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Abstract. The McLearn Lab at Carnegie Mellon University (CMU) first designed and
developed the artificial intelligence (Al) in education learning game, Decimal Point, in 2013 and
2014 to support middle school children learning decimals and decimal operations. Over a period
of 10 years, the McLearn Lab has run a series of classroom experiments with the game,
involving over 1,500 elementary and middle school students. In these studies, we have explored
a variety of game-based learning and learning science principles and issues, such as whether
the game leads to better learning — demonstrated learning gains from a pretest to a posttest
and/or a delayed posttest' — than a more traditional online instructional approach; whether
giving students more agency leads to more learning and enjoyment; whether students benefit
from hints and error messages provided during game play; and what types of prompted self-
explanation lead to the best learning and enjoyment outcomes. A very interesting finding also
emerged during the variety of experiments we conducted: the game consistently led to a gender
effect in which girls learned more from the game than boys. In this chapter | will discuss the
current state of digital learning games, how we designed and developed Decimal Point, the
technology it is built upon — including Al techniques — and the key results of the various
experiments we’ve conducted over the years. | conclude by discussing the important game-
based learning take-aways from our studies, what we have learned about using a digital
learning game as a research platform for exploring learning science principles and issues; and
exciting future directions for this line of research.

1. Introduction

Digital learning games are omnipresent and embraced by many educators and K-12 schools in
the U.S. and around the world. Countless schools use digital learning games as a regular part of
instruction (Juraschka, 2019). Such games span many topic areas, including math, science,
language, and social science. Some examples of commonly used learning games include Math
Blaster (https://en.wikipedia.org/wiki/Math_Blaster!), one of the oldest learning games, first
publicly distributed in 1983. Math Blaster offers skill-building games in basic math for first- to
sixth-grade students. Legends of Learning (https://www.legendsoflearning.com/) is a
commercial organization that offers more than 2,000 math and science games for grades K-8
across more than 350 learning objectives. Free Rice (https://freerice.com/home) is a website
with a trivia learning game, spanning a variety of content, such as English vocabulary, grammar,
geography, and literature, that is designed to help kids learn and, at the same time, support
donations of rice and other goods to third world and developing countries. A few of the many
other learning games that are commonly seen and used in K-12 classrooms (and beyond)
include Cool Math 4 Kids (Math), Math Playground (Math), Brain Pop (Science), Oregon Trail
(History/Social Studies), and Duolingo (Language).

' All mentions of 'better learning', 'more learning' or 'learning benefits' throughout this chapter precisely
means this: learning gains from a pretest to a posttest and/or a delayed posttest.
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Taking notice of the burgeoning use of digital learning games during the many classroom
studies my lab, the McLearn Lab, conducted with intelligent tutors in middle and high school
math and science classrooms between 2006 and 2013 (Adams et al., 2012; 2013; Aleven et al.,
2010; McLaren et al., 2008; 2011a; 2011b; 2012; 2014a; 2014b; Roll et al., 2011; Walker et al.,
2007), | became interested in exploring the learning benefits of digital learning games. It was
clear to me that teachers believe in the educational value of learning games and most of these
games are highly engaging to students. However, the question | asked myself was: Do digital
learning games really help students learn?

In short, the enthusiasm about and proliferation of digital learning games made me curious
about their efficacy. What | found was that the evidence was very limited at the time of my initial
classroom observations. There was some evidence that games can lead to more engagement
and learning than conventional instructional technology, but evidence across subjects, and in
particular in the domain of mathematics, was lacking (Honey & Hilton, 2011; Mayer, 2014;
O’Neil & Perez, 2008; Tobias & Fletcher, 2011). In 2014, Richard Mayer, one of my
collaborators, published a book that carefully evaluated the scientific evidence that learning
games provide more learning benefits than traditional instructional approaches (Mayer, 2014 -
so-called media comparison studies). At that time there had only been five rigorous studies —
those that used a controlled experiment with a comparison and measured objective learning
outcomes (versus enjoyment or other subjective measures) — of digital learning games in
mathematics. Of those, only three showed learning benefits for the games, with a negligible
effect size of 0.03%.

These results — or more specifically, the lack of conclusive results — piqued my interest and led
me to start a digital learning games research agenda, beginning in 2013. Given that | had
already done extensive research with intelligent tutoring systems in math classrooms, it was
largely a matter of switching the instructional mechanism from intelligent tutors to digital learning
games for math. We focused on middle school math — and, in particular, decimals and decimal
operations — as we had in prior studies with tutoring systems (Adams et al., 2012; 2013; Isotani
et al., 2010; McLaren et al., 2012). My lab carefully reviewed the literature on learning games for
math (Chang et al. 2012; Mayer, 2014; Van Eck & Dempsey, 2002) and game design (Schell,
2008), and began to design and develop a new math learning game. This chapter discusses
that journey, the game we created, what we discovered in studies with the game, and where we,
as a learning games community, are headed.

The first and primary emphasis of the chapter is an overview and discussion of the many and
varied studies the McLearn Lab has conducted with Decimal Point, the learning game my lab
designed and developed. Besides the game-based learning studies my lab has done with
Decimal Point, our decade of experimentation has also led to some insights about using

2 In the intervening years there have been many more studies of learning games in STEM subjects, and
in particular mathematics, with a higher effect size in game to non-game comparisons (Hussein et al.,
2022; Wang et al., 2022).



educational technology — and in particular a learning game — as a platform for exploring learning
science issues and principles. That is the second emphasis of the chapter.

Because this is quite a long chapter, and not all readers are likely to be interested in all aspects
of my lab’s work with Decimal Point, here are some recommendations on how to read the
chapter. For readers interested in learning only a bit about digital learning games, the Decimal
Point game in particular, and the general results we’ve found from our many classroom studies
over the past decade, | recommend reading section 2 (“Background on Digital Learning
Games”), section 3 (“Decimal Point: A Digital Learning Game for Middle School Mathematics”),
and Table 1 at the beginning of section 4 (“Experiments with the Decimal Point Learning
Game”), which summarizes all of the studies we’ve conducted. For the reader seeking a bit
more depth, perspective, and understanding of the impact of the Decimal Point results, |
suggest also reading the final three sections — 5 (“Key Take-Aways: Digital Learning Game
Findings”), 6 (“Key Take-Aways: Use of a Digital Learning Game as a Research Platform”), and
7 (“Conclusions”) — which highlight the key take-aways about the studies and use of the game
as a research platform, as well as conclusions and future directions. Finally, for readers
interested in digging into details about the many results my lab has gotten with the game, |
recommend reading the entire chapter, including the lengthy section 4, which summarizes all of
the classroom studies we’ve conducted.

2. Background on Digital Learning Games

A substantial segment of the global population actively participates in digital gaming, a trend
that spans various age groups. According to a report from TrueList (2023), approximately 3.26
billion people worldwide play video games with 41% of the world population estimated to be
playing or have played a video game. The NPD Group, a leading market research organization,
reports that video or digital gaming attracts 73% of children aged two and above (NPD, 2019).
Gaming is most popular among the 18-34 age group in the United States, accounting for 36% of
gamers, yet, at the same time, 24% of gamers are under the age of 18 (PlayToday, 2023), the
population targeted in our work.

In summary, these findings underscore the widespread impact of digital games on recreational
activities, particularly among younger people. Hence, there exists a clear rationale for
leveraging games as tools to support learning, given their already widespread popularity among
people in general and children in particular. Moreover, the evidence strongly suggests that
digital games possess a high degree of engagement and motivation for children, which is
evident in their sustained and prolonged play (Johnston, 2021). The challenge lies in seamlessly
integrating instructional content into gameplay to facilitate effective learning outcomes.

In fact, there is a natural tension in digital learning games between engagement and learning.
Table 1, taken from a Mayer and Johnson (2010) game-based learning paper, shows the pitfalls
and potential of digital learning games crossed against game features and instructional features.
This, to my knowledge, is one of the best depictions of the trade-offs between engagement and
enjoyment, on one hand, and the educational efficacy of digital games, on the other hand.



Potential and pitfalls of game features and instructional features in computer games
for learning

Game features Instructional features

Potential ~ Game features can promote Instructional features can promote
motivation to learn (increasing learning (increasing essential and
generative processing) generative processing)

Pitfalls Game features can diminish Instructional features can
learning (increasing extraneous  diminish motivation to learn
processing) (decreasing generative processing)

Source: Adapted from Mayer & Johnson (2010).

Table 1: The trade-offs between game and instructional features (Used by permission)

In short, game features can be engaging and motivating but also potentially distracting, thus
diminishing learning. On the other hand, instructional features, designed with a primary focus on
facilitating learning, can promote student learning but can also be boring, thereby reducing
motivation. Thus, the dynamic interplay between engaging game features and purposeful
instructional elements presents an ongoing challenge in learning game design, demanding
thoughtful design to maximize the benefits while mitigating potential drawbacks.

There are a variety of theories often cited for the benefits of learning games. For instance, flow
theory — which posits that people can become so engaged that time passes quickly and
concentration and enjoyment are deeply felt — is often cited as a reason for the benefits of
games (Czikszentmihalyi, 1990; 1975; Johnston, 2021). Flow induces focused concentration
and total absorption in an activity, which may in turn support better learning by enhancing
engagement and persistence. Another oft-cited theorist and proponent of game-based learning,
James Gee, has put forth 36 key principles of learning with games, including an “Active
Learning” principle and a “Committed Learning” principle (Gee, 2003; 2007).

One of the earliest theorists of learning with games was Malone (1981), who discussed how
games often trigger intrinsic motivation, employing game features such as fantasy, curiosity,
and challenge. He emphasized that the immersive nature of games taps into individuals'
intrinsic desires for autonomy, competence, and relatedness, aligning with Deci and Ryan’s self-
determination theory (Deci & Ryan, 1985; Ryan et al., 2006). Malone's insights add depth to the
understanding of how games fulfill psychological needs, making them powerful tools not only for
education but also for personal development. Other relevant theories are Piaget’s view that play
is integral to a child’s cognitive development. Piaget's theory, outlined in his seminal work "Play,
Dreams, and Imitation in Childhood" (1962), posits that play is not just a recreational activity but
an essential component of a child's intellectual growth. Vygotsky’s perspective that a child’s
motivation to play is related to the “Zone of Proximal Development” (ZPD - Vygotsky, 1978)
further highlights the interconnectedness of play, cognitive growth and learning. These
developmental theories underscore the importance of games in fostering intellectual and social
skills during crucial stages of childhood. Moreover, the role of emotions in engagement and



game-based learning is explored by Loderer and colleagues (2019). Their work explores the
intricate connection between emotional experiences and effective learning within a gaming
context, casting light on how games can be powerful tools not only for transmitting knowledge
but also for shaping positive emotional responses that enhance the learning process. These
diverse theories provide a comprehensive framework for appreciating the benefits of
incorporating games into educational settings.

Given these learning theories about flow, motivation, and emotion as a foundation, educational
technology researchers, including myself, have investigated various ways to inject the learning
of traditional academic subjects, and the theory behind that learning, into digital games (see
e.g., Benton et al., 2021; Cheng et al., 2017; Hooshyar et al., 2021; Lomas et al., 2013;
McLaren & Nguyen, 2023; McNamara et al., 2010; Shute et al., 2019). For instance, Habgood
and Ainsworth (2011) explored how to leverage intrinsic motivation (Deci, 1975) in a game
context to create what has been called intrinsic integration — tightly integrating instructional
content with game mechanics (Kafai, 1996). Meta-analyses of digital learning games in recent
years have reported positive learning results (Clark et al., 2016; Hussein et al., 2022; Mayer,
2019; Wouters & van Oostendorp, 2017). For instance, Clark et al. (2016), in a review of 69
rigorous, empirical studies (filtered from over 1,000 studies reported in published papers), found
that digital learning games were associated with a 0.33 standard deviation improvement in
learning over non-game comparison conditions. In addition, motivational and affective benefits
of digital learning games have also been supported in some meta-analyses. For instance,
Sitzmann (2011) found self-efficacy was higher when learning with games (average d = 0.52).

3. Decimal Point: A Digital Learning Game for Middle School Mathematics

The McLearn lab, along with CMU colleague Jodi Forlizzi, designed and developed the Decimal
Point learning game, which operates using an amusement park metaphor (Forlizzi et al, 2014;
McLaren et al, 2017a). We used playtesting design concepts (Walsh, 2009; Yafiez-Gomez et
al., 2017) to conceptualize and design the game (Forlizzi et al., 2014). For instance, we used a
co-design process in which students acted as producers, rather than consumers, in the early
stages of our design work. The co-design sessions involved 32 sixth grade children over
multiple sessions. Those sessions also prompted input from students on both known and
established games, as well as presenting the students with preliminary concepts we had
devised for them to review. Some of the key ideas that emerged from our sessions with these
children were:

e Students mentioned 54 different games, with their top choices being Minecraft, Angry
Birds, Temple Run®;

e The students particularly liked games with familiar, real-world metaphors; and

e Students liked the obstacle course concept best.

