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ABSTRACT

Dempsey, Kyle Brandon. Ph. D. The University of Memphis. May/2011. The
Effect of Games on Engagement and Performance in Intelligent Tutoring Systems.
Major Professor: Danielle S. McNamara, Ph. D.

The purpose of this dissertation is to assess the relation between game-like
elements, individual differences in gameplay, and engagement within an Intelligent
Tutoring System (ITS). The current studies examined the incorporation of a game
into an existing ITS, iSTART. The game, Self-explanation Showdown (Showdown)
added game-like elements into the iISTART practice sessions. Incorporating games
was expected to increase engagement while not affecting participants’ overall
performance. However, the results of Experiment 1 indicated that game-based
practice (Showdown) was more engaging than the non-game-based practice (Coached
Practice), but produced lower quality self-explanation performance. The decrease in
performance was attributed to the amount of pedagogical information available
during the learning task. In Experiment 2, a second version of Showdown was created
that added pedagogical feedback similar to the feedback provided in Coached
Practice. The feedback-added version of Showdown (Showdown-FB) was expected to
retain the benefits of engagement while mitigating the deficits in performance.
Instead, Showdown-FB demonstrated a reduction in participants’ engagement to a
level which was no longer significantly different from Coached Practice, and did not
increase performance relative to the original version of Showdown. Finally,
Experiment 3 investigated whether opponent difficulty would affect gameplay and

how those effects may vary as a function of different types of game players
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(Achievers, Explorers, Socializers, Killers). The results of Experiment 3 indicated
that opponent difficulty affected both performance and engagement. Participants were
more engaged and produced higher quality self-explanations when playing against a
highly skilled opponent. Follow-up analyses indicated that the differences in
performance were likely a result of modeling responses from a highly skilled
opponent. However, the effects of opponent difficulty were not affected by a

participant’s gamer type.
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The Effect of Games on Engagement and Performance in
Intelligent Tutoring Systems
Introduction

Games and game-based environments constitute an area of rapid growth in
private, public, and research sectors. In 2007, while industries such as music and movies
saw either negative or stagnant growth (-10.0% and +1.8% respectively), the gaming
industry reported dramatic gains (+28.4%; Combs, 2008). Capitalizing on this growth,
researchers of Intelligent Tutoring Systems (ITSs) have begun to leverage the
engagement and appeal of games by incorporating game-like features within learning
environments (McNamara, Jackson, & Graesser, 2010).

While it is intuitively clear that games are engaging and can often sustain interest
over extended periods of time, it is still relatively unclear how this process occurs and
which specific features are essential to the essence of games. Previous research has
attempted to identify and investigate specific gaming components such as challenge,
fantasy, complexity, control, rules, strategy, goals, competition, cooperation, and chance
(Crookall, Oxford, & Saunders, 1987; Garris, Ahlers, & Driskell, 2002; Malone, 1981).
However, these components have been primarily observed within the context of
entertainment games. Only recently have these components been implemented and
observed, and even, sometimes tested, in the context of learning environments (Barab,
Thomas, Dodge, Carteaux, & Tuzun, 2005). Establishing the effects of game components
on learning and motivation is important for those who are interested in developing

systems that maximize learning benefits in computer-based systems such as ITSs.



The principal goal of most ITS technologies is to produce significant learning
gains (i.e., learn a new skill or understand concepts within a specific domain). However,
ITS developers and researchers often struggle to create just the right balance between
implementing effective learning practices, while at the same time enhancing motivational
aspects of the learning environment (Boyer, Phillips, Wallis, Vouk, & Lester, 2008;
Jackson & Graesser, 2007) and addressing the individual differences of the user (e.g.,
Braten & Samuelstuen, 2004; Lorch, Lorch, & Mogan, 1987; O’Reilly & McNamara,
2007). These ITSs, though often effective at producing learning gains, are sometimes
uninspiring to those who use them. Focusing on maximizing learning benefits can suffice
for experimental purposes, but it creates a problem for systems that are used repetitively
and over long periods of time. Additionally, improving motivational aspects of learning
environments is likely to produce indirect gains in learning, particularly if the
modifications result in heightened engagement on the part of the learner (Graesser, Hu, &
McNamara, 2005).

The intersection of these two fields (games and ITSs) provides a fertile ground to
develop effective learning environments that maximize learning while at the same time
fully engaging the user and instilling a desire to interact with the system. The remainder
of this paper describes an effort to combine an ITS with game-like elements. The end
result of the combination is expected to be a system that is more engaging than the
original ITS, while retaining the same effectiveness.

