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ABSTRACT

Schimpf, Corey T. Ph.D., Purdue University, December 2015. Scaffolding Early
Engineers’ Design Learning with a Videogame: Investigating the Influence of Minecraft
as a Platform for Design Ideation. Major Professor: Alice Pawley.

In this manuscript a modified commercial game, Minecraft, was used to assist
early engineering students' learning the design process. More specifically, a designed-
based research approach was employed utilizing a concurrent mixed methods to
investigate the use of Minecraft for learning about the concept generation stage of design.
Survey instruments measuring understanding of the design process, in-depth interviews
on students’ interactions with the platform and iterations of students’ virtual artifacts
were captured for analysis. Although no learning gains were detected from pre to post
instrument, several analytical methods including visual content analysis of students’
artifacts, discourse analysis of students’ framing of the platform and thematic analysis of
their reported formal and informal use of the game provided some evidence of students'
engagement with the game, the mechanisms of that engagement, an array of ways in
which students may use the platform informally that related to class-work, and the

promise of virtual worlds for design learning.



CHAPTER 1. INTRODUCTION TO GAME-BASED LEARNING FOR DESIGN

1.1 Introduction
In this manuscript | used a modified commercial game to assist early engineering
students' learning the design process. Although no learning gains were detected from pre
to post, several analytical methods provided some evidence of students' engagement with
the game and the mechanisms of that engagement, an array of ways in which students
may use the platform informally that related to class-work, and the promise of virtual
worlds for design learning. Below I first detail the state of design in engineering
education and the difficulties engineering students face when learning design; and
second, | discuss the state of game-based learning and what potential it holds for design
learning. | then turn to the main research questions | seek to answer, discuss the research
design of the study, give some background on the game itself and briefly outline the
theoretical and epistemological framework | use.

Until the 1990s, design received limited attention in the engineering education
curricula in the United States (Seely 1999). In the 1990s there was a shift toward better
integrating design into the engineering curricula (Seely 1999) including first year
engineering design projects (Bertozzi et al 2009; Kalkani, Boussiakou & Boussiakou

2005; Daily & Zhang 1993; Agogino, Sheppard & Oladipupo 1992).



Many researchers also argue design is what distinguishes engineering from other
technical fields (Gainsburg, Rodriguez-Lluesman & Baily 2010; Vincenti 1990; Simon
1969) or that design is a critical component of engineering (Figueiredo 2008). However,
research also indicates engineering students often struggle with design work due in large
measure to the open and often ambiguous nature of design (Von Lockette et al. 2007,
Neely, Sheppard & Leifer 2006; Dym, et al. 2005). Difficulties in learning design is
compounded by the centrality of engineering science in the curriculum and limited
emphasis on other elements, including design (Sheppardet al. 2008; Dym et al. 2005).
Dym et al. (2005) and others have argued that engineering science as taught typically
employs a “convergent” approach whereby the complexity of a problem is reduced
through analytical techniques to identify a correct or optimal answer. Practically
speaking, most learning activities and performance evaluations in engineering classes
usually take the form of closed-answer problems sets and exams.

Learning how to design does not lend itself well to closed-answer problem sets
and exams. Particularly in the early stages, design typically involves divergence, where
many different ideas or concepts are generated (Stones & Cassidy 2010; Prats et al. 2009;
Eris 2003), followed by a process of convergence where ideas are evaluated, dropped or
combined (Toh & Miller 2015).The divergence component may lead to several different
designed artifacts or pathways to a final design and thus is part of the reason design work
is often open and ambiguous (Crismond & Adams 2012). Although design courses are
often part of the first year and final year engineering curriculum (Sheppard et al. 2008;
Dym et al. 2005) several researchers studying more senior engineering students find that

these students placed greater importance on engineering science as "real" engineering



rather than design or other collaborative work (Leonardi, Jackson & Diwan 2009;
Downey & Lucena 2003). This finding is problematic as engineering graduates are
expected to participate in design teams (Bucciarelli 2003, 1996) and may be ill-equipped
for doing so. Furthermore, the difficulties students face when they are first exposed to
design raise questions as to whether there may be ways to better integrate design into the
engineering curriculum. Better integration of design early in their engineering careers
may lead to more balanced engineering students who excel at using both convergent and
divergent processes.

Game-based learning represents one potentially fruitful way for better integrating
design with the engineering curriculum. Recently, video games have received increasing
attention as educational tools across many fields including health, science, humanities
and others (Gee 2010; Ritterfield, Cody & Vorderer 2009; Wankel & Kingsley 2009;
Shaffer2007; Michael & Chen 2006). While many termshave been created for games
used toward educational ends, this paper will use game-based learning unless otherwise
specified. Game-based learning and related digital platforms have been argued to offer
several learning affordances offering collaborative knowledge construction (Moskaliuk,
Kimmerle, Cress & Hesse 2011), allowing for continuous instantaneous feedback
(Ritterfield, Cody & Vorderer 2009; Gee 2002), promoting student—or user—driven
goal-setting (Gee 2010, 2002) and simulating professional practice (Arastoopour,
Chesler, Shaffer & Swiecki 2015; Chesler 2013 et al.; Svarovsky 2011).An additional
affordance for early engineering design learning stems from the fact that all digital
platforms constrain how users interact with the platform(Song 2009; Selfe & Selfe 1994;

Hawisher & Selfe 1991).



In this manuscript | argue that these affordances may make game-based learning a
promising means for integrating design and engineering education for several reasons.
First, given that one of the difficulties early engineering students face with design is how
open the process is (Chong et al. 2013; Dym et al. 2005), the constraints of digital
platforms, if coordinated appropriately by instructors/researchers, could gently scaffold
student design learning by constraining the problem space they have to traverse. Second,
in terms of collaborative knowledge construction, multi-user virtual world games offer a
means for students to build designs synchronously or asynchronously with other team
members (Moskaliuk, Kimmerle, Cress & Hesse 2011). Furthermore, if all of the class
members' design work is housed in a single virtual (game) world, this world can double
as a large virtual design studio. Here students may encounter new or surprising ideas
from their teammates, or from other teams in the class. Moskaliuk, Kimmerle, Cress and
other colleagues argue that digital platforms including virtual world games allow for the
individual creation of objects (Moskaliuk, Kimmerle & Cress 2012; Kimmerle,
Moskaliuk, Cress & Thiel 2011; Moskaliuk, Kimmerle, Cress & Hesse 2011; Kimmerle,
Cress & Held 2010; Kimmerle & Cress 2009; Cress & Kimmerle 2008). These objects,
when viewed by others (i.e., not the creator) may create discontinuities or surprises in
their understanding of the problem and lead to new creations from the other users,
thereby resulting in collaborative knowledge building. Collaboration may also happen
more generally through coordinated acts on the platform.

Third, in terms of feedback, on the cognitive level a game provides immediate
continuous feedback (such as presenting an evolving design artifact) to which the user or

student can respond. Student responses to continuous feedback leads to a feedback cycle



(Ritterfield, Cody & Vorderer 2009; Gee 2002). Both continuous feedback and
collaborative knowledge building may help students individually or collectively develop
their design ideas. Fourthly, in terms of goal-setting, Gee (2010, 2002) has argued that
games allow for individual goal-setting beyond the intent of game designers. In the case
of design, this may also present students with opportunities to conduct self-driven
inquiries (Justice 2007) and promote informal (i.e., not instructor defined) learning (NRC
2009).Finally, in terms of simulating practice, when design learning happens through
projects a greater emphasis is placed on professional practices. Game-based learning also
lends itself well to a practice-oriented type of learning (Arastoopour, Chesler, Shaffer &
Swiecki 2015; Chesler 2013 et al.; Svarovsky 2011).This set of affordances, properly
utilized, appears to offer much promise for integrating design learning into the
engineering curriculum.

While there is much theoretical work discussing games’ potential (Bertozzi 2012;
Lenhart 2011; Duncan 2010; Gee 2010, 2004, 2002; Squire 2006) there is limited
empirical work, as the field of gaming research is nascent (Connolly et al. 2012; Tobias
& Fletcher 2012; Young et al. 2012). Additionally, little research has been conducted on
the use of game-based learning for design education, in engineering or more broadly.
Some exceptions include an intriguing older article that discusses developing a board
game for design learning (Habraken & Gross 1988), and a paper that discusses the use of
the popular massive world game Second Life for architectural modeling (Gu et al. 2009).
Shaffer, Chesler and other researchers (Arastoopour, Chesler, Shaffer & Swiecki 2015;
Chesler 2013 et al.; Svarovsky 2011; Shaffer 2007, 2006) have dedicated much work to

virtual internships (which are a form of simulation) that are similar to games; however



most of the engineering platforms they have studied are highly constrained (i.e., they only
allow for the design of a small set of objects).Many of the affordances discussed above,
including self-driven goal setting and collaborative knowledge building, better thrive

with a wider problem space for students to explore.

1.2 Study Overview

In light of the promise of game-based learning for better integrating design into
the engineering curriculum and the relative paucity of gaming research, | propose the
exploratory use of an expansive virtual world game, Minecraft, that has building as a core
mechanic (in the literature review | discuss Minecraft in relation to the affordances
detailed above). | used Minecraft in a series of activities in a first year undergraduate
engineering class, called engineering 1 in this manuscript, as part of their design project,
specifically targeting the early design stage of concept generation/reduction where
convergent and divergent processes are most pronounced. This project aims to begin to
advance our understanding of how game-based learning can assist design education in
engineering.

For this study I use a design-based research approach (Barab & Squire 2004).
Design-based research, like traditional experimental research (Whitehurst 2010) seeks to
intervene in the classroom. However, in contrast to experimental research, design-based
research also examines and seeks to leverage contextual factors such as classroom norms,
student-platform interactions, and contingencies of everyday learning (Barab & Squire
2004; Cobb et al. 2003).Experimental research, in contrast, attempts to hold all contextual

variables constant while manipulating a sole or small set of variables of interest



(Whitehurst 2010, Slavin 2002).With little research to build on, drawing on a design-
based approach allows for a more comprehensive study of the game-based intervention,
exploring several factors simultaneously. Furthermore, games are unlikely to present
exactly the same intervention to all students, as the interaction between game and student
will vary by student because a game may be played in different ways (Ennemoser 2010)
and students may approach games from different angles. In brief, the dynamics of the
student-game interactions are important contextual factors in students' learning with
games. Therefore, a design-based research is more appropriate for this research project
than a traditional experimental design.

In order to comprehensively study the use of Minecraft as a design platform, |
take a mixed methods concurrent design approach (Teddlie & Yu 2007) to capture data
on students' learning gains, use, and discursive framing of the platform and the artifacts
they construct on the platform. The research questions driving the study are:

1) Does the gaming platform Minecraft help students develop along the pathway
from novice designers to more informed designers?

2) How do students discursively frame and use Minecraft and what does this suggest
for learning?

a. How do students’ engineering discourses relate to their use of the gaming
platform?

b. How do students' gaming identities and discourses relate to their use of the
gaming platform?

c. What kind of informal learning activities, besides those game activities set
up by the instructor, do students engage in through the platform?

d. Is there evidence from the artifacts students built in the game that they are
able to use the platform for their design project? How are the artifacts
distributed across time and (in-game) space?

3) How might insight from students' discursive understanding of, use of, and

learning gains from, the platform shape a future serious game dedicated directly
for early engineering design students?



The first question is quantitatively-oriented and seeks to explore students' learning
gains. The second set of questions are qualitative and seek to explore students' discursive
framing, use of the platform and built artifacts. For the third question | draw on results
from the previous questions to generate recommendations for a game platform for
engineering design learning.

