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CHAPTER 1
INTRODUCTION
Although it has long been known that emotion is an important aspect of the
learning process, many widely accepted theories (e.g. constructivism) view learning in
terms of information processing with little or no mention of how emotion influences
the thinking and learning process (Picard et al., 2004). This is especially true in
science education because of the legacy of Cartesian dualism, a 17th century
philosophy that privileged “rational” cognitive functions over “irrational” affective
states including emotions. Indeed, in Western philosophy, which is heavily based on
the doctrine of positivism, emotion has been viewed as a hindrance to reason, truth,
and objectivity (Alsop & Watts, 2003). Thus it is not surprising that science education
research also has an enduring cognitive tradition that all but ignores the role of
emotion in the learning process.
But a growing body of research in neuroscience, psychology, and cognitive
science indicates a complex interrelationship between emotion and many aspects of
thinking and learning (Bechara & Damasio, 2000; Cahill, Babinsky, Markowitch, &
McGaugh, 1995). It is becoming clear that certain emotions or affective states may
influence learning directly because of their effects on brain activity (Damasio et al in
Picard et al., 2004) and that “. . . when we change what we call our ‘emotional states’,
we’re switching between different ways to think” (Minsky, 2006, p.6). For example,
positive affect facilitates creativity and efficient decision-making and may lead to
increases in intrinsic motivation (Estrada, Isen, & Young, 1994; Hidi & Renninger,
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2006). In contrast, boredom appears to hinder the learning process and leads to less
successful outcomes (Craig, Graesser, Sullins, & Gholson, 2004).
An emerging theme in the neurosciences is the question of how emotion
interacts with and influences other domains of cognition including attention, memory,
and reasoning (Dolan, 2002). Recent findings indicate that people more readily pay
attention to emotional rather than neutral stimuli (Vuilleumier, 2005). Increased
attention is a significant first step in the learning process because it can positively
affect the allocation of processing resources needed to encode information in
associated messages (Lang, Zhou, Scwartz, Bolls, & Potter, 2000; Wolfe, 2006).
Emotional arousal also plays an important role in the formation of memories. For
example, memories formed in the presence of emotional arousal are readily recalled
long after memory formation and more intense arousal leads to a stronger imprint in
memory (Cahill & McGaugh, 1995; Wolfe, 2006). These findings are relevant to my
study because memory formation is an essential component of long-term learning
(Ochsner, 2000).
However, some theorists suggest that there is an inverted U-shaped
relationship between emotional arousal and cognitive outcomes such that learning may
not be possible in situations of intense arousal when information processing resources
are limited (Easterbrook, 1959; Lang, 2000). For example, if learners are confronted
with a very emotionally arousing stimulus, they may remember details about the
stimulus itself (e.g. an animal show), but be unable to process related content
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information presented at the same time (e.g. a conservation message). Either way,
emotional arousal emerges as a potentially important factor in learning.
Research in the area of persuasion suggests that the extrinsic motivation
associated with emotional stimuli mediates the relationship between emotional arousal
and cognitive processing with greater motivation leading to higher levels of cognitive
capacity allocated to message processing (Nabi, 1999). In addition, in free-choice
learning settings, intrinsic motivation was directly related to learning outcomes on the
basis of the identity-related goals of the visitors (Falk et al., 2008; Schänzel, 2004).
Furthermore, there is evidence that enhanced knowledge and ‘mood’ benefits (e.g.
pleasure) are major goals of visitors to free-choice learning settings (Schänzel &
McIntosh, 2000). Thus, at least in free-choice learning environments, the introduction
of emotionally salient stimuli may lead to more successful learning outcomes if
individuals are intrinsically motivated to attend to related messages.
These findings suggest that cognitive and affective functions (including
emotion) are inextricably linked, and human learning cannot be fully understood
without considering the contribution of both. Clearly, emotion must be recognized
and considered as an integral part of the learning process, and there is an urgent need
for research and theories that engage the topic of emotion in learning.

Emotion and Free-Choice Learning
Free-choice learning experiences are particularly appropriate models for
affective learning research as such events often elicit strong emotional responses. In
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particular, animal presentations at zoos and aquariums are commonly used to deliver
educational and conservation messages in an entertaining manner (Yerke & Burns,
1991). In addition to increasing visitor attendance and prolonging stay-time, such
experiences with animals can be effective at influencing visitor emotions (Hodak,
2008). Although evaluations of animal presentations are becoming more common in
the literature, research to date has primarily focused on visitor perceptions of animal
treatment in exhibits (e.g. Anderson, Kelling, Pressley-Keough, Bloomsmith, &
Maple, 2003), rather than examining how visitors’ emotions influence the learning
experience.
The Oregon Coast Aquarium (OCA) in Newport, Oregon offers narrated sea
otter and sea lion presentations as a means to educate visitors about the biology of the
species as well as threats to animals in the wild and conservation measures that
visitors can take to help these species. Educators at the OCA indicated that both the
otter and sea lion presentations are generally pleasurable for visitors to watch, and
tend to elicit excitement in visitors (K. Carlin-Morgan, personal communication,
Director of Education, OCA) Thus, the animal presentations at OCA provided an
ideal “real-life” context in which to investigate the influence of emotional arousal on
the learning process.

Statement of the Problem
Although it is widely accepted that emotion is an important part of the learning
process, there is little research to indicate how emotion affects both short- and long-
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term learning and which factors might mediate that process. A growing body of
research indicates a complex interrelationship between emotion and many aspects of
thinking and learning, but to date there is a lack of theoretical work in the area of
education that explores the relationship between affective and cognitive dimensions in
learning. This research study begins to address that gap by developing a testable
model on the basis of existing theoretical and empirical work in education and other
disciplines such as psychology and neuroscience to investigate the relationship of
emotional arousal and valence with short- and long-term learning outcomes in the
context of a laboratory experiment and animal presentations at an aquarium.

Purpose of the Study
The purpose of this two-phase study was to advance understanding of the
relationship between emotion and learning by investigating how dimensions of
emotion, particularly arousal, affect short- and long-term learning outcomes first in a
laboratory setting in which the variables could be controlled and next in the freechoice learning context of an aquarium. On the basis of theoretical and empirical
work in the areas of neuroscience, persuasion, emotion, psychology, education, and
communications research, I hypothesized that emotional valence, arousal intensity,
attention, emotion placement within the message, and intrinsic motivation would all
have significant impacts on learning outcomes.
In order to test these hypotheses, I developed a model of these relationships
which I tested in both a laboratory setting (Phase 1) and in the context of animal
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presentations at an aquarium (Phase 2). Specifically, in Phase 1 of the research, I used
video clips in a laboratory setting to induce various levels of emotional arousal and
valence in participants. I was then able to investigate the relationships of these
dimensions with short- and long-term learning outcomes as mediated by emotion
placement within the message. In this phase I also measured the physiological
responses of participants in order to examine the relationship between these results
and responses from the self-assessment emotion instrument.
In Phase 2, I investigated the relationships among emotional arousal intensity,
attention, intrinsic motivation, prior knowledge, narrator quality, and short- and longterm learning outcomes in a free-choice science learning setting. Results of this study
should be particularly useful for designers of free-choice learning experiences such as
animal presentations and eco-tours which often are designed to elicit strong emotional
responses in participants. Furthermore, a better understanding of the relationship
between emotion and learning will be relevant to both formal and free-choice
educators and may lead to the development of more effective learning materials and
experiences.

Research Questions and Hypotheses
This primarily quantitative study was guided by one major research question
and four specific hypotheses:
1. What are the relationships among emotion, attention, motivation, and shortand long-term learning outcomes and what other factors affect these relationships?
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On the basis of this research question, the following hypotheses were tested:
H1: Different learning situations elicit different emotional arousal and valence
levels in study participants;
H2: Key messages delivered during or after an arousing event will lead to
greater learning outcomes than those delivered before the event;
H3: Emotional arousal, valence, and intrinsic motivation affect short- and
long-term learning outcomes directly and indirectly through their relationship with
attention;
H4: Higher levels of emotional arousal will lead to greater learning outcomes
up to some threshold d after which learning outcomes may be hindered;

Definition of Terms

Affect
The term affect refers to the general class of feeling states including moods,
drives, and emotions (Manfredo, 2008).

Arousal
Arousal is one of three independent and bipolar dimensions that define
emotional states. It is a measure of the level of excitement, interest, or alertness that
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one is feeling, ranging from boredom/sleepiness through intermediate states to
frenzied excitement at the opposite extreme (Russell & Mehrabian, 1977).

Emotion
Although there is no consensus on the definition of emotion, for the purposes
of this study emotions were viewed as internal, mental states representing evaluative
reactions to events, or objects that vary in intensity (Ortony, Clore, & Collins, 1988).
They are usually short-lived, intense, and directed at some external stimuli (see Fiske
& Taylor, 1991, for a review).

Free-Choice Learning
Open-ended, voluntary, and self-directed learning that typically occurs when
learners have a high degree of choice in terms of what, when, how, why, where, and
with whom to learn. Free-choice learning settings include museums (e.g. science
centers, zoos, aquariums), youth development programs (e.g. 4H), libraries, parks, and
similar informal settings (Falk & Dierking, 1998; Falk & Dierking, 2000).

Valence
Valence is the emotional dimension of pleasure-displeasure, ranging from
extreme unhappiness at one end to ecstasy at the other end (Russell & Mehrabian,
1977).
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Limitations and Delimitations
The main limitation of this study was the difficulty in measuring the emotional
states of the participants. Although the instrument I used has been found to reliably
measure valence and arousal (Bradley & Lang, 1994), some researchers consider selfreport information to be unreliable when measuring emotion (Russell et al., 1989). In
addition, some participants had difficulty understanding the self-assessment
instrument and consequently may not have accurately recorded their emotional states.
In particular, many aquarium participants seemed to over-report their level of arousal
and it is possible that they equated the ‘excitement’ dimension with their level of
interest in the animal show or the amount of fun they were having.
In addition, study participants were comprised exclusively of volunteers, rather
than a random sample of the population of interest. In Phase 1, the majority of student
volunteers received extra credit for their participation; in Phase 2 participants were
adults who were willing to spend several minutes of time filling out a survey during an
aquarium visit (Phase 2). Therefore, another limitation of this work is that the study
participants may not be representative of the general population and thus results can
not be reliably generalized to the larger population.

Summary
It has long been known that emotion is an important aspect of the learning
process, but how it is involved is only now beginning to be understood. Therefore,
this study is designed to ask not if emotion has an effect on the learning process, but
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rather to explain how emotion, particularly arousal, affects both short- and long-term
learning, and to better understand what variables mediate this relationship. By
developing and testing a model of these relationships, this study begins to address the
gap in knowledge about the role of emotion in the learning process and may inform
the development of more effective learning materials and experiences.
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CHAPTER 2
LITERATURE REVIEW
Introduction
The purpose of this study was to advance understanding of the role of emotion
in the learning process by developing and testing a model that investigates the
relationship between two dimensions of emotion (valence and arousal) with short- and
long-term learning outcomes. The model I developed drew from theoretical and
empirical work in the areas of neuroscience, persuasion, psychology, education, and
communications research. In particular, it was informed by functional and
dimensional emotion theories (Frijda, 1986), models of persuasion (Nabi, 1999; Petty
& Cacioppo, 1986), limited capacity information-processing theory (Lang, 2000; Lang
& Newhagen, 1996), and motivational research in free-choice learning settings (e.g.,
Falk, Heimlich, & Bronnenkant, 2008).
In this chapter, I discuss the findings of this body of research and explain how
I used them to develop the model presented at the end of the chapter. I begin with a
discussion of the independent variable by describing the construct of emotion and
emotion theories that informed my study, as well as the relationship between emotion
and cognition that has emerged from work in the neurosciences and psychology. I
then define the dependent variable of learning as it was operationalized in this study
and review the education literature that deals with emotion. Next I present theoretical
models of emotion that were developed in other disciplines and discuss how these
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models might inform the development of a model specific to learning. Finally, on the
basis of the above empirical and theoretical work, I present a testable model of a
proposed relationship between emotion and learning.

Emotion
What is an Emotion?
Research in the area of affect and emotion has been significantly hampered in
part by the lack of a clear definition of terms. As of 1981, nearly a hundred definitions
of emotion had been categorized from researchers in fields as diverse as cognitive
science, sociology, and engineering (Picard, 2004). Although most people would
identify mental experiences such as fear, anger, and happiness as emotions, there is
still no consensus among emotion researchers as to how many human emotions exist
or how to properly define them (Russell, 2003). For example, fear is often presented
as an example of a basic emotion that has been observed in a wide range of cultures.
But are all fear experiences the same? Is fear of an imminent attack by a nearby
snarling dog the same as the fear one feels when watching a snarling alien in a movie
theater, even though the resulting behavior may be quite different (i.e. fleeing vs.
paying to watch)?
While some researchers (e.g, Ekman, 1984) insist that there are certain primary
emotions that are widely recognized across human cultures (e.g. happiness, sadness,
fear), others point out that equivalent words for these concepts are not found in all
languages and there is no empirical basis for establishing the “sameness” of such
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emotions (Russell, 1991). In addition, recent research in the neurosciences has found
no neurological basis for grouping various processes together as emotion (LeDoux,
1996).

Theories of Emotion
Equally confusing is the array of theories that has been advanced to explain the
nature of emotion. I focus here on the four main theoretical traditions that shaped
thinking and research on emotion in psychology for the past 125 years: Darwinian,
Jamesian, Cognitive, and Social Constructivist. Charles Darwin (1872) led the way in
research on emotion, surmising an evolutionary explanation for the origins of
emotions on the basis of his work on bodily changes and facial expressions—an idea
that many current theorists accept. Darwin conceptualized emotions as biological in
nature and proposed that they had evolved as adaptations that contributed to the
survival of the species. He stressed the importance of emotional expression and its
adaptive role as a communicative function to signal behavioral intentions to others in a
group.
William James continued in the evolutionary tradition of Darwin, but focused
primarily on the emotional experience, especially the physiological changes associated
with many emotions. So important were these changes to James that he summarized
his views thusly: “bodily changes follow directly the perception of the exciting fact,
and . . . our feeling of the same changes as they occur is the emotion” (emphasis
added; James, 1884, 189-90). Thus in the Jamesian view, you do not cry because you
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are sad; rather, you are sad because you cry. Although many researchers found fault
with this theory, some empirical support indicated that emotions and their
accompanying physiological reactions could be elicited by engaging in the facial
expressions and postures related to that emotion (Laird, 1974; Lanzetta, CartwrightSmith, & Kleck, 1976). Although James hoped to eventually differentiate emotions on
the basis of their autonomic responses, this has not been possible due to the huge
variation and complexity in emotions among different individuals (Cornelius, 1996).
In addition, it became clear that emotional responses were heavily influenced by the
context in which they occurred, a phenomenon which is emphasized in the cognitive
tradition.
The cognitive perspective began with the work of Magda Arnold (1960) which
recognized cognition as an important aspect of emotions. Researchers in this tradition
focused on the judgments or appraisals people make to assess how objects and events
in the environment may harm or benefit them before an emotion is elicited. “To
arouse an emotion, the object must be appraised as affecting me in some way,
affecting me personally as an individual with my particular experience and my
particular aims” (Arnold, 1960, p. 171). This theory suggested that different
individuals can experience different emotions during the same experience, depending
on their appraisal of the situation. Despite her emphasis on the cognitive nature of
emotions, Arnold also accepted the Darwinian idea of emotions as serving an adaptive
function. Like James, she saw the physiological changes that accompany emotions as
“the basis of the felt experience of emotion.” (Cornelius, 1996, p. 119).
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The social constructivist perspective is one of the most recent of the emotion
theories and as the name suggests, it emphasizes the role of culture rather than biology
in the construction of emotions (Cornelius, 1996). Averill described emotions as
“syndromes” of various components that tend to occur together including subjective
experiences (i.e. one’s feelings), expressive reactions (e.g. facial expressions),
physiological response (e.g. elevated heart rate), and coping reactions (i.e. behavior
associated with emotion) (Averill, 1980). Research from this perspective focuses on
the social functions of emotions and how they serve to maintain culturally-determined
value systems (Armon-Jones, 1986). Although this perspective does not deny the
evolutionary and biological aspects of emotions, it considers the cultural aspects to be
much more important:
Emotions are not just remnants of our phylogenetic past, nor can they be
explained in strictly physiological terms. Rather, they are social constructions
and they can by fully understood only on a social level of analysis. (Averill,
1980, p. 309)
Despite the many differences in the major emotion theories described above,
there are some common themes that informed my study of emotion and learning. In
particular, emotion researchers from a variety of disciplines increasingly accept the
idea of emotions as evolutionarily based (but culturally affected) adaptive responses to
objects or events of importance in one’s environment (Dolan, 2002). Therefore,
although there may not be agreement on what emotions are, there seems to be a
growing consensus on what emotions do. In the context of learning, it may be more
important to understand the functions of emotions than to concentrate on discrete
emotions themselves.
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Functional Emotion Theory
It is widely accepted that emotions serve an evaluative function that allows us
to index occurrences of value that may or may not warrant further attention or
processing (Dolan, 2002). Functional emotion theories have been proposed to
integrate the disparate theories described above by acknowledging the biological,
psychological, and social functions of emotions (Keltner & Gross, 1999). On the basis
of work by a number of emotion researchers (e.g. Arnold, 1960; Frijda, 1986; Lazarus,
1991), Nabi (1999) summarized the fundamental principles of these theories in four
statements:
1. Emotions have inherent adaptive functions.
2. Emotions are based on events that are personally relevant.
3. Each emotion has a distinctive goal or motivation represented in its state of
action readiness or tendency to action designed to arouse, sustain, and
direct cognitive or physical activity, or both.
4. Emotions are organizers and motivators of behavior.
From this perspective, emotions are important for perceiving objects or events
in the environment that may be important to personal well-being, and guiding one’s
actions and social interactions in ways that are most relevant to one’s goals (Lazarus,
1991). These goals can include both immediate survival goals (e.g. avoiding danger)
and more personal or social goals such as forming friendships (Compton, 2003).
Therefore, it seems reasonable to assume that learning could be a goal that might also
be affected by emotion. In addition, because emotions can be conceptualized as action
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tendencies or states of readiness that can direct cognitive activity (Lang, Bradley, &
Cuthbert, 1998), the functional theory of emotions provides a suitable framework for
investigating how emotion affects cognitions that are important in the learning
process.

Emotion and Cognition
In order to investigate the role of emotion in learning, it is necessary to
understand the relationship between emotion and cognition and how these systems
interact with each other. While many researchers conceptualize emotion and
cognition as separate systems that operate independently from each other (e.g., Zajonc,
2000), some consider cognition and emotion to be “more or less fictions of scientific
analysis, whose independence doesn’t truly exist in nature” (Lazarus, 1999, p. 3).
While this debate appears unlikely to be resolved in the short term, it is clear that
emotion and cognition are closely linked and interact constantly to help us navigate in
a complex world.
Research on cognition and emotion has addressed a wide variety of topics
including the ways in which emotional states influence cognitive processes (Parrott &
Hertel, 1999). In particular, there is a large and growing body of research
investigating how emotion affects memory and attention, two important cognitive
components of learning (Wolfe, 2006). Much of this research has focused on
emotional dimensions rather than discrete emotions. In this section, I define the
dimensional perspective of emotions and review the research findings from the fields
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of psychology and neuroscience that describe the influence of emotional dimensions
on memory and attention.

Dimensions of Emotion
Because of the lack of agreement on what constitutes an emotion, some
researchers have sought to develop a framework that identifies primitive elements into
which discrete emotions can be simplified. An empirically well-established solution is
provided from a dimensional perspective (Russell, 2003). Many theorists agree that
human emotion is organized into two basic dimensions: pleasantness-unpleasantness
(valence) and degree of arousal or activation (Mehrabian & Russell, 1974; Watson
and Tellegen, 1985). Each of these dimensions occurs along a continuum as illustrated
in Figure 1.

Figure 1. Affect grid measuring valence (pleasure) and arousal (energy) (Russell,
Weiss, & Mendelsohn, 1989).
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Thus, any discrete emotion can be described in terms of its valence and
arousal. For example, fear is generally a negatively valenced, high arousal emotion,
but the level of valence and arousal may vary depending upon the stimulus. Research
indicates that the valence and arousal dimensions provide a more reliable measure of
affective states than trying to assess discrete categories of emotions (Russell &
Mehrabian, 1977). Many theorists also recognize a third dimension called dominance
that measures the perceived level of control one has over an emotional state. However,
studies indicate that dominance accounts for such a small fraction of variance in affect
measures that it is often excluded from consideration (Russell et al., 1989).
Russell (2003) refers to the combination of the valence and arousal dimensions
as core affect, which he posits is “the core of all emotion-laden occurrent events. Core
affect is that neurophysiological state consciously accessible as the simplest raw
(nonreflective) feelings evident in moods and emotions” (Russell, 2003, p. 148). This
framework has allowed emotion researchers to move beyond the use of discrete
emotions that are difficult to measure, and examine the effects of valence, arousal, or
both on constructs of interest such as attitude or behavior. It is this dimensional
research and its effect on various aspects of cognition that are relevant to the learning
process that I discuss in the next section.