The role of engagement in ITSs has received more attention in the past few years
especially given the amount of research that has been focused on engagement in other

fields (Ennis, 2000; Marchese, 1998; Pintrich & De Groot, 1990; Trout, 1997). Bangert-



Drowns and Pyke (2001) define engagement as "the mobilization of cognitive, affective,
and motivational strategies for interpretive transactions"(p. 215). Engagement is believed
to play an important role in a variety of cognitive processes, such as memory
(Brandimonte & Passolunghi, 1994) and achievement (Lee & Smith, 1995; Lee, Chen, &
Smerdon, 1996; Nystrand & Gamoran, 1991). Engagement in classrooms has been shown
to lead to improved achievement (Nystrand & Gamoran, 1991), suggesting that creating
an engaging curriculum is relevant and important to all educators. While greater
engagement has found to be associated with improved achievement, it has been
documented that students are not as engaged in classroom material and educational
curriculum as they are expected to be (Guthrie, 1997; Marchese, 1998; Nystrand &
Gamoran, 1991). Nystrand and Gamoran noted that students are engaged in the
procedural tasks of everyday school life (e.g., getting to class), but not the tasks related to
actual schoolwork.

One can imagine a scenario where students are presented with a challenging and
entertaining classroom task. For example, Corbett (2010) describes a classroom that
incorporates a dynamic social media platform to encourage students to learn multimedia
literacy skills. Instead of sitting in a lecture hall learning the skills, the students learn by
interacting in the community and creating their own social network pages (Corbett,
2010). During this task, the student would encounter concepts that are important to the
curriculum, but would not feel the negative effects associated with “boring” tasks. One
scenario in which engagement occurs is when game-like elements are included in a
learning session (Dickey, 2005; Saenz-Ludlow, 2006). This scenario creates a situation of

interest and motivation, which increases the attention to the task at hand. Students in a



state of engagement are potentially in a scenario where interest and motivation would be
increased, and would likely overcome the deficits associated with being disengaged (e.g.,
a decreased understanding of the topic).

The current dissertation assesses the validity of the claim that there is an observable
relation between game-like elements, individual differences in gameplay, and
engagement within a task. Few researchers have investigated these issues in a single
study, which presents an area ripe for investigation. This dissertation begins with a
description of engagement and its relation with game-like elements. Then a discussion of
the growing field of individual differences in gameplay and their interactions with both
game-like elements and engagement will be presented. To explore this research area,
three experiments were conducted that manipulate different scenarios of game-like
elements in order to determine the potential effects on engagement. This dissertation will
discuss the findings of these experiments and how they address the following research
questions. First, does adding game-like elements increase engagement within an ITS?
Second, do differing levels of pedagogical feedback in educational games affect
performance or engagement? Then finally, does varying the opponent difficulty produce
differing levels of engagement or achievement while playing an online educational game,
and do those differences depend on the player’s gamer type?

Engagement

It is well documented that students do not find educational tasks engaging (Ennis,
1999; Ennis et al., 1997; Marchese, 1998; Nystrand & Gamoran, 1991; Trout, 1997).
Interesting and stimulating tasks are considered engaging, though they are often not

related to education. However, when educational tasks are engaging, they typically



produce deep level comprehension (Fredricks, Blumenfeld, & Paris, 2004; Hedberg,
2003). In order to illustrate the difference between an engaged student and a disengaged
student, Nystrand and Gamoran (1991) presented a case of students shallowly performing
classroom activities with no regard for the actual outcome of their performance other than
simply completing “busy work.” The students expected the satisfaction of completion for
their performance regardless of the effort that they put forth. In this example, the
students’ goal was simply to get a completion grade. By contrast, when the authors find
that students are engaged, they are actively participating in learning tasks with the goal of
succeeding in learning specific tasks and skills. The authors described the students as
engaged because they were actively evaluating their performance and altering their effort
to achieve a predefined goal.

As Nystrand and Gamoran (1991) point out, students are rarely engaged in the
classroom. Several possible explanations as to why students are not engaged in the
classroom include the task, the environment, and the characteristics of student. First,
students may not be engaged due to the absence of an interesting task. As pointed out by
Hedberg (2003), an engaging task is expected to involve giving the learners the
opportunity to assess their own understanding as opposed to sitting in a classroom simply
waiting to be given the information.

A second possible explanation for a lack of engagement might be that there is a
lack of external motivation within the classroom environment. Specifically, the student’s
environment might not require the student to be motivated. For example, the reward
structure in a classroom may not be conducive to engagement. In particular, some

classrooms may reward students with free time, while others may reward students with



enhanced classroom materials. These two environments may produce widely varied
responses from students.

Finally, the third possible cause for students’ lack of engagement is a lack of
intrinsic motivation. Intrinsic motivation does not rely on any external cues and typically
is driven by the student’s interest or enjoyment in the task (Deci, 1975). Research has
shown that over time, students’ intrinsic motivation towards academic tasks wanes
because of a wide variety of reasons (e.g., Anderman & Maehr, 1994; Harter, 1981).
Because individual differences such as intrinsic motivation vary greatly between
students, experimental manipulations likely cannot focus on making the student more
internally motivated. Instead, effective motivation manipulations may need to focus on
external, curriculum-based manipulations. There is little doubt that students have a
difficult time becoming engaged on their own, but there is reason to be optimistic. For
example, engagement perspective literature suggests that under some circumstances (e.g.,
social status, teacher relationship), engagement can significantly increase (Elsacker-Bok,
2002). But, if students have to struggle too much, then they will disengage (Guthrie,
1997; Guthrie & Alao, 1997).