3 Of course, this survey was conducted in 2014 when there were many different games than there are
today. It would be interesting to see how this may have changed in the intervening years.



In general, the feedback we collected led us to the idea of an amusement park game (i.e., a
familiar metaphor) with a series of “mini-games” (i.e., similar to obstacle courses, with multiple,
different obstacles).

In the Decimal Point game, students “travel” through the theme park playing a variety of mini-
games that help them learn (and reinforce their knowledge of) decimal concepts and operations,
such as place value, comparing decimal magnitude, placing decimals on a number line and
adding decimals. In the base version of the game, students follow the dashed line of the
amusement park map, playing mini-games in sequence, as shown in Figure 1. For each mini-
game, the student is prompted to play that game twice, each time with a different specific
decimal problem. Across 24 mini-games, students play a total of 48 mini-game problems
throughout the entire amusement park. A group of fantasy, non-player characters (NPCs)
encourage students to play, congratulate them when they correctly solve problems, and provide
feedback when they make mistakes.
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Figure 1: The Decimal Point learning game and fantasy characters that are part of the game

There are a wide variety of mini-games within Decimal Point, each designed to support students
in learning one of following five decimal operations:

Addition of decimal numbers (addition mini-games - Figure 2 shows an example)
Placing decimals in less-than and greater-than “buckets” (bucket mini-games - Figure 3)
Placing decimals on a number line (number line mini-games - Figure 4),

Sorting decimals in less-than or greater-than order (sorting mini-games - Figure 5),
Completing sequences of decimals, given the first three numbers in a sequence
(sequence mini-games, e.g.,0,0.4,0.8, _ , - Figure 6).
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Figure 2: An addition mini-game  Figure 3: A bucket mini-game
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Figure 4: A number line mini-game
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Figure 6: A sequence mini-game

The game is embedded within a narrative designed to contextualize the math work, and the
NPCs serve as guides and cheerleaders throughout the game. The narrative of Decimal Point
provides elements of fantasy (Malone, 1981; Malone & Lepper, 1987), which is important in
supporting student engagement in the early phases of interest and domain development, when
students do not have enough knowledge to have developed intrinsic interest in a topic (Hidi &



Renninger, 2006). This narrative also provides context for the utility of the mathematics that
students are learning — and for why they are performing various problem-solving activities — a
strategy that is important since it allows students to connect new knowledge to established and
current knowledge (Noél et al., 2008). This connection of new to old knowledge may, in fact, be
particularly important for overcoming misconceptions, which is critical for learning (Bransford et
al., 2000).

All of the 24 mini-games and 48 problems in Decimal Point are built using learning science
principles. For instance, each mini-game problem targets an established decimal
misconception, such as “longer decimals are larger” (Glasgow et al, 2000; Isotani et al., 2010;
Irwin, 2001; Stacey et al., 2001). This misconception occurs when kids think that, for instance, a
decimal such as 0.213 is greater than 0.51 simply because the former decimal is longer (see,
for instance, what the student in Figure 3 has done). This misconception likely occurs because
kids learn decimals after whole numbers, a domain in which the “longer is larger” heuristic
works. Self-explanation, one of the most robust and widely studied learning science principles
(Chi et al., 1989; Chi et al., 1994; Darling-Hammond et al., 2020; Wylie & Chi, 2014, Rittle-
Johnson & Loehr, 2017), is also prominently used in the game. After solving the problem
correctly in each of the mini-games, students are prompted to self-explain their solution. For
instance, see Figure 7, which shows the self-explanation step for the sorting mini-game in
Figure 5. The default prompted self-explanation step is a multiple-choice question, which has
been argued to be minimally disruptive to gameplay while still injecting the learning benefits of
self-explanation (Johnson and Mayer (2010); however, one of our studies explored other forms
of prompted self-explanation, such as focused and open-ended self-explanations (McLaren et
al., 2022a).
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Figure 7: Prompted self-explanation after the sorting mini-game of Figure 5

The mini-games of Decimal Point are essentially self-contained “intelligent tutors,” built with the
Cognitive Tutor Authoring Tools (CTAT), a widely used authoring tool developed by Aleven et



al. (2016). The game runs on the Internet (originally implemented in Flash, and later ported to
HTML/JavaScript) and takes advantage of tools that have been developed at Carnegie Mellon
University, such as the TutorShop (Aleven et al., 2009) and DataShop (Koedinger et al., 2010).
The TutorShop is how we deploy Decimal Point on the Internet, while the DataShop is how we
capture and analyze student data. We designed and developed reusable, aggregated sets of
CTAT components for Decimal Point; these support game mechanics that are shared across
the mini-games. This approach supports shared interactions and stylistic elements across the
mini-games and provides a consistency in presentation and interaction.

Artificial Intelligence techniques were used in the development of Decimal Point and in the
studies we have run with the game. For instance, we implemented adaptive learning (Aleven et
al., 2017) and Bayesian Knowledge Tracing (BKT - Corbett & Anderson, 1994) in the game for
one study (Hou et al., 2020; 2022). We’ve also used educational data mining techniques to build
detectors of cognitive, behavioral, and affective aspects of learning to analyze game play (Baker
et al., under review; Mogessie et al., 2020; Richey et al., 2021); and we recently used GPT (Ye
et al., 2023) to experiment with Al-generated feedback to students (Nguyen et al., 2023b). We
also recently explored using a new Al-based knowledge tracing algorithm — Deep Knowledge
Tracing — and found that it performed better than BKT (Baker et al., 2023). In general, infusing
Al in the context and analysis of learning games is a burgeoning and highly promising area of
research (McLaren & Nguyen, 2023). | will return to this theme in the conclusions section of this
chapter.

Three decimal tests were used for all studies. These tests are also designed to target common
decimal misconceptions, predominantly the same ones targeted in the game, and measure
near, medium, and far transfer learning. The tests were tweaked slightly throughout the years,
but generally had between 42 and 45 items, many with multiple parts, worth a total of 52 to 61
points on each test. There are three forms of the test — A, B, and C — which are isomorphic to
one another and were positionally counterbalanced in all studies, such that approximately 1/3 of
the students in each condition received Test A as the pretest, 1/3 received Test B as the
pretest, and 1/3 received Test C as the pretest; likewise for the posttest and delayed posttest.
Some examples of test problems are: “Complete the following sequence: 0.3, 0.6, 0.9,
. “Place 0.34 on a number line that already has 0.1, 0.3, and 0.4 on it”; “Order the
following decimals, smallest to largest: 0.721, 0.3, 0.42.” The test problems were largely derived
from math education research and studies, with an emphasis on probing misconceptions
(Brueckner, 1928; Glasgow et al., 2000; Graeber & Tirosh, 1988; Hiebert & Wearne, 1985;
Irwin, 2001; Putt, 1995; Resnick et al., 1989; Sackur-Grisvard & Léonard, 1985; Stacey et al.,
2001). Finally, through the various studies described in this chapter we were able to statistically
validate that the three tests are equivalent to one another.

4. Experiments with the Decimal Point Learning Game

Our overarching interest in experimenting with Decimal Point has always been to explore a wide
and varied set of learning science-related questions in connection with game-based learning.
Over the decade we have experimented with Decimal Point, in which a total of 1,542 students



have completed our studies (See Table 1), we have pursued a variety of research questions,
including:
e Does Decimal Point lead to better learning and more enjoyment than a more
conventional (i.e., non-game) instructional approach?
e Do female students benefit more, less, or the same as compared to male students
playing the game?
e Do students learn more or less — and enjoy the game more or less — when they are
given more agency in playing Decimal Point?
e Do students learn more or less — and enjoy the game more or less — if they are
presented with a learning-focused or enjoyment-focused version of the game?
Do students benefit from hints and error messages provided in the context of the game?
How does the instructional context — in particular, the classroom versus remote learning
— impact playing of the game and learning?
e What types of self-explanation prompts in the context of Decimal Point lead to the best
learning and enjoyment outcomes?
e Can GPT correctly grade students’ focused and open-ended self-explanations and
provide correct and instructionally helpful feedback?
e Could mindfulness inductions provided in conjunction with the game enhance learning
outcomes?
In effect, we have used Decimal Point as a research platform for exploring learning science
questions and principles, as they relate to learning games. The game has offered us a unique
opportunity to explore the nuances of learning science questions and principles. Through
variations of the game and a variety of classroom studies, we have been able to probe into the
underlying dynamics that define the intersection of game-based learning, education, and
educational psychology.

Decimal Point has allowed us to scrutinize the effectiveness of different learning science
methodologies, instructional designs, and game mechanics. Through our variations of and
studies with Decimal Point, we have gained valuable insights into the cognitive processes,
motivational factors, and emotional dimensions that contribute to the success (and failure) of
learning games as educational tools. The game’s customizability — which was part of the design
from the start — has enabled us to test hypotheses, analyze data, and derive meaningful
conclusions about the ways in which learning science principles can be applied to optimize
learning with games.

The studies we have conducted over the past decade, and the key results, are summarized in
Table 1 and discussed in the following sections.
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Table 1. Studies with the Decimal Point learning game. The N values represent the final number of
students that were analyzed, i.e., those who completed all materials, in all studies. Note that in all studies
some students were excluded from analyses for not having completed the materials or for having test

scores too far from the mean.

Study Descrip- Key Research Key Results N Relevant Papers
tion Question
Study 1 Comparing a Does Decimal Point | Decimal Point led to more 153 | MclLaren et al., 2017a
learning game lead to more learning | learning and enjoyment than the MclLaren et al., 2017b;
with a non-game | and more enjoyment | Decimal Tutor, a tutoring system Richey et al., 2021;
digital tutor than a more with the same academic Baker et al., 2023;
conventional content. This was also the first under review;
computer-based study that uncovered a gender Nguyen et al., 2022a
instructional effect, in which girls learned
approach (i.e., a more from the game (but not the
tutor)? tutor) than boys.
Study 2 Comparing Do students learn Students did not learn more 158 | Nguyen et al., 2018;
different levels of | more or less when given more agency. Most 2019; 2022a
student agency in | they are given more | students followed the canonical Baker et al., 2023;
a learning game agency in playing sequence of mini-games, rather under review;
Decimal Point? than exercising agency.
Study 2a Comparing How does the Indirect control did not lead to 238 | Harpstead et al.,
(Follow-up | students who inclusion of indirect learning differences, but 2019;
to Study 2) | were subject to control impact students varied in how they tried Baker et al., 2023;
indirect control students’ exercise of | the mini-games, with some under review;
with those not agency in a digital approaches leading to more Nguyen et al., 2019;
subject to indirect | learning game? enjoyment. 2022a
control in a
learning game
Study 3 Comparing a Do students learn Learning and enjoyment did not | 159 | Hou et al., 2020;
Learning- more or less — and vary across conditions, but 2022;
Focused game- enjoy the game more | learning-focused students did Nguyen et al., 2022a
based learning or less —if they are more repeated practice, while
approach to an presented with a enjoyment-focused students did
Enjoyment- learning-focused or more exploration.
Focused enjoyment-focused
approach. version of Decimal
Point?
Study 4 Comparing the Do students benefit Remote students learned more 277 | McLaren et al., 2022b
use of hints and from hints and error than Classroom students, but
feedback in a messages provided the remote drop-out rate was
learning game to | in the context of the also very high. Surprisingly, No-
not having hints Decimal Point Hint students did better in the
and feedback. game? How does classroom than Hint students on
Also, comparing instructional context | the delayed posttest.
game learning in (i.e., classroom vs.
class versus at remote) impact
home learning with the
game?
Study 5 Comparing What form of self- Students in the focused self- 214 McLaren et al., 20223;
different forms of | explanation prompt explanation condition learned 2022c;
prompted self- in the context of more than students in the menu- Nguyen et al., 2023a;
explanation in a Decimal Point lead to | based self-explanation condition Ni et al., 2024
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learning game

the best learning and
enjoyment
outcomes?

at delayed posttest, with no
other learning differences
between conditions. Thus, it
appears that focused self-
explanations may be especially
beneficial for retention and
deeper learning.

