15.45) (8.50) (12.07)
Perceived 60.45 48.62 53.75
Performance (31.92) (32.84) (32.93)
Effort 35.74 25.22 29.91
(27.88) (22.33) (25.47)
Frustration 30.81 33.24 32.81
(29.53) (30.79) (30.55)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.
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Table 11. The table below includes the means and standard deviations for all measures of stress
and workload across number of displays (N = 105).

Pre Post Pre Post Pre Post

Tense 12.46 13.54 12.72 15.59 12.80 17.20
Arousal (2.89) (4.29) (3.99) (4.53) (2.97) (6.13)
Hedonic 25.06 22.57 25.30 22.02 26.32 22.08
Tone (4.37) (4.24) (4.18) (4.00) (3.38) (3.49)
Anger/ 8.26 11.26 7.89 10.34 7.84 11.12
Frustration (3.18) (4.83) (3.68) (4.01) (3.16) (3.89)
Global 39.59 35.49 45.09
Workload (9.33) (13.20) (13.86)
Mental 38.37 31.61 44.19
Demand (27.12) (25.17) (27.86)
Temporal 23.83 23.78 42.81
Demand (22.77) (20.43) (31.89)
Physical 12.14 9.98 6.81
Demand (13.79) (12.81) (6.49)
Perceived 43.46 61.72 53.73
Performance (33.89) (32.74) (28.27)
Effort 29.27 28.63 31.04

(23.90) (26.71) (24.60)
Frustration 24.45 37.02 33.77

(27.51) (30.59) (31.78)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.

There was a significant main effect of condition on post-task tense arousal, F(1, 93) =
6.32, p=.014, I]p2 = .063. Participants in the cognitive condition (M = 19.50, SD = 7.03) and
sensory condition (M = 16.12, SD = 5.56) observing four displays reported the greatest post-task
tense arousal across the groups. Participants observing only one display in either the sensory or

cognitive condition reported the lowest levels of post-task tense arousal. No additional main
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effects or interactions were observed with achievement motivation as a covariate. No significant
correlations between AchM and the workload and stress measures were observed.

There was a significant main effect of AuM on post-task hedonic tone, F(1, 93) = 3.62,
p <.001, 7, = .131. Similar post-task hedonic tone was reported across participants in the
sensory conditions, regardless of the number of displays. Participants in the cognitive condition
monitoring two (M = 21.25, SD = 2.84) or four displays (M = 21.87, SD = 3.72) reported the
lowest post-task hedonic tone. Participants in the sensory condition observing only one display
reported the most anger/frustration at post-task (M = 11.90, SD = 4.47).

There was a significant correlation between AuM and pre-task hedonic tone (r = -.212, p
<.05), post-task hedonic tone (r =.402, p <.01), pre-task anger/frustration (r = -.277, p < .05),
and post-task anger/frustration (r = -.212, p <.05). It is possible that participants high in
autonomy may have found the lack of autonomy in the study stressful before completing the
task. However, the correlation between post-task hedonic tone and AuM reversed direction. No
further significant correlations, main effects, or interactions were observed with autonomous

motivation as a covariate.

Performance Measures

Mixed-measures ANCOVAs with task type and number of displays as the between-
subjects factor, period on watch as the within-subjects factor, and AchM or AuM as the covariate
were performed on all measures related to. Separate ANCOVAs were performed for each of
these dependent measures. Performance varied greatly based on task type and number of

displays. Correlations between the measures of performance and the covariates are included in

97



Appendix G. The means and standard deviations of the proportion of correct detections are
reported in Figures14, 15, and 16.

There was a nearly significant interaction between task type and period, but not AuM, on
proportion of correct detections, F(3, 279) = 2.62, p = .051, I],>= .027. There was also a
significant main effect of period on watch on proportion of correct detections, F(3, 279) = 3.944,
p =.009, 17,° = .041. Participants in the sensory condition detected significantly more targets
than participants in the cognitive condition over time. There was also a significant correlation
between AuM and the proportion of correct detections in Period 3 of watch (r =.306, p <.01)
and overall correct detections (r =.208, p <.05). No additional significant main effects,
interactions, or correlations could be reported when AuM was entered as the covariate.

There were no significant main effects or interactions to report when AchM was entered

into the ANCOVAS as the covariate in analyses performed on proportion of correct detections.
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Figure 14. The average proportion of correct detections with standard errors bars are reported
for each of the conditions in Experiment Two.
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Figure 15. The average proportion of correct detections with standard errors bars are reported
across task type for Experiment Two.
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Figure 16. The average proportion of correct detections with standard errors bars are reported
across source complexity for Experiment Two.
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The means and standard deviations of the number of false alarms demonstrated in
Experiment Two are reported in Figures 17, 18, and 19. There was a significant main effect of
period, but not number of displays, or AchM on the number of false alarms, F(3, 279) = 2.87,p =
.037, I]p2 =.030. Participants observing four displays demonstrated higher false alarm rates over
time, regardless of assignment to the four display sensory condition or cognitive condition. No

additional significant main effects, interactions, or correlations for AuM or AchM could be

reported.
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Figure 17. The average number of false alarms with standard errors bars are reported for each of
the conditions in Experiment Two.
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Figure 18. The average number of false alarms with standard errors bars are reported across task
type in Experiment Two.
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Figure 19. The average number of false alarms with standard errors bars are reported across
source complexity in Experiment Two.

There was a significant three-way interaction between period, number of displays, and
the covariate AuM on response time, F(6, 279) = 2.19, p = .044, I]p2 =.045. In follow-up
ANCOVASs exploring the effects of each level of the independent variables on period and AuM,
only one result reached significance. There was a main effect of period on mean response time
for participants randomly assigned to the sensory task with one display to monitor, F(3, 16) =
8.68, p =.001, I]p2 =.325, ¢ =.728. There was also a significant interaction between period and
AuM on mean response time for participants in the sensory task with one display to monitor,
F(3, 16) =4.42, p = .016, I]p2 =.197, e = .728. Based on the data from participants assigned to
this condition, the results of a linear regression indicated that as autonomy motivation increased,;

mean response time decreased over period on watch. But, AuM was not significantly correlated
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with the average response time across any of the periods on watch for participants assigned who
monitored one display in the sensory task (r for Period 1 =.288, r for Period 2 = -.251, r for
Period 3 =-.372, r for Period 4 = -.193).

There were no additional significant correlations, main effects, or interactions to report
for these analyses or for ANCOVAs performed utilizing AchM as the covariate. The average

response times across each period of watch are included in Figures 20, 21, and 22.
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Figure 20.The average response time with standard errors bars are reported for each of the
conditions in Experiment Two. Note response time was not recorded for one participant in
Period 2.
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Figure 21. The average response time with standard errors bars are reported across task type in
Experiment Two.
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Figure 22. The average response time with standard errors bars are reported across source
complexity in Experiment Two.

Sensitivity and Response Bias

The proportion of correct detections and false alarms were used to compute indices of

sensitivity (d’; reported in Figures 23-25) and response bias (c; reported in Figure 26-28; See et

al., 1995). Response bias tended to increase over time, indicating that participants were

becoming more conservative in their response to stimuli across each period on watch.

Mixed-measures ANCOVAs with task type and number of displays as the between-

subjects variables, period on watch as the within-subjects variable, and AchM or AuM as the

covariate were performed on all measures related to these indices. Separate ANCOVAS were
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performed for each of these dependent variables. Correlations between the measures of
sensitivity, response bias, and the covariates are included in Appendix H.

There was a significant main effect of task type on sensitivity, F(1, 93) = 5.03, p =.027,
17,° = .051, but not achievement motivation. There were no additional significant main effects,
interactions, or correlations to report for these analyses. There were no significant main effects,
interactions, or correlations when AchM was entered as the covariate for analyses related to
response bias. There were no significant main effects or interactions when AuM was entered as
the covariate in the analyses on sensitivity.

There was a significant two-way interaction between period and AuM on response bias,
F(3, 279) = 3.21, p =.023, I]p2 =.033. There was a significant main effect of period on response
bias, F(3, 279) = 4.95, p =.002, I]p2 = .051. There was a significant difference in response bias
between Periods 1, 2, 3, and 4. There was a significant correlation between AuM and Period 2 (r
=-.201, p <.05), and Period 3 (r =-.222, p <.05), in terms of response bias. There were no

additional significant main effects, interactions, or correlations to report for these analyses.
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Figure 23.The figure above includes the means and standard errors for changes in sensitivity
across conditions and over time (N = 105).
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Figure 24. The figure above includes the means and standard errors for changes in sensitivity

across task type.
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Figure 25. The figure above includes the means and standard errors for changes in sensitivity
across source complexity.
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Figure 26. The figure above includes the means and standard errors for changes in response bias
across conditions and over time (N = 105).
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Figure 27. The figure above includes the means and standard errors for changes in response bias
across task type.
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Figure 28. The figure above includes the means and standard errors for changes in response bias
across source complexity.

Discussion

Engagement and Motivation

Participants monitoring more displays in the cognitive task tended to report significantly
more post-task task-related thoughts than participants assigned to the sensory task. Thus, it could
be argued that the sensory condition fails to produce cognitive engagement, or, it is possible that
this task does not afford much intellectual engagement. The lower energetic arousal scores
reported by participants in the sensory task and participants that only monitored one display

during the vigil support this latter claim. In the Matthews et al. (2002; see also Matthews, 2016)
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instantiation of post-task task-unrelated thoughts, these results could also imply that the
cognitive task induces more worry about one’s performance.

In terms of motivation, all display conditions indicated lower pre-task achievement
motivation, followed by a numerical increase in reported post-task success motivation. However,
an inverse relationship occurred for intrinsic motivation. Each condition reported higher intrinsic
motivation scores at pre-task with subsequent declines in intrinsic motivation at post-task. A
similar trend occurred for pre- and post-task concentration. Clearly, individuals entered the task
with initially modest degrees of motivation and concentration; however, upon conclusion of the
vigil, motivational resources were significantly depleted.

This claim is supported by the significant three-way interaction observed between
autonomous motivation, task type, and number of displays on post-task intrinsic motivation.
Participants in the cognitive condition observing four displays demonstrated the highest degree
of post-task intrinsic motivation, whereas participants in the sensory conditions reported some of
the lowest post-task intrinsic motivation scores. Similarly, participants in the cognitive two- and
four-display conditions reported the highest degree of post-task energetic arousal. Participants in
the sensory conditions reported some of the lowest post-task energetic arousal scores.

Coupled with the high rate of attrition in the cognitive four-display condition, it is likely
the case that complex cognitive vigilance tasks require an autonomously motivated individual to
perform, while sensory-based complex tasks may not. Conversely, it is possible that
autonomously motivated individuals are prepared to complete a more cognitively demanding
task, whereas participants in the sensory conditions perceive more monotony, which is afforded

by the nature of the task. Experiments Three and Four seek to further test these claims.
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Stress and Workload

Perceived stress scores for pre-task and post-task were similar across the task types and
the number of displays, prior to entering achievement motivation and autonomous motivation
separately as covariates. There was a significant interaction between task type, number of
displays, and achievement motivation on post-task tense arousal. Participants in the cognitive
condition observing four displays reported the greatest post-task tense arousal in all conditions.
Participants in the sensory condition monitoring only one display reported some of the lowest
levels of post-task tense arousal when achievement motivation was covaried with task type and
number of displays.

Similar trends in the data were observed when autonomous motivation was entered as the
covariate. However, this variable appeared to interact with task type and display for post-task
hedonic tone, and to a lesser extent with post-task tense arousal. For example, the significant
three-way interaction between task type, number of displays, and autonomous motivation
indicated that participants in the cognitive condition monitoring two or four displays reported
some of the lowest post-task hedonic tone. In the same vein, the significant three-way
interactions observed between task type, number of displays, and autonomous pre- and post-task
anger/frustration yielded similar results. Participants in the single display sensory condition
reported some of the highest anger/frustration at pre- and post-task. There were also significant
correlations between autonomous motivation and post-task hedonic tone and pre-task
anger/frustration, respectively, which indicated that participants higher in autonomous
motivation perceive more pleasantness (i.e., hedonic tone) associated with the task and less
anger/frustration associated with the task. Autonomous motivation may engage effective coping

strategies to combat the negative aspects of the vigilance task (i.e., repetition, monotony, etc.).
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In terms of global workload, there were no significant differences to report between task
types when AchM or AuM were entered as covariates. Although the difference was not
significant, participants in the cognitive task reported more global workload than participants in
the sensory condition, which indicates that this task type requires more mental work and demand.
Participants in the cognitive two-display conditions reported some of the lowest levels of global
workload compared to participants monitoring only one display or observing all four displays.
This manifests as a sort of “Goldilocks effect,” wherein the experimenter is able to create a task

that is somewhat engaging, but not overly demanding in terms of workload and stress.

Performance

Similar trends to participants observed in Experiment One were observed in Experiment
Two: participants in the sensory task tended to outperform participants in the cognitive task.
Participants in the sensory conditions outperformed participants in the cognitive condition, but as
previously indicated, there was less motivation and greater stress and workload associated with
performing the sensory task. Participants in the sensory single display condition demonstrated
nearly perfect performance in correct detections over time; however, this group reported some of
the lowest motivation and highest stress and workload upon conclusion of the vigil. Meanwhile,
the traditional vigilance decrement was observed only for participants in the sensory four-display
condition.

In each instantiation of the cognitive condition, temporal effects on performance tended
to be variable in terms of the proportion of correct detections with these values decreasing, and

then increasing over time. This could in part be due to the nature of the cognitive task. However,
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this trend is most likely attributed to autonomous motivation, which was significantly correlated
with period on watch. It is possible that cognitive task may afford more cognitive engagement
and when combined with an individual difference such as high autonomous motivation,
participants strive to perform as well as possible, rather than submit to the boredom and
monotony associated with the vigilance task. The same conclusions cannot be formulated for the
sensory task. It should be noted that these results do not necessarily align with some of the extant
literature (for a meta-analysis see See et al., 1995), which states that cognitive tasks may yield
better performance than sensory tasks. The reason for this difference could be in part due to the
event rate being relatively high.

In terms of false alarms, there was a significant effect of period on watch, but not
motivation. There were trends in the data that indicated as the number of displays increased, the
number of false alarms also increased. This makes sense given that participants were required to
monitor an increased amount of information in the four-display condition and may be more
likely to commit false alarms. Participants in the four display conditions reported more false
alarms over time than any other condition. It is likely the case that as source complexity
increases, false alarm-related performance becomes more error prone. This claim is supported by
significant interactions between time, number of displays, and achievement motivation. These
findings support the claim that the vigilance decrement could be a manifestation of both
individual differences influencing performance, as well as a symptom of the boredom and
monotony associated with performing the vigil.

In terms of response time, response time tended to become increasingly laggard over
time, with one exception. The average response time of participants assigned to the two-display

cognitive task demonstrated a decrease in response time as time on task increased. This finding is
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not typically observed in vigilance research. However, this result could be due to the significant
relationship between autonomous motivation, time, and the optimal amount of information to

process (i.e., two displays in the cognitive task). While it is argued that the vigilance decrement
is iatrogenically created, these results provide preliminary evidence indicating that the same can
be said for cognitive engagement in vigilance tasks, which implies that the level of engagement

could be caused by the task’s design.

118



CHAPTER SEVEN: EXPERIMENT THREE

Experiment Three extended the results of Experiment One by manipulating the type of
task instructions participants received. Instructions were adapted to facilitate the experience of
greater perceived autonomy (i.e., autonomy-supportive motivation) or less perceived autonomy
(i.e., controlled motivation). It was demonstrated in pilot work and a handful of previous
vigilance studies (Dember et al., 1992; Isard & Szalma, 2015) that manipulations to task
instruction types could influence engagement in the vigilance task at pre- and post-task. It was
hypothesized that autonomy-supportive instructions would result in an increased motivation to

perform the task.

Hypotheses

Engagement and Motivation Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) should be
significantly related to the level of engagement and motivation at post-task. Task
engagement and motivation will be measured by energetic arousal, concentration, success
motivation, intrinsic motivation, task-related thoughts (TRTs), and task-unrelated
thoughts (TUTSs). Cognitive task engagement will be measured using concentration,

TRTs, and TUTs.
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2) Specific hypotheses related to cognitive engagement were developed given the three

theories of information processing:

a. Under the resource theory account of vigilance, AchM and AuM should be

significantly related to concentration at post-task, but not under the mindlessness

or mind-wandering account.

b. If cognitively engaged with the task, AchM or AuM should be significantly

related to increased TRTSs at post-task under the resource-depletion account.

c. According to mindlessness theory, there should be few if any TRTs.

d. Under the mind-wandering assumption, there will be high TRTSs at pre-task and

low TRTs at post-task, regardless of the type of motivation involved in vigilance.

e. Assuming a resource theory perspective, if individuals are engaged with the task,

participants AchM or AuM should be related to a significant decrease in TUTSs at

post-task.

f. According to mindlessness theory, there should be more TUTs as the mind drifts

away from the task because vigilance tasks afford this behavior.

120



g. Under the mind-wandering assumption, there will be high TUTs if disengaged

with the task, especially at post-task as inward or outward task-unrelated thoughts

increase during the vigil.

3) Instruction manipulations to motivation should exacerbate engagement in the vigilance
task, as well as increase motivation to perform the task when instructions are autonomy-
supportive. Perceived choice in the activity will increase motivation to perform the
activity, thus there should be a significant relationship between the covariates measuring

motivation and the type of instructions participants receive.

Stress and Workload Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) may affect stress
and workload. Stress and workload will be measured by tense arousal, hedonic tone,

anger/frustration, and global workload. Thus, the hypotheses are as follows:

a. AchM and AuM should be significantly related to tense arousal. Participants
lower in motivation will lack effective coping strategies to overcome the

monotony associated with the task.

b. AchM and AuM should be significantly related to higher hedonic tone because

these individual differences are related to finding enjoyment in the task.
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c. AchM and AuM should be significantly related to anger/frustration. Participants
lower in motivation will lack effective coping strategies related to managing

perceived anger and frustration.

2) Itis hypothesized that the cognitive task will be perceived as more work than the sensory
task based on previous evidence from the existing literature on vigilance.
a. However, participants high in AchM and AuM may be significantly related to
global workload. It is possible that participants high in AchM or AuM wiill
approach the cognitive task as if it is a complex challenge, which may reduce

overall perceived workload.

Performance Measures

1) Proportion of correct detections, number of false alarms, average response time, and
signal detection theory measures of sensitivity and response bias will serve as measures

of performance.

2) AchM and AuM should be significantly related to the proportion of correct detections
because individuals high in these differences want to strive toward success and perceive

control over their performance.

a. Instruction manipulations to motivation should exacerbate engagement in the

vigilance task, which should also manifest in changes to performance, meaning
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autonomous motivation, achievement motivation, and task instructions (i.e.,
autonomy-supportive instructions) should be significantly related to improved

performance in terms of proportion of correct detections.

3) Similarly, AchM and AuM should be significantly related to the number of false alarms
because individuals high in these differences want to strive toward success and perceive

control over their performance, thus reporting a low number of false alarms over time.

a. Instruction manipulations to motivation should exacerbate engagement in the
vigilance task, which should also manifest in changes to performance, meaning
autonomous motivation, achievement motivation, and task instructions (i.e.,
autonomy-supportive instructions) should be significantly related to a lower rate

of false alarms

4) AchM and AuM may be significantly related to mean response time because previous

literature has demonstrated that motivation is linked to attention.

a. Instruction manipulations to motivation should exacerbate engagement in the
vigilance task, which should also manifest in changes to performance, which
would result in a significant interaction between either AchM or AuM, period on
watch, and instruction type on mean response time. If instructions facilitate
participant engagement in the task, they should respond more quickly to correct

detections and report fewer false alarms, which effect average response time.
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Participants

An a priori power analysis was conducted for Experiment Three using G*Power Version
3.1 using a medium effect size and conventional criteria (« = 0.05, 1-5 = 0.80; Faul et al., 2007)
to estimate power and effect sizes prior to data collection. Following this analysis, approximately
112 participants were recruited from the University of Central Florida’s psychology research
participation system (SONA).

To qualify for participation in the present study, participants reported normal or
corrected-to-normal vision and were at least 18 years of age or older. Participants who completed
either Experiments One or Experiment Two were not able to participate in Experiments Three or

Four. Participants were asked not to consume caffeine 24 hours prior to the study.

Data Cleaning and Final Sample

One hundred and twelve participants were collected from the SONA study pool for
Experiment Three. Five of these participants were removed from the sample for incomplete
SuperLab data and three participants were removed for incomplete survey data.

The inclusion criteria were as follows: participants achieved a minimum score of 70%
correct detections (i.e., hit rate) in the first watch period and did not commit more than ten false
alarms in any given watch period. The same rationale from the previous experiments applies to
the use of this cutoff criteria for Experiment Three.

After further data cleaning based on inclusion criteria, the final sample for this study

consisted of 93 undergraduate students. Eleven participants were removed from this sample
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because of performance deviations that did not meet the inclusion criteria. More specifically,
data from eight participants in the cognitive task receiving controlling instructions and three
participants from the sensory task receiving controlling instructions were eliminated from the
following analyses. Interestingly, no participants removed from the autonomy-supportive

instruction conditions in terms of performance-based inclusion criteria.

Design

In Experiment Three, participants were randomly assigned to either the cognitive or
sensory vigilance task and receive either autonomy-supportive instructions or controlling
instructions (see Table 12). Participants were required to monitor one specific quadrant at a time.
The quadrant, which participants monitored, was randomized across conditions to control for any
effects related to the location of the quadrant (i.e., top, bottom, left, right). No such location

effects were observed.
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Table 12. The table below indicates the conditions to which participants were randomly assigned
in Experiment Three.

Cognitive Autonomy-Supportive 19
Controlling 22
Sensory Autonomy-Supportive 20
Controlling 32

Autonomy-supportive instructions read (by the participant on a computer and aloud by a
research assistant) as follows (note this example is worded for the cognitive condition): “In the
following experiment, you will be asked to attend to 1, 2, or 4 displays (described on the next
slide). Each display will contain a 2-digit number (shown below). You will watch the display for
a critical signal. A critical signal appears when the difference between the 2 digits is -1, 0, or 1.
For example, 23 (2 minus 3 equals -1), 55 (minus 5 equals 0) and 10 (1 minus 0 equals 1) could
all be possible critical signals. But, 91 (9 minus 1 equals 8), 04 (0 minus 4 equals -4), and 68 (6
minus 8 equals -2) would not be critical signals. When you are ready, please press any key to
continue.” The last sentence of the instructions appeared on all subsequent instruction slides to
facilitate the perception of autonomy. Instructions were not present when the vigil began.
Participants could ask questions to the researcher, if they had any, prior to beginning the vigil.

The controlling instructions were read (by the participant on a computer and aloud by a
research assistant) as follows (note this example is worded for the cognitive condition): “In the

following experiment, you will be asked to attend to 1, 2, or 4 displays (described on the next
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slide). Each display will contain a 2-digit number (shown below). You will watch the display for
a critical signal. A critical signal appears when the difference between the 2 digits is -1, 0, or 1.
For example, 23 (2 minus 3 equals -1), 55 (minus 5 equals 0) and 10 (1 minus 0 equals 1) could
all be possible critical signals. But, 91 (9 minus 1 equals 8), 04 (0 minus 4 equals -4), and 68 (6
minus 8 equals -2) would not be critical signals. Press the spacebar to continue.” This last
sentence of the instructions appeared on all subsequent instruction slides to decrease the
perception of autonomy or choice in the activity. Instructions were not present when the vigil
began. Participants could ask questions to the researcher, if they had any, prior to beginning the

vigil.

Task Stimuli and Environment

The task stimuli and environment of Experiment Three were identical to participants used

in Experiment One.

Measures

The same measures from Experiment One were used in Experiment Three. The

reliabilities of these measures for Experiment Three are reported in Appendix .
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Procedure

The procedure for Experiment Three was the same as Experiment One, with one
exception. Participants were assigned to one of four conditions: 1) a cognitive task with
autonomy-supportive instructions, 2) a cognitive task with controlling instructions, 3) a sensory

task with autonomy-supportive instructions, or, 4) a sensory task with controlling instructions.

Descriptive Statistics

Data from 93 undergraduate students (53 females; 39 males; 1 transgender) was collected
from the SONA pool for Experiment Three. Of participants who participated, 68.9% were
freshmen, 15.2% were sophomores, 9.7% were juniors, and 6.2% were seniors. The average age
of participants was 19.11 years (Median = 18.00 years, SD = 1.96 years). The oldest student in
this sample was 29-years-old and the youngest student was 18 years of age. All participants
reported normal or corrected-to-normal vision. Participants indicated that they did not to
consume caffeine 24 hours prior to this study.

The participants included in the present study did not differ substantially from those
excluded from Experiment Three (based on inclusion criteria). For example, the average age of
participants that were excluded was 20.73 years of age (Range: 18 — 34), 2 male participants
were removed, and 9 female participants were removed. There were two significant differences
between participants that were included and those that were excluded from these analyses.