This study contributes to our understanding of game-based learning in general and
in specific for design in engineering. This study also contributes to our understanding of
how different students, with different discursive framing of engineering and gaming, and
gaming identities, interact with the game and engineering content. The study also
contributes to our understanding of informal learning, particularly the use of informal
media like games. While informal learning research has been growing in popularity,
much research remains to be done on how informal learning might affect or be
synergistic with formal learning (NRC 2009).Finally, the manuscript contributes
recommendations for a gaming platform dedicated to engineering design. The
recommendations draw on results from the all the analyses.

In the remainder of this introduction, | briefly discuss Minecraft itself, and then
the theoretical frame taken for this manuscript: situative cognition (Greeno 1997). Then |
turn to the literature review (Chapter 2) where | give an overview of informal learning,
followed by gaming literature, then turn to the design literature with a specific emphasis
on sketching/concept generation and the typical affordances (i.e. design skills)
sketching/concept generation invokes or develops. Finally, the literature review
concludes with a discussion of gaming culture and the potential risks game-based

learning may have due to its connections with gaming culture. For each section of the



literature review, aside from informal learning, | discuss my implementation strategy for
using Minecraft in relation to the literature covered in that section at the end of the
section. In the methods section (Chapter 3), I first describe the context of data collection
and then data collection procedures. Next | give a brief overview of the mixed methods
design used for this paper, concurrent design, and discuss some points about mixed
methods research. | then detail each method used. | close the section with a discussion of
the pedagogical method used for the class, Content Assessment and Pedagogy (Streveler,
Smith & Pilotte 2012), apply the method to the quantitative portion of the study and
detail the game-based learning activities. | then report the results (Chapter 4) for each
method, and then discuss the results for each analysis in more depth. In the final chapter
of the manuscript (Chapter 5) | synthesize the weaknesses and strengths of the game-
based learning activities used for this class and derive recommendations for a future
serious game platform, in accordance with the final research question. I then discuss

implications of the manuscript and give concluding remarks.

1.3 Overview of Minecraft
The game used for this study is a commercially-released title called Minecraft.
Minecraft is an “open world” game (that is players are free to “explore” most of the
virtual world with minimal constraints) where nearly all elements of the virtual world can
be collected and used to build small objects, to enormous castles, cities and other
constructs. The world itself mimics the real world with a variety of biomes, geographical
features, flora and fauna as well as weather conditions. Unlike popular “massively

multiplayer online” games, Minecraft is run through an individual user’s server instead of
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through a company’s server. (This is important as the class had a server dedicated to the
participating students.) While the game was released in 2011, it was not designed to
require high-end computers and can therefore run on older computers, including those
predating its release year.

Building within Minecraft is similar to building with Lego bricks in that the
primary units used to build things are mostly block-shaped. Items such as wood and stone
can be combined to create new units and tools. Some mechanical as well as electrical
objects and functions can also be built. Building within Minecraft is reasonably intuitive
and involves selecting an object to use and clicking on the appropriate location to place it.
Once placed, objects can also be removed. Minecraft has started to catch the attention of
educators, who have now created lessons in physics, chemistry, and geology (Short 2012;
Wingrave et al. 2012) for students through the platform. Furthermore, Minecraftedu
emerged as a joint effort of American and Finnish educators and programmers working
with the original publisher of Minecraft, Mohjang, to modify the game and make it
accessible to more educators. Later in the literature review | will discuss some of the
important modifications as they relate to this study.

Comparisons between Minecraft and other existing platforms will be addressed

more thoroughly in the literature review below (2.3).

1.4 Educational Framework
In this study | use situative cognition framework. Note situative cognition is the
term used by Greeno (1997), others researchers have also used the term situated cognition

(e.g., Choi & Hannafin 1995) or situated learning (Lave & Wenger 1991). The situative
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cognition framework focuses on individuals as social entities in some environment where
they interact with others. Their interactions or practices are an important part of how they
make sense of the situation and/or tasks (Johri & Olds 2011; Greeno 1997; Choi &
Hannafin 1995). In a seminal piece on situative cognition, Lave and Wenger (1991) argue
that learning happens in “communities of practice,” tying situative cognition to learning
to become part of a community with some shared practice (e.g. a profession or hobbyist
group). Becoming part of a community involves moving from being a peripheral member
of the community toward being a full member. People accomplish this by mastering the
practices, thinking, and other components of a given community. Thus situative cognition
relates very clearly to professional practice and becoming part of a professional
community. However, as Greeno (1997) argues, while the situative cognition framework
is focused on the social situation and the outward practices people make within it (and
thinking therein toward those practices), its situational emphasis does not mean it is
incompatible with cognitive frameworks that focus on mental schema. Instead, Greeno
(1997) argues that situative cognition, along with cognitive and behaviorist perspectives,
can be grouped into a cognitive system. In this cognitive system, cognitive and
behaviorist elements are sub-systems of the situative cognition an individual exhibits. |
follow Greeno (1997) in taking a systems view of a person’s cognition.

In this manuscript | will analyze the practices, professional thinking (including
professional identity and ways of thinking) students engage in through the gaming
platform. These practices and ways of thinking, with respect to the first research question,
are intended to transform from novice design practices to more informed design practices

(Crismond and Adams 2012). But while these practices and ways of thinking will come
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out through qualitative analysis, changes in students' thinking may also be viewed as
changing schemas in students' understanding of the design process. Indeed, as the
methods section will reveal, the quantitative survey instrument used for the first research
question does not directly measure practices; instead it measures something closer to
schemas students have about design.

Without delving into fine details, | assume a critical realist epistemology for this
paper (Maxwell & Mittapali 2010; Steinmetz 1998; Reed & Harvey 1992). This
epistemological stance frames my study and the way | analyze data. Critical realism
strikes a balance between positivist epistemology and pure social constructionist
epistemologies: in critical realism there is a material world outside of people but events
and processes in this world primarily happen in open systems where it is not possible to
directly measure all forces or events that may cause other events to happen (Steinmetz
1998; Reed &Harvey 1992). Theories and interpretation (in the social science sense of
the words) therefore remain core tools for understanding the world. While | do not
discuss critical realism at great length in this manuscript, | make reference to it in a few
places. Nonetheless, critical realism sets epistemological boundaries for my study, so |

make my stance transparent here.
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CHAPTER 2. LITERATURE REVIEW OF GAMES AND DESIGN

To situate this work in existing research, | cover four areas. First, | discuss academic
work on informal learning, which can be viewed as bringing informal learning means into
the classroom (other work studies informal learning in the beyond the bounds of
educational settings), and relate it to research on game-based learning. Informal learning
has the potential to supplement formal classroom learning (NRC 2009). Second, | give an
overview of the gaming research terrain, and some important debates within it as they
relate to this project. Third, I review design research, with particular emphasis on
sketching/concept generation research and design skills that researchers find are
influenced by sketching or concept generation. In the fourth and final section of the
literature review | discuss some important considerations for implementing a gaming
platform into a classroom, including the status and potential impact of current gaming
culture and also differences in students' familiarity or experience with games. At the
close of the section on game research, design research and gaming culture, there is an
implementation strategy subsection where | discuss how | will structure the game or the

pedagogical content around the game in light of work just presented for that section
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2.1 Informal Learning

Informal learning is a multifaceted concept that researchers have used to refer to
many aspects of learning outside, or somehow separated from, formal learning. Formal
learning is often associated with classroom-based learning. Researchers have explored
different aspects of informal learning including: everyday learning in daily activities
(NRC 2009), learning in museums, learning in the workplace (Ferguson, Cawthorne,
Schimpf & Cardella 2013), learning in social gatherings and zoos (NRC 2009, Thompson
2010), and learning from media (Hung, Lee & Lim 2012; NRC 2009; Hall 2009).Most of
these studies focus on identifiable environments, settings or media in which informal
learning can happen. Furthermore, some have called for fusions between these
environments and media as a learning ecology of sorts (Hall 2009; Barron 2006). Extant
research evinces a binary view of informal and formal learning by focusing on learning
outside of formal institutions (i.e. schools/colleges) or on learning environments as
discrete elements (either formal or informal) that can be combined serially.

Others researchers, such as Marsick and Watkins (1997, 1990),have claimed that
characteristics that distinguish informal learning from formal learning environments
include the level of control over a class and assignments as well as the amount of
structure employed there in. Marsick and Watkins (1990) state that informal learning may
happen in formal settings like schools, but is typically less structured than school learning
and offers learners more control over their learning—i.e., is more student-centric. Hung,
Lee and Lim (2012) discuss the use of non-class media (in this case, a videogame) in a

classroom as an example of informal learning in the classroom.
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Figure 2.1 - Learning Environments Formal to Informal Continuum

The NRC report (2009) displays a useful figure, modified here as figure 2.1,

depicting the continuum of learning environments from the most formal to the most

informal. Like Marsick and Watkin's (1990) definition of informal learning, the NRC

includes level of structure, student choice and assessment. In figure 2.1 the left-side of

the continuum reflects highly formal classroom or learning aspects, whereas the right-

side of the continuum reflects highly informal classroom or learning aspects. While

activities that are closer to the right side of the continuum may happen outside of the

classroom, activities that are structured by students, include situated feedback and may

have voluntary aspects can also happen in the classroom. For example, in the classroom

there could be limited structure, exploratory activities or projects where students can

define major attributes of the project. In this way activities within the classroom can be

more or less informal.
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2.2 Gaming Research

Research on gaming is a new and growing area (Connolly et al. 2012; Tobias &
Fletcher 2012; Young et al. 2012; NSF 2008) which has been largely theoretical (Gee
2010, 2002; Bertozzi 2014, 2012; Przybyski, Ryan & Rigby 2010; Rigby & Przybyski
2009; Salmani-Nodoushan 2009; Shaffer 2006) or descriptive (Rajan, Raju & Sankar
2013; Budnik & Budnik 2011; Barab, Gresalfi & Ingram-Goble 2010; Kafai 2009;
Thompson et al 2010; Connolly, Stansfield & Hainy 2007). As Connolly et al. (2012)
report, of the approximately 8,000 papers they identified as related to gaming research
between 2004 and 2009, only 130 had any empirical results. Importantly, these studies all
had participants who were 14 or older, as this was the population Connolly and
colleagues wanted to study (Connolly et al. 2012). As | will discuss in section 2.2.3, there
IS some evidence that there is cumulatively more research on games for younger
populations (Ratan & Ritterfield 2009).

While empirical papers in gaming research may use quantitative or qualitative
data collection, their research design is often simplistic. For instance, Nilsson and
Jacobsson (2011) conduct a study where students used the popular commercial game
SimCity (where a player builds and manages a city) to learn about sustainability. They
conducted group interviews with students (who were on teams) and concluded that, by
using the game and interviewing the students, it was possible to identify conceptual
development and understanding through the students’ speech. They did not, however,
study how students learned through the game (except how the game might impede
learning).Hummel et al. (2011) used a game scenario through the EMERGO technique,

which is a toolkit for building learning scenarios around some topic. Students were asked
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to analyze the feasibility and best location for a new shellfish production plant and then
write a report to their virtual "contractor." This study was quantitative and used a scoring
rubric for an early and later report (after going through part of the scenario and then the
full scenario). They also had a satisfaction questionnaire for students who went through
the scenario. The researchers found students' scores increased from the early to later
report. The improved scores are unsurprising given that students were unlikely to have
been able to write a complete report when they had only gone through part of the
scenario. Hummel et al. (2011) reported students expressed low to middle satisfaction
with the platform. Furthermore, attitudinal research, like satisfaction questionnaires, have
been noted to be highly problematic and unreliable unless connected to other constructs,
such as intention (Azjen & Fishbein 1980).