Study 5a Analyzed the data | Can GPT provide Results showed that GPT does — Nguyen et al., 2023b
(Follow-up from Study 5 to instructionally very well in responding to and
to Study 5) | test whether meaningful feedback | providing feedback for students’
recent advances to incorrect student self-explanation errors; it also
in Large self-explanation provided encouragement and
Language Models | answers in Decimal | flagged inappropriate language
(LLMs), and in Point? used by students, even though it
particular GPT, was not prompted to do so. On
can support the other hand it struggled with
learning in a procedural math problems (e.g.,
learning game. placing points on a number line).
In general, it appears teachers
could gainfully use GPT, but
they should stay in the loop in
responding to student problems.
Study 6 Comparing a Can mindfulness Mindfulness inductions did not 166 Nguyen et al., 2022b;
version of inductions during enhance learning or change Bereczki et al., in
Decimal Point Decimal Point students’ gameplay behaviors. press; Ni et al., 2024
that includes gameplay lead to This suggests that mindfulness
prompted different behaviors inductions are not beneficial for
mindfulness, with | and more learning? learning within digital learning
one that prompts games or that we may not have
reading and successfully induced
jokes, and the mindfulness.
base version
Study 6a Replication of Same basic question | Once again, mindfulness 177 Bereczki et al., in
(Follow-up | Study 6, in which [ as Study 6, but also inductions did not enhance press; Ni et al., 2024
to Study 6) | we implemented this: Did we manage | learning or change students’

a manipulation
check for
mindfulness to
gain a better
understanding of
the effects of the
intervention.

to induce
mindfulness in
students in the
mindfulness
condition?

gameplay behaviors. The only
benefit detected was that
students had more correct
answers after listening to
mindfulness reminders in the
mindfulness condition as
compared to listening to jokes in
the story-enriched condition.
The manipulation check result
suggests that we did not
successfully induce state
mindfulness.

In all of our studies we worked with a subset of the 10 public elementary and middle schools we
regularly work with in a medium size U.S. city, Pittsburgh, Pennsylvania, U.S.A. The 10 schools
are distributed between urban, suburban, and rural areas. In all cases we conducted our studies
in school during actual class time — except for Study 4, which was conducted during lockdown
periods of the 2020-2022 worldwide pandemic, and Study 5, which was conducted in hybrid
fashion due to the pandemic — over a period of approximately 6 days (5 days first week, 1 day
the following week for a delayed posttest). All of the studies replaced regular instruction with our
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materials and online instruction. Although not mentioned in the description of every study, it is
also important to note that students learned significantly from pretest to posttest and from
pretest to delayed posttest in all conditions across all studies. Thus, we only report on the
comparative learning benefits between conditions in each study in what follows.

4.1. Study 1: Learning Game versus Conventional Learning Technology

Our first and most fundamental study with the Decimal Point game was to test whether the
game would lead to better engagement, enjoyment, and learning results than an equivalent,
more conventional tutoring technology (McLaren et al., 2017a). As mentioned earlier, prior to
this study there had only been a handful of rigorous game-based learning studies in
mathematics and only three that showed learning benefits for the games, with a very small
effect size of 0.03. Our research question for this first study was:

Study 1 RQ: Does Decimal Point lead to more learning and more enjoyment than a
more conventional computer-based instructional approach (i.e., a tutor)?

Study 1 was conducted during the fall of 2015 and involved students either playing and learning
with the Decimal Point game or using a more conventional learning technology, the Decimal
Tutor. The game and tutor share the same underlying instructional architecture and decimal
content (i.e., 48 decimal problems). The decimal problems are the same across the pre-defined
sequence of items in Decimal Point and the Decimal Tutor, with one example of a matching
problem shown in Figure 8.

Message Window

Stella has to divide some containers into two groups, those that can hold more than 0.22 L and those
that can hold less than 0.22 L. To help her, drag the numbers to the correct box. If you make any
mistakes, all of the decimals will turn red. Drag the incorrectly placed decimals to the correct place and
select 'Submit'

5= 0=
Press button if less . . Press butto greate
than 0.22 e — an 0

Smaller than 0.22 [ Submit Greater than 0.22

Figure 8. Screenshots of the “Capture the Ghost” mini-game in Decimal Point (left) and the
corresponding problem presented in the Decimal Tutor (right).

One-hundred and fifty-three (153 - 87 female, 66 male) 6th grade students participated in and
completed the initial Decimal Point study, from eleven classes at two middle schools. A total of
two-hundred and thirteen (213) students began the study, with sixty (60) students eliminated
from analyses either because they didn’t finish all of the materials (52) or for having gain scores
that were 2.5 standard deviations above or below the mean learning gain (8). Due to the
potential distraction and demotivation that might have occurred with students sitting next to one
another but working with very different materials, we assigned students by classroom to one of
the two instructional conditions. We asked teachers to characterize classes as low, medium,
and high performing and then equally distributed these across the two conditions, i.e., quasi-
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random condition assignment. Seventy (70) students played and learned with Decimal Point,
while eighty-three (83) students learned the same content by using a Decimal Tutor. Materials
included three decimal tests (pretest, posttest, delayed posttest - the tests described
previously), the Decimal Point game as the experimental condition, the Decimal Tutor as the
control, and two questionnaires (demographic, evaluation).

The learning results were as follows. The Game group learned more than the Tutor group, with
relatively high effect sizes, on the immediate posttest (p <.001, d = 0.65 for adjusted means)
and the delayed posttest (p < .001, d = 0.59 for adjusted means). In addition, the Tutor group
made significantly more errors while working with the tutor (M=273.4) than the Game group
made while playing Decimal Point (M=175.0). This is at least some indication that students
playing the Decimal Point game were more engaged than those using the Decimal Tutor (i.e.,
The larger number of errors with Decimal Tutor likely suggests that students were guessing
more frequently with the tutor). Finally, the Game group appeared to enjoy their experience
more than the Tutor group, according to the evaluation questionnaire, with students expressing
a significantly higher “liking” of the game than the Tutor group liked the tutor. Additional support
for that finding is that the Game group expressed that the game interface was significantly
easier to use than the Tutor group expressed about the Tutor. Also, the Game group expressed
significantly more positive feelings about mathematics after playing than the Tutor group.

We subsequently conducted a post-hoc analysis of the data from Study 1 in which we
investigated the differential impact of learning with Decimal Point on boys and girls (McLaren et
al., 2017b). Given the established gender gap in middle school math education (Breda et al.,
2018; Wai et al., 2010), where female students report higher anxiety (Huang et al., 2019;
Namkung et al., 2019) and lower engagement (Else-Quest et al., 2013), we were interested in
whether our game might help to address that gap. The key finding in the follow-on analysis was
that female students learned more than male students from the game. This established a thread
throughout all of our Decimal Point studies where we repeatedly investigated whether the game
benefited girls more than boys. This theme is taken up and discussed in greater detail in a later
section of this chapter: “The Gender Effect: A Replication Across Multiple Studies.”

4.2. Study 2: Student Agency versus System Control in a Learning Game

Since the beginning of our work and experiments with Decimal Point, we have been interested
in identifying the game features that have the biggest impact on both enjoyment and learning.
Agency is one game feature that could impact both enjoyment and learning. Agency is allowing
players to make their own decisions about how to play a game. A game might give players high
agency — the ability to make many, if not all, decisions on what to do next and how to play — or
low agency — where players are more restricted in what they can do, often focusing players on
learning objectives they might otherwise miss if left to their own devices. Student agency is
often seen as related to engagement and, consequently, learning and fun (Ryan et al., 2006).
Agency is also related to self-regulated learning (SRL - Zimmerman, 2008), which depending on
a student’s SRL abilities, could either be helpful or harmful to learning.

Thus, the second key question we pursued in this line of research was:
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Study 2 RQ: Do students learn more or less — and enjoy the game more or less —
when they are given more agency in playing Decimal Point? (Nguyen et al., 2018)

We were inspired to pursue this issue by a study of agency in the context of the Crystal Island
learning game (Sawyer et al., 2017). Crystal Island is a learning game in the area of
microbiology in which students try to discover the origins of an infectious disease on a remote
island by interacting with key non-player characters (NPCs, e.g., a nurse, a doctor) and objects
on the island. Sawyer and colleagues compared three conditions of learning: high agency:
Students could move freely and explored throughout the island, with no guidance; low agency:
Students investigated the infectious disease by being guided to talk to characters in a fixed
order; no agency: Students watched a video of an expert solving the problem, essentially a
worked example (Atkinson et al., 2000; Renkl, 2014; Wittwer & Renkl, 2010). They found that
the low agency students attempted more incorrect submissions but at the same time learned
more than the other two conditions. Interestingly, their study suggests that limiting agency can
improve learning performance but can also lead to undesirable student behaviors, such as a
propensity for guessing. Other studies have provided agency to students by allowing them to
customize game features, such as icons and names in a fantasy-based arithmetic tutor
(Cordova & Lepper, 1996) or customizing in-game currency, which could be spent on either
personalizing the student interface or extra play in a game to improve reading comprehension
skills (Snow et al., 2015). While these studies led to increased engagement and learning,
student agency was essentially focused on game, and not instructional, features, thus giving
students a sense of control but limiting the possibility of students making poor pedagogical
decisions.

Figure 9. Screenshots of the dashboard that guides the Decimal Point high agency condition (left) and
the predefined sequence of the Decimal Point low agency condition, which is identical to the Game
condition of Study 1 (right)

Study 2 was conducted during the fall of 2017 and involved 158 5th and 6th grade students (77
female, 81 male) from two schools. Students were randomly assigned to either a high-agency
(HA - 79 students) or low-agency condition (LA - 79 students). Thirty-nine (39) additional
students were eliminated from analyses either because they didn'’t finish all of the materials (32)
or for having gain scores that were 2.5 standard deviations above or below the mean learning
gain (7). Materials included the previously discussed pretest, posttest, delayed posttest, along
with two questionnaires (demographic, evaluation). The two conditions that were compared in
this study — high agency and low agency — are illustrated in Figure 9.
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In the high agency condition, students were presented with a dashboard that displays the 5
different categories of mini games (e.g., Addition, Number Line), as well as the specific mini-
games within each category (see the left side of the screenshot on the left of Figure 9). Mini-
games that had been played were marked in red on the dashboard with icons filled in on the
map. By mousing over the mini-game icons, students were able to learn about how each mini-
game is played and what decimal skill it targets. Students could then select whatever mini-game
they want to play by clicking on the corresponding mini-game icon. Students could play between
24 and 72 mini-games problems, according to their own desire. More specifically, the students
could stop playing Decimal Point once they had finished at least 24 mini-game problems, at
which point they would be presented with a dialogue that contains a “Stop Playing” button. They
could also play more than the pre-defined set of 48 mini-game problems, up to a total of 72. At
any time after tackling 24 mini-game problems, the student could click on the “Stop Playing”
button and thus halt game play. The low agency condition was the original version of Decimal
Point from Study 1, in which students must play through all 48 mini-game problems, following
the sequence shown by the dashed line on the map, starting from the upper left of the map.

There were no significant enjoyment or learning differences between the high agency and low
agency groups in Study 2. In conducting post-hoc analyses, it was found that 54 of 81 high
agency students (68%) played the same number of mini-games as the low agency students.
Eighteen (18) of 81 high agency students (22%) exactly followed the canonical sequence. Also,
on average, high agency students’ sequences differed by about 10.77 edits (SD=8.83) from the
canonical sequence, a relatively minor deviation.

In short, it appears that students generally did not exercise much agency and consequently did
not benefit from the high agency intervention. But why did this happen? We had several
hypotheses about these results. First, students were given choices (autonomy) but may not
have felt in control (agency). In particular, being in a classroom, with a teacher present, could
have given many students the sense that they were not as free to make choices as we hoped.
Second, perhaps the dotted line connecting all of the mini-games could have implicitly, yet
unintentionally, communicated the sequence of mini-games the student should play (Schell,
2005; 2008). Finally, while we thought that students might exercise good self-regulated learning
with their agency, clearly most students did not, a finding that would be predicted by some SRL
research (Schunk & Zimmerman, 1998; Zimmerman, 2008). Perhaps the game environment
made it even less likely that students would exercise good SRL than in other learning
environments, i.e., they may have been more interested in enjoying their experience with the
game than regulating their learning. The bottom line is that the hoped-for student agency and
resultant benefits to enjoyment and learning did not occur. This could have been because of the
teacher and/or classroom setting, the indirect control of the dotted line, or students not
exercising good SRL.

4.2.a Study 2a: The Impact of Indirect Control in a Learning Game

We chose to explore the second possibility, the dotted line guiding students, as the most logical
next step in altering game features, as opposed to classroom or student factors. Jesse Schell
has defined “indirect control” as subtle cues or design elements that can lead players toward
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certain — perhaps unwanted — behaviors (Schell, 2005; 2008). Indirect control can be exerted in
a variety of ways, including by presenting players with game goals, specific interface elements,
characters, or visual design. Given the results of Study 2 — that students generally did not
exercise agency (Nguyen et al., 2018) — we wanted to more deeply explore the issue of agency
and indirect control in Decimal Point in a follow up study (Harpstead et al, 2019). | call this Study
2a here and our question was:

Study 2a RQ: Does the design of the map in Decimal Point exert indirect control on
players by communicating an implicit order of levels? And does this make a
difference to learning and/or enjoyment?