Participants differed significantly across pre- and post-task intrinsic motivation, which

are a part of the task engagement factor of the DSSQ. Participants excluded from the present

128



analyses reported both higher pre- and post-task intrinsic motivation scores than those included
in the present sample, which is a finding accompanied by a very large effect and large effect,
respectively. The complete engagement, motivation, stress, and workload scores for the
participants removed from Experiment Three are listed in Appendix J. The effect sizes for

analyses on the excluded data are included in Appendix K.

Results

Engagement and Motivation Measures

The average AchM score was 21.84 (SD = 3.40; Range: 16.00 — 30.00). The average
AuM score was 34.97 (SD = 9.16; Range: 7.00 — 49.00). There was a strong positive skew for
the autonomous motivation scores, which indicates that many participants self-reported being
high in this state measure. Furthermore, there was a moderate negative skew for the achievement
motivation scores, which indicates that participants tended to self-report being somewhat lower
in achievement motivation.

AchM or AuM scores were used as covariates, and task type and instruction type were
used as independent variables to perform separate ANCOVAs on all engagement and motivation
outcome measures. Separate ANCOVAs were performed for each pre-task and post-task
measure. ANCOVA was used because the covariates are continuous variables.

The means and standard deviations for the measures of engagement and motivation by

task type are reported in Table 13. The means and standard deviations for the measures of
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engagement and motivation by instruction type are reported in Table 14. Correlations of AchM

and AuM with the engagement and motivation measures are reported in Appendix C.

Table 13. The table below includes the means and standard deviations for all measures of
motivation and engagement across the type of task (N = 93).

Pre Post Pre Post Pre Post

AchM 21.05 22.46 21.84

(3.32) (3.36) (3.40)
AuM 36.22 33.98 34.97

(9.32) (9.00) (9.16)
Success 19.41 20.17 20.50 18.77 20.02 19.39
Motivation (9.07) (6.79) (6.56) (7.18) (7.74) (7.01)
Intrinsic 18.51 11.46 17.69 12.88 18.05 12.26
Motivation (4.48) (4.22) (4.53) (4.37) (4.50) (4.34)
Energetic 17.83 18.39 16.33 16.92 16.99 17.57
Arousal (4.21) (5.16) (3.96) (4.91) (4.12) (5.05)
Concentration 18.68 10.19 16.37 7.63 17.39 8.76

(6.94) (6.49) (5.91) (7.27) (6.46) (7.02)
TRTs 15.07 19.61 16.13 18.88 15.67 19.20

(8.20) (7.09) (7.54) (5.31) (7.81) (6.13)
TUTs 13.29 12.92 14.25 15.40 13.83 14.31

(8.41) (6.96) (7.56) (6.59) (7.91) (6.83)

Note. TRTs = task-related thoughts. TUTs = task-unrelated thoughts. Numbers in parentheses
represent standard deviations.
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Table 14. The table below includes the means and standard deviations for all measures of
motivation and engagement across instruction type (N = 93).

Pre Post Pre Post
AchM 21.98 21.73
(3.61) (3.24)
AuM 34.79 35.12
(9.58) (8.90)
Success 21.36 19.64 18.92 19.18
Motivation (7.31) (6.42) (7.98) (7.52)
Intrinsic 17.95 12.05 18.14 12.43
Motivation (3.39) (4.49) (5.28) (4.25)
Energetic Arousal 16.83 17.45 17.12 17.67
(4.76) (5.95) (3.55) (4.22)
Concentration 17.31 9.21 17.45 8.39
(6.01) (5.94) (6.86) (7.83)
TRTs 16.60 20.26 14.90 18.33
(7.14) (6.20) (8.32) (5.99)
TUTs 14.74 13.64 13.08 14.86
(7.79) (5.46) (8.00) (7.79)

Note.
TRTs = task-related thoughts. TUTs = task-unrelated thoughts. Numbers in parentheses represent
standard deviations.

There was a significant interaction between the covariate AchM and task type on post-
task intrinsic motivation, F(1, 85) = 7.91, p = .006, 1]p2 =.085, as well as pre-task concentration,
F(1, 85) =5.05, p =.027, I]p2 = .056. Participants in the sensory condition reported the highest
post-task intrinsic motivation scores (M = 12.88, SD = 4.37), but reported the lowest pre-task
concentration scores (M = 16.37, SD = 5.91) relative to the cognitive condition (M = 18.68, SD =

6.94).
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There was also a significant interaction between instruction type and task type on pre-
task concentration, F(1, 85) = 4.32, p = .041, I]p2 =.048, and pre-task task-unrelated thoughts,
F(1, 85) =7.04, p =.009, 1]p2 =.077. Participants in the cognitive condition receiving autonomy-
supportive instructions reported the highest degree of pre-task concentration (M = 19.27, SD =
4.57), whereas participants in the sensory condition receiving autonomy-supportive instructions
reported the lowest pre-task concentration (M = 15.15, SD = 6.75).

There was a significant main effect of the covariate AchM, but not task type or
instruction type, on pre-task energetic arousal, F(1, 85) = 10.82, p =.001, 1]p2 =.113, and post-
task energetic arousal, F(1, 85) = 8.00, p = .006, I]p2 =.086. There was a significant correlation
between AchM and post-task success motivation (r =-.295, p <.004), pre-energetic arousal (r =
-.385, p <.004), and post-energetic arousal (r =-.326, p <.004). There were no additional
significant main effects, interactions, or correlations to report for these analyses.

There was a significant three-way interaction between instruction type, task type, and the
covariate AuM on pre-task concentration, F(1, 85) =5.94, p = .017, I]p2 =.065, as well as a
significant interaction between instruction type and autonomous motivation on pre-task
concentration, F(1, 85) = 4.18, p = .044, 1]p2 =.047. In follow-up ANCOVAs exploring the
effects of each level of the independent variables on pre-task concentration, several results
reached significance. There was a significant effect of the covariate AuM on pre-task
concentration in both sensory tasks, which includes participants receiving autonomy-supportive
instructions, F(1, 18) = 5.87, p =.026, 1]p2 = .246, and participants receiving controlling
instructions, F(1, 30) = 6.21, p = .018, 1},° = .171. There was also a significant effect of the
covariate AuM on pre-task concentration in the cognitive task when participants were given

controlling instructions, F(1, 17) = 17.61, p = .001, 1]p2 =.509. When AuM was entered as the
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covariate in these analyses, participants in the cognitive condition receiving autonomy-
supportive instructions reported the highest pre-task concentration (M = 19.27, SD = 4.57),
whereas participants in the sensory condition receiving autonomy-supportive instructions
reported the lowest amount of pre-task concentration (M = 15.15, SD = 6.75).

There was also a significant interaction between autonomous motivation and instruction
type on post-task task-unrelated thoughts, F(1, 85) = 4.58, p = .035, I]p2 = .051. Participants
receiving controlling instructions reported fewer post-task task-unrelated thoughts, whereas
participants in the sensory condition receiving autonomy-supportive instructions reported the
most post-task task-unrelated thoughts (M = 16.35, SD = 6.29).

There was a significant main effect of the covariate AuM, but not task type or instruction
type, on pre-task energetic arousal, F(1, 85) =5.39, p =.023, 1]p2 =.060, post-task energetic
arousal, F(1, 85) =12.18, p =.001, I]p2 =.125, post-task success motivation, F(1, 85) =9.28, p =
.003, 17,” = .098, pre-task intrinsic motivation, F(1, 85) = 7.39, p = .008, ],> = .080, pre-task
concentration, F(1, 85) = 24.24, p <.001, 1]p2 =.222, post-task concentration, F(1, 85) = 10.20, p
=.002, I],°= .107, pre-task task-unrelated thoughts, F(1, 85) = 7.54, p = .007, I],>= .082, and
post-task task-unrelated thoughts, F(1, 85) = 12.55, p =.001, I]p2 =.129.

There was a significant interaction between instruction type and task type on pre-task
concentration, F(1, 85) =6.70, p =.011, 1]p2 =.073, and pre-task task-unrelated thoughts, F(1,
85) = 4.88, p =.030, 1], = .054. As well, there was a significant main effect of instruction type
on pre-task concentration when AuM was entered as the covariate, F(1, 85) = 3.98, p = .049, I]p2
=.045, and post-task task-unrelated thoughts, F(1, 85) = 5.38, p =.023, 1]p2 =.060. There was a
significant correlation between AuM and post-task success motivation (r = .330, p <.004), pre-

task concentration (r = .497, p < .004), post-task concentration (r = .347, p <.004), pre-task task-
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unrelated thoughts (r = -.321, p <.004), and post-task task-unrelated thoughts (r = -.396, p <
.004). There were no additional significant main effects, interactions, or correlations to report for

these analyses.

Stress and Workload Measures

An ANCOVA with task type and instruction type as the independent variables, and
AchM or AuM as the covariate, was performed on all outcome measures related to stress and
workload. Separate ANCOVASs were performed for each pre-task and post-task measure. The
means and standard deviations of stress and workload measures by task type are reported in
Table 15. The means and standard deviations for the measures of stress and workload measures
by instruction type are reported in Table 16. The means and standard deviations for the full
DSSQ are reported in Appendix D. The means and standard deviations for the full NASA-TLX

are reported in Appendix E.
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Table 15. The table below includes the means and standard deviations for all measures of stress
and workload across task type (N = 93).

Pre Post Pre Post Pre Post
Tense 11.95 13.97 13.48 15.38 12.81 14.76
Arousal (3.02) (4.29) (3.46) (3.74) (3.35) (4.04)
Hedonic 26.24 23.15 24.69 22.02 25.38 22.52
Tone (4.13) (4.18) (4.87) (4.20) (4.60) (4.21)
Anger/ 7.34 9.63 8.32 11.04 7.89 10.42
Frustration (2.85) (4.20) (3.95) (4.27) (3.53) (4.28)
Global 41.72 36.01 38.53
Workload (14.03) (13.52) (13.96)
Mental 43.63 28.37 35.10
Demand (29.33) (25.60) (28.20)
Temporal 29.83 22.40 25.67
Demand (26.03) (21.93) (23.98)
Physical 13.49 11.83 12.56
Demand (19.94) (16.39) (17.96)
Perceived 47.46 45.90 46.59
Performance (34.91) (32.71) (33.52)
Effort 35.63 29.25 32.06
(29.87) (23.74) (26.66)
Frustration 27.17 34.94 31.52
(30.35) (31.58) (31.12)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.
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Table 16. The table below includes the means and standard deviations for all measures of stress
and workload across instruction type (N = 93).

Pre Post Pre Post
Tense 12.31 14.69 13.22 14.82
Arousal (3.22) (4.09) (3.43) (4.03)
Hedonic 25.26 22.38 25.47 22.63
Tone (4.75) (4.37) (4.52) (4.12)
Anger/ 7.64 10.40 8.10 10.43
Frustration (3.22) (4.58) (3.78) (4.06)
Global 39.76 37.51
Workload (14.33) (13.72)
Mental 37.02 33.51
Demand (28.04) (28.51)
Temporal 24.12 26.96
Demand (19.13) (27.46)
Physical 8.98 15.51
Demand (11.34) (21.64)
Perceived 45.33 47.63
Performance (34.41) (33.08)
Effort 36.79 28.18
(27.14) (25.87)
Frustration 36.12 27.73
(32.43) (29.77)

There was a significant interaction between instruction type, task type, and AchM on
global workload, F(1, 85) =6.79, p =.011, I]p2 = .074. There was a significant interaction
between instruction type and task type on global workload, F(1, 85) = 5.59, p =.020, 1]p2 =.062,
and significant interaction between instruction type and AchM on global workload, F(1, 85) =
7.10, p =.009, 1]p2 =.077. There was a significant main effect of instruction type on global

workload, F(1, 85) = 5.17, p = .026, I],> = .057.
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In follow-up ANCOVAs exploring the effects of each level of the independent variables
on global workload, two results reached significance. There was a significant effect of the
covariate AchM on global workload in the cognitive task where participants received autonomy-
supportive instructions, F(1, 20) = 5.76, p = .026, I]p2 =.223, and in the cognitive task where
participants received controlling instructions, F(1, 5) = 6.62, p = .020, I]pZ: .280. Participants
receiving autonomy-supportive instructions reported more global workload in both the sensory
task (M = 38.15, SD = 12.54) and cognitive task (M = 41.21, SD = 15.94) relative to participants
receiving controlling instructions.

There was a significant main effect of AchM on pre-task hedonic tone, F(1, 85) = 7.10,

p =.009, 17,” = .077, as well as post-task hedonic tone, F(1, 85) = 6.18, p = .015, 1],> = .068.
There was a significant correlation between AchM and pre-task hedonic tone (r = -.320, p <
.003). There were no additional significant main effects, interactions, or correlations to report for
these analyses.

There was a significant main effect of AuM on post-task tense arousal, F(1, 85) = 7.10,

p =.009, 17,” = .077, pre-task hedonic tone, F(1, 85) = 8.37, p = .005, ],> = .090, post-task
hedonic tone, F(1, 85) = 16.80, p <.001, 1]p2 = .165, pre-task anger/frustration, F(1, 85) =5.57, p
=.021, I],°= .061, and post-task anger/frustration, F(1, 85) = 8.60, p =.004, 1],” = .092. There
was a significant correlation between AuM and post-task tense arousal (r = -.295, p <.01), pre-
task hedonic tone (r = .314, p <.003), post-task hedonic tone (r = .427, p < .003), pre-task
anger/frustration (r = -.274, p <.01), and post-task anger/frustration (r = -.343, p <.003). There
were no additional significant main effects, interactions, or correlations to report for these

analyses.
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Performance Measures

Mixed-measures ANCOVAs with task type and instruction type as the between-subjects
factor, period on watch as the within-subjects factor, and AchM or AuM as the covariate were
performed on all outcome measures related to performance. Separate ANCOVAS were
performed for each pre-task and post-task measure. The means and standard deviations of the
proportion of correct detections are reported in Figures 29-31. The means and standard
deviations of the number of false alarms are reported in Figures 32-34. The average response
times per each period on watch are included in Figures 35-37. The correlations between
motivation and correct detections, false alarms, and mean response time are reported in
Appendix G.

There was a significant three-way interaction between instruction type, task type, and
AuM on proportion of correct detections, F(1, 85) = 4.27, p =.042, 1]p2 =.048. There was also a
significant interaction between instruction type and task type on proportion of correct detections,
F(1, 85) =4.26, p =.042, I]p2 =.048, as well as instruction type and AuM on proportion of
correct detections, F(1, 85) = 4.00, p = .049, I]p2 =.045. There was a significant main effect of
instruction type on proportion of correct detections, F(1, 85) = 4.27, p =.042, I]p2 =.048. There
was also a significant main effect of period on watch, but not AuM, on proportion of correct
detections, F(3, 255) = 3.06, p =.029, 1]p2 =.035.

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on period and AuM, only one result reached significance. There was a significant main effect of
AuM on proportion of correct detections for participants assigned to the cognitive task who
received autonomy-supportive instructions, F(1, 20) = 7.82, p = .011, I]p2 =.281. When correct

detection performance was plotted against AuM scores, there was a trend which indicated as
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AuM motivation increased, there was also a slight increase in the proportion of correct detections
over periods. Interestingly, observers in the sensory task receiving controlling instructions
reported the greatest proportion of correct detections over time. Participants in the cognitive task
demonstrated a decrease in performance during the second period on watch, but then
demonstrated an increase in performance during periods three and four (which is similar to what
was observed in Experiments One and Two). There were no additional significant main effects,
interactions, or correlations to report for these analyses.

There were no significant correlations, main effects, or interactions to report for the

proportion of correct detections when AchM was entered into the ANCOVA as the covariate.
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Figure 29. The average proportion of correct detections with standard errors bars are reported
for each of the conditions in Experiment Three.
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Figure 30. The average proportion of correct detections with standard errors bars are reported
across task type in Experiment Three.

140



100.00%

90.00%

80.00%
ﬁé’ 70.00%
2 60.00%
.©
=
o 50.00%
Q.
°
o 40.00%
30.00%
20.00%
10.00%
0.00% - - - -
Period 1 Period 2 Period 3 Period 4
=@==Autonomy-Supportive 96.19% 85.17% 90.48% 91.43%
=@= Controlling 98.04% 93.33% 92.94% 92.55%

Figure 31. The average proportion of correct detections with standard errors bars are reported
across instruction type in Experiment Three.

There was a significant interaction between instruction type and period on watch, but not
AchM, on the number of false alarms, F(3, 255) = 2.71, p = .046, 1]p2 = .031. Participants in the
sensory condition receiving autonomy-supportive instructions demonstrated some of the most
variable performance in terms of the number of false alarms reported over time. There were no
additional significant main effects, interactions, or correlations to report for the number of false
alarms when AchM was entered as the covariate.

There were no significant main effects, interactions, or correlations to report for the

number of false alarms when AuM was entered into the ANCOVA as the covariate.
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Figure 32. The average number of false alarms with standard errors bars are reported for each of
the conditions in Experiment Three.
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Figure 33. The average number of false alarms with standard errors bars are reported across task
type in Experiment Three.
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Figure 34. The average number of false alarms with standard errors bars are reported across
instruction type in Experiment Three.

There were no significant main effects, interactions, or correlations to report for mean
response time when AchM was entered into the ANCOVA as the covariate. There were no
significant main effects, interactions, or correlations to report for average response time when

AuM was entered into the ANCOVA as the covariate.

144



1400

1200
(%]
€
£
9] 1000
£
|_
4]
(%]
C
o
Q.
$ 1
e 600
400
200
0
Period 1
=@==Cognitive - Autonomy-Supportive 1049.0386
=@= Cognitive - Controlling 1009.2289
Sensory- Autonomy-Supportive 708.2025
==@==Sensory - Controlling 739.55

800 /

Period 2
1157.4136
1107.8526
815.1598
867.9031

Period 3
1137.3363
977.4438
892.105
906.3042

Period 4
1108.7947
1033.9289

858.83
872.4364

Figure 35. The average response time with standard errors bars are reported for each of the

conditions in Experiment Three.
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Figure 36. The average response time with standard errors bars are reported across task type in

Experiment Three.
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Figure 37. The average response time with standard errors bars are reported across instruction
type in Experiment Three.

Sensitivity and Response Bias

The proportion of correct detections and number of false alarms were used to compute
indices of sensitivity (d’; reported in Figures 38-40) and response bias (c; reported in Figures 41-
43; See et al., 1995). Response bias tended to increase over time across task type, which
indicates that participants in both condition types were becoming more conservative in their
responding across each period on watch.

Mixed-measures ANCOVAs with task type and instruction type as the between-subjects
variables, period on watch as the within-subjects variable, and AchM or AuM as the covariate

were performed on all dependent measures related to these indices. Separate ANCOVAS were
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performed for each of these indices. Correlations between the measures of sensitivity and
response bias, and the covariates are included in Appendix H.
There were no significant main effects, interactions, or correlations to report for

sensitivity or response bias when AchM or AuM was entered into the ANCOVA as the covariate.
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Figure 38. Average sensitivity over time with standard errors bars is reported for each of the

conditions in Experiment Three.
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Figure 39. Average sensitivity over time reported across task type in Experiment Three.
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Figure 40. Average sensitivity over time reported across instruction type in Experiment Three.
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Figure 41. Average response bias over time with standard errors bars is reported for each of the
conditions in Experiment Three.
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Figure 42. Average response bias over time across task type in Experiment Three.
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Figure 43. Average response bias over time across instruction type in Experiment Three.

Discussion

Engagement and Motivation

For achievement motivation there were significant effects on both pre- and post-task
measures of engagement and motivation. Achievement motivation was significantly related to
pre-task energetic arousal, post-task energetic arousal, post-task intrinsic motivation, and pre-
task concentration. Participants in the cognitive task reported more intrinsic motivation at pre-
task, however participants in the sensory task reported slightly more intrinsic motivation at post-

task (there was a significant decline in intrinsic motivation between pre- and post-task).
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Participants in the cognitive task receiving autonomy-supportive instructions reported the highest
degree of pre-task concentration.

It is important to note that this finding could be an artefact of the cleaning that occurred.
For example, to meet the inclusion criteria for data analyses, individuals in the cognitive
condition may have remained in the dataset due to unique individual differences in trait
motivation or state motivation (i.e., achievement motivation and autonomous motivation). The
results indicated that achievement motivation likely affects perception of the task at baseline
(i.e., pre-task), which in turn affects post-task success and intrinsic motivation.

Autonomous motivation significantly affected several measures of task engagement and
task-related motivation including concentration, intrinsic motivation, success motivation, and
task-unrelated thoughts. Autonomous motivation appeared to have more of an impact on the
engagement and motivation (compared to achievement motivation), which was evidenced by a
number of significant interactions with this covariate. These achievement motivation and
autonomous motivation could affect the engagement and motivation measures differently in
vigilance task, thus both achievement motivation and autonomous motivation will be retained in
the fourth experiment in this dissertation. It is also worth noting at this time that autonomous
motivation has been the more reliable measure of the two measures motivation and this is
important to bear in mind when reflecting on the present findings.

Instruction type and task type also affected task-related and task-unrelated thoughts. For
example, participants in the sensory task reported some of the highest rates of post-task task-
unrelated thoughts, while observers in the cognitive task reported the fewest post-task task-
unrelated thoughts. Participants in the sensory condition receiving autonomy-supportive

instructions reported the most task-unrelated thoughts at post-task. In this vein, it could be
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argued that task-related and task-unrelated thoughts are not necessarily a product of mindlessness
or mind-wandering which occur during vigilance, rather these task-based cognitions which are
afforded by task type and task instructions. Thus, mind-wandering and mindlessness are not
symptoms of vigilance per se, but byproducts of an iatrogenically created state induced by the

researcher.

Stress and Workload

Achievement motivation and autonomous motivation impact the stress and workload
associated with vigilance differently. For example, achievement motivation tended to
predominantly affect hedonic tone, whereas autonomous motivation was implicated in tense
arousal, hedonic tone, and anger/frustration. Lower achievement motivation scores were
inversely correlated with hedonic tone, which implied that as achievement motivation increased,
pleasantness associated with the task decreased. However, autonomous motivation scores were
positively correlated with hedonic tone, which indicated that as autonomous motivation
increased, there was more pleasantness associated with the vigilance task at pre-task and post-
task. Participants higher in autonomous motivation also reported less anger/frustration toward the
task at pre- and post-task, as well as less tense arousal at post-task. Based on these findings, it
appears that autonomous motivation may have an ameliorative effect on some of the more
‘negative’ aspects of vigilance performance such as anger, frustration, tense arousal, or
unpleasantness, which facilitates better coping with the vigilance task overall.

Interestingly, autonomous motivation did not have an effect on global workload, but

achievement motivation significantly affected workload in Experiment Three. Instruction type

156



also influenced perceptions of workload associated with the task. For example, participants in the
autonomy-supportive instruction condition reported significantly higher global workload than
participants in the controlling instruction condition. Participants in the cognitive task reported
more global workload than participants in the sensory task, which was expected given the results

of Experiments One and Two.

Performance

Achievement motivation did not influence vigilance performance in terms of proportion
of correct detections, number of false alarms, average response time, sensitivity, or response
bias. Thus, specific hypotheses related to performance and AchM generally went unsupported for
Experiment Three.

In addition to task type and instruction type, autonomous motivation was significantly
related to the proportion of correct detections detected over time. Participants in the sensory task
outperformed participants in the cognitive task, which is likely due to the fact that the cognitive
task requires symbolic processing and the sensory task requires perceptual processing. However,
participants in the sensory task demonstrated a decline in proportion of correct detections over
time. Participants in the cognitive task actually indicated a cognitive increment in performance
over time, albeit there was a significant decline in performance between Periods 1 and 2 of watch
for participants in either cognitive task, but a substantial increase in performance between
Periods 3 and 4. This improvement in performance is likely due to a combination of factors: an

important individual difference (i.e., autonomous motivation) and task design (i.e., the cognitive
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task affords more cognitive engagement). Interestingly, autonomous motivation did not influence
false alarm rates, response time, sensitivity, or response bias in Experiment Three.

Instruction type did influence false alarm performance in Experiment Three. Participants
assigned to the sensory condition receiving autonomy-supportive instructions responded more
liberally to false alarms in Periods 1 and 3, which implies that autonomy-supportive instructions
may shift the response criteria of observers. Participants in the cognitive condition receiving
autonomy-supportive instructions demonstrated a numerical, liberal shift in responding between
Periods 3 and 4 of watch, which could have influenced their improvement in performance toward
the end of the task. That said, there was a shift toward better discrimination between critical
signals and non-signals, as well as a general trend toward more conservatism in response to

critical signals over time.
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CHAPTER EIGHT: EXPERIMENT FOUR

Experiment Four extended the results of Experiments One, Two, and Three by varying
the vigilance task across three factors: 1) source complexity, 2) task type, and 3) instruction type.
In Experiment Four, participants were randomly assigned to one of twelve conditions: 1) a
cognitive task with autonomy-supportive instructions and one display, 2) a cognitive task with
autonomy-supportive instructions and two displays, 3) a cognitive task with autonomy-
supportive instructions and four displays, 4) a cognitive task with controlling instructions and
one display, 5) a cognitive task with controlling instructions and two displays, 6) a cognitive task
with controlling instructions and four displays, 7) a sensory task with autonomy-supportive
instructions and one display, 8) a sensory task with autonomy-supportive instructions and two
displays, 9) a sensory task with autonomy-supportive instructions and four displays, 10) a
sensory task with controlling instructions and one display, 11) a sensory task with controlling
instructions and two displays, or 12) a sensory task with controlling instructions and four

displays.