Carini, Kuh, and Klein (2006) investigated the link between student engagement
and academic achievement. The purpose of their study was to determine the link between
the two factors on a large scale. The sample consisted of 1,058 college students. Self-
report engagement scores were compared to the RAND test and a writing subset of the
GRE (Klein, Kuh, Chun, Hamilton, & Shavelson, 2005), as well as standardized SAT and
GPA scores. All scores were converted to a standardized SAT metric. Carini et al. (2006)

found that these academic measures were often positively related to student engagement



measures, supporting the notion that student engagement is positively linked to academic
traits such as critical thinking and grades. However, these relations are typically in the
form of weak correlations and regressions that account for minimal amounts of the
overall variance. While previous research (Ewell, 2002) presents weak relations between
engagement and academic achievement, Carini and colleagues established that there is a
reliable relation that can be used as the foundation for further study.

Porter (2006) also explored the relation between engagement and academic
performance as well as possible interactions with individual differences. During the
study, 5,114 students in 329 different universities responded to a survey about their
engagement and academic performance. Porter operationalized engagement as a student’s
response to a scale featuring items such as “Attended study groups outside of classroom”
and “Met with an advisor concerning academic plans.” The author concluded that the
results, though not directly supporting causation, indicated that SAT scores and academic
engagement are positively related. In addition, the results indicated that full-time
students, on-campus residents, students on financial aid, females, Blacks, Hispanics, and
science and humanities majors are more engaged than other students. Also, institutions
which spend more on student resources tend to have less engaged students, as students
have more resources available. Having more resources available allows the student to
disengage from the learning task as a whole, as having fewer resources would require the
students to work harder to accomplish their educational goals and requirements.
Essentially, a more challenging situation can be more engaging to a student. These
results suggest that engagement is affected by the task, the environment, and the

background of the student.



Bangert-Drowns and Pyke (2002) investigated student engagement while
interacting with educational software. The purpose of the study was to determine if
engagement could be judged consistently through qualitative observation. Three raters
were asked to judge engagement as one of seven different types (i.e., disengagement,
unsystematic engagement, structure-dependent engagement, self-regulated interest,
critical engagement, and literate thinking). These seven types of engagement were also
rated on the frequency of their occurrence. Students interacted with computer-based
tools, simulations, tutorials, games, and browsers. Teachers rated the student engagement
independently. An analysis of the ratings revealed that students exhibited functional (i.e.,
positive) forms of engagement with higher frequency than dysfunctional forms of
engagement (i.e., disengagement). Students enthusiastically engaged in computer-based
tasks in a manner that teachers were able to observe. This engagement is consistent with
literature that suggests that computerized or other digital media foster active engagement
for learning (Prensky, 2001).

The correlational evidence from these three studies (Bangert-Drowns & Pike, 2002;
Carini et al., 2006; Porter, 2006) supports the claim that challenging computer-based
games can increase engagement and, in turn, achievement. However, these effects could
likely depend on the characteristics of the individual. These previous results along with
the finding that students are more engaged by computerized activities (Prensky, 2001)
indicate that turning a learning activity into a computer-based game could be an effective

method for manipulating engagement and achievement.



Engagement and Performance

In recent years, the relations between engagement and performance have received
the attention of researchers in education and psychology (Jones, Valdez, Norakowski, &
Rasmussen, 1994; Schlechty, 1997). Simple studies in the field of memory have shown
that engagement can affect performance. First, Voogt (1987) investigated the relation
between engagement and performance in boys and girls and their computer literacy using
CAST, a Dutch version of the Minnesota Computer Literacy Awareness Assessment. The
boys’ and girls’ (N = 873) computer literacy was compared to their subject-specific
engagement. The author found that boys were more engaged and exhibited higher
computer literacy than girls. Second, Brandimonte and Passolunghi (1994) found that
performance on specific memory tasks (e.g., prospective memory tasks) was adversely
affected when the researchers introduced a task that required a shift in engagement away
from the memory task. Finally, Kirsch et al. (2002) compared 14-15 year-olds from
various countries using the PISA student questionnaire. They compared attitudes toward
reading achievement (i.e., attitude towards reading, reading performance) across all
students based upon a number of factors including engagement. The authors found that
regardless of the participants’ country of origin, engagement was the most important
factor associated with higher reading performance.

