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ABSTRACT
Examining Motivational Feedback For Sensor-Free Detected Frustration
Within Game-Based Learning

Jeanine A. DeFalco

Social interactions, decision-making, perceptions, and learning are all influenced by affect.
Frustration, anxiety, and fear in particular can draw cognitive resources away from successful
task completion, causing the learner to focus on the source of the emotion instead. Serious games
offer an ideal environment to investigate how feedback influences student affect and learning
outcomes, particularly when feedback is delivered via computer system detection. This
dissertation discusses the results of an experiment run in September 2015 to investigate which
motivational feedback condition yields the most significant correlation to positive learning gains
when a computer system intelligently generates and delivers feedback based on the detection of
frustration while participants played the serious video game, vMedic, a combat casualty care
simulation which includes triage tasks. Of the three motivational feedback conditions examined
(self-efficacy, social-identity, and control-value), the self-efficacy motivational feedback
interventions yielded positive, statistically significant learning gains when compared to the social
identity and control-value feedback conditions, as well as the non-motivational feedback control

condition, and the no feedback control condition.
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Chapter [: INTRODUCTION

Determining how to effectively respond to learner affect is important not only in face-to-
face learning environments (Pekrun, Goetz, Titz, & Perry, 2002), but also within the field of
intelligent tutoring systems (ITS) (Goldberg et al., 2012). This requires not only methods to
accurately identify affect, but also developing a suite of accompanying interventions that can
respond to learner affect (D’Mello et al., 2008; D’Mello, Craig, Fike, & Graesser, 2009;
D’Mello, Lehman, & Graesser, 2011; Woolf et al., 2009).

In an effort to help learners regulate their affective states, some computer tutoring
systems researchers have used interventional feedback messages to motivate the learner through
a frustrated state (Rebolledo-Mendez et al., 2005; Robison, McQuiggan, & Lester, 2009).
However, these researchers have noted that where frustration has been detected and feedback
delivered, learners do not always respond positively to these interventions, but rather may react
negatively to feedback provided by the system (Robison, McQuiggan, & Lester, 2009). This has
given rise to the need to take a closer examination of the design of motivational feedback
messages delivered to learners in a frustrated state (Arroyo et al., 2007; Robison, McQuiggan, &
Lester, 2009) to determine the most effective approach for addressing learner frustration via
interventional feedback messages.

Within this context, then, the gap addressed by the current work is understanding what
kind of motivational feedback messages effectively ameliorates the affective state of frustration
within a simulation-based training game, and promotes significant learning gains when delivered
within an ITS. Three theories of motivation were targeted to design feedback messages: (1)

theory of control-value (Pekrun, Elliot, & Maier, 2006); (2) theory of social identity (Tajfel &



Turner, 1979); (3) theory of self-efficacy (Bandura, 1977). These theories are distinct from each
other in the way they target either a person’s sense of what they value (control-value theory),
who they are (social identity theory), or what a person believes they can achieve (self efficacy
theory).

Statement of Problem

Prior research has demonstrated that motivational processes associated with affective
states have a significant impact on memory, perception, attention, and categorization (Gable &
Harmon-Jones, 2010; Harmon-Jones, Gable, & Price, 2013). However, the research on how
frustration impacts cognition has yielded inconclusive and mixed results. Further, there is little to
no research that identifies what kind of motivational feedback messages would produce the most
significant learning outcomes while addressing the affective state of frustration in an ITS
learning platform. As such, determining how to respond to learner frustration to yield robust

positive learning outcomes is an important area of interest in ITS research.

Purpose of the Study

Given the central role affect, motivation, and cognition play in designing and
implementing learning environments, research is needed to address the impact different
motivational messages have on learning outcomes within game-based training environments.
Therefore, the purpose of this dissertation is to examine the effect of motivational feedback
messages delivered while participants are in a frustrated state while playing the serious video

game vMedic, as part of a modified TC3Sim combat care course (National Association of



Emergency Medical Technicians, 2016) delivered by GIFT (Generalized Intelligent Framework
for Tutoring) developed by the US Army Research Laboratory (Sottilare, Brawner, Goldberg,
and Holden, 2012).