Hypotheses

Engagement and Motivation Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) should be
significantly related to the level of engagement and motivation at post-task. Task
engagement and motivation will be measured by energetic arousal, concentration, success

motivation, intrinsic motivation, task-related thoughts (TRTs), and task-unrelated
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thoughts (TUTSs). Cognitive task engagement will be measured using concentration,

TRTs, and TUTSs.

2) Specific hypotheses related to cognitive engagement were developed given the three

theories of information processing:

a. Under the resource theory account of vigilance, AchM and AuM should be

significantly related to concentration at post-task, but not under the mindlessness

or mind-wandering account.

b. If cognitively engaged with the task, AchM or AuM should be significantly

related to increased TRTSs at post-task under the resource-depletion account.

c. According to mindlessness theory, there should be few if any TRTs.

d. Under the mind-wandering assumption, there will be high TRTs at pre-task and

low TRTs at post-task, regardless of the type of motivation involved in vigilance.

e. Assuming a resource theory perspective, if individuals are engaged with the task,

participants AchM or AuM should be related to a significant decrease in TUTSs at

post-task.
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f. According to mindlessness theory, there should be more TUTs as the mind drifts

away from the task because vigilance tasks afford this behavior.

g. Under the mind-wandering assumption, there will be high TUTs if disengaged

with the task, especially at post-task as inward or outward task-unrelated thoughts

increase during the vigil.

Stress and Workload Measures

1) Achievement motivation (AchM) and autonomous motivation (AuM) may affect stress
and workload. Stress and workload will be measured by tense arousal, hedonic tone,

anger/frustration, and global workload. Thus, the hypotheses are as follows:

a. AchM and AuM should be significantly related to tense arousal. Participants

lower in motivation will lack effective coping strategies to overcome the

monotony associated with the task.

b. AchM and AuM should be significantly related to higher hedonic tone because

these individual differences are related to finding enjoyment in the task.

c. AchM and AuM should be significantly related to anger/frustration. Participants

lower in motivation will lack effective coping strategies related to managing
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perceived anger and frustration.

2) It is hypothesized that the cognitive task will be perceived as more work than the sensory

task based on previous evidence from the existing literature on vigilance.

a. However, participants high in AchM and AuM may be significantly related to
global workload. It is possible that participants high in AchM or AuM will
approach the cognitive task as if it is a complex challenge, which may reduce

overall perceived workload.

Performance Measures

1) Proportion of correct detections, number of false alarms, average response time, and
signal detection measures of sensitivity and response bias will serve as measures of

performance.

2) AchM and AuM should be significantly related to the proportion of correct detections

because individuals high in these differences want to strive toward success and perceive

control over their performance.

3) Similarly, AchM and AuM should be significantly related to the number of false alarms

because individuals high in these differences want to strive toward success and perceive
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control over their performance, thus reporting a low number of false alarms over time.

4) AchM and AuM may be significantly related to mean response time because previous

literature has demonstrated that motivation is linked to attention.

Participants

An a priori power analysis was conducted for Experiment Four using G*Power Version
3.1 with a medium effect size and conventional criteria (« = 0.05, 1- = 0.80; Faul et al., 2007) to
estimate power and effect sizes prior to data collection. Following this analysis, approximately
158 participants were recruited from the University of Central Florida’s research participation
system (SONA).

To qualify for participation in this study, participants must have normal or corrected-to-
normal vision and were at least 18 years of age or older. Participants who participated in
Experiments One, Two, or Three are not eligible for participation in Experiment Four.

Participants were asked to not consume caffeine 24 hours prior to the study.
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Data Cleaning and Final Sample

One hundred and fifty-eight participants were collected from the SONA study pool for
Experiment Four. Six of these participants were removed from the sample for incomplete
SuperLab data and four participants were removed for incomplete survey data.

The inclusion criteria were as follows: participants achieved a minimum score of 70%
correct detections (i.e., hit rate) in the first watch period and did not commit more than ten false
alarms in any given watch period. The same rationale for the cutoff criteria, which was used in
the previous studies, applies here as well.

After data cleaning based on the inclusion criteria for analysis, the final sample for this
study consisted of 121 undergraduate students. Twenty-seven participants were removed from
this sample because of performance deviations that did not meet the inclusion criteria. More
specifically, one participant was removed from the one-display cognitive task with controlling
instructions, four participants were removed from the two-display cognitive task with controlling
instructions, four participants were removed from the four-display cognitive task with controlling
instructions, four participants were removed from the two-display cognitive task with autonomy-
supportive instructions, four participants were removed from the four-display cognitive task with
autonomy-supportive instructions, one participant was removed from the one-display sensory
task with controlling instructions, two participants were removed from the two-display sensory
task with controlling instructions, one participant was removed from the four-display sensory
task with controlling instructions, three participants were removed from the two-display sensory
task with autonomy-supportive instructions, and one participant was removed from the four-

display sensory task with autonomy-supportive instructions.
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Design

In Experiment Four, participants were randomly assigned to either the cognitive or
sensory task and received either autonomy-supportive instructions or controlling instructions

condition and were required to monitor one, two, or four displays (see Table 17).

Table 17. The table below indicates the conditions to which participants were randomly assigned
in Experiment Four.

WI Autonomy-Supportive One display 11
Two displays 7

Four displays 7

Cognitive Controlling One display 7
Two displays 7

Four displays 9

Sensory Autonomy-Supportive One display 17
Two displays 11

Four displays 6

Sensory Controlling One display 20
Two displays 8

Four displays 11
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Task Stimuli and Environment

The task stimuli and environment of Experiment Four were identical to participants used

in Experiments One, Two, and Three.

Measures

The same measures from Experiment One were used in Experiment Four. The

reliabilities of these measures for Experiment Four are reported in Appendix I.

Procedure

The procedure for Experiment Four was the same as that used in previous experiments,

with the exception that participants could be randomly assigned to one of the twelve conditions.

Descriptive Statistics

Data from 121 undergraduate students (81 females; 39 males; 1 student preferred to not
disclose) was collected from the SONA pool at the University of Central Florida for Experiment
Four. Of participants who participated, 68.5% were freshmen, 13.2% were sophomores, 12.4%

were juniors, and 4.2% were seniors. The average age of participants was 19.03 years (Median =
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18.00 years, SD = 1.73 years). The oldest student in this sample was 29-years-old and the
youngest student was 18 years of age. All participants reported normal or corrected-to-normal
vision. Participants indicated that they did not to consume caffeine 24 hours prior to this study.
The participants included in the present study did not differ substantially from those
excluded from Experiment Four (based on inclusion criteria). For example, the average age of
participants that were excluded was 18.67 years of age (Range: 18 — 21), 6 male participants
were removed, and 21 female participants were removed. There were two significant differences
between participants that were included and those that were excluded from these analyses.
Participants differed significantly in pre-task intrinsic motivation and autonomous
motivation, which was one of the covariates included in the present study. Participants excluded
from the present analyses reported both higher pre-task intrinsic motivation and autonomous
motivation scores than those included in the present sample, which is a finding accompanied by
very large effect sizes. The complete engagement, motivation, stress, and workload scores for the
participants removed from Experiment Four are listed in Appendix J. The effect sizes for

analyses on the excluded data are included in Appendix K.

Results

Engagement and Motivation Measures

The average AchM score was 21.92 (SD = 3.71; Range: 16.00 — 34.00). The average
AuM score was 34.36 (SD = 9.08; Range: 13.00 — 49.00). There was a strong negative skew for
the achievement motivation scores, which implies that participants in this sample self-reported

lower achievement motivation than in previous samples. There was a slight positive skew for
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autonomous motivation, which indicates a trend toward higher autonomous motivation scores
being reported throughout the sample.

AchM or AuM scores were used as covariates, and task type, number of displays, and
instruction type were used as independent variables to conduct separate ANCOVAs for all
measures of motivation and engagement. Separate ANCOVAs were performed for each pre-task
and post-task measure. ANCOVASs were used to perform the analyses in the present experiment
because the covariates are continuous variables.

The means and standard deviations for the engagement and motivation measures across
task types are reported in Table 18. The means and standard deviations for the measures of
engagement and motivation by instruction type are reported in Table 19. The means and standard
deviations for the measures of engagement and motivation by number of displays are reported in
Table 20. Correlations of AchM and AuM with the engagement and motivation measures are

reported in Appendix C.
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Table 18. The table below includes the means and standard deviations for all measures of
motivation and engagement across task type (N = 121).

Pre Post Pre Post Pre Post

AchM 21.13 22.44 21.92

(3.32) (3.88) (3.71)
AuM 34.50 34.26 34.36

(8.47) (9.52) (9.08)
Success 19.96 20.48 20.42 19.68 20.24 20.00
Motivation (7.31) (6.64) (6.33) (6.99) (6.71) (6.83)
Intrinsic 18.15 12.44 17.07 12.54 17.50 12.50
Motivation (5.39) (4.50) (4.18) (4.93) (4.71) (4.75)
Energetic 18.06 18.71 17.60 18.08 17.79 18.33
Arousal (3.82) (4.21) (3.76) (4.58) (3.78) (4.43)
Concentration 17.65 8.54 14.60 6.53 15.81 7.33

(5.90) (6.04) (6.56) (7.42) (6.45) (6.95)
TRTs 17.94 21.90 17.62 19.71 17.74 20.58

(8.16) (6.45) (8.50) (7.31) (8.34) (7.04)
TUTs 16.10 15.50 17.52 16.68 16.96 16.21

(9.48) (7.19) (9.09) (8.07) (9.23) (7.72)

Note. TRTs = task-related thoughts. TUTs = task-unrelated thoughts. Numbers in parentheses
represent standard deviations.
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Table 19. The table below includes the means and standard deviations for all measures of
motivation and engagement across instruction type (N = 121).

AchM 21.78 22.05
(3.23) (4.13)
AuM 35.31 33.45
(8.61) (9.49)
Success Motivation 20.00 19.61 20.47 20.38
(7.18) (6.64) (6.29) (7.05)
Intrinsic 17.20 12.05 17.77 12.93
Motivation (4.42) (4.71) (4.99) (4.78)
Energetic Arousal 18.10 18.83 17.48 17.85
(2.95) (4.67) (4.43) (4.16)
Concentration 16.51 7.14 15.15 7.52
(6.49) (7.24) (6.40) (6.71)
TRTs 17.56 20.69 17.92 20.48
(9.13) (7.72) (7.58) (6.37)
TUTs 17.39 17.03 16.55 15.41
(10.28) (8.61) (8.18) (6.73)

Note. TRTs = task-related thoughts. TUTs = task-unrelated thoughts. Numbers in parentheses
represent standard deviations.
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Table 20. The table below includes the means and standard deviations for all measures of
motivation and engagement across number of displays (N = 121).

Pre Post Pre Post Pre Post

AchM 22.15 21.45 22.00

(3.36) (3.50) (4.47)
AuM 34.75 31.79 36.27

(8.42) (9.24) (9.66)
Success 20.18 19.42 20.27 20.91 20.30 20.06
Motivation (6.49) (6.31) (7.11) (6.16) (6.88) (8.32)
Intrinsic 17.02 11.95 17.24 12.55 18.55 13.41
Motivation (4.38) (3.97) (4.39) (5.33) (5.47) (5.31)
Energetic 17.67 18.22 18.18 19.03 17.58 17.81
Arousal (3.54) (4.39) (3.81) (4.38) (4.18) (4.60)
Concentration 16.04 6.84 15.61 8.06 15.64 7.44

(6.13) (7.16) (6.48) (6.76) (7.12) (6.90)
TRTs 17.85 19.44 18.82 22.03 16.48 21.06

(8.35) (5.97) (7.46) (7.01) (9.20) (8.51)
TUTs 16.95 15.49 16.94 17.12 17.00 16.50

(8.77) (7.13) (8.50) (7.69) (10.85) (8.79)

Note. TRTs = task-related thoughts. TUTs = task-unrelated thoughts. Numbers in parentheses
represent standard deviations.

There was a significant four-way interaction between the covariate AchM, instruction
type, task type, and number of displays, on pre-task intrinsic motivation, F(2,97) =3.11, p =
.049, 1]p2 =.060. There was also a significant interaction between AchM and instruction type on
pre-task intrinsic motivation, F(1, 97) = 8.57, p = .004, I]D2 =.081. In follow-up ANCOVAsS
exploring the effects of each level of the independent variables on pre-task intrinsic motivation,
only one result reached significance. There was a significant effect of the covariate AchM on
pre-task intrinsic motivation in the sensory task that required participants to monitor one display

and when these participants received autonomous instructions, F(1, 15) = 5.85, p = .029, I,° =
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.281. Participants in the cognitive condition with controlling instructions monitoring four
displays reported the highest pre-task intrinsic motivation scores (M = 22.00, SD = 4.87).
Participants in the sensory condition monitoring four displays and receiving autonomy-
supportive instructions also reported high pre-task intrinsic motivation (M = 19.86, SD = 5.70).

It is important to note that this finding is likely an atrefact of data cleaning. For example,
in order to be included in the present analyses observers had to perform well enough to remain in
the sample and likely had an individual difference that enabled them to be included in the present
analyses. In this case, that individual difference was achievement motivation. This could be a
limitation to this study, but it does support the idea of accounting for individual differences,
especially in the implicit assumption that all participants are motivated to perform the task.

There was a significant four-way interaction between the covariate AchM, instruction
type, task type, and number of displays, on post-task concentration, F(2, 97) = 3.15, p = .047, I]p2
=.062. There was a significant three-way interaction between task type, number of displays, and
AchM, on post-task concentration, F(2, 97) = 5.15, p =.008, I]p2 =.097. There was a significant
three-way interaction between instruction type, task type, and number of displays, on post-task
concentration, F(1, 96) = 3.57, p =.032, 1]p2 =.069, and post-task task-unrelated thoughts, F(2,
97) =4.04,p=.021, I]p2 =.078. There was significant interaction between task type and number
of displays on post-task concentration, F(2, 97) = 4.82, p = .010, 1]p2 =.091.

In follow-up ANCOV As exploring the effects of each level of the independent variables
on post-task concentration, only one result approached significance. There was a nearly
significant effect of the covariate AchM on post-task concentration in the cognitive task wherein
participants monitored only one display and received controlling instructions, F(1, 5) =6.62, p =

.050, 1]p2 =.570. A similar result was observed for participants in the cognitive task with two
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displays and controlling instructions, F(1, 5) = 5.15, p = .073, []p2 = .507. Participants in the
cognitive condition receiving controlling instructions and monitoring either two (M = 9.29, SD =
4.61) or four (M =9.89, SD = 5.75) displays reported some of the highest post-task
concentration, whereas participants in the sensory condition receiving autonomy-supportive
instructions monitoring only one display reported some of the lowest post-task concentration (M
=5.71, SD = 7.37).

There was a significant four-way interaction between the covariate AchM, instruction
type, task type, and number of displays, on post-task task-unrelated thoughts, F(2, 97) = 3.62, p
=030, I],° = .070. There was a significant interaction between AchM and the number of displays
on post-task task-unrelated thoughts, F(2, 97) = 6.40, p = .002, 1]p2 =.118. In follow-up
ANCOVAs exploring the effects of each level of the independent variables on post-task task-
unrelated thoughts, only one result reached significance. There was a significant effect of the
covariate AchM on post-task task-unrelated thoughts in the cognitive task wherein participants
monitored two displays and received autonomy-supportive instructions, F(1, 5) = 8.99, p =.030,
1]p2 =.643, and in the cognitive task wherein participants monitored two displays and received
controlling instructions, F(1, 5) = 15.67, p = .011, 1]p2 = .758. Participants in the sensory
condition receiving autonomy-supportive instructions monitoring two displays reported the
highest degree of post-task task-unrelated thoughts (M = 19.45, SD = 9.41), whereas participants
in the cognitive condition monitoring only one display and receiving either autonomy-supportive
instructions (M = 13.27, SD = 8.32) or controlling instructions (M = 14.43, SD = 6.75) reported
the fewest post-task task-unrelated thoughts.

There was a significant main effect of the covariate AchM, but not task type, instruction

type, or number of displays, on post-task success motivation, F(1, 97) = 8.76, p = .004, I]p2 =
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.084, pre-task energetic arousal, F(1, 97) = 4.15, p =.044, []p2 =.041 (note that Levene’s Test of
the Equality of Error Variances was violated for this analysis, thus this result should be
interpreted with caution), and post-task task-related thoughts, F(1, 97) = 3.93, p = .050, I]p2 =
.039. There was a significant main effect of the number of displays on post-task task-unrelated
thoughts, F(2, 97) = 6.70, p = .002, I]p2 =.122. There was a significant main effect of instruction
type on pre-task intrinsic motivation, F(1, 97) = 8.31, p = .005, []p2 =.079. There was a
significant negative correlation between AchM and post-task success motivation (r = -.327, p <
.004). There were no additional significant main effects, interactions, or correlations to report for
these analyses.

There was a significant three-way interaction between instruction type, task type, and
AuM on post-task intrinsic motivation, F(1, 97) = 5.80, p =.018, 1]p2 =.057. There was a
significant interaction between number of displays and AuM on post-task intrinsic motivation,
F(2,97) = 4.27, p =.017, I],” = .082. There was a significant interaction between instruction type
and task type on post-task intrinsic motivation, F(1, 97) = 4.77, p = .031, 1]p2 =.047. There was a
significant main effect of number of displays on post-task intrinsic motivation, F(1, 97) = 4.61, p
=.012, 7,° = .088.

In follow-up ANCOV As exploring the effects of each level of the independent variables
on post-task intrinsic motivation, three results were significant. There was a significant effect of
the covariate AuM on post-task intrinsic motivation in the sensory task wherein participants
monitored four displays and received controlling instructions, F(1, 8) = 8.70, p = .018, I]p2 =
.521. There was also significant effect of the covariate AuM on post-task intrinsic motivation in
the cognitive task wherein participants monitored only one display and received controlling

instructions, F(1, 5) = 8.55, p =.033, 1]p2 =.631, and in the same task wherein participants
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monitored two displays and received controlling instructions, F(1, 5) = 11.18, p = .020, I]p2 =
.691. Participants in the cognitive condition receiving controlling instructions reported the
highest post-task intrinsic motivation scores (M = 14.56, SD = 4.45; four display condition),
whereas participants in the sensory condition receiving autonomy-supportive instructions
demonstrated the lowest post-task intrinsic motivation scores (M = 11.24, SD = 4.40; one display
condition).

There was a significant three-way interaction between task type, number of displays, and
AuM on post-task energetic arousal, F(2, 97) = 4.79, p = .010, J]F,2 =.091. There was a
significant interaction between task type and number of displays on post-task energetic arousal,
F(2,97) = 4.78, p =.011, 17,° = .091. In follow-up ANCOVAs exploring the effects of each level
of the independent variables on post-task energetic arousal, two results were significant. There
was a significant effect of the covariate AuM on post-task energetic arousal in the cognitive task
wherein participants monitored only one display and received autonomy-supportive instructions,
F(1,9) =5.69, p = .041, IJ,°= .387, and in the same task where participants monitored one
display and received controlling instructions, F(1, 5) = 7.20, p = .044, 1]p2 =.590. Participants
monitoring two displays across conditions reported the most post-task energetic arousal.
Participants in the sensory condition monitoring four displays reported the lowest amount of
post-task energetic arousal (M = 14.80, SD = 3.46).

There was also a significant interaction between instruction type and autonomous
motivation on pre-task success motivation, F(1, 97) = 8.13, p =.005, I]p2 =.077. Observers in the
controlling instruction condition reported slightly higher success motivation prior to completing

the task than participants receiving autonomy-supportive instructions.
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There was a significant main effect of the covariate AuM, on post-task success
motivation, F(1, 97) = 4.26, p = .042, I]p2 =.042, as well as pre-task intrinsic motivation, F(1,
97) =8.30, p =.005, 1]p2 =.079. There was a significant main effect of instruction type on pre-
task success motivation, F(1, 97) = 7.19, p = .009, I]p2 =.069, and pre-task energetic arousal,
F(1,97) =3.83, p =.053, 1]p2 =.038. There were no additional significant main effects,

interactions, or correlations to report for these analyses.

Stress and Workload Measures

An ANCOVA with task type, number of displays, and type of instructions as the
independent variables, and AchM or AuM as the covariate, was performed on all outcome
measures related to stress and workload. Separate ANCOVAs were performed for each pre-task
and post-task measure. The means and standard deviations of stress and workload measures by
task type are reported in Table 21. The means and standard deviations for the measures of stress
and workload measures by instruction type are reported in Table 22. The means and standard
deviations for the measures of stress and workload measures by number of displays are reported
in Table 23. The means and standard deviations for the full DSSQ are reported in Appendix D.

The means and standard deviations for the full NASA-TLX are reported in Appendix E.
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Table 21. The table below includes the means and standard deviations for all measures of stress
and workload across conditions (N = 121).

Pre Post Pre Post Pre Post

Tense 12.38 15.81 13.36 15.64 12.97 15.71
Arousal (3.55) (5.21) (3.26) (4.40) (3.40) (4.72)
Hedonic 26.56 23.19 25.65 22.44 26.02 22.74
Tone (4.04) (3.53) (4.29) (4.79) (4.20) (4.33)
Anger/ 7.44 9.51 7.86 10.18 7.69 9.92
Frustration (2.86) (3.48) (3.35) (3.67) (3.16) (3.60)
Global 44 .48 37.22 40.13
Workload (17.04) (13.42) (15.33)
Mental 51.04 35.55 41.69
Demand (29.14) (27.79) (29.22)
Temporal 33.79 25.82 28.98
Demand (29.59) (23.67) (26.35)
Physical 11.77 9.62 10.47
Demand (16.73) (13.78) (14.99)
Perceived 55.15 50.12 52.12
Performance (32.00) (32.55) (32.29)
Effort 43.96 29.18 35.04

(27.26) (25.51) (27.10)
Frustration 32.94 30.62 31.54

(26.79) (32.33) (30.16)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.
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Table 22. The table below includes the means and standard deviations for all measures of stress
and workload across instruction type (N = 121).

Tense Arousal 13.00 15.59 12.94 15.82
(3.40) (4.71) (3.43) 4.77)

Hedonic Tone 26.31 23.03 25.74 22.46
(4.50) (4.47) (3.91) (4.20)

Anger/Frustration 7.61 9.48 7.77 10.33
(3.20) (3.22) (3.14) (3.91)

Global Workload 39.23 40.97
(15.46) (15.27)

Mental Demand 43.29 40.18
(25.65) (32.39)

Temporal Demand 27.08 30.79
(23.06) (29.21)

Physical Demand 11.10 9.87
(13.85) (16.09)

Perceived 51.95 52.27
Performance (31.52) (33.27)
Effort 36.56 33.60
(25.11) (29.00)

Frustration 32.44 30.68
(29.82) (30.71)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.
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Table 23. The table below includes the means and standard deviations for all measures of stress
and workload across number of displays (N = 121).

Pre Post Pre Post Pre Post
Tense 12.47 15.47 13.18 14.27 13.58 17.59
Arousal (3.10) (4.07) (3.99) (4.77) (3.23) (5.21)
Hedonic 25.84 22.49 26.42 23.94 25.91 21.94
Tone (4.33) (4.04) (3.61) (4.18) (4.61) (4.81)
Anger/ 8.18 10.39 7.55 9.03 7.03 10.03
Frustration (3.56) (3.86) (2.99) (3.32) (2.49) (3.35)
Global 37.92 39.23 44.64
Workload (13.68) (16.35) (16.31)
Mental 36.24 41.21 51.27
Demand (26.93) (26.14) (33.90)
Temporal 23.93 26.97 39.42
Demand (23.28) (21.27) (32.81)
Physical 11.91 7.67 10.88
Demand (18.10) (9.78) (13.50)
Perceived 50.07 55.27 52.36
Performance (31.75) (34.69) (31.43)
Effort 30.78 35.88 41.30
(24.31) (26.52) (31.33)
Frustration 27.25 32.76 37.45
(28.47) (33.61) (29.07)

Note. Numbers in parentheses represent standard deviations. Raw subscale averages and standard
deviations on the NASA-TLX subscales are reported for purposes of completeness.

There was a significant four-way interaction between instruction type, task type, number
of displays, and AchM on global workload, F(2, 97) = 3.67, p =.029, 1]p2 =.071. In follow-up
ANCOVASs exploring the effects of each level of the independent variables on global workload,
none of the results approached significance and could be that this interaction is a spurious result.

That said, participants in the cognitive condition receiving controlling instructions and
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monitoring four displays (M = 52.01, SD = 22.00) reported the highest global workload, closely
followed by observers in the cognitive condition monitoring four displays and receiving
autonomy-supportive instructions (M = 48.15, SD = 15.17). Participants in the sensory condition
who received autonomy-supportive instructions and monitored only one display (M = 34.32, SD
= 14.52) reported some of the lowest global workload scores, as did participants in the sensory
condition receiving controlling instructions and monitoring two displays (M = 35.31, SD =
13.90).