Although, these studies (Brandimonte & Passolunghi, 1994; Kirsch et al., 2002;
Voogt, 1987) do not address deeper level cognitive tasks, which rely on individual
differences such as prior knowledge and reading skill (Best, Rowe, Ozuru, & McNamara,

2005), they do suggest that engagement can directly affect performance on a wide range



of activities. As a result, developing activities with the specific purpose of capturing
student engagement would be an effective method for increasing classroom performance.
Serious Games

One such engaging activity might be a serious game. Serious games are games with
educational goals (i.e., subject matter, problem solving strategies, cognitive skills, social
skills) as their main objective (McNamara, Jackson, & Graesser, 2010; Michael & Chen,
2006). Serious games include the features of: rules, actions, uncertainty, and feedback.
Numerous researchers (e.g., Gee, 2003; Rieber, 1996; Shaffer, 2004) have established
how games and pedagogy are aligned. These games are intended to be an immersive
environment with clear problem solving goals (Shute, Ventura, Bauer, & Zapata-Rivera,
2009). These immersive environments have characteristics that promote intrinsic
motivation within the players; they are challenging, give the player control, and create
fantasy to create curiosity and engage the player (Lepper & Malone, 1987; Malone, 1981;
Rieber, 1996).

Many serious games incorporate a narrative style that allows the player to interact
in a multi-linear story-telling manner (Gee, 2004; Van Eck, 2007; Young, 2006). The
area of non-narrative serious games that focus on a short-term goal is a relatively
unexplored field. Serious games have the potential to be engaging to learners and lead to
more sustained learning in an educational setting (Gee, 2004; Steinkuehler, 2006; Van
Eck, 2007; Vorderer & Bryant, 2006). However, there is little research in the area of
serious games in comparison to the effectiveness of traditional ITS environments (O’Neil
& Fisher, 2004; O’Neil & Perez, 2003; O’Neil, Wainess, & Baker, 2005). Because

previous research has shown games to be engaging, the conclusion can be drawn that
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adding serious games into ITSs would likely increase engagement within the systems.

Based on the current trend towards computer games, researchers have been
investigating how to integrate computer games into classroom curricula (Annetta,
Murray, Laird, Bohr, & Park, 2006; Bowman, 1982; Bracey, 1992). By incorporating
serious computer games into the curriculum, educators are hoping to re-engage their
students by providing them with more attractive options for completing assignments and
objectives for the course.

Febretti and Garzotto (2009) investigated the relation between long-term
engagement and “long” computer games. They defined long-term engagement as the
degree of intentional, non-trivial use over an extended period of time. Long games are
those that are intended to engage the user for any amount of time longer than one session.
These games are often capable of being potentially unlimited in their gameplay (activities
within a game session). Febretti and Garzotto evaluated games based on engagement and
usability. Participants played the long games for 60-70 minute sessions, while observers
made qualitative observations (i.e., excitement, commitment, intensity) about their
engagement. The researchers found that engagement was weakly but significantly related
to usability factors (i.e., ease of navigation). This finding may indicate that usability
issues in long games could become distracting to the user. However, this finding does not
lead to direct conclusions about shorter games that would only last between five and ten
minutes. Whereas off-task activities may be extremely distracting in long games, these
off-task activities may be tolerable in shorter games. However, while playing serious

games, some of these distracting characteristics may be more problematic than others.
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Further research is required to determine which would be most detrimental to
performance.

Shute et al. (2009) made the claim that aspects of serious games can be found in
more common quest-type games such as Elder Scrolls IV: Oblivion. First, the authors
claimed that elements of persistence are demonstrated in character skill modification
tasks. When serious games allow players to create a character and modify the character’s
abilities, the player is then motivated to perform a task to greater lengths, even in the face
of failure, in order to gain useful skills for later gameplay. Second, there were elements of
problem solving in completing the various quests that are required in the game. Quest-
based games such as Oblivion require the player to explore all aspects of the game and
synthesize information from those aspects to progress through the game. For example, a
player may need to talk to a character to get information on where to find an item, then
go find the item using their abilities to navigate the world, and finally once they find the
item, use it to solve a puzzle. This scenario is not uncommon in quest-based games, but
exhibits positive problem solving skills that many serious games would strive to elicit
from a player. Finally, in many quest-based games, players engage in combat. Shute et al.
see combat as a means of practice in attention and multitasking. The authors consider
simple attention to the task at hand as something that serious games struggle to instill in
players. By intensively presenting players with multiple variables (e.g., enemies), players
must practice evaluating all possibilities and make decisions as to which is most
threatening. Combat can be seen as a simple entertaining task, but the authors claim that
serious game developers would be better served by considering the attention grabbing