A more sophisticated methodology was employed by Svarovsky (2011, 2009)
who used a web-based platform, Soda Constructor, to teach students about engineering
design. In Soda Constructor students built models of virtual characters, with particular
emphasis on the mechanics and structure needed for movement. The activities were
designed to have the students engage in engineering professional practices. Svarovsky
(2011, 2009) collected numerous forms of data, from interviews, recordings of team
meetings, pictures of students’ design, design journals kept by students and others forms
of data. These sources were analyzed with a mixed methods approach where the material
was initially analyzed and coded through a grounded theory approach (Corbin & Strauss
1998) and then later codes were used in a new technique called epistemic network

analysis (Shaffer et al. 2009; Shaffer 2005) that is similar to social network analysis (i.e.,
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a quantitative technique that analyzes connections between 'nodes’). However,
methodologically sophisticated studies like this are less common.

Before delving into methodological considerations, it is important to situate this
research within the larger field of gaming research. I will cover three major areas in the
gaming literature: commercial games, commercial games used for purposes other than
pure entertainment, and serious games. All of these subareas contribute to the formation
of this study. One area of the gaming literature I will not review is using programming
games (Li & Watson 2011) for learning objectives, as this is too distant from the focus of
my study. It is also important to give a broad definition of gaming for the purposes of this
study. Here I use the term “gaming” to refer specifically to electronic or digital games,
played on a console or a computer that are traditionally created and played for
entertainment purposes. | will expand upon this definition below in the serious gaming

portion of the literature review.

2.2.1 Commercial Games

Every year thousands of commercial games are released into the market either
through brick and mortar stores or online distribution channels such as Steam (a digital
platform where one can buy and play games) and the iOS and Android marketplaces.
While there are a range of studies on commercial games (e.g. Chess 2014, 2012; Bartle
2003), here | am focused on studies that examine learning in commercial games (e.g.
Steinkuehler & Duncan 2008; Steinkuehler 2007, 2005; Squires 2005, 2003).

As an example of this work, Steinkuehler and Duncan (2008) explore the

scientific discourse patterns of players of the wildly popular World of Warcraft (a
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Massively Multiplayer Role Playing Game, or MMORPG), that exists as a virtual world
with multiple continents where players create custom fantasy characters that travel the
world and battle foes, work with other players and take on other tasks. The researchers
examined players’ posts on discussion forums related to the game, and found they
contained evidence of the social construction of knowledge (86%) and systems based
reasoning (over 50%), while one third (37%) expanded on previous users posts and
another (37%) rebutted a previous post. From this, the authors argue that these gamers
often engage in scientific habits of mind based around their shared interest, without any
external motivation to do so.

One of the major contributors to this research space is James Paul Gee (referenced
previously as Gee 2010; 2002).In this section | will summarize some of the main findings
from Gee and compare and contrast his findings with the structure of my proposed use of
Minecratft in the classroom. | focus on Gee for a number of reasons. First, his work is one
of the most expansive treatments of everyday learning in videogames, spanning multiple
books and articles (Gee 2013, 2010, 2007, 2004, 2002; Shaffer & Gee 2005). Second,
much of this, especially his book What Videogames have to Teach us about Learning and
Literacy (2002) and his book chapter in Serious Games (2010), specifically examine how
everyday learning that happens through games can inform learning principles for
classroom learning. Third, while there are strong similarities between Gee's work and that
of Shaffer (2007, 2006), Gee is less explicitly focused on learning through gaming for
children and/or K-12 learning than Shaffer is; so Gee's points are more in line with this
study. Shaffer's work will be more relevant for (and therefore addressed in more detail in

the serious gaming section of the literature review).
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Gee is studying games for learning principles contained within them. These
learning principles assist or scaffold the game player's learning so that they can succeed
at and/or complete the game. In my proposed study, completing or being successful at the
game is not an end in and of itself. Instead, the game is a means toward the larger
educational goal of improving design skills, developing professional identity and ways of
thinking as an engineer. Secondly, | argue most of the points below would hold to some
degree if the students did the design project without the supplement of the game. What
the game offers is a way to scaffold some professional practices as well as engage in
some activities that would be difficult to undertake without a gaming platform (e.g.,
collaboratively building a 3D idea/model synchronously).

In What Videogames have to Teach us about Learning and Literacy (2002), Gee
begins his analysis of the learning principles embodied in commercial games by
introducing the concept of semiotic domains. Semiotic domains (SD) are the specialized
language and ways of thinking about a particular “area”—here, for Gee, games. This has
similarities with Dall'Alba’s (2009; Dall'Alba & Barnacle 2005) discussion of
professionals and professional education, where professional education is not just
mastery of skills and knowledge, but involves being and becoming a professional in the
world (drawing from Heidegger (1962)).Gee says that a player learns the SD of a game
by playing it, similar to how professional learning happens through engaging in
professional practices of that field. Of course, becoming a master of a game is not quite
comparable to becoming a professional such as an engineer or lawyer. Nonetheless Gee
mentions that many SD may be interconnected; thus what a player is “becoming” is a

certain type of gamer, rather than a master of a solitary game.
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Gee's second major principle deals with identities more specifically. Gee talks
about three kinds of identities that are activated in game-play; however only two of them
concern us here. The other one is the players’ identity as controlling a character or aspect
of the game world. Much of this identity originates from the stronger narrative of a
virtual world (Montola 2012; Duncan 2010) as well as the separate identity of the virtual
character one plays as. For instance, in the videogame series Metroid the player controls
the actions of female bounty hunter Samus Aran as she fights against a vicious army of
Space Pirates who destroyed her home planet. This kind of narrative for the game-world
and controllable characters may not as easily translate into game-based learning where
the game is being used for more than entertainment.

Turning to the other more relevant identities activated during game-play, one is
the player’s “real life” identity as someone playing a game. This is important for game-
based learning as it does not just involve expanding skills or thinking but also has been
argued to affect identities as particular kinds of people or professions (Ballance 2013;
Barab 2008; Strauss 2006; Gee 2002). The other kind of identity activated is the
“projective” identity, which means both the identity the player projects onto the virtual
character as well as the “project” or entire task of playing the game. In other words, it is
their connection to the virtual world and what they hope to accomplish in it. This is
important for game-based learning because how they engage with the world will be
different if players see the game as a poor (or good) use of their time

Gee's third major point concerns how people learn. Gee argues that games
encourage experiential learning from direct experiences in the game that eventually lead

to enhanced skills in that domain. He notes a shift in education research away from
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viewing learning as acquiring abstract rules that are applied to something, toward
building up understanding through experiences that are then abstracted out at some point.
Gee talks about experiencing a game through something like an inquiry learning
approach (van Joolingen, de Jong & Dimitrakopoulou 2007; Ingerman et al 2004; de Jong
& van Joolingen 1998) where the player explores the virtual space, makes a hypothesis
(“if I push this block, I'll be able to advance”), tests it and then modifies again
accordingly. However, a completely unstructured inquiry learning approach may be
problematic for novices because it may be too open-ended. Deep immersion with little
scaffolding is problematic for students who have little experience in a domain as it
provides too little direction (Salmani-Nodoushan 2009).

One counterintuitive way of scaffolding a learning experience through a digital
platform is through the constraints of the digital platform itself.Digital platforms are
structured through code in ways that constrain how people use them (Song 2009; Selfe &
Selfe 1994; Hawisher & Selfe 1991). While this might be helpful for educational settings
in at least reducing the tool from being used in myriad ways, these limitations may also
conflict with pedagogical goals an instructor has for the digital platform or game-based
learning. Instructors may also shape how the platform is used, which may be able to
address platform constraints, as well as scaffold topics for students with little familiarity.
Instructors or researchers can strike a balance between total immersion and pure
instruction by combining affordances and constraints of the platform as well as
pedagogically scaffolding the platform (Salmani-Nodoushan 2009).

Gee’s other points about experiential learning include the need for goals to

structure the experience (Gee 2010), which relates to the scaffolding mentioned
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previously. Gee also brings up Schén's (1984) reflection in-and-on action, which the
game encouragesas students interact with the game and it's changing states or
information. Additionally, Gee (2010) mentions how games give opportunities to apply
past learning, such as introducing new challenges that incorporate acts or insights from
past challenges.

The next major principle Gee discusses relates to a point I brought up before: the
need to balance immersion and instruction in learning. Gee argues that one of the benefits
of games is that it gives the player agency or control over part or all of a virtual world in
ways not easily mimicked in the real world (Gee 2010). For instance, a game player may
be able to intervene, redirect, and/or initiate processes in the virtual world like the
establishment and direction of a city's development, which would not be feasible to enact
in the real world.

Giving students agency over a virtual world is important for another reason. As |
discussed earlier, one of the identities Gee talks about is the projective identity, the
identity that the gamer wants to make. In his book chapter, Gee (2010) expands upon this
theme, noting that while there is a narrative and goals from the game designers, because
of the interactive nature of games, students can also create their own additions to the
narrative and/or goals of the game. Some researchers have said this potentially confounds
games as an educational “intervention,” as the treatment across students may vary
depending on their experience and supplemental goals or narratives (Ennemoser
2010).However, drawing on the informal learning literature, this supposed drawback can
be seen as an asset. By giving students a platform where they can develop a projective

identity and have the agency to do so, students may become more engaged with the
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material. Here, informal learning means students engaging in learning activities beyond
the formal assignments or parameters of instructor created learning activities (Hung, Lee
& Lim 2012; NRC 2009; Marsick & Watson 1997). While it is hard to say a priori
whether this will happen or to what degree it may happen without being explicitly
researched, games certainly open the doorway for students to explore and learn beyond
formal instruction/guidance by providing a virtual world within which to act.

Fifth, Gee talks about how games can provide an opportunity to act as people or
in places that might challenge previously held beliefs or understandings of the world. For
example, for a person who is relatively pro-war or pro-military aggression in response to
international conflicts, playing through a first person shooter where one encounters the
terror and hardship of armed conflict as well providing a glimpse into the life of the
“enemy”” might bring to the surface taken-for-granted assumptions about war. (Note
many first person shooters glorify violence and likely would not challenge a pro-military
person's view of war; however a smaller set of games, like Spec Ops The Line intertwine
moral ambiguity, psychological trauma and other dimensions of war into their narrative
and may challenge said persons' assumptions.) Gee notes that gamers may opt not to play
games that challenge their beliefs or values; however opposing views or alternate
perspectives may also be more discretely embedded throughout a game and suddenly
force players to confront alternative perspectives.

Finally, Gee argues that games are typically social, even if they are single player
games. Playing games, like learning a professional field, involves becoming part of a
larger community. This argument, along with earlier points on experiential learning and

mastering semantic domains, aligns well with the situative cognition framework used in
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this study (Johri & Olds 2011; Greeno 1997; Choi & Hannafin 1995). Gamers regularly
share their strategies and insights with each other, argue and debate about games on
forums (Steinkuehler & Duncan 2008), create websites dedicated to games (Milner
2011), or outright play games together.

In other work, Gee has also explicitly written about situative cognition (Gee
2004).Here, Gee introduced the concept of affinity space, which is a physical or virtual
location where people can go to interact with others around some shared interest (Hayes
& Duncan 2012; Gee 2004).Affinity spaces have two important components called
portals and generators: Portals are the means through which someone accesses an affinity
space, and generators are the means that create or organize the content for that space. A
game may serve as both a portal and generator for an affinity space. By logging onto the
game you get access to its content and the game (and perhaps its backend servers)
"generates” and organizes that content. For a given interest, there may be many affinity
spaces; for instance, there may be official and fan sites for a game that operate in
connection with an online game (Gee 2004). Gee developed this concept in part to work
around the limitations of defining a community around a topic. Trying to define the
boundaries of a community and who is or is not included, particularly for online spaces
(Song 2009), proves difficult as people regularly enter and exit the space. Thus Gee
(2004) created the concept of affinity spaces to focus on the space without having to
define the community of that space. This, however, does not preclude those who are
involved in a space from seeing it as a community. By interacting in a space or

contributing content to a space (e.g. user created video of a game), affinity spaces show
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another avenue through which people interact around games (or other affinities). Such

social uses of games may also manifest in game-based learning.