Using previously published sensor-free detectors of student frustration (Paquette et al.,
2015), GIFT has been configured to automatically detect whether students were frustrated while
playing vMedic, and uses these sensor-free detectors to trigger frustration adaptations in the form
of feedback messages.

Within this context, this research aims to determine which of three types of motivational
feedback message designs, delivered in response to sensor-free affect detection and based on
three distinct theories of motivation (control-value, social identity, and self-efficacy), yield
significant improvements to learning outcomes while participants are engaged in vMedic. The
overarching purpose is to determine how motivational feedback messages can ameliorate
frustration and support learning in an ITS learning environment.

Data will be collected across five conditions where the type and presence of motivational
feedback is manipulated while the non-motivational content presented is held constant to
determine the effect different kinds of motivational feedback has on learning. The results of this
study will inform future work on game-based learning, specifically informing the ITS research
community on the most effective feedback design to respond to frustration. The goal is to
provide empirical evidence that theory-based designed motivational feedback messages have an

effect on affect regulation and learning.



Research Questions

In order to accomplish the goal of this study, the research questions include examining
which conditions yield statistically significant improvements in learning outcomes. Specifically,
this research will examine whether greater learning gains are achieved in conditions with
motivational feedback vs. no motivational feedback; in conditions with feedback vs. no
feedback; which specific motivational feedback condition yields the most significant learning
outcomes; whether environmental conditions such as a sense of presence impact learning across
conditions; and whether the character trait of grit interacts with motivational feedback conditions

and impacts learning outcomes.

Summary

This study asks whether interventional motivational feedback will promote statistically
significant learning gains when participants are in a state of frustration. More specifically, this
study examines whether motivational feedback delivered by an ITS upon the detection of a
participant’s high frustration, while engaged in the serious video game vMedic, would be
correlated to greater learning gains. This study aims to determine if there is a difference between
motivational conditions on learning gains, how frustration interacts with motivational messages
and learning, and whether environmental contexts or character traits interact with these
motivational conditions to yield different learning outcomes. The motivational feedback
conditions examined include feedback designs based on the theories of (1) control-value theory;

(2) social identity theory; (3) self-efficacy theory.



Overview of Dissertation and Profiles of Chapters

The five chapters of this dissertation begins with the first chapter that provides an
introduction to the study, its purpose, rationale, and significance. The main theoretical constructs
that have been investigated in the study are introduced in this chapter.

The second chapter reviews relevant literature and research on issues related to
motivation, affect, and cognition; affect-sensitive computer tutoring systems; the complex
relationship of frustration to cognition and learning; a review on intervention feedback designs
used to address frustration in computer tutoring systems; considerations for designing feedback
messages for a military population; and a review of the three motivational theories used to design
feedback message interventions: control-value theory, social identity theory, and self-efficacy
theory.

The third chapter discusses a prior study conducted in September 2013 that yielded data
from which the sensor-free detectors of frustration were built and were subsequently used in this
dissertation study. Additionally, this September 2013 study’s results helped inform the main
study’s design.

The fourth chapter presents the summaries of the main research study design, results, and
discusses the results in relation to the research question. The main study investigates the
participant’s learning gains when motivational feedback messages were delivered during the
vMedic game upon the system detection of frustration. The results indicate that there was a
statistical significant difference in positive learning gains between motivational feedback
conditions and no motivational feedback condition. Further, the results indicate that there was an

interaction effect of learning gains with levels of measured grit in the control-value condition



(condition 2) and there was an interaction of learning gains by frequencies of system detected
frustration in the self-efficacy condition (condition 4).
Lastly, the fifth chapter discusses the theoretical and practical implications of the findings

in addition with future directions.