nature of combat and the multitasking practice environment that combat affords.
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Shute et al. (2009) claim that the overall game environment not be centrally
important to the goals of the serious game. Instead, the specific skills and strategies that
the game is attempting to instill are likely the most crucial to the educational task and can
be implemented through multiple avenues. These avenues could be of varying durations
(e.g., Febretti & Garzotto, 2009; Young, 2006) and are intended to engage the student by
presenting more options for digesting a curriculum (Annetta et al., 2006; Steinkuehler,
2006; Van Eck, 2007; Vorderer & Bryant, 2006). However, the elements within a game
are likely very important to the overall gaming experience. Jefferson, Moncur, and Petrie
(2010) evaluated the effect of adaptive opponent difficulty on immersion and engagement
in a game using a survey designed to assess response to gameplay (Jennett et al., 2008).
The authors created a “constraint-based” game which required players to solve puzzles
given a predetermined number of parameters before each round started. The game
required participants to arrange blocks with each block needing to project a laser to
another block in a desired pattern. The lasers needed to all align between appropriate
blocks before the level was considered completed. The authors created an adaptive
difficulty system that took into account the previous trials for each user to set the
difficulty level for each new level. If participants were quickly completing the previous
levels, then the subsequent level would be more difficult by skipping the player ahead to
more difficult levels. If the participants were having difficulty completing the previous
levels, then the subsequent levels would be easier. The authors divided the participants
into two groups: one with the adaptive difficulty algorithms and one that simply allowed
participants to complete the levels in order. The authors found that there was a marginally

significant difference in the participants’ enjoyment of the game. Participants who played
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the game with the adaptive difficulty opponent showed a trend of enjoying the game
more than those who did not. These results indicate that the game environment as well as
the game characteristics are likely responsible for a portion of the overall reaction to the
game.

Individual Differences

The previous studies address the game as a whole. However, possibly the most
important aspect of the gameplay experience is the player. The predispositions between
the game players may be more powerful than the allure of the educational game.
Specifically, a student may not enjoy games overall, may not be engaged by educational
tasks, or may have a lower threshold for performance in an educational task. Therefore,
designing games with these differences in mind may lead to more effective serious
games.

Individual differences in gameplay. Individual differences in academic
predisposition have been shown to be very important in any learning activity (Braten &
Samuelstuen, 2004; Lorch et al., 1987; O’Reilly & McNamara, 2007). Therefore, any
effects of an educational manipulation, such as inclusion of serious games in a
curriculum, on engagement may depend on the individual characteristics of the game
player. Charlton and Danforth (2007) investigated the relation of addiction and
engagement in the context of computer games. The authors had players of an online
multiplayer game, Asheron’s Call, respond to a questionnaire that assessed both their
engagement and their addiction to the game (Charlton, 2002). The questionnaire
separated players into two categories: addicted players and highly engaged players.

Players who were both addicted and engaged played the game for 31.92 hours per week,

14



while players who were engaged, but not addicted, only played for 16.08 hours per week.
Because addiction led to such a large difference in gameplay, the results of this study led
to the conclusion that there is an observable difference in behavior between types of
computer game players. Specifically, these differences indicate that engagement can
manifest differently among different types of game players.

Individual differences in personality can also affect gameplay. Boone, De
Brabander, and van Witteloostuijn (1999) found that a game player’s personality type
could affect the way in which a player responds to the prisoner’s dilemma scenario
(Rapoport & Chammah, 1965). Boone et al. (1999) explored four different personality
traits (i.e., locus of control, self-monitoring, type-A behavior, and sensation seeking) to
determine if the personality traits would affect their behavior (i.e., cooperative vs.
competitive) while playing a competitive game. The researchers found that internal locus
of control, high self-monitoring, and high sensation seeking were all associated with
cooperative behavior, while the presence of a type-A personality decreased the
probability for cooperation in certain instances. This study supports the claim that
individual personality types can produce predictable patterns within a serious game.

Bartle (1996, 2004) also makes the claim that all game players follow predictable
paths depending on their gamer type. Bartle defines gamer type as a categorical set of
preferences for online gameplay. These gamer types are expected to engage in
predictable patterns of behavior during gameplay. Based on these gamer types
(Achievers, Explorers, Socializers, and Killers), game designers can expect players to
interact with their system in one of four ways. According to Bartle, Achievers tend to set

their own goals; Explorers like to elicit all possible system responses; Socializers tend to
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enjoy interacting with other players; And Killers tend to dominate all other players. These
actions taken by each gamer type are expected to be systematic in nature. For example,
when taking into account player attrition, some gamer types would likely quit games that
they find to be too challenging. However, different types of game players could meet a
challenge with different responses.

Based on the characteristics outlined by Bartle (1996, 2004), each gamer type is
expected to respond in a different manner to challenges within online multiplayer games.
Achievers are interested in gaining points and levels within the game. Explorers are
interested in exposing the internal mechanisms of the game. Socializers are characterized
by wanting to hear what other players have to say during the game. Killers are
characterized by imposing their will on other players. Bartle claimed that these gamer
types would dictate the interactions within, and ultimately the outcome of gameplay
sessions. For example, Killers tend to easily dominate Achievers. However, Killers need
a challenge in a game. If the challenge is not there, then the Killer will likely disengage
from the game. Bartle’s research suggests that individual differences in gameplay
personality can affect the actual gameplay. These players even respond differently to
events within the game. For example, Achievers like to gain status icons that often have
little or no consequence to the game goals. Explorers quickly learn and exploit tips and
tricks about a game. Bartle’s results also indicated that Killers prefer to battle with human
players as opposed to computer-based players and enjoy causing mayhem among
opponents. Finally, Socializers enjoy interacting with other players in the game. While it
is clear that gamer types have predictable behaviors, the research is unclear as to what

events trigger these behaviors. Likely, these events are related to the amount and type of
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challenges the game presents to the player. Too much of a challenge could cause some
players to disengage, while too little challenge could cause others to disengage. Further
study could investigate the possibility of gamer type and their response to challenges
within a game.