2.2.2 Commercial Games for Learning

Another related vein of gaming research is the use of commercial games for the
purposes of learning (or other non-entertainment ends). Commercial games require a
tremendous amount of time, human power and money to create; thus leveraging a
commercial game toward another end allows an educator to take advantage of the
functionality and affordances of the game without the overwhelming resources needed
for its development. Some examples of commercial games used for learning include
SimCity, a game where players develop and maintain a modern city (Nilsson & Jacobsson
2011; Tanes & Cemalcilar 2010; Gaber 2007; Lauwaert 2007); Civilization, where
players develop, maintain and compete with other “civilizations” over several millennia
(Pagnotti & Russell 2012; Squire 2003); and Second Life, an open-ended massive world
with content primarily developed by users, including educational institutions and teachers
(Bulu 2012; Eckelman et al. 2011; Wankel & Kingsley 2009).Minecraft has also received
some attention with one scholar (Short 2012) arguing for its potential use in the study of
many science domains (e.g. chemistry, physics, biology, geology) and another set of
scholars developing physics for the game (Wingrave et al. 2012). And as was mentioned
in the introduction, Minecraftedu has emerged to support and promote the use of
Minecraft in classrooms in the United States and Finland.

Importantly, these games cannot be used directly as they were developed for

entertainment purposes, not educational ones. Thus immersion into the game without any
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scaffolding or structure would likely produce little success (Salmani-Noudoushan 2009).
Studies in this area therefore structure the commercial game in a way to link it to the
educational goals of the instructor. For instance, Gu et al. (2010) used Second Life to
create a virtual design studio for an international group of architects. The learning goals
for the students were “(1) understanding collaborative design in 3D virtual worlds and (2)
developing the essential skills for collaborative design in 3D virtual worlds” (Gu et al.
2010, pp 165). Students were split into groups of 3-4, provided a tutorial in Second Life
and asked to design a virtual home. The project lasted five weeks, with one hour of
instruction and 2 hours of design/discussion per week. Students successfully created a
wide variety of homes from more fantastical to more realistic. In this way, the
commercial game was refashioned as a virtual design studio.

However, there is another important consideration when using commercial games
for alternative ends. These games are embedded with the views and values of the original
designers that may conflict with their educational use. As mentioned earlier, Nilsson and
Jacobsson (2011) had students using SimCity to build sustainable cities within the game.
The authors discussed how students felt SimCity was embedded with Western,
particularly American, views of economic growth and social welfare. For instance one
student commented on how renewable energy was only affordable after high levels of
economic success, and that subsidizing such energy sources was not a possible move in
the game.

Song (2009), in her study of Web 2.0 technology, reported on constraining
influence of technology on actions or perceptions. In the case of Minecraft specifically,

the game was designed as an exploration and building game. The blocks in the game
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constraint what can be built as they come in predetermined shapes. Additionally, given
their predetermined shapes they push users toward the construction of buildings more so
than smaller objects. Smaller objects can still be made, but they will be out of scale to
their “normal” size. For example, trying to build a hammer in the game, relying on preset
block sizes will result in a hammer much “bigger” in the virtual world than the avatar's
hand could hold. Taking note of limitations or constraints of an originally commercial

game is important when using them for game-based learning activities.

2.2.3 Serious Games

Serious games are distinct in some ways from commercial games, but there is
ongoing debate over what “serious games” are. Many define serious games as a game put
to a different purpose than entertainment (Ritterfield, Cody & Vorderer 2009; Susi et al
2007; Corti 2006; Michael & Chen 2006). These other purposes can include awareness
about health and disease, military or corporate training, political or social activism,
marketing, education or others (Ritterfield, Cody & Vorderer 2009; Wankel & Kingsley
2009; Michael & Chen 2006). Some scholars, such as Zyda (2007) and Prensky (2001),
suggest that fun or the entertainment of serious games cannot be secondary to its other
purposes. In contrast, Shaffer (2007) and Michael and Chen (2006) argue that fun is
secondary to the games, although both these groups of authors admit a serious game can
be fun, i.e., being a “serious” game does not preclude it from also being fun.

One issue raised by Shaffer (2007) and Michael and Chen (2006) in their work on
serious games is the boundary of “game.” To expand upon my earlier definition of a

videogame to specifically serious games, I use Shaffer’s definition of games as a contrast
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point. In his book How Computer Games help Children Learn, Shaffer (2007, pp 23)
states that games are composed of rules a player must follow, which stem from roles
players take in the game. This definition of a “game” is so vast that it could incorporate a
good deal of the everyday social organization of a given society or global civilization.
Indeed Shaffer himself says that his definition of a game can be extended to students’
attendance of and participation in the entirety of schooling. Difficulties with this
definition of a game arise not only from how widely it may be applied, but also because
the definition only incorporates social rules and not machine-coded rules that also affect
how a game is used for learning.

| argue that videogames are distinct from social games, like red-rover, as the
former incorporates both machine-coded and social rules. To put this into perspective, |
take as an example the work of sociologist Anthony Giddens (1986, 1979) who defines
structures in a society as the patterned rules and principles that shape social practices. For
Shaffer, the “roles” in games are roles given to players by the rules. Similarly, Giddens
argues that structures have relations embedded in them that position people relative to
each other. Thus, unexpectedly, we arrive at a position where all social practices (such as
running a senate meeting, driving to the hospital, or opening the door for a stranger who
is nearby) are transmogrified® into “games,” as they all involve rules and roles.
Extrapolating from Shaffer's definition leads us to viewing the world from a perspective
of game theory (Schelling 1980). Game theory is a school of thought and research that

studies the optimizing actions people take to achieve greater outcomes when interacting

11 use the term transmogrify, a "monstrous” transformation, to emphasize the point that Shaffer likely did
not intend for his definition of games to apply to most of social reality.
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with actors while having bounded rationality (Simon 1959) in an uncertain, noisy
environment (Schelling 1980; von Neumann & Morgenstern 1944). In other words, social
interaction is seen as a “game” where people try to maximize their “gains” or minimize
their “losses.” I believe this is the logical extension from Shaffer’s (2007) definition of
games as rules and roles and exemplifies its limitations as a definition for games (qua
serious games) but is likely not what Shaffer intended with his definition.

However, it is not enough to define games in terms of what they are not—as not
being the overly broad definition Shaffer uses. Shaffer gives a second example that is
illustrative, the "debate" game. Here students debated positions on an historical issue
about the U.S. The 1) competitive, 2) goal-oriented, and 3) structured nature of a debate
competition makes it seem more like a game than many other social practices, such as
Shaffer’s example of school attendance.

| argue this kind of game is not the same as a videogame. Different researchers of
digital technology have argued that technological artifacts place constraints on their
users—such as only being able to communicate through text in early internet Multi-User
Domains (MUDs), to take an extreme example (Kolko, Nakamura & Rodman 2000;
Markham 1998). While it would require a certain catalyst of social dynamics, it is not
very difficult to turn the social rules guiding a debate game into a wholly different game
such as the Chinese folk game Killer (Lindtner & Dourish 2011) where people sit in a
circle and try to identify the person who is the “killer” and take roles such as cop, judge,
and bystander. The social rules shaping the debate “game,” given the will and some
social discord, are easily transformed into other “games.” Digital games, however, have

assumptions built into their machine-coded game-play mechanics. While it is possible, as
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Gee (2010) suggests, for gamers to develop alternative goals that are personally
meaningful or play the game in ways that would not lead to “winning” it, the core
mechanics of a game cannot be as easily changed as social rules: they are more rigid and
literally codified. Thus while serious games are a subset of other types of games, they
cannot be reduced to games like the debate game. Serious games, defined here, are not
only games with a primary means that is not fun or entertainment (although, as others
argue fun may still be derived secondarily from them), they are also digital platforms that
have more rigid constraints than a purely social game or social interaction, while still
being malleable enough to allow for the creation of meaning and goals by players.

Within serious gaming research, there appear to be fewer projects and studies that
have college students or adults as their research population. In a survey of existing
serious games Ratan and Ritterfield (2009) found that only 16% of the 600 identified
games were for college students or adults. Indeed, Shaffer and his colleagues’ work on
epistemic games aimed to help students learn about the knowledge, skills values, identity
and epistemology of a profession or field has its primary target as the first of K-12
children (Shaffer 2009, 2007, 2006; Svarovsky 2011, 2009). Yasmin Kafai, another
researcher who has published extensively in this area, focuses mostly on “tweens” (Searle
& Kafai 2012; Fields & Kafai 2010; Kafai 2009; Kafai et al. 2008).

There have been some preliminary findings that games help students learn about a
particular field or skills’lknowledge in that field, in particular as it relates to science and
engineering (Nilsson & Jacobsson 2011; Joiner et al. 2011; Lang & Chen 2010; Barab
2007).While many of these studies focus on K-12, a few study other populations. For

example, Joiner et al. (2011) found that first year mechanical engineering students who
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played Racing Academy, a serious game where students could customize many aspects of
cars (tires, gears ratio, etc.) to advance through stages, had pre/post-test increases in their
knowledge of physics, tires, gear boxes and overall (car) performance. They did not find
any difference in gains for men and women, although the actual number of women in the
study (15) was dwarfed by the number of men (143).They controlled for this through
non-parametric statistical techniques; nonetheless the small number of women limits
some of their findings. As was discussed in section 2.2, of the approximately 8,000
papers that researched game-based learning, only 130 had empirical results for the
population aged 14 and older. This includes high school students, however, so the
number of games for college students’ and adults’ learning is likely lower. Thus when
combined with Ratan and Ritterfield's (2009) results, it seems probable that there are
even fewer empirical serious gaming research studies on these populations.

One final consideration for serious games is their connection to “edutainment.”
Edutainment games were popularized in the ‘90s as a way to make learning fun and more
engaging. Edutainment games are best understood as “games” with two non-overlapping
components: a learning component which tends to border on drill practices, and then an
often unrelated game or “fun” component (Ritterfield, Cody Vorderer 2009; Habgood &
Ainsworth 2011; Habgood, Ainsworth, Benford 2005; Kerawalla & Crook 2005). For
example, a student may be asked to solve a set of multiplication questions, and then upon
their successful completion students will be able to play a fun game for a short time
before returning to the multiplication sets. While there might be different degrees of
separation between learning and game components, in edutainment games there is a weak

or absent integration of the core mechanics of the game (how one plays or can act in the
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virtual world) and the learning content (Ritterfield, Cody, & Vorner 2009; Habgood &
Ainsworth 2011).

Edutainment is problematic, as the potential gains of integrating gaming with
learning are diminished by the separation of the learning process and game mechanics.
However, a good example of their integration can be seen in Habgood & Ainworth’s
(2011) study. Zombie Division is a game for young children (7-11) learning division and
multiplication. In Zombie Division students play as the hero “Matrices” who must defeat
skeletons with numbers on their chests by using the appropriate divisor. Here, students
are tasked to learn about division, and the core game-play involves using different
weapons or combinations of weapons to take on increasingly difficult tasks, represented
by increasingly large numbers and more aggressive skeletons with numbers on their
chests. Divisors in the game are represented by different weapons. For instance, swinging
a sword cuts something in two, hence divides by 2, and a five-fingered punching glove is
used for dividing by five. Better integration between the learning content and game-
mechanics in game-based learning promotes deeper immersion into the game and ideally

greater learning gains (Habgood & Ainsworth 2011; Ritterfield, Cody, & Vorner 2009).