Chapter II: LITERATURE REVIEW

Section 1. Overview

This chapter reviews relevant literature and research on issues related to motivation,
affect, and cognition; affect-sensitive computer tutoring systems; the complex relationship of
frustration to cognition and learning; a review on intervention feedback designs used to address
frustration in computer tutoring systems; considerations for designing feedback messages for a
military population; and a review of the three motivational theories used to design feedback
message interventions: control-value theory, social identity theory, and self-efficacy theory. The
chapter contains eight sections.

The first section presents an overview of the chapter. The second section presents briefly
discusses the relationship of motivation, affect, and cognition. The third section presents
literature on affect-sensitive computer tutoring systems. The fourth section reviews literature on
the complex relationship of frustration to cognition and learning. The fifth section reviews
literature on a review on intervention feedback designs used to address frustration in computer
tutoring systems. The sixth section presents considerations for designing feedback messages for
a military population. The seventh section reviews the three motivational theories used to design
feedback message interventions: control-value theory, social identity theory, and self-efficacy

theory. The eighth section contains a summary of the literature review.



Section 2. Motivation, Affect, and Cognition

Current research in cognitive psychology and neuroscience confirms the central role
affect plays in mental processes and behavior. Cognition and affect have been identified as
separate yet inextricably linked interactive aspects of brain organization (Barrett, 2006; Ciompi
& Panksepp, 2004; Dalgleish & Power, 1999; Mandler, 1984; Panksepp, 2003b). Where
cognition involves the neocortical processing of information largely from sensory input, affects
are not encoded as information. Rather, affect is identified as diffuse global states generated by
deep subcortical brain structures (Panksepp, 1998a, 1998b).

Defining motivation and understanding what makes a person behave in a certain way is a
complex endeavor as well. Within the tradition of experimental psychology, there have been two
intellectual traditions that have employed the concept of needs as a way to unpack motivation.
Hull (1943) saw motivation as a directional response to a stimulus that addresses a drive or a
need state, whereas Murray (1938) viewed motivation as the psychological needs that function as
a force to organize perception and cognition. For the purpose of this paper, this author adopts a
definition of motivation articulated by Deci and Ryan (2000) that categorizes motivation as
psychological propensities and functions that inform intentional behavior to achieve goals as
well as satisfy needs and interests. In this way, then, the constructs of self-efficacy, control-
value, and social identity employed in this dissertation study can all be seen as psychological
propensities and functions that inform behavior, and as such, should be considered as separate
yet similar motivation variables.

Over the last decade, there has been a growing interest in the relationship between

motivation and cognition, including perception, memory, task-switching, response inhibition,



categorization, decision making, and selective attention (Braver, 2015; Locke & Braver, 2010;
Maddox & Markman, 2010; Pessoa, 2009; Pessoa & Engelmann, 2010; Shohamy & Adcock,
2010). Further, theories of cognitive processing describe the interactive nature of motivation,
affect, and cognition (Braver, 2015; Gable & Harmon-Jones, 2010; Harmon-Jones, Gable, &
Price, 2013). According to these theories, supporting cognitive performance requires not only an
understanding of an individual’s traits and characteristics, but should also include in the analysis
an individual’s social context, including relevant linguistic control systems such as feedback
(Buck, 1985; Locke & Braver, 2010; Maddox & Markman, 2010; Pessoa, 2009; Pessoa &
Engelmann, 2010; Shohamy & Adcock, 2010).

Buck (1985) has argued for a model of interaction between motivation, affect, and
cognition that highlights the use of language as a means through which culturally patterned
systems of behavior are reinforced. Buck (1985) notes that what is unique to the human
experience of motivation, affect, and cognition is that human behavior is functionally
independent of biology, and instead is controlled by linguistic control systems that include logic,
reasoning and social rules. It is through these linguistic control systems, Buck (1985) argues, that
allows for the contemplation of goal strategies, decision making, and future planning.

As such, it is important to not only understand the implications of positive and negative affect on
cognition and behavior, but to examine how linguistic control systems shape responses to
motivational stimuli, guides our interactions with our environment, and enhances or impedes
memory (Buck, 1985; Tooby & Cosmides, 2008; Keltner & Kring, 1998; Parrot, 1993).