The previous literature indicates that engagement and performance can be affected
by the type of task being performed (Charlton & Danforth, 2007; Febretti & Garzotto,
2009) and the personality of the gamer (Boone et al., 1999). Specifically, games have
characteristics that lead to engagement (Dickey, 2005). However, the effects associated
with the engaging characteristics are likely subject to individual differences in gameplay.

Individual differences and engagement. Available research suggests that there
is another plausible explanation for the relation between engagement and performance.
As mentioned previously, studies have indicated that engagement is clearly linked with
performance (Kirsch et al., 2002; Voogt, 1987). Furthermore, a dominant stance in
current literature is that individual differences in personality play an important role in
engagement (Klein et al., 2005; Langelaan, Bakker, Schaufeli, & van Doornen, 2006).

A study that addressed the potential link between engagement, performance, and
individual differences in personality was conducted by Pintrich and De Groot (1990). The
researchers had 173 students respond to a self-report questionnaire assessing their
motivation, cognitive strategy use, metacognitive strategy use, and management of effort.
The self-report responses were combined into factors of self-efficacy, intrinsic value, and
test anxiety. The researchers found that self-efficacy and response to challenge were
related to cognitive engagement and academic performance. These findings indicate that

there is an observable link between performance and engagement and that they were
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affected by challenge. However, these measures are correlational and point to the need
for replication of these types of results with more direct measures such as a controlled
manipulation of engagement. Pintrich and De Groot’s (1990) results suggest that not only
are engagement and performance related, but together, are affected by individual
differences in personality. More specifically, the results provide evidence that
challenging situations may affect engagement and performance.

Drawing from the results of Pintrich and DeGroot’s (1990) study, a possible
hypothesis is that when students with high self-efficacy encounter a challenging task,
they are likely to become more engaged because they have a higher tolerance for success.
However, if a student with low self-efficacy were given a challenging task, they may
disengage and therefore not perform well. When students are presented with a
challenging situation in a game environment, their engagement or disengagement will
likely depend on their predispositions to games or gameplay style. The engagement or
disengagement is particularly important in educational settings as serious games are
being integrated in the curriculum.
iSTART

The current challenge is to create a more engaging educational task by adding
game-like elements to educational tasks in an ITS. The ITS that will be used in the
following experiments is iSTART (Interactive Strategy Training for Active Reading and
Thinking). iISTART is an ITS created to teach reading strategies and improve students'
reading comprehension. The iISTART system, originally modeled after a classroom-based
program called SERT (Self-Explanation Reading Training: McNamara, 2004; McNamara

& Scott, 2001; O’Reilly, Best, & McNamara, 2004), has consistently matched the gains
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found in studies based on the human-based SERT program (Magliano et al., 2005;
O’Reilly, Sinclair, & McNamara, 2004; O’Reilly, Best, & McNamara, 2004). iSTART is
designed to be an automated, self-paced, and adaptable system that can be distributed to
any school or individual with access to the Internet. To accomplish this goal, iISTART
combines the use of pedagogical agents and underlying automated linguistic analysis to
engage the student in an interactive dialog and create an active learning environment
(Bransford, Brown, & Cocking, 2000; Graesser et al., 2005; Graesser, Hu, & Person,
2001; Louwerse, Graesser, & Olney, 2002). The following sections describe the iSTART
components utilized in the current study.

iSTART training. iSTART training consists of an introduction module followed
by demonstration and practice module. The format of the iSTART introduction is a
trialogue between an animated teacher and two animated students. During the iSTART
introduction module, participants are given a general description of self-explanations and
taught five specific strategies for producing self-explanations. The five strategies are
comprehension monitoring (being aware of your level of understanding about the text),
paraphrasing (restating what you read in your own words), prediction (making an
educated guess about what the text might say next), elaboration (adding your own world
knowledge to what you are reading), and bridging (making logical connections between
ideas in the text). Participants are given an example of each strategy to help understand
how to use them. During the training, the teacher agent describes a strategy and the
student agents ask questions and give an example of that strategy use for the teacher

agent to correct. During this module, users are instructed on what the strategies are, when
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they need to use the strategies, and why the strategies will help with their overall reading
comprehension.

The demonstration module features a teacher and a student agent producing self-
explanations and requires the student to identify the strategies used in each. The
demonstration module features two different agents: Merlin and Genie. The teacher agent
(Merlin) gives instruction to the student agent (Genie) before, during, and after each
example self-explanation produced by Genie. Each time Genie produces a self-
explanation, the student (user) is asked to identify the strategy used in the self-
explanation as well as in what part of the text and self-explanation the strategy is being
used. This module is adaptive to the student’s skill level and provides more assistance
after repeated poor performance. The student is given assistance by further explaining the
strategies or reducing the number of choices for identifying the strategies used. The
demonstration module also increases the difficulty as performance increases. To increase
the difficulty, more choices are given for identifying strategies, as well as locating where
strategies are being used.