2.2.4 Implementation Strategy
In the this section I discuss my implementation strategy for game-based learning
in engineering 1 with Minecraft as it relates to Gee's (2010, 2002) research on
commercial games, a brief point on commercial games used for learning and research on
serious games. As some of Gee's points are straightforward in their implications, | only

discuss a subset of the points reviewed above.
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Returning to Gee's (2002) point about learning semiotic domains through games,
for this project, the game Minecratft is situated within the larger context of developing
design thinking and skills, as well as professional being as a (engineering) designer. That
is, learning through the game is aligned with engineering 1 as an introductory engineering
class with a heavy emphasis on professional skills and design.

To balance game affordances, constraints and instructor scaffolding, I: a) provide
some guidance (through activities) for engaging in design practices and b) use a platform
which reduces but does not eliminate the kinds of representations a person can make
compared with free hand sketching (Goldschimdt 2003, 1992). In this way the constraints
in Minecraft may actually work as scaffolds for novice designers.

Gee discusses that one of games' affordances is that games are often designed
such that past learning experiences can be applied to new challenges later in the game.
For the game-based learning activities, this affordance is complicated by the students
working on one long design project with unique stages. These unique stages may not
offer opportunities to apply past learning; however design also involves iterating within
or between stages (Jin & Chuslip 2006; Adams & Atman 2000).1 work iteration into the
project to provide students an avenue to apply past learning.

Virtual worlds often bestow players with abilities that are infeasible in the real
world. In Minecraft, students can rapidly build, deconstruct and transform structures
alone or collaboratively. While Lego bricks (a commercial toy used in formal and
informal learning environments) can act as a similar manner, they cannot be as quickly

constructed because of physical limitations and simplification of operations in Minecraft.
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Furthermore, Minecraft representations are easier than physical models to store, generate
and access at a later time due to their digital form.

Gee also discusses how games can expose people to perspectives or people that
might challenge past beliefs or understanding of some topic. The possibility for this study
is that by playing the game scenarios and leaving it open for students to take on
projective identities, the game-based learning activities might confront the students with a
different view of engineering and design than the stereotypical and novice impressions
some researchers have found new engineering students hold (Chong et al 2013; Zemke
2010; Margolis &Fisher 2003; Yurtseven 2002). While some segment of students might
dismiss games used in the classroom as an inaccurate representation of engineering, all
were nonetheless be required to use it, aiding the possibility that it gave them a new
perspective on engineering and design.

In terms of the social dimensions of games, the activities for this study were
team-based and involve considerable interaction and collaboration. Furthermore, students
played on a single server dedicated to the class alone and interacted with other members
of the class in the virtual world.

In the section on studying learning in commercial games, | mentioned how
important it is to take note of limitations or constraints of an originally commercial game
when using games for game-based learning activities. In the design section, specifically
the implementation strategy subsection, | will argue in detail that there are positive
aspects to the constraints of Minecraft that make it a viable platform for design learning.

Finally, on the topic of integrating game play mechanics and learning, the core

game-play mechanics of building and “sketching” or concept generation were integrated
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with the intended learning outcomes of the game. | discuss the particulars of this

integration in the methods chapter in the subsection that outlines the gaming activities.

2.3 Research on Engineering Design Practices

Vincenti and others have argued that design knowledge and skills—in Vincenti's
words, “design instrumentalities”—are a core component of engineering competency
(Gainsburg, Rodriguez-Lluesma & Bailey 2010). Vincenti states: “Design
instrumentalities comprise the knowledge of procedures, ways of thinking and
judgmental skills required to carry out the work of engineering design” (Vincenti 1990,
pp 219). Thus design skills, knowledge, and ways of thinking are an integral part of
becoming an engineer, and in part separate engineers from those in other technical fields
(Bucciarelli 2003; Vincenti 1990).

One design technique that I argue is similar to my use of Minecraft in this study is
sketching. Sketching is a technique where a designer makes rough, initial, conceptual
drafts of a design idea/project. Sketching has many affordances, such as encouraging
“backtalk” from the sketch (that is, the creator can read things into their sketch after
drawing it; Goldschimdt 2003, 1992), reducing cognitive load (Fish & Scrivner 1994),
supporting the generation of many ideas (Dorta, Pérez & Lesage 2007; Shah et al. 2001),
and developing ideas iteratively (Prats et al. 2009; Goldschimdt 2003), among others.
While sketching may happen throughout the design process, it is prominently used in the
concept generation stage of design. A related design practice is low-fidelity prototypes
(Herring, Jones & Bailey 2009), where a rough model of an idea is built to facilitate

concept generation. While building on Minecraft may more closely resemble low-fidelity
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prototyping, this practice has received less research attention than sketching. Therefore |
mostly review sketching research in what follows.

In research on sketching, there is ongoing debate about the use of computational
tools to assist in the conceptual design stage (Alcaide-Marzal et al. 2012; Cassidy &
Stone 2010; Jonson 2005; Won 2001; Black 1990). In a survey of professional engineers,
Robertson and Radcliffe (2009) found participants' self-reported enhanced visualization
and communication (a positive attribute), premature fixation, and circumscribed thinking
(where the most commonly reported response was trying to perfect the design within
CAD). Premature fixation, where designers select a solution too early, was reported on a
low level, 5%; however, their survey relied on self-reporting, so this item may be
underreported. Goel (1995) found that sketchers only reinterpreted hand sketching and
not digital sketching. Later Cassidy and Stone (2010) found students could reinterpret
digital sketching. However, Cassidy and Stone also reported that students who used the
digital platform (Corel Draw) did not use those reinterpretations to transform their final
design; instead reinterpretations were made about what the design should not look like
(that is, they judged a reinterpretation as negative and rejected it) and thus these did not
lead to transformation of the final solution.

On the other side of this debate, Rahimian and Ibrahim (2011) report that students
using a digital platform, specifically a 3D modeling platform with haptic interface,
created more efficient (more quickly completed) designs with more ideas generated
therein, compared to non-digital hand sketching. Alcaide-Marzal et al. (2012) found
slower performance and fewer ideas generated with a digital platform, a sculpting

software meant to mimic sculpting with pliable material, yet still found comparable
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drawings and reinterpretation in the platform. Thus the debate on using digital platforms
versus hand sketching remains unresolved. Indeed, as the debate continues, new
proposals for making CAD more game-like have recently emerged (Kosmadoudi et al.
2013, 2012). Researchers or instructors seeking to use digital platforms for the concept
generation stage of design will need to situate their work in relation to this debate.

Many other techniques have been employed to teach students about concept
generation or as practices professional designers use to generate concepts. One of the
most established techniques is brainstorming (Gonclaves, Cardoso & Badke-Schaub
2014) which involves individually or collectively generating many ideas and withholding
judgment on their viability. Other techniques include information searches (Herring,
Jones & Bailey 2009), role-playing users (Herring, Jones & Bailey 2009), analogies (Ball
& Christensen 2009), function analysis (Gonclaves, Cardoso & Badke-Schaub 2014),
sketching (Goldschmidt 2003, 1991), design heuristics (Daly, Yilmaz, Christian, Seifert
& Gonzalez 2012) and many others.

Information searches include accessing useful information for the design or
prior/related work whereas role playing involves designers acting out the roles or actions
of users to generate possible solutions (Herring, Jones & Bailey 2009). Analogies involve
drawing on knowledge of objects, processes or functions, often from a different domain,
to develop concepts or ideas for the domain of interest (Ball & Christensen 2009).
Function analysis involves identifying the functions a design should meet (Gonclaves,
Cardoso & Badke-Schaub 2014), sketching has already been discussed and design
heuristics involve cognitive prompts that suggest new actions for a design to take to

explore more of the design space (Daly et al. 2012). While some of these conception
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generation techniques have been studied for their efficacy (e.g. see Daly et al. 2012), few
of these techniques offer a steady access digital platform that dynamically captures
designs in one location for revisiting or revising for students, teams and an entire class.
The aim of this study is to investigate the use of such a platform for concept generation.

Next I will discuss the main design skills that are related to the concept generation
stage (including the more specific process of sketching) of design: ideation, reflection,
and iteration. Another important skill involved with concept generation is collaboration,
which | also discuss below. While other skills may be invoked or developed during
concept generation, these four are critical for generating a variety of design ideas on a
team.

One of the design skills invoked by sketching is “ideation” (Vargas-Hernandez,
Shah & Smith 2010; Dorta, Pérez & Lesage 2007; Goldschmidt 2003, 1992; Shah et al.
2001).Ideation is the process of coming up with many initial, often rough, ideas or
solutions for a design task/problem at the early conceptual stage of the design project.
Ideation involves both divergence (or creating many ideas; Dym et al. 2005) as well as
convergence (or selecting a subset of appropriate ideas; Toh & Miller 2015). Studies on
how novice engineering students spend their time on design projects suggest they do not
spend as much time on ideation as compared to experts (Crismond & Adams 2012;
Atman et al. 2007; Atman et al. 2005).Designers or design students can employ ideation
strategies to explore more of the problem space (Simon 1969), building on or going
beyond more obvious solutions, thereby increasing the novelty of the designers' eventual
solution downstream (Daly et al. 2012; Vargas-Hernandez, Shah & Smith 2010; Dorta,

Pérez & Lesage 2007).In sketching, ideation is accomplished by quickly creating
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multiple rough drawings that represent small or larger deviations from underlying ideas,
in traditional pen and paper formats (Prats et al. 2009; Goldschmidt 2003) or digital
formats (Rahimian & Ibrahim 2011; Alcaide-Marzal et al. 2012).

“Reflection” is another key ability that can be developed through sketching or
broader concept generation practices.Donald Schon's (1984) work on reflection in
professional practice, including reflection-in-action and reflection-on-action, has been
highly influential on notions of reflection in design (Gerlick et al 2010; Adams, Turns &
Atman 2003; Valkenburg & Dorst 1998). Reflection-in-action (RiA) is a process of being
aware of, responding to, and interrogating cues while one is performing some action
(Schon 1984). In sketching, Schon and later Goldschmidt refer to this reflecting as the
“backtalk” of a sketch (Goldschmidt 1991). Reflection-on-action (RoA) occurs when
someone returns to and interrogates a completed action or decision. For example, RiA
might happen as someone sketches and notices a missing element in their ongoing
sketching, whereas RoA might happen when a designer moves onto another step of the
design process (such as modeling) but then returns to a part of sketching they had
discarded previously.

Novice designers tend to operate in a tacit mode, failing to reflect on their
decisions, progress on the project, or assumptions/values of the project or decisions
(Crismond & Adams 2012). Researchers and teachers have developed different tools and
techniques for encouraging RoA/RIA including design-stage specific or after-design
project questions/brief reflection papers (Siewiorek et al. 2010; Hamilton et al. 2007),
design diaries (Crismond & Adams 2012; Svarovsky 2011, 2009) and exercises where

students compare their design process to that of others(Crismond & Adams 2012).For
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example, students may be asked to answer questions at the “close” of different design
stages (design-stage specific), which more closely resembles RiA, or they may be asked
to write a reflection brief at the close of an entire design project (after design project),
which more closely resembles RoA. Digital tools can also be used for reflection
(Bateman, Teevan & White 2012; Turn et al. 1997).

A closely-related design skill/strategy is “iteration.” Iteration refers to the
systematic or intentional repeating of stages of the design process or looping across/back
multiple stages of design such as from modeling to problem definition (Crismond &
Adams 2012; Jin & Chuslip 2006). Novice designers are less likely to make these
transitions or to do so in a haphazard, less intentional manner (Crismond & Adams 2012;
Atman et al. 2005; Adams & Atman 2000; Atman et al 1999). Atman et al. (2005, 1999)
found in a comparison of freshman and senior design students that senior students made
considerably more transitions. In another study Atman et al. (2007), found that senior
students and experts made similar levels of transitions, suggesting senior students have
moved closer to expert behavioral patterns. Adams and Atman (2000) argue that these
transitions are correlated with higher quality final designs.