Understanding this interactive effect is particularly important in the field of intelligent
tutoring systems, where the primary aim of these systems is to not only support cognition and

learning, but to do so in a manner that is comparable in sensitivity and effectiveness to a high-



quality human tutor (Woolf, Burleson, Arroyo, Dragon, Cooper, & Picard, 2009), including
accounting for shifts in affect in students and modifying motivational stimuli and feedback to
improve engagement and learning outcomes (Baker, D'Mello, Rodrigo, & Graesser, 2010;
Corbett, Koedinger, & Anderson, 1997; D’Mello, Picard, & Graesser, 2007; Graesser, Conley, &
Olney, 2012; Heffernan & Koedinger, 2002; Lehman, Matthews, D’Mello, & Person, 2008;
Lepper, Woolverton, Mumme, & Gurtner, 1993; Robison, McQuiggan, & Lester, 2009; Woollf,
Burleson, Arroyo, Dragon, Cooper, & Picard, 2009).

Motivation manipulations prime a person to exert a cognitive control to overcome
obstacles in achieving their learning goals (de Wit & Dickinson, 2015; Marien, Aarts, & Custer,
2015). As such, when considering developing motivational feedback messages to be used as an
intervention method in an intelligent computer tutoring system, it is important that messages are
linguistically relevant and meaningful to the target population, and delivered in a manner that is
timely, unobtrusive, and targeting affect that if left unaddressed, may result in a withdrawal of

effort (Price, Handley, & Millar, 2011).
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Section 3. Affect-Sensitive Computer Tutoring Systems

Computer tutoring system researchers have recognized the need to identify and address
affective states that lead to disengagement in learning (Baker, D’Mello, Rodrigo, & Graesser,
2010; D’Mello, Lehman, & Graesser, 2011; D’Mello Strain, Olney, & Graesser, 2013; Forbes-
Riley, Litman, Friedberg, 2011; Gee, 2004, 2007; Picard et al., 2004). Prior research has shown
evidence that learners will likely remain in their current affective state — particularly negative
affective states -- when interventions are not provided by ITSs (Baker et al, 2007; Baker et al.,
2010; D’Mello et al., 2007). Also, providing interventions in the form of feedback messages has
been shown to positively effect the learning of domain content in ITSs (Wagster, Tan, Wu,
Biswas, & Schwartz, 2007; Roll, Aleven, McLaren, & Koedinger; 2011).

Some affective states have relatively uncomplicated relationships with student learning
outcomes — engaged concentration appears to be positively associated (Craig et al., 2004; Pardos
et al., 2014) while boredom is negatively associated (Craig et al., 2004; Pardos et al., 2014).
However, research has shown that the affective state of frustration is more complex, where brief
periods of frustration are not problematic, but extended frustration is associated with worse
learning outcomes (D’Mello & Graesser, 2011; Liu et al., 2013; Robison, McQuiggan, & Lester,
2009). It is important to understand how intelligent tutoring systems (ITSs) can respond to

learner frustration for future affect-sensitive learning environments (Picard et al., 2004).
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Section 4. Frustration and Learning in Intelligent Tutoring Systems

As discussed above, the relationship between frustration and engagement is complex. In a
review of the literature, frustration has been related to positive, null, negative, and mixed

learning outcomes in ITSs.

Learning Outcomes and Frustration: Negative, Positive, Null, and Mixed Findings

Negative outcomes and frustration. In terms of the negative impact of frustration on
learners, studies have demonstrated frustration can lead to gaming the system (Baker et al.,
2006). There is also evidence that frustration can divert student attention from learning tasks
(McQuiggan, Lee, & Lester, 2007), and lead learners to worrying about excessive failure
(D’Mello & Graesser, 2011).