Finally, in the iISTART extended practice module, users begin to generate self-
explanations on their own. The extended practice module in iSTART allows users to
work with the system over a long-term interaction (over the course of a semester) and
receive adaptive feedback for each self-explanation that they produce. This interaction
requires time and practice, but fosters the development of deep knowledge. The mastery
of content and learning strategies that will generalize to multiple contexts and tasks does
not happen in hours, but rather in weeks, months, or even years. Proficiency in content

and strategies requires multiple sessions, across months of time (Jackson, Boonthum, &
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McNamara, 2010; Newell & Rosenbloom, 1981). However, over time, this extended
practice can become boring and tedious to users, particularly for those who need tutoring
the most (Bell & McNamara, 2007). Because of the nature of the task, activities that
increase or promote engagement are much needed. However, these engaging activities
must not detract from learning or achievement within the system.

iSTART Coached Practice Module. The iSTART Coached Practice module (see
Figure 1) is the original version of the iISTART extended practice module. Participants
are presented with the text in the text box (upper left), type their response in the self-
explanation box (lower right), and given points-based feedback (lower left) which is
tracked through the entire session (upper right). Participants are guided through practice
by Merlin, an animated wizard who provides qualitative feedback for user-generated self-
explanations. Merlin reads sentences aloud to the participant and then asks the participant
to self-explain each target sentence. After the participant completes each response,
Merlin provides feedback on the quality of the self-explanation based on automatic
algorithms that assess length, similarity, and overlap with the target text. The algorithm
also assesses the answer based on outside information and returns a score to the
participant that ranges between zero and three (McNamara, Boonthum, Levinstein, &
Millis, 2007). Self-explanation quality is assessed through computer-based algorithms
that compare the response to the current target sentence, the previous sentences in the
text, as well as the relevant topic information pertaining to the text. Self-explanations are
evaluated using a combination of LSA and lexical approaches. Responses that feature
either bridging to previous information in the text or elaboration by adding relevant

outside information receive a higher self-explanation quality score. Coached practice also

21



returns iISTART points ranging from 0-70, which are based on the self-explanation

quality score (originally 0-3) and the participants’ consistency (streak).

/2 http://newmatrix.cs.odu.edu:9024 - Practice - Microsoft Internet Explorer
L LOG OFF ]
Passage History of Your Self-Explanations

Sent 2: 1 dor;'t know what cumulonimbus mean - [10 pts]
Stages of Thunderstorm Deve|opment Sent 2: T don't know what cumulonimbus mean. but I think this is a
ype of large hugh cloud that will result in thunderstorm - [10 pts]

o i ~ Sent 3: The cumolunimbus clouds are cause by heat from the earth
All thunderstorms have a similar life history. Thunderstorms surface. And I guess the hotter it is, the more clouds - [50 pts]

start with the development of large cumulonimbus clouds.
This process is facilitated by high surface
temperatures.
The cumolunimbus clouds are cause by heat from

he earth surface. AndlIEEERGELEI S GG

more clouds

Finish |

ot
Great

explanation is Poor OK
Final points on last self-explanation: 50

-

Your total iSTART points for this text: 70

NEXT REPEAT
STRATEGY REVIEW Go To Selection Menu
[&] Applet checksE started [ [ [ [ mntemet 4

Figure 1. Coached Practice

Showdown. Showdown (as seen in Figure 2) is a game-based practice module.
Participants compete against a computer player to win each sentence by writing better
self-explanations. Participants are guided through the game by text-based instructions
(generated by “Mr. Smiley” at bottom). Each text is presented one target sentence at a
time (center). After the participant completes each self-explanation, the computer scores
the self-explanation on a scale of 0-3 (using the same algorithm as Coached Practice) and
displays the score as stars (on right) along with iSTART points (0-70; top left). The

opponent’s self-explanation is also presented and scored (0-3). Opponent self-
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explanations are randomly selected from a database of user-generated self-explanations.
The self-explanation scores are compared and the player with the highest score wins the
sentence. In case of a tie score, the player is given another target sentence worth two
sentences instead of one. The player competes against their opponent until all target
sentences within a text are complete. The player who wins the most sentences (displayed

at top as sentences won) at the end of the game is declared the winner.

Player 1 (You) Sentences Won: Player 2 Sentences Won:

iSTART Points:

¢ @ . Player 1 wins this point.

Figure 2. Showdown

Feedback
Both Coached Practice and Showdown feature a feedback system for self-
explanation quality. Coached Practice provides feedback to the participant both in speech

and text bubbles, and as a skill bar at the bottom of the module (as seen in Figure 1).
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Appendix 3-C. General consent form (for College students participating in a multi-
session experiment)

Investigator: Dr. Danielle McNamara
Department of Psychology
The University of Memphis
Title: iISTART: Interactive Strategy Training for Active Reading and Thinking

L , hereby agree to participate as a volunteer in the above
named research project.