There was also a significant interaction between number of displays and achievement
motivation on pre-task tense arousal, F(2, 97) = 3.36, p =.039, 1]p2 =.065, and pre-task
anger/frustration, F(2, 97) = 3.51, p = .034, I]p2 = .067. Participants monitoring two and four
displays tended to reported higher pre-task tense arousal scores, but reported lower pre-task
anger/frustration than observers in the single display condition. There was a significant main
effect of number of displays on pre-task tense arousal, F(2, 97) = 4.05, p = .021, 1]p2 =.077, as
well as pre-task anger/frustration, F(2, 97) = 3.21, p = .045, 1]p2 =.062. There were no additional
significant main effects, interactions, or correlations to report for these analyses.

There was a significant four-way interaction between instruction type, task type, number
of displays, and AuM on pre-task tense arousal, F(2, 97) = 5.89, p = .004, 1]p2 =.108. There was
a significant interaction between task type and AuM on pre-task tense arousal, F(1, 97) =7.42, p
=.008, 1]p2 =.071. There was a significant main effect of task type on pre-task tense arousal, F(1,
97) = 4.56, p = .035, 1],° = .045.

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on pre-task tense arousal, several results approached significance. There was a significant effect

of the covariate AuM on pre-task tense arousal in the sensory task wherein participants
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monitored two displays and received controlling instructions, F(1, 6) = 9.05, p = .024, I]p2 =.601,
and in the same task where participants monitored four displays and received controlling
instructions, F(1, 9) = 5.63, p = .042, I]p2 = .385. Participants in the sensory condition receiving
autonomy-supportive instructions and monitoring four displays reported some of the highest pre-
task tense arousal (M = 14.83, SD = 4.49). Similarly, participants in the sensory condition
receiving controlling instructions and monitoring two displays (M = 14.75, SD = 3.81) or four
displays (M = 14.72, SD = 2.57) also reported higher pre-task tense arousal. Participants in the
cognitive condition receiving controlling instructions and monitoring only one display reported
the lowest pre-task tense arousal (M = 11.14, SD = 2.19).

There was a significant three-way interaction between instruction type, task type, and
number of displays on post-task tense arousal, F(2, 97) = 5.54, p =.005, 1]p2 =.102. There was a
significant main effect of AuM on post-task tense arousal, F(1, 97) = 6.35, p =.013, I]p2 =.062.
In follow-up ANCOVAs exploring the effects of each level of the independent variables on post-
task tense arousal, none of the analyses reached significance, therefore these results could be
spurious and this interaction should be interpreted with caution. Nonetheless, participants in the
cognitive condition monitoring two displays and receiving autonomy-supportive instructions (M
= 13.14, SD = 3.58) and participants in the sensory condition monitoring two displays and
receiving controlling instructions (M = 12.63, SD = 3.16) reported some of the lowest post-task
tense arousal scores. Participants in the cognitive condition monitoring four displays and
receiving controlling instructions (M = 18.56, SD = 7.11) reported the highest post-task tense
arousal scores.

There was also a significant interaction between instruction type and AuM on global

workload, F(1, 97) = 7.50, p = .007, 17p2 =.072. There was a significant interaction between
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instruction type and task type on global workload, F(1, 97) = 4.17, p = .044, []p2 =.042. There
was a significant main effect of instruction type on global workload, F(1, 97) = 7.40, p = .008,
1y’ =.072.

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on global workload, only one result approached significance. There was a nearly significant
effect of the covariate AuM on global workload in the sensory task where participants monitored
two displays and received controlling instructions, F(1, 6) = 4.97, p = .067, I]p2 = .453.
Participants in the cognitive condition receiving controlling instructions and monitoring four
displays reported the most global workload (M = 35.31, SD = 13.90), whereas participants in the
sensory condition receiving autonomy-supportive instructions reported some of the lowest global
workload. Observers in the sensory condition receiving autonomy-supportive instructions and
monitoring only one display reported the lowest average global workload score (M = 34.32, SD =
14.52).

There was a significant main effect of AuM on post-task hedonic tone, F(1, 97) =7.40, p
=.008, 1]p2 =.072. There was a significant correlation between AuM and post-task hedonic tone
(r =.286, p <.003). There were no additional significant main effects, interactions, or

correlations to report for these analyses.

Performance Measures

Mixed-measures ANCOVAs with task type, type of instructions, and number of displays
as the between-subjects factors, period on watch as the within-subjects factor, and AchM or

AuM as the covariate were performed on all outcome measures related to performance. Separate
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ANCOVAs were performed for each pre-task and post-task measure. The means and standard
deviations of the proportion of correct detections are reported in Figures 44-47. The means and
standard deviations of the number of false alarms are reported in Figures 48-51. The average
response times per each period on watch are included in Figures 52-55. In some instances,
Mauchly’s Test of Sphericity was violated and a Huynh-Feldt epsilon correction is included in
the reported statistics where such a violation was observed.

There was a significant interaction between period, task type, number of displays, and
AuM on the proportion of correct detections over time, F(6, 291) = 2.22, p =.041, I]pzz 044, e =
1.00. There was a significant interaction between period and task type on proportion of correct
detections over time, F(3, 291) = 3.26, p =.022, I]p2 =.033, € = 1.00. There was also a significant
interaction between AuM and period on watch on proportion of correct detections, F(3, 291) =
2.76, p =.042, I]," = .028, & = 1.00. The results of a linear regression indicated that as autonomy
motivation increased, the proportion of correct detections slightly increased over time (i.e., the
slope of the line when plotted against the data were somewhat horizontally oriented, but this was
a rather small increase in slope. AuM was not significantly correlated with the proportion of
correct detections across any of the periods on watch (r for Period 1 =-.069, r for Period 2 =
.109, r for Period 3 = .115, r for Period 4 = .086).

There was also a significant main effect of period on proportion of correction detections
indicated over time, F(3, 291) = 6.25, p <.001, I]p2 =.061, € = 1.00. There was also a significant
main effect of task type, F(1, 97) = 7.14, p < .001, 1]p2 =.061, as well as autonomous motivation
on proportion of correct detections, F(1, 97) =4.51, p = .036, 1]p2 =.044.

In follow-up ANCOV As exploring the effects of each level of the independent variables

on period and AuM, three results reached significance. There was a significant main effect of
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period on the proportion of correct detections for participants assigned to the cognitive condition
who monitored two displays and received autonomy-supportive instructions, F(3, 3) =5.82, p =
.008, 17,° = .538, as well as a significant interaction between AuM and period on watch on
proportion of correct detections for participants assigned to this condition, F(3, 3) =3.82, p =
.032, 1]p2 = .433. The results of a linear regression indicated that participants high in autonomous
motivation showed an increase in correct detections over time. Those low in autonomous
motivation achieved fewer correct detections over time. Thus, participants lower in AuM
appeared to exhibit a larger decrement in detections. AuM was significantly correlated with the
proportion of correct detections reported in Periods 1 (r =-.879, p <.05) and 2 (r =.880, p <
.05), but not Periods 3 (r =.183) or 4 (r = .491).

There was also a significant main effect of period on the proportion of correct detections
for participants assigned to the cognitive condition who monitored four displays and received
controlling instructions, F(3, 3) = 3.13, p =.048, I]p2 =.309. There were no additional significant
main effects, interactions, or correlations to report for these analyses.

There was a significant main effect of the covariate AchM (r =.015, p > .003), but not
task type, instruction type, or number of displays on proportion of correction detections indicated
over time, F(1, 97) = 4.52, p =.036, 1]p2 = .045. There were no additional significant main

effects, interactions, or correlations to report for these analyses.
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Figure 44.The average proportion of correct detections with standard errors bars are reported for
each of the conditions in Experiment Four.
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Figure 45.The average proportion of correct detections with standard errors bars are reported

across task type for Experiment Four.
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Figure 46.The average proportion of correct detections with standard errors bars are reported

across instruction type for Experiment Four.
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Figure 47.The average proportion of correct detections with standard errors bars are reported
across source complexity for Experiment Four.

There was a significant interaction between period on watch, number of displays, and
AchM on number of false alarms, F(5.58, 291) = 2.72, p = .016, I]p2 =.053, £ =.930. There was
also a significant interaction between period and number of displays on number of false alarms,
F(5.58, 291) = 2.59, p = .021, I],>= .051, & = .930.

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on period and AchM, only two results reached significance. There was a significant interaction
between period on watch and AchM on the number of false alarms reported over time for
participants randomly assigned to the cognitive task with four displays and controlling
instructions, F(3, 7) = 3.49, p = .029, I]p2 =.279. The results of a linear regression indicated that

participants assigned to this specific condition and who had higher achievement motivation

187



scores tended to commit fewer false alarms over time. However, AchM was not significantly
correlated with the number of false alarms committed during any of the watch periods (r for
Period 1 =.579, r for Period 2 = .640, r for Period 3 = -.158, r for Period 4 = -.330).

There was also a significant main effect of AchM on the number of false alarms
committed for participants randomly assigned to the sensory task who received autonomy-
supportive instructions and had two displays to monitor, F(1, 9) = 8.96, p = .015, I]p2 =.499. The
results of a linear regression indicated that participants higher in achievement motivation
committed slightly more false alarms over time. Interestingly, those lower in achievement
motivation made fewer false alarms over periods on watch. AchM was significantly correlated
with the number of false alarms committed in Periods 2 (r =.714,p<.05)and 3 (r =.771,p <
.01), but not Periods 1 (r = .596) or 4 (r = -.012). There were no additional significant main
effects, interactions, or correlations to report for these analyses.

There was a significant interaction between number of displays and AuM on number of
false alarms, F(2, 97) = 4.51, p = .013, ],>= .085. There was a significant main effect of period
on number of false alarms, F(2.95, 291) = 5.31, p =.002, I]p2 =.052, e = .984. There were no

additional significant main effects, interactions, or correlations to report for these analyses.

188



5.00

4.50

4.00

3.00

Number of False Alarms
N
[92]
o

2.00

1.50
1.00
0.50
0.00
Period 1 Period 2 Period 3 Period 4
e=@== Cognitive - Autonc.>my-Support|ve - One 1.00 0.27 0.27 0.27
Display
G itive - Al - ive-T
Cognitive utonpmy Supportive - Two 157 043 071 0.00
Displays
==@== Cognitive - Autonpmy-Supportlve - Four 286 199 0.57 071
Displays
==@== Cognitive - Controlling - One Display 1.00 0.14 0.00 0.29
==@== Cognitive - Controlling - Two Displays 1.14 0.29 0.57 0.71
Cognitive - Controlling - Four Displays 1.89 1.11 1.56 0.78
G - - ive -
Sensory Autono'my Supportive - One 153 0.24 0.47 0.29
Display
=@ S - Aut -S tive - T
ensory - Au onqmy upportive - fwo 0.91 0.09 0.18 0.27
Displays
G - - ive -
Sensory Autonqmy Supportive - Four 233 183 250 267
Displays
«=@==Sensory - Controlling - One Display 0.60 0.20 0.35 0.40
«=@==_Sensory - Controlling - Two Displays 0.88 0.13 0.25 0.25
e=@== Secnsory - Controlling - Four Displays 0.91 0.36 0.45 0.27

Figure 48. The average number of false alarms with standard errors bars are reported for each of
the conditions in Experiment Four.
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Figure 49. The average number of false alarms with standard errors bars are reported across task
type in Experiment Four.
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Figure 50. The average number of false alarms with standard errors bars are reported across
instruction type in Experiment Four.
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Figure 51. The average number of false alarms with standard errors bars are reported across
source complexity in Experiment Four.

There was a significant interaction between period on watch, task type, number of
displays, and AchM on mean response time, F(6, 291) = 2.40, p =.028, 1]p2 =.047, € = 1.00.
There was a significant interaction between period on watch, instruction type, task type, and
AchM on mean response time, F(3, 291) =4.71, p =.003, ]],,2: .046, € = 1.00. There was a
significant interaction between period, task type, and number of displays on mean response time,
F(6, 291) = 2.14, p = .049, I]p2 =.042, £ = 1.00. There was a significant interaction between
period on watch, instructions, and task type on mean response time, F(3, 291) = 4.47, p = .004,
11,7 = .044, £ = 1.00.

In follow-up ANCOVAs exploring the effects of each level of the independent variables

on period and AchM, several results reached significance. There was a significant effect of
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period, but not AchM, on the mean response time for participants in the sensory task with two
displays and controlling instructions, F(3, 7) = 3.44, p = .039, I]p2 = .365. There was also an
interaction between AchM and period for participants assigned to this condition, F(3, 7) = 3.08,
p =.054, I7,° = .339. The results of a linear regression indicated that participants high in
achievement motivation, who were assigned to this specific condition, indicated increased
average response times across period on watch. AchM was not significantly correlated with the
average response time for any of the watch periods in this specific condition (r for Period 1 = -
.213, r for Period 2 = .697, r for Period 3 =.533, r for Period 4 = .162).

Similar results were observed for participants randomly assigned to the cognitive task
who received controlling instructions and had one display to monitor. There was a nearly
significant main effect of period, but not AchM, on mean response time for participants
randomly assigned to this condition, F(3, 3) = 3.53, p =.059, 1]p2 =.414,e=.764,as well as a
nearly significant interaction between AchM and period on mean response time for participants
randomly assigned to this condition, F(3, 3) = 3.60, p = .056, I]p2 =.419, ¢ = .764. The results of
a linear regression indicated that participants high in achievement motivation, who were assigned
to this specific condition, indicated longer average response times as a function of period on
watch. AchM was not significantly correlated with the average response time for any of the
watch periods in this specific condition (r for Period 1 = -.197, r for Period 2 = .295, r for Period
3= -.363, rfor Period 4 =.013).There were no additional significant main effects,
interactions, or correlations to report for these analyses.

There was a significant interaction between period on watch, task type, number of
displays, and AuM on mean response time, F(6, 291) = 2.25, p = .039, I]p2 =.044. There was also

a significant interaction between period on watch, instruction type, task type, and AuM on mean
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response time, F(3, 291) = 3.52, p = .015, 1]p2 =.035. There was a significant interaction between
period on watch, instruction type, number of displays, and AuM on mean response time, F(6,
291) = 3.90, p = .001, I],> = .075. There was a significant interaction between period on watch,
instruction type, task type, and number of displays on mean response time, F(6, 291) =2.27,p =
.037, 17,° = .045. There was a significant interaction between period on watch, instruction type,
and AuM on mean response time, F(3, 291) = 3.07, p =.028, I]p2 =.031. There was a significant
interaction between period on watch, task type, and number of displays on mean response time,
F(6, 291) = 3.10, p = .006, I]p2 =.060. There was a significant interaction between period on
watch, instruction type, and number of displays on mean response time, F(6, 291) = 4.64, p <
.001, 17p2 =.087. There was a significant interaction between period on watch, instruction type,
and task type on mean response time, F(3, 291) = 3.81, p =.011, 1]p2 =.038. There was a
significant interaction between period on watch and number of displays on mean response time,
F(6,291) = 2.19, p = .044, I],>= .043.

In follow-up ANCOV As exploring the effects of each level of the independent variables
on period and AuM, only two results reached significance. There was a significant main effect of
period on watch on mean response time for participants randomly assigned to the sensory task
who monitored two displays and received controlling instructions, F(3, 3) = 3.35, p =.042, 17p2 =
.358.

There was a significant main effect of AuM on mean response time for participants
randomly assigned to the sensory task who monitored one display and received controlling
instructions, F(1, 18) = 5.16, p = .036, I,° = .223. The results of a linear regression indicated that
participants high in autonomous motivation, who were assigned to this specific condition,

exhibited faster average response times across period on watch. Thus, higher autonomous
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motivation was associated with improved performance (in terms of response time) over time on
watch. AuM was significantly correlated with the average response time only for Period 2 (r =
-.702, p < .01) and none of the additional periods on watch for this specific condition (r for
Period 1 =-.393, r for Period 2 = .640, r for Period 3 = -.443, r for Period 4 = -.312). There
were no additional significant main effects, interactions, or correlations to report for these

analyses.
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Figure 52. The average response time with standard errors bars reported for each of the

conditions in Experiment Four.
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Figure 53. The average response time with standard errors bars reported across task type in
Experiment Four.
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Figure 54. The average response time with standard errors bars reported across instruction type
in Experiment Four.
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Figure 55. The average response time with standard errors bars reported across source
complexity in Experiment Four.

Sensitivity and Response Bias

The proportion of correct detections and false alarms were used to compute indices of
sensitivity (d; reported in Figures 56-59) and response bias (c; reported in Figures 60-63; See et
al., 1995). Response bias tended to increase over time, which is indicative of an increase in
conservative responding, across task type, instruction type, and for two of the source complexity
types.

Mixed-measures ANCOVAs with task type, instruction type, and the number of displays
as the between-subjects variables, period on watch as the within-subjects variable, and AchM or

AuM as the covariate were performed on these indices. Separate ANCOVAs were performed for
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each of these dependent measures. Correlations between the measures of sensitivity and response

bias, and the covariates are included in Appendix H.
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Figure 56. Sensitivity with standard errors bars is reported for each of the conditions in
Experiment Four.
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Figure 57. Sensitivity with standard errors bars is reported across task type in Experiment Four.

4.00

3.50

3.00

2.50

2.00

Sensitivity

1.50

1.00

0.50

0.00
Period 1 Period 2 Period 3 Period 4

=@=— Autonomy-Supportive 1.95 3.03 2.65 3.06
=@=Controlling 2.69 3.10 3.00 3.18

Figure 58. Sensitivity with standard errors bars is reported across instruction type in Experiment
Four.
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Figure 59.Sensitivity with standard errors bars is reported across source complexity in
Experiment Four.

There was a significant five-way interaction between period on watch, instruction type,
task type, number of displays, and AchM on sensitivity, F(6, 291) = 2.20, p = .043, 17p2 =.043,
€ = 1.00. There was a significant interaction between instruction type, task type, number of
displays, and AchM on sensitivity, F(2, 97) = 4.17, p = .018, 1]p2 =.079. There was also a
significant four-way interaction between period on watch, instruction type, task type, and
number of displays on sensitivity, F(6, 291) = 2.45, p = .025, 1]p2 =.048, ¢ = 1.00. There was a
significant three-way interaction between instruction type, task type, and number of displays on
sensitivity, F(2, 97) = 4.39, p = .015, 1,°= .083.

In follow-up ANCOV As exploring the effects of each level of the independent variables

on period and AchM, only one result reached significance. There was a significant main effect of
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AchM for participants randomly assigned to the sensory task with four displays and autonomy-
supportive instructions on sensitivity, F(1, 4) = 8.21, p = .046, []p2 = .672. The results of a linear
regression indicated that participants high in achievement motivation, who were assigned to this
specific condition, demonstrated a decline in sensitivity over time. AchM was not significantly
correlated with sensitivity across any of the watch periods in this specific condition (r for Period
1 =-.550, r for Period 2 = -.746, r for Period 3 =.205, r for Period 4 = -.633). Higher AchM
was associated with a steeper sensitivity decrement. There were no additional significant main
effects, interactions, or correlations to report for these analyses.

There was a significant interaction between period on watch and AuM on sensitivity, F(3,
97) =2.71, p = .046, 17p2 =.027. The results of a linear regression indicated virtually no steepness
(i.e., a nearly horizontal line or slope of 0), which indicated that those high or low in autonomous
motivation were not significantly different in their change in sensitivity as a function of time on
watch. Thus, it is possible that this significant interaction is potentially spurious and should
therefore be interpreted with caution. AuM was significantly correlated with sensitivity in Period
3 (r=-.180, p < .01), but none of the other periods on watch (r for Period 1 = .164, r for Period 2
=-.015, r for Period 4 = -.017). There was a significant main effect of period on watch on
sensitivity, F(3, 97) = 4.18, p = .006, 1]p2 =.041. There were no additional significant main

effects, interactions, or correlations to report for these analyses.
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Figure 60. Response bias with standard errors bars is reported for each of the conditions in
Experiment Four.
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Figure 61. Response bias with standard errors bars is reported across task type in Experiment
Four.
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Figure 62. Response bias with standard errors bars is reported across instruction type in

Experiment Four.
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Figure 63. Response bias with standard errors bars is reported across instruction type in
Experiment Four.

There was a significant interaction between instruction type, task type, number of
displays, and AchM on response bias, F(2, 97) =5.12, p = .008, 1]p2 =.095. There was a
significant four-way interaction between period on watch, instruction type, task type, and
number of displays, but not AchM, on response bias, F(6, 291) = 2.14, p = .049, 1]p2 =.042, e =
1.00. There was a significant interaction between instruction type, task type, and number of
displays, F(2, 97) = 4.85, p = .010, 1]p2 =.091.

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on period and AchM, only one result reached significance. There was a significant interaction of
period and AchM on response bias for participants randomly assigned to the cognitive task with

four displays and autonomy-supportive instructions, F(3, 3) =5.00, p =.013, I]p2 =.500. There
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also a main effect of period, which was approaching significance, for participants assigned to this
same condition, F(3, 3) = 3.26, p = .051, I]p2 =.395. The results of a linear regression indicated a
slope close to zero (i.e., there was no significant difference in the change in response bias over
periods between participants high or low in achievement motivation) for participants assigned to
this specific condition. AchM was significantly correlated with the response bias only in Period 4
(r =.851, p <.05), but not for any of the other watch periods (r for Period 1 = -.666, r for Period
2 =.344, r for Period 3 = -.368). There were no additional significant main effects, interactions,
or correlations to report for these analyses.

There was a significant three-way interaction between period on watch, task type, and
AuM on response bias, F(3, 291) =5.88, p =.001, I]p2 =.057. There was a significant interaction
between period on watch and AuM on response bias, F(3, 291) = 5.02, p = .002, 1]p2 =.049.
There was a significant interaction between task type and period on watch on response bias, F(3,
291) = 7.86, p < .001, I],> = .075. There was a significant main effect of period on watch on
response bias, F(3, 291) = 10.74, p < .001, 1]p2 =.010. There was a significant correlation
between response bias in Period 3 and AuM (r = -.254, p <.005).

In follow-up ANCOVAs exploring the effects of each level of the independent variables
on period and AuM, several results reached significance. There was a significant main effect of
period on response bias for participants assigned to the sensory condition monitoring two
displays and receiving controlling instructions, F(3, 3) = 7.94, p =.001, I]p2 = .569, participants
assigned to the sensory condition monitoring four displays and receiving autonomy-supportive
instructions, F(3, 3) =5.74, p = .011, 1]p2 = .589, participants assigned to the cognitive condition
monitoring one display and receiving autonomy-supportive instructions, F(3, 3) = 3.15, p =.041,

1],° = 259, participants assigned to the cognitive condition monitoring two displays and

207



receiving controlling instructions, F(3, 3) =4.03, p =.028, []p2 = .446, and participants assigned
to the cognitive condition monitoring four displays and receiving controlling instructions, F(3, 3)
=3.82, p =.025, 17,°= .353.

There was a significant interaction between period and AuM on response bias for
participants assigned to the sensory condition monitoring two displays and receiving controlling
instructions, F(3, 3) = 7.48, p = .002, 1],> = .555. The results of a linear regression indicated that
participants high in autonomous motivation, who were assigned to this specific condition,
showed a decline in response bias (increased leniency) over time. AuM was significantly
correlated only with Period 3 (r = -.839, p < .01), but none of the other periods on watch (r for
Period 1 =-.073, r for Period 2 = .373, r for Period 4 = -.227).

There was a significant interaction between period and AuM on response bias for
participants assigned to the sensory condition monitoring four displays and receiving autonomy-
supportive instructions, F(3, 3) =4.02, p = .034, I]p2 =.501. The results of a linear regression
indicated that participants high in autonomous motivation, who were assigned to this specific
condition, exhibited a decline response bias (increased leniency) over time. AuM was not
significantly correlated any of the periods on watch (r for Period 1 = -.345, r for Period 2 = .113,
r for Period 3 = .662, r for Period 4 = -.662). There were no additional significant main effects,

interactions, or correlations to report for these analyses.
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Discussion

Engagement and Motivation

Achievement motivation, in addition to task type, instruction type, and source
complexity, was significantly related to pre-task intrinsic motivation, post-task concentration,
and post-task task-unrelated thoughts. Participants monitoring four displays tended to have
significantly higher intrinsic motivation at pre-task. It is possible that this latter result is due to
data cleaning procedures. In order to remain in the sample for analyses, participants had to meet
the inclusion criteria, which required them to detect no less than 70% of the signals presented in
the first period on watch and commit no more than ten false alarms during any period on watch.
Many participants were removed in Experiment Four due to low correct detection rates and high
false alarm rates (predominantly from the cognitive conditions).

It is probable that a trait like achievement motivation assisted participants in learning
about task parameters and understanding signal-to-noise discrimination, which also resulted in
some of the groups reporting higher intrinsic motivation at pre-task, as well as more
concentration and fewer task-unrelated thoughts at post-task. These results suggest that
concentration may be linked to task-related and task-unrelated thoughts, which does not support
mind-wandering or mindlessness theory, rather these results support the initial conceptualization
of “worry,” which is defined by the DSSQ as an increase in concentration, TRTs, and a decrease
in TUTs. Based on the operationalization of each of these information processing theories, there
should be more mind-wandering or cognitive disengagement from the task, not more
concentration toward the task.