Low Agency High Agency with Line High Agency No Line
(LA) (HAL) (HANL)

Figure 10. Screenshots of the three conditions of Study 2a with Decimal Point

To explore this research question, we conducted an expanded replication of the Nguyen et al
(2018) study in the spring of 2018 in which we again compared the low agency and high agency
condition, as described for Study 2, but also added a third high agency condition — what we
called High Agency No Line or HANL — that operated exactly as the prior high agency condition,
but with no line shown on the map (see Figure 10, right). Thus, we had one condition — HAL —
that exerted indirect control and another — HANL — that did not.

Two-hundred thirty-eight (238) 5th and 6th grade students from two schools (130 females, 107
males, 1 declined to respond) participated in and completed Study 2a. Forty-nine (49) other
students were eliminated because (a) they didn’t finish all of the materials (35), (b) they had
login errors during at least one session (13), or (c) they spent an exceptionally long time in the
instructional intervention (1). Students were randomly assigned to one of three conditions: low-
agency (LA - 88 students), high-agency with line (HAL - 78 students) or high-agency condition
with no line (HANL - 72 students). Materials included the previously discussed pretest, posttest,
delayed posttest, along with the two questionnaires (demographic, evaluation). The three
conditions that were compared in this study — low agency (LA), high agency with line (HAL), and
high agency with no line (HANL) — are illustrated in Figure 10. Note that the HAL and HALN
conditions also had a dashboard like the one on the left of Figure 9 that would allow students to
make their own choices about game play, including choosing specific mini-games to play and
playing more or less than the LA condition.
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The results were as follows. There were no significant differences in learning between the three
conditions. However, because students in the HAL and HANL conditions could quit early — and
they largely chose to do so — they learned the same amount in significantly less game playing
time, i.e., they had greater learning efficiency*. In particular, HAL learning efficiency > LA
learning efficiency (p = .012, d = 0.45) and HALN learning efficiency > LA learning efficiency (p
=.011, d = 0.41). There was no learning efficiency difference between HAL and HALN.
Students in HAL and HANL played significantly fewer mini-games than in the Low Agency
condition, in which they had to play all of the mini-games. There were also no differences
between the three groups in enjoyment. Finally, students in HANL deviated from the canonical
sequence significantly more, as measured by the length-matched Dameru-Levenshtein edit
distance of a student’s mini-game sequence from the canonical sequence (Bard, 2007).

The basic take-aways from this study are that while agency did not improve learning it did
improve learning efficiency. The results further suggest, first, that indirect control can be limited
through subtle game design decisions and, second, that students can exercise agency that
ultimately leads to learning more efficiently. This suggests that the game had sufficient support
in place to scaffold students' self-regulated learning (a notion discussed in Sawyer et al., 2017).

To more carefully investigate the effects of the agency we provided to students, we conducted
post-hoc analyses on the combined data from Studies 2 and 2a, as reported in Wang et al.,
2019. In particular, we did a cluster analysis (Bauckhage, 2015) across the 160 students who
were in the HAL and HANL conditions in these two studies. We clustered students’ mini-game
sequences by edit distance — the number of edit operations to turn one sequence into another.
We found four distinct clusters of navigation behavior in the HAL and HANL conditions.
Canonical Sequence students (89 students) stayed very close to the prescribed order of mini-
games. Initial Exploration students (14) initially jumped around in playing mini-games but then
followed the canonical sequence. Half-on-Top students (100) only played half the games, in
particular the ones at the top of the amusement park map. Half-on-Left (32) students only
played half the games, in particular the ones on the left of the amusement park map. There was
no difference in learning across these clusters, but a key result is about differences in
enjoyment. Specifically, we observed significant differences in enjoyment between some
clusters, in particular, between Half-on-Top and Half-on-Left, in which HL > HT. In general,
those who deviated more from the canonical order and switched more frequently between
theme areas of the Decimal Point amusement park reported higher enjoyment scores. While
increasing enjoyment is important, it's also important, of course, to emphasize the instruction
and learning aspects of game-based learning. More investigation into the amount of
instructional content needed within the game to maximize learning efficiency was clearly
necessary. This prompted us to pursue our next research question.

4 Learning Efficiency was calculated as the z-score of a student’s pre-post or pre-delayed test gains
minus the z-score of the total amount of time they spent playing the mini-games (McLaren et al., 2008).
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4.3. Study 3: Learning Focus versus Enjoyment Focus in a Learning Game

In our next study — Study 3, conducted in the fall of 2019 — our goal was to explore the trade-off
of a “learning focused” version of the game with an “enjoyment focused” version of the game.
That is, we wanted to answer the question:

Study 3 RQ: Do students learn more or less — and enjoy the game more or less — if
they are presented with a learning-focused or enjoyment-focused version of Decimal
Point? (Hou et al., 2020; 2022)

In much of game-based learning the tension between game and instructional features is
palpable, as earlier depicted in Table 1. A successful learning game skillfully straddles the
boundary between engagement and learning. A challenging aspect of digital learning game
design is that features that promote engagement in learning games may also disrupt the
cognitive processes that are essential for learning. For instance, one study found an inverse
relationship between engagement and the difficulty of the learning task (Lomas et al., 2013).
Although Lomas and colleagues found that easier learning tasks were more engaging to
students in the short term, easier activities also resulted in lower learning gains and less long-
term engagement. Some studies have compared enjoyment and learning constructs in the
same game play context (Erhel & Jamet, 2013; Wechselberger, 2013). In contrast, our intent in
Study 3 was to separate learning focus and enjoyment focus by comparing enjoyment and
learning across different game play contexts. In particular, we were interested in comparing one
game context that explicitly emphasized the enjoyable aspects of the game and one that
explicitly emphasized the instructional aspects of the game.

To conduct this study we designed three conditions that differed based on how students were

presented game information and control through a dashboard attached to the main game map.
These conditions are illustrated in Figure 11 and are defined as follows.
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Figure 11. At the top are screenshots of the three conditions of Study 3 with Decimal Point. On the top
left is the Learning-Focused dashboard, in the top middle is the Enjoyment-Focused dashboard, and on
the top right is the Control dashboard. At the bottom is the Fun-O-Meter dialog (Read & MacFarlane,
2006) used in the Enjoyment-Focused condition to rate a mini-game.

e The Learning-Focused condition (Figure 11, left) featured an open learner model (Bodily
et al., 2018; Bull, 2020), where the knowledge components (i.e., skills) displayed to
students were the five decimal skills targeted in Decimal Point (number line, sequence,
bucket, sorting, addition - Figures 2 through 6). The bars indicate the mastery probability
of each skill, which is computed by Bayesian Knowledge Tracing (Corbett & Anderson,
1994). This condition also recommended 3 specific mini-games for students to pick next,
chosen randomly from those related to the top 2 skills that students needed
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improvement on. Our intention with this condition was that it would encourage students
to focus on and practice their skills that are lacking; however, they could also choose not
to follow these recommendations.

e The Enjoyment-Focused condition (Figure 11, middle) featured an analog to the open
learner model by displaying the students’ enjoyment level of each skill — skills that we
renamed to appear more playful (e.g., Pattern Perfect, Mad Adder). Enjoyment data was
collected in this condition by prompting students to rate every mini-game round that they
finished, from 1 to 5 (see Figure 11, bottom). The score of a skill was the average score
of all mini-games belonging to that skill. Similar to the Learning-Focused condition, we
also recommended 3 mini-games from the game types that the student liked the most so
far.

e The Control condition (Figure 11, right) simply displayed a list of all mini-games and
marked the mini-games that had been played with the red text color. Thus, this design
was neutral with respect to both learning and enjoyment. Another difference with the
Control condition is that students had to finish all the mini-games once before they could
replay more rounds. This is a feature that was present in prior studies of Decimal Point,
so we wanted to preserve it in the Control.

In all three conditions of Study 3, students would have to play at least one-half of the content of
the overall game — 24 mini-games — but could also play additional mini-games, up to a
maximum of 72 mini-games. We hypothesized that the Learning-Focused version of the game
would lead to the best learning outcome, whereas the Enjoyment-Focused version of the game
would lead to the best enjoyment outcome.

One-hundred and fifty-nine (159) 5th and 6th grade students (77 females, 82 males) from two
schools participated. Thirty-five (35) other students were removed from our analyses due to not
finishing all of the materials and two (2) other students were excluded due to their gain scores
being 2.5 standard deviations from the mean. Materials included the previously discussed
pretest, posttest, delayed posttest, along with the two questionnaires (demographic, evaluation).
Each student was randomly assigned to one of the three conditions - Learning-Focused (55
students), Enjoyment-Focused (54 students) or Control (50 students).

Our results showed that there were no significant differences in learning outcomes between the
three conditions. With pretest score as a covariate, an ANCOVA showed no significant condition
differences in posttest scores, F (2, 155) = 0.201, p = . 818, or delayed posttest scores, F (2,
155) = 0.143, p = . 867. Thus, our first hypothesis that students in the Learning-Focused
condition would learn the most from the game was not confirmed. Regarding enjoyment, we
also found that there were no significant differences across conditions according to three
enjoyment constructs (i.e., achievement emotion, game engagement, affective engagement);
thus our second hypothesis was also not confirmed. We additionally conducted a number of
post hoc analyses. For instance, we compared the number of mini-game rounds played in each
condition. With respect to the number of mini-game rounds, we found that the total number of
mini-games played was Control > Learning-Focused > Enjoyment-Focused. (Recall that
students in all three conditions could choose to stop playing at any time after finishing the first
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24 mini-game rounds.) With respect to mini-game replay rate, we found that the Learning-
Focused condition had a higher replay rate than the Enjoyment-Focused condition®.

While we didn’t see either a learning or enjoyment difference between conditions, our
dashboards appeared to prompt students toward significantly different learning behaviors, in
particular, the Learning-Focused students engaged in more repeated practice and the
Enjoyment-Focused students did more exploration, behaviors that could have led to,
respectively, more learning and more enjoyment. Yet a key question that arises from these
results is: Why were there no learning or enjoyment differences between conditions given these
behaviors?

Regarding learning: since the Learning-Focused version of the game used the often-effective
BKT algorithm and an open learning model, one might have expected that condition to have
shown significantly more learning gains than the other two conditions. We have a couple
conjectures as to why this did not happen. First, while the Learning-Focused condition clearly
encouraged blocked practice (i.e., playing mini-games with the same underlying skill back-to-
back) it could be, as has been shown in some prior research for different domains (Carvalho &
Goldstone, 2015), that interleaved practice is equally as effective as blocked practice. This
explanation seems especially likely given the limited number of skills emphasized in Decimal
Point — essentially only five different skills. Second, although there were obvious differences in
the game dashboards and choices presented to students between the conditions, they still
spent the majority of their time playing the actual mini-games, which are identical across
conditions. In other words, even with the choices students were allowed to make, they were
exposed to similar instructional content across conditions.

Regarding enjoyment, it is important to note that our study was conducted in classrooms, where
students had limited time each day to play the game, were subject to teacher and experimenter
expectations, and were aware of the posttests still to come. Some prior studies have, in fact,
shown that game play enjoyment can be lost in the classroom (Rice, 2007; Squire, 2005). Thus,
the intended playful and more enjoyable nature of the Enjoyment-Focused condition may have
been reduced for this reason. Alternatively — and similar to the second explanation for no
learning differences — students in the Enjoyment-Focused condition may not have experienced
more enjoyment because they still spent the majority of their time in the mini-games, which are
identical across conditions. In short, both with respect to learning and enjoyment, the student
experience and exposure to mini-games may have been more similar across conditions than we
intended.

4.4. Study 4: Hints and Error Messages in a Learning Game

While hints and feedback may seem an obvious inclusion to a learning game, the research is
divided on this point. On one hand, much of intelligent tutoring systems research has
demonstrated the learning benefits of providing cognitive hints and feedback to students
(VanLehn, 2006, 2011; Woolf, 2008; Xu et al., 2019). Timely, contextualized feedback (Ahmadi

5 Mini-game replay rate was calculated by how often students would replay any mini-games.
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et al., 2023; Hattie & Timperley, 2007) could also be helpful to students’ learning as they
engage with digital learning games. On the other hand, it could be that hints and feedback might
disrupt the hoped-for engagement (Bouvier et al., 2013) and flow (Czikszentmihalyi, 1990) of
students during game-based learning, a key to learning with games. Some studies have, in fact,
precisely uncovered this issue (Moyer-Packenham et al., 2019; O’Rourke et al., 2014). For
instance, O’'Rourke et al. (2014), in an experiment involving over 50,000 students with
Refraction, a digital learning game to help students learn fractions, explored different hint types
(concrete versus abstract) and hint presentation (by level versus reward). In a 2 x 2 comparison
of hint type and hint presentation, plus a condition with no hints at all, they found that students in
the no-hint condition learned more than students in any of the other conditions. Thus, we were
intrigued with how hints and feedback would help or hurt students in the context of learning with
Decimal Point, and Study 4 explored the question:

Study 4 RQ 1: Do students benefit from hints and error messages provided in the
context of the Decimal Point game?°® (McLaren et al., 2022b).