Iteration is closely related to reflection; indeed, what sparks a designer to iterate is
often reflection after running into a difficultly or self-monitoring of their design process
(Crismond & Adams 2012; Adams & Atman 2000). Similar to reflection, iteration on a
decision step may be initiated by examination of externalized thoughts during or after
action.

The final design skill related to concept generation is collaboration. While

concept generation could be conducted individually, the majority of engineering design in
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industry is a social, team-based effort (Bucciarelli 2003, 1996; Vincenti 1990). Sketching
itself can directly promote collaboration--a sketch visualizes a concept or idea in one
team members' head that can then be shared with other team members to convey an idea
beyond linguistic dimensions (Rahimian & lbrahim 2010). As discussed above, sketches
are often rough or ambiguous in their details, which can also make a sketch generative for
new thoughts by reading the ambiguity in different ways (Stones & Cassidy 2010;
Goldschimdt 2003). This trait of sketches may encourage collaboration when one student
is able to generate an idea or particular interpretation from another student's sketch.
Returning to collaboration more broadly, there is a tendency for engineering
design projects in education to be broken into discrete blocks and later reassembled into a
whole, with limited collaboration between teammates (Rowan-Kenyon et al. 2012;
Zemke 2010; Leonardi, Jackson & Diwan 2009). Other research has found that women
are sometimes marginalized by other teammates, or their work is undervalued on design
teams (Tonso 2007; Tonso 2006). In light of these difficulties, much work remains on
how to better promote team collaboration. One promising means to encourage
collaboration is through platforms such as Web 2.0 applications and virtual worlds that
can offer a means for collaborative knowledge building (Kimmerle et al 2013;
Moskaliuk, Kimmerle& Cress 2012; Moskaliuk et al. 2011; Kimerlee, Cress & Held
2010). This is similar in principle to collaboration through sketching. However, digital
platforms, particularly games, bring associated challenges in addition to opportunities for
collaborative knowledge building. These challenges are discussed in more detail in

section 2.4
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I now turn to my implementation strategy for Minecraft and associated

pedagogical structure as it relates to design platforms and design skills.

2.3.1 Implementation Strategy: Design Studies

In this section, | first situate Minecraft in association with the ongoing debate over
digital and more traditional concept generation means. Next | discuss how Minecraft and
the activities I designed for it can help students develop design skills associated with the
concept generation stage of design.

To address the debate over concept generation platforms | propose using a
different approach by having students play a 3D videogame to engage in the conceptual
stage of design, as well as some related design steps or moves. | argue that Minecraft can
be used as a somewhat simplified but collaborative platform for engineering students to
engage in “sketching” or building rough models of early design ideas. Similarities and
differences from sketching open the possibility that Minecraft may grant several
affordances for the conceptual/ideation stage in design.

First, Minecraft is more constrained than sketching or some computer platforms
like Photoshop or some CAD programs in terms of construction of an idea: it has pre-
shaped blocks and other units that must be used. However, some researchers have
reported that the people who benefit the most from sketching are those with considerable
experience with it (Prats et al. 2009; Goldschmidt 2003, 1991). By simplifying how one
goes about “sketching” by constraining forms and using a system that requires no
drawing ability, this limitation of Minecraft could potentially serve as scaffolding for

early design students (who may not have experience with sketching). Another limitation
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comes from the 3D environment of Minecraft in contrast with the 2D environment of
sketching. Such a 3D environment is more like a “finished” design project and this may
be likely to induce fixation, or a sense that the project is more complete than it is (Crilly
2015; Alcaide-Marzal et al 2012; Roberstson & Radcliffe 2009). This issue must be dealt
with carefully, as the more fixed form of shapes in Minecraft may push students to fixate.
| attempted to minimize this affect by taking advantage of Minecraft's collaborative
nature and having “pause” periods between uses of the platform (i.e., gaps between the
game-based learning activities), which can reduce fixation (Kohn & Smith 2009; Sio &
Ormerod 2009; Smith & Blankenship 1991).

Additionally, unlike platforms where a student can generate a fixed shape and
then scale it appropriately, in Minecraft all shapes/forms must be built from the stock
units of a set size. This potentially gives a student more “backtalk” than creating a shape
and scaling it up and down as needed because they have to build the shape and then
briefly reflect as to whether or not it is what they are attempting to create. This process
should occur naturally when students build on the platform.

In terms of specific design skills related to the concept stage of design, ideation is
easily accomplished on Minecraft. The virtual world in Minecraft is large and students
were given access to all building materials when they log onto the platform. Furthermore,
teams were given a sizeable dedicated area for building concepts. Perhaps less obvious
than ideation, reflection can also be promoted through Minecraft. | theorize that
Minecraft can be used for both RiA and RoA. In Minecraft, RiA comes directly out of the
ability to build in the virtual world, with immediate feedback as well as synchronous chat

with team members. RoA can also be supported by the synchronous chat (after “building”
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is complete) as well as through a notation system (“signs” with brief descriptions or
explanations that can be placed in the virtual world). Additionally, the things students
build can be a source for future ROA as an externalization of their thoughts in a digital,
semi-permanent form. Creations on Minecraft are not fixed, they can be modified, altered
or replaced. Since student teams each have a large dedicated space, they had ample room
to modify existing designs or build new iterations.

Finally, Minecraft is inherently collaborative. Researchers have argued that some
digital platforms allow for knowledge building through the collaborative creation of
media/data (Kimmerle et al 2013; Moskaliuk, Kimmerle & Cress 2012; Kimmerle, Cress
& Held 2010).Additionally, Moskaliuk et al. (2011) argue that this principle applies to
virtual worlds as well, and compare virtual worlds with other user-generated content
platforms like Web 2.0 technologies (Song 2010, 2009; Wang et al. 2007). In a
collaborative environment like Minecraft, players not only experience “backtalk” from
what they built, they may experience a similar feedback mechanism from moves from
their teammates. This is accomplished in Minecraft by allowing players to collaboratively
externalize their ideas so that other players can interact with, question, critique and
modify. Critically, Minecraft has both synchronous team chat (Giesbers et al. 2013) and
asynchronous communication (in the form of signs or artifacts); (Garrison, Anderson, &
Archer 2010; Rouke et al. 2001) to facilitate many of these processes. The ability for
players to synchronously collaborate in the same platform is one of the unique aspects of
Minecraft when compared to typical sketching platforms, whether analog (Goldschmidt
2003, 1991) or digital like CAD (Robertson & Radcliffe 2009), 3D rendering software

(Rahamian & Ibrahim 2011; Ibrahim & Rahamian 2010) or 2D drawing platforms
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(Cassidy & Stone 2010). Thus Minecraft has the potential to scaffold a number of design
skills/modes of design thinking that are part of the ideation process, including the
generation of ideas itself, reflection on ongoing or past ideas, iteration through the idea

development stages and collaboration with one's design team.

2.4 Gaming Culture and the Digital Divide

In this final section of the literature review, I discuss some challenges associated
with using game-based learning in the classroom. Gaming culture is a male-dominated
domain (Jenkins & Cassell 2008; Kafai et al. 2008; Lazzaro 2008; Lucas & Sherry 2004)
that may indirectly affect game-based learning activities through their connection to the
broader gaming culture. I thus review four ways in which gaming culture remains male-
dominated to situate this research. Furthermore, experience with digital platforms like
games is not evenly distributed across different demographic groups. This is often
referred to as the “digital divide” (van Dijk 2006; Yu 2006). I briefly discuss variation in
experience with digital platforms. Lastly I discuss my implementation strategy to reduce
the risks of pernicious aspects of gaming culture from affecting the class and how I will

address unequal levels of experience with digital platforms like games.

2.4.1 Gaming Culture and Depictions of Gender and Race
Videogames and gaming as a cultural domain have historically and continues to
be male-dominated (Jenkins & Cassell 2008; Kafai et al. 2008; Lazzaro 2008; Lucas &
Sherry 2004). Although research on gender in gaming culture is somewhat fragmented,

four related topics have received some attention: the gaming interests of men/boys and
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women/girls and the relative value different kinds of games have been given within
gaming culture (Juul 2010; Lazzarro 2008); controversial events that highlight gender
disparities in gaming (Chess & Shire 2015; Salter & Blodgett 2012); the representation
and retention of women in the gaming industry (Prescott & Bogg 2010; Consalvo 2008);
and women's representation or depiction in videogames (Martins et al. 2009; Burgess,
Stermer & Burgess 2007; Labre & Duke 2004; Dietz 1996). These deal respectively with
what is valued (in terms of games), gender differentiated interaction norms, who
produces media, and how that media depicts groups in gaming culture. All of these reveal
different ways in which gaming culture remains male-dominated. | address each of these
in turn. There is even less research on minorities in gaming, however, | also discuss the
limited work on minorities' underrepresentation and depiction in videogames (Brock
2011; Burgess et al. 2011; Everitt & Watkins 2008).

Some researchers have focused on the differences in gaming interests between
girls/women and boys/men (Lucas & Sherry 2004; Kafai 1998), while others have
examined (Suden & Svengsson 2011; Thornham 2008; Cassell & Jenkins 1998) or
advocated for (Bertozzi 2012) girls/women who do or should play games similar to
boys/men and yet still others have examined fluidity in gaming interests for girls/women
and boys/men (Carr 2005; Jenkins 1998). While this debate continues, researchers have
found that one broad set of games—often called "casual games"—are played
predominantly by women (Kafai et al. 2008; Consalvo 2007). So-called "casual" games
are often defined as having less complicated game-play mechanics (Bogost 2007) and
rely less on or use of game-play conventions (Juul 2010).Game-play conventions are

mechanics that are shared across several games. Since they are shared across several
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games (often of similar genres), conventions may not be explicitly stated or addressed
within the game. It is often up to the player to adapt them from past experience or learn
them through trial and error if they never encountered them before (Juul 2010). These
two conditions—complex or additive mechanics (Gee 2002) and unspoken
conventions—make the learning curve for non-casual games steeper than for "casual”
games.

Despite being grounded in the mechanics of the games, the label "casual” is
problematic for many reasons, including that it implies mild or fleeting interest. Indeed,
many game developers use the label to refer to a demographic who are not interested in
investing a large amount of time in games; instead, “casual game players” are thought to
seek brief game-play sessions as a distraction or escape from other concerns (Juul 2010;
Bogost 2007). Furthermore, casual game players are often construed as preferring easier
games, which coincides with lower time investment in games. From this description, it
would seem casual game players are not highly involved in gaming culture.

Emerging research on those who play casual games, however, suggests "casual" is
a poor descriptor of many of the game-players. Juul (2010) conducted a survey with 82
active casual gamers (recruited from a casual game website; 93% were women) and
found that many attributes they are thought to have proved inaccurate for his respondents.
Over a third of the respondents reported playing at least an hour daily and another 14%
reported playing for at least 3 hours daily. In a qualitative study of women who played
casual games, Lewis and Griffiths (2011) likewise found some of their interviewees
played regularly. Juul (2010) also found that around half of his respondents preferred

games that were challenging—neither too easy nor too difficult—and another third said it
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would be worse if games were too easy. Similarly, Lewis and Griffiths (2011) found
women in their study enjoy competing against friends (for example, in the tile matching
game Bejeweled) or against their own past performance. Consalvo (2007) was able to
identify and study affinity spaces around the popular hidden object game Return to
Ravenhearst, where casual game-players shared tips, reflections and reviews on the
game. An affinity space seems unlikely to arise around a topic people have only casual or
fleeting interest in. Although Juul's (2010) respondents were likely more dedicated casual
game-players who have accessed the casual game websites where his survey was posted,
these dedicated gamers show that at least some “casual” game players enjoy challenging
games and spend considerable amounts of time playing them. Lewis and Griffiths (2011)
study back up these findings. Their interests and investment are far from casual;
nevertheless, these types of games are often marginalized or contrasted with "hardcore"
games that often have a larger male demographic of players (Juul 2010; Lazzarro 2008).
In this way, "casual™ games, and the women who play them, are left at the periphery of
gaming culture.