The Emotional Arousal Dimension
In the context of learning, the dimension of arousal may be particularly
important because of its relationship with attention and memory. From an evolutionary
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perspective, the intensity of arousal one feels may determine the level of action
required in a given situation. For example, extreme fear (lion pouncing) may lead to a
flight or fight response whereas mild fear (lion seen from afar) may just lead to
increased attention to monitor the situation (LeDoux, 1996). Whatever the cause, it is
widely accepted that emotional arousal increases the recall of associated events and
promotes attention to a central cue or stimulus (Easterbrook, 1959; Lang, Bradley, &
Cuthbert, 1990). In this section, I discuss the relationship between arousal, memory
and attention, and the importance of these relationships to the learning process.
Arousal and memory. Ask someone where s/he was on 9/11/2001 and they
are likely to recall events of that day in vivid detail. Enhanced memory for
emotionally arousing events is well documented in the literature and many people
report long-lasting memories of emotional events in their lives that are striking in their
duration and detail (Cahill & McGough, 1998; Christianson, 1992; Dolan, 2002).
Empirical studies using emotional vs. neutral pictures and stories provide support for
this relationship and indicate that it may be the distinctiveness of emotional stimuli
that lead to enhanced processing and encoding of those memories (Cahill &
McGough, 1995; Ochsner, 2000). Others suggest that arousing stimuli may be
perceived as more relevant to an individual’s goals and needs and thus are more likely
to be encoded (Lang, 2000).
These findings are significant in the context of my research on learning during
animal presentations at an aquarium. These shows may elicit excitement in many
visitors that may enhance viewers’ recollection of the show and associated
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information. However, it is important to note that most of the work in this area has
focused on recollection of the stimulus itself (e.g. an arousing photo) rather than on
additional information presented at the time of the stimulus. In terms of aquarium
visitors, this may mean that viewers will be more likely to remember details of the
show itself rather than the educational messages presented by the narrator. In
addition, several researchers have noted that intense arousal can actually limit one’s
capacity for information processing by consuming attentional resources (Easterbrook,
1959; Lang, 2000). Thus it appears that the enhanced memory observed during arousal
may be mediated in large part by the effect of arousal on attention.
Arousal, attention, and information-processing. Theoretically, emotion and
attention are related because they both deal with information-processing priorities
(Oatley & Johnson-Laird, 1987). Due to the complexity of our daily lives, it is not
possible or even desirable to attend to all available stimuli we encounter in our
environment. It is therefore of great importance to select only the most salient
information on which to focus so that further cognitive processing can be directed
toward aspects of the world that are most significant to us (Compton, 2003). Emotion
is regarded as an important mechanism for focusing attentional resources in such a
way that we approach rewarding situations and avoid threat and danger (Lang,
Bradley, & Cuthbert, 1998). This phenomenon is well known to advertisers who use
sex and violence to capture a viewer’s attention at least long enough to sell their
product, but to date has largely not been investigated in education contexts.
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The importance of attention to the learning process lies in the relationship
between attention and information processing. Attention allows people to select a
subset of information and give it priority for processing (Phelps, Ling, & Carrasco,
2006). Information-processing models suggest that one of the automatic (i.e.
preattentive) selection mechanisms that determines which information is to be
encoded in short-term memory is the ‘orienting response’ which orients the viewer’s
sensory receptors toward the stimulus and results in physiological responses
associated with attention (Ohman, 1979). The orienting response is triggered by novel
or unexpected stimuli (e.g. arousing events) and results in an automatic allocation of
processing resources toward encoding the stimulus and related information (Ohman,
1997; Taylor & Fragopanagos, 2005).
Although this automatic processing may lead to short-term recall, for longterm learning to occur it is necessary for attention to be sustained so the information
can undergo further processing into long-term storage (Lang, 2000). While these
mechanisms are not well understood, research indicates that emotional stimuli appear
to be stored much better than neutral ones, suggesting that emotionally arousing
stimuli may cause the automatic allocation of additional processing resources to
storage (Bradley, Greenwald, Petty, & Lang, 1992; Lang, 2000).
In addition to automatic processing, it is likely that information that is stored in
the long-term memory is also subjected to voluntary and controlled processing, or
elaboration, because of perceived importance or relevance of the information for
meeting certain goals (Compton, 2003; Lang et al., 2000). This motivated processing
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by those who are interested and willing to engage in an emotional situation can also
lead to enhanced storage of related information (Nabi, 1999). Thus, motivation
appears to be an important factor in the learning process as will be discussed at greater
length in the next section.
However, this enhanced processing or elaboration may not be possible in
situations of intense arousal. Limited capacity processing models theorize that
people’s information processing resources are limited, and emotional cues can
consume attentional resources, thus limiting the capacity for information processing
(Easterbrook, 1959; Lang, 2000; Zillman, 1990). Empirical support for this theory
comes from attentional blink studies in which a second emotional cue was not
consciously processed if preceded by another emotionally arousing cue (Anderson &
Phelps, 2001). Thus, in highly arousing situations, recollection of associated
information might be poor despite high attention levels.
From the research on arousal and attention, it is clear that the dimension of
arousal plays an important role in focusing attention and subsequent information
processing. In the context of learning, it would seem that arousing stimuli up to a
certain threshold is likely to be attended to, processed and stored into memory, and
that learners who are more motivated (for whatever reason) to process the information
presented have a greater chance of learning it. However, a significant issue in
applying this research to learning situations is whether the information presented at the
time of the arousing stimulus will be attended to and encoded, rather than just the
stimulus itself.

24

The Valence Dimension
Although valence (pleasantness-unpleasantness) also seems to be important in
the learning process, its relationship to various aspects of cognition such as memory
and attention are less clear than those of arousal. Some neuroscience research has
indicated that the valence of emotional information has an impact on the encoding and
retrieval process. For example, utilizing words and pictures rated at a variety of
valences, Mickley and Kensinger (2008) found that negative stimuli activated areas of
the brain associated with sensory processing more than positive or neutral items and
that these negative items were more likely to be vividly recollected later. Nabi (1999)
also found that negative emotions led to greater processing and subsequent recall of
persuasive messages. Conversely, Isen (1999) reviewed the literature on positive
affect and concluded that mild positive affect (e.g. happy feelings) facilitated recall of
positive memories and increased problem solving ability, creativity, and flexibility in
thinking. Ochsner (2000) showed that memory was enhanced by negative stimuli but
also somewhat by positive stimuli. In addition, he found a strong relationship between
memory and arousal. However, in this experiment, the effect of each variable
(valence or arousal) was tested independently of the other. In an experiment that
examined both dimensions simultaneously, Bradley, Greenwald, Petry, and Lang
(1992) found that for both an immediate and delayed free-recall task, pictures rated as
highly arousing were remembered better than low-arousal stimuli, regardless of
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valence. Thus, although there is evidence that negative valence may affect memory
more than positive, the relationship between valence and memory is unclear.
Although there were fewer studies examining valence and attention, it appears
that the relationship between them is also somewhat ambiguous. In an experiment
using emotional pictures, Schupp et al. (2004) found that participants were most
attentive to erotic scenes and to those of threat and mutilation, suggesting heightened
attention to contents on either end of the valence continuum. However, other
researchers have reported faster detection of fear-relevant pictures (e.g. angry faces,
spiders) than neutral (e.g. flowers) in participants viewing complex matrices of visual
stimuli (Hansen & Hansen, 1994; Ohman, Flykt, & Esteves, 2001). This “pop-out”
effect suggests that the brain may be more broadly attentive to a range of aversive,
compared to pleasant stimuli (Schupp et al., 2004).
These studies suggest that although valence may be important in the formation
of memories and in eliciting attention, the arousal dimension appears to play a much
greater role than valence in both focusing attention and the formation of memories
(Cahill & McGaugh, 1995). Thus, because the relationships are often unclear, it is
difficult to predict how the valence dimension would affect the learning process.

Learning
Thus far I have explored the independent variable of emotion in my model of
emotion and learning and outlined its effects on various components of cognition. I
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now turn to the dependent variable to provide a working definition of learning and a
review of the literature that has investigated the role of emotion in learning.

What is learning?
The definition of learning is equally as enigmatic as that of emotion. However,
most learning theories can be categorized into four main philosophical categories:
behaviorism, cognitivism, constructivism, and sociocultural. For the purposes of this
study I was most interested in the learning that took place at the level of the individual
and how it related to their emotional state. Therefore, I conceptualized learning from a
cognitivist perspective in which learning is viewed as an internal mental process of
which memory is an important component (Mandler, 2002). Although the roots of
cognitive theory can be traced back to the ancient Greeks, the cognitive revolution
became evident in American psychology during the 1950’s as a response to the
limitations in the behaviorist approach to understanding learning (Saettler, 1990).
A key concept of cognitive theory is the three-stage information processing
model in which information from the environment first enters a sensory register, then
is encoded in short-term memory, and finally is transferred to long-term memory for
storage and retrieval. Understanding the factors that affect how and what information
is stored and retrieved is a major line of research from the cognitive perspective
(Proctor & Vu, 2006). Thus, existing theoretical models from an informationprocessing perspective will be particularly relevant in informing the development of
my model; I discuss one of these models in greater detail later in the chapter.
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Emotion and Learning
While it is clear from the psychology and neuroscience research presented
earlier that the variables of emotional valence and arousal have important effects on
cognitive factors including memory, attention, and information processing, there is
little theoretical work in the area of education that explains the relationship of emotion
to the learning process, especially in the area of science learning. There are likely a
number of reasons for this including the archetypal image of science itself in which
there is a long-standing tradition based on Cartesian dualism of separating mind and
body, or reason from feeling (Alsop & Watts, 2003). Thus, emotions and feelings have
historically been viewed as irrational urges that impede the rational pursuit of truth
(Jaggar, 1989), and this view has traditionally been embraced in the field of science
education where learning theory and practice tend to marginalize affective factors
while framing learning as a largely rational, cognitive process (Dirkx, 2001). This
view has persisted despite the fact that many educators and educational researchers
have begun to suspect that affective factors such as emotion and interest are important
factors in the learning process (Dierking, 2005; Falk & Dierking, 2000; Picard et al.,
2004). Eiss and Harbeck (1969, p. 4) proposed that the affective domain is the
gateway to the learning process, writing that “the affective domain is central to every
part of the learning and evaluation process. . . It provides the bridge between the
stimulus and the cognitive and the psychomotor aspects of an individual’s
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personality.” More recently, Postle (1993) argued that affective dimensions actually
provide the foundation on which conceptual modes of learning rest.
Despite the widespread belief that emotions are an important part of learning
and teaching, there has been little education research that explores this relationship in
a systematic manner (Alsop & Watts, 2003). In general, research has focused on
affective factors such as interest, motivation, attitudes, and self-efficacy which contain
emotional components, rather than investigating the role of emotion itself in the
learning process (Bandura, 1977; Deci, 1992; Hidi & Renninger, 2006). However,
several researchers have attempted to document how specific emotions affect learning
outcomes (Allen, 2009; Craig et al., 2004). Both of these studies investigated the
importance of emotion from a constructivist learning perspective and focused on the
role of cognitive disequilibrium as a means to promote deep learning and conceptual
change. For example, Craig et al. (2004) tracked the emotions of learners interacting
with AutoTutor, an intelligent computer-based tutoring program, and correlated the
emotions with learning outcomes. The results indicated that learning gains were
positively related to confusion and flow (a state of intense focus; Csikszentmihalyi,
1991), but negatively correlated with boredom. Similarly, Allen’s (2010)
Misconception Intervention lessons that invoked cognitive disequilibrium and related
emotional responses (e.g. confusion) led to more successful learning of concepts and
longer retention than did standard teaching techniques.
In the Cognitive-Affective Model of Conceptual Change, Gregoire (2003)
extended existing conceptual change models such as the dissonance models described
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above, by describing the role of affect in directing (not just influencing) cognition.
For example, this model suggested that those who assess certain information as a
threat will be less likely to systematically process related information than those with
less negative appraisals. While this model was originally developed to explain
teachers’ acceptance of reform-based teaching strategies, other researchers have used
it to investigate how the feelings generated by controversial topics in science
education (e.g. evolution) affect the learning process (Southerland & Sinatra, 2005).
In a study that compared students’ knowledge and acceptance of a non-controversial
(photosynthesis) and controversial (evolution) topic, knowledge predicted acceptance
of photosynthesis whereas affective factors predicted acceptance of evolution. In
particular, feelings of anxiety or perceived threat about the topic of evolution
prevented learners from engaging with the content in a manner that promoted deep
learning and conceptual change (Southerland & Sinatra, 2005).
While these researchers looked at the effect of discrete emotions on learning
outcomes, others have utilized a dimensional perspective to investigate the role of
emotional arousal in learning. For example, in a science center setting, Falk and
Gillespie (2009) found that the heightened emotional arousal experienced during an
exhibit about fear correlated with visitors’ long-term learning outcomes. In particular,
visitors who attended the fear exhibit were able to describe their visit experience in
greater depth and accuracy several months after the visit than other science center
visitors who did not attend that exhibit.
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Although these studies provide evidence for a relationship between emotion
and learning, they do not adequately explicate the relationships between these
variables, nor examine potential relationships with variables such as attention or
intrinsic motivation which may be particularly important to the learning process (Deci,
1992; Falk, Heimlich, & Bonnenkant, 2008; Hidi & Reninger, 2006). There is a need
for a theoretically based model of emotion and learning to better understand these
relationships and to inform the development of educational materials and experiences
that better integrate the cognitive and affective domains of learning.

Relevant Theoretical Frameworks
Although little theorizing on the role of emotion exists in the education
literature, a number of other disciplines have begun to investigate the importance of
emotion on other outcomes of interest such as attitude change and behavior. In
particular, models in the area of persuasion and communications were instrumental in
the development of my model. In this section I present an experiential model of
learning from the free-choice learning literature, the cognitive-functional model of
persuasion, and a limited capacity information-processing model that informed the
development of my model of emotion and learning.

Experiential learning model
Forestell (1993) proposed an experiential learning model based on dissonance
theories of conceptual change that addressed the role of emotion in learning. On the
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basis of experiences he had on whale watching eco-tours, Forestell suggested that the
excitement generated by seeing whales may lead to curiosity and subsequent cognitive
dissonance between questions visitors have about whales and their existing knowledge
which would motivate them to learn. He observed that such tours could be divided
into three phases: pre-contact with whales, contact, and post-contact, and participants
demonstrated identifiably different emotional states during each phase (Figure 2).
Forestell proposed that key conservation messages may be more likely to be
remembered and heeded if presented after seeing whales when participant arousal
levels were high. Thus, he suggested that sound scientific knowledge and/or
conservation messages should be provided during the post-contact phase when
participants are most primed to learn.

Pre-contact:
‘Focus is on
looking for whales’

Contact:
‘Emotional arousal is
high, attention
focused on whales’

Post-contact:
‘Teachable
moment;’

Figure 2. The Experiential Education Sequence (Forestell, 1993).

The importance of this model is that it introduces ‘timing’ as a significant
variable in free-choice learning experiences that elicit emotional arousal. In other
words, providers of these experiences need to be aware of the optimal times to convey
conservation or other key messages so that they are likely to be remembered and
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possibly acted upon. In the context of animal presentations, this model suggests that
key messages should be conveyed near the end of the show when excitement levels
are lower and visitors may be more likely to attend to a related message. Although
this model lacks empirical support, its claims seem reasonable on the basis of the
literature reviewed above. Therefore, I included message timing in my experimental
design for Phase 1 of my study.

Persuasion Models
One area with established theory that may be relevant to my thesis is that of
persuasion. Although most persuasion models are cognitive response models in which
the dependent variable is attitude or behavior change rather than learning (e.g.
Chaiken, 1980; Petty & Cacioppo, 1986), they do provide useful information about the
mechanisms by which emotion might affect learning.
Cognitive response models. The most notable among these models is Petty
and Cacioppo’s (1986) elaboration likelihood model of persuasion (ELM) which
posits two routes to persuasion. In the central processing route, the persuasive
message must provoke the individual to give thoughtful consideration to (elaborate)
the information; in order for elaboration to take place, the individual must have the
ability and motivation to do so. Motivation to process information is influenced by
many factors including personal relevance, personal responsibility, and a need to
understand the message (e.g. personal goals). If either motivation or ability is
impaired, the person will engage in peripheral processing in which cues other than the
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message are used as cognitive short cuts to quickly process the message without
elaboration. For example, in commercials for pharmaceuticals, the presenter is often
dressed in a lab coat which is a cue that the source is credible. Viewers engaged in
peripheral processing may purchase the drug without evaluating the information in the
commercial simply because they automatically trust the source. According to this
model, attitude change is predicted to be more stable, long-lasting, and predictive of
behavior when based on central rather than peripheral processing.
While the original ELM did not address the role of emotion in persuasion, later
modifications attempted to consider the influence of affect on persuasive outcomes. In
particular, Cacioppo & Petty (1989) argued that affect could be seen as issue-relevant
information or serve as a peripheral cue under low elaboration, among other things.
However, the authors’ discussions focused mainly on the effect of moods rather than
emotions so it is unclear in this model how emotions themselves may affect
motivation or ability to process information (Nabi, 1999).
Cognitive-functional model. In an effort to address some of the shortcomings
of the cognitive response models such as ELM, Nabi (1999) developed a cognitivefunctional model (CFM) for the effects of emotions on information processing,
attitude change, and recall (Figure 3). Drawing on existing models of persuasion,
functional emotion theories, and other empirical work on attitudes, this model suggests
that attitudes are influenced by discrete, message-induced negative emotions through a
process that considers the effects of motivated attention and motivated processing in
message acceptance. In a learning context, this motivated attention would correspond
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to situational interest which is transitory in nature and may not lead to long-term
learning (Schraw & Lehman, 2001).

Figure 3. The cognitive-functional model for the effects of negative emotions on
information processing, attitude change, and recall (Nabi, 1999).
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While situational interest may be important in persuasion, a more important
factor in a learning model is intrinsic motivation which is more permanent and
underlies activities that people do freely for personal reward or enjoyment (Deci,
1992). Self-determination theory suggests that intrinsic motivation is more likely to
lead to long-term changes in learning or behavioral outcomes than situational interest,
and research supports this contention. For example, Falk and Storksdieck (2009)
found a significant relationship between identity-related motivation and long-term
learning outcomes in science center visitors. This relationship appeared to be due to
the fact that these motivations corresponded to different learning goals that in turn
affected what visitors paid attention to. Schänzel (2004) reported similar findings at a
marine education center in which the difference between mindful or mindless states in
visitors was found to lie with the intrinsic motivations of the visitors. Importantly, for
mindfulness to occur, a cognitive and emotive state had to be aroused in visitors
indicating that motivation was an important moderator of the relationship between
emotion and learning. Thus, in the context of animal presentations at an aquarium, it
is likely that intrinsic motivation may work in concert with emotion to motivate
visitors to process messages from the narrator, leading to more successful learning
outcomes.
Another important factor in the CFM model that may be relevant to learning
situations is the ability to process a message and its effect on the outcomes. In the
CFM, under high levels of emotional arousal it is predicted that the ability to process
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information will be disrupted resulting in peripheral rather than central processing.
Peripheral processing is also predicted in situations where people do not expect the
message to satisfy their goals or who were interrupted during message processing.
What this means in a learning situation is that the information may not be successfully
encoded and stored and thus will be unavailable for later recall. In the context of
animal shows, people may be so excited by watching the animals that they may be
unable to attend to and process the associated information. Or, for example, parents at
a show may be distracted by their children which may negatively affect information
processing. Thus it seems that ability to process messages may also be a factor in a
model of emotion and learning.

Limited capacity models
The development of my learning model was also informed by the limited
capacity model of mediated message processing (Lang, 2000) which has its basis in
the information-processing tradition of cognitive psychology (Lachman, Lachman, &
Butterfield, 1979) and in the social-scientific effects research in mass communication
(Berger & Chaffee, 1989). While Lang applies the model to television viewing, it is
easy to see the relevance of this model to the learning process as well. The model
presents two major assumptions: 1) people are information processors, and 2) a
person’s ability to process information is limited. The model also proposes three
major subprocesses of information processing: a) encoding; b) storage; and c)
retrieval. In the context of learning, these subprocesses can be conceptualized as
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leading to short-term (encoding) and long-term (storage) learning if one is able to
retrieve the information.
The subprocess of encoding is an ongoing process because people are
continuously selecting information from their environment for encoding into shortterm memory. This model postulates that two types of information are most likely to
be selected for encoding: 1) information relevant to an individual’s goals, and 2)
information that is novel or unexpected which activates the orienting response (Lang,
2000). Lang applies this to television viewing and suggests that many aspects of the
structure and content of television messages elicit orienting responses that increase the
allocation of processing resources to encoding the information into working memory.
In the context of learning at animal presentations, the behavior of the animals (e.g.
performing tricks) could elicit this orienting response, resulting in the encoding of
related information into the short-term memory. In addition, those who attended the
presentation because of their interest in learning more about the animals will also be
more likely to encode the information presented during the show.
The storage subprocess is likely to be affected by both automatic and
controlled processes (e.g. consciously thinking about the message) that are highly
individual depending on one’s goals and interests. Lang suggests that because in
television-viewing situations the messages are continuous, encoding and storage may
be taking place simultaneously and are likely to limit one another. If there are
frequent stimuli in the message that elicit the orienting response, viewers may allocate
more processing resources to encoding than storage into long-term memory.
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Therefore, very exciting television (or animal) shows may actually decrease long-term
storage and learning of the message. However, this process is highly dependent on the
goals of the individual viewer and there appears to be some conscious control over
how these resources are allocated. Thus viewers who are very interested in the
television message (or narration at the animal show) will make a serious attempt to
process it into long-term memory. This provides additional support for the inclusion
of intrinsic motivation in my model of emotion and learning as discussed earlier.
The final subprocess in the limited capacity model is retrieval, or memory, for
the message content. If a message has been encoded and stored, it should be
retrievable at a later time. This message retrieval is an important aspect of learning
and indeed is the most common way that learning is assessed in places like school.
Retrieval can be affected by prior knowledge of the message with “experts” requiring
fewer resources for the subprocess. Those who know little about the topic may need
more resources for retrieval which can limit their ability to learn the new information.
In terms of learning at animal shows, we would expect that those who had seen the
show before or who already knew a lot about the animals would be more successful at
retrieving stored information from the narration.
In summary, the limited capacity model of mediated message processing
provides valuable information for the development of a model of emotion and
learning. Most importantly, it delineates the factors that affect the information
processing subprocesses that are important in learning and confirms the importance of
emotion and motivation in message processing.

39

Implications for a Model of Emotion and Learning
Although both the CFM and limited capacity processing model described
above provide valuable insights and are broadly applicable to a learning model, there
are some limitations. First, neither model considered emotion from a dimensional
perspective. The CFM only examined discrete negative emotions associated with
persuasive messages. Assuming that these emotions also have a negative valence, this
model may not be as applicable in a free-choice learning setting such as animal
presentations which generally elicit positive feelings. Similarly, the limited capacity
model suggested that emotion may elicit an orienting response so that viewers will
attend to a message, which should lead to greater memory of the message content.
Although subsequent testing of the limited capacity model indicated that arousal,
attention, and memory were affected by the orienting response in the context of a
television message, it did not investigate the relationship between arousal and memory
directly (Lang et al., 2000). Therefore, there is a lack of empirical support for this
relationship in the context of this model.
Secondly, while both models outlined the predicted relationship between
emotion and other variables such as memory or message acceptance, they did not
explicate the strength of the relationships. In other words, they did not measure how
important emotion is in affecting these outcomes. This distinction is important in
education where there is already assumed to be a relationship between emotion and
learning. The question is, what is the nature and strength of that relationship?
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Knowing how much of learning outcomes can be attributed to emotion could be
important in designing more effective learning materials and experiences.
Finally, these models did not address other factors that are important in the
learning process such as learner’s prior knowledge of the subject matter. Many
education researchers agree that learning represents a cumulative growth in
understanding over time, so it is difficult to measure just what someone learns at one
moment or in one place (Falk & Dierking, 2002). Therefore, learning outcomes may
be quite different for those who already know something about the topic in contrast to
those who are experiencing the information for the first time. Thus, a measure of prior
knowledge was also included in my model.
Despite the issues identified above, the CFM and limited capacity processing
models provided significant guidance and an initial framework for developing a model
of emotion and learning.

Proposed Model of Emotion and Learning
Figure 4 displays a model of the relationships that can be hypothesized
between two dimensions of emotion (arousal and valence), attention, intrinsic
motivation, prior knowledge, and short- and long-term learning outcomes. The
presented model is a blend of theoretical and empirical relationships from the various
disciplines discussed in this chapter. The model is conceptualized as a path diagram
that delineates the predicted relationships among emotion, intrinsic motivation,
attention, prior knowledge, and learning. Analysis of a path diagram provides
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estimates of the direction, magnitude and significance of hypothesized causal
connections between model variables. Thus, this model will indicate not only how
emotion is related to learning, but also the magnitude and direction of the relationship.