In addition to the exploration of hints and feedback, the pandemic provided a rare opportunity to
explore the use of learning games in the classroom versus learning games at home. While we
were conducting Study 4, during the winter and spring of 2020 and after having already
administered the study at two K-12 schools, the COVID pandemic forced students across the
U.S. to learn from home. Thus, we conducted Study 4 at the final three schools with students
playing the game online at home. While the pandemic was of course unfortunate for students in
the U.S. and around the world, this change in the study context provided us with a unique
possibility to contrast how hints and error messages worked in classrooms versus at home.
Thus, a second research question we pursued in this study was:

Study 4 RQ 2: How does instructional context (i.e., classroom vs. remote) impact learning
with the game? (McLaren et al., 2022b)

@ These numbers have the same value in the ones place (0), so look at
the tenths place. For example, is 0.213 larger or smaller than 0.51? @~‘ @\

Press button if less ' m () Press button if greater Press button if less Press button if greater
than 0.51 than 0.51 than 0.51 than 0.51
. .

® Note that before this study, the Decimal Point learning game did not include hints, beyond providing
correctness feedback (red and green highlighting), nor error messages focused on the common decimal
misconceptions.
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The number of digits in a
decimal number doesn't
tell you how big it is. You
should compare place
value, moving left to right.
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Figure 12. Screenshots of the two conditions of Study 4 with Decimal Point. On the top leftis a
screenshot from the Hint condition - an example of an on-demand hint that was added to the game (see
the “Hint” button and message in the middle of the screenshot), while on the top right shows a screenshot
from the No-Hint condition version of the same mini-game. On the bottom is another screenshot from the
Hint condition, an example of an error message, resulting from a student exhibiting a common
misconception.

To conduct this study we extended the original, low agency version of the game. In the Hint
condition students played a version of the game that, in addition to correctness feedback, also
provided on-demand hints and error messages for common student errors (i.e., when students
made a common error, they received a message specifically addressing the error immediately
after entering the incorrect response). The hints were developed together with a mathematics
education specialist who participated on the project (Jon Star, Harvard University School of
Education). Hints were context-sensitive and three levels in length: the first level reminding the
student of their goal and the general procedure to solve the problem, the second taking the
student through the mathematics procedure specifically applied to the current problem, and the
third providing the student with the answer, also called the “bottom-out hint.” In the No-Hint
condition students played the original version of the game that provided no hints and only
correctness feedback (i.e., turning correct answers green and incorrect answers red) within the
individual mini-games. These conditions are depicted in Figure 12. Some examples of hints and
error messages in the Hint Condition are shown in Table 2.

The study effectively became a 2 x 2 design, crossing Hint and No-Hint with Classroom and

Remote game play. The study was conducted in two phases. The first phase, conducted in the
classroom pre-COVID at two schools, had a total of 151 5th and 6th grade students, sixty-seven
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(67 — 31 females, 36 males) assigned to the Hint condition and eighty-four (84 — 41 females, 43
males) assigned to the No-Hint condition. For this phase of the study, we assigned students to
condition by class, due to concerns about students within a classroom observing one another’s
work and seeing differences in the game (i.e., students without hints noticing their classmates
receiving hints, and students with hints might share them with classmates not receiving hints).
We asked teachers to characterize classes as low, medium, and high performers and then did
quasi-random condition assignments so that we had close to the same number of classes of
each level within each condition. Eighteen (18) students were excluded (8 in the Hint condition
and 10 in the No-Hint condition) for failing to complete the materials. An additional student in the
Hint condition was excluded for performing more than 3 standard deviations below the mean on
the posttest and delayed posttest.

Table 2. Example Hint and Error Messages in Decimal Point

Mini-game Hint Examples Error Message Example
Problem
Type
Sorting Level 1: Compare digits in the same place values of | Start by comparing the first digit
the decimal numbers, moving from the leftmost digit | to the right of the decimal point,
to the rightmost. even if the digit is 0.
Level 2: Since these numbers all have the same (If the student is presented with
ones place (0), compare the tenths place. Which sorting the decimal numbers
has the smallest tenths place? 0.14, 0.0234, 0.323, 0.4)
Level 3: 0.0234 has the smallest tenths place,
followed by 0.14, 0.323, 0.4.
(These are the three hint levels provided when the
student is given a sorting problem with the decimal
numbers 0.14, 0.4, 0.0234, 0.323)
Number line | Level 2: If you divide the space between 0 and 1 0.456 is greater than 0, so it
into two pieces, 0.5 is at the end of the first piece. Is | goes to the right of 0.
0.456 smaller or larger than (If student clicks to the left of 0,
0.5? to where the decimal number
(Level 2 hint when the student is given a number would be negative)
line problem to place 0.456 on a number line
running -1.0 to 1.0)

Table 3. Conditions in 2 x 2 Study 4

Condition N Female Male
Hint / Classroom 67 31 36
No-Hint / Classroom 84 41 43
Hint / Remote 64 33 31
No-Hint / Remote 62 31 31
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For the second phase of the study, when students were working from home due to COVID,
three schools with a total of 126 6th grade students participated in the study remotely (64
female, 62 male), with sixty-four (64) students assigned to the Hint condition and sixty-two (62)
students assigned to the No-Hint condition. For this phase, we randomly assigned students to
condition, since there was no longer a concern about students seeing one another’s work.
Ninety-seven (97) students (51 in the Hint condition and 46 in the No-Hint condition) were
excluded from analyses for failing to complete the materials in the allotted time. In summary, the
numbers for each of the 2x2 conditions is shown in Table 3.

The key results of Study 4 were as follows. Regarding completion rate, the different instructional
settings led to significantly different completion rates: Classroom students completed the
materials at a rate of 88.8%; Remote students completed at a rate of only 56.5%. Regarding
learning, the Remote students learned significantly more than the Classroom students, likely
due to the fact that in the Remote condition more of the students with lower prior knowledge
(and/or students with less at-home support) failed to complete the materials. In addition, the two
versions of the game, Hint and No-Hint, led to different Classroom versus Remote results. In
particular, on the delayed posttest, students in the No-Hint condition did significantly better than
the Hint condition in the classroom, while there was no significant difference between conditions
at home. Another finding was that female students learned more in the classroom than male
students, but the same effect did not occur remotely. We also conducted some post-hoc
analyses, finding that students in the Hint group used significantly more hints in the Classroom
than Remotely. In addition, higher prior knowledge students used hints more productively, with a
significant negative correlation between hints and learning gains.

Some interesting conclusions emerge from these results. First, the different completion rates, as
well as better test performance for Remote students, were likely due to more and better
supervision and guidance in the classroom than at home. The students in the classroom
(N=151) were monitored by experimenters and teachers. On the other hand, students at home
(N=126), especially because this was at the beginning of the pandemic, may have been
unmotivated and not pushed to work by their caretakers at home. The higher performing
students working from home likely persevered more, completed the materials more frequently,
and thus performed better. Second, why did students in the No-Hint condition do better in the
classroom on the delayed posttest? While at first this may seem counter-intuitive, in light of the
Interactive-Constructive-Active-Passive (ICAP) framework from Chi and Wylie (2014), this is
perhaps not so surprising. No-Hint students may have worked harder, struggling harder to
construct their knowledge, and thus learned more. In support of this, a learning curve analysis
showed us that No-Hint students initially did worse than Hint students, but eventually caught up
with their Hint counterparts. Finally, why did female students in the Classroom condition do
better than male students, but not remotely? This was due to girls performing the same in both
contexts, but, interestingly, boys did much better at home. This finding aligns with some prior
research that girls tend to outperform boys in classroom settings (Dwyer & Johnson, 1997;
Entwisle et al., 1997).
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4.5. Study 5: Comparing Different Forms of Prompted Self-Explanation in a Learning
Game

Another learning science principle that intrigued us with respect to game-based learning was
self-explanation. Thus, for Study 5, conducted in the spring of 2021, we set about exploring the
best approach to prompt self-explanation within Decimal Point (McLaren et al., 2022a; Nguyen
et al., 2023a). Prompted self-explanation is a feature of instructional technology in which
learners are induced to explain their work; it is one of the most robust of learning science
principles, supported by decades of research (Chi et al., 1989; Chi et al., 1994; Darling-
Hammond et al., 2020; Wylie & Chi, 2014; Rittle-Johnson & Loehr, 2017). Self-explanation
supports learners in a number of ways; it helps them fill in gaps in their understanding, revise
errors in their prior knowledge, and connect fragmented and disconnected knowledge (Chi et
al., 1989; Nokes et al., 2011). When paired with problem-solving, prompted self-explanation can
help learners connect problem-solving steps with principles and application conditions
(Ainsworth & Burcham, 2007; Aleven et al., 2003). Prompted self-explanation has been shown
to be effective in a variety of empirical studies, for instance, in prompting students to explain the
principles behind steps in solving geometry problems in a cognitive tutor (Aleven & Koedinger,
2002) and prompting and coaching of self-explanations in a physics tutor (Conati & VanLehn,
2000).

Thus, a key question is:

Study 5 RQ: What form of self-explanation prompt in the context of Decimal Point
leads to the best learning and enjoyment outcomes?

what form of prompted self-explanation leads to the best learning outcomes. A variety of
approaches have been attempted within instructional technology. Wylie and Chi (2014) cast
these various forms of prompted self-explanation along a continuum between unconstrained, on
one extreme, and highly constrained self-explanations, on the other extreme. Unconstrained
self-explanations allow learners to freely create their own explanations, while presenting the
greatest cognitive challenge to learners (i.e., open-ended self-explanations). Highly constrained
self-explanations, on the other hand, present the learner with a small set of options to choose
from to self-explain and thus create the least cognitive challenge for learners (i.e., selecting self-
explanations from a menu, menu-based self-explanations). Between the two extremes Wylie
and Chi cite three other types of prompted self-explanation: focused self-explanations, which
are constructive but focused in a specific way, such as prompting learners to identify
relationships between mental models; scaffolded self-explanations, which provide support
and/or feedback as learners construct explanations or fill in blanks of an explanation sentence;
and resource-based self-explanations, in which explanations are selected by learners with the
support of a resource, such as a glossary. Chi and Wylie’s (2014) ICAP framework for cognitive
engagement predicts that students will learn more from cognitively engaging tasks, meaning
that constructive self-explanations, such as open-ended self-explanations and focused self-
explanations, should be more effective for learning than active self-explanations, such as menu-
based self-explanations.
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Prompted self-explanation has been only minimally explored in digital learning games, in which
a study by Johnson and Mayer (2010) found that menu-based prompts led to better learning
than open-ended prompts. This work was, in fact, the inspiration for us to explore the issue of
self-explanation in the context of Decimal Point. In other work, Hsu and Tsai (2011) found that
prompting learners to explain their errors from a menu of choices led to better learning gains
than not prompting for error explanations. Yet, not all studies have shown learning benefits
through prompted self-explanation in digital learning games. In a study with Newtonian Game
Dynamics, Adams and Clark (2014) compared menu-based self-explanation with explanatory
feedback and a control condition with neither self-explanation nor explanatory feedback. They
found no learning differences between the three conditions and, in fact, students in the menu-
based self-explanation condition completed fewer game levels than the condition with no self-
explanation or feedback.

If you made any mistakes, rearrange the decimals to correct the mistakes. Order the numbers from
largest to smallest. Click OK when you think you have the correct answer.

FUEL LEVEL IND
FUEL TYPE 4

Problem Solving
[ROCKETESCIENCE]

b Fill the rocket by choosing fuels from highest to lowest grade. §  Think about how you came up with this answer, and drag the correct B Fill the rocket by choosing fuels from highest to lowest grade.
option to the following blank(s).

Is9.2111 bigger or smaller than 9.222? Howdoyouknow? W o2111is than 9.222 because its hundredihs place s gne  hundredth smaller Is 9. bigger or smaller than 9.222? How do you know?