The purpose of this study is to investigate the role of reading strategy use in the
comprehension of written material, and how the use of reading strategies varies across
different kinds of readers (e.g., readers with low and high background knowledge). You
will complete a series of tasks assessing reading, thinking, and memory skills. The
information gathered in this project will help psychologists to understand reading
comprehension processes.

I understand that the information collected in this study will be kept confidential within
the limits of the law.

I understand that at any time I am free to refuse to participate or answer any question
without prejudice to me, that I am free to withdraw from the experiment at anytime, and
that The University of Memphis does not have any funds budgeted to compensate for
injury damages, or other expenses.

I understand that this study consists of 14 sessions and that each session will last
approximately 60-90 minutes. I also understand that I will be compensated for my time at a

rate of $8 per hour, with an additional compensation of $50 upon completion of the 14" session.

I understand that by agreeing to participate in this research and signing this form, I do not
waive any of my legal rights.

Signature

Student Number

Today’s Date

If you have any questions regarding research participants’ rights please contact the Chair
of the Committee for the Protection of Human Research Participants at 678-2533. If you
would like information about alternative ways of obtaining research credit, please see the
subject pool coordinator.
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Appendix 4. Informed Consent for Teachers

INFORMED CONSENT DOCUMENT

The purposes of this form are to give you information that may affect your decision
whether to say YES or NO to participation in this research, and to record the consent of
those who say YES.

TITLE OF RESEARCH: iSTART: Interactive Strategy Training for Active Reading
and Thinking

RESEARCHERS: Dr. Danielle S. McNamara, Ph.D., Associate Professor, Psychology
Department, University of Memphis
Phone: 901-678-3803 Email: dsmcnamaral @gmail.com

DESCRIPTION OF RESEARCH STUDY:

The appropriate description for the study will be outlined for a particular study.

The description include: purpose of the study, times of the year in which testing will be
scheduled, duration of the study, number of students to be tested, assignment of students
to different conditions within a class, the nature of materials included in the study, etc.

RISKS AND BENEFIT:

RISKS: There are no identified risks for participating in this research. However, as
with any research, there is some possibility that you may be subject to risks that have not
yet been identified.

BENEFITS: The main benefit to you for participating in this study is that you will
contribute significantly to our knowledge of the relationships between teacher’s use of
strategies and student performance.

CONFIDENTIALITY:

Within the limits of the law, the researchers will take reasonable steps to keep private
information, such as performance on test measures and course performance confidential.
The researcher will remove identifiers from the information and store information in a
locked filing cabinet prior to its processing. The results of this study may be used in
reports, presentations, and publications; but the researcher will not identify you. Of
course, your records may be subpoenaed by court order or inspected by government
bodies with oversight authority.

WITHDRAWAL PRIVILEGE:

It is OK for you to say NO. Even if you say YES now, you are free to say NO later,
and walk away or withdraw from the study -- at any time. Your decision will not affect
your relationship with your school, or otherwise cause a loss of benefits to which you
might otherwise be entitled. The researchers reserve the right to withdraw your
participation in this study, at any time, if they observe potential problems with your
continued participation.
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COMPENSATION FOR ILLNESS AND INJURY:

If you agree to participate, then your consent in this document does not waive any of
your legal rights. However, the University of Memphis does not have funds budgeted for
compensation for injury, damages, or other expenses. If at any time you feel pressured to
participate, or if you have any questions about your rights or this form, then you should
call the Chair of the Committee for the Protection of Human Research Participants at
(901) 678-2533.

VOLUNTARY CONSENT:

By signing this form, you are saying several things. You are saying that you have
read this form or have had it read to you, that you are satisfied that you understand this
form, the research study, and its risks and benefits. The researchers should have
answered any questions you may have had about the research, If you have any questions
later on, then the researchers should be able to answer them:

Dr. Danielie S. McNamara, 901-678-3803

If at any time you feel pressured to participate, or if you have any questions about
your rights or this form, then you should call the Chair of the Committee for the
Protection of Human Research Participants at (901) 678-2533.

Note Well: By signing below, you are telling the researcher YES, that you agree to
participate in this study. The researcher should give you a copy of this form for your
records.

Participant’s Name Participant’s Signature Date

INVESTIGATOR’S STATEMENT:

I certify that 1 have explained to this subject the nature and purpose of this research,
including benefits, risks, costs, and any experimental procedures. I have described the
rights and protections afforded to human subjects and have done nothing to pressure,
coerce, or falsely entice this subject into participating. I am aware of my obligations
under state and federal laws, and promise compliance. 1 have answered the subject's
questions and have encouraged him/her to ask additional questions at any time during the
course of this study. T have witnessed the above signature(s) on this consent form.
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