Arousal

Learning
situation

Attention

Short-term
learning

Long-term
learning

Valence
Intrinsic
Motivation

Prior
Knowledge

Figure 4. Theoretical model of emotion and learning, based on information
processing, persuasion, and educational perspectives, representing the relations among
emotion, attention, intrinsic motivation, prior knowledge and learning.

The proposed model indicates that a learning situation will elicit an emotional
reaction that can be measured in terms of valence and arousal levels, and these
emotional states will directly predict both short- and long-term learning outcomes. In
addition, emotional valence and arousal will directly affect attention which also
predicts short-term learning, so attention in this model is a partial mediator of both
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arousal and valence. Intrinsic motivation will act as a moderator of emotion by
affecting both short- and long-term learning outcomes directly and indirectly through
its relationship with attention. That is, individuals’ learning goals will determine how
much attention they pay to the message and how motivated they will be to process the
information. Finally, prior knowledge about the subject matter will directly affect
both short- and long-term learning outcomes. In the context of my study at the
aquarium, those who have attended the animal presentations in the past will score
higher on these tests.

Summary
While educators have long suspected that emotion is an important component
of the learning process, there has been little effort on the part of education researchers
to systematically research this relationship. Consequently, it is not well understood
how emotion affects learning and what other factors may mediate the process.
Research in the area of neuroscience and psychology delineates the complex and
sometimes contradictory relationships between emotional dimensions and cognitive
constructs such as memory and attention. This research offered insight into the
variables that should be included in a model of emotion and learning and highlighted
the importance of the arousal dimension to attention and memory, important
components of the learning process.
In addition to the empirical work on emotion and cognition, theoretical work in
the area of persuasion and communication research offered a framework through
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which these variables and their interactions could better be understood. From this
work I developed a testable model of the role of emotion in the learning process.
Although my model borrows from the cognitive-functional model of persuasion and
from the limited capacity information-processing model, its innovations include (a)
defining emotion from the dimensional perspective, (b) investigating the influence of
intrinsic motivation on attention and learning, and (c) utilizing a path model to
delineate the strength and direction of the model relationships rather than just the
significance. In addition, the experimental design in Phase 1 of the study will
investigate the importance of the timing of a key message in relation to an emotional
stimulus.
In the next chapter, I describe how I tested the model in both a laboratory
setting and in the context of narrated animal presentations at an aquarium.
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CHAPTER 3
RESEARCH DESIGN AND METHODS

This study was undertaken in two phases. I conducted the first phase in a
laboratory setting so I could control and manipulate the variables in my model to
better understand the relationships among them. I conducted the second phase at an
aquarium on the Oregon coast in the context of animal presentations to investigate my
model in a free-choice science learning context. I present the design and methods for
each phase of the research separately.

Phase 1 - Laboratory

Research Design
Phase 1 of this study was designed to address the research hypotheses
presented in chapter 1:

H1: Different learning situations elicit different emotional arousal and valence
levels in study participants;

H2: Key messages delivered during or after an arousing event will lead to
greater learning outcomes than those delivered before the event;
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H3: Emotional arousal, valence, and intrinsic motivation affect short- and
long-term learning outcomes directly and indirectly through their relationship with
attention;

H4: Higher levels of emotional arousal will lead to greater learning outcomes
up to some threshold d after which learning outcomes may be hindered;

To test these hypotheses, I used a quantitative experimental design consisting
of four groups of 15 individuals each who were randomly assigned to one of the four
treatments (Figure 5). In order to test the effects of different levels of emotional
arousal and valence on learning, participants in the first two treatment groups watched
an emotionally arousing video clip of a safari in which a Cape buffalo calf was
attacked by a lion, while those in treatments 3 and 4 watched a neutral video of Cape
buffalo feeding. In order to test the effects of message timing on learning, all
participants read a short factual article about the biology and conservation of Cape
buffalo either before or after viewing the video. All participants completed an
emotion self-assessment (SAM) and a posttest on the reading. Participants who
agreed to be contacted later were administered the same posttest 2-3 weeks after the
experiment. I provide detailed procedures of the experiment later in this section.
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Treatment 1

read article

watch video 1

posttest

SAM

Treatment 2

watch video 1

read article

SAM

posttest

Treatment 3

read article

watch video 2

posttest

SAM

Treatment 4

watch video 2

read article

SAM

posttest

Figure 5. Research design for Phase 1 of the study. Video 1 was an exciting video;
video 2 was an emotionally neutral video.

Participants
The participants for this study were 60 undergraduate and graduate students
who were 18 years of age or older at a Pacific Northwest university with a Carnegie
basic classification of RU/VH (Research Universities with Very High research
activity). The participants were recruited from introductory psychology, physics,
science and math education, and agricultural education classes and represented a
diverse assortment of majors with 44% in the sciences and 53% in non-science majors.
There was a fairly even gender mix with 42% males and 58% females. Ninety percent
of participants were between the ages of 18 and 25; the oldest was 35.

Measures and Instrumentation
In my model of emotion and learning (Figure 4), I predicted that different
videos would elicit different emotional responses, and the emotional arousal and
valence that participants felt while watching a video would directly affect short- and
long-term learning of related information. In addition, the model proposed that
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attention would partially mediate the relationship of arousal and valence on short- and
long-term learning. Intrinsic motivation was hypothesized to be a moderator of
emotion through its effect on attention and learning. In addition to the variables
included in the model, I collected demographic data such as age, gender, and academic
degree to examine whether these characteristics significantly affected the model
variables. I describe the instruments used to measure each variable below.
Emotional arousal and valence. Because of the complexity of this construct,
emotion is notoriously difficult to measure. Some emotion researchers argue that
physiological measures are more objective than self-reports which are susceptible to
external cues (Schachter & Singer, 1962). However, recent research has demonstrated
that self-report scales appear to be valid measures of arousal when compared to
neurological observations of the same phenomena (Aalto, Wallius, Naatanen,
Hiltunen, Metsahonkala, Sipila et al., 2005). Because of potential errors with either
type of measurement, Blascovich et al. (1992) recommended the use of multiple
measures of arousal. Therefore, I utilized both physiological and self-report measures
in assessing emotional arousal in my participants. I assessed the valence dimension
through self-report only.
One of my objectives in Phase 1 was to compare the results of a selfassessment emotion instrument to physiological measures such as heart rate that have
also been used to measure emotional arousal in some studies (e.g. Lang et al., 2000). I
used a self-assessment instrument called the Self Assessment Manikin (SAM; Bradley
& Lang, 1994) to measure both arousal and valence. Although the complete SAM
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includes a measure of dominance, I used a shortened version that measured only
arousal and valence because the dominance dimension is not included in my model
(Figure 6). The SAM consisted of five pictorial images used to denote the dimensions
of valence (top row) and five for arousal (bottom row). Participants were asked to
mark on or between the figures on the manikin that best described how they were
feeling both before the experiment and during the most exciting part of the video.
Therefore, the SAM is effectively a 9-point scale on two dimensions.

Figure 6. Self-Assessment Manikin (Bradley & Lang, 1994). The top row measures
valence (pleasure-displeasure) and the bottom row measures arousal (exciting-bored).
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I chose the SAM over other self-assessment instruments because the SAM has
been validated against Mehrabian and Russell’s (1974) 18-item Pleasure-ArousalDominance scale showing very close agreement on the dimensions of pleasure and
arousal (Bradley & Lang, 1994) and because it is both relatively easy to administer
and easy for subjects to quickly complete.
In addition to the self-assessment data, I collected two physiological measures
of arousal: heart rate (HR) and galvanic skin conductance (GSC) levels. HR was
measured through electrodes attached directly to each participant’s skin on the torso
just below the rib cage. GSC was measured with sensors placed on the index and ring
fingers of the non-dominant hand. Research indicates that GSC increases linearly with
level of overall arousal and spikes during times of high arousal (Nakasone,
Prendinger, & Ishizuka, 2005). Increased heart rate is also a valid measure of arousal
and has been used in several studies that examined the effect of arousal states on
cognitive processing (Cacioppo, 1979; Cacioppo, Sandman, & Walker, 1978).
Intinsic motivation. In this study, intrinsic motivation was operationalized as
interest or willingness to engage with the message associated with the emotional
experience. The hypothesis was that participants with a greater interest in nature or
the environment would be more willing to engage with the information in the article
resulting in greater learning outcomes. Because participants came from a variety of
educational backgrounds and majors, it could not be assumed that they would find the
videos and information about Cape buffalo interesting or engaging. Past research has
indicated strong correlations between environmental orientation and pro-
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environmental behaviors (Dunlap, 2008). Therefore, I made the assumption that
participants with a pro-environmental orientation would be more likely to be
motivated to pay attention to the video and the article and to learn facts about the
animals and the threats to their survival. I used the revised New Environmental
Paradigm (NEP) Scale (Dunlap, Van Liere, Mertig, & Jones, 2000) to measure each
participant’s fundamental beliefs about the environment and humans’ relationship with
it.
The revised NEP contains 15 items on a 5-point scale from “strongly disagree”
to “strongly agree” that aim to measure individuals’ beliefs concerning their
relationship to the natural world (Appendix A). Although four factors including
‘ecological limits’ and ‘human domination’ have emerged from principle-components
analysis, all 15 items load heavily on the first unrotated factor and yield a Cronbach
alpha of .83 as a single measure. Therefore, the authors argue that the revised NEP
Scale can be considered a one-dimensional measure of an individual’s belief system or
worldview (Dunlap et al., 2000).
The original NEP has been widely used to examine the environmental
orientations of a variety of groups over the past two decades (Dunlap et al., 2000).
During this time it has been shown to possess both predictive and known-group
validity which are forms of criterion validity (e.g. Dunlap & Van Liere, 1978; Ebreo,
Hershey, & Vining, 1999). In addition, there is strong support for content (Kempton,
Boster, & Hartley, 1995) and construct validity (Dunlap & Van Liere, 1978) for the
NEP. This new 15-item NEP scale provided “more comprehensive coverage of key
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facets of an ecological worldview,” (p. 438) while removing sexist terminology and a
lack of balance in item direction in the original scale (Dunlap et al., 2000). In their
tests of this new NEP scale, Dunlap and Van Liere (1978) concluded that it provided
an appropriate measure of participants’ endorsement of an ecological worldview.
Attention. As described in Chapter 2, the orienting response is an indication
of attention which can be triggered by novel or unexpected stimuli and results in
physiological responses associated with attention (Ohman, 1979). One of these
responses is momentary increases or spikes in skin conductance levels (Frith & Allen,
1983). Therefore, I operationalized attention during the video as the mean number of
these spikes that a participant experienced while viewing the video.
Short- and long-term learning. Learning in this phase of the study focused
on recall of key messages from the narrative. Thus, I measured short-term learning by
administering an 11-point posttest at the end of the experiment (Appendix A). In
order to measure long-term learning, participants who agreed to be contacted later
were sent the same posttest by email 2-3 weeks after the experiment. Scores on these
tests represented the short- and long-term learning variables in the model.

Research Procedures
Phase 1 of the study took place in a psychology laboratory and was designed to
investigate the relationships among the variables in my model (Figure 4), as well as
the effects of message timing in relation to an arousing event. All participants were
seated alone in a room with a computer on which they viewed a video and read an
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article. In order to record physiological reactions to the videos, participants wore a
BIOPAC® data logger chest strap to measure respiration, electrodes on their torso to
measure heart rate, and a finger transducer to record skin conductance. After being
seated and connected to the sensors, a 10-15 minute baseline was required for
participants’ physiology to return to normal levels. During this time, participants read
and signed a consent form and were administered the 15-question revised NEP survey
(Appendix A). They also were asked whether they knew a great deal about African
wildlife (“Strongly agree” to “Strongly disagree”) as a measure of prior knowledge,
and were asked about their major, age, and gender.
The experiment began when the researcher left the room and the participant
ran the script on the computer. Depending on the treatment, individuals began by
reading a factual narrative about Cape buffalo followed by a video (Treatments 1 and
3) or by viewing a video followed by the same narrative (Treatments 2 and 4; see
Figure 5). Both videos were short (6-8 minutes) but one contained emotionally
arousing content (Treatments 1 and 2) while the other was neutral to boring
(Treatments 3 and 4). There was no time limit for reading the narrative and
participants controlled the pace of the experiment.
The remaining survey instruments (Appendix A) were administered at the end
of the computer portion described above. Participants in Treatments 1 and 3 were
first given an 11-point posttest measuring recall of key points from the narrative.
After the posttest, participants were given the SAM instrument in which they were
asked to rate their levels of valence and arousal both before the experiment began and
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during the most exciting part of the video. They were also asked to describe the most
exciting part of the video and whether they had viewed the video before. Because
participants in Treatments 2 and 4 read the narrative after the video, they were given
the SAM instrument first followed by the posttest in an effort to reduce the variation in
the time between reading the narrative and taking the posttest among treatments.
Participants who agreed to be contacted later were emailed one of four webbased versions of the posttest corresponding to their treatment group.

Data Analysis
The results of the self-assessment and physiological measures of emotion were
tested with zero-order correlations to determine the similarity of these measures of
emotion.
The effects of the video type, timing of key messages, and the interaction
between these two experimental factors were analyzed using a 2 (video type) x 2
(timing) ANOVA run separately on each of the dependent variables: during-video
SAM arousal, SAM arousal difference, mean heart rate, heart-rate difference, duringvideo SAM valence, SAM valence difference, and short- and long-term posttest
scores. Effect size measures (e.g. eta) were reported when appropriate.
The full model of emotion and learning was tested using ordinary least squares
regression path analysis to test the hypothesized paths in the model (Figure 4).
Descriptive statistics were calculated and correlational analysis conducted on all
variables included in the path model. Significant variables were retained in the path
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model and regressions were rerun to determine the final adjusted R2 and standardized
regression coefficients.

Phase 2 – Oregon Coast Aquarium

Research Design
In this phase of the study, I used a mixed-methods design in order to develop a
better understanding of how and what people learned during emotionally stimulating
animal presentations at an aquarium. The rationale for mixing both quantitative and
qualitative data in this phase was based on the fact that delayed posttests only measure
the recall of specific facts and do not adequately capture evidence of long-term
learning (Falk & Gillespie, 2009). Therefore, I combined both the quantitative
posttest results with qualitative interview data to allow for a more complete analysis of
the learning outcomes (Creswell, 2002). This portion of my study followed a
sequential explanatory mixed-methods design consisting of a quantitative phase in
order to collect data about emotion, motivation, and short-term learning, followed by a
qualitative approach to collect data about participants’ long-term learning after their
aquarium visit.
The goal of the quantitative part of Phase 2 was to further test my model of
emotion and learning (Figure 4) in a free-choice science learning context by using a
quasi-experimental design consisting of two treatment and one control group.
Participants in the treatment groups watched either a sea otter or sea lion presentation
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that was narrated by an aquarium educator or volunteer. At the end of each
presentation, the narrator introduced me and invited visitors to participate in my study
by filling out a short survey that asked them about their emotional reaction to the
aquarium and the presentation, their motivations for attending, and a posttest on the
content of the narration. In order to compare arousal levels between people who did
and did not see the narrated animal presentations, visitors in the control group were
approached at an area near the exit and asked to fill out a survey about their overall
emotional reaction to the aquarium and to the most exciting exhibit they had seen.
Because the information from the narration was posted on signs near the animal
exhibits, a subset of the group who had visited the non-narrated sea otter or sea lion
exhibits also took the corresponding posttest to measure differences in short-term
learning between control and treatment groups. Both control and treatment group
participants were asked for permission to contact them either by phone or email at a
later time to ask them more questions about their aquarium experience.
The qualitative portion of this study consisted of semi-structured interviews of
participants who provided their telephone numbers on the surveys. Visitors who
provided their email address were sent the same questions. Interview questions were
developed to elicit information about what participants remembered as the most
exciting exhibit and what they remembered learning about it. If the sea otter or sea
lion show was not the most exciting thing that they saw, I still asked them what they
remembered from the narration of the animal show, particularly what conservation
actions the narrator mentioned.
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Research Setting
I conducted Phase 2 of this study at the Oregon Coast Aquarium (OCA) from
July – September, 2011. OCA is a private, not-for-profit, American Zoo and
Aquarium Association (AZA) accredited aquatic and marine science education facility
that is “dedicated to providing excellent care for animals, a great experience for
visitors, and a better future for all living things” (OCA, 2011). In addition to
numerous live exhibits, the OCA offers a variety of educational and outreach
programs including summer camps, preschool and home school programs, and
resources for teachers. While the OCA is a popular tourist attraction in Oregon, the
website emphasizes the educational nature of the Aquarium stating that it is “a vital
educational resource for the state, with over 40,000 students visiting the aquarium
each year” (OCA, 2011).
As part of the educational focus of the experience, all AZA-accredited zoos
and aquariums are required to communicate the importance of conservation, including
the role that individuals can play in these efforts (Falk et al., 2007). Thus, some of the
interpretation at OCA exhibits included information about the threats to marine
species and conservation actions that may help alleviate these threats. In particular,
there were several narrated animal presentations each day during the summer months
in which sea otters or sea lions were fed while the animals engaged in a number of
enrichment and/or husbandry behaviors such as rolling over so the mammalogist could
examine them for injuries. During the presentation, an educator or volunteer delivered
an interpretive script that discussed aspects of the species’ natural history including
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diet and habitat. Near the end of the narration, the script was devoted to conservation
issues that affect sea otters and/or sea lions and suggestions of actions that individuals
could perform to help wild populations.
Animal presentations at zoos and aquariums are known to attract increased
attendance and prolong visit duration (Yerkes & Burns, 1991). In addition, these
experiences with animals can be effective at influencing visitor emotions, increasing
both emotional arousal and valence (Smith, 2008). Thus, the narrated otter and sea
lion shows at OCA provided an ideal opportunity to test my model of emotion and
learning in a more realistic free-choice setting.

Participants
The participants for this study were 198 aquarium visitors 18 years of age or
older who volunteered to fill out a survey either after watching a narrated animal
presentation (treatment groups) or as they were nearing the exit of the aquarium
(control group). One hundred people watched the sea otter feeding, 53 watched the
sea lion show, and 45 people served as controls. Of the participants (84) for whom I
collected information about gender, 44% were male and 56% were female.

Measures and Instrumentation
For the two treatment groups, I measured emotional arousal, attention,
motivation, and short-term learning using a 2-page survey that was administered to
participants immediately after they watched either the sea otter or sea lion presentation
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(Appendix B). For the control group, I measured emotional arousal and motivation for
each participant and short-term learning for a subset of the group (Appendix C). I
describe the instruments for each of these variables below.
Emotional arousal. I used the SAM (Figure 6) to measure participants’
emotional arousal (Question 3 of all surveys). I did not measure valence because this
made the survey too long and complicated for most participants to complete. In
addition, a pilot study indicated that there was little variance in valence because
visitors were feeling high levels of pleasure. Therefore, the major differences among
visitors would be in arousal levels. Treatment participants were asked to indicate how
they were feeling about the aquarium visit in general, and about the animal
presentation in particular. Control participants indicated how they felt about the
aquarium visit in general and the most exciting exhibit they had seen. Thus the
measure used in the model was the difference in arousal caused by the animal
presentation or other exhibit.
Intrinsic motivation. A pilot study indicated that the NEP scale I used as a
proxy for intrinsic motivation in Phase 1 was too long to use at the aquarium. In
Phase 2, I utilized two different instruments to measure the construct of motivation,
one that measured overall motivation for the aquarium visit, and one that was specific
to attending the animal presentation.
The first motivation instrument was designed to measure visitors’ overall
motivation for visiting the aquarium that day. It was based on an instrument
developed by Falk and colleagues (Falk, in press; Falk, Heimlich & Bronnenkant,
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2008) who proposed that an individual’s identity-related motivations may help explain
adult science learning in leisure settings such as museums or aquariums (Falk, 2009;
Falk & Storksdieck, 2009).
On the basis of his observations at science centers, Falk (2006) hypothesized
that visitors utilized self-aspects—cognitive concepts for processing and organizing
information about oneself—to justify their reasons for visiting. Some of these selfaspects related to individual reasons and some were social, but the vast majority
seemed to cluster into five broad, identity-related categories that reflected the visitors’
self-aspects (Figure 7). In a 3-year study of visitor learning at a science center, Falk
and Storksdieck (2009) found that long-term learning correlated with visitors’
identity-related motivations at the time of their visit; these findings have subsequently
been validated in other settings and contexts (Falk, in press). Thus, this motivation
construct seemed like an appropriate way to measure intrinsic motivation for this
phase of my study.
However, Falk et al.’s (2008) original questionnaire contained 20 questions
and pilot testing at the aquarium confirmed that it was longer than most participants
were willing to answer. Therefore, I presented each participant with 5 cards
containing pictures and short sentences that described the essence of each of the
identity-related motivations (Falk, unpublished; Appendix D). Each participant chose
the card that best described their motivation for visiting that day and circled the
appropriate letter on the survey (Question 12 of the treatment surveys and question 8
of the control survey).
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Motivation category

Description
Curiosity-driven and seek to learn more about

Explorers

whatever they may encounter at the institution.
Focused primarily on enabling the experience and

Facilitators

learning of others in their social group.
Feel a close tie between the institution’s content

Professional/Hobbyists

and their professional or hobbyist passions.
Primarily derive satisfaction from the fact of

Experience Seekers

visiting this important site.
Primarily seeking a contemplative and/or

Rechargers

restorative experience.

Figure 7. Identity-related motivations for visiting a science center (Falk &
Storksdeick, 2009).

In addition to this categorical measure of motivation, a continuous measure
was necessary for inclusion in the regression model. Therefore, I included 4 survey
questions scaled from “strongly agree” to “strongly disagree” designed to elicit
specific reasons for attending the animal presentation ranging from personal interest to
pure chance (I happened to be walking by when it started). These answers were used
to create a composite index for the factor of motivation in the model (Question 5 on
the treatment surveys, Appendix B).
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Attention. It is difficult to measure attention in a free-choice learning setting
where there are many things happening at once. Visitors at the animal presentations
had multiple events competing for their attention including the animals themselves,
the narrator, their family members, and other people who were also watching the
show. Other museum studies have utilized the time spent at an exhibit as a measure of
attention with the assumption that learning will increase with increasing attention
(Koran, Koran, & Foster, 1988). However, most of the visitors who participated in my
survey had watched the entire show, so a different measure of attention was needed.
Therefore, I included 3 survey questions scaled from ‘strongly agree’ to ‘strongly
disagree’ to determine whether visitors were paying attention to the narrator or if they
were distracted by other things. These answers were used to create a composite index
for the factor of attention in the model (Question 6 on the treatment surveys, Appendix
B).
Short- and long-term learning. Short-term learning of key messages from
the narratives delivered at the animal presentations was assessed through an 11 point
posttest at the end of the survey (Questions 7-11 of the treatment surveys and
questions 3-7 on control survey B—some questions had multiple points). Posttest
questions were developed on the basis of the scripts that the educators followed when
delivering their narratives. In order to measure long-term learning, participants who
agreed to be contacted later were sent the same posttest by email 2-3 months after the
experiment. Scores on these tests represented the short- and long-term learning
variables in the model.
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For the qualitative portion of Phase 2, participants who provided their
telephone number or email address were contacted 2-3 months after their visit and
administered a 10-15 minute long semi-structured interview or were sent a list of
interview questions designed to better understand what they learned during their
aquarium visit (Appendix E). In the interview I asked participants to recall their
overall visit in as much detail as possible. I then asked them to describe the most
exciting or memorable exhibit they saw and finally had them describe the animal
presentation that they attended. I took notes during the phone call and typed up
transcripts immediately after the call.