8"

Smaller.
the hundredths place of 8.222

AT 108!
Seep e ue-

Focused Self-Epranation Scaffolded Sélf-éxplanation Menu-Baséd Self-Epranation
Unconstrained Highly Constrained
Self-Explanations Self-Explanations

<4 g

Figure 13. Screenshots of the three conditions of Study 5 with Decimal Point, from unconstrained self-
explanations to highly constrained self-explanations. On the top is an example problem solving step,
within the Rocket Science mini-game of Decimal Point. On the bottom left is the subsequent prompted
self-explanation step, a focused self-explanation. On the bottom middle is a scaffolded self-explanation.
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On the bottom right is a menu-based self-explanation, the default self-explanation approach of Decimal
Point, used in all other studies described in this chapter.

Thus, in Study 5, we set out to experiment with different versions of prompted self-explanation
after problem solving in the game (Figure 13). We decided to experiment with three types of
prompted self-explanations across the Wylie and Chi continuum from unconstrained to highly
constrained, starting with focused self-explanations, in which students must create their own
explanations, but with prompting text to focus their attention on a particular aspect of the
problem they are explaining. For instance, in Figure 13 at the bottom left, the student is
prompted to self-explain just one comparison — 9.2111 compared to 9.222 — of the sorting
problem of four decimal numbers. Next, we created a scaffolded self-explanation condition,
which essentially presents students with sentence builders that provide all of the components of
a correct self-explanation but prompts students to correctly piece together those components
into a self-explanation response. Finally, menu-based self-explanations — the default self-
explanation approach of Decimal Point — prompts students to select a self-explanation from a
multiple-choice list of predefined options. Note that this approach is essentially what Johnson
and Mayer (2010) showed led to the best learning in the context of their game, in contrast to the
prediction of the ICAP theory (Chi & Wylie, 2014).

Study 5 involved 214 5th and 6th grade students (114 females; 99 males; 1 did not report) from
4 schools (1 rural, 2 suburban, and 1 urban), with students randomly assigned to condition.
Seventy-five (75) were in the menu-based condition, 72 were in the scaffolded condition, and 67
were in the focused condition. An additional one hundred and forty-three (143) students were
dropped due to (a) failing to complete part or all of the learning materials or any tests and (b)
having participated in one of our studies the previous year. (Note that the relatively high attrition
rate was due, at least in part, to running the study during the COVID-19 period. Some students
participated in person, some at home, and some in a hybrid format.)

The results of Study 5 showed that students in the focused self-explanation group learned more
on the delayed posttest than the menu-based self-explanation group. There were no other
significant effects. Regarding time on task, the menu-based self-explanation group spent
significantly less time than the focused or scaffolded self-explanation groups. This indicates that
at least the menu-based approach takes less time, i.e., it is more efficient. The only significant
effect of engagement was that students in the focused self-explanation group reported a
significantly higher sense of player mastery.

So, in conclusion, the key finding of this study was that focused self-explanations led to better
learning than menu-based self-explanation, without any loss of engagement. This result is in
line with Chi and Wylie’s ICAP theory (2014), but in contrast to the Johnson and Mayer study
(2010) that found menu-based self-explanations led to better learning than open-ended self-
explanations in a game context. This indicates that focused self-explanations used in the
context of a digital learning game may be better for deeper, more conceptual learning than other
forms of prompted self-explanation, without accompanying loss of game play engagement.

29



4.5a. Study 5a: Using a Large-Language Model to Assess and Provide Feedback for Self-
Explanations in a Learning Game

The recent emergence and advances with large language models (LLMs), and in particular
ChatGPT (Ye et al., 2023), intrigued my lab and [, as it did many other researchers. When a
commonly available version of ChatGPT appeared in November of 2022, we decided to do a
post-hoc study of the data from Study 5 to explore whether ChatGPT / GPT’ could provide
instructionally meaningful feedback to the focused self-explanations of students (Nguyen et al.,
2023b). Given over 5,000 focused self-explanations from students in Study 5, we conducted
analyses to assess GPT’s capability to (1) solve the in-game exercises of the Decimal Point
game, (2) determine the correctness of students’ self-generated self-explanations, and (3)
provide instructionally helpful feedback to incorrect self-explanations.

Study 5a was conducted completely off-line, using the 5,142 focused self-explanations collected
from 117 students in Study 5. We had three specific research questions for this study:

Study 5a RQ1: Can GPT correctly answer the problem-solving and self-explanation
questions in the game Decimal Point? (i.e., Is GPT a good student in this domain?)

Study 5a RQ2: Can GPT accurately assess the correctness of students’ self-explanation
answers? (i.e., Is GPT a good grader in this domain?)

Study 5a RQ3: Can GPT provide instructionally meaningful feedback to incorrect self-
explanations? (i.e., Is GPT a good teacher in this domain?)

Three coders manually graded as correct, incorrect, or off-topic all of the focused self-
explanations from the 117 students, using an iterative process which included inter-rater
reliability as a means of assessing coding agreement, as described in (Nguyen et al., 2023a).
This resulted in 1000 correct answers, 4076 incorrect answers, and 66 off-topic answers that did
not address the question. For the purpose of Study 5a’s analysis, we treated off-topic answers
as incorrect.

The general approach of our analyses was, for each decimal problem and student self-
explanation, to send GPT the question and, in the case of the self-explanations, the student’s
response and a grading rubric. We developed a script to automatically send all of the prompts to
GPT and then harvested all of its answers. We used GPT 3.5 for Study 5a, as that was the
current version when we conducted the study.

For RQ1 we wanted to see how well GPT could solve the Decimal Point math problems and
self-explanations. Since GPT gives a unique answer each time it is queried, we sent each math
question and self-explanation prompt to GPT 10 times to assess how correctly and consistently
it handled each. The correctness of GPT’s responses to both the problem-solving and self-
explanation items were assessed by a math expert on the research team, with the results
shown in Figure 14. As can be seen on the left side of Figure 14, GPT was excellent at solving

7 ChatGPT is the chat interface that enables sending data to and receiving data from the underlying GPT model.
While ChatGPT is the commonly used term, in fact, we used the GPT API in this study; thus, from this point on | will
only use the more precise term: “GPT.”
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sorting and sequence problems, very good at solving bucket problems, but quite poor at both
addition and number line problems. GPT had a much better overall performance for self-
explanations than for the problem-solving activities (right side of Figure 14). The only problem
type where GPT’s explanations were occasionally incorrect was sorting, where it sometimes
slipped at assessing decimal place values.

Problem-solving Performance Self-explanation Performance
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Bucket Sorting Addition Sequence  Number Line Bucket Sorting Addition Sequence Number Line
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Problem Type Problem Type

Figure 14. Results of Study 5a’'s RQ1. GPT’s problem solving (left) and self-explanation (right)
performance.

For RQ2 we wanted to see how well GPT could assess student self-explanations. To do this, we
prompted GPT to provide a response of correct or incorrect, per self-explanation, given the self-
explanation prompt, the student’s self-explanation, and the grading rubric for self-explanations.
GPT'’s performance compared to that of the human coders is shown in Table 4. Notice that
there were a relatively small number of false negatives (lower left cell, in red), but a much larger
number of false positives (upper right cell, in red). Most of these were due to GPT grading an
incorrect answer as correct, suggesting that it did not follow the grading rubrics as closely as the
human graders did. For instance, for bucket and sorting items, we found that the presence of
comparison keywords such as “bigger” or “smaller” was sufficient to get a correct rating from
GPT. For example, if the student just wrote “A is smaller than B because it is smaller” — clearly
an example of fallacious circular reasoning — GPT would rate it as correct. Similar errors based
on shallow keyword matching occurred across all problem types.

Table 4. Results of Study 5a’s RQ2. GPT’s assessment of student self-explanation compared to the
assessment of human coders

Human: Correct Human: Incorrect
GPT: Correct 830 1,118
GPT: Incorrect 170 3,024

For RQ3 we wanted to know whether GPT could provide accurate and instructionally
meaningful feedback to students. To generate feedback per incorrect student self-explanation
we provided GPT with the self-explanation prompt, the rubric items specific to that self-
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explanation, and the student’s self-explanation. We then coded GPT’s feedback according to six
relevant categories with results as shown in Table 5.

Table 5. Results of Study 5a’'s RQ3. Assessment of GPT’s feedback on incorrect self-explanation
responses according to six relevant categories

Category Description Results

Accuracy Does GPT distinguish between partially and | GPT assigned correct partial credit 75%
fully correct self-explanations? of the time.

Fluency Is GPT’s feedback grammatical and natural | GPT was 100% proficient in English.
sounding?

Regulation Does GPT’s feedback address all decimal Chat GPT was very effective at
misconceptions reflected in the self- identifying and addressing student
explanation? misconceptions.

Solution Does GPT'’s feedback tell the student the GPT did not provide solutions to 794
correct answer? incorrect and low-effort self-explanations

(e.g., “idk,” “by adding up”)

Rationale Does the feedback provide a rationale? GPT demonstrated good understanding
of 85% of self-explanations and provided
a range of nuanced explanations (e.g.,
“your answer is not specific enough”)

Encouragem | Does the feedback provide any form of GPT provided encouragement to 20% of

ent encouragement? the answers (“great job,” “keep

practicing”) and detected 9 cases of
inappropriate language used by students

In summary, GPT did much better as a teacher — providing feedback to incorrect self-
explanations — than it did as a student — solving and self-explaining the math problems — or a
grader — assessing the correctness of student self-explanations. In providing feedback to the
incorrect student self-explanations, GPT’s feedback was high quality and nuanced; it provided
encouragement and flagged inappropriate language, even though it was not prompted to do so.
It also did very well understanding student answers but provided incorrect feedback more
frequently than a teacher likely would have. GPT did less well in solving math problems; it had
difficulty with the nuances of math, such as carrying when performing addition and placing
points on a number line. (Note that this shortcoming of GPT is now widely recognized, with at
least some preliminary suggestions for how to correct it (Wolfram, S., 2023)). It also struggled a
bit in assessing the correctness of student self-explanations, likely due to shallow keyword
matching with the grading rubric, which led to many false positives. It appeared not to detect all
of the nuances in the grading rubric. Overall, our assessment at the conclusion of Study 5a was
that GPT, at least the version 3.5 current at the time of this study, is more suited for conceptual
analyses (e.g., giving feedback to self-explanations) than procedural math questions. In short, at
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the time of Study 5a, GPT was still in a state where a teacher should remain in the loop, double
checking answers before they are presented to students.

4.6. Study 6: Mindfulness Induction when Learning with an Online Game

Study 6, conducted in the fall of 2021, involved an investigation of the interaction of mindfulness
— attending to the present moment with focus and without judgment — with game-based learning
(Bereczki et al., in press; Nguyen et al., 2022b). Mindfulness meditation has been shown to
support self-regulated learning (Dunning et al., 2019; Takacs & Kassai, 2019), improve attention
skills (Dunning et al., 2019, 2022; Takacs & Kassai, 2019), and reduce math anxiety (Samuel &
Warner, 2021). On the other hand, the role of mindfulness in children’s academic achievement
and outcomes is less clear. There have been several studies that have assessed the efficacy of
mindfulness-based interventions, but those studies have shown a non-significant, small average
effect on learning (Maynard et al., 2017). More promising results have been found with older
students and those with ADHD, but still the results are inconclusive (Gildal & Satan, 2020;
Singh et al., 2018).

More specific to math skills, it has been shown that executive function — which entails working
memory, inhibitory control, and cognitive flexibility — is key to learning math skills (Cragg &
Gilmore, 2014). For instance, prior research has found that kindergarten-age children with
higher executive function skills but lower math skills are more likely to catch up with their higher-
performing peers by the 5th grade than those students with lower executive function skills
(Ribner et al., 2017). Furthermore, mindfulness appears to play a role in supporting executive
function (Dunning et al., 2019, 2022; Takacs & Kassai, 2019). Yet, even with the promising
connection between mindfulness, executive function, and math learning, Study 6 is, to the best
of our knowledge, the first to explore the benefits of employing mindfulness as a means for
boosting learning in the context of a digital learning game for mathematics. The question we
asked in this study is:

Study 6 RQ: Can mindfulness inductions during Decimal Point gameplay lead to
different behaviors and more learning?

To explore this issue, we created three Decimal Point conditions, Mindfulness, Story, and
Control, as shown in Figure 15. The order and content of the mini-games within Decimal Point
during gameplay was identical across all three conditions. The key differences between
conditions were as follows. In the Mindfulness and Story conditions students would listen to a
five-minute audio session at the start of each day of the study, prior to playing and learning with
Decimal Point. In the Mindfulness condition (Figure 15, top), the audio content involved an alien
character prompting students to be mindful by asking them to close their eyes, focus on their
breath and sounds in the environment, and let go of passing thoughts (Vekety et al., 2022). In
the Story condition (Figure 15, middle), the audio content was age appropriate, emotionally
neutral (i.e., not emotionally arousing or upsetting) science fiction stories that were unrelated to
the learning content. This condition was created to control for time with respect to the
mindfulness condition, but with material that was not designed to induce mindfulness. Both the
Mindfulness and Story conditions also featured in-game, minute-long reminders that would
appear when the student had made three consecutive errors in a mini-game. In the Mindfulness
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condition, students would be encouraged to slow down, close their eyes, and focus on their
breath for a moment. In the Story condition, students would listen to a joke from an alien
character. Each reminder would appear at most once every 10 minutes to avoid overwhelming
the students. Finally, students in the Control condition (see Figure 15, bottom) were not
presented with any opening audio material before starting gameplay each day, nor did they
receive reminders when they made errors.