The results indicated that participants in the cognitive condition monitoring either two or

four displays demonstrated the most concentration at post-task, which indicates that source

209



complexity can influence individual cognitive engagement with the task. Furthermore, observers
receiving autonomy-supportive instructions tended to report more task-unrelated thoughts at
post-task, which would indicate that these instructions might afford more or less mind-wandering
or mindlessness associated with the task. Observers randomly assigned to receive controlling
instructions reported more task-related and fewer task-unrelated thoughts at post-task, which
indicates that the type of task instructions play a role in attentional resources retained upon the
conclusion of the vigil.

Autonomous motivation, in addition to task type, and instruction type, was significantly
related to pre-task and post-task intrinsic motivation. This result suggests that participants higher
in autonomous motivation may have slightly more intrinsic motivation to perform the vigilance
task at post-task. Instruction type also significantly influenced post-task intrinsic motivation.
Participants receiving controlling instructions reported the most post-task intrinsic motivation
compared to participants receiving autonomy-supportive instructions (on average). Participants
receiving controlling instructions also reported slightly higher post-task success motivation (on
average). These results indicate that instruction manipulations can influence motivation and that
autonomy-supportive instruction, while it implies choice, may actually result in less motivation

upon conclusion of the task.

Stress and Workload

Achievement motivation had little effect on a majority of the stress-related measures,
with the exception of pre-task tense arousal and anger/frustration. Participants monitoring two

and four displays tended to report higher pre-task tense arousal, but lower pre-task
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anger/frustration than observers in the single display condition. However, achievement
motivation seemed to have the greatest impact on perceived global workload. Participants
monitoring one or two displays in either sensory condition reported some of the lowest global
workload. Observers in the cognitive condition monitoring four displays reported some of the
highest global workload. Manipulations to motivational instructions did not appear to affect
global workload.

Autonomous motivation affected pre-task tense arousal and post-task hedonic tone.
Interestingly, participants randomly assigned to the sensory task reported higher tense arousal,
whereas participants in the cognitive condition lower on this measure prior to completing the
vigil. Participants in the cognitive condition monitoring only one display had some of the lowest
tense arousal scores. In addition to effecting tense arousal, autonomous motivation was also
related to perceived global workload. Participants in the cognitive condition receiving controlling
instructions and monitoring four displays reported the most global workload; however,
participants in the sensory condition receiving autonomy-supportive instructions and monitoring
only one display reported the lowest global workload. Autonomy-supportive instructions seemed
to reduce workload in most cases, except when participants were randomly assigned to monitor
four displays, which require significantly more information processing, which apparently offset

the benefits of the autonomy-supportive instructions.

Performance

Autonomous motivation and achievement motivation influenced vigilance performance

over time, but did so in dramatically different ways. For example, achievement motivation
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played a role in the proportion of correct detections over time, but autonomous motivation
significantly interacted with task type, instruction type, source complexity, and period on watch,
to affect the proportion of correct detections observed over time. In nearly every sensory
condition, the traditional vigilance decrement tended to manifest over time, with the exception of
participants in the sensory condition who received autonomy-supportive instructions and
monitored only one display.

Performance in the cognitive condition tended to be more variable and potentially
indicative of the vigilance increment, which is an increase in performance over time (Loeb et al.,
1988; Sprague, 1981). Participants in the cognitive condition who received controlling
instructions and monitored either one or two displays demonstrated a decrease in performance
early on in the vigil, but subsequently indicated an improvement in performance in the last
periods on watch. It could be the case that autonomous motivation results in observers become
more aware of their performance over time, which would explain some of the variable increases
in performance (i.e., motivation drives compensation for poorer performance). For example,
participants high in autonomous motivation in the cognitive condition may realize their
performance is declining, thus these individuals direct more resources toward performing the
task well and improve from each period on watch. In sensory conditions, individuals may be less
aware of performance declines over time due to the limited number of information processing
requirements associated with this task.

In terms of false alarms, achievement motivation and autonomous motivation, in addition
to the number of displays, influenced the number of false alarms during the vigil. Several
interesting findings were observed in relation to the false alarm data that were not hypothesized.

First, it is worth noting that in two cognitive conditions participants committed zero false alarms.
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Secondly, participants in the sensory condition who received autonomy-supportive instructions
and monitored four displays demonstrated an increase in false alarms over time. This group also
demonstrated some of the greatest standard errors surrounding the number of false alarms over
time. The number of false alarms committed by participants in the sensory conditions tended to
be variable with a trend toward a slight increase in the number of false alarms over time. In most
instances, participants in the cognitive conditions demonstrated a numerical decline in the
number of false alarms committed throughout the vigil.

Achievement motivation and autonomous motivation did not appear to have a robust
effect on mean response time except in Experiment Four. In this experiment, there were
significant interactions between achievement motivation and autonomous motivation based on
task type, instruction type, and source complexity. Response time varied across conditions,
however in two conditions there was a significant decrease in mean response time over the
course of the vigil: participants in the cognitive condition who received autonomy-supportive
instructions and monitored two displays and participants in the sensory condition with
autonomy-supportive instructions who monitored four displays. In many conditions, response
time tended to increase. There was a trend toward an increase in response time in nearly all of
the sensory conditions, whereas response time was variable (i.e., fluctuating between increases
and decreases or vice versa) in the cognitive conditions.

Achievement motivation and autonomous motivation demonstrated the greatest impact
on sensitivity and response bias in Experiment Four. Achievement motivation and autonomous
motivation influenced sensitivity toward critical signals based on task type, instruction type, and
number of displays. In most of the cognitive conditions, sensitivity tended to increase over time,

which indicates that individuals were better able to discern critical signals from non-signals.
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However, in the sensory conditions, sensitivity tended to decline variably (with the exception of
participants in the sensory condition receiving controlling instructions and monitoring two
displays where sensitivity actually increased over time). For example, observers in the sensory
condition receiving controlling instructions and monitoring four displays became steadily less
sensitive to differences between signals and non-signals over time.

In terms of response bias, there were extremely inconsistent findings between task type,
instruction type, and number of displays; however, response bias trended toward the same
pattern over time. This indicates that response criteria shifted dramatically from liberal and
conservative responding throughout the course of the vigil. This could be due in part to
individual differences in motivation or potentially due to a third variable which was not

measured in the present dissertation.
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CHAPTER NINE: GENERAL DISCUSSION

An overarching goal for this dissertation was test the assumption that the vigilance
decrement is a manifestation of task design and individual differences (Hancock, 2013, 2016).
Thinking in this same vein, it could then be argued that the antithesis is also true: the vigilance
decrement is a phenomenon that can be offset by thoughtful task design, which could include
designing for motivational affordances (Szalma, 2014) or individual differences in trait or state
motivation. It was established in this dissertation that in order to cognitively engage participants
in the vigilance task, several features were required: 1) a true cognitive aspect, such as symbolic
processing and manipulation (i.e., processing beyond that required of sensory vigilance tasks), 2)
an optimal degree of complexity and information processing demands, and 3) a consideration of
individual differences in autonomous motivation. Given this, future research could serve to
integrate these features into the operationalization of cognitive vigilance tasks, especially since
there is little cohesion in the literature for the definition of cognitive vigilance tasks.

Furthermore, the four studies performed in this dissertation extended the research on
motivation and vigilance. In each study, it was demonstrated that achievement motivation and
autonomous motivation may play a role in vigilance performance and signal detection.
Importantly, it was found that achievement motivation and autonomous motivation act distinctly
in vigilance performance, as well as in perceived stress and workload, and motivation and
engagement post-task. Moreover, these four studies provided partial support for the resource-
depletion account of vigilance and did not indicate a great degree of support for mindlessness
theory or mind-wandering theory, which are two information processing theories currently

utilized in the literature to explain the performance decrement. For example, the pattern of

215



response across measures of motivation, stress, and performance tended to support the resource
account of the vigilance decrement.

This dissertation also demonstrated that achievement motivation and autonomous
motivation are individual differences that should be considered in tasks that require vigilance.
Both types of motivation appear to be involved in the cognitive engagement associated with the
task, especially in post-task engagement. For example, both autonomous motivation and
achievement motivation were significantly related to more task-related thoughts at post-task,
more concentration at pre-task and post-task, and fewer task-unrelated thoughts, which is
indicative of less mind-wandering and more cognitive engagement with the task upon conclusion
of the vigil.

Finally, there were several significant findings that supported the examination of
achievement motivation and autonomous motivation in each of the experiments. Each significant
result for task motivation and task engagement, workload and stress, performance, and
sensitivity and response bias across achievement motivation and autonomous motivation are

reiterated below in Tables 24-27 for purposes of clarity.
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Table 24. The table below includes the significant results for measures of engagement and
motivation across each experiment (N = 398).

Achievement
Motivation

1) Main effect
of AchM on
pre-task
energetic
arousal

2) Main effect
of task type on
post-task
energetic
arousal

1) Interaction

between task type

and number of

displays on post-

task task-
unrelated
thoughts

1) Interaction
between AchM and
task type on post-
task intrinsic
motivation

2) Interaction
between AchM and
task type on pre-task
concentration

3) Interaction
between instruction
type and task type
on pre-task
concentration

4) Interaction
between instruction
type and task type
on pre-task task-
unrelated thoughts

5) Main effect of
AchM on pre-task
energetic arousal

6) Main effect of
AchM on post-task
energetic arousal

1) Interaction between
AchM, instruction type,
task type, and number of
displays on pre-task
intrinsic motivation

2) Interaction between
AchM, instruction type,
task type, and number of
displays on post-task
concentration

3) Interaction between
AchM, instruction type,
task type, and number of
displays on post-task
task-unrelated thoughts

4) Interaction between
AchM, task type, and
number of displays on
post-task concentration

5) Interaction between
AchM and instruction
type on pre-task intrinsic
motivation

6) Interaction between
instruction type, task
type, and number of
displays on post-task
concentration

7) Interaction between
instruction type, task
type, and number of
displays on post-task
task-unrelated thoughts

8) Interaction between
task type and number of
displays on post-task
concentration
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9) Interaction between
AchM and number of
displays on post-task
task-unrelated thoughts

10) Main effect of
AchM on post-task
success motivation

11) Main effect of
AchM on pre-task
energetic arousal

12) Main effect of
AchM on post-task task-
unrelated thoughts

13) Main effect of
number of displays on
post-task task-unrelated
thoughts

14) Main effect of
instruction type on pre-
task intrinsic motivation

Autonomous
Motivation

1) Main effect
of AuM on
post-task
energetic
arousal

2) Main effect
of AuM on
pre-task
intrinsic
motivation

3) Main effect
of condition
on post-task
intrinsic
motivation

4) Main effect
of AuM on
post-task task-
unrelated

1) Interaction
between task
type, AuM, and
number of
displays on post-
task energetic
arousal

2) Main effect of
number of
displays on post-
task energetic
arousal

3) Main effect of
task type on post-
task
concentration

1) Interaction
between task type,
AuM, and
instruction type on
pre-task
concentration

2) Interaction
between instruction
type and AuM on
pre-task
concentration

3) Interaction
between AuM and
instruction type on
post-task task-
unrelated thoughts

4) Main effect of
AuM on pre-task
energetic arousal

1) Interaction between
instruction type, task
type, and AuM on post-
task intrinsic motivation

2) Interaction between
number of displays and
AuM on post-task
intrinsic motivation

3) Interaction between
instruction type and task
type on post-task
intrinsic motivation

4) Interaction between
instruction type and
AuM on pre-task
success motivation

5) Interaction between
task type, number of
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thoughts

5) Main effect of
AuM on post-task
energetic arousal

6) Main effect of
AuM on post-task
success motivation

7) Main effect of
AuM on pre-task
intrinsic motivation

8) Main effect of
AuM on pre-task
concentration

9) Main effect of
AuM on post-task
concentration

10) Main effect of
AuM on pre-task
task-unrelated
thoughts

11) Main effect of
AuM on post-task
task-unrelated
thoughts

12) Main effect of
instruction type on
pre-task
concentration

13) Main effect of
instruction type on
post-task
concentration

displays, and AuM on
post-task energetic
arousal

6) Interaction between
task type and number of
displays on post-task
energetic arousal

7) Main effect of AuM
on post-task success
motivation

8) Main effect of AuM
on pre-task intrinsic
motivation

9) Main effect of
instruction type on pre-
task success motivation

10) Main effect of
instruction type on pre-
task energetic arousal

11) Main effect of
number of displays on
post-task intrinsic
motivation
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Table 25. The table below includes the significant results for measures of stress and workload
across each experiment (N = 398).

Achievement

1) Main effect of 1) Interaction between

1) Interaction between

AuM on hedonic tone arousal

post-task

tense 2) Main effect of AuM

arousal on pre-task hedonic
tone

2) Main

effect of 3) Main effect of AuM

AuM on on post-task hedonic

post-task tone

hedonic

tone

3) Main
effect of
AuM on
pre-task
anger/frustr
ation

Motivation task type on post- instruction type, task instruction type, task
task tense arousal  type, and AchM on type, number of displays,
global workload and AchM on global
workload
2) Interaction between
instruction type and 2) Interaction between
task type on global number of displays and
workload AchM on pre-task tense
arousal
3) Interaction between
instruction type and 3) Interaction between
AchM on global number of displays and
workload AchM on pre-task
anger/frustration
4) Main effect of
AchM on pre-task 4) Main effect of number
hedonic tone of displays on pre-task
tense arousal
5) Main effect of
AchM on post-task 5) Main effect of number
hedonic tone of displays on pre-task
anger/frustration
Autonomous 1) Main 1) Main effect of 1) Main effect of AuM 1) Interaction between
Motivation effect of AuM on post-task  on post-task tense instruction type, task

type, number of displays,
and AuM on pre-task
tense arousal

2) Interaction between
instruction type, task
type, and number of
displays on pre-task tense
arousal

3) Interaction between
task type and AuM on
pre-task tense arousal

4) Interaction between
AuM and instruction type
on global workload

5) Interaction between
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4) Main instruction type and task
effect of type on global workload
AuM on

post-task 6) Main effect of AuM on
anger/frustr post-task tense arousal
ation

7) Main effect of AuM on
post-task hedonic tone

8) Main effect of task
type on pre-task tense
arousal

9) Main effect of
instruction type on global
workload
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Table 26. The table below includes the significant results for measures of performance across
each experiment (N = 398).

Achievement 1) Main effect of 1) Main effect of 1) Interaction between
Motivation period on number  period on number period, number of displays,
of false alarms of false alarms and AchM on false alarms

2) Interaction between
period and number of
displays on false alarms

3) Interaction between
period, AchM, task type,
and number of displays on
response time

4) Interaction between
period, instruction type,
task type, and AchM on
response time

5) Interaction between
period, task type, and
number of displays on
response time

6) Interaction between
period, instruction type, and
task type on response time

7) Main effect of AchM on
proportion of correct

detections
Autonomous 1) Main 1) Interaction 1) Interaction 1) Interaction between
Motivation effect of between period, between instruction  period, task type, number of
period on number of type, task type, and  displays, and AuM on
number of  displays, and AuM AuM on proportion  proportion of correct
false on response time  of correct detections
alarms detections
2) Interaction 2) Interaction between
between period 2) Interaction period and task type on
and task type on between instruction  proportion of correct
response time type and task type  detections
on proportion of
3) Interaction correct detections 3) Interaction between
between period AuM and period on
and number of 3) Interaction proportion of correct
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displays on
response time

4) Main effect of
period on
proportion of
correct detections

between instruction
type and AuM on
proportion of
correct detections

4) Main effect of
instruction type on
proportion of
correct detections

5) Main effect of
period on
proportion of
correct detections

detections

4) Interaction between
number of displays and
AuM on false alarms

5) Interaction between
period, task type, number of
displays, and AuM on
response time

6) Interaction between
period, instruction type,
task type, and AuM on
response time

7) Interaction between
period, instruction type,
number of displays, and
AuUM on response time

8) Interaction between
period, instruction type,
task type, and number of
displays on response time

9) Interaction between
period, instruction type, and
AuM on response time

10) Interaction between
period, task type, and
number of displays on
response time

11) Interaction between
period, instruction type and
number of displays on
response time

12) Interaction between
period, instruction type, and
task type on response time

13) Interaction between
period and number displays
on response time

14) Main effect of period
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on proportion of correct
detections

15) Main effect of task type
on proportion of correct
detections

16) Main effect of AuM on
proportion of correct
detections

17) Main effect of period
on false alarms
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Table 27. The table below includes the significant results for measures of sensitivity and
response bias across each experiment (N = 398).

Achievement 1) Main effect
Motivation of period on
sensitivity

1) Main effect of

task type on
sensitivity

1) Interaction between period,
instruction type, task type,
number of displays, and
AchM on sensitivity

2) Interaction between AchM,
instruction type, task type,
and number of displays on
sensitivity

3) Interaction between period,
instruction type, task type,
and number of displays on
sensitivity

4) Interaction between
instruction type, task type,
and number of displays on
sensitivity

5) Interaction between
instruction type, task type,
number of displays, and
AchM on response bias

6) Interaction between period,
instruction type, task type,
and number of displays on
response bias

7) Interaction between
instruction type, task type,
and number of displays on
response bias

Autonomous
Motivation

1) Interaction

between period

and AuM on
response bias

1) Interaction between period
and AuM on sensitivity

2) Interaction between period,
task type, and AuM on
response bias

3) Interaction between period
and AuM on response bias
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4) Interaction between task
type and period on response
bias

5) Main effect of period on
sensitivity

6) Main effect of period on
response bias

Implications for Motivation and Engagement in Vigilance

There have been few published studies in the extant literature on vigilance focused on the
effect of manipulations to motivation on performance. The present dissertation investigated
motivation and engagement through three distinct, but interrelated, lenses: 1) motivation as both
a state and trait individual difference (i.e., autonomous motivation and achievement motivation),
2) motivation through task design (i.e., manipulations to the type of task and source complexity),
and 3) motivation through instructional design (i.e., autonomy-supportive vs. controlling
instructions).

The results of the four studies included in this dissertation demonstrated that achievement
motivation, which is motivation to experience success, and autonomous motivation, which is
motivation to experience choice, significantly influence cognitive state, specifically energetic
arousal, success motivation, intrinsic motivation, concentration, task-related, and task-unrelated
thoughts. However, achievement motivation and autonomous motivation act differently on
measures of engagement depending on the type of task, type of instructions administered, and the
degree of source complexity. For example, in Experiment Four post-task concentration and post-

task task-unrelated thoughts were significantly dependent upon achievement motivation, task
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type, source complexity, and instruction type. There was also a main effect of achievement
motivation on post-task success motivation, pre-task energetic arousal, and post-task task-
unrelated thoughts. These results support previous findings from Experiments Two and Three,
which demonstrated that achievement motivation is implicated in the perception of engagement
in the task and motivation to perform the task at pre- and post-task. Juxtaposing this, Experiment
Four indicated that autonomous motivation was significantly related to post-task energetic
arousal, post-task intrinsic motivation, and post-task task-unrelated thoughts through main
effects and in combination with task type, instruction type, and source complexity.

Across each of the four experiments it was demonstrated that both achievement
motivation and autonomous motivation influenced post-task task-unrelated thoughts. However,
achievement motivation was linked to concentration more frequently than autonomous
motivation, which tended to interact more frequently with energetic arousal and intrinsic
motivation. This is not necessarily surprising given that autonomous motivation is a subfactor of
the Intrinsic Motivation Inventory, which is rooted in self-determination theory. But, this is of
particular interest given that vigilance tasks do not exert a great deal of motivational affordances
or even necessarily intrinsically motivating to perform by nature. Achievement motivation may
have more to do with task focus (i.e., task concentration) than task engagement or task
motivation.

In addition to state and trait motivation, the results of this doctoral work indicated that the
type of task and complexity associated with the task also influence task engagement and self-
reported motivation to perform the vigilance task. This research also suggests that the vigilance
decrement is iatrogenically created, as well as implies that motivation and engagement are too

induced by the design of the task. Thus, motivational design, which is afforded in this case by
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task type and source complexity, not only influenced the performance decrement, but also
affected subjective reports of motivation and engagement at pre- and post-task. For example,
task type (i.e., cognitive or sensory) and source complexity (i.e., number of displays)
significantly influenced the degree of post-task task-unrelated thoughts, post-task concentration,
post-task intrinsic motivation, and post-task energetic arousal, across each of the four studies in
this dissertation (and when autonomous motivation or achievement motivation was accounted for
as a covariate).

The results of this dissertation, particularly Experiments Three and Four, indicated that
the type of instructions could also impact the task engagement and task motivation associated
with vigilance. Interestingly, autonomy-supportive instructions, while these instructions imply
choice, may actually result in less motivation toward the task upon conclusion of the vigil, at
least when task type and the degree of source complexity are taken into account. In many
autonomy-supportive instruction conditions, performance was actually poorer than anticipated. It
is also possible that the autonomy-supportive manipulation to instructions (as opposed to
potentially stronger manipulations, which may include the choice over rest breaks or the choice
to leave the study early) was too weak to elicit an effect.

For example, in Experiment Four participants in the autonomy-supportive group tended
to succumb to the vigilance decrement (particularly participants in the sensory four-display
condition) and demonstrated some of the most liberal response bias and decreased sensitivity
over time. Furthermore, participants in the controlling motivation condition demonstrated some
of the best performance (i.e., many correct detections, few if any false alarms). It is possible that
motivational instruction manipulations may prime participants to respond in a particular, which

influences both motivation and engagement to perform the vigilance task, as well as performance
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in the task itself. However, the latter is a proposition that will require further empirical testing in

the future.

Implications for Theories of Vigilance and Information Processing

Another purpose of this dissertation was to examine the degree to which the results
supported resource theory, mindlessness theory, or mind-wandering theory, which are three
theories of information processing that attempt to explain the vigilance decrement. To
recapitulate, resource theory suggests that the vigilance decrement occurs due to a depletion of
mental resources, which enable individuals to process information and respond to critical signals,
as well as avoid false alarms. Resource theory implies a greater performance decrement will be
observed in more demanding tasks due to the increase in the utilization of more information
processing resources, which are being depleted due to the demand and time on task.

Conversely, mind-wandering theory suggests that the decrement occurs, not necessarily
because of resource depletion, but because attention is directed away from the task primarily by
task-unrelated thoughts. Mind-wandering theory posits that this cognitive ‘drifting away’ from
the task can be either intentional (i.e., the individual purposefully allows their mind to wander) or
unintentional (i.e., attention slips away from the task), which may manifest behaviorally as fewer
physical responses to critical signals (i.e., button presses for correct detections; Thomson et al.,
2015). Mind-wandering theory also implies that greater cognitive engagement can be established
when the task is designed to be more behaviorally engaging (see Thomson et al., 2015; Pop et
al., 2012). Like resource theory, mind-wandering somewhat suggests (albeit, it is not directly

stated, but rather implied) that the task can be designed to afford more or less engagement, but
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suggests behavioral engagement equates to cognitive engagement, which is most akin to a
misnomer.

Furthermore, the third information processing theory that seeks to explain the vigilance
decrement is mindlessness theory. Like mind-wandering theory, mindlessness theory suggests
that the decrement is a result of under-stimulation of the mind during vigilance, ultimately
resulting in the performance decrement. Supporters in favor of this theory suggest that the mind
becomes “thoughtless” after a period of time, which occurs due to the monotony of vigilance
performance (Manley et al., 1999; Robertson et al., 1997). This results in a pattern of automatic
responding over time. However, one major distinction between mind-wandering theory and
mindlessness theory is what happens to attentional processes during the vigil. Mindlessness does
not describe what happens to attention rather this theory merely suggests that the mind becomes
blank, which implies that there are no inward or outward thoughts. Moreover, mindlessness
theory does not discuss the mechanism of recovery of attention, nor does this theory discuss
where the mind goes during vigilance.

The evidence in supporting of each of these theories is included in Table 28. An
overwhelming proportion of the significant results supported resource theory, which also argues
that vigilance tasks are accompanied by high workload and stress. The results from Experiments
Two, Three, and Four indicated that global workload increased in conditions that were more
complex and required symbolic processing (i.e., the cognitive task). Similarly, measures of stress
(i.e., tense arousal and anger/frustration) tended to increase between pre-task and post-task,
which are results that were consistently demonstrated across all four experiments. These results

favor the resource-depletion account of the vigilance decrement.
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Moreover, measures of task engagement (i.e., task-related thoughts, task-unrelated
thoughts, concentration, and energetic arousal) also indicated support for resource theory. For
example, task-related thoughts and energetic arousal increased pre-post vigil across each of the
experiments. This indicates that these tasks are at least somewhat engaging to perform and that
participants were interested in their performance on the task at post-task, which is implied by the
increase in task-related thoughts and decrease in task-unrelated thoughts over time (albeit, in
most of the conditions).

In many instances, correct detection performance initially declined in the cognitive
condition and then increased over time, which could be considered a vigilance increment. This
claim is supported by several significant interactions between measures of performance, such as
proportion of correct detections, number of false alarms, and response time with autonomous
motivation or achievement motivation. There were also significant, positive correlations between
these individual differences and measures of performance, which indicated that higher
motivation scores were associated with improved performance in specific periods on watch.
Again, this evidence tends to favor the resource theory of vigilance performance.