Research Procedures and Pilot Testing
I began with a pilot test of the survey instruments and the research procedures.
The pilot test indicated that aquarium visitors were unwilling to spend more than about
5 minutes filling out a survey and most would not answer open-ended questions.
Therefore, I revised the original 4-page survey to 2 pages and made the posttest mostly
multiple choice questions. People with children were much less likely to participate
because they found it difficult to watch their children and fill out a survey at the same
time. Therefore, I began to offer small toys to the children so they had something to
play with while their parents filled out the survey. The pilot test also indicated that
although narrators were given a script, few of them followed it. Therefore, I revised
the posttest section of the survey to reflect the information that most of the educators
mentioned in their narrations.
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During the summer there were usually five animal presentations/day: three sea
otter feedings and two sea lion shows that took place sequentially from 10:30 am until
3:30 pm. Each presentation was about 8-12 minutes long. For each presentation I set
up a small table near the narrator and placed 10 clip boards with surveys attached,
pens, two sets of motivation cards, and laminated copies of the IRB-approved
Explanation of Research Study (Appendix F). During the presentation I took notes
about which parts of the script were covered in the narration so I could grade the
posttests accordingly. At the end of the show, the narrator introduced me and invited
visitors to fill out a short survey. In addition, I invited people to participate as they
were walking away from the exhibit. Participants were given a survey on a clipboard
and a pen and generally weren’t given further instruction unless they had questions. If
the visitors had children, I brought out a container of small marine-themed figurines
and let each child pick one out. The penultimate question on the surveys asked
visitors to choose the motivation card that best described why they had come to the
aquarium that day. At that point, I handed them the cards and gave them a brief
explanation. I also let them know that if they left me their contact information I would
be asking questions about what they remembered, that the information would help
with my research, and that their information would not be shared with anyone.
I collected data for the control group during times between narrated animal
presentations. For the control, I wanted to survey people who had seen all or most of
the exhibits but who hadn’t attended a narrated animal show. Therefore, I set up my
table at the gift shop end of the Passages of the Deep exhibit. As people exited the gift
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shop, I invited them to participate in a research project that examines the role of
emotion in learning. First I ensured that they had seen all or most of the exhibits
including the sea otter and sea lion exhibits (non-narrated)—those who had begun
their visit at Passages of the Deep were invited to stop back after they had visited the
rest of the exhibits. If they had seen most of the aquarium, I gave them the one-page
survey (Appendix C) and distributed toys to the children in the group.

Data Analysis
For the quantitative portion of Phase 2, the proposed path model was tested as
in Phase 1 using ordinary least squares regression path analysis to test the
hypothesized paths in the model (Figure 4). In addition, I used one-way ANOVA
analyses with fixed effects to test the relationship between the categorical independent
variables (treatment group and motivation category) and the continuous dependent
variables (posttest scores and emotion levels). Effect size measures (e.g. eta) were
reported when appropriate.
For the qualitative portion of this phase, I coded posttest interview transcripts
using an extent, breadth, depth, and accuracy rubric developed by Falk and colleagues
(Falk, 2003; Falk, Moussouri & Coulson, 1998) as a measure of the quality and
quantity of long-term learning outcomes. Extent was a measure of how much
information visitors shared about their exhibit of choice and was determined by
counting the number relevant words/phrases spoken or written by a visitor.
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Breadth was a measure of a visitor’s conceptual understanding of the exhibit
and measured the quantity of appropriate concepts (e.g. animal behavior) they utilized
in their description of the exhibit. I first classified all responses into conceptual
categories to provide a list of all potential categories that could be used for visitors. I
calculated breadth for each visitor as the percentage of all potential conceptual
categories that they used in their description.
Depth measured how detailed and complex a visitors’ descriptions were within
a conceptual category. For example, within the conceptual category of “how animals
behaved” did visitors list one behavior or several? Could they describe why the animal
behaved that way? Scoring was based on a scale of 1-4 (1 = no elaboration; 4 =
significant elaboration) for each conceptual category, and scores were totaled and
averaged.
To account for instances where visitors may have described many things but
not necessarily correctly, I included a measure of accuracy in which they received one
point for each scientifically accurate fact or concept in their description.
To measure knowledge of conservation actions, I calculated a conservation
accuracy measure to indicate how well they could describe the conservation measures
being called for in the narration.
Because of the small sample size (n=37) of participants who provided
interview responses and the non-normal distribution of the data, I used a KruskalWallis nonparametric test to examine differences in extent, breadth, depth, accuracy,
and conservation accuracy on the basis of treatment type (i.e. animal presentations,
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control), and intrinsic motivation category. I tested the relationship between these
learning metrics (i.e. extent, breadth, depth, accuracy, and conservation accuracy) and
emotional arousal levels using ordinary least squares linear regression.

Summary
This study was conducted in two phases that included an experimental and
quasi-experimental research design. In each phase, participants engaged in a learning
experience that was potentially arousing and either read or listened to an associated
educational narrative. Emotional arousal and attention levels were measured through
physiological and/or self-report instruments. Participants self-reported their valence
and intrinsic motivation, and completed a posttest to measure short-term learning. A
subset of participants were contacted at a later time to measure long-term learning.
These data were used to test the emotion and learning model proposed in Chapter 2,
and to further investigate the relationships among the study variables. I present the
findings of this research study in the following chapter.
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CHAPTER 4
RESULTS AND FINDINGS

Phase 1 - Laboratory
Phase 1 of this study was designed to pilot test the emotion self-assessment
instrument, compare those results with physiological assessments, and to examine the
relationships among emotional arousal, valence, attention, intrinsic motivation and
short- and long- term learning outcomes. Sixty individuals volunteered to participate
in the experiment. I used an experimental design consisting of four treatment groups
of 15 individuals each (Figure 5). Individuals in groups 1 and 2 watched an
emotionally arousing video clip whereas those in groups 3 and 4 watched an
emotionally neutral video; I collected physiological and self-assessed emotion data
from all participants. In addition, I investigated how timing of key messages in
relation to an emotional stimulus would affect short-term learning. Therefore,
participants were tested on their recall of information from an associated narrative
presented either before or after the video. All experimental data were entered into the
Statistical Package for Social Sciences (SPSS) for analysis. Because of the small
sample size and the fact that this was an exploratory study in which I wanted to
minimize the likelihood of Type II errors, I chose a less conservative significance
level of p<0.1 for statistical analyses (Vaske 2008).
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Demographics
Because one participant was unable to complete the experiment, I obtained a
total of 59 useable surveys. The demographics of participants included in the study are
presented in Table 1, summarized for all participants and also by the video treatment
they received. Participants were slightly skewed toward females with participants
almost equally divided among science and non-science majors. I randomly assigned
each participant to a treatment; because participants were recruited on a continuous
basis throughout the quarter, they could not be stratified by gender or major.

Table 1.
Demographics of Phase 1 participants in total and by video type
All participants
Demographics
Gender
Female
Male
Age
18-25
26-35
Major
Science
Non-science

Arousing video

Neutral video

#

%

#

%

#

%

34
25

57.6
42.4

19
10

65.5
34.5

15
15

50
50

52
6

89.7
10.3

24
5

82.8
17.2

28
1

96.6
3.4

26
31
59

45.6
54.4

10
18
29

35.7
64.3

16
13
30

55.2
44.8

Note: Not all demographic groups totaled to 59 due to non-completion of the survey instrument.

Self-report Measures of Arousal and Valence
The Self-Assessment Manikin was used to document participant arousal and
valence both before the experiment and during the video. Participants completed the

69
self-assessments after the experiment and thus were asked to remember how they felt
at these times and score themselves accordingly.
Raw scores for the arousal and valence dimensions of emotional state were
recorded in the following manner. Two scores were entered for each participant for
each dimension: arousal and valence before the experiment and during the most
exciting part of the video. Scores were based on a 9-point scale where 1 was very
pleased (top scale) or highly aroused (bottom scale) and 9 was very displeased or
unaroused (Figure 8).

1

2

3

4

5

6

7

8

9

Figure 8. Scoring for the arousal and valence dimensions of the Self-Assessment
Manikin.

These raw scores were used to create two new variables indicating the
difference in SAM scores for arousal (SAM arousal difference) and valence (SAM
valence difference) between pre-video (baseline) and during-video assessment. Thus,
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positive scores indicated that respondents felt more aroused and more pleased during
the video than before it. Conversely, negative scores indicated that the participant felt
less aroused and less pleased during the video than before. The differences in arousal
and valence for the two video types are shown in Tables 2 and 3.

Table 2.
Mean arousal levels and differences for SAM by video type.
Exciting
(n=29)

Neutral
(n=30)

Effect
size

Dependent variables1

Mean

SE

Mean

SE

During video arousal

3.62

0.24

6.23

0.27

Pre-experiment arousal

6.10

0.25

6.33

Arousal difference

2.48

0.25

0.10

F-value

p-value

Eta

53.03

0.000

0.69

0.31

0.34

0.563

0.08

0.37

28.08

0.000

0.57

1

Note: Arousal was measured on a scale from 1 (very aroused) to 9 (very bored). Positive scores for
arousal differences indicate that participants felt more aroused during the video compared to baseline
levels.

Table 3.
Mean valence levels and differences for SAM by video type.
Exciting
(n=29)

Neutral
(n=30)

Effect
size

Dependent variables1

Mean

SE

Mean

SE

F-value

p-value

Eta

During video valence

3.83

0.39

3.30

0.25

1.326

0.254

0.02

Pre-experiment valence

3.17

0.25

3.73

0.30

2.034

0.159

0.03

-0.66

0.45

0.43

0.29

4.186

0.045

0.26

Arousal difference

Note: 1Valence was measured on a scale from 1 (very pleasurable feelings) to 9 (very unpleasurable
feelings). Negative scores for valence differences indicate that participants felt less pleasurable feelings
during the video compared to baseline levels.
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The results indicated that there were no differences in pre-experiment (baseline)
arousal or valence levels between the two treatments. However, participants reported
feeling significantly more aroused during the exciting video than during the neutral
video with a substantial effects size. While there were no differences between preexperimental and during-video valences for the exciting and neutral videos, the
arousal difference measured for each participant was significantly different for the
video types with a typical effects size. In particular, those watching the exciting video
indicated that they felt less pleasure than those who watched the neutral video.
Although I intended to use the difference in pre- and during-video arousal and
valence as the self-assessed emotion variables in later analyses, I noticed that
participants scored their pre-video arousal in a variety of ways. Although I instructed
participants to provide scores on the basis of how they felt in general that day, some
participants’ comments led me to believe that they actually based their scores on how
they felt sitting in the lab with electrodes attached to them. Thus, I had reason to
believe that the difference score may not be an accurate way to account for
participants’ arousal and valence during the video. Therefore, I also included the
during-video arousal and valence scores as independent variables in later analyses.

Physiological Measures of Arousal
Another objective of the Phase 1 study was to collect physiological measures
of arousal to examine their correlations with the self-assessment measures.
Participants’ heart rate and skin conductance were measured before and during the
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video treatment. For each participant, I calculated the mean heart rate both before the
experiment began (baseline) and during the video, and the number of skin conductance
events (phasic EDA) during the video. I also created a variable to measure the
difference between during-video heart rate and pre-video (baseline) heart rate called
HR difference as a measure of emotional arousal during the video. Increases in heart
rate are associated with emotional arousal (Cacioppo, 1979). Skin conductance events
are a measure of arousal and attention (Nakasone et al., 2005). Table 4 presents
descriptive statistics for these four variables and the results of the ANOVA.
Contrary to expectations, neither heart rate nor SCR events were significantly
different during the exciting video than during the neutral video, although heart rate
during the video approached significance (p=0.111) with a typical effects size.

Table 4.
Physiological arousal measures by video type
Exciting
(n=33)

Neutral
(n=30)

Effect
size

Physiological measures1

Mean

SE

Mean

SE

F-value

p-value

Eta

Mean HR during video

81.10

1.67

76.77

2.13

2.600

0.111

0.20

Mean HR baseline

84.83

1.75

80.40

2.30

2.398

0.127

0.19

HR difference

-3.73

0.59

-3.63

1.02

0.008

0.929

0.01

Number of SCR events

25.03

3.75

18.17

2.34

2.301

0.134

0.19

Note: 1Heart rate (HR) was measured in beats/minute. Skin conductance (SCR) was measured in
microSiemens.
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I conducted a correlational analysis to examine the strength of relationships
among the physiological measures of emotional arousal and the self-assessed
measures (Table 5).

Table 5.
Zero-order correlations for emotion variables in the study
No. of SCR events

Mean HR during video

HR difference

-0.13

-0.23*

-0.02

Emotion metrics
1. During-video SAM arousal
2. SAM arousal difference

0.15

3. During-video valence

0.09

-0.11

-0.03

-0.16

0.06

-0.04

4. Valence difference

0.31**

0.08

Note. *p<.1 (2 tailed), **p<.05 (2 tailed); n=59.

There were only two significant correlations among these measures. One was
a positive relationship between Mean HR during video and SAM arousal difference
indicating a typical (rather than substantial) effects size (r = 0.31, p = 0.019). The
other was a negative relationship between Mean HR and SAM arousal while watching
the video indicating a small to medium effects size (r = -0.23, p = 0.081). Thus, there
were not strong correlations between physiological and self-assessed emotional
arousal measures.
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Short and long-term learning outcomes
The dependent variables in the Phase 1 analysis were the learning outcomes.
Short-term learning was operationalized as recall of key messages from the narrative
that participants read either before or after viewing a video. I measured short-term
learning by administering an 11-point posttest at the end of the experiment (Table 6).
Long-term learning was measured with the same posttest administered
electronically through an online survey system 2-3 weeks after the experiment.
Thirty-four percent of individuals participated in this portion of the study. However,
because of limitations with the survey software, data were summarized by treatment
type (1-4) rather than by individual. Therefore, I was unable to investigate differences
in individual long-term learning or to determine if there was a significant difference
between short- and long-term test scores.

Table 6.
Descriptive statistics for short- and long-term learning variables
Variable

Mean

SD

Min

Max

1. Short-term score (all participants)

0.61

0.15

0.27

1.0

2. Long-term score

0.58

0.18

0.33

0.89

Note. Test scores are presented as proportion of correct answers. For all participants, n=59; for longterm participants, n=20.
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Demographic Effects on Study Variables
I conducted one-way ANOVAs to test for the effects of gender and academic
major on the dependent variable (short-term posttest score), the six independent
emotion variables, the attention variable, and the motivation independent variable
(NEP) in the study (Tables 7 and 8). Gender did not affect posttest score or most of
the emotion variables. However, females reported higher valence (less pleasurable
feelings) during the videos than males, higher mean heart rate during the videos, and
lower NEP which translated to a greater pro-environmental orientation than males in
the study. The effects sizes were in the range of 0.28-0.30 which are regarded as
typical for social science research (Cohen, 1988).

Table 7.
The effect of gender on study variables
Male
Study variables

Mean
(n=25)

Female
SE

Mean
(n=34)

SE

6.96

0.29

6.53

0.29

5.00

0.38

4.91

3.00

0.28

SAM arousal difference

1.56

SAM valence difference

Posttest score
During video SAM arousal
During video SAM valence

1

No. SCR events during video
HR mean during video

1

Difference in HR pre-during
video
NEP1
1

F-values are significant at p<0.1.

F-value

p-value

Effect
size eta

1.02

0.32

0.13

0.33

0.03

0.86

0.02

3.97

0.33

4.63

0.04

0.28

0.37

1.06

0.39

0.83

0.37

0.12

0.32

0.36

-0.41

0.39

1.78

0.19

0.17

18.60

3.26

22.74

2.99

0.86

0.36

0.12

75.38

2.18

81.89

1.76

5.52

0.02

0.30

-3.43

0.98

-3.99

0.77

0.21

0.65

0.06

2.77

0.08

2.50

0.44

5.19

0.03

0.29
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Table 8.
The effect of academic major on study variables
Science
Study variables

Non-science

Mean
(n=26)

SE

Mean
(n=31)

SE

Posttest score

6.88

0.31

6.55

0.31

During video SAM arousal

5.31

0.38

4.71

During video SAM valence

3.15

0.30

SAM arousal difference

1.12

SAM valence difference
No. SCR events during video
HR mean during video

1

1

Difference in HR pre-during
video
NEP

F-value

p-value

Effect
size eta

0.59

0.45

0.12

0.33

1.39

0.24

0.18

3.77

0.33

1.84

0.18

0.18

0.40

1.39

0.38

0.24

0.63

0.11

.19

0.29

-0.10

0.42

0.30

0.58

0.08

16.69

2.61

25.16

3.44

3.60

0.06

0.30

76.38

2.06

81.91

1.94

3.78

0.06

0.25

-4.49

0.91

-3.25

0.84

0.99

0.32

0.14

2.62

0.09

2.62

0.08

0.00

0.99

0.12

1

F-values are significant at p<0.1.

Academic major did not directly affect posttest score or any of the selfassessed emotion variables. However, science majors had significantly more SCR
events during the video than non-science majors indicating higher levels of attention.
In addition, non-science majors had higher mean heart rates during video watching
than science majors. Effects sizes were typical for both relationships (Cohen, 1988).
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Experimental Effects on Study Variables
A main objective of this experiment was to investigate whether video type,
timing of key messages in relation to an emotional experience, and/or the interaction
between these treatments significantly affected participants’ emotional experiences
and/or short-term learning. Therefore the data were analyzed using a series of timing
of message (2) X video type (2) ANOVAs run separately on the dependent variables
(short- and long-term posttest scores), and the six emotional arousal and valence
measures (4 self-assessed and 2 physiological). Traditionally, when multiple tests are
undertaken, each at the same significance level (α), an adjustment of individual
significance levels is required because of the increased probability of obtaining at least
one significant result due to chance alone (Cohen, 1988). The Bonferroni correction
that lowers the critical values for each particular test on the basis of the number of
tests performed is frequently used to reduce problems associated with multiple
comparisons. However, several researchers have noted that the Bonferroni correction
may be overly conservative by greatly inflating the likelihood of making a Type II
error while decreasing the probability of finding a significant result (Moran, 2003;
Wright, 1992). Therefore, in this exploratory study, I followed the suggestion of
Moran (2003) by reporting exact p-values along with effects sizes (η2) to allow readers
to make reasonable interpretations of the results. In addition, I applied a slightly more
conservative significance level of p < 0.05 for this experiment to guard against Type I
errors during the analysis of my results.
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Arousal. Hypothesis one predicted that subjects would report feeling more
aroused when watching the exciting video than the neutral video. In addition, it
predicted that measures of physiological arousal would also be higher for the more
exciting video. There were two-self-assessed arousal measures and two physiological
measures. The results are presented in Tables 9-12.

Table 9.
Message timing and video type on during-video SAM arousal
Independent variables

df

MS

Message timing1

1

0.56

1

99.99

1

1.01

Video type

2

Timing x Video type
1

p-value

η2

0.29

0.593

0.01

51.57

0.000

0.48

0.52

0.473

0.01

F-value

2

The message was delivered either before or after the video. The video was either exciting or neutral,
n=59.

Table 10.
Message timing and video type on SAM arousal difference
Independent variables

df

Message timing1

1

0.00

1

83.71

1

0.04

Video type

2

Timing x Video type
1

MS

p-value

η2

0.00

0.971

0.00

27.10

0.000

0.33

0.01

0.913

0.00

F-value

2

The message was delivered either before or after the video. The video was either exciting or neutral,
n=59.
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Table 11.
Message timing and video type on mean heart-rate during video
Independent variables

df

MS

F-value

p-value

η2

Message timing1

1

435.75

4.02

0.050

0.07

1

335.17

3.09

0.084

0.05

1

174.41

1.61

0.210

0.03

Video type

2

Timing x Video type
1

The message was delivered either before or after the video. 2The video was either exciting or neutral.
n=59.

Table 12.
Message timing and video type on difference in pre- and during-video heart rate
Independent variables

df

MS

F-value

p-value

η2

Message timing1

1

6.69

0.32

0.574

0.00

1

1.06

0.05

0.823

0.00

1

76.15

3.65

0.061

0.06

Video type

2

Timing x Video type
1

2

The message was delivered either before or after the video. The video was either exciting or neutral.
n=59.

There was a significant effect for video type on both self-assessed arousal
variables. Video type explained 48% of the variance in during-video SAM Arousal,
and 33% of the difference between during- and pre-video SAM arousal, with those
watching the exciting video reporting significantly higher arousal levels. While
message timing had a significant effect on mean heart rate during the video at the
p<.05 level, the effects size was small, explaining only 7% of the variance. Mean
heart rate during the video was higher for participants who read the article before
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watching the video than for those who read it after. Message timing, video type, and
the interaction between them did not significantly the difference in pre- and duringvideo heart rate.
Valence. Hypothesis one also predicted that the experimental treatments
would elicit different valence levels in participants. Specifically, I predicted that the
exciting video would lead to higher valence levels (less pleasurable feelings) than the
neutral video. This was not the case for during-video SAM Valence—neither video
type nor message timing affected participants’ self-assessed valence during the video
(Table 13). The only significant effect was that of video type on SAM valence
difference (Table 14). Participants who watched the exciting video reported a
significantly higher during-video valence in relation to their pre-video valence (i.e.
less pleasurable). However, this variable explained only 7% of the variance in the
valence difference. Thus, the effect of the experimental variables on valence was not
highly significant.

Table 13.
Message timing and video type on during-video SAM valence
Independent variables1

df

Message timing

1

Video type
Timing x Video type
1

F-value

p-value

η2

.56

.17

.682

.00

1

4.04

1.28

.262

.02

1

2.47

.78

.380

.01

MS

The message was delivered either before or after the video. 2The video was either exciting or neutral.
n=59.
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Table 14.
Message timing and video type on SAM valence difference
Independent variables1

df

Message timing

1

Video type

1

F-value

p-value

η2

2.65

0.62

0.433

0.01

17.52

4.12

0.047

0.07

MS

Timing x Video type
1
1.41
0.33
0.567
0.01
1
The message was delivered either before or after the video. 2The video was either exciting or neutral.
n=59.

Learning. Hypothesis 2 predicted that timing of a key message would affect
learning through its relationship with emotional arousal. Specifically, providing key
messages shortly after arousing stimuli should lead to greater learning outcomes.
Thus, I expected a significant effect of Timing X Video type on learning. This was
not the case for short-term learning (Table 15). Although there was a significant effect
of this interaction on long-term learning, it was not as predicted (Table 16).
Individuals who read the article before watching the neutral video scored higher on the
long-term posttest than the other participants. In addition, this interaction accounted
for 22% of the variance in long-term learning.