We hypothesized that students in the Mindfulness condition would learn the most, due to the
expected additional benefits of mindfulness when added to game-based learning. We also
hypothesized that students in the Mindfulness condition would take more time and make fewer
errors during game play than the other two conditions.

Narrator:

“Hello Earthling! Welcome to the Alien Mind-
training Bootcamp!

Before starting our adventures today, | am
going to show you a super-secret alien
technique that you can use, whenever you need
extra brain powers in the game.

Are you ready to give it a go?”

[Students then follow the instructions for the
mindfulness technique.]

Mindfulness condition, each day begins with a mindfulness induction

Narrator:
"Hello Earthling! Welcome to Zandar-Nine!

It's always good to start the day with a nice
story, especially when it's about aliens and
space. Are you ready to listen?”

[Students then listen to an alien story of similar
length to the presentation of the mindfulness
technique.]

Story condition, each day begins with a science fiction story
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Control condition, students play the standard version of the Decimal Point game
Figure 15. Screenshots of the three conditions of Study 6 with Decimal Point.

The final analyzed set of participants in Study 6 included 166 students (90 females; 76 males)
from three schools, with 53 students randomly assigned to the Mindfulness condition, 56 to the
Story condition and 57 assigned to the Control condition. A total of 77 students were excluded
from our analyses because they did not complete all of the materials®. Note, importantly, that
students were randomly assigned to condition, meaning that every class would have a mix of
students in all three conditions. (We return to this point in the discussion of the next study, Study
6a.)

The results of Study 6 found no differences in learning outcomes across the three conditions
(neither pre-to-posttest nor pre-to-delayed posttest), time spent on the game, or error rates
while playing. In other words, our hypothesis of the benefits of mindfulness was not confirmed,
i.e., embedding mindfulness prompts within the game did not enhance learning nor change
students’ gameplay behaviors. Thus, at least this particular study suggests that a mindfulness
induction does not enhance learning within digital learning games. Alternatively, we may not
have successfully induced a state of mindfulness in the students; we explored this topic in the
next study, Study 6a.

4.6a. Study 6a: Mindfulness Induction when Learning with an Online Game, with a
Manipulation Check to Test for the Impact of the Mindfulness Induction

Because we were unsure whether our online approach to inducing mindfulness in Study 6 had
the desired effect, we ran another study — Study 6a, conducted in the spring of 2022 — in an
attempt to replicate the findings of Study 6 but to examine whether we had, in fact, induced
mindfulness in students (Bereczki, et al, in press). Thus, besides the question we had already
explored in Study 6, we also explored the following question:

Study 6a, RQ: Did we manage to induce mindfulness in students in the mindfulness
condition?

8 Note that the final population of students reported in Bereczki, et al, in press — 227 — is larger than what
is reported here and in Nguyen et al., 2022b — 166. This is because Bereczki, et al, in press applied a
less stringent exclusion criteria: students were excluded from the analyses if they did not complete at
least 80% of the intervention game (versus 100% completion of pretest, intervention, posttest, and
delayed posttest, as reported in Nguyen et al., 2022b).
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We hypothesized that students in the Mindfulness condition would report higher state
mindfulness immediately after the mindfulness manipulation than those in the Story and Control
conditions. The materials and procedures of Study 6a were the same as in Study 6, except that
at the beginning of each game session, after students in the Mindfulness and Story conditions
engaged in the initial mindfulness manipulation and heard a story, respectively, the students
completed a state mindfulness measure. Students in the Control condition did not have any intro
procedure, so they completed the state mindfulness measure at the beginning of each of their
game sessions. The state mindfulness check was measured with a 5-item scale adapted from
the MAAS-A (Brown et al., 2011), so that statements would reflect students’ experience at the
moment. Example items of the scale include: “Right now | find it difficult to stay focused on
what's happening.” or “Right now I'm doing things automatically, without being aware of what I'm
doing.” Items were answered on a seven-point scale (1 = Not at all; 7 = Very much so).

Study 6a was also conducted in 5th and 6th grade classrooms across 3 additional public
schools. A total of 193 students originally participated in the study, but 16 were excluded from
the analyses because they did not complete at least 80% of the games. Thus, the final sample
included 177 students (86 females, 91 males), with 62 students randomly assigned to the
Mindfulness condition, 61 to the Story condition and 54 to the Control condition.

Similar to our results in Study 6, we found no evidence that students in the Mindfulness
condition learned more from pretest to posttest or from pretest to delayed posttest than

those in the other two conditions. We also found no difference in problem-solving duration and
errors made among the three conditions. We did find a marginally significant condition effect on
correctness after reminder between the Mindfulness and Story conditions: Students in the
Mindfulness condition made more correct steps after reminders than those in the Story
condition. Finally, a univariate ANOVA showed no significant effect of condition on students’
state mindfulness after inductions (Mindfulness or Story) or at the beginning of the game
sessions in the Control condition, F(2, 174) = .51, p = .60, np2 = .006. Also, neither of the
planned comparisons were significant: Control vs. rest (p = 0.65) and Story vs. Mindfulness
treatment (p = 0.37). These results show that we did not manage to induce mindfulness.

In conclusion, the lack of a mindfulness effect in both Study 6 and Study 6a may be due to the
classroom context. First, we conducted mindfulness as an online, self-guided activity, as
opposed to the more common instructor-led group activity. It is also likely that the presence of
classmates who were engaging with different versions of the game — recall that Mindfulness,
Story, and Control students were mixed together in classrooms — introduced distractions that
reduced mindfulness. It may also have been that students were self-conscious about closing
their eyes and following the mindfulness instruction. Given these possibilities, we don’t see our
findings as conclusive with respect to whether mindfulness can enhance learning with a digital
learning game; further research is needed, with changes made to the way mindfulness is
induced.
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4.7. The Gender Effect: A Replication Across Multiple Studies

As mentioned in the discussion of Study 1, we became interested in whether girls or boys
benefited more from playing Decimal Point. This interest arose from our knowledge of the gap
between girls and boys in math achievement (Breda et al., 2018; Wai et al., 2010) and a desire
to lessen this gap, at least in a small way, with our learning game. The question we asked
ourselves was:

RQ across Studies: “Do female students benefit more, less, or the same as their
male counterparts playing the game?” (Nguyen et al, 2022a)

The math gender gap may be attributed to stereotype threat, in which reminders of social group
stereotypes can impact the behavior and performance of members of that group (Spencer et al.,
1999). Despite a reduction in gender-based differences in math achievement over recent
decades (Lindberg et al., 2010; Reardon et al., 2019), early-emerging stereotypes, such as the
perception that males excel in math, can persist from childhood through adulthood (Cvencek et
al., 2011; Furnham et al., 2002; Nosek et al., 2002; Passolunghi et al., 2014). Consequently,
these perceptions may impact the performance of female students in mathematics and influence
their interests and, eventually, their career choices (Adams et al., 2019; Bian et al., 2017;
Ochsenfeld, 2016). Ultimately, addressing stereotype threat involves the complex task of
promoting self-efficacy, interest, and achievement among female students, while simultaneously
mitigating math anxiety and stereotype threat.

Through data from six of our Decimal Point studies — in particular, Studies 1, 2, 2a, 3, 4, and 5 -
involving approximately 1,100 students, we identified a consistent gender effect that was first
seen in Study 1 and then replicated across five other studies: male students tended to do better
than female students at pretest, while female students tended to learn more from the game,
catching up to their male counterparts by posttest. (The first 4 of these gender effect studies,
involving more than 600 students, are reported in Nguyen et al, 2022a). In addition, female
students were more careful in answering the self-explanation questions, which significantly
mediated the relationship between gender and learning gains in two of the first four studies
(Nguyen et al, 2022a). More specifically, we found that female students made less errors and
“‘gamed” the self-explanation step of Decimal Point mini-games significantly less than male
students, resulting in more learning for female students, less for male students (Baker et al.,
under review). These findings show that digital learning games, in combination with prompted
self-explanation, can be effective tools for bridging the gender gap in middle school math
education, which in turn could lead to the design and development of more personalized and
inclusive learning games. Given the complexity of gender and the need to conduct research that
goes beyond a binary approach to gender (Hyde et al., 2019), we are currently conducting
research that measures multiple dimensions of gender, including gender identity, gender
typicality, and gender-typed interests, activities, and traits (Hyde et al., 2019), to understand
which aspects of gender explain the differences we have observed in learning behaviors and
outcomes (Liben & Bigler, 2002). Preliminary results suggest that this multidimensional
approach of using gender-typed scales may better explain students’ feelings toward and
preferences about digital learning games than the binary gender (Nguyen et al., 2023c).
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5. Key Take-Aways: Digital Learning Game Findings

The decade-long research program that the McLearn Lab has conducted with the Decimal Point
learning game has led to some important, some not so important, but always intriguing learning
science results. The wide variety of studies, all conducted with Decimal Point as the
centerpiece, has afforded the opportunity to investigate many and varied issues. In this section |
will highlight the most noteworthy findings of the McLearn Lab’s research program with Decimal
Point.

Our most fundamental research finding, from Study 1 and reported in McLaren et al. (2017a),
uncovered that digital learning games can surpass conventional online methods in improving
engagement and learning outcomes. Prior to our Study 1, educational technology research had
presented mixed results regarding the comparative advantages of learning games for
mathematics and more traditional learning technologies (Mayer, 2014). Thus, given the state of
game-based learning science as of the publication of our seminal 2017 paper, this was an
important and novel finding.

Our most robust finding has been that female students have exhibited greater learning gains
from the Decimal Point game as compared to their male counterparts. This finding, again, first
found in Study 1 and then replicated across five other studies — Studies 2, 2a, 3, 4, and 5 —
featuring diverse versions of the Decimal Point game, serves as the focal point of my student
Huy Nguyen's PhD thesis and is extensively discussed in Nguyen et al., 2022a. That paper
covers the first 4 of the gender effect studies. We continue to pursue this issue in our most
recent studies, including two that have not yet been published. For one of those studies, we
created a new game, Ocean Adventure, which has exactly the same decimal content and
instruction as Decimal Point, but with an entirely new, masculine-oriented narrative (see Figure
16), which we designed based on a survey conducted with 333 students, designed to probe the
preferences of male and female students (Nguyen et al., 2023c). The goal was to see whether
boys would be more engaged in the new game and thus learn as much, or more than girls.
While there was some evidence that boys were more engaged in the new game, they did not
learn more. Ultimately, we hope an important practical outcome that will emerge from this line of
inquiry will be the identification of game-based learning guidelines for alleviating the stereotype
threat in female students, thus resulting in better math learning outcomes — and eventually
better career prospects — for female students.
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Figure 16. Screenshot of the new Ocean Adventure learning game, along with screenshots of two of its
mini-games. This game was specifically designed to be more male-oriented, according to a survey we
conducted with over 300 middle school students

Perhaps our most surprising finding in this line of research — although the oft-replicated gender
effect would also be a good choice — emerged from Study 4 and McLaren et al. (2022b) where
we reported that hints and error messages within a digital learning game do not necessarily
enhance learning outcomes. Given the fundamental use of hints and error feedback in other
forms of educational technology, most especially intelligent tutoring systems (VanLehn, 2006,
2011; Xu et al.,2019), this was particularly unexpected. Our conjecture is that the interruption of
game flow (Czikszentmihalyi, 1990) through hints and feedback may have led to unintended
and negative learning consequences. This unexpected finding, on the other hand, provides
evidence for the ICAP Framework (Chi & Wylie, 2014), suggesting that the struggle students
may encounter — for instance, by not having hints and feedback to lean on — might contribute to
deeper learning in the context of a digital learning game.

The most central contribution to learning science of this line of research comes from Study 5

and our findings reported in (McLaren et al., 2022a) regarding the advantages of prompted self-
explanation within the context of game-based learning. Specifically, focused self-explanation —
a form of prompted self-explanation in which students must generate their own explanations —
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emerged as the most effective form of self-explanation that we studied. This finding is important,
as it presents a counter to the findings of Johnson and Mayer (2010) in which menu-based self-
explanation led to better learning outcomes in the context of a digital learning game. They
conjecture that minimizing impact to student game play and flow — as a menu-based approach
surely does — led to their findings, whereas we conjecture that the constructive approach
inherent in a focused, open-ended self-explanation led to productive student struggle (Chi &
Wylie, 2014) and thus to our findings. Further exploring these different outcomes is an excellent
direction for future studies. Perhaps most importantly, we discovered that prompted self-
explanation likely holds the key to understanding the gender effect that we have found in many
of our studies (Nguyen et al., 2022a).