In order to demonstrate support for mind-wandering theory or mindlessness theory, there
should not be an increase in energetic arousal or task-related thoughts between pre-task and post-
task. Instead, the opposite should be observed: an increase in task-unrelated thoughts and
decreases in task-related thoughts, concentration, and energetic arousal. There was only partial
evidence from Experiments Two, Three, and Four to support either of these theories.

Furthermore, there should be no difference across task types or variations in source
complexity in terms of measures of stress and workload according to mind-wandering theory and

mindlessness theory. These theories of information processing do not distinguish between task

231



type effects. In sum, mind-wandering theory and mindlessness theory posit that vigilance is
vigilance and will be accompanied by a decline in performance over time regardless of source
complexity or task type because a vigilance task is ultimately perceived as monotonous and
boring.

In that vein, is important to note that the traditional vigilance decrement was only
observed in specific instances across each of the experiments. In Experiment Two, the vigilance
decrement was observed in only the sensory four-display condition. In Experiment Three, the
vigilance decrement was observed in both the autonomy-supportive and controlling instruction
sensory conditions, but not in any of the cognitive conditions. In Experiment Four, the vigilance
decrement was observed in sensory condition where participants received the autonomy-
supportive instructions and monitored two displays, the sensory condition where participants
received the controlling instructions and monitored two displays, the sensory condition where
participants received controlling instructions and monitored four displays, and, the cognitive
condition where participants received autonomy-supportive instructions and monitored two

displays. In Experiment One, a vigilance decrement was not observed for either task type.
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Table 28. The table below includes the results of each experiment supporting evidence for each
of the above information processing theories (N = 398).

Resource
Theory

1) Energetic
arousal increased
between pre- and
post-task across

1) Energetic
arousal increased
between pre- and
post-task across

1) Energetic
arousal increased
between pre- and
post-task across

1) Energetic arousal
increased between
pre- and post-task
across task type,

task type task type and task type and instruction type, and
source complexity instruction type source complexity

2) TRTs

increased 2) TRTs increased 2) TRTsincreased 2) TRTs increased

between pre- and
post-task across

between pre- and
post-task across

between pre- and
post-task across

between pre- and
post-task across task

task type task type and task type and type, instruction type,
source complexity instruction type and source

3) TUTs complexity

decreased 3) Tense arousal 3) TUTs decreased

between pre- and  increased between  between pre- and 3) TUTSs decreased

post-task across
task type

pre- and post-task
across task type

post-task in the
cognitive task

between pre- and
post-task across task

and source type and instruction
4) Tense arousal ~ complexity 4) TUTs decreased  type
increased between pre- and
between pre-and  4) post-task across 4) TUTSs decreased

post-task across

Anger/frustration

instruction type

between pre- and

task type increased between post-task for

pre- and post-task  5) Tense arousal participants
5) across task type increased between  monitoring one or
Anger/frustration  and source pre- and post-task  four displays
increased complexity across task type
between pre- and and instruction type 5) Tense arousal
post-task across  5) High global increased between

task type

workload was
reported for
participants in the
cognitive task

6) High global
workload was
reported for
participants
monitoring one or
four displays

6)
Anger/frustration
increased between
pre- and post-task
across task type
and instruction type

7) High global
workload was
reported for
participants in the
cognitive task

pre- and post-task
across task type,
instruction type, and
source complexity

6) Anger/frustration
increased between
pre- and post-task
across task type,
instruction type, and
source complexity

7) High global
workload was
reported for
participants in the
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cognitive task

8) Global workload
increased as source
complexity increased

Mindlessness 1) Concentration

1) Concentration

1) Concentration

1) Concentration

task type

task type and
source complexity

2) Lower global
workload was
reported for
participants in the
sensory task

3) Lower global
workload was
reported for
participants
monitoring two
displays

2) Lower global
workload was

reported across
instruction type

Theory decreased decreased between decreased between  decreased between
between pre- and  pre- and post-task  pre- and post-task  pre- and post-task
post-task across  across task type across task type across task type,
task type and source and instruction type instruction type, and

complexity source complexity
2) Low global 2) Lower global
workload was 2) Lower global workload was
reported across workload was reported across
task type reported for instruction type

participants in the

sensory task

3) Lower global

workload was

reported for

participants

monitoring two

displays

Mind- 1) Low global 1) TUTsincreased 1) TUTsincreased 1) TUTSs increased in

wandering workload was between pre-and  inthe sensory task  the two-display

Theory reported across post-task across conditions only

2) Low global
workload was
reported across
instruction type

3) Lower global
workload was
reported for
participants in the
sensory task

Note. TRTs = task-related thoughts. TUTs = task-unrelated thoughts.

234




Limitations to this Work and Future Directions

This dissertation is not without its limitations. For example, there was a great deal of
attrition in the cognitive conditions in nearly all of the experiments, especially in instances where
participants were required to monitor four displays (i.e., Experiments Two and Four).
Anecdotally, many participants (who tended to be removed from the study during data cleaning)
randomly assigned to the cognitive condition noted that monitoring the four displays for critical
signals was extremely difficult. In other conditions, participants tended to report that monitoring
one display (despite the task being either cognitive or sensory) was very boring and monotonous.
They reported similar suggestions central to the idea of making the task more engaging. While
this is anecdotal evidence, it does align with previous findings, which suggests that vigilance
need not be vigilance, if the individual can achieve a sort of “flow state” or the difficulty of the
task is “titrated” to match the capacity of the individual. Again, this dissertation did demonstrate
that the vigilance decrement is likely a manifestation of task design.

In addition to task type, future vigilance research could examine the effect of different
instructional sets. For example, in the present dissertation, the effect of autonomy-supportive
instructions on vigilance performance was not as hypothesized, especially in terms of response
bias and criterion shifting. Autonomy-supportive instructions tended to result in participants
responding more liberally to false alarms. In some conditions, instruction type actually lowered
post-task motivation to perform the vigilance task and altered engagement in the vigil at pre-task.
Furthermore, participants in the controlling instruction condition tended to demonstrate better
performance most likely because they performed exactly as directed.

It is not the goal of this dissertation to argue that one form of instructions are more

important over another, rather the purpose of testing different instructional sets was to
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empirically demonstrate that task framing can influence task perception and performance. In that
vein, combinations of instruction types were not studied in the present dissertation (i.e., initially
autonomy-supportive instructions seguing into controlling instructions) and it is likely the case
that a combination of instruction types will be necessary to maximize the potential for optimal
performance. In terms of future research, it could also be useful to revisit the early work in
vigilance, which framed the task as a “challenge,” considering there has been little work in this
area since these original studies. Future research could also explore other successful
manipulations to task instructions involving motivation (i.e., rationale, acknowledgement,
choice/autonomy) and examine the effect of these instructions on vigilance performance (see
Deci et al., 1994).

Finally, another limitation to this dissertation was the lack of consistency in the results
from experiment to experiment. For example, trait or state motivation would correlate to
response time in one experiment, but not in another. In some conditions a decrement was
observed, but not across subsequent experiments. In some conditions there was fluctuation in
performance from period to period (e.g., sensitivity and response bias in Experiment Four), and
in some instances there was an increment in performance between pre- and post-task (albeit after
an initial decline). While the results are not necessarily clean, there are several implications
based on these findings: 1) replication of this work is required within the laboratory and outside
of the laboratory to provide support for the effect of motivation, or potential lack of effect of
motivation, in vigilance, and 2), future research should extend the length of the vigil to observe
the long-term effects of achievement motivation and autonomous motivation on vigilance

performance.
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To conclude, this dissertation resulted in several theoretical and practical implications,
which could be used to guide future research involving vigilance performance. First, it was
demonstrated across several studies that autonomous motivation and achievement motivation
were two covariates related to task engagement, perceived stress, perceived workload, and
vigilance performance. Each of type of motivation affects these measures differently. For
example, autonomous motivation covaried more often with pre- and post-task measures of task
engagement, pre- and post-task measures of perceived stress, and interacted with measures of
vigilance performance, whereas achievement motivation covaried more often with workload and
response time measures. These results indicated that it is important to consider individual
differences in motivation in various types of vigilance tasks (i.e., complex, simple, sensory,
cognitive). Motivational manipulations to task instructions also influence task engagement,
perceived stress, perceived workload, and vigilance performance. In sum, the results of this
dissertation indicated that motivation is an important construct to consider in the measurement of
sustained attention and design of tasks requiring vigilance. In terms of practical application,
motivation could also be used a selection tool to screen for individuals high or low in either of
achievement motivation or autonomous motivation, which could result in better performance on
real-world vigilance tasks.

Additionally, the patterns of the task engagement, perceived stress, and vigilance
performance data tended to support the resource-depletion account of the vigilance decrement
across the four experiments presented in this dissertation. For example, task-related thoughts
increased (in most cases) at post-task and task-unrelated thoughts tended to decrease post-vigil,
which is not in line with mind-wandering theory or mindlessness theory. The results from the

stress measures also align with a resource interpretation, or overload account, of the data.
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Participants indicated worry and concern with their performance at post-task and tended to report
higher perceived stress and workload post-vigil, which is indicative of capacity limitations and
that energy is being drained over time. There was extremely limited support for mindlessness
theory (i.e., vigilance decrement results from automaticity) or mind-wandering theory (i.e.,
intentional or unintentional perceptual withdrawal). This theoretical extension will aid in better
understanding the relationship between motivation and attention in practical settings that require
vigilance, such as baggage screening, improvised explosive device (IED) detection, and

thwarting cyber-attacks.
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AchM AuM AchM AuM AchM AuM AchM  AuM
AchM - -.049 - -.051 - -
AuM -.049 - -.051 - -.145 - -.137 -
Pre-Success -.105 .099 136 147 -.156 .106 -.110 .024
Motivation
Post-Success -.124 163 -.109 227  -295**  330** -327** .256*
Motivation
Pre-Intrinsic .082 261 .041 344**  -033 247 -.067  .250*
Motivation
Post-Intrinsic -.095 A426**  -032  .355**  -.009 .048 -.076 -.001
Motivation
Pre- .027 272 -.144 217 .039 A497*%*  -225 141
Concentration
Post- -.015 297* -.016 .054 -.022 347*%*  -190 72
Concentration
Pre-Energetic  -.265 036 -286** 161  -385** .270* -248* 112
Arousal
Post- -.269 270 -.160 A65  -.326%*  347**  -226 .206
Energetic
Arousal
Pre-TRTs -.152 -.150 116 -.152 -.215 -.203 -.035 -.105
Post-TRTs -.105 -.018 -.052 113 -.159 -.074 -.183 -.094
Pre-TUTs -.191 -.176 .084 -.183 -070 -321**  .003 -.198
Post-TUTs -.044 -.268 -.032 -.143 -.023  -396** -.002 -.115

Note. * = p <.01. ** = Bonferroni correction of p <.004.
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Pre Post Pre Post Pre Post Pre Post

Energetic 1657 17.28 1656 17.17 1699 1757 17.78 1833
Arousal (4.10) (4.18) (3.90) (4.18) (4.12) (5.05) (3.78) (4.43)
Tense 1296 1613 12.65 1529 1281 1476 1297 1571
Arousal (4.08) (5.42) (3.40) (5.03) (3.35) (4.04) (3.40) (4.72)
Hedonic 2563 2216 2546 2222 2538 2252 2602 22.74
Tone (3.94) (4.27) (4.06) (3.95) (4.60) (4.21) (4.20) (4.33)
Anger/ 777 1129 800 1083 7.89 1042 7.69 9.92
Frustration  (3.41) (4.55) (3.38) (4.25) (3.53) (4.28) (3.16) (3.60)
Success 2091 10.80 1391 1879 20.02 19.39 20.24 20.00
Motivation (6.09) (7.25) (8.03) (6.73) (7.74) (7.01) (6.71) (6.83)
Intrinsic 2487 1534 2132 1163 1805 1226 17.50 1250
Motivation (5.05) (4.92) (4.88) (4.97) (450) (4.34) (4.71) (4.75)
Overall 339 276 225 275 314 282 311 292

Motivation (1.13) (1.26) (1.45) (1.18) (1.38) (1.28) (1.20) (1.25)

Self-Focused 2241 1866 1321 1666 17.41 16.02 1959 17.58
Attention (6.61) (8.45) (9.59) (7.09) (8.19) (7.38) (7.76) (7.80)

Self-Esteem  11.28 1586 1759 16.41 1383 17.42 1251 15.60
(7.66) (6.17) (8.42) (522) (7.21) (4.79) (7.23) (6.34)

Concentration 1553 6.99 21.78 7.71 17.39 876 1581 7.33
(6.08) (6.95) (6.00) (6.65) (6.46) (7.02) (6.45) (6.95)

Control/ 21.80 2562 1491 2538 2025 2657 20.74 2522
Confidence (4.78) (7.31) (821) (7.57) (7.12) (7.39) (5.42) (7.51)

Task-Related  19.89 23.62 1125 2094 1567 19.20 17.74 20.58

Thoughts (7.94) (7.20) (8.38) (6.16) (7.81) (6.13) (8.34) (7.04)
Task- 1766 1489 993 1525 13.83 1431 16.96 16.21
Unrelated (14.89) (7.17) (8.72) (6.88) (7.91) (6.83) (9.23) (7.72)
Thoughts

Note. Numbers reported in parentheses are standard deviations.
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APPENDIX E
MEANS AND STANDARD DEVIATIONS FOR FULL NASA-TLX ACROSS ALL
STUDIES
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Global 38.55 39.35 38.53 40.13
Workload (13.27) (12.84) (13.96) (15.33)
Mental 36.58 36.61 35.10 41.69
Demand (27.93) (26.71) (28.20) (29.22)
Temporal 35.44 28.26 25.68 28.98
Demand (26.91) (25.57) (23.98) (26.35)
Physical 9.34 9.96 12.56 10.47
Demand (9.11) (12.07) (17.96) (14.99)
Perceived 41.98 53.75 46.59 52.11
Performance (31.50) (32.93) (33.52) (32.29)
Effort 30.87 29.91 32.06 35.04

(25.06) (25.47) (26.66) (27.09)
Frustration 34.84 32.81 31.52 31.54

(33.10) (30.55) (31.12) (30.16)

Note. Numbers reported in parentheses are standard deviations.
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CORRELATIONS WITH MEASURES OF STRESS AND WORKLOAD ACROSS ALL
STUDIES
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AchM AuM AchM AuM AchM AuM  AchM AuM
Pre-Tense Arousal -.097 .006 .104 -.105 152 -.219 .071 -.080
Post-Tense -.044 -.240 .062 -.212 .082 -295* -080 -.134
Arousal
Pre-Hedonic Tone -.042 114 -044  268* -320** .314** -153 .099
Post-Hedonic -126  .460** -084 .402** -300* .427** -187 .286**
Tone
Pre-Anger/ -007 -300* 114 -277** 132 -274* 159  -.148
Frustration
Post- .038 -.485** 166 -.257 .097  -343** 132 -.173
Anger/Frustration
Global Workload .079 -.123 130 .025 -.170 .028 -.166 -.032
Mental Demand -.095 -.057 .021 136 -.240 216 -.116  .162
Temporal Demand -.100  -.105 111 034 .080 -090 .001 .005
Physical Demand -.080 .002 .108 -.008 -.102 .012 145 -.104
Perceived -.096 .010 -.007 .030 .102 159 .058 -.048
Performance
Effort .070 -.020 11 .098 -.095 121 -.068 .106
Frustration -074 -327** 081 -.128 175 -326** -016 -.136

Note. * = p <.01. ** = Bonferroni correction p <.003.
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APPENDIX G
CORRELATIONS WITH MEASURES OF PERFORMANCE ACROSS ALL STUDIES
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AchM AuM AchM AuM AchM AuM AchM AuM

Period 1 Hits 152 118 -.012 145 -.010 -.001 -.028 -.069
Period 2 Hits -.098 123 .038 131 -.015 .035 041 .109
Period 3 Hits 014 115 -036  .306** .064 174 .030 115
Period 4 Hits -.102 -.202 -.023 .048 -.122 .000 -022  .086
Overall Hits -.013 144 -.008 .208 -.034 .076 015 .108
Period 1 FAs -.110 -.141 -.119 .039 -.007 -.128 155 -.002
Period 2 FAs -172 -.048 027 167 -.021 -.024 116 190
Period 3 FAs -.021 -.199 .084 .032 .046 -.233 114 190
Period 4 FAs -.075 .073 .070 -.133 214 -.063 .034 131
Overall FAs -.095 -.175 -.019 .045 .038 -.167 139 142
Period 1 RT -.029 -.186 -.062 -.137 -.038 124 -039 -.051
Period 2 RT -.023 -.289 .016 -.176 .039 .023 -086 -.154
Period 3 RT -.165 -.249 017 -.122 .004 -.069 -086 -.140
Period 4 RT -.025 -.278 .050 -.155 -.130 .109 011 -.170
Overall RT -.097 -.287 .059 -.175 .053 -.185 -063  .109

Note. * = p <.01. ** = Bonferroni correction p <.003. Hits = proportion of correct detections.
FAs = number of false alarms. RT = mean response time.
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APPENDIX H
CORRELATIONS WITH MEASURES OF SENSITIVITY AND RESPONSE BIAS
ACROSS ALL STUDIES
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AchM AuM AchM AuM AchM AuM AchM AuM

Sensitivity

Period 1 194 148 .093 063 .036 -.029 .018 164
Period 2 -037 116  .037 .014 -015 .100 -050 -.015
Period 3 021 .176 .014 127 048 165  .018 -.180
Period 4 -022 174 -055 .099 -205 .037 -001 @ -.017

Response Bias

Period 1 -037 -029 111 027 -062 .022 -.026 .070
Period 2 231 -073 -014 -201 -087 .042 -127 -.149
Period 3 .002 .000 .029 -222 -094 -023 -.083 -.254**
Period 4 147 076 -022 .052 -.081 .026 041 -.115

Note. * = p <.01. ** Bonferroni correction = p <.005.
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APPENDIX |
RELIABILITY OF THE ACHIEVEMENT MOTIVATION AND AUTONOMOUS
MOTIVATION MEASURES ACROSS ALL STUDIES
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EXP. ONE EXP. TWO EXP.THREE EXP.FOUR
Cronbach’s alpha (a) for .506 523 .562 538
Achievement Motivation
Cronbach’s alpha (o) for 879 795 821 .805
Autonomous Motivation
N 79 105 93 121

Note. The Ray Achievement Motivation Scale (Ray, 1979) consisted of 14 items and the
Autonomy subscale of the Intrinsic Motivation Inventory (Deci et al., 1994; Ryan, 1982)
consisted of seven items.
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APPENDIX J
ENGAGEMENT, MOTIVATION, STRESS, AND WORKLOAD DATA FOR
EXCLUDED PARTICIPANTS ACROSS ALL STUDIES

259



Motivation Measures

Achievement Motivation 20.69 21.32 27.64* 23.96
(2.87) (2.75) (9.82) (4.92)
Autonomous Motivation 30.92 34.53 34.45 45.44%* 2
(7.58) (10.07) (10.08) (2.53)
Pre-Energetic Arousal 15.62 16.00 18.18 17.89
(3.31) (3.23) (3.79) (3.83)
Post-Energetic Arousal 18.54 17.37 18.09 18.19
(3.99) (3.64) (6.24) (3.87)
Pre-Intrinsic Motivation 25.69 18.68 25.82** 22.74**
(4.79) (4.62) (3.06) (5.52)
Post-Intrinsic Motivation 15.31 9.16 17.27*%* 16.59* 2
(4.13) (3.86) (6.25) (6.57)
Pre-Success Motivation 25.77* 9.05 20.82 22.81
(4.17) (6.00) (8.76) (6.49)
Post-Success Motivation 19.69 19.58 25.82 20.26
(7.95) (6.79) (3.06) (7.50)
Engagement Measures
Pre-Concentration 11.00* 25.74**2 16.00 13.59
(4.38) (3.31) (6.36) (6.72)
Post-Concentration 7.00 10.89 7.82 8.19
(7.07) (6.67) (7.11) (6.83)
Pre-TRTs 20.46 8.37 16.27 20.78
(8.55) (5.10) (10.15) (7.75)
Post-TRTS 23.46 19.95 19.09 21.74
(7.33) (6.60) (6.39) (7.82)
Pre-TUTs 14.69 8.63 12.91 19.78
(7.80) (8.07) (7.87) (7.24)
Post-TUTSs 12.69 15.42 13.45 14.67
(4.53) (8.20) (8.93) (6.25)
Stress Measures
Pre-Tense Arousal 13.54 13.37 13.91 12.63
(3.97) (3.89) (3.11) (3.80)
Post-Tense Arousal 21.31** 16.05 14.36 15.11
(5.44) (4.10) (2.77) (4.53)
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Pre-Hedonic Tone 25.46 25.05 24.27 25.48
(3.60) (4.72) (2.87) (4.38)

Post-Hedonic Tone 18.31* 21.11 23.64 21.63
(4.11) (3.83) (3.07) (5.32)

Pre-Anger/Frustration 8.54 8.21 9.45 8.85
(4.48) (3.05) (3.14) (3.58)

Post-Anger/Frustration 13.08 10.37 9.45 11.08
(4.82) (4.02) (2.62) (4.05)

Workload Measures

Global Workload 48.38 38.98 40.36 43.01
(16.08) (13.85) (15.58) (16.87)

Note. Standard deviations are reported in parentheses. N = number of participants excluded for
performance deviations. TRTs = task-related thoughts. TUTs = task-unrelated thoughts. * = p <
.01. ** Bonferroni correction = p < .002. Significant results indicate a significant difference
between participants included in the experiment and participants excluded from the experiment.
= equal variances not assumed.
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APPENDIX K
EFFECT SIZES FOR ENGAGEMENT, MOTIVATION, STRESS, AND WORKLOAD
DATA ACROSS EXCLUDED PARTICIPANTS FOR ALL EXPERIMENTS
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EXP. ONE EXP. TWO EXP.THREE EXP.FOUR
(N=13) (N=19) (N=11) (N =27)

Motivation Measures
Achievement Motivation 0.49 0.19 0.79 0.47
Autonomous Motivation 0.46 0.10 0.05 1.66
Pre-Energetic Arousal 0.25 0.16 0.30 0.03
Post-Energetic Arousal 0.31 0.05 0.09 0.03
Pre-Intrinsic Motivation 0.17 0.34 2.02 1.02
Post-Intrinsic Motivation 0.01 0.56 0.93 0.71
Pre-Success Motivation 0.93 0.69 0.10 0.39
Post-Success Motivation 0.01 0.12 1.19 0.04
Engagement Measures
Pre-Concentration 0.85 0.82 0.22 0.34
Post-Concentration 0.001 0.48 0.13 0.12
Pre-TRTs 0.07 0.42 0.07 0.38
Post-TRTs 0.02 0.15 0.02 0.16
Pre-TUTs 0.37 0.15 0.17 0.34
Post-TUTSs 0.37 0.02 0.11 0.22
Stress Measures
Pre-Tense Arousal 0.14 0.20 0.34 0.09
Post-Tense Arousal 0.95 0.17 0.12 0.13
Pre-Hedonic Tone 0.05 0.09 0.29 0.13
Post-Hedonic Tone 0.92 0.29 0.30 0.23
Pre-Anger/Frustration 0.19 0.07 0.50 0.34
Post-Anger/Frustration 0.38 0.11 0.27 0.30
Workload Measures
Global Workload 0.67 0.02 0.12 0.18

263



LIST OF REFERENCES

Ames, C. (1992). Classrooms: Goals, structures, and student motivation. Journal of Educational

Psychology, 84, 261-267.

Ames, C., & Archer, F. (1988). Achievement goals in the classroom: Students’ learning
strategies and motivation processes. Journal of Educational Psychology, 80, 260-267.

Bandura, A. (1997). Self-efficacy: The exercise of control. New York, NY: Freeman.

Baumeister, R. F., & Leary, M. R. (1995). The Need to Belong: Desire for Interpersonal
Attachments as a Fundamental Human Motivation. Psychological Bulletin, 117(3), 497-
529.

Becker, A., Mandell, A.R., Tangney, J.P., Chrosniak, L.D., & Shaw, T.H. (2015). The effects of
self-control on cognitive resource allocation during sustained attention: a transcranial
Doppler investigation. Experimental Brain Research, 233, 2215-2223. DOI:
10.1007/s00221-015-4291-z

Becker, A.B., Warm, J.S., Dember, & Howe, S.R. (1994). Specific and nonspecific transfer
effects in training for vigilance. In M. Mouloua & R. Parasuraman (Eds.), Human
Performance in Automated Systems: Current Research and Trends (pp. 294-299).
Hillsdale, NJ: Erlbaum.

Bipp, T., & van Dam, K. (2014). Extending hierarchical achievement motivation models: The
role of motivational needs for achievement goals and academic performance. Personality
and Individual Differences, 64, 157-162. DOI: 10.1016/j.paid.2014/02.039

Black, A.E., & Deci, E.L. (2000). The effects of instructors’ autonomy support and students’
autonomous motivation on learning organic chemistry: A self-determination theory

perspective. Science Education, 84, 740-766.