Table 15.
Message timing and video type on short-term learning
Independent variables1

df

MS

F-value

p-value

η2

Message timing

1

0.01

0.00

0.943

0.00

Video type

1

0.02

0.01

0.934

0.00

Timing x Video type
1
2.74
1.01
0.320
0.02
1
The message was delivered either before or after the video. 2The video was either exciting or neutral.
n=59.
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Table 16.
Message timing and video type on long-term learning
Independent variables1

df

MS

F-value

p-value

η2

Message timing

1

0.03

1.22

0.286

0.07

Video type

1

0.01

0.56

0.464

0.03

Timing x Video type

1

0.11

4.45

0.051

0.22

1

2

The message was delivered either before or after the video. The video was either exciting or neutral.
n=20.

Effects of Motivation, Attention, and Emotion on Learning
Another major objective of the Phase 1 experiment was to investigate the
effects of emotion, attention, and intrinsic motivation variables on learning outcomes.
The hypothesized relationships among study variables were diagrammed in Figure 4
and are recreated below.

Arousal

Learning
situation

Attention

Short-term
learning

Long-term
learning

Valence
Intrinsic
Motivation

Prior
Knowledge
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I predicted that attention, emotional arousal, valence, and intrinsic motivation
would directly affect short-term learning outcomes. In addition, it was hypothesized
that emotional arousal and valence would be partially mediated by attention. Only 5
participants indicated that they were familiar with African wildlife, so the variable for
prior knowledge was dropped from the model. Thus, this model contains six
measurable variables (rectangles) and one latent factor (NEP) that must be inferred
from measured variables (Vaske, 2008). Figure 9 presents the variables and factor that
were tested in this part of the study.

Mean Heart
Rate during
Video
Video Type

SAM Arousal
during Video

Number of
SCR Events

Short-term
Posttest Score

SAM
Valence
during Video

NEP

Figure 9. Model of Phase 1 variables that contribute to short-term learning. The
stippled rectangle represents the learning situation. Dashed rectangles are emotional
arousal variables, the dashed and shaded rectangle is emotional valence, NEP is a
proxy factor for intrinsic motivation, and the shaded rectangle is the attention variable.
Posttest score represents short-term learning in my model.
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Table 17.
Reliability analysis for intrinsic motivation concept (NEP)
Motivation items

Mean

%
Agree2

Item Total
Correlation

Alpha if
Deleted

1. We are approaching the limit of the
number of people the earth can support.
2. Humans have the right to modify the
natural environment to suit their needs.1
3. When humans interfere with nature it often
produces disastrous consequences.
4. Human ingenuity will insure that we do
NOT make the earth unlivable.1
5. Humans are severely abusing the
environment.
6. The earth has plenty of natural resources if
we just learn how to develop them.1
7. Plants and animals have as much right as
humans to exist.
8. The balance of nature is strong enough to
cope with the impacts of modern industrial
nations.1
9. Despite our special abilities humans are
still subject to the laws of nature.
10. The so-called “ecological crisis” facing
humankind has been greatly exaggerated.1
11. The earth is like a spaceship with very
limited room and resources.
12. Humans were meant to rule over the rest
of nature.1
13. The balance of nature is very delicate and
easily upset.
14. Humans will eventually learn enough
about how nature works to be able to control
it.1
15. If things continue on their present course,
we will soon experience a major ecological
catastrophe.

2.64

55.9

0.56

0.77

3.05

30.5

0.48

0.77

2.56

49.2

0.37

0.78

3.10

23.7

0.26

0.79

2.48

58.6

0.45

0.78

2.07

79.7

0.24

0.79

1.81

86.4

0.44

0.78

3.54

15.3

0.43

0.78

1.88

91.4

0.10

0.79

3.49

15.3

0.64

0.76

2.72

55.2

0.45

0.78

3.44

23.7

0.40

0.78

2.27

72.9

0.36

0.78

3.07

62.7

0.16

0.79

2.46

57.6

0.54

0.77

1

Cronbach
Alpha
0.79

Variable was reverse coded for use in this analysis. 2Percent agree was based on valid percentages with
missing cases removed.
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Intrinsic motivation factor. I computed a composite index to measure
participants’ motivation for learning about Cape buffalo using the NEP scale which
contained 15 items on a 5-point scale from “strongly agree” to “strongly disagree” that
were intended to measure participants’ environmental orientation. The reliability
analysis indicated good internal consistency (α = 0.79) of the items measuring
participants’ views toward the environment (Table 17).

Correlations. Table 18 presents the Pearson product-moment correlations for
all variables in the study. Short-term learning was significantly negatively correlated
with the self-assessed measures of during-video arousal and valence and the number
of SCR events which was a measure of attention during the movie. NEP, a measure of
intrinsic motivation, was negatively correlated with during-video SAM valence, so I
included this relationship in the path analysis. Mean heart rate was negatively
correlated with during-video SAM arousal. The change in heart rate was not
correlated with any other study variables and was not included in the regression
analysis.

86

Table 18.
Zero-order correlations for variables in the path model

Independent variables
1. Number of SCR events
2. Change in heart rate

Posttest
score

1

2

3

4

5

-0.19*
0.05

0.04

3. During-video SAM Arousal

-0.17*

-0.13

-0.02

4. During-video SAM Valence

-0.21**

0.09

-0.03

-0.15

5. NEP

-0.14

0.14

-0.15

0.01

6. Mean heart rate

-0.06

0.10

0.04

-0.23**

-0.28**
-0.12

0.05

Note. *p<0.1 (1 tailed), **p<0.05 (1 tailed). n=59.

Path analysis. The hypothesized relationships in my model of emotion and
learning were tested with three regression equations. In the first equation, all of the
variables summarized in Table 2 except for change in heart rate were regressed on the
independent variable of short-term learning (posttest score). The results indicated that
during-video SAM arousal, during-video SAM valence, and NEP were significant
predictors of posttest score (F=2.851, p=0.046). The second equation regressed both
arousal measures, valence, and NEP on attention, resulting in a non-significant model
(F=0.835, p=0.509). The third equation regressed NEP on during video SAM valence
indicating that participants’ environmental orientation was a significant predictor of
how pleasurable they found the exciting video to be (F=4.898, p=0.031).
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The final model of factors influencing short-term learning was summarized in
Figure 10. All of the paths shown in the model were statistically significant at p<0.1.
With this population, short-term learning was directly influenced by self-assessed
emotional arousal (β = -0.22, p=0.091) and valence (β = -0.31, p=0.023) while
watching the video. In other words, individuals who felt higher levels of emotional
arousal and less pleasurable feelings while watching the video were more likely to
have a higher posttest score. In addition, NEP directly influenced short-term learning
indicating that participants with stronger environmental worldviews were more likely
to score higher on the posttest (β = -0.22, p=0.095). These three factors explained
14% of the variance in short-term learning. Participants’ environmental orientations
significantly predicted changes in self-assessed valence (β = -0.28, p=0.031)
explaining 8% of the variance in valence. The negative relationship indicated that
those with stronger environmental worldviews were more likely to report unpleasant
feelings during the exciting video than those with more traditional worldviews. NEP
did not predict self-assessed arousal; however, video type explained almost half of the
variance in arousal levels.
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Video Type

-0.69**

SAM Arousal
during Video

-0.22*
Short-term
Posttest Score

R2=0.48
SAM
Valence
during Video

R2=0.14

-0.31**
-0.22*

2

R =0.08
-0.28**

NEP

Figure 10. Final path model representing relationships among study variables and
short-term learning outcomes. Path coefficients are standardized regression
coefficients; *p<0.1, **p<0.05.

The results of this analysis indicated support for a number of the predictions in
my proposed model of emotion and learning. Emotional arousal induced by watching
a video had a direct effect on short-term learning with increased levels of arousal
leading to greater short-term learning outcomes. In addition, participants who felt less
pleasurable feelings while watching the exciting video were more likely to score
higher on the posttest, and valence was a stronger predictor of short-term learning than
arousal. Although the type of video watched did not significantly predict valence,
participants with stronger environmental orientations were more likely to feel less
pleasurable feelings while watching the exciting video. In addition, stronger
environmental orientation was a significant predictor of short-term learning. Thus, the

89
effect of environmental orientation on short-term learning was partially mediated by
valence. However, there was no support for the hypothesis that increased attention
during the video would lead to increased short-term learning of associated information
presented either before or after the video.

Phase 2 – Oregon Coast Aquarium
I conducted the second phase of my project at the Oregon Coast Aquarium. I
focused my investigation on the learning that took place during narrated sea otter and
sea lion presentations which were likely to elicit emotional reactions in viewers.
Participants were surveyed on their emotional reaction to the presentation, their
attention to the narration, their motivation for attending, and their recall of key
messages from the narration. Data also were collected from visitors who did not
attend the animal presentations (control). I used these data to test my model of
emotion and learning in a free-choice science learning setting. All experimental data
were entered into the Statistical Package for Social Sciences (SPSS) for analysis and a
significance level of p<0.05 was used for statistical analyses.

Participant Description
A total of 198 adult aquarium visitors volunteered to participate in my study.
The number of individuals in each treatment is presented in Table 19. Although I
attempted to record the gender of each participant when they returned the survey, this
was not always possible; data are presented for those whose gender I recorded. For
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sea otter and sea lion presentation visitors, participants were slightly skewed toward
females. The majority of participants had not seen the animal presentations before.
Control individuals were not asked whether they had seen the sea otter or sea lion
shows on previous visits.

Table 19.
Description of Phase 2 participants by treatment type
Sea Otter

Sea Lion

Control

Demographics

#

%

#

%

#

%

All participants

100

50.5

53

26.8

45

22.7

Female

25

55.5

15

60

7

63.6

Male

20

44.5

10

40

4

36.4

Gender1

45

25

11

Seen show before
Yes

26

27.1

18

34.6

--

--

No

70

72.9

34

65.4

--

--

96

52

Note: 1Gender data were not collected for all participants.

Treatment Effects on Study Variables
One objective of this study was to investigate whether treatment type (sea otter
or sea lion presentation) significantly affected participants’ emotional experiences,
attention to an associated message, and learning outcomes. Table 20 presents the
results of a one-way ANOVA testing for effects of treatment type (sea otter or sea lion
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show) on the following variables: emotional arousal, attention and short- and longterm posttest scores.

Table 20.
Study variables by treatment type for aquarium participants
Sea otter
(n=97)

Sea Lion
(n=52)
Effect
size eta

Study variables1

Mean

SE

Mean

SE

F-value

p-value

Arousal change

0.85

0.13

1.23

0.23

2.45

0.120

0.12

Attention

2.06

0.09

2.21

0.11

1.14

0.287

0.09

0.74

0.02

0.78

0.02

2.14

0.145

0.02

0.66

0.04

0.73

0.05

1.38

0.248

0.20

Short-term score
Long-term score

2

1

Arousal change was a scale variable ranging from -8 (less aroused) to 8 (more aroused). Attention was
a scale variable ranging from 1 (high) to 5 (low). Short- and long-term scores indicate proportion of
correct answers. 2n=22 for sea otters, n=14 for sea lions.

There was no significant effect for animal presentation on short-term posttest
score, long-term posttest score, change in emotional arousal, or attention (Table 20).
Therefore, sea otter and sea lion presentation visitors could be considered one
treatment group and were combined for the remainder of analyses.
Hypothesis one predicted that different learning situations would elicit
different emotional arousal levels in participants. At the aquarium, I predicted that
subjects who watched the animal presentations would report feeling more aroused than
aquarium visitors who did not watch the presentations. Arousal change was measured
as the difference between the baseline arousal levels and those felt either during the
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animal presentation or during the most exciting exhibit the visitor saw (control). Only
a quarter of control visitors reported that the non-narrated sea otter and/or sea lion
exhibits were the most exciting ones that they saw (Table 21). Passages of the Deep
was most often reported as exciting, particularly the sharks that are part of that exhibit.
None of the reported exhibits were narrated.

Table 21.
Exhibits reported as most exciting by control visitors
Exhibit

Number

Percentage

Arousal Change

Anaconda

1

4

0.00

Birds

3

12

0.67

Jellyfish

1

4

2.00

Otters and/or Sea Lions

7

28

0.29

Passages of the Deep

10

40

0.10

Touch tank

2

8

0.00

Other

1

4

0.00

I conducted a one-way ANOVA to compare the change in emotional arousal
between the treatment and control visitors (Table 22). As predicted, participants who
saw a narrated animal presentation reported a significantly greater difference in
arousal than controls with a minimal to typical effects size. However, neither group
reported large arousal differences between baseline and exhibit levels. A subset of
control participants (n=20) who visited the non-narrated sea otter or sea lion exhibits
were given the posttest questions for which the answers were posted on signs near the
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exhibit. Control participants scored significantly lower on the posttest with a typical
to significant effects size (Table 22).

Table 22.
Arousal change and posttest score by treatment type
Treatment1
(n=150)

Control
(n=25)

Dependent variables2

Mean

SE

Mean

SE

Arousal change

0.99

0.12

0.28

Posttest score

0.76

0.01

0.50

F-value

p-value

Effect
size eta

0.21

5.53

0.020

0.18

0.06

30.81

0.000

0.39

1

Viewed narrated animal presentations. 2Arousal change was a continuous variable ranging from -8
(more bored during exhibit) to 8 (more excited during exhibit). Posttest score indicates proportion of
correct answers.

Effects of Motivation, Attention, and Emotion on Learning
A major objective of Phase 2 was to investigate the effects of emotional
arousal, attention, and intrinsic motivation variables on both short- and long-term
learning outcomes in a free-choice science learning setting. The hypothesized
relationships among study variables were diagrammed in Figure 4. However,
information about valence was not collected at the aquarium. In addition, a pilot study
indicated that an additional variable for narrator quality should be included in the
learning model. Here I describe the variables I used in the path analysis for Phase 2 of
my study.
Arousal. I originally proposed to use the difference between baseline and
during-animal presentation arousal levels as an independent variable in my analysis.
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However, the difference in baseline emotional arousal and that felt during the animal
presentation was zero for nearly half (46%) of participants, indicating that they did not
find the presentation any more exciting than the rest of the aquarium. However,
comments by participants indicated that this was likely not the case. One reason for
this result is that many participants (13.1%) self-assessed their baseline arousal at the
highest level (1) and therefore could not indicate a higher level of excitement for the
presentation. In addition, some participants seemed to be confused by the two arousal
manikins and may have indicated their arousal levels during the presentation on both
of them. Therefore, I added the during-show excitement level as another variable for
emotional arousal in the model.
Previous studies have indicated that in highly arousing situations, memory of
associated events may be poor due to limited processing resources (e.g. Lang, 2000).
Thus like many psychological variables, the relationship between arousal and learning
might be an inverted U-shape with a positive relationship between the variables up to
a certain threshold after which the relationship becomes negative (cf, Falk & Balling,
1982). To test for this relationship, I plotted mean posttest score (calculated as
proportion of questions answered correctly) against self-assessed excitement level
during the animal presentations (Figure 11).
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Figure 11. Relationship of mean posttest score to self-assessed arousal during animal
presentations. Error bars represent 95% confidence intervals. n=156.

Although the pattern of the mean test scores was an inverted U, the error bars
indicated that this relationship did not appear to be non-linear. To test for significant
differences in posttest score by arousal level, I created a categorical variable for
during-show excitement with three levels: high (1-2), moderate (3-4), and low (5-7)
and conducted a one-way ANOVA. This test indicated a non-significant effect for
arousal level on posttest score (F=1.728, p=0.18). Therefore, I used the self-assessed
during-show arousal measure as a variable in my path model rather than the
categorical variable.
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Intrinsic motivation. I computed a composite index to measure participants’
motivation for watching the animal presentation. The motivation portion of the survey
contained 3 items on a 5-point scale from “strongly agree” to “strongly disagree” that
were intended to determine whether participants attended the presentation due to
personal interest, curiosity, or by accident. The reliability analysis indicated poor
internal consistency (α = 0.45) of the indicators measuring motivation to attend the
presentation (Table 23). Therefore, motivation was not included in the path model.

Table 23.
Reliability analysis for motivation concept

Motivation items

Mean
(n=150)

%
Agree

Item Total
Correlation

Alpha if
Deleted

Cronbach
Alpha
0.45

I am very interested in otters/sea lions

3.97

74.7

0.32

0.31

I thought it would be fun for me/my kids

4.48

89.3

0.33

0.28

2.51

15.4

0.24

0.53

I happened to be walking by when it
started1
1

Variable was reverse coded for use in this analysis.

I also measured participants’ motivation for visiting the aquarium using a
categorical measure of identity-related motivations (see Figure 7). Table 24 presents
one-way ANOVA results for effects of motivation type on attention, and short-term
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posttest score for four of the five motivation types. Only 2 participants identified
themselves as Professional Hobbyists so this motivation type was eliminated from the
analysis.

Table 24.
Effect of motivation type on attention and short-term learning outcomes
Motivation type1
Dependent variables2

Experience
seekers

Explorers

Facilitators

Rechargers

F-ratio

p-value

Attention

2.00 (0.13)

2.04 (0.14)

2.11 (0.12)

1.86 (0.18)

0.53

0.664

Posttest score

0.75 (0.03)

0.78 (0.03)

0.80 (0.02)

0.68 (0.04)

2.51

0.062

1

Note. Cell entries are means with standard errors in parentheses. For Experience seekers, n=29; for
Explorers, n=30; for Facilitators, n=53; for Rechargers, n=19. Attention was rated on a scale of 1 to 5
with 1 being highest. Posttest score indicated proportion of correct answers.

The majority (52%) of participants identified as facilitators, followed by
explorers (30%), experience seekers (29%), and rechargers (19%). There was no
effect of motivation type on either of the study variables.
Attention. The treatment group survey included three items on a 5-point scale
from “strongly agree” to “strongly disagree” that were intended to measure the level of
attention participants’ paid to the narration at the animal presentation. The reliability
analysis indicated good internal consistency (α = 0.73) of the items measuring
attention to the presentation (Table 25). This indicated that the items were measuring
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the same concept and justified combining them into a single factor (Cortina, 1993).
Therefore, a factor for attention was created by computing the mean composite index
for these three items for each participant.

Table 25.
Reliability analysis for attention concept
Mean
(n=150)

Attention items

%
Agree

Item Total
Correlation

Alpha if
Deleted

Cronbach
Alpha
0.73

I was distracted by my kids/other things
I listened closely to the presenter

1

I couldn’t hear/understand the presenter

2.45

21.0

0.49

0.72

4.17

86.0

0.59

0.62

4.31

14.3

0.61

0.58

1

Variable was reverse coded for use in this analysis.

Narrator effect. A pilot study indicated that visitors responded differently to
different narrators at the animal presentations indicating that the effect of the narrator
was an important factor. In particular, visitors seemed to pay more attention to the
more animated narrators who interacted with the animal trainers and did not read
directly from the script. Thus, the major difference between narrators was whether
they were scripted or non-scripted. This was not surprising since there is a large body
of tourism literature investigating how interpretation affects visitor outcomes (e.g.
Weiler & Davis, 1993). Therefore, I recorded the narrator’s name and whether they
were scripted on each survey for inclusion in the model. There were three non-
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scripted and one scripted narrator of the animal presentations. A one-way ANOVA
indicated that there was a significant effect for narrator on attention (F=7.713,
p<0.001) and Tamhane’s T2 post-hoc test for unequal variances indicated that
attention was significantly lower for the scripted narrator than for the three nonscripted narrators (p<0.05). Therefore, I constructed a dummy variable for the
narrator effect in the regression model in which the non-scripted narrators were coded
as 1, and the scripted narrators served as the reference (0).
Prior knowledge. Twenty-three percent of respondents had seen the animal
presentation at least once before. Because prior knowledge can significantly affect the
learning that takes place in free-choice settings (Falk & Dierking, 2000), I included a
dummy variable in the regression equation indicating whether the participant had seen
the show before (coded as 1) as an indicator of prior knowledge.
Learning outcomes. Both short- and long-term learning outcomes were
assessed with an 11-point posttest at the end of the survey (short-term) and 2-3 months
after the visit (long-term). Because only 36 visitors participated in the delayed
posttest, I only included short-term learning in the path model; I analyzed long-term
learning outcomes separately.
Proposed model. The shaded variables in Figure 12 indicate the portion of the
full model that I tested in Phase 2. The model was tested only for those who saw the
animal presentations which constituted one learning situation, so this was not a
variable during Phase 2. Because valence and intrinsic motivation are not included, I
tested a reduced subset of the full learning model in Phase 2.
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Arousal

Learning
situation

Attention

Short-term
learning

Long-term
learning

Valence
Intrinsic
Motivation

Prior
Knowledge

Figure 12. Proposed model representing predicted relationships among variables.
Shaded ovals indicate the portion of the model tested in Phase 2 of this study.

Therefore, the portion of the full model that I tested contained six measurable
variables (rectangles) and one latent factor (attention) to investigate the relationships
among emotional arousal, attention, and learning in a free-choice setting (Figure 13).
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During show
arousal

Attention

Short-term
Posttest score

Narrator
effect

Prior
knowledge

Change in
SAM Arousal

Figure 13. Proposed model representing actual variables and factors used to test the
portion of the model presented in Figure 12. The dashed rectangles are measures of
emotional arousal. The gray rectangle is a variable that was specific to the aquarium
setting that was not included in the original model of emotion and learning. The
dotted arrow was added on the basis of the correlational analysis (Table 26).

Descriptive Statistics and Correlations
Table 26 presents the means, standard deviations, and Pearson productmoment correlations for the variables and factor in the model (Figure 13). Short-term
learning outcomes at animal presentations were moderately high (77%). As predicted
by the model, correlations between posttest score and attention were significant, and
attention was significantly correlated with during-show arousal and the narration
quality of the presentation.

102
Table 26.
Descriptive statistics and zero-order correlations for model variables
Study variables

Mean

SD

1

2

3

4

1. Posttest score

0.77

0.17

2. Arousal change

1.00

1.46

0.10

3. Attention

2.06

0.79

-0.24**

4. During-show
arousal

2.72

1.32

-0.05

-0.39**

5. Narration quality

--

--

0.20**

-0.05

-0.18*

0.03

6. Prior knowledge

--

--

0.07

0.09

0.10

-0.02

5

0.06
0.17*

0.08

Note. *p<0.05 (1 tailed), **p<0.01 (1 tailed). n=134.

However, not all of the correlations were consistent with the hypothesized
relationships in the model (Figure 10). For example, prior knowledge was not
significantly correlated with posttest scores. Also, neither of the measures of
emotional arousal correlated strongly with posttest score and the correlation of
narration quality with posttest score was stronger than that with attention. Therefore,
narration quality was added as a direct predictor for short-term learning as well as
attention (Figure 13).