Positive outcomes and frustration. Research has shown that in some circumstances,
positive learning outcomes are achieved by students in a frustrated state (Pardos et al., 2014).
Using automated detectors of affect and behavioral engagement, researchers examined over a
thousand students’ actions in an entire year’s log file data in the ASSISTments tutoring system to
assess the predictive nature of affect and engagement and high-stakes test outcomes (Pardos et
al., 2014). The findings of this examination showed a significant positive relationship between
frustration and learning (Pardos et al, 2014).

Null outcomes and frustration. Baker, D’Mello, Rodrigo, & Graesser (2010) examined
the rate of occurrence, persistence, and impact of students’ cognitive-affective states during the
use of three different computer-based learning environments. Their findings included that

boredom and not frustration was the primary cognitive-affective state that led to an increase in
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likelihood of gaming behavior, which has in turn been associated with poorer learning (Baker et
al., 2004; Cocea et al., 2009).

Further, in a study that investigated which observable affective states and behaviors of
undergraduate freshmen in a computer programming class could be used to predict student
achievement, frustration was found to not be a predictor of achievement (Rodrigo et al., 2009).
Also, frustration was found to not be correlated with learning gains in any of studies of
AutoTutor (D’Mello, Strain, Olney, & Graesser, 2013).

Mixed outcomes and frustration. Still other studies have showed mixed results in
learning gains while students were in a frustrated state, depending on context. In a study by Liu,
Pataranutaporn, Ocumpaugh, & Baker (2013), brief periods of frustration were associated with
positive learning gains, but lengthier periods of frustration were associated with poorer learning
gains.

Giventhe range and complexity of the impact of frustration on learning outcomes, then,
further research is required to unpack the impact of frustration on learning and, equally
important, how best to respond to an individual’s frustrated state in an intelligent tutoring system

(ITS); when to do so and how.
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Section 5. Intervention Feedback Designs for Frustration

When a learner is in a frustrated state in ITSs, the range of solutions to address this
frustration includes changing the elements in a system that elicits frustration, and supporting the
learner in their ability to recover, manage, and persist in their task (Klein, Moon, & Picard, 2002;
Kapoor, Burelson, & Picard, 2007). Amsel’s (1992) frustration theory supports the notion that
goal attainment includes overcoming emotional conflict rather than avoiding emotional conflict.
Therefore, to encourage a learner to overcome frustration, while not changing the nature of the
system elements, requires finding ways to help the learner recover, manage, and persist through
frustration to persist in their learning tasks through the use of feedback messages (Kapoor,
Burelson, & Picard, 2007).

The term “feedback” originated in cybernetics to denote processes by which information
was delivered regarding the effects and consequences of actions (Wiener, 1948). In this context,
then, feedback interventions are essentially a form of linguistic control that shapes the perception
and understanding of an individuals actions with the added potential to influence the individual’s
future actions (Allwood, Nivre, & Ahlsen, 1992).

McQuiggan, Lee, & Lester (2007) maintain that ITSs should provide support, including
the use of specific feedback, to help students cope with frustration to increase their tolerance of
frustrating learning situations. Through diagnosis and detection of the affective state of
frustration, ITSs can be configured to enact corrective affective scaffolding strategies that would
facilitate specific feedback motivational messages (Robison, McQuiggan and Lester, 2009).

However, just as human-to-human assessment and feedback is a complicated endeavor,

selecting interventions to respond effectively to learners in a frustrated state and provide the best
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possible feedback is similarly a complicated process. D’Mello, Strain, Olney, and Graesser
(2013) note that a “one size fits all” approach to affective feedback is unlikely to regulate
emotional experiences such as frustration, and that what is needed is an approach that
coordinates cognition and emotions that is also adaptive to an individual’s knowledge, goals

traits, and moods.

Empathetic Feedback Approach

One approach to regulating frustration has been the use of empathetic feedback messages
delivered to a learner in a frustrated state. In a study by Klein, Moon, and Picard (2002),
empathetic feedback messages were delivered to frustrated participants playing a computer
adventure game. This study found evidence that the empathetic messages relieved and aided
participants in managing their frustrated state (Klein, Moon, & Picard, 2002).

Using the learning environment Crystal Island, Robison, McQuiggan and Lest