Finally, our most forward-looking finding comes from Study 5a and Nguyen et al (2023b), in
which we investigated the contribution that GPT could make in providing feedback to students
who play and learn from Decimal Point. With Al, and especially large language models,
providing an inflection point for how technology will be used and contribute to many aspects of
society, it was important and timely for us to investigate how Al could impact learning with
educational technology generally and our game more specifically. While the post-hoc study we
conducted was preliminary — done completely in post-hoc fashion with off-line data — it provided
some key insights into how students might benefit from large language models.

6. Key Take-Aways: Use of a Digital Learning Game as a Research Platform

In essence, Decimal Point has functioned not only as a research tool but has become a more
general research platform, pushing the boundaries of our understanding of how learning science
can be effectively integrated into the design and implementation of learning games. We've
discovered that a digital learning game can provide a rich environment for experimenting with
many aspects of learning. The many and varied features of online games — both for learning
and playing — furnish an excellent framework for systematic exploration, encompassing learning
aspects such as the potential of student agency during game play, the tension between
enjoyment and learning in game-based learning, and the benefits of hints and feedback in
game-based learning, among other facets. We have leveraged the game as a platform for
exploring all of these issues — and more.

A key to Decimal Point acting as a research platform has been its overall architecture and
design. For instance, we’ve discovered that a learning game can be built with an underlying
tutoring system engine and ITS principles (Aleven et al., 2019). The ITS model and approach
has helped to structure instructional aspects of the game. Principles of ITSs, such as providing
immediate feedback and on-demand hints, influenced the design of both the game and our
studies with the game. While “gamification” — attempting to improve learners’ engagement and
experience with educational technology through, for instance, the inclusion of badges, points,
leaderboards, and interactive playful agents (Landers & Landers, 2014; Landers et al., 2017) —
is a popular approach to studying how game techniques can make learning more enjoyable and
effective (Long & Aleven, 2014; 2018; Tahir et al., 2020), in this line of research we have shown
what is possible when a game is built from scratch with underlying ITS principles, a more
fundamental design approach than gamification. Essentially, we have shown that the degrees of
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freedom for experimentation are ultimately much wider (and arguably richer, as well) when a
learning game is designed originally as a game, rather than as a gamified tutoring system.

Another important question that arose during the use of Decimal Point as a research platform is
whether games are better suited for learning at home or in a classroom. Students are used to
digital games being a fun, at-home activity. In contrast, they know that in school activities are
more structured, less free and perhaps less fun. So, can we fully engage students in school with
a perceived out of school activity? This is an excellent, open question. This issue came up in
multiple instances over the years of experimenting with Decimal Point. For instance, in Studies
2 (Nguyen et al., 2018) and 2a (Harpstead et al., 2019) — in which we essentially studied the
trade-offs between student autonomy and game system control, students in the classroom may
not have really felt in control of their learning, due to the influence of the teacher and classroom
context. Perhaps autonomy and agency would have been more greatly felt at home? We didn’t
have the opportunity to explicitly explore this, but it would be an interesting topic still to
investigate. Decimal Point's infrastructure and Internet existence would allow for such a study.
As another example, Study 4 (McLaren et al., 2022b) — the hints study that ended up being 2
conducted at school, 72 at home — was a step toward exploring this dichotomy that may lead to
further contrasting studies.

A key aspect of intelligent tutoring systems, first articulated by Kurt van Lehn (2006), is the
distinction between the “outer loop”, in which problem ordering and selection is handled, and the
“inner loop”, in which student interactions within problems occur, is another way in which
Decimal Point has acted as an excellent research platform. In our studies, student agency,
indirect control, and mindfulness — all outer loop activities — did not yield significant differences
between conditions. Conversely, the inner loop, which involves elements we tested such as
hints and errors and self-explanation, emerged as a locus of noteworthy variations in learning
outcomes. This is likely due to the learning aspect of Decimal Point being more prominent than
the game aspect, which makes it harder for individual tweaks on the game mechanics to
significantly change learning, but also makes the game "safer" and more robust to changes —
we have never seen a condition that did not lead to significant pre-post learning gains.

Finally, a very interesting and important observation — since it has meaningful implications for
game design and for how we should approach future game-based learning research — is that
many of our interventions did not actually show learning differences between conditions. Our
most significant learning difference was found in Study 1 when we compared the game to a
conventional learning technology (McLaren et al., 2017a). There are surely different reasons for
the lack of condition differences in each of the game versus game studies; this could be
evidence that it is tricky to significantly alter learning outcomes by tweaking individual features
of a game. This further suggests that perhaps students are more consistent in how they play
learning games — or more resistant to our efforts to change their ways of playing — than we
might think. This may have been due, at least in part, to the mostly-unchanging basic
instructional approach of Decimal Point being more prominent than the game aspect.
Throughout the decade of the game being used as a research platform, the basic precepts of
Decimal Point's instructional approach remained (a) a focus on decimal misconceptions and (b)
an underlying ITS instructional approach. This surely made it difficult for individual tweaks to the
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game mechanics to significantly change learning. At the same time, it also likely made the game
"safer" for and more robust to changes, as mentioned, we have so far not seen a condition that
did not lead to significant pre-post learning gains. In short, a lesson for future game-based
research platforms might be to create a more modifiable instructional component for
experimentation.

7. Conclusions

In conclusion, | will propose a few possible future directions for the McLearn lab’s continuing
work with Decimal Point more specifically and for digital learning games research more
generally. One direction that could be further explored in connection with digital learning games
is the “Assistance Dilemma” (Koedinger & Aleven, 2007), reaching beyond the standard textual
hints and feedback support we investigated in Study 4. The Assistance Dilemma raises the
question of the trade-offs between giving and withholding help in the context of instructional
technology. Giving help can move students forward who are stuck; it can also lead to shallow
learning. Withholding help can push students to think and learn more deeply; it can also lead to
frustration when they are truly stuck. The trade-offs in a game-based learning context may differ
from other educational technology, however, given how games are intended to promote flow
and engagement. Our Study 4 results, in which the students who received hints learned less,
seemed to indicate that withholding help was the correct choice for learning with Decimal Point,
perhaps because of how the particular help we provided might have disrupted student
engagement. One aspect of the Assistance Dilemma that could be further investigated would be
the value of using a different model of providing help than allowing students to simply request it
and to receive standard textual hints. Perhaps, for instance, instead of providing on-demand
hints, students could be prompted to ask for help when they have clearly demonstrated they
need support. Such an approach might involve less disruption to a student’s engagement with a
game, yet still provide timely assistance. Another aspect of the Assistance Dilemma that could
be explored — and which would fit the context of game-based learning well — would be the use of
non-textual hints, such as animations (Berney & Bétrancourt, 2016; Nathan, 1998; Scheiter et
al., 2010) or visual representations (Nagashima et al., 2021). Given the highly visual and
engaging nature of learning games, not to mention evidence that visual models can support the
learning of mathematics (Hegarty & Kozhevnikov, 1999; Luzén & Leton, 2015), animated or
visual hints might provide better, easier to process, and more engaging help in digital learning
games than standard textual hints.

Another intriguing avenue worthy of investigation involves the incorporation of learning from
erroneous examples, which have been shown to be an effective learning technique in a variety
of studies (Adams et al.. 2012; Durkin & Rittle-Johnson, 2012; Grosse & Renkl, 2007; McLaren
et al., 2012; Tsovaltzi et al., 2012), in the context of a learning game. Erroneous examples are
worked examples of problem solving in which one or more of the steps has an error, typically a
common error made by students. This is, in fact, how the McLearn Lab started this line of
research with learning games (although we early on departed from this exploration). In
particular, we originally set out to see if we could create a learning game around erroneous
examples, which have a natural interactivity or playfulness associated with them in presenting
students with the challenge of errors to fix. One could imagine a version of Decimal Point in
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which students don’t (always) directly solve problems themselves but instead are challenged to
find and fix errors made by the fantasy characters in a gameful way. Furthermore, providing
badges and prizes to students as they manage to find and fix the errors could provide an even
more gameful aspect to Decimal Point — and perhaps create a blueprint for a new type of
learning game.

Of course, as discussed, the recent rise and huge steps forward in large language models and
artificial intelligence raises some intriguing possibilities for Al applications in the context of digital
learning games. In a recent book chapter (McLaren & Nguyen, 2023) we described the many
ways that Al has already been used in digital learning games, including adapting game play and
problems, Al-powered dashboards, educational data mining for game improvement and
identifying cognitive, behavioral, and affective aspects of learning, and Al-powered non-player
characters (NPCs). As discussed earlier, we have experimented with the first three of these Al
approaches within the Decimal Point game, using older Al techniques than LLMs. LLMs present
new and exciting opportunities to create and extend learning games with intelligent capabilities.
Our Study 5a (Nguyen et al., 2023b) was a very promising first step toward incorporating the
latest advancements in Al into digital learning games, but there are many other directions that
could be pursued. For instance, a large language model could be called upon to not only
provide cognitive feedback, as per our recent study, but also meta-cognitive (Hattie and
Timperley, 2007) and affective (Howard, 2021) feedback, both of which are valuable to learners
and for which there is extensive information on the Internet from which an LLM could generate
feedback. An illuminating study would be one that compares a learning game that has manually-
created feedback, the typical case, to feedback generated by an LLM. Another possibility for
LLMs in the context of learning games would be replacing NPCs, which are currently
implemented with earlier generation natural language processing (NLP) techniques, with LLMs.
Given the superior language capabilities of LLMs, this could potentially be one of the most
significant applications within learning games. A final suggestion for how LLMs could be
employed in support of digital learning games is that they could be used as “helpers” in
designing and developing new games. More specifically, LLMs could be used to rapidly
generate new game ideas and narratives that game designers could build upon and to provide
feedback on game ideas and early prototypes of game developers. Work in this direction has, in
fact, already begun (Gatti Junior et al., 2023).

Finally, an important facet of Decimal Point — and digital games more generally — that warrants
further investigation is the potential presence of unconscious bias embedded in the game's
mechanics and artistic elements. The designers of learning games, who are typically and
predominantly White — which is true for the designers of Decimal Point and cited as 78% the
case for the game design industry more generally (Kumar et al., 2022) — are usually well
meaning but often unaware of how their own biases frequently lead to design choices that subtly
(or even overtly) create biased functionality, blatantly stereotypical game characters and
environments, and player identities that turn away children of color, or more specifically, Black
children (Peckham, 2020; Rankin & Henderson, 2021; Richard, 2017). In fact, Decimal Point
has provided at least preliminary evidence of implicit bias. In a recent analysis of more than 700
students using the game, spanning three of the classroom studies reported in this chapter (i.e.,
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Studies 5, 6, and 6a) and a new study that has not yet been published, we found that well-
represented students (White and Asian; n=578) learned more and showed more engagement
and less anxiety in using Decimal Point than under-represented students (Black, Hispanic or
Latino, Indigenous, and multiracial; n=158) (Ni et al., 2024). Unpacking potential biases is
crucial for a nuanced understanding of how learning games can be designed and redesigned to
support diverse learners. To address this, we recently proposed a project to the National
Science Foundation in which we will engage 120 Black middle school students in co-design
sessions with Decimal Point and in the analysis of 10 other STEM learning games, including
Math Blaster, Math Playground, and BrainPop. By scrutinizing these games, and redesigning
Decimal Point if and where necessary, we could contribute to the ongoing discourse on
diversity, equity, and inclusion in digital learning games, paving the way for more informed and
culturally sensitive game design practices.

The McLearn Lab’s ten-year research program with Decimal Point has been thrilling, with some
prominent successes, such as the gender effect and the self-explanation findings, but also
some disappointing failures, such as the lack of impact of agency and mindfulness inductions in
the context of the game. Decimal Point as a research platform has facilitated much of the work
described in this chapter. The McLearn Lab looks forward to continuing this line of research not
only with Decimal Point, but with two new games the lab has designed and developed: Angle
Jungle, a game to help elementary and middle school students learn about angles that was
reimplemented and extended for classroom use from a prior implementation (Khan et al., 2017)
and Ocean Adventure, a game that is a “reskinning“ of Decimal Point with precisely the same
content and instructional approach but with a completely different narrative and art assets. The
future possibilities of learning game design, development, and research are myriad, and we
intend to pursue many of these possibilities with our various learning games.
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