Path Analysis
The hypothesized relationships were tested with two regression equations. In
the first regression, narrator effect and attention were significant predictors of shortterm learning (F=6.574, p=0.00). In the second regression equation, narrator effect
and during-show excitement were significant predictors of attention (F=11.505,
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p=0.00). Although arousal change and during-show arousal were significantly
correlated (r = -0.37, p = 0.00), arousal change was not a significant predictor in the
model. Prior knowledge was not a significant predictor of short-term learning as was
hypothesized.
The final model of factors influencing short-term learning during animal
presentations was summarized in Figure 14. All of the paths shown in the model were
statistically significant at p≤0.05. With this population, the self-assessed attention
level of participants was a significant negative predictor of short-term learning
(β = -0.18, p = 0.03) and narrator effect was a positive predictor (β = 0.17, p = 0.05).
In other words, individuals with a higher level of attention were more likely to score
higher on the posttest. In addition, those who attended a presentation that was nonscripted rather than scripted were also more likely to have a higher posttest score.
Together, these two variables explained almost 10% of the variance in the short-term
posttest scores.
Feelings of emotional arousal during the animal presentation (β = 0.17, p =
0.04) and the narrator effect (β = -0.34, p = 0.00) were significant predictors of
attention levels. Thus, decreases in emotional arousal led to decreased attention levels
and those who attended a scripted presentation were more likely to report lower
attention levels during the presentation. These two variables explained 15% of the
variance in attention at the animal shows.
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R2=0.15
During show
arousal

0.17*

Attention
-0.19*
Short-term
learning

-0.34**
0.17*
Narrator

R2=0.09

Figure 14. Final path model representing relationships among emotional arousal and
attention on short-term learning outcomes during a free choice learning experience.
Path coefficients are standardized regression coefficients; *p≤.05, **p<.01.

The results of this analysis provide support for some of the predicted
relationships in my model of emotion and learning. The data indicated that although
during-show arousal was an important predictor in the model, it was fully mediated by
attention. This differed from the proposed model which hypothesized that emotional
arousal would be partially mediated by attention. Although it was not included in the
general model of emotion and learning, the narration quality was an important
predictor in this model. Attention was a partial mediator of narrator effects, but
narration quality also had a direct effect on short-term learning.
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Long-term learning—quantitative
Long-term learning was measured quantitatively with a posttest administered
electronically through an online survey system. Seventy-six percent of individuals
who viewed either the sea otter or sea lion presentation provided their email addresses
and were sent a link to the posttest 2-3 months after their visit. Twenty-six percent of
these individuals responded to the survey resulting in a total of 36 participants in this
part of the study. The long-term posttest questions were the same as the short-term
test (Appendix B). Table 27 presents the paired t-test results for visitors who
participated in both the short- and long-term portion of this study. Long-term posttest
scores were significantly lower than short-term scores for these visitors.

Table 27.
Comparison of quantitative short- and long-term learning outcomes
Short-term1
Mean
Posttest score

.81

SE
0.02

Long-term
Mean
.68

SE
0.03

t-value
4.01

p-value
0.000

1

Short-term score is for long-term participants only (n=36). Short- and long-term scores indicate
proportion of questions answered correctly.

Regression analysis. I conducted an ordinary least-squares regression to
examine the relationship of emotional arousal, prior knowledge, narrator effect, and
short-term learning (Figure 12) on long-term posttest scores for this subset of 36
participants. The regression equation revealed that short-term scores were a
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significant positive predictor of long-term scores (Table 28), accounting for 13% of
the variance in this score. Emotional arousal, narrator effect, and prior knowledge
were not significant predictors of long-term learning.

Table 28.
Regression analysis predicting long-term learning outcomes
Dependent variable: Delayed posttest score1

Independent variables
Short-term posttest score
1

Zero-order
correlation (r)

p-value

B

SE

β

p-value

0.364

0.014

0.595

0.261

0.364

0.029

R2 = 0.13, F = 5.21. Both posttests were scored as the proportion of correct answers.

Long-term learning—qualitative
Long-term learning was measured qualitatively with a questionnaire
administered electronically through an online survey system or through a semistructured telephone interview for individuals who provided a phone number
(Appendix F). Fifty-four percent of individuals (107 people) who viewed (treatment)
or did not view (control) an animal presentation provided either their email address,
telephone number, or both. Those who provided an email address were sent a link to
the questionnaire 2-3 months after their visit. Those who provided a telephone
number were called twice: the first time I hung up if the participant did not answer the
phone and the second time I left a message with my phone number and asked the
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participant to call me back. Thirty-four percent of those contacted (37 people) either
answered the electronic questionnaire or participated in a telephone interview.
On the basis of earlier efforts to measure visitors’ long-term learning (Falk &
Gillespie, 2009), respondents who visited either the sea otter or sea lion presentation
were asked the following question: “Tell me about the animal show that you watched
in as much detail as possible. What do you remember seeing and hearing?” If the
respondents did not mention conservation actions, I prompted them to describe what
they remembered. Control participants were asked the same question except that I
asked them to describe the exhibit that was most exciting or memorable. Results were
analyzed using depth, breadth, extent, and accuracy rubrics as described in Chapter 3.
A Mann-Whitney U test was conducted to evaluate whether these metrics differed
between those who saw an animal presentation (treatment) and those who did not
(control). The results indicated that there were no differences in extent, breadth,
accuracy, or conservation accuracy between these groups. However, the depth of the
responses of visitors who attended a narrated animal presentation was significantly
greater than that of controls (Table 29).
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Table 29.
Long-term learning metrics by treatment type
Treatment Type1
Dependent variables4

Treatment2

Control3

Z

p-value

Extent

18.00

24.17

-1.28

0.200

Accuracy

19.73

15.25

-0.96

0.338

Breadth

18.27

22.75

-0.96

0.337

Depth

20.52

11.17

-1.98

0.048

Conservation
19.81
14.83
-1.10
0.270
Note. 1Cell entries are mean ranks. 2n=31; 3n=6. 4All independent variables were continuous. Extent
ranged from 1 to 46; Accuracy ranged from 0 to 14; Breadth ranged from 0 to 1; Depth ranged from 1
to 3; Conservation ranged from 0 to 3.

These results indicated that those who attended an animal presentation were
able to provide more detailed and complex descriptions of their visit than those who
did not attend a narrated show. The following are some examples of descriptions
provided by treatment and control group visitors two to three months after their initial
visits:

We got to watch the sea otters get fed and they fooled around, carried food on
their tummies and how they keep themselves warm by poofing up their fur
with air pockets and continually grooming their fur. They don’t have a lot of
blubber like other sea mammals. They have to continually insulate themselves
and their fur. How they’re kind of solitary animals. They like to play and chase
around but they’re kind of more solitary than dependent upon each other. They
live in the kelp beds and they are trying to reintroduce them into Oregon water
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but haven’t had much success yet. We have some in Oregon, Washington,
Alaska, and southern CA but for some reason we don’t have much in the way
of sea otters here. We don’t really have any. (sea otter presentation visitor)

[I walked through the Passages of the Deep] where you see the sting rays and
the sharks swimming around with each other. I’d never seen them that up
close before, so just seeing what they were. Seeing them in pictures and on tv
is just different. You see more detail and you can spend more time just
watching them swim around and interact with each other and move around
obstacles. It’s fascinating to see how they can navigate in water. (control group
visitor)

The trainers came out with a bucket of fish and a whistle. They began feeding
the sea lions, and also communicating with them via hand/arm signals, urging
them to do different types of tricks, with fish as a reward. The sea lions did
rolls, other moves -- two of them took turns performing. The trainers discussed
what they were doing, and why, with the tricks -- that sea lions liked/needed
the mental stimulation and physical challenge. They gave information about
sea lions -- weight (heavy), life span, natural habitat, threats from humans. (sea
lion presentation visitor)
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Motivation effects. Intrinsic motivation was predicted to affect long-term
learning outcomes. I used the identity-related motivation categories to investigate
differences in long-term learning among interview participants. Because of small
sample sizes and a lack of knowledge about the distribution of the long-term learning
variables in the population, I used a Kruskal-Wallis nonparametric test with a
significance level of p < 0.1 to compare differences in extent, accuracy, breadth,
depth, and conservation accuracy of interview responses among the four motivation
categories: experience seekers, explorers, facilitators, and rechargers. The test
indicated a significant difference in depth (χ2=9.60, p=0.022) among the motivation
types. Multiple comparisons using Mann-Whitney U tests indicated that there were no
differences in any of the long-term learning variables for experience seekers,
explorers, or facilitators, so I combined these into one motivation category and
compared those results with those for rechargers (Table 30). A Mann-Whitney U test
comparing the combined motivation categories with rechargers indicated that there
were significant differences in accuracy, breadth, and conservation accuracy between
these groups. Specifically, rechargers ranked higher in all three of these metrics.
However, there were no differences in the extent and depth of the responses of visitors
in these two groups. These results should be interpreted with caution because of the
very unequal sample sizes in this analysis.
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Table 30.
Differences in long-term learning variables by motivation categories
Motivation Type1
Combined
Independent variables

4

motivations

Rechargers3

Z

p-value

2

Extent

17.13

24.75

-1.40

0.161

Accuracy

16.95

26.13

-1.75

0.080

Breadth

16.42

30.25

-2.62

0.009

Depth

17.08

25.13

-1.51

0.132

Conservation
16.87
26.75
-1.94
0.053
1
2
3
4
Note. Cell entries are mean ranks. n=31; n=4. All independent variables were continuous. Extent
ranged from 1 to 46; Accuracy ranged from 0 to 14; Breadth ranged from 0 to 1; Depth ranged from 1
to 3; Conservation ranged from 0 to 3.

Arousal, prior knowledge, and short-term learning effects. My model
predicted that emotional arousal, prior knowledge, and short-term learning outcomes
would affect long-term learning outcomes. Table 31 presents a correlational analysis
to examine the strength of relationships among the measures of emotional arousal,
short-term learning, and prior knowledge, and the four long-term learning metrics. The
results indicated positive correlations between arousal change and both extent and
breadth of responses. In other words, individuals who felt more arousal during an
exhibit were able to talk about it at greater length and to include significantly more
conceptual categories in their descriptions. In addition, there was a negative
correlation between prior knowledge and the extent of interview responses. There
were no correlations between any independent variables and the depth and accuracy
learning metrics. Therefore, I conducted two multiple regressions to investigate the
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relationship between the independent variables and both extent and breadth of visitor
responses. The results indicated that arousal change did not predict extent or breadth
of interview responses. Only prior knowledge predicted the extent of visitor
responses, explaining 9% of the variance in this metric (Table 32). However, the
relationship was not as expected. In fact, individuals who had visited the aquarium
previously were less likely to be able to talk at length about an exhibit of their choice.

Table 31.
Descriptive statistics and zero-order correlations for study variables
Independent variables

Extent

Breadth

Depth

Accuracy

1. Posttest score

0.150

-0.124

0.028

-0.086

2. Arousal change

0.300**

0.110

0.089

-0.066

-0.138

0.041

-0.187

-0.128

-0.133

3. During-show arousal

0.241*

-0.069

4. Prior knowledge
-0.323**
Note. *p<0.1 (1 tailed), **p<0.05 (1 tailed). n=35.

Table 32.
Regression analysis predicting extent of interview responses
Dependent variable: Extent1
Independent variable2

Zero-order
correlation (r)

Prior knowledge
1

2

-0.323
2

p-value

0.029

B

-5.143

SE

β

2.768

-0.304

p-value

0.072

R = 0.09, F = 3.45, p=0.072. For prior knowledge, ‘seen show’ was coded 1; ‘not seen show’ was
coded 0.
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Summary
This chapter presented the results of a two-phase study designed to investigate
the relationship between emotion and learning. In Phase 1, I measured participants’
emotional arousal using both physiological and self-report instruments and attention
using physiological measures. In addition, I measured participants’ self-reported
emotional valence, environmental orientation, and short-term learning outcomes.
Long-term learning outcomes were measured for a subset of participants. The results
provided support for my model of emotion and learning, indicating that both
emotional arousal and valence were significant predictors of short-term learning
outcomes, and intrinsic motivation predicted both valence and short-term learning.
Specifically, higher arousal levels, greater feelings of displeasure, and greater
environmental orientation predicted higher posttest scores. The timing of the message
in relation to an emotional stimulus did not affect short-term learning outcomes, but
was an important predictor of long-term learning outcomes. Participants who read an
informative article and then viewed an emotionally neutral video displayed the highest
delayed posttest scores.
Phase 2 was conducted at an aquarium in the context of narrated animal
presentations to investigate the effects of emotional arousal, attention, motivation,
narrator effect, and prior knowledge on learning outcomes. Visitors who attended an
animal presentation reported higher levels of arousal than those who did not and also
demonstrated greater short-term learning outcomes. In addition, for visitors who
attended either the sea otter or sea lion presentation, emotional arousal and narrator
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effect were significant predictors of attention, and both attention and narrator effect
significantly predicted short-term learning outcomes. Specifically, higher arousal
levels and non-scripted narrations led to greater attention levels, and greater attention
and non-scripted narrations led to higher posttest scores. Thus, emotional arousal was
an important predictor of learning in this model, but its effect was fully mediated by
attention. Although intrinsic motivation as measured by five identity-related
motivation categories did not affect short-term learning, it was significantly related to
some measures of long-term learning including accuracy and breadth of interview
responses. Emotional arousal did not directly affect long-term learning outcomes as
measured with a delayed posttest. However, emotional arousal was significantly
correlated with extent and breadth, two qualitative measures of long-term learning.
Finally, prior knowledge (having visited the aquarium before) was a negative predictor
of the extent of interview responses.
In the next chapter, I discuss these results in the context of my model
predictions and previous findings from the literature.
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CHAPTER 5
SUMMARY OF FINDINGS, DISCUSSION, AND CONCLUSIONS

The purpose of this two-phase study was to investigate the role of emotion in
the learning process, and to better understand what variables influence this
relationship. On the basis of existing theoretical and empirical models including
persuasion and limited capacity information processing theory, I developed and tested
a model that examined the relationships among emotional arousal, valence, attention,
and motivation with short- and long-term learning outcomes. This research study
addressed the lack of education theory in this area and began to explain the
relationship between affective and cognitive dimensions in learning.

Research Question and Hypotheses
The overall research question guiding the study was:
1. How do emotional valence, arousal intensity, motivation and attention
influence short-and long-term learning outcomes?

This research question was addressed both experimentally and quasiexperimentally in this two-phase study which tested the following hypotheses:
H1: Different learning situations elicit different arousal and valence levels in
study participants;
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H2: Key messages delivered during or after an arousing event will lead to
greater learning outcomes than those delivered before the event;
H3:
Emotional arousal, valence, and intrinsic motivation affect short- and longterm learning outcomes directly and indirectly through their relationship with
attention;
H4: Higher levels of emotional arousal will lead to greater learning outcomes
up to some threshold after which learning outcomes may be hindered;

Methods
The research question and associated hypotheses were tested in a two-phase
study that included an experimental and quasi-experimental design. In each phase,
participants engaged in learning experiences (e.g. watching a video or animal
presentation) that were potentially arousing and either read or listened to an associated
narrative. Participants self-reported their levels of arousal and valence during the
learning experience and completed a post-test to measure their level of short-term
learning. In addition, a subset of participants agreed to be contacted at a later time to
complete a delayed post-test and/or an interview designed to measure long-term
learning outcomes. Information about participant motivation and attention were also
collected. These data were used to test the emotion and learning model proposed in
Chapter 2 (Figure 4). Although the results were presented individually for each phase
of the study, the discussion and conclusions will address both phases simultaneously.
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Summary of Findings
The findings of this study were summarized using the hypotheses as a guide.

H1: Different learning situations elicit different arousal and valence levels in
study participants.
There was strong support for this hypothesis from both phases of the study. In
Phase 1, participants watched a short video. One video was chosen due to its arousing
nature (a lion attacking a cape buffalo calf) and the other was chosen due to its
emotionally neutral nature (cape buffalo peacefully feeding). As predicted,
participants who viewed the exciting video reported significantly higher levels of
emotional arousal than those who viewed the neutral video. Similarly, aquarium
visitors in Phase 2 who viewed one of the narrated animal presentations reported
significantly higher levels of arousal than those who did not see the presentations.
Valence was measured during Phase 1, and there was weak support for the
hypothesis that different videos would elicit different valence levels in participants.
Those who watched the exciting video reported less pleasurable feelings during the
video than before, but the effects size was small. In fact, participants’ environmental
orientation was a more important predictor of emotional valence. Those with stronger
environmental orientations were less likely to feel pleasurable feelings during the
exciting video than those with more traditional views about humans’ relationship with
the natural world.
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H2: Key messages delivered during or after an arousing event will lead to
greater learning outcomes than those delivered before the event.
Hypothesis 2 was tested during Phase 1 of the study and there was no support
for this hypothesis for either short- or long-term learning outcomes. The relationship
between message timing and video type was not significant for short-term learning.
Although this interaction was significant for long-term learning outcomes, the
relationship was not as predicted. In fact, individuals who read the article before
watching the neutral video scored significantly higher on the long-term posttest than
the other participants.

H3: Emotional arousal, valence, and intrinsic motivation affect short- and longterm learning outcomes both directly and indirectly through their relationship
with attention.
There was support for this hypothesis from both phases of the study, although
the relationships differed somewhat. Phase 1 tested the relationship of all of the
variables listed above and indicated that emotional arousal, valence, and intrinsic
motivation were direct predictors of short-term learning, but not long-term learning.
Of the three variables, valence was the strongest predictor with participants who felt
less pleasurable feelings during the video scoring higher on the posttest. Higher
during-video arousal also led to greater short-term learning outcomes, as did stronger
environmental orientation, a proxy for intrinsic motivation. These three variables

119
explained 14% of the variation in short-term learning outcomes for participants. In
this part of the study, attention was not an important predictor of learning.
Phase 2 of the study tested a portion of the emotion and learning model
including emotional arousal and attention. In addition, two other variables were
included that were specific to the aquarium setting: prior knowledge as indicated by
having seen the presentation before, and narrator quality. In this phase, emotional
arousal was a significant indirect predictor of short-term learning, but was fully
mediated by attention, which was a significant direct predictor of short-term learning.
Although prior knowledge was not a significant predictor of short-term learning, it
was significantly correlated with one measure of long term learning (extent),
explaining 9% of the variance in that measure. In addition, narrator quality was a
significant predictor of short-term learning and was partially mediated by attention.
In the path model in Phase 2, emotional arousal did not directly predict longterm learning as measured through the delayed posttest—the relationship between
these two variables was fully mediated by short-term learning. However, visitors’
changes in arousal correlated strongly with qualitative measures of long-term learning.
In particular, those who felt more arousal during an exhibit were able to describe it at
greater length (extent) and included significantly more conceptual categories in their
descriptions (breadth) 2-3 months after their visit.
Intrinsic motivation. Intrinsic motivation is an important predictor of
learning in both formal and free-choice learning settings (Deci, 1992; Falk, 2009).
The measure of environmental orientation that I used as a proxy for motivation in
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Phase 1 significantly predicted both short-term learning and emotional valence during
the video. Specifically, those with stronger environmental orientations showed higher
post-test scores and were more likely to report unpleasant feelings while watching the
exciting video.
My survey in Phase 2 did not adequately measure motivation for aquarium
participants and could not be included in the path model. Thus, the magnitude of the
influence of motivation on learning in a free-choice science learning setting was not
determined. However, long-term learning outcomes varied significantly on the basis
of self-assessed identity-related motivation type. Specifically, visitors who identified
themselves as ‘rechargers’ provided descriptions of their visit that were greater in
breadth and scientific accuracy than those who identified as ‘experience seekers’,
‘facilitators’, or ‘explorers.’

H4: Higher levels of emotional arousal will lead to greater learning outcomes up
to some threshold after which learning outcomes may be hindered.
Limited capacity theory suggested that highly arousing situations may limit
information processing thus potentially leading to lower learning outcomes for very
arousing situations (Lang, 2000). However, there was no indication of this
relationship from either phase of this study.
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Discussion
This study sought to better explicate the nature and magnitude of the
relationships among emotion, attention, motivation, and short- and long-term learning
outcomes. This was achieved through a two-phase research design in which
participants were exposed to emotionally arousing experiences and were tested for
their learning of key messages associated with the experience. Here I discuss and
interpret the findings in relation to the literature, with an emphasis on the relationship
between emotional arousal and learning because arousal was the only variable that
was investigated in both phases of the study.

Emotional Arousal and Learning
The proposed model of emotion and learning predicted that higher levels of
emotional arousal, up to a certain threshold, would lead to greater learning outcomes
and that this relationship would be mediated by attention. Results from this study
provided support for this proposition. A key finding from both phases of this study
was that participants who reported higher levels of emotional arousal were more likely
to score higher on the posttest than those with lower arousal levels, indicating greater
short-term learning. However, this was true only for self-reported measures of
arousal, and not for physiological measures.
The main difference between the results from the two phases was the role of
attention as a mediator of the relationship between arousal and learning. In Phase 1,
arousal directly predicted learning whereas in Phase 2, the effect of arousal on short-
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term learning outcomes was fully mediated by attention. This was not unexpected as
the proposed model predicted that attention would be a mediator (albeit partial) of
arousal on the basis of information processing models which suggest that individuals
pay attention to and allocate more processing resources toward encoding arousing
rather than neutral stimuli and related information (Lang, 2000; Ohman, 1979;
Ohman, 1997). Although attention levels of viewers of the exciting video versus the
neutral video in Phase 1 approached significance on the basis of skin conductance
events, this measure of attention was not an important predictor of learning. However,
in Phase 2 there were strong correlations between attention and both arousal and
learning.
This discrepancy in Phase 1 and 2 results can be explained by the fact that I
was measuring attention slightly differently in the two experiments. In Phase 1, I used
physiological measures of participants’ attention to the video rather than the related
narrative, whereas in Phase 2, I used self-report measures of participants’ attention to
the narration that was presented simultaneously with the animal show. Although I
predicted that individuals who paid close attention to the video would also pay
attention to the associated narrative, this was not the case. Therefore it appears that
attention to an arousing event does not necessarily translate to attention to an
asynchronously-presented message and that individuals may be more likely to pay
attention to messages that are presented simultaneously with an arousing event such as
those at the aquarium. This may be important to consider when designing exhibits and
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other learning opportunities in both free-choice and more formal learning
environments.
Patterns of arousal. The review of the literature indicated that both positive
and negative relationships between emotional arousal and learning outcomes could
result depending on the level of arousal experienced. Arousal in general was predicted
to activate attention so that individuals were able to process associated information
(Easterbrook, 1959; Lang, 2000). However, limited capacity theory suggested that
highly arousing situations may limit information processing thus potentially leading to
lower learning outcomes for very arousing situations (Lang, 2000). The positive
relationship between arousal and learning in both phases of this study indicated that
arousal levels were not so high as to impede processing of associated information.
However, it is possible that exhibitions that elicit very high levels of
excitement in visitors may actually impede the learning of key messages that the
learning center (e.g. aquarium, zoo) intends to promote. While this did not seem to be
an issue at the aquarium in this study, other researchers have suggested that high
arousal levels hindered learning at other free-choice learning venues. For example,
Smith (2008) found a negative correlation between emotional arousal and attention
during a birds-of-prey animal presentation at a zoo in Australia. His results indicated
that visitors were so distracted by the exciting show in which birds were flying very
near them, that they were unable to pay attention to the associated conservation
messages that the zoo intended to convey. Thus a major challenge for free-choice
science learning settings is to determine the threshold between exhibits that are
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exciting enough to elicit attention and learning or so exciting that visitors are unable to
attend to key educational messages.
Long-term learning. Although my model predicted that long-term learning
would also be enhanced by arousal both directly and indirectly through short-term
learning, my results indicated that the relationship between arousal and long-term
learning as measured with a delayed posttest was fully mediated by short-term
learning—those who scored higher on the immediate posttest were more likely to
score higher on the delayed posttest and short-term score accounted for 13% of the
variance in long-term scores.
These results are similar to those found by Falk and Gillespie (2009) involving
an emotionally arousing exhibit about fear at a science center (Goose Bumps). The
authors measured visitors’ self-reported differences in emotional arousal during the
exhibit versus overall arousal at the science center, as well as their understanding of
the science of fear. Visitors experienced significantly higher arousal during the fear
exhibit than at the science center in general and immediate post-visit interviews
revealed that many visitors increased their short-term understanding of fear from preexhibit levels. Although these results were significant, because of experimental design
the authors could not be sure that the short-term learning gains were due to visitors’
heightened arousal levels.
However, delayed post-visit interviews conducted 4-6 months after the visit
revealed that Goose Bumps visitors were able to provide significantly better
descriptions of this exhibition than control individuals did of the exhibition of their
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choice. Presumably, memories of the Goose Bumps exhibition were enhanced due to
the heightened emotional arousal visitors felt relative to controls who felt significantly
lower arousal levels during their visit.
Similar interviews during Phase 2 of my study indicated significant differences
in exhibit descriptions that were strongly correlated with visitors’ changes in arousal.
Specifically, those who reported greater changes in arousal levels were able to
describe their visit at greater length (extent), and with more complexity (breadth). In
addition, those who visited an animal presentation described the experience in
significantly more depth than those who did not. However, this difference did not
appear to be due to differences in emotional arousal, but rather to the fact that the
animal presentations provided a greater depth of information than many of the nonnarrated exhibits. Nevertheless, the strong correlations between arousal, extent, and
breadth of exhibit descriptions provide support for the contention that arousing
exhibits supported visitors’ long-term learning better than other exhibits at the
aquarium.