A second aspect of gaming culture that reflects the ongoing domination of males
concerns a set of controversies in gaming culture. These controversies reveal ways in
which women's voices and work within gaming are ridiculed or minimized, often in
hostile ways. Here | briefly cover two recent controversies including the "Dickwolves™
incident (Salter & Blodgett 2012) and GamerGate (Chess & Shire 2015).

Penny Arcade is a well-established web-comic and blog about games
(http://lwww.penny-arcade.com/). Over the years, Penny Arcade has expanded, publishing

a series of games, creating podcasts, working with charitable organizations to get gamers
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involved with social causes and establishing their own convention, the Penny Arcade
Expo or PAX. In 2010 one of the comics published on Penny Arcade depicted fictional
creatures called "dickwolves" that raped a non-playable character (NPC)while the hero
completed other quests. The comic was commentary on games' narrative structure where
the player helps a NPC only to ignore them for the remainder of the game. The use of
rape as a joke in the comic drew attention from many commentators, particularly women
who had dealt with the colloquial use of "rape" as slang in gaming to mean a decisive
victory over opponents or to be decisively defeated. The comic served as a symbol for
how sexual violence is trivialized in gaming culture and often turned into a threat
between gamers. The comic creators dismissed concerns over the content of the comic
and later turned the dickwolf creatures into a t-shirt sold on the site. Furthermore, many
male gamers rallied in support of Penny Arcade and the use of dickwolves and rape as
mere humor and ridiculed those who sought to challenge the ways rape is used in gaming
slang. Salter and Blodgett (2012) argue that the event shows gaming culture is
hypermasculinized and male gamers are resistant to critique or discussion of problematic
aspects of gaming culture. Penny Arcade's creators, who have tried to change how
gaming is viewed in the wider culture (such as through collaboration with charitable
organizations) and who stand as an authority in gaming, did little to change the site, and
in fact exacerbated gaming's hypermasculization through the promotion and sale of
dickwolf shirts and encouragement of male gamers who view critiques of gaming culture
as illegitimate (Salter & Blodgett 2012).

A more recent event, starting in 2014, called GamerGate shows little has changed

in gaming culture. The GamerGate controversy involves accusations that feminist and
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social commentators and women in the games industry are attempting to undermine or
exert undue influence over games. Feminist critics such as Anita Sarkeesian and game
developer Brianna Wu, among others, have received numerous death and rape threats for
purportedly undermining gaming culture. In a particularly bizarre incident, feminist
media researchers Chess and Shaw (2015) discuss how a fishbow! discussion about
diversity in games at the 2014 Digital Games Research Association (DiGRA) was
construed as feminist conspiracy involving the government, DiGRA and researchers who
all sought to transform gaming through propagandist social control. Chess and Shaw
(2015) argue part of the reason for the emergence of this conspiracy is the opaqueness of
academia, but also note that those identifying the supposed "conspiracy" are also acting
as agents to reinforce the current, highly gendered power structure of gaming. Unlike the
dickwolves incident, GamerGate has no clear figurehead; nonetheless the coordinated
attack, threats, and dismissal of women seeking to change discourses in gaming or
developing games reveals gaming culture remains closed to much critique. Tellingly,
these particularly egregious events happen at a time when women now constitute nearly
half of those who self-identify as gamers (ESA 2013). So, while more women and girls
may play games, their voices and work in gaming are still often trivialized, ridiculed or
dismissed, effectively silencing or ostracizing them.

A third point of contention for women in gaming involves the actual game
developers. Women are underrepresented in the gaming industry (Prescott & Bogg 2010;
IGDA 2004). In a survey of UK game developers, Prescott and Bogg (2010) find that
women in the gaming industry are often in positions such as human resources and have

lower representation in positions that involve game design, like programmers, audio
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engineers, and writers. It may be that women's lower representation in roles directly tied
to game creation may indirectly perpetuate problematic or stereotypical depictions of
women in gaming, as discussed below. Furthermore, the International Game Developers
Association (2004) survey of game professionals found that 49% of men reported that
they plan to stay in the games industry for their entire career, whereas only 34% of
women reported the same plan. This suggests women may leave at a higher rate than men
in the gaming industry. Consalvo (2008) reports that gaming companies often expect
their employees to work through crunch periods that may constitute 60-80+ hours of
work per week. Consalvo interviewed women who reported that this pressure, often
combined with family obligations, made gaming careers untenable for them. It appears
then, at least for the near future, game production will largely be conducted by men who
may not be likely to challenge the dominance of males and hypermasculinization in
gaming.

Fourthly, in an early study of women's representation in games, Dietz (1996)
found very few women characters are included in games. Later studies indicate there are
considerably more female characters in games (Martins et al. 2009; Jansz & Martis 2007)
but their physical portrayal as hyper-sexualized (Martins et al. 2009; Burgess, Stermer &
Burgess 2007; Jansz & Martis 2007) or their inclusion in sometimes limited ancillary
roles (Dietz 1996; Gailey 1993) remains problematic. Jansz and Martis (2007) note that
as games have become increasingly popular, there has been an increase in strong, brave
heroines in videogames such as Lara Croft, Aya Brea, Samus Aran, Jade (Shauni) and
Lightning. Nonetheless, physical portrayals are often sexualized even if their roles are not

trivialized. Thus, across gaming interests, responses to controversial topics, the
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demographics of game producers and representation of women in games, gaming remains
a highly masculine space.

Game-based learning moves games into an educational setting and therefore is not
centered within gaming culture; however gaming culture may indirectly affect games in
other settings. Keeping the contours of gaming culture in mind when designing game-
based learning activities may at least help reduce the chances of noxious elements of
gaming culture affecting game-based learning. For example, one study of games in
education settings, a virtual classroom for a computer science course, found that female
students indicated more interest for the class when elements associated with traditional
computer science culture (e.g. science fiction, Star Trek, some video games'
paraphernalia like game systems) were removed and replaced with more “neutral” objects
such as art (Cheryan, Meltzoff & Kim 2011). Male students responded the same in both
environments. This suggest when games are used in a class, what objects are included in
the virtual classroom or learning environment may be viewed less positively depending
on how they are introduced or what they are related to.

Beyond gender, an earlier study by Kolko (2000) described how people in early
gaming platforms such as multi-user dungeon (MUDs) or MUD object-oriented (MOOSs)
users presented or discussed race. As these were text-based, there were no “avatars” or
virtual embodiments for others to see. Many users at the time argued that in these games
race no longer mattered as it could be “transcended” within the platform. However for
non-white players, simply using a game did not change their day-to-day lives. As Kolko
(2000) points out, the argument by some game players that race no longer mattered

trivialized their real life experiences. The technical issue of not displaying any race is less
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of a problem now with technological advances but studies into video game content also
find major underrepresentation for people of color (Burgess et al 2011; Everitt & Watkins
2008; Jansz & Martis 2007; Dietz 1996).

Burgess et al. (2011) report that people of color are more often portrayed in
ancillary roles in games, or as overly aggressive characters. However, a limitation of
Burgess et al. (2011)’s study and some other studies (such as Burgess, Stermer, &
Burgess 2007) is that they only analyze cover or related game art, not the game itself.
Essentially they truncate the majority of the game to a limited interpretation. So, for
example, a character could appear aggressive on a cover but have a more dynamic
personality within the game, or, worse, the characters' portrayal within the game may
exacerbate or reinforce the stereotypical cover images. While a deeper examination is
time-consuming, it would also shed more light on the complexities of how women and
minorities are depicted in games. Nonetheless, issues of under-representation and
stereotypical representation, like those found in other media platforms, abound in games
(Martins et al. 2009; Everitt & Watkins 2008; Jansz & Martis 2007). Work by Brock
(2011) also explores gamers' discourse around a particular game, Resident Evil 5, where a
white male protagonist is sent to Africa to battle a zombie outbreak. The portrayal of a
white male killing numerous Africans (who had been infected) raised questions about the
racial messages the game sent. As Brock (2011) reports in an analysis of an article and
user comments on the game, many users dismissed concerns as "race-baiting" and did not
acknowledge or see any possible connection between the game's narrative and other
racialized confrontations, such as European colonization of Africa (Steinmetz 2008).

While there have been few studies along racial dimensions of gaming culture, Brock's
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(2011) work and the depiction of people of color in games raise concern about the
openness of the community about issues of race and history.

Moving beyond stereotypical or marginalizing portrayals for women and people
of color in media, there are also many studies that report on the gap in knowledge, skill
and familiarity with digital platforms by gender (Huang, Hood & Yoo 2013; Foteinou
2010), class (Schradie 2011) and race/ethnicity (Straubhaar et al. 2012; Kvasny 2005;
Monroe 2004). For instance Schradie (2011) found that people in higher socioeconomic
classes were more likely to use many web 2.0 applications like blogs, compared to those
in lower socioeconomic classes. Schradie (2011) finds those with more higher education
are more likely to use different web 2.0 applications, and that those from higher
socioeconomic classes have more regular access to the internet to use web 2.0
applications. The digital divide is particularly relevant in an information age (Bell 1976)
that increasingly requires high levels of information and technical capabilities to find
decent employment (Stalder 2006; Castells 2000).Those who grow up in communities or
backgrounds that experience a digital divide will likely enter college behind their higher
socioeconomic classed peers who have spent more time and are more familiar and
capable with information and communication technology. This disproportionately affects
people in lower social classes, minorities and women (Huang, Hood & Yoo 2013,
Schradie 2011; Monroe 2004), and thereby recreates or reinforces existing inequalities
(Straubhaar et al. 2012; Kvasny 2005).

Taken together, these limitations and issues with digital platforms and video-
game culture need to be considered when designing an educational study based on games.

While complete mitigation may be beyond reach, much can be done to lessen their effect.
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In what follows, I discuss some strategies | used in the game-based learning activities to

try to address these points.

2.4.2 Implementation Strategy: Gaming Culture and the Digital Divide

The past experiences or any internalized views students may have from any prior
involvement they had in gaming culture are not topics an instructor can easily change.
However, for the game-based learning activities and the game itself, it is possible to set
some boundaries on how the game is used. For instance, Minecraft usually is populated
by "enemies," monsters who appear in its world and may be hostile to players.
Furthermore, the game has a “health” system that would allow students to harm other
students' avatars, although the game is not principally about fighting other players. In my
study’s intervention, I disabled monsters as well as the health system to discourage
disruptive practices either from the game (monsters) or other students. Since several
students were unable to follow the lighter restriction that dynamite not be used on other
students' artifacts after the activities had started, as an intermediary measure | also
disabled this in-game item. In terms of images and portrayal of different groups, the
creator of Minecraft made the unfortunate choice of making default characters in
Minecraft “genderless.” However, as researchers have found in other domains,
purportedly genderless characters are often interpreted as some gender given the context.
As “builders” and “doers” Minecraft avatars will likely be interpreted as males (Kolko
2000).Fortunately there are “skins” in Minecraft that can be applied to avatars to change
their appearance. These alternative appearances include different gender, racial and

ethnic models for students’ in-game avatars. They are primarily fan-made and thus do not
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conform to the creators’ original design vision. Instructions for how to play also
contained instructions on how to change their in-game avatars appearance. This did not
entirely mitigate how individuals or groups are regularly marginalized in gaming culture,
but it will hopefully make the use of Minecraft in the classroom less alienating because,
as many argue, there is a distinct identity connection between players and their avatars
(Li, Liau & Khoo 2013; Righy & Przybylski 2009; Ryan, Righy & Przybyski 2006; Gee
2002).