Bonnefond, A., Doignon-Camus, N., Hoeft, A., & Dufour, A. Impact of motivation on cognitive

264



control in the context of vigilance lowering: An ERP study. Brain and Cognition, 77(3),
464-471. DOI: 10.1016/j.bandc.2011.08.010

Casey, S.M. (2006). The Atomic Chef: And Other True Tales of Design, Technology, and Human
Error. Santa Barbara, CA: Aegean Publishing Company.

Caggiano, D.M., & Parasuraman, R. (2004). The role of memory representation in the vigilance
decrement. Psychonomic Bulletin & Review, 11, 932-937.

Cerasoli, C.P., Nicklin, J.M., & Ford, M.T. (2014). Intrinsic motivation and extrinsic incentives
jointly predict performance: a 40-year meta-analysis. Psychological Bulletin, 140(4),
980-1008. DOI: 10.1037/a0035661

Chelazzi, L., Perlato, A., Santandrea, E., & Della Libera, C. (2013). Rewards teach visual
selective attention. Vision Research, 85, 58-72.

Cordova, D.I., & Lepper, M.R. (1996). Intrinsic motivation and the process of learning:
Beneficial effects of contextualization, personalization, and choice. Journal of
Educational Psychology, 88(4), 715-730. DOI: 10.1037/0022-0663.88.4.715

Costa, P.T., & McCrag, R.R. (1992). NEO PI-R: Professional Manual. Odessa, FL.:
Psychological Assessment Resources.

Craig, A. (1984). Human engineering: the control of vigilance. In J.S. Warm (Ed.), Sustained
Attention in Human Performance (pp. 247-290). Chichester, UK: Wiley.

Davies, D.R., & Parasuraman, R. (1982). The Psychology of Vigilance. London, UK: Academic
Press.

Deaton, J.E., & Parasuraman, R. (1988). Effects of Task Demands and Age on Vigilance and
Subjective Workload. Proceedings of the Human Factors Society, 32, 1458-1462.

Deci, E.L., Eghrari, H., Patrick, B.C., & Leone, D. (1994). Facilitating internalization:

The self-determination theory perspective. Journal of Personality, 62, 119-142.
Deci, E.L., & Ryan, R.M. (2012a). Motivation, Personality, and Development Within

Embedded Social Contexts: An Overview of Self-Determination Theory. In R.M. Ryan

265



(Ed.), The Oxford Handbook of Human Motivation (pp. 85-107). New York, NY: Oxford
University Press.

Deci, E.L., & Ryan, R.M. (2012b). Self-determination theory. In P.A.M. Van Lange, A.W.
Kruglanski, & E.T. Higgins (Eds.), Handbook of theories of social psychology: Volume 1
(pp. 416-437). Thousand Oaks, CA: Sage.

Deci, E.L., & Ryan, R.M. (2002). Handbook of Self-Determination Research. Rochester,

NY: The University of Rochester Press.

Deci, E.L., & Ryan, R.M. (1987). The support of autonomy and the control of behavior. Journal
of Personality and Social Psychology, 53(6), 1024-1037. DOI: 10.1037/0022-
3514.53.6.1024

Deci E.L., & Ryan, R.M. (1985). Intrinsic motivation and self-determination in human behavior.
New York, NY: Erlbaum.

Della Libera, C., & Chelazzi, L. (2009). Learning to Attend and to Ignore Is a Matter of Gains
and Losses. Psychological Science, 20(6), 778-784.

Dember, W.N., Galinsky, T.L., & Warm, J.S. (1992). The role of choice in vigilance
performance. Bulletin of the Psychonomic Society, 30(3), 201-204.

Dember, W.N., Warm, J.S., Bowers, J.C., & Lanzetta, T. (1984). Intrinsic Motivation and the
Vigilance Decrement. Trends in Ergonomics/Human Factors, 1, 21-26.

Desmond, P.A., & Matthews, G. (2009). Individual differences in stress and fatigue in two field
studies of driving. Transportation Research Part F: Traffic Psychology and Behaviour,
12, 265-276.

Desmond, P.A., Matthews, G., & Bush, J. (2001). Sustained Visual Attention During

Simultaneous and Successive Vigilance Tasks. Proceedings of the Human Factors and

266



Ergonomics Society, 45, 1386-1389.

Dewar, A.R., & Szalma, J.L. (2016). Achievement Motivation is related to Performance in
Sustained Attention Tasks. Manuscript under review.

Dewar, A.R., Fraulini, N.W., Claypoole, V.L., & Szalma, J.L. (2016). Performance in Vigilance
Tasks is related to Both State Motivation and Context-Based Motivation. Proceedings of
the Human Factors and Ergonomics Society.

Dillard, M.B., Warm, J.S., Funke, G.J., Funke, M.E., Finomore, V.S., Matthews, G., Shaw, T.H.,

& Parasuraman, R. (2014). The Sustained Attention to Response Task (SART) Does Not
Promote Mindlessness During Vigilance Performance. Human Factors, 56(8), 1364-
1379. DOI: 10.1177/0018720814537521

Dillard, M.B., Warm, J.S., Funke, G.J., Vidulich, M.A., Nelson, W.T., Eggemeier, T.F., &
Funke, M.E. (2013). Vigilance: Hard Work Even if Time Flies. Proceedings of the
Human Factors and Ergonomics Society, 57, 1114-1117.

Ditchburn, R.W. (1943). Some factors affecting the efficiency of work by lookouts (Report No.
ARC/R1/84/46/0). Admiralty Research Laboratory.

Dittmar, M.L., Warm, J.S., Dember, W.N., & Ricks, D.F. (1993). Sex differences in vigilance
performance and perceived workload. Journal of General Psychology, 120, 309-322.

Donald, F., & Donald, C.H.M. (2015). Task disengagement and implications for vigilance
performance in CCTV surveillance. Cognition, Technology, & Work, 17, 121-130. DOI:
10.1007/s10111-014-0309-8

Donald, F., Donald, C., & Thatcher, A. (2015). Work exposure and vigilance decrements in
closed circuit television surveillance. Applied Ergonomics, 47, 220-228. DOI:
10.1016/j.apergo.2014.10.001

Dull, R.B., Schleifer, L.L.F., & McMillan, J.J. (2015). Achievement Goal Theory: The
Relationship of Accounting Students’ Goal Orientations with Self-Efficacy, Anxiety, and

Achievement. Accounting Education, 24(2), 152-174. DOI:

267



10.1080/09639284.2015.1036892

Eastwood, J.D., Frischen, A., Fenske, M.J., & Smilek, D. (2012). The Unengaged Mind:
Defining Boredom in Terms of Attention. Perspectives on Psychological Science, 7(5),
482-495. DOI: 10.1177/1745691612456044

Elliot, A.J. (1999). Approach and avoidance motivation and achievement goals. Educational
Psychologist, 34, 169-189.

Esterman, M., Reagan, A., Liu, G., Turner, C., & DeGultis, J. (2014). Rewards Reveals
Dissociable Aspects of Sustained Attention. Journal of Experimental Psychology:
General, 143(6). 2286-2295. DOI: 10.1037/xge0000019

Faul, F., Erdfelder, E., Lang, A.G., & Buchner, A. (2007). G*Power 3: A flexible statistical
power analysis program for the social, behavioral, and biomedical sciences. Behavior
Research Methods, 39, 175-191.

Feng, S., D’Mello, S., & Graessar, A.C. (2013). Mind wandering while reading easy and difficult
texts. Psychonomic Bulletin & Review, 20, 586-592.

Finomore, V.S., McClernon, C.K., Amick, J.R., Pee, D., Funke, G.J., & Warm, J.S. (2016). Short
Vigilance Tasks are Hard Work Even if Time Flies. Proceedings of the Human Factors
and Ergonomics Society, 60(1), 1366-1367.

Fishbein, D.H., Hyde, C., Eldreth, D., Paschall, M.J., Hubal, R., Das, A., Tarter, R., lalongo, N.,
Hubbard, S., & Yung, B. (2006). Neurocognitive skills moderate urban male adolescents’
responses to preventive intervention materials. Drug and Alcohol Dependence, 82(1), 47-
60.

Forster, S., & Lavie, N. (2009). Harnessing the wandering mind: The role of perceptual load.
Cognition, 111, 345-355.

Fraulini, N.W., Claypoole, V.L., Dewar, A.R., & Szalma, J.L. (2016). Examining measures of
mental workload across cognitive- and sensory-based vigilance tasks. Proceedings of the

Human Factors and Ergonomics Society, 60.

268



Fraulini, N.W., Hancock, G.M., Neigel, A.R., Claypoole, V.L., & Szalma, J.L. (2017). A Critical
Examination of the Research and Theoretical Underpinnings Discussed in Thomson,
Besner, and Smilek (2016): A Commentary. Psychological Review.

Gagné, M., & Deci, E.L. (2005). Self-determination theory and work motivation. Journal of
Organizational Behavior, 26, 331-362. DOI: 10.1002/job.322

Galinsky, T., Dember, W.N., & Warm, J.S. (1989). Effects of event rate on subjective workload
in vigilance performance. Paper presented at the meeting of the Southern Society for
Philosophy and Psychology, New Orleans, LA.

Galinksy, T.L., Rosa, R.R., Warm, J.S., & Dember, W.N. (1993). Psychophysical determinants
of stress in sustained attention. Human Factors, 35(4), 603-614.

Giambra, L.M., & Quilter, R.E. (1988). Sustained attention in adulthood: a unique, large-sample,
longitudinal, multicohort analysis using the Mackworth clock test. Psychology and
Aging, 3, 75-83.

Grier, R.A. (2015). How High is High? A Meta-Analysis of NASA-TLX Global Workload
Scores. Proceedings of the Human Factors and Ergonomics Society, 59, 1727-1731.

Goldstein, E.B. (2014). Cognitive Psychology: Connecting Mind, Research, and Everyday
Experience. Belmont, CA: Wadsworth Publishing.

Hancock, P.A. (2013). In search of vigilance: The problem of iatrogenically created
psychological phenomena. American Psychologist, 68, 97-1009.

Hancock, P.A., & Hart, S.G. (2002). Defeating terrorism: What can human factors/ergonomics
offer? Ergonomics in Design, 10, 6-16.

Hancock, P.A., & Szalma, J.L. (2008). Stress and Performance. In P.A. Hancock & J.L. Szalma
(Eds.), Performance Under Stress. Burlington, VT: Ashgate Publishing Company.

Hancock, P.A., & Szalma, J.L. (2003). Operator stress and display design. Ergonomics in
Design, 11, 13-18.

Hancock, P.A., Volante, W.G., & Szalma, J.L. (2016). Defeating the Vigilance Decrement. IIE

Transactions on Occupational Ergonomics and Human Factors, 4(2-3), 151-163. DOI:

269



10.1080/21577323.2016.1178191

Hancock, P.A., & Warm, J.S. (1989). A Dynamic Model of Stress and Sustained Attention.
Human Factors, 31(5), 519-537.

Harackiewicz, J.M., Barron, K.E., & Elliot, A.J. (1998). Rethinking achievement goals: When
are they adaptive for college students and why? Educational Psychologist, 33(1), 1-21.
DOI: 10.1207/s15226985ep3301_1

Hart, S.G., & Staveland, L.E. (1988). Development of NASA-TLX (Task Load Index): Results

of empirical and theoretical research. Advances in Psychology, 52, 139-183.

Head, J., & Helton, W.S. (2014a). Practice does not make perfect in a modified sustained
attention to response task. Experimental Brain Research, 232(2), 565-573. DOI:
10.1007/s00221-013-3765-0

Head, J., & Helton, W.S. (2014b). Sustained attention failures are primarily due to sustained
cognitive load not task monotony. Acta Psychologica, 153, 87-94. DOI:
10.1016/j.actpsy.2014.09.007

Head, J., & Helton, W.S. (2012). Natural scene stimuli and lapses of sustained attention.
Consciousness & Cognition, 21(4), 1617-1625. DOI: 10.1016/j.concog.2012.08.009

Hebb, D.O. (1955). Drives and the CNS. Psychological Review, 62, 243-254.

Helton, W.S., Dember, W.N., Warm, J.S., & Matthews, G. (2000). Optimism, pessimism, and
false failure feedback: Effects on vigilance performance. Current Psychology, 18, 311-
325.

Helton, W.S., Hollander, T.D., Warm, J.S., Tripp, L.D., Parsons, K., Matthews, G., Dember,
W.N., Parasuraman, R., & Hancock, P.A. (2007). The abbreviated vigilance task and
cerebral hemodynamics. Journal of Clinical and Experimental Neuropsychology, 29(5),
545-552.

Helton, W.S., Kern, R.P., & Walker, D.R. (2009). Conscious thought and the sustained attention
to response task. Consciousness and Cognition, 18, 600-607. DOI:

10.1016/j.concog.2009.06.002

270



Helton, W.S., Matthews, G., & Warm, J.S. (2009). Stress state mediation between environmental
variables and performance: the case of noise and vigilance. Acta Psychologica, 130(3),
204-213. DOI:10.1016/j.actpsy.2008.12.006

Helton, W.S., & Russell, P.N. (2015). Rest is best: The role of rest and task interruptions on
vigilance. Cognition, 134, 165-173. DOI: 10.1016/j.cognition.2014.10.001

Helton, W.S., & Russell, P.N. (2013). Visuospatial and verbal working memory load: Effects on
visuospatial vigilance. Experimental Brain Research, 224, 429-436.

Helton, W.S., & Russell, P.N. (2012). Brief mental breaks and content-free cues may not keep
you focused. Experimental Brain Research, 219, 37-46.

Helton W.S., & Russell, P.N. (2011). Working memory load and the vigilance decrement.
Experimental Brain Research, 212, 429-437.

Helton, W.S., & Warm, J.S. (2008). Signal salience and the mindlessness theory of vigilance.
Acta Psychologica, 129, 18-25. DOI: 10.1016/j.actpsy.04.002

Hirst, W., & Kalmar, D. (1987). Characterizing attentional resources. Journal of Experimental
Psychology: General, 116, 68-81.

Hout, M.C., Walenchok, S.C., Goldinger, S.D., & Wolfe, J.M. (2015). Failures of Perception in
the Low-Prevalence Effect: Evidence From Active and Passive Visual Search. Journal of
Experimental Psychology: Human Perception and Performance, ePub ahead of print.
DOI: 10.1036/xhp0000053

Hughes, B.L., &, Zaki, J. (2015). The neuroscience of motivated cognition. Trends in Cognitive
Sciences, 19(2), 62-64. DOI:10.1016/j.tics.2014.12.006

Hull, C.L. (1943). Principles of Behavior: An introduction to behavior theory. New York, NY:
Appleton.

Humphreys, M.S., & Revelle, W. (1984). Personality, motivation and performance: A theory of
the relationship between individual differences and information processing.
Psychological Review, 91, 153-184.

Hyde, J.S. (2005). The gender similarities hypothesis. American Psychologist, 6, 581-600.

271



Ilkowska, M., & Engle, R.W. (2010). Working Memory Capacity and Self-Regulation. In R.H.
Hoyle (Ed.), Handbook of Personality and Self-Regulation (pp. 263-290). Chichester,
UK: Blackwell Publishing Ltd. DOI: 10.1002/9781444318111.ch12

Isard, J.L., & Szalma, J.L. (2015). The Effect of Perceived Choice on Performance, Workload,
and Stress. Proceedings of the Human Factors and Ergonomics Society Annual Meeting,
59(1), 1037-1041. DOI: 10.1177/1541931215591293

Jerison, H.J. (1970). Vigilance, discrimination and attention. In D.l. Mostofsky (Ed.), Attention:
Contemporary Theory and Analysis (pp. 127-147). New York, NY: Appleton.

Kahneman, D. (1973). Attention and effort. Englewood Cliffs, NJ: Prentice Hall.

Karwowski, W., & Cuevas, H.M. (2003). Considering the importance of individual differences
in human factors research: No longer simply confounding noise. Panel presented at the
47™ Annual Meeting of the Human Factors and Ergonomics Society, Denver, CO.

Kelley, A.E., & Berridge, K.C. (2002). The Neuroscience of Natural Rewards: Relevance to
Addictive Drugs. Journal of Neuroscience, 22(9), 3306-3311.

Kluger, A.N., & DeNisi, A. (1996). The Effects of Feedback Interventions on Performance: A
Historical Review, a Meta-Analysis, and a Preliminary Feedback Intervention Theory.
Psychological Bulletin, 119(2), 254-284.

Koelega, H.S. (1992). Extraversion and vigilance performance: 30 years of inconsistencies.
Psychological Bulletin, 112, 239-258.

Langner, R., & Eickhoff, S.B. (2013). Sustaining Attention to Simple Tasks: A Meta-Analytic
Review of the Neural Mechanisms of Vigilant Attention. Psychological Bulletin, 139(4),
870-900.

Lehman, E.B., Olson, V.A., Aquilino, S.A., & Hall, L.C. (2006). Auditory and Visual
Continuous Performance Tests: Relationships with Age, Gender, Cognitive Functioning,
and Classroom Behavior. Journal of Psychoeducational Assessment, 24(1), 36-51.

Levine, J.M., Romashko, T., & Fleishman, E.A. (1973). Evaluation of an abilities classification

system for integrating and generalizing human performances research findings: An

272



application to vigilance task. Journal of Applied Psychology 58(2), 149-157. DOI:
10.1037/h0035503

Loeb, M., & Alluisi, E.A. (1984). Theories of vigilance. In J.S. Warm (Ed.), Sustained attention
in human performance (pp.179-205). New York, NY: Wiley.

Loeb, M., Noonan, T.K., Ash, D.W., & Holding, D.H. (1988). Limitations of the Cognitive
Vigilance Increment. Human Factors, 29(6), 661-674. DOI:
10.1177/001872088702900606

Logan, G.D. (1992). Attention and preattention in theories of automaticity. American Journal of
Psychology, 105(2), 317-339.

Logan, G.D. (1980). Attention and Automaticity in Stroop and Priming Tasks: Theory and Data.
Cognitive Psychology, 12, 523-553.

Lucaccini, L.F., Freedy, A., & Lyman, J. (1968). Motivational Factors in Vigilance: Effects of
Instructions on Performance in a Complex Vigilance Task. Perceptual and Motor Skills,
26, 783-786.

Mackworth, J.F. (1969). Vigilance and habituation: a neurophysiological approach. Baltimore,
MD: Penguin.

Mackworth, N.H. (1950). Researches on the measurement of human performance. In H.W.
Sinaiko (Ed.), Selected papers in the design and use of control systems (pp. 174-331).
Reprinted from Medical Research Council Special Report Series 268, London, UK: H.M.
Stationary Office 1950.

Mackworth, N.H. (1948). The breakdown of vigilance during prolonged visual search. Quarterly
Journal of Experimental Psychology, 1, 6-21.

Mandell, A.R., Becker, A., VanAndel, A., Nelson, A., & Shaw, T.H. (2015). Neuroticism and
vigilance revisited: A transcranial Doppler investigation. Consciousness and Cognition,
36, 19-26. DOI: 10.1016/j.concog.2015.05.017

Manly, T., Robertson, I.H., Galloway, M., & Hawkins, K. (1999). The absent mind: Further

investigations of sustained attention to response. Neuropsychologica, 37, 661-670.

273



Matthews, G. (2016). Multidimensional Profiling of Task Stress States for Human Factors: A
Brief Review. Human Factors, 58(6), 801-813. DOI: 10.1177/0018720816653688

Matthews, G. (2001). Levels of transaction: a cognitive science framework for operator stress. In
P.A. Hancock & P.A. Desmond (Eds.), Stress, Workload, and Fatigue (pp. 5-33).
Mahwah, NJ: Erlbaum Associates.

Matthews, G., Campbell, S.E., Falconer, S., Joyner, L.A., Huggins, J., Gilliland, K., Grier, R., &
Warm, J.S. (2002). Fundamental dimensions of subjective state in performance settings:
Task engagement, distress, and worry. Emotion, 2(4), 315-340. DOI: 10.1037/1528-
3542.2.4.315

Matthews, G., & Davies, D.R. (1998). Arousal and vigilance: The role of task demands. In R.R.
Hoffman, M.F. Sherrick, & J.S. Warm (Eds.), Viewing Psychology as a Whole: The
Integrative Science of William N. Dember (pp. 113-144). Washington, D.C.: American
Psychological Association.

Matthews, G., Davies, D.R., & Lees, J.L. (1990). Arousal, extraversion, and individual
differences in resource availability. Journal of Personality and Social Psychology, 59,
150-168.

Matthews, G., Deary, 1.J., & Whiteman, C. (2009). Personality traits (3" ed.). New York,

NY: Cambridge University Press.

Matthews, G., Deary, 1.J., & Whiteman, C. (2003). Personality traits (2" ed.). New York,
NY: Cambridge University Press.

Matthews, G., & Desmond , P.A. (2002). Task-induced fatigue states and simulated driving

performance. Quarterly Journal of Experimental Psychology, 55A, 659-686.
Matthews, G., Panganiban, A.P., & Hudlicka, E. (2011). Anxiety and selective attention to threat
in tactical decision making. Personality and Individual Differences, 50, 949-954.
Matthews, G., Szalma, J.L., Panganiban, A.R., Neubauer, C., &Warm, J.S. (2013). Profiling

Task Stress with the Dundee Stress State Questionnaire. In L. Cavalcanti & S. Azevedo

274



(Eds.), Psychology of Stress (pp. 49-91). Hauppauge, NY: Nova Science Publishers, Inc.

Matthews, G., Warm, J.S., Reinerman-Jones, L.E., Langheim, L.K., & Saxby, D.J. (2010a). Task
Engagement, Attention, and Executive Control. In A. Gruszka, G. Matthews, & B.
Szymura (Eds.), Handbook of Individual Differences in Cognition: Attention, Memory,
and Executive Control (pp. 205-230). New York, NY: Springer.

Matthews, G., Warm, J.S., Reinerman-Jones, L.E., Langheim, L.K., Washburn, D.A., & Tripp,
L. (2010b). Task Engagement, Cerebral Blood Flow Velocity, and Diagnostic Monitoring
for Sustained Attention. Journal of Experimental Psychology: Applied, 16(2), 187-203.
DOI: 10.1037/a0019572

Matthews, G., Warm, J.S., Shaw, T.H., & Finomore V.S. (2014). Predicting battlefield vigilance:
a multivariate approach to assessment of attentional resources. Ergonomics, 57(6), 856-
875. DOI: 10.1080/00140139.2014.899630

McAuley, E., Duncan, T., & Tammen, V.V. (1989). Psychometric properties of the Intrinsic
Motivation Inventory in a competitive sport setting: A confirmatory factor analysis.
Research Quarterly for Exercise and Sport, 60, 48-58.

McBride, S.A., Merullo, D.J., Johnson, R.F., Banderet, L.F., & Robinson, R.T. (2007).
Performance during a 3-hour simulated sentry duty task under varied work rates and
secondary task demands. Military Psychology, 19, 103-117.

McBride, C., Zuroff, D.C., Ravitz, P., Koestner, R., Moskowitz, D.S., Quilty, L., & Bagby, R.M.
(2010). Autonomous and controlled motivation and interpersonal therapy for depression:
Moderating role of recurrent depression. British Journal of Clinical Psychology, 49, 529-
545. DOI: 10.1348/014466509X479186

McClleland, D.C. (1985). How Motives, Skills, and Values Determine What People Do.
American Psychologist, 40(7), 812-825.

McClleland, D.C. (1961). The Achieving Society. New York, NY: The Free Press.

McGrath, J.J. (1963a). Cross-validation of some correlates of vigilance performance.

In D.N. Buckner & J.J. McGrath (Eds.), Vigilance: A Symposium (pp. 227-237).

275



New York, NY: McGraw-Hill.

McGrath, J.J. (1963b). Some problems of definition and criteria in the study of vigilance
performance. In D.N. Buckner & J.J. McGrath (Eds.), Vigilance: A Symposium (pp. 227-
246). New York, NY: McGraw-Hill.

Meuter, R.F.I., & Lacherez, P.F. (2016). When and Why Threats Go Undetected: Impacts of
Event Rate and Shift Length on Threat Detection Accuracy During Airport Baggage
Screening. Human Factors, 58(2), 218-228. DOI: 10.1177/0018720815616306

Michou, A., Vansteenkiste, M., Mouratidis, A., & Lens, W. (2014). Enriching the hierarchical

model of achievement motivation: Autonomous and controlling reasons underlying
achievement goals. British Journal of Educational Psychology, 84, 650-666. DOI:
10.1111/bjep.12055

Molloy, R. & Parasuraman, R. (1996). Monitoring an Automated System for a Single Failure:
Vigilance and Task Complexity Effects. Human Factors, 38(2), 311-322. DOI:
10.1177/001872089606380211

Montague, W.E., & Webber, C.E. (1965). Effects of Knowledge of Results and Differential
Monetary Reward on Six Uninterrupted Hours of Monitoring. Human Factors, 7, 173-
180.

Moray, N. (1967). Where is capacity limited? A survey and a model. Acta Psychologica, 27, 84-
92.

Muis, K.R., Winne, P.H., & Edwards, O.V. (2009). Modern psychometrics for assessing
achievement goal orientation: a Rasch analysis. British Journal of Educational
Psychology, 79(Pt. 3), 547-576. DOI: 10.1348/000709908X383472

Murayama, K., Elliot, A.J., & Freidman, R. (2012). Achievement Goals. In R.M. Ryan (Ed.),
The Oxford Handbook of Human Motivation (pp. 191-207). New York, NY:

Oxford University Press.

Murayama, K., & Kuhbander, C. (2011). Money enhances consolidation- But only for boring

material. Cognition, 119, 120-124.

276



Navon, D. (1984). Resources- a theoretical soup stone? Psychological Review, 91(2), 216-234.
DOI: 10.1037/0033-295X.91.2.216

Navon, D., & Gopher, D. (1979). On the economy of the human information processing system.
Psychological Review, 86, 214-255.
Nicholls, J.G. (1984). Achievement motivation: Conceptions of ability, subjective experience,

task choice, and performance. Psychological Review, 91(3), 328-346. DOI:
10.1037/0033-

295X.91.3.328

Nuechterlein, K.H., Parasuraman, R., & Jiang, Q. (1983). Visual sustained attention: Image
degradation produces rapid sensitivity decrement over time. Science, 220, 327-329.

Parasuraman, R. (2011). Can Behavioral, Neuroimaging, and Molecular Genetic Studies of
“Cognitive Superstars” Tell Us How to Augment Cognition? Proceedings of the Human
Factors and Ergonomics Society, 55, 192-196.

Parasuraman, R. (1985). Sustained attention: A multifactorial approach. In M. Posner (Ed.),
Attention and Performance: XI. Hillsdale, NJ: Erlbaum

Parasuraman, R. & Mouloua, M. (1987). Interaction of signal discriminability and task type in
vigilance decrement. Perception & Psychophysics, 41(1), 17-22.

Parasuraman, R., Warm, J.S., & Dember, W.N. (1987). Vigilance: Taxonomy and utility. In L.S.

Mark, J.S. Warm, & R.I. Huston (Eds.), Ergonomics and Human Factors (pp. 11-32).
New York, NY: Springer.
Pashler, H.E. (1998). The Psychology of Attention. Cambridge, Massachusetts: The MIT Press.

Pink, D.H. (2009). Drive: The Surprising Truth About What Motivates Us. New York, NY:
Riverhead Books.

Pintrich, P.R. (2000). An Achievement Goal Theory Perspective on Issues in Motivation
Terminology, Theory, and Research. Contemporary Educational Psychology, 25, 92-104.

Popper, K. (1959). The Logic of Scientific Discovery. New York, NY: Basic Books.

Pop, V., Stearman, E.J., Kazi, S., & Durso, F.T. (2012). Using engagement to negate vigilance

277



decrements in the NextGen environment. International Journal of Human-Computer
Interaction, 28, 99-106.

Ranellucci, J., Hall, N.C., & Goetz, T. (2015). Achievement Goals, Emotions, Learning, and
Performance: A Process Model. Motivation Science, 1(2), 98-120. DOI:
10.1037/mot0000014

Ray, J.J. (1979). A Quick Measure of Achievement Motivation- Validated in Australia and
Reliable in Britain and South Africa. Australian Psychologist, 14(3), 337-344.

Reeve, J. (2002). Self-determination theory applied to educational settings. In E.L. Deci & R.M.
Ryan (Eds.), Handbook of Self-Determination Research (pp.183-203). Rochester, NY':
University of Rochester Press.

Reeve, J., & Lee, W. (2014). Students’ Classroom Engagement Produces Longitudinal Changes
in Classroom Motivation. Journal of Educational Psychology, 106(2), 527-540. DOI:
10.1037/a0034934

Reinerman-Jones, L.E., Matthews, G., Langheim, L.K., & Warm, J.S. (2011). Selection for
vigilance assignments: a review and proposed new direction. Theoretical Issues in
Ergonomics Science, 12(4), 273-296. DOI: 10.1080/14639221003622620

Reinerman-Jones, L.E., Matthews, G., & Mercado, J.E. (2016). Detection tasks in nuclear power
plant operation: Vigilance decrement and physiological workload monitoring. Safety
Science, 88, 97-107.

Revelle, W. (1993). Individual differences in personality, and motivation: ‘non-cognitive’
determinants of cognitive performance. In A. Baddeley & L. Weiskrantz (Eds.),
Attention: Selection Awareness and Control: A Tribute to Donald Broadbent (pp. 346-
373). Oxford, UK: Clarendon Press Publication.

Robbins, T.W. (1998). Arousal and attention: Psychopharmacological and neurophysiological
students in experimental animals. In R. Parasuraman (Ed.), The Attentive Brain.

Cambridge, MA: MIT Press.

278



Robertson, I.H., Manly, T., Andrade, J., Baddeley, B.T., & Yiend, J. (1997). ‘Oops!’:
Performance correlates of everday attentional failures in traumatic brain injured and
normal subjects. Neuropsychologica, 35, 747-758.

Rose, C.L., Murphy, L.B., Byard, L., & Nikzad, K. (2002). The role of the Big Five personality
factors in vigilance performance and workload. European Journal of Personality, 16(3),
185-200. DOI: 10.1002/per.451

Ryan, R.M. (2012). The Oxford Handbook of Human Motivation. New York, NY: Oxford

University Press.

Ryan, R.M. (1982). Control and information in the intrapersonal sphere: An extension of
cognitive evaluation theory. Journal of Personality and Social Psychology, 43,

450-461.

Ryan, R.M., & Deci, E.L. (2013). Toward a Social Psychology of Assimilation: Self-
Determination Theory in Cognitive Development and Education. In B.W. Sokol, F.M.E.
Grouzet, & U. Miller (Eds.), Self-Regulation and Autonomy (pp. 191-207). New York,
NY: Cambridge University Press.

Ryan, R.M., & Deci, E.L. (2008). Self-Determination Theory and the Role of Basic Psychology
Needs in Personality and the Organization of Behavior. In O.P. John, R.W. Robins, &
L.A. Pervin (Eds.), Handbook of personality theory and research (3 ed.) (pp. 654-678).
New York, NY: Guilford Press.

Ryan, R.M., & Deci, E.L. (2000). Self-Determination Theory and the Facilitation of Intrinsic
Motivation, Social Development, and Well-Being. American Psychologist, 55(1), 68-78.

Ryan, R.M., Patrick, H., Deci, E.L., & Williams, G.C. (2008). Facilitating healthy behavior
change and its maintenance: Interventions based on Self-Determination Theory. The

European Health Psychologist, 10, 2-5.

279



Ryan, R.M., Sheldon, K.M., Kasser, T., & Deci, E.L. (1996). All goals were not created
equal: An organismic perspective on the nature of goals and their regulation. In P.M.
Gollwitzer & J.A. Bargh (Eds.), The Psychology of Action: Linking Motivation and
Cognition to Behavior. New York, NY: Guilford.

Salcedo, J.N., Lackey, S.J., Maraj, C., & Reinerman-Jones, L.E. (2014). Impact of Instructional
Strategies on Motivation and Engagement for Simulation-Based Training of Robot-Aided
ISR Tasks. Proceedings of the Human Factors and Ergonomics Society, 58, 2320-2324.

Sawin, D.A., & Scerbo, M.W. (1995). The effects of instruction type and boredom proneness in
vigilance: Implications for boredom and workload. Human Factors, 37, 752-765.

Saxby, D.J., Matthews, G., Warm, J.S., Hitchcock, E.M., & Neubauer, C. (2013). Active and
Passive Fatigue in Simulated Driving: Discriminating Styles of Workload Regulation and

Their Safety Impacts. Journal of Experimental Psychology: Applied, 19(4), 287-300.
DOl:

10.1037/a0034386

Scerbo, M.W. (1998). Fifty years of vigilance research: Where are we now? Proceedings of the
Human Factors and Ergonomics Society, 42, 1146-1158.

Schneider, K., & Eckelt, D. (1975). Effects of success and failure on performance of a simple
vigilance task. Experimental and Applied Psychology (originally published in German),
22(2), 263-289.

Scott, L. D., Rogers, A.E., Hwang, W.T., & Zhang, Y. (2006). Effects of critical care nurses’
work hours on vigilance and patients’ safety. American Journal of Critical Care, 15, 30-
37.

See, J. E., Howe, S. R., Warm, J. S., & Dember, W. N. (1995). Meta-analysis of the sensitivity
decrement in vigilance. Psychological Bulletin, 117(2), 230-249.

Seli, P., Risko, E.F., Smilek, D. (2016a). Assessing the associations among trait and state levels

of deliberate and spontaneous mind wandering. Consciousness and Cognition, 41, 50-56.

280



Seli, P., Risko, E.F., Smilek, D. (2016b). On the Necessity of Distinguishing Between
Unintentional and Intentional Mind Wandering. Psychological Science, [ePub ahead of
print], 1-7. DOI: 10.1177/0956797616634068

Seli, P., Wammes, J.D., Risko, E.F., & Smilek, D. (2015). On the relation between motivation
and retention in educational contexts: The role of intentional and unintentional mind
wandering. Psychonomic Bulletin & Review, (EPub ahead of print). DOI:
10.3758/s13423-015-0979-0

Senko, C., & Freund, A.M. (2015). Are mastery-avoidance achievement goals always
detrimental? An adult development perspective. Motivation and Emotion, 39, 477-488.
DOI: 10.1007/s11031-015-9474-1

Shaw, T.H., Matthews, G., Warm, J.S., Finomore, V.S., Silverman, L., & Costa, Jr., P.T. (2010).
Individual differences in vigilance: Personality, ability and states of stress. Journal of
Research in Personality, 44, 297-308.

Sheldon, K.M., & Elliot, A.J. (1998). Not all Personal Goals are Personal: Comparing
Autonomous and Controlled Reasons for Goals as Predictors of Effort and Attainment.
Personality and Social Psychology Bulletin, 24(5), 546-557. DOI:
10.1177/0146167298245010

Sheldon, K.M., & Kasser, T. (1995). Coherence and congruence: Two aspects of personality and
integration. Journal of Personality and Social Psychology, 68, 531-543.

Slade, L.A. (1988). Repeated Task Difficulty Choices as a Function of Achievement Motivation.
Academy of Management Best Papers, 221-225.

Slade, L.A., & Rush, M.C. (1991). Achievement motivation and the dynamics of task difficulty

choices. Journal of Personality and Social Psychology, 60(1), 165-172. DOI:
10.1037/0022-3514.60.1.165

Smallwood, J. (2013). Distinguishing how from why the mind wanders: A process-occurrence
framework for self-generated mental activity. Psychological Bulletin, 139, 519-535.

Smallwood, J. (2010). Why the global availability of mind wandering necessitates resource

281



competition: Reply to McVay and Kane (2010). Psychological Bulletin, 136, 202-207.

Smallwood, J., Beach, E., Schooler, J.W., & Handy, T.C. (2008). Going AWOL in the brain:
Mind wandering reduces cortical analysis of external events. Journal of Cognitive
Neuroscience, 20, 458-469.

Smallwood, J., & Schooler, J.W. (2006). The restless mind. Psychological Bulletin, 132, 946-
958.

Smith, G.J.D. (2004). Behind the scenes: examining constructions of deviance and informal
practices among CCTV control room operators in the UK. Surveillance & Society, 2(2/3),
376-395.

Smit, A.S., Eling, P.A., & Coenen, A.M. (2004). Mental effort causes vigilance decrease due to
resource depletion. Acta Psychologica, 115, 35-42.

Sprague, R.L. (1981). The cognitive increment function in sustained attention (Master’s thesis).

Stone, D.N., Deci, E.L., & Ryan, R.M. (2009). Beyond talk: Creating autonomous motivation
through self-determination theory. Journal of General Management, 34, 75-91.

Szalma, J.L. (2014). On the Application of Motivation Theory to Human Factors/Ergonomics:
Motivational Design Principles for Human-Technology Interaction. Human Factors,
56(8), 1453-1471.

Szalma, J.L. (2011). Workload and stress in vigilance: the impact of display format and task
type. American Journal of Psychology, 124(4), 441-454.

Szalma, J.L. (2009). Individual differences in human-technology interaction: incorporating
variation in human characteristics into human factors and ergonomics research design.
Theoretical Issues in Ergonomics Science, 10(5), 381-397. DOI:
10.1080/14639220902893613

Szalma, J.L., Hancock, G.M., & Hancock, P.A. (2012). Task loading and stress in human-

computer interaction: Theoretical frameworks and mitigation strategies. In J.A. Jacko

282



(Ed.), The human-computer interaction handbook: Fundamentals, evolving technologies,
and emerging applications (pp. 55-75). Boca Raton, FL: CRC Press.

Szalma, J.L., & Matthews, G. (2015). Motivation and Emotion. In R.R. Hoffman, P.A. Hancock,
M.W. Scerbo, R. Parasuraman, & J.L. Szalma (Eds.), The Cambridge Handbook of
Applied Perception Research (pp. 218-240). New York, NY: Cambridge University
Press.

Szalma, J.L., Schmidt, T.N., Teo, G.W.L., & Hancock, P.A. (2014). Vigilance on the move:
video game-based measurement of sustained attention. Ergonomics, 57(9), 1315-1336.

Szalma, J.L., & Teo, G.W.L. (2012). Spatial and temporal task characteristics as stress: A test of
the dynamic adaptability theory of stress, workload, and performance. Acta Psychologica,
139, 471-485. DOI: 10.1016/j.actpsy.2011.12.009

Teichner, W.H. (1974). The detection of a simple visual signal as a function of time on watch.
Human Factors, 16, 339-353.

Teo, G., Szalma, J.L., & Schmidt, T. (2011). Predicting Performance, Subjective States, and
Coping Strategy in a Vigilance Task: The Role of Individual Differences. Proceedings of
the Human Factors and Ergonomics Society, 55, 1467-1471.

Thackray, R.1., Bailey, J.P., & Touchstone, R.M. (1977). Physiological, subjective, and
performance correlates of reported boredom and monotony while performing a simulated
radar control task. In R.R. Mackie (Ed.), Vigilance: Theory, Operational Performance,
and Physiological Correlates. New York, NY: Plenum.

Thomson, D.R., Besner, D., & Smilek, D. (2016). A Critical Examination of the Evidence for
Sensitivity Loss in Modern Vigilance Tasks. Psychological Review, 123(1), 70-83. DOI:
10.1037/rev0000021

Thomson, D.R., Besner, D., & Smilek, D. (2015). A Resource-Control Account of Sustained
Attention: Evidence From Mind-Wandering and Vigilance Paradigms. Perspectives on

Psychological Science, 10(1), 82-96. DOI: 10.1177/1745691614556681

283



Thomson, D.R., Besner, D., & Smilek, D. (2013). In pursuit of off-task thought: Mind
wandering-performance trade-offs while reading aloud and color naming. Frontiers in
Psychology, 4, 360. DOI: 10.3389/fpsyg.2013.00360

Thomson, D.R., Smilek, D., & Benser, D. (2014). On the asymmetric effects of mind wandering
on levels of processing at encoding and retrieval. Psychonomic Bulletin & Review, 21,
728-733.

Tomporowski, P.D., & Tinsley, V.F. (1996). Effects of Memory Demand and Motivation on
Sustained Attention in Young and Older Adults. American Journal of Psychology,
109(2), 187-204.

Unsworth, N., & McMillan B.D. (2013). Mind wandering and reading comprehension:
Examining the roles of working memory capacity, interest, motivation, and topic
experience. Journal of Experimental Psychology: Learning, Memory, and Cognition, 39,
832-842. DOI: 10.1037/a0029669

Van Yperen, N.W., Blaga, M., & Postmes, T. (2014). A meta-analysis of self-reported
achievement goals and nonself-report performance across three achievement domains
(work, sports, and education). PLoS One, 9(4), €93594.

Venkatraman, M.P., Marlino, D., Kardes, F.R., & Sklar, K.B. (1990). Effects of individual

difference variables on responses to factual and evaluative ads. Advances in Consumer
Research, 17, 761-765.

Wakefield, M. (2000). To err is human: An Institute of Medicine report. Professional
Psychology: Research and Practice, 31, 243-244.

Warm, J.S. (1984). Sustained attention in human performance. Chichester, UK: Wiley.

Warm, J.S. (1977). Psychological processes in sustained attention. In R.R. Mackie (Ed.),
Vigilance: Theory, operational performance and physiological correlates (pp. 623-644).
New York, NY: Plenum.

Warm, J.S., & Dember, W.N. (1998). Tests of vigilance taxonomy. In R.R. Hoffman, M.F.

Sherrick, & J.S. Warm (Eds.), Viewing Psychology as a Whole: The Integrative Science

284



of William N. Dember (pp. 87-112). Washington, D.C.: American Psychological
Association.

Warm, J.S., Dember, W.N., & Hancock, P.A. (1996). Vigilance and workload in automated
systems. In R. Parasuraman & M. Mouloua (Eds.), Automation and human
performance: Theory and applications (pp. 183-200). Mahwah, NJ: Erlbaum.

Warm, J.S., Dember, W.N., Lanzetta, T.M., Bowers, J.C., & Lysaght, R.J. (1985). Information
Processing in Vigilance Performance: Complexity Revisited. Proceedings of the Human
Factors Society, 29, 19-23.

Warm, J.S., Howe, S.R., Fishbein, H.D., Dember, W.N., & Sprague, R.L. (1984). Cognitive
demand and the vigilance decrement. In A. Mittal (Ed.), Trends in Ergonomics/Human
Factors | (pp. 15-20). North Holland: Elsevier.

Warm, J.S., & Jerison, H.J. (1984). The psychophysics of vigilance. In J. S. Warm (Ed.),
Sustained Attention in Human Performance (pp. 15-59). Chichester, UK: Wiley.

Warm, J.S, Matthews, G., & Finomore, V.S. (2008). Workload, stress, and vigilance. In P.A.
Hancock and J.L. Szalma (Eds.), Performance under stress. Brookfield, VT: Ashgate.

Warm, J.S., Parasuraman, R., & Matthews, G. (2008). Vigilance Requires Hard Mental Work
and is Stressful. Human Factors, 50(3), 433-441. DOI: 10.1518/001872008X312152

Welford, A.T. (1968). Fundamentals of skill. London, UK: Methuen.

White, R.W. (1959). Motivation reconsidered: The concept of competence. Psychological
Review, 66, 297-333.

Wickens, C.D. (2002). Multiple resources and performance prediction. Theoretical Issues in
Ergonomic Science, 3, 159-177.

Wickens, C.D. (1984). Processing Resources in Attention. In R. Parasuraman & D.R. Davies

(Eds.), Varieties of Attention (pp. 63-102). New York, NY: Academic Press.

285



Wiener, E.L. (1975). Individual and group differences in inspection. In C.G. Drury &
J.G. Fox (Eds.), Human Reliability in Quality Control (pp. 101-122). London, UK:
Taylor & Francis.

Williams, B. (2005, January 2). Vigilance name of game in tribal casinos. Retrieved from:
http://legacy.utsandiego.com/uniontrib/20050102/news_1n2shuffle.html

Wiggins, M.W. (2011). Vigilance decrement during a simulated general aviation flight. Applied
Cognitive Psychology, 25(2), 229-235. DOI: 10.1002/acp.1668

Wilson, K.M., Head, J., de Joux, N.R., Finkbeiner, K.M., & Helton, W.S. (2015a). Friendly Fire
and the Sustained Attention to Response Task. Human Factors, 57(7), 1219-1234. DOI:
10.1177/0018720815605703

Wilson, K.M., Russell, P.N., & Helton, W.S. (2015b). Spider stimuli improve response
inhibition. Consciousness and Cognition, 33, 406-413. DOI:
10.1016/j.concog.2015.02.014

Wise, R.A. (1985). The anhedonia hypothesis: Mark I11. Behavioral Brain Science, 8, 178-186.

Yerkes, R.M., & Dodson, J.D. (1908). The relation of strength of stimulus to rapidity of habit-
formation. Journal of Comparative Neurology and Psychology, 18, 459-482.

Zedelius, C.M., Broadway, J.M., & Schooler, J.W. (2015). Motivating meta-awareness of mind
wandering: A way to catch the mind in flight? Consciousness and Cognition, 36, 44-53.
DOI: 10.1016/j.concog.2015.05.016

Zedelius, C.M., Veling, H., & Aarts, H. (2012). When unconscious rewards boost cognitive task
performance inefficiently: the role of consciousness in integrating value and attainability
information. Frontiers in Human Neuroscience, 6(219), 1-11. DOI:

10.3389/fnhum.2012.00219

286



	Beyond Compliance: Examining the Role of Motivation in Vigilance Performance
	STARS Citation

	ABSTRACT
	ACKNOWLEDGMENTS
	TABLE OF CONTENTS
	LIST OF FIGURES
	LIST OF TABLES
	CHAPTER ONE: INTRODUCTION
	CHAPTER TWO: VIGILANCE
	Understanding the Vigilance Decrement
	Theoretical Explanations for the Vigilance Decrement
	Resource Theory as a Means of Explaining the Vigilance Decrement
	The Mindlessness Explanation of the Vigilance Decrement
	The Mind-Wandering Account of the Vigilance Decrement

	The Land of Confusion: Information Processing Theories and Issues with the Operationalization of ‘Engagement’
	Attenuating the Vigilance Decrement
	The Effect of Individual Differences on the Vigilance Decrement
	The Effect of the Type and Design of the Task on the Vigilance Decrement
	The Importance of Time on Task
	The Effect of Task Instructions on Vigilance Performance

	Pilot Work
	Task Conditions
	Measures
	Procedures
	Task Design and Stimuli
	Participants
	Results
	Discussion


	CHAPTER THREE: MOTIVATION
	Autonomous Motivation
	Achievement Motivation
	Pilot Work
	Procedures
	Participants
	Conditions
	Results and Discussion


	CHAPTER FOUR: THE PRESENT RESEARCH
	Implications for Theory
	Goals for this Dissertation

	CHAPTER FIVE: EXPERIMENT ONE
	Hypotheses
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures

	Participants
	Data Cleaning and Final Sample

	Design
	Task Stimuli and Environment
	Measures
	Individual Difference Measures of Motivation
	Intrinsic Motivation Inventory
	Achievement Motivation Scale

	Stress and Workload Measures
	Dundee Stress State Questionnaire
	NASA-Task Load Index

	Procedure
	Descriptive Statistics
	Results
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures
	Sensitivity and Response Bias

	Discussion
	Engagement and Motivation
	Stress and Workload
	Performance


	CHAPTER SIX: EXPERIMENT TWO
	Hypotheses
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures

	Participants
	Data Cleaning and Final Sample

	Design
	Task Stimuli and Environment
	Measures
	Procedure
	Descriptive Statistics
	Results
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures
	Sensitivity and Response Bias

	Discussion
	Engagement and Motivation
	Stress and Workload
	Performance


	CHAPTER SEVEN: EXPERIMENT THREE
	Hypotheses
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures

	Participants
	Data Cleaning and Final Sample

	Design
	Task Stimuli and Environment
	Measures
	Procedure
	Descriptive Statistics
	Results
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures
	Sensitivity and Response Bias

	Discussion
	Engagement and Motivation
	Stress and Workload
	Performance


	CHAPTER EIGHT: EXPERIMENT FOUR
	Hypotheses
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures

	Participants
	Data Cleaning and Final Sample

	Design
	Task Stimuli and Environment
	Measures
	Procedure
	Descriptive Statistics
	Results
	Engagement and Motivation Measures
	Stress and Workload Measures
	Performance Measures
	Sensitivity and Response Bias

	Discussion
	Engagement and Motivation
	Stress and Workload
	Performance


	CHAPTER NINE: GENERAL DISCUSSION
	Implications for Motivation and Engagement in Vigilance
	Implications for Theories of Vigilance and Information Processing
	Limitations to this Work and Future Directions

	APPENDIX A IRB OUTCOME LETTER
	APPENDIX B IRB OUTCOME LETTER FOR CONTINUING REVIEW
	APPENDIX C CORRELATIONS WITH MEASURES OF ENGAGEMENT AND MOTIVATION ACROSS ALL STUDIES
	APPENDIX D MEANS AND STANDARD DEVIATIONS FOR FULL DSSQ ACROSS ALL STUDIES
	APPENDIX E MEANS AND STANDARD DEVIATIONS FOR FULL NASA-TLX ACROSS ALL STUDIES
	APPENDIX F CORRELATIONS WITH MEASURES OF STRESS AND WORKLOAD ACROSS ALL STUDIES
	APPENDIX G CORRELATIONS WITH MEASURES OF PERFORMANCE ACROSS ALL STUDIES
	APPENDIX H CORRELATIONS WITH MEASURES OF SENSITIVITY AND RESPONSE BIAS ACROSS ALL STUDIES
	APPENDIX I RELIABILITY OF THE ACHIEVEMENT MOTIVATION AND AUTONOMOUS MOTIVATION MEASURES ACROSS ALL STUDIES
	APPENDIX J ENGAGEMENT, MOTIVATION, STRESS, AND WORKLOAD DATA FOR EXCLUDED PARTICIPANTS ACROSS ALL STUDIES
	APPENDIX K EFFECT SIZES FOR ENGAGEMENT, MOTIVATION, STRESS, AND WORKLOAD DATA ACROSS EXCLUDED PARTICIPANTS FOR ALL EXPERIMENTS
	LIST OF REFERENCES