Pleasure and Learning
The proposed model of emotion and learning predicted that participants’
feelings of pleasure (valence) would affect learning both directly and indirectly
through its relationship with attention. However, the literature suggested that the
direction of this relationship was unclear with some studies indicating that negative
items activate attention and are more likely to be recollected later (e.g. Mickley &
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Kensinger, 2008) whereas others suggesting that mild positive feelings facilitate recall
(Isen, 1999). In Phase 1 of this study, valence was a significant direct predictor of
short-term learning; participants who experienced feelings of displeasure during the
video were more likely to score higher on the posttest. In addition, this relationship
was stronger than that between arousal and learning. This result can be explained in
part by the fact that the exciting video was both more arousing and unpleasurable than
the neutral video. Thus, in this study the valence and arousal variables were strongly
correlated so it was difficult to adequately distinguish the effects of each on learning.
Although valence was not included in the model in Phase 2, a pilot study of 36
visitors indicated that the majority of them (97%) reported high to very high levels of
pleasure during the animal presentation, and valence did not significantly predict
short-term learning for these visitors. Falk and Gillespie (2009) reported similar
results for visitors to the Goose Bumps exhibit in which visitors reported high levels of
pleasure that did not differ for treatment versus control visitors. Thus, in learning
situations where pleasure is generally high, it appears that arousal is a more important
predictor of learning. Further research is needed to adequately explicate the role of
pleasure in the science learning process.

Motivation and Learning
Intrinsic motivation is an important predictor of learning in both formal and
free-choice learning settings (Deci, 1992; Falk, 2009). Interest is closely linked to
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motivation and Deci (1992) suggested that when people experience interest, they are
motivated for action. In the context of a free-choice science learning venue like the
aquarium, this action could be a pro-environmental behavior such as recycling, or it
could be the act of learning about the exhibit of interest. Thus, my model predicted
that people who were interested in science would be intrinsically motivated to attend
to the conservation messages presented in the narratives associated with the videos
(Phase 1) and the animal shows (Phase 2) and would experience greater short- and
long-term learning outcomes.
My results indicated that intrinsic motivation was an important predictor of
both short- and long-term learning outcomes although the nature of this relationship
was slightly different in the two phases of my study. In Phase 1, participants were
students who volunteered mostly on the basis of receiving extra credit points and thus
there was no reason to believe that they were interested in science in general or cape
buffalo in particular. Therefore, I used the New Environmental Paradigm (NEP)
survey to measure participants’ environmental orientation as a proxy for intrinsic
motivation. Past research has indicated strong correlations between environmental
orientation and pro-environmental behaviors (Dunlap, 2008), so it is reasonable to
assume that those with stronger environmental orientations may also be more
interested in and motivated to learn about the nature-related information in the
narrative about cape buffalo. The strong negative relationship between NEP and
valence was more surprising, and was not predicted in my model. It is possible that
those with stronger environmental orientations were more upset by the graphic
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depiction of predation in the exciting video because they felt a strong affinity towards
the buffalo calf. In addition, this relationship may have been confounded by the fact
that females reported stronger environmental orientations than males and may have
also felt (or were willing to report feeling) upset by the graphic video.
In Phase 2, the motivation instrument I developed did not adequately measure
motivation for aquarium visitors and could not be used in the path model. Thus, the
magnitude of the influence of motivation on learning in a free-choice science learning
setting could not be determined in this study. However, I also used a categorical
measure of motivation designed to capture visitors’ identity-related motivations for
visiting the aquarium (Falk, 2006). Although Falk and Storksdieck (2009) found
significant differences in long-term science learning outcomes among all five of the
identity-related motivation types in science center visitors, only visitors who identified
themselves as rechargers exhibited significant differences in long-term learning
outcomes in my study. Specifically, rechargers discussed their visits in greater depth
and accuracy, including conservation accuracy, than visitors in all of the other
motivation types. This difference in motivation-related outcomes between my study
and that of Falk and Storksdieck (2009) is potentially significant, and merits further
explanation.
One potential reason for these discrepant results is the very small sample sizes
I obtained for most of the motivation categories. Only 35 individuals participated in
the interviews: 20 facilitators, 6 experience seekers, 5 explorers, and 4 rechargers.
Thus, if any of these visitors misidentified their motivation type, this could have a
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large effect on my results. Unfortunately, misidentification of motivation type was a
potential problem in my study due to how the instrument was administered. The
instrument consisted of five note cards containing text and pictures that summarized a
type of identity-related motivation (Appendix D) and was designed to be used as a
stand-alone instrument administered on a one-to-one basis. However, the constraints
of my study prevented me from administering it this way and most visitors used it
without assistance. Consequently, while many visitors carefully read each note card
before marking the survey, others were in a hurry or distracted by children and did not
necessarily take the time necessary to accurately describe their motivation. Therefore,
it is possible that this measure of motivation as administered did not accurately capture
why participants visited the aquarium that day.
Secondly, participants in Falk and Storksdieck’s (2009) study had attended a
major exhibition at a large science center rather than a short animal presentation at a
small aquarium. The science center visitors were able to examine the exhibit at their
own pace and could read the associated information rather than listening to a narrator.
In contrast, many of the aquarium visitors in my study indicated during their interview
that they had difficulty seeing the animal presentation and/or hearing the narrator.
While they could have read the information on the signs posted near the animal
habitats, most apparently did not. Therefore, there may have simply been more
opportunities for visitors to exercise identity-related motivation choices during the
science center study than at the aquarium show.
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Although my results were inconclusive, I suggest that intrinsic motivation is an
important predictor of learning and should be investigated further in future studies.

Narrator Effect
An interesting finding from Phase 2 of my study was the importance of
narrator quality in explaining both attention and short-term learning at the aquarium.
It is well known that the quality of interpretation in the context of tourism or visitor
centers can have a significant effect on visitor outcomes (Moscardo & Pearce, 1986;
Weiler & Davis, 1993) so this result was not unexpected. In general, interpretation is
concerned with providing information to visitors that encourages them to appreciate
and care about the topic in question, whether it is a place, a species, or some other
issue (Moscardo, 1998). At the aquarium, the narrative scripts during the animal
presentations focused on sea otter and sea lion behavior, habitats, food requirements,
threats, and conservation. Thus, this interpretation encouraged visitors to learn and
care about the individual species as well as the marine habitats in which they live.
One of the most important principles of designing effective interpretation is to
provide experiences that attract and hold visitors’ attention to create opportunities for
successful communication (Moscardo, 1998). In my study, visitors who attended
either a sea lion or sea otter show that was narrated by an educator were significantly
more likely to pay attention to the narration and score higher on the posttest than those
who attended a show narrated by a volunteer. Although I did not specifically ask
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visitors about how they perceived the narration, I can speculate about the differences
on the basis of visitor comments I overheard and my own impressions of the narrators.
The main difference I noted between educators and volunteers was the amount
of interaction they had with the trainers who were working with the animals during the
narration. Educators would refer specifically to the behaviors being demonstrated and
would tailor the narrative to correspond with what was happening in the exhibit.
Although there was a standard script they were to follow, educators did not read it
verbatim and often did not cover all the information during any one show. Educators
often interacted with the audience by asking them questions that were relevant to the
show and providing information in engaging ways (e.g. our otters eat the equivalent of
a 100 lb. person eating 25 quarter pounders each day). Conversely, volunteers tended
to read the script in its entirety without any interaction with the trainers or the visitors.
The narrator effect along with arousal explained 15% of visitors’ attention to the
message, so narrator quality has the potential to be an important factor in narrated
exhibits at free-choice science learning centers.

Timing of Key Messages
Forestell’s (1993) experiential learning model proposed that timing of key
messages in relation to emotional experiences was important to ensure that they were
likely to be remembered and acted upon. Specifically, he suggested that key messages
delivered after an arousing experience would be more likely to be attended to and
consequently remembered. He based his model on experiences he had on whale-
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watching boats which had three distinct phases: pre-contact with whales, contact, and
post-contact. According to his model, key conservation messages delivered during the
post-contact phase would be more likely to be remembered and heeded by
participants.
Although Forestell did not test this model, there is empirical evidence for the
importance of message timing in relation to emotional stimuli from the field of
communications. For example, Newhagen and Reeves (1992) found that viewers of
news stories containing negative video remembered the information associated with
the video better than information presented before the negative video. They attributed
this effect to a decrease in available resources for storage of the previously encoded
information which were shifted to encoding and storing the incoming negative video.
Lang and Newhagen (1996) reported similar results in their study of television
viewing of news stories. Bee and Madrigal (2012) similarly found the timing of a
message (advertisement) relative to an emotional stimulus (suspenseful basketball
game) to be an important factor in promoting attitude change. Although they tested a
different outcome than mine, it is clear from these studies that timing of messages in
relation to an emotional stimulus can be significant.
Conversely, timing of a message in relation to an emotional experience was not
significant for short-term learning in Phase 1 of my study. Those who read the
narrative after watching the exciting video were no more likely to score well on the
posttest than those who read it before. Thus, watching the arousing video did not
necessarily motivate participants to want to learn more about cape buffalo natural
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history and conservation. However, the interaction between timing and emotion was
significant for long-term learning outcomes: individuals who read the article before
watching the neutral video scored significantly higher on the long-term posttest than
the other participants.
Although this result was unexpected, it could be interpreted in a number of
ways. It may indicate that the hypothesis is incorrect and that associated messages are
not better remembered and recalled after arousing events. However, there is another
explanation that lends support to the hypothesis. Both reported and physiological
levels of arousal were high for baseline (pre-video) measures and in fact mean heart
rate decreased significantly (t = 6.54, p = 0.000) during video watching and thus was
higher for baseline measures. Therefore, it is possible that just participating in the
experiment was an arousing event that led to greater encoding and storage of
information for those who read the article before watching the video. In addition,
those who watched the neutral video reported lower arousal levels than those watching
the exciting video. Thus, according to information processing theory, these
participants would be less likely to be encoding new information while watching the
video and they would have more resources available for storage of the information
from the article they just read. Conversely, participants who watched the exciting
video after reading the article were likely to be storing information from the article
and encoding information from the arousing video simultaneously. The high number
of SCR events experienced by those watching the exciting video indicated that
viewers may have been allocating more processing resources to encoding information
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from the video itself than storage of information from the article into long-term
memory. From this perspective, it is possible that the results did support the
hypothesis, but more research is needed to clarify the importance of message timing in
relation to emotional arousal during a learning experience.
I was unable to test this hypothesis at the aquarium due to the scripted nature
of the narration. However, the conservation messages were presented toward the end
of the narration after the most exciting part of the animal show, and it was my
observation that many visitors left before hearing these messages. Therefore, this
model may work best in ‘captive’ situations such as whale-watch boats where visitors
are exposed to all messages.

Measuring Emotion—Challenges and Potential Errors
Self-report vs. physiology. One objective of this study was to compare a selfassessment measure of emotional arousal with physiological data to better understand
the relationship between these measures. A key finding was that the results from the
self-assessment instrument did not strongly correlate with the physiological measures.
Only during-video mean heart rate correlated with self-assessed arousal difference.
Although this result was disappointing, it was not unexpected, as other researchers
have reported similar discrepancies (Blascovich et al., 1992).
The reasons for these differences may be due to the arousal construct itself
which has been conceptualized differently by different researchers. For example,
because of the complexity of the interplay of physiological, neural, and hormonal
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systems, Blascovich et al. (1992) claimed that general arousal does not exist and
therefore it cannot be unambiguously measured with any single autonomic
physiological reaction (e.g. skin conductance). In addition, they claimed that
individuals may not accurately perceive their own physiological states and therefore
may be unable to accurately self-report arousal. Alternatively, Russell et al. (1989)
stated that arousal refers specifically to self-report measures rather than physiological
measures and therefore it should not be expected that these measures will correlate
with physiological measures.
Because of these types of issues, Larsen and Frederickson (1999)
recommended that researchers select emotion measure(s) on the basis of the definition
of emotion that best fits their research agenda. Consequently, I based my arousal
measures on those that have been used successfully by other researchers in studies of
emotion. For example, skin conductance and changes in heart rate have been used by
several researchers as measures of arousal in laboratory settings (Lang & Newhagen,
1996; Lang et al., 2000). In addition, Falk and Gillespie (2009) found that a modified
version of the Russell Affect Grid provided them with a reasonably sensitive measure
of visitor emotions at a science center. I found that the Self-Assessment Manikin was
easy for participants to use and correlated well with results from the Russell Affect
Grid (unpublished data). Therefore, I am confident that I adequately captured
participants’ feelings of valence and/or arousal while watching a video or an animal
presentation at the aquarium.
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Effect of gender. Some researchers have reported gender differences in
measured or reported arousal or valence. For example, women were able to recall
more emotional events than men and produce memories more quickly in response to
cues (Canli, Desmond, Zhao, & Gabrieli, 2002). This relationship between gender and
memory could potentially confound the results of my model of emotion and learning.
My study indicated that gender did not affect self-reported arousal, but females
reported less pleasure while watching the exciting video than men and had higher
mean heart rates during the videos. The valence differences may be due to the fact
that females were more disturbed (or were willing to report that they were) by the
graphic animal attack shown in the exciting video. The heart rate differences can be
explained by general physiological differences between men and women. In my
study, female mean heart rates were higher than males both before and during the
video. I suggest that this is due to the fact that females tend to have higher heart rates
than men in general (Umetani, Singer, McCraty, & Atkinson, 1998) rather than that
they were experiencing greater levels of arousal. Because the self-reported arousal
measure did not differ between genders, I am confident that participants’ gender did
not affect the relationship between arousal and learning in my model. However, the
relationship between valence and learning may have been affected by gender
differences since there were slightly more females in the study than males. This
gender difference should be investigated in future research on emotion and learning.
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Implications for Science Teaching and Learning
Free-choice settings. Although most free-choice science learning institutions
such as science centers, zoos, and aquariums define themselves as educational
institutions (Falk & Adelman, 2003), learning is only one of several beneficial
outcomes that visitors may seek (Packer, 2008). Visitors to these institutions are
seeking experiences that satisfy various personal needs including emotional,
introspective and social experiences, which may or may not include learning outcomes
(Falk, 2009; Packer, 2008). Studies focusing on the meaning which people derive
from leisure experiences such as these increasingly acknowledge the importance of
affect and the emotional value that visitors attach to these experiences (Schänzel,
2004).
One of the goals of interpretation in free-choice science learning institutions is
to induce a state of ‘mindfulness’ or active thinking in visitors that may lead to
successful learning outcomes. Moscardo (1998) proposed several principles for
designing more effective interpretation including (1) designing differences into
interpretive experiences, and (2) providing personal connections for visitors (p. 8).
Schänzel (2004) confirmed the importance of these principles in inducing mindfulness
in visitors, but concluded that the most important factors differentiating mindfulness
and mindlessness lie with the motivations of the visitors themselves. Thus, the most
effective interpretation methods fail if visitors are not motivated to learn, uninterested
in the content, or unwilling to establish a personal connection with the exhibit
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(McIntosh, 1999, Schänzel, 2004). However, for mindfulness to occur, both a
cognitive and emotive state had to be aroused in the visitors (Schänzel, 2004).
In his study of mindfulness at a marine education center, Schänzel (2004)
coined the term ‘educational entertainment’ to denote the combination of affective and
cognitive outcomes derived by visitors. He found that a few visitors perceived the
experience as purely educational (cognitive) or purely entertainment (affective), but
that the majority experienced both emotional benefits and increased learning outcomes
associated with mindfulness.
These studies highlight the importance of emotion as both an enhancer of
learning outcomes and a beneficial outcome itself in free-choice science learning
contexts. My results provide additional support for these findings, especially
regarding the relationship between emotional arousal and short- and long-term
learning outcomes. In the context of free-choice learning institutions such as
aquariums, zoos, and museums, my results suggest that exhibit designers should pay
special attention to the emotional aspects of exhibits and focus on designing
emotionally arousing experiences with associated learning opportunities. However,
care must be taken not to elevate arousal levels to the point that visitors are distracted
and unable to process the intended educational messages as Smith (2008) described at
a birds of prey event at a zoo in Australia.
Another important factor for inducing mindfulness and subsequent learning in
visitors in tourism contexts is the existence of knowledgeable and enthusiastic guides
who are able to induce a sense of personal interest in the visitors (Schänzel, 2004).
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For example, Forestell (1993) reported that questions about the credentials of the
guides were commonly asked at the beginning of whale watch trips as an indication of
the quality of the ecological information. My results at the aquarium supported these
findings, indicating that the higher quality of the non-scripted narrations led to greater
attention levels and subsequent short-term learning outcomes than the scripted
narrations. Thus, it appeared that the use of engaging narrations that were integrated
with the exhibit activities led to greater mindfulness and learning outcomes in my
study.
In addition, the interview responses indicated that some of the visitors desired
to pay attention to the narrative and learn more about the animals in the presentation,
but were prevented from meeting their goal because of the physical configuration of
the sea otter and sea lion tanks, and the location of the sound system used by the
narrator.

In particular, the windows to the marine mammal tanks were small with

many fewer viewing places than viewers most days. In addition, the windows were
scattered around the tank but the sound system speakers did not reach all viewing
windows. Consequently, many of the visitors who completed a post-visit interview
asserted that they neither saw much of the animal show nor heard the narrator well.
These results indicate that visual and audible accessibility of exhibits should be a
prime concern for educators who wish to support the learning of visitors to free-choice
science venues such as aquariums and zoos.
Although not conclusive, my results also suggest that free-choice learning
institutions need not shy away from exhibits that make visitors feel displeasure as
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these feelings may actually enhance the learning of associated information as they did
in my laboratory experiment. Emotional appeal theory indicates that negative
emotional appeals can be quite successful in influencing environmentally responsible
behavior. For example, threat and fear appeals have been quite successful in
persuading people to support environmental causes such as air pollution and ozone
depletion (Eagly & Kulesa, 1997) In addition, Shelton and Rogers,(1981)
demonstrated that a threat appeal that presented the suffering of whales led to stronger
intentions to support anti-whaling organizations than did appeals that were less
threatening. Inasmuch as these are emotions that may cause visitors to feel
displeasure, perhaps they could also motivate individuals to learn more about a
specific animal or conservation issue at a zoo, aquarium, or science center.
There is some evidence that such exhibits do promote learning from research
on critical exhibits at museums and science centers. Critical exhibitions delve into
controversial subject matter, “inviting visitors to consider material from a variety of
perspectives, and to engage in decision making and healthy debate” (Pedretti, 2007, p.
123). Thus they are often emotionally and politically charged, evoking a range of
emotions including unpleasant feelings. For example, one exhibition invited visitors
to examine issues of prejudice and racism in the context of confinement boxes that
were used to transport slaves from Africa to America (Pedretti & Soren, 2003) while
another caused visitors to reflect on the role of power and politics in the nature of
science itself. Despite the difficult and emotionally negative content in such exhibits,
84% of the comment cards were positive and these were some of the most-visited
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exhibits at the science center (Livingstone, Pedretti, & Soren, 2001). While the
authors did not explicitly measure the learning that took place, their results indicated
an increase in visitor engagement with these exhibits which opened up possibilities for
learning.
A similar embrace of critical, issues-based exhibitions is not evident in the
context of aquariums and zoos where affective goals appear to be related to providing
‘fun’ experiences for visitors, rather than raising profound issues or questions that may
be difficult or painful. It is possible that these institutions need to re-evaluate their
role in public education and begin to provide at least some experiences that challenge
visitors and promote discussion and debate about difficult topics to better promote
learning and behavior change.
Formal settings. Although my research took place in a laboratory and an
aquarium, the results may be broadly relevant to more formal settings such as school
classrooms. For example, one of the most common complaints about school science,
especially at the post-secondary level, is that it is poorly taught with boring lectures
and an unimaginative curriculum (Seymour & Hewitt, 1997). Indeed, in an effort to
appear objective, science educators often embrace Cartesian dualism by attempting to
distance themselves from the emotional aspects of learning, and portraying science as
rational and unemotional (Reiss, 2005). My research suggests that including
emotionally arousing material in the science classroom may address this problem and
lead to increased attention and learning outcomes.
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Another perennial problem in science education has been a decline of interest
in school science after middle school, especially for girls and minorities (Osborne,
Simons, & Collins, 2003). Researchers from the feminist perspective claim that
female students are discouraged by the very nature of classroom science with its
claims to universality and its objective nature, which do not encompass affective
aspects of knowledge (Harding, 1991; Watts and Bentley, 1993). Thus, incorporating
emotion into the teaching of science may increase the participation of females and
other underrepresented populations into science fields.
In addition, my research indicated that the behavior of the narrator at the
aquarium was an important factor in activating visitor attention and engagement with
the animal show. This suggests that classroom teachers should present science in
animated and engaging ways, rather than relying on didactic lectures as the sole
teaching strategy. There is some support for these views from the literature in which
researchers claim that consideration of the role of emotion in science teaching and
learning may be necessary for the formation of positive student attitudes toward
science, which is considered an important outcome of science teaching (American
Association for the Advancement of Science [AAAS], 1993; Zembylas, 2005).

Recommendations for Future Research
In this study I have introduced a theoretically based model of emotion and
learning and provided empirical support for it through a laboratory experiment and a
pseudo-experimental study at an aquarium. Although my results provided support for
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the model propositions, more work is needed to further validate the model in other
settings and to develop more reliable, valid, and accurate measures of motivation and
attention. In addition, measures of outcomes associated with learning must be
improved to capture the socio-cultural nature of learning rather than relying on
individuals’ memories of facts.