In order to address students entering the game-based learning activities with
different levels of familiarity with digital platforms, the first activity of the intervention,
“activity 0,” is an opened-ended activity to give students an opportunity to familiarize
themselves with the game and to introduce core game-play mechanics. | developed a
specific tutorial area in a different virtual location from where students were asked to
build artifacts. In this area, | made several stations or in-game signs that explained
controls, such as the walking system, inventory system and the flight system.

In the next chapter | discuss the data collection procedures and context of the

study, the analytical methods | used and the class activities.
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CHAPTER 3. METHODS

The methods chapter is composed of three major sections: context and data
collection procedures, research methods, and pedagogical methods. In the first section, |
discuss the context of game-based learning intervention as well as the students in the
intervention and comparison courses, and the data collection procedures.

In the second section of the methods section I discuss the mixed methods design
of this study and provide a diagrammatic view (Ivankova, Creswell & Stick 2007) of the
data collection, research methods and research products for each component of the
analyses. I then describe the research methods | used, and any relevant methodological
considerations and procedures | followed for the analysis.

For the third section of the methods I begin by discussing the pedagogical method
employed in this paper, the Content Assessment and Pedagogy (CAP) framework (Wertz
2013; Streveler, Smith & Pilotte 2012). I then apply the CAP model to the instructional
methods | proposed and evaluate their fit.

Finally, I conclude the methods chapter with an in-depth discussion on the
instructional procedures I used in the game-based learning activities for this study. |

begin with the discussion of context and data collection procedures.



3.1 Context and Data Collection Procedures
In this section, | describe the context of the game-based learning activity and
comparison class, briefly report on the participants in the study and describe the data

collection procedures.

3.1.1 Context: Engineering 1

In this subsection, | broadly outline the intervention and comparison class
contexts. | provide a more detailed discussion of the game-based learning activities for
the intervention class in subsection 3.3.5.

This study utilizes a design-based research approach, which has markedly
different assumptions than traditional experimental design (Barab & Squire 2004;
Collins, Joseph & Bielaczyc 2004). Two differences are particularly important when
comparing across contexts through these two methods. First, design-based research
embraces the "messiness” of learning in a context, such as in a classroom, whereas
experimental design aims for controlled laboratory studies where context variation is
minimized (Collins, Joseph & Bielaczyc 2004). Second, design-based research seeks to

characterize the situation or context in which the intervention happens whereas
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experimental design seeks to manipulate a (typically) small set of variables while holding

others “constant.” Under experimental design, a control study should be as similar to the

intervention study (with the exception of the variables researchers wish to test) as

possible. However, in design-based research, the comparison study (or in this case,

comparison class section) can vary from the intervention study as long as the researchers

capture the differences across contexts. A comparison class section can serve as an
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external contrast point, to better understand the ways in which an intervention in the
target class did and/or did not work. In this case the comparison class serves as a contrast
to distinguish whether the gaming intervention had any effect above other instruction on
design, which existed in both the intervention and comparison class. I call the contrast
section in this study a comparison to help clarify that it is different than a control in
traditional experimental design. In light of these methodological differences | present
both contexts here.

The game-based learning intervention was conducted in a first year engineering
course at a university in the Midwestern United States. There are two primary courses in
first year engineering, what | will call engineering 1 and 2 for anonymity purposes.
Students admitted to the College of Engineering at this university are all required to take
both of these courses, typically in their first and second semester pursuing an engineering
degree. However, engineering 1 is also taught with fewer sections in the spring semester,
for students who were admitted in spring or had a conflict with taking it in the fall. This
study was conducted in the "off" semester of engineering 1, spring of 2014. In fall
semesters, there are typically 15 sections of engineering 1 taught; however in this “off”
spring semester, only 2 sections of the class were taught. One section was used as the
intervention section and the other as the comparison, with permission from instructors of
both classes.

As a course, engineering 1 is intended to introduce students to the profession of
engineering, and it focuses on many professional skills, such as information literacy,
teamwork, communication and most critically for this study, design. One of the major

projects lasting half the semester is a team-based design project where students work in
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the same teams of 3-4 students to design a product or process for a topic set by the
instructor. The game-based learning activities for this study were situated within the
early-to-middle stages of the project. I discuss the activities in depth in section 3.3.5.

The intervention course was the section of engineering 1 where the game-based
learning activities happened. Within the course the design project followed the typical
structure of the engineering 1 class, described previously. The teams students were
assigned to were permanent. The design scenario for the project asked teams of students
to design a product or process for an alien student who had recently come to their school
integrate with campus life. The game-based learning activities started after students had
been introduced to the focus of the design scenario and had some opportunity to seek out
information and scope the problem to some degree. In particular, activity 1 and 2
happened during the design ideation stage of the project where students were expected to
generate many concepts (divergence) and then evaluate and select a smaller set of
concepts (convergence). These two parts of the ideation stage map to activity 1 and 2,
respectively (these activities are described in more detail in section 3.3.5). Students in the
intervention class were all given full access to Minecraft (individual accounts) that
allowed them to access the game at any time throughout the semester. Students were
instructed to install Minecraft on their personal computers to allow for regular access.
The game is not free; however Minecraftedu (http://minecraftedu.com/) offers discounted
versions of the game for educational purposes.

The comparison course was the other section of the same course as the
intervention course. During that semester, | spoke with this section’s instructor to

understand how he structured the class and to learn contextual details for later analyses.
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The instructor in the comparison class divided the entire class into two large teams.
Within each of these larger teams, sub-teams were responsible for different components
of a sizeable design project (in this case, the task was to remodel, renovate or re-imagine
a large building on campus that contains study areas, several restaurants, some stores as
well as some university offices). Students were not permanently locked into their sub-
team: they could join different sub-teams at different points in the semester and assist
with the function of that new sub-team. The two large teams were also in competition
with each other, which the instructor felt spurred some students' engagement on each
team. The structure of the comparison class's design project and student teams were

substantially different from both the intervention class.

3.1.2 Participants
Engineering 1 typically has 120-130 students; however since this was an off-cycle
semester the class size was somewhat smaller with 109 students. In contrast the
comparison class was somewhat smaller with 95 students. Table 3.1 breaks down the
students by gender as well as international or U.S. nationality. As table 3.1 shows, 21%
of the class were female and nearly 70% of those reporting their nationality were
international, which is quite high. This could be because this was an “off-cycle semester”

of the course.

Table 3.1
Gender and Nationality Demographics for Engineeringl Intervention
Female Male International U.S. National

22 (21%) 85 (79%) 71(69%) 32(31%)
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3.1.3 Data Collection Procedures

| collect three forms of data for this study: survey data, game-logged data, and
interview data. | describe the collection procedures in turn.

The survey sought to measure students' design process and collaboration
procedural understanding. I used Qualtrics, a survey creation and distribution software, to
generate and propagate a digital version of the survey (the construction of the survey is
discussed in section 3.2.2). The survey was first given to students before any of the game-
based learning activities (the "pre-survey"). The survey contained nine design process or
collaboration questions that are identified in section 4.2. Design process and
collaboration questions were all on a 5-point Likert scale from strongly disagree to
strongly agree. Due to time constraints, | was unable to coordinate with the instructor of
the comparison class to have them administer the pre-survey in their class. After the final
activity, students in both the intervention and comparison courses were given the same
survey. The order of questions was randomized in order to minimize familiarity with the
questions.

The game-logged data came from backing up the Minecraft server at key time-
points throughout the semester. The server was available at all times of the day
throughout the week except for times when | was backing up, modifying or performing
maintenance on it. The backed up server preserved the exact state of the server at a given
time point. | backed up the server at four time points. First, | backed up the server before
students were introduced to Minecraft. This was simply to preserve the server's state
before any students had used it. Second, | backed up the server after activity 1. Students

built many artifacts for this activity so | wanted to capture the server's state for late
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comparisons across time. Third, | backed up the server after activity 2, for the same
reasons as for activity 1. Finally, I left the server up for 3 weeks after activity 2, until
nearly the end of the semester. At this point | took the server down for good and
preserved the server for one final comparison point. In this study I only examine the
second through fourth server states, as the first back up contains no game-logged data of
interest.

The final type of data was interview data. Near the end of the semester, after the
game-based learning activities were complete, | returned to the classroom to present my
plans for the next stage of the study. | distributed an information or recruitment sheet to
each student about the follow-up interviews, as well as an index card. After describing
the intent of the follow-up study, | asked students who were interested in participating in
an interview to write their name and email on the index card | gave them, and | then
collected all cards. This was to help students avoid any conflicts or pressure from the
instructional staff or classmates to participate/not participate. Twenty-four students wrote
their name on an index card and 14 students responded to my email personally inviting
them to participate in an interview. | successfully interviewed 11 students, or around 10%
of the total class population. I offered a small financial incentive for participating: 10
USD.

| provide a summary of my interview participants (names anonymized) in table
3.2. Several of my interviewees were Chinese nationals. | asked a Chinese colleague for
appropriate pseudonyms for male and female Chinese students. Two further students
were Americans that | created pseudonyms for. Finally the remaining two students were

also international students; however, they hailed from countries no other participants
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came from. To protect their anonymity | only indicate their continent of origin, and gave

them Western names.

Table 3.2

Student Pseudonyms

Name (Pseudonym) Gender Nationality
Cheng Male Chinese
Collin Male American
Devlin Male American
Gang Male Chinese
Liang Male Chinese
Jing Female Chinese
Nicole Female European
Qian Female Chinese
Steven Male Asian
Ying Female Chinese
Zhi Male Chinese

The interview protocol had three sections: a section on their identification as

gamers and past experience with engineering and gaming; a section on their experiences

with the game-based activity in class; and a section on their informal uses of the game.

The first section intentionally explores past experience with gaming and engineering

(outside of the classroom) to better situate their present experience in engineering 1. This

part of the protocol most explicitly addresses the sub-research questions about how

engineering and gaming discursive practices and identity influenced their use of the

game. In the second section, | asked the interviewees to give a narrative of the activities

in which they participated. | also prompted students about what other teammates were
doing during that time, and asked them to compare game-based activities to other

classroom activities (of their choosing). This part of the protocol most explicitly

addresses the overarching second research question concerning how students discuss the

gaming platform and its constraints or affordances. The third section of the protocol



66

inquires into students’ more informal uses of the platform, the motivations behind their
use, as well as whether more informal instances of use affected their design project. This
final part of the protocol most explicitly addresses the sub-research question about
students' informal learning practices. The full protocol can be found in appendix A.
Interviews ranged from 15 minutes to 45 minutes in length. | recorded and transcribed all
interviews. This study was approved institutional review board (IRB) with the stipulation
that students' names remain pseudonymized and the instructional staff in engineering 1

did not have access to any research data until after final grades were posted for the class.

3.2 Analytical Methods
In this section | discuss the mixed methods design of the study and justify the
inclusion of multiple data types in the study. Next | discuss the five analytical methods |
employed to examine the three kinds of data | collected. For each method I describe the
method itself, any relevant methodological considerations and the procedures | used for

conducting the analysis.

3.2.1 Mixed Methods Design
Methodologically, this study employs what is sometimes called a parallel (Teddlie
& Tashakkori 2010), concurrent (Teddlie & Yu 2007), or triangulation approach
(Borrego