Future Studies on Emotion - Aquarium
Ideally, to test for the influence of emotional arousal on outcomes, two
versions of the sea otter/sea lion presentations are needed, one with arousal-inducing
elements and the second without them. Thus, the aquarium would need to include
animal presentations in which the narrator stands next to the exhibit and reads the
script, but the trainers are not working with the animals. Since the animals would still
be present, there may be some emotional arousal but it would likely be much less than
when the animals are doing tricks and interacting with their trainers. It is also unlikely
that many visitors would stay for the entire 10 minutes if the training was not taking
place. However, this experimental design would provide a control that was lacking in
my study and may be beneficial in examining the effect of emotional arousal on
learning outcomes.
In the future, researchers should also design experiments to determine if there
is an optimum level of emotional arousal for enhancing science learning and at what
level the arousal becomes too distracting to focus on the associated message. In
addition, similar work could be done to determine which valence levels promote
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learning best and how to develop exhibits that trigger the desired arousal and valence
levels.
Finally, it may be advantageous to include 2-3 measures of emotional arousal
and/or valence in future survey instruments. For example, Smith (2008) successfully
used an abridged version of the Pleasure-Arousal-Dominance (PAD) semantic
differential scale in his study of emotion and behavior change at an Australian zoo.
The modified Russell Affect Grid could also be used. With three different variables
for arousal and/or valence, data could potentially be analyzed with a structural
equation model instead of path analysis, giving a better understanding of the
underlying relationships among model factors.

Attention and Motivation
Further research is also needed to improve measures of attention and
motivation. The challenge is to find measures that are reliable, easy to complete, and
short enough that participants will take the time to answer them. For example,
although my attention index showed strong internal consistency, more work needs to
be done to develop a short, validated instrument that could be used in a variety of
settings.
A short, reliable motivation instrument is also needed for future studies.
Although the NEP was a significant predictor of learning in the laboratory experiment,
it is too long to administer in an informal science learning setting. Some researchers
have successfully used an abridged version of the NEP with as few as five items as a
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measure of environmental orientation (Hawcroft & Milfont, 2008) so this could easily
be included in a short survey. As discussed earlier, although interpretation is vital for
learning in informal environments, the most important factor contributing to
mindfulness was the motivation of the visitors themselves (Schänzel, 2004).
Similarly, Falk (2009) found significant differences in learning outcomes on the basis
of identity-related visitor motivations. Thus, future research is needed to better
understand how intrinsic motivation moderates the effect of emotion on learning
outcomes perhaps by testing the model separately for each motivation type.

Learning Measures
One shortcoming of the present study was the use of only one measure for
short-term learning in both phases of the study which may not have adequately
captured changes in individual learning. For example, Falk and Storksdieck (2005)
showed that multiple measures were required to capture changes in learning across all
visitors to a science center so the use of any one of the measures alone would have
failed to account for the learning that took place during the visit.
Future researchers should move away from multiple-choice memory tests and
explore different assessments of both short- and long-term learning on the basis of
socio-cultural or constructivist learning frameworks. These assessments could consist
of interviews or concept mapping exercises. For example, Falk and Storksdieck
(2005) developed Personal Meaning Mapping as a constructivist assessment to
measure the impact of free-choice educational experiences on individual learning.
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These assessments measured not only factual information that the visitor remembered,
but also the connections they made among concepts they learned both at the learning
institution and from other aspects of their lives. Similarly, the short interviews I
conducted for the aquarium study allowed participants to describe everything that they
remembered, and to make connections with other visits or everyday life experiences.
Although these forms of data are more difficult to analyze, they yield a much richer
and more realistic view of individuals’ learning outcomes.

Other Settings
Although I tested my model at an aquarium, it should also be tested in other
settings including school classrooms. As discussed earlier, inclusion of emotion in the
science classroom could lead to greater attention and learning outcomes for students.
In the biological sciences, some controversial science topics (e.g. evolution) already
introduce emotion into the classroom (Southerland & Sinatra, 2005). For such topics,
research could focus on how these existing emotions are affecting science learning and
should investigate how to use these emotions to enhance the teaching and learning of
associated information, rather than ignoring the emotional aspects of the topics in an
effort to be objective and “scientific.”
Existing emotion research in formal environments has focused almost
exclusively on the role of discrete emotions in the process of conceptual change. My
results suggest that emotion research from a dimensional perspective may be more
appropriate in these contexts. In addition, researchers may want to expand their
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inquiry into other aspects of classroom learning to better understand the role of
emotion in the learning process as a whole.

Conclusions
In this study I developed a model of emotion and learning, and tested it in the
context of science learning which has by and large ignored affective factors and
considered emotion and affect “a hindrance, a countenance to reason and informed
action” (Alsop, 2005, p.8). Because of the paucity of knowledge about the emotional
aspects of science education, Head (1989) called for a fundamental shift in the field,
stating that the “affective area will prove to be crucial, in research and curriculum
planning in the future” (p. 162). Now, over two decades later, education research into
the role of emotion in learning science is still in its infancy with little in the way of
theory to guide it.
My research drew on the wealth of information about emotion from a number
of fields including psychology and neuroscience to develop a theoretical model of
emotion and learning and tested it in the laboratory and at an aquarium show. I found
that in both settings, emotional arousal was a significant predictor of short-term
science learning either directly or indirectly through its relationship with attention.
Valence and motivation were important predictors of learning in the laboratory
experiment, whereas attention and narrator were important at the aquarium show.
Although the models explained only 15% and 9% of short-term learning respectively,
this is a significant contribution for just a few variables when considering the
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complexity of the learning process. In addition, I did not expect my model to explain
learning in its entirety, just to indicate how much of learning outcomes could be
attributed to emotional variables and to better understand the nature of this interaction.
Despite some of the mixed results between the laboratory and aquarium phases
of my study, my data broadly supported the predictions in my model of emotion and
learning. Therefore, I argue that the topic of emotion and learning merits further
research, and my model provides a theoretical framework from which to explore the
relationships among affective and cognitive factors in science learning. With more
research in this area, we may finally correct “Descartes’ Error” (Damasio, 2004) by
viewing emotion not as an obstacle that makes science education difficult, but as an
asset that makes science education possible (Alsop, 2005).
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1. To what extent do you agree or disagree with each of the following statements?
(circle one number for EACH statement)
Do you agree or disagree that:
We are approaching the limit of the
number of people the earth can
support.
Humans have the right to modify the
natural environment to suit their
needs.
When humans interfere with nature it
often produces disastrous
consequences
Human ingenuity will insure that we
do NOT make the earth unlivable.
Humans are severely abusing the
environment.
The earth has plenty of natural
resources if we just learn how to
develop them.
Plants and animals have as much
right as humans to exist.
The balance of nature is strong
enough to cope with the impacts of
modern industrial nations.
Despite our special abilities humans
are still subject to the laws of nature.
The so-called “ecological crisis”
facing humankind has been greatly
exaggerated.
The earth is like a spaceship with
very limited room and resources.
Humans were meant to rule over the
rest of nature.
The balance of nature is very delicate
and easily upset.
Humans will eventually learn enough
about how nature works to be able to
control it.
If things continue on their present
course, we will soon experience a
major ecological catastrophe.
I know a great deal about African
wildlife.

Strongly
Agree

Agree

Neither

Disagree

Strongly
Disagree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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2. What is your major or area of interest?
____________________________________________

3. What is your age? _______________________ years old

4. Are you: (check ONE)

 Male

 Female

5. Have you consumed caffeine in the past hour?

 Yes

 No

If yes, about how much? ___________________________________
6. How did you find out about this study? ___________________________________

_____________________________________________________________________
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Before experiment:

Self Assessment Manikin

During video peak experience:

1. In the first box above, place an X over or between the picture(s) that best
describe how you felt before beginning the experiment. The top row of pictures
measures your level of pleasure/happiness (left person) or displeasure (right
person). The bottom row of pictures measures your feelings of emotional arousal
from excited (left person) to bored or sleepy (right person).
Then, based on this assessment, place an X over the pictures in the second box
that shows how you felt during the peak emotional experience of the video
relative to your earlier feeling. Be sure to place an X in both the top row and
bottom row of pictures.
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Before experiment:
Stress

High
Arousal

Unpleasant
Feelings

Excitement

Pleasant
Feelings

Relaxation

Depression

During video peak experience:

Sleepiness

Stress

Unpleasant
Feelings

Depression

Pleasant
Feelings

Sleepiness

Relaxation
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2. On the top affect grid, place a checkmark to represent how you were feeling
before you began the experiment. There are 2 dimensions to the grid. From
bottom to top is a measure of how alert you are and from left to right is a
measure of feelings of pleasantness or enjoyment. For example, if you were on a
roller coaster and were enjoying it, you would place a check mark somewhere in
the upper right hand quadrant.
On the bottom grid, place a checkmark to represent how you were feeling at the
peak emotional experience of the video relative to how you felt before the
experiment began.
3. Describe the part of the video where you felt your peak emotional experience
(if any).
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________
___________________________________________________________________________________________
4. Which of the above measures of emotion did you find easier to understand and
use?



Self-assessment Manikin (first question)
Affect grid (second question)
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Cape Buffalo in Africa
Physical Characteristics
The strong and imposing African buffalo is Africa’s only wild cattle species,
and one of the ‘Big Five’ mammals that were once popular with trophy hunters. With
its bulky build and thick horns, it is easy to see why the African buffalo is considered
to be a dangerous animal; and their propensity to attack and even kill humans when
wounded by an arrow or bullet only acts to reinforce this reputation. They are
unpredictable and can be dangerous if cornered or wounded. Though they have been
known to ambush men and are often accused of deliberate savagery, they are usually
placid if left alone.
There is only one species of buffalo in Africa, but two distinct subspecies
exist: the large savanna buffalo and the much smaller forest buffalo. The forest
subspecies is only found in central and West Africa.
Savanna buffaloes are large, heavy cowlike animals. They vary greatly not
only in size, but in the shapes of their horns and color. Adults are usually dark gray or
black (or even look red or white if they have been wallowing in mud of that color) and
the young are often reddish-brown. The smaller forest buffalo maintains the red color
even as an adult, although in western Uganda, many savanna buffaloes are also red or
pale orange instead of black. Adults lose hair as they age.
Both male and female buffaloes have heavy, ridged horns that grow straight
out from the head or curve downward and then up. The horns are formidable weapons
against predators and for jostling for space within the herd; males use the horns in
fights for dominance.
Predators and Threats
Both the savanna and the forest buffalo still occur in considerable numbers, but
populations have been greatly reduced by hunting, habitat loss and disease. In several
southern parts of its range, the African buffalo has never recovered from the
devastating rinderpest epidemic that struck in the 1890s, and the potential for another
rinderpest outbreak continues today. Another disease, bovine tuberculosis, is also
known to affect African buffalo; a recent outbreak has impacted populations in Kruger
National Park, South Africa. Outside of national parks in some areas, buffalos come
into contact with humans; breaking fences, raiding crops and potentially spreading
bovine diseases to livestock, and may be persecuted as a result. Though still numerous
in many parts of East Africa, in some areas buffaloes have been eliminated or greatly
reduced in number.
Conservation
The survival of most of the world’s wild cattle species is believed to rely on
their existence in properly protected reserves. Luckily, the African buffalo is well
represented in numerous national parks and protected areas, such as Serengeti
National Park and Kilimanjaro National Park, Tanzania. As one of the ‘big five’,
African buffalo are sought after by tourists on wildlife safaris, and by game hunters,
giving people great economic incentive to conserve this impressive mammal.
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Please answer the following questions about Cape buffalo.

1. How many species of buffalo are there in Africa?
1

2

3

4

2. What kind of habitat do the buffalo live in? (Check all that apply)
Desert

Savanna

Forest

Mountains

3. Cape buffalo are in danger of extinction:

True

False

4. Name 2 threats to buffalo survival in Africa:
1) ____________________________________________________________

2) ____________________________________________________________

5. Had you seen this movie before?
If yes, approximately how long ago did you see it? _____________________

6. What was the most interesting thing you learned about cape buffalo?
______________________________________________________________
______________________________________________________________
______________________________________________________________

7. Did you learn it from the movie or the reading? _______________________
8. Can I contact you in about 2 weeks to ask a few follow up questions? If so,
please write your email address here:
_____________________________________
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OTTER FEEDING QUESTIONNAIRE
Oregon Coast Aquarium and Oregon State University are conducting this survey to learn about your experiences
during this animal show. Participation is voluntary. Please answer all questions and return to the researcher.

1.Before today, had you ever watched an otter feeding at the
aquarium? (check ONE)
 No
 Yes  if yes, how many previous times have you watched
this show? (write number)________ time(s)
How much of the show did you see?

All

1 st part

Last part

2. What would you say is the main reason that you came to the
aquarium today?
________________________________________________________

___________________________________________________________________________________

3. We are interested in how excited you were feeling during your visit and while you watched the
otter feeding. Please place an X on or between the figures that best describe your level of
excitement BEFORE the animal show today (i.e. your feelings about the overall aquarium visit).

Very excited

Bored/sleepy

Now we want to know how your feelings changed while watching the otter feeding. Were you more
or less excited, and by how much? Please place an X on or between the figures that best describe
how you felt DURING the most exciting part of the show relative to how you felt before.

Very excited

Bored/sleepy

4. What was the most exciting part of the show (if anything)? ________________________________________
____________________________________________________________________________________________
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5. To what extent do you disagree or agree with each of the following statements about why you came
to the otter feeding? (circle one number for EACH statement)
Strongly
Agree

Agree

Neither

Disagree

Strongly
Disagree

… I am very interested in otters.

1

2

3

4

5

… I thought it would be fun for me/my kids

1

2

3

4

5

… I happened to be walking by when it started.

1

2

3

4

5

… My kids/spouse/friends wanted to see it.

1

2

3

4

5

I came to the otter feeding because…

6. To what extent do you disagree or agree with each of the following statements about your level of
attention to the otter feeding? (circle one number for EACH statement)
Strongly
Agree

Agree

Neither

Disagree

Strongly
Disagree

… I was distracted by my kids/other things.

1

2

3

4

5

… I listened closely to the presenter.

1

2

3

4

5

… I couldn’t hear/understand the presenter.

1

2

3

4

5

During the otter feeding…

Please answer the following questions about otters.
7. Where are wild sea otters found? Choose all that apply.
a. Oregon

b. Washington

8. Sea otters are a threatened species:

c. California
 True

d. Alaska
 False

9. Sea otters have a thick layer of blubber to keep them warm:  True

e. Not sure

 Don’t know
 False

 Don’t know

10. What habitat do wild sea otters live in?
a. near coral reefs

b.

far out in the ocean

c.

in kelp forests

I don’t know

d.

11. During the otter feeding, what conservation actions do you recall the presenter discussing (choose all
that you remember)?
a.

eat local fish

b. don’t pour chemicals down the drain

c.

pick up beach litter

d. other (write in) __________________________

12. Please look at the 5 picture notecards on the table. Which card best describes your reason for
visiting the aquarium TODAY? (Circle one)
A.

B.

C.

D.

E.

13. Do I have permission to contact you in 2-3 weeks to ask you a few more questions about your
experience? If so, which is the best way to contact you? (The survey will take about 5-10 minutes
and your personal information will not be shared with anyone).

Phone: _______________________________________

email: ________________________
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SEA LION SHOW QUESTIONNAIRE
Oregon Coast Aquarium and Oregon State University are conducting this survey to learn about your experiences
during this animal show. Participation is voluntary. Please answer all questions and return to the researcher.

1. Before today, had you ever watched a sea lion show at the aquarium?
(check ONE)
 No
 Yes  if yes, how many previous times have you watched this
show? (write number) ________ time(s)
How much of the show did you see?

All

1 st part

Last part

2. What would you say is the main reason that you came to the aquarium
today?
__________________________________________________________________________________________

_________________________________________________________________________________
3. We are interested in how excited you were feeling during your visit and while you watched the
sea lion show. Please place an X on or between the figures that best describe your level of excitement
BEFORE the animal show today (i.e. your feelings about your overall aquarium visit).

Very excited

Bored/sleepy

Now we want to know how your feelings changed while watching the sea lion show. Were you more
or less excited, and by how much? Please place an X on or between the figures that best describe
how you felt DURING the most exciting part of the show relative to how you felt before.

Very excited

Bored/sleepy

4. What was the most exciting part of the show (if anything)? ____________________________________
_______________________________________________________________________________________
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5. To what extent do you disagree or agree with each of the following statements about why you came
to the sea lion show? (circle one number for EACH statement)
Strongly
Agree

Agree

Neither

Disagree

Strongly
Disagree

… I am very interested in seals and sea lions.

1

2

3

4

5

… I thought it would be fun for me/my kids

1

2

3

4

5

… I happened to be walking by when it started.

1

2

3

4

5

… My kids/spouse/friends wanted to see it.

1

2

3

4

5

I came to the sea lion show because…

6. To what extent do you disagree or agree with each of the following statements about your level of
attention to the sea lion show? (circle one number for EACH statement)
Strongly
Agree

Agree

Neither

Disagree

Strongly
Disagree

… I was distracted by my kids/other things.

1

2

3

4

5

… I listened closely to the presenter.

1

2

3

4

5

… I couldn’t hear/understand the presenter.

1

2

3

4

5

During the sea lion show…

Please answer the following questions about the sea lion show.
7. What animals were featured in the show? Choose all that apply.
a. Fur seals

b. California sea lions

c. Elephant seals
 True

8. Sea lions have ears:

d. Harbor seals

 False

9. Sea lions have a thick layer of blubber to keep them warm:

 True

e. Not sure

 Don’t know
 False

10. Because of their short flippers, sea lions ‘skooch’ on their stomachs:  True
know

 Don’t know

 False  Don’t

11. During the dive show, what conservation actions do you recall the presenter discussing (choose all that
you remember)?
a.

eat local fish

b. don’t pour chemicals down the drain

c.

drive your car less

d. other (write in) _______________________

12. Please look at the 5 picture notecards on the table. Which card best describes your reason for
visiting the aquarium TODAY? (Circle one)
A.

B.

C.

D.

E.

13. Do I have permission to contact you in 2-3 weeks to ask you a few more questions about your
experience? If so, which is the best way to contact you? (The survey will take about 5-10 minutes
and your information will not be shared with anyone).

Phone: _______________________________________

email: _________________________
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AQUARIUM EXPERIENCE QUESTIONNAIRE
Oregon Coast Aquarium and Oregon State University are conducting this survey to learn about your experiences
during this visit. Participation is voluntary. Please answer all questions and return to the researcher.

1. What brought you to the aquarium today?
______________________________________________________________
______________________________________________________________
2.What was the most exciting part of your visit so far and why? _________________
_____________________________________________________________________
_____________________________________________________________________

3. We are interested in how excited you were feeling during your visit.
Please place an X on or between the figures that best describe your overall
level of excitement while visiting the aquarium.

Very excited

Bored/sleepy

Now we want to know how your feelings changed during the most exciting part of your visit. Were you
more or less excited than above, and by how much? Please place an X on or between the figures that
best describe how you felt DURING the most exciting part of your visit relative to how you felt overall.

Very excited

Bored/sleepy

4. Please look at the 5 picture notecards on the table. Which card best describes your reason for
visiting the aquarium TODAY? (Circle one)
A.
5.

B.

C.

D.

E.

Can I contact you in 2-3 weeks to ask you a few more questions about your experience? If so,
which is the best way to contact you? (The survey will take about 5-10 minutes and I won’t share
your personal information).

Phone: _______________________________________

email: __________________________
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Identity-centered Motivation Instrument

I am not an
expert but I
like to learn
about things

I went because it
satisfies my
curiosity

The museum is
more
inspiring than
going to the mall
or a movie

These are the
kinds of places
people like me
go to

A. Explorers

My
family/friends
learn things
here they can’t
in other places

I like to
support the
learning of my
children/
significant other

B. Facilitators

My wife/partner/husband made me come

This is a good way
to share quality
time with
family/friends
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I was told that it is one of the best
places to visit around here

This place is a landmark
in this community

I wanted to be
able to say that I’d
been there

I wanted to
have fun

C. Experience Seekers

I feel at peace in
these
surroundings

I find going helps me get away from normal
rush of life

D. Rechargers

I discover things about myself when
I come here

I don’t get to be in
spaces like this
every day
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I was hoping to
find out more
about something
in particular

This is my
hobby and
I come here
all the time

E. Professional Hobbyist

It relates to the kind of work I do
and I find it useful

I’m quite knowledgeable but like to
keep up with what’s new
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Interview Questionnaire
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Interview Protocol
Hello, my name is Nancy Staus and I am calling to follow up on a questionnaire that
you filled out at the aquarium several months ago. You indicated that you would be
willing to answer a few more questions. Do you have 10-15 minutes to talk?
1. Walk me through your visit the aquarium that day. What did you do and see?
2. What was the most exciting thing that you saw?
3. Tell me why it was exciting—what happened during the event?
4. (If the animal show was not the answer to #3). Tell me about the animal show that
you saw? What do you remember about it?
5. The presenter at the show mentioned some conservation actions people can take to
help marine life. Do you remember what any of these were? Have you done or
thought about doing any of these?
Thank you for your time.
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APPENDIX F
Explanation of Research Study
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College of Science, Department of Science and Mathematics
Education
Oregon State University, 237 Weniger Hall, Corvallis, Oregon 97331-6508
T 541-737-1826 | F 541-737-1817 | http://smed.science.oregonstate.edu/| falkj@science.oregonstate.edu

Explanation of Research Study

Project Title: The role of emotional arousal in learning during animal shows at
aquariums
Principal Investigator: Dr. John H. Falk
Student Researcher: Nancy L. Staus

If you are 18 years of age or older, you are invited to participate in a project
investigating how people learn at aquariums. This investigation is being conducted by
Nancy Staus from the Department of Science and Mathematics Education at Oregon
State University and is under the supervision of Dr. John Falk. This investigation is
part of Ms. Staus’ doctoral work at Oregon State University; Ms. Staus’ doctoral
committee has approved this investigation.
Lots of factors influence the success of the educational programs offered by an
aquarium, including the quality of the information provided to visitors, how interested
visitors are in the topic presented and how exciting the topic is to visitors. This
investigation is exploring these factors so we can improve the educational programs of
this and other aquariums.
If you decide to participate in this investigation you will be asked to fill out a
questionnaire so we can learn more about what you did, felt and learned today. We
expect that it will only take about 5-10 minutes of your time.
Participation in this investigation is entirely voluntary. If you agree to participate, you
do not need to answer any question(s) that you feel are inappropriate and you may
choose to stop at any time. You do not need to give a reason or justification for
stopping. If you provide personal information, it will not be shared with anyone other
than the researchers and will be destroyed at the end of they study. Only the
combined results of all participants will be used in any future write-ups of this
research—no one will be identified individually in any publications. Only Ms. Staus
and Dr. Falk will have access to any of the data we are collecting and it will always be
kept stored in a locked facility. After three years we will destroy all of our data.
If you have any questions or concerns, please contact Dr. John Falk on email at
falkj@science.oregonstate.edu or the Institutional Review Board at Oregon State
University at IRB@oregonstate.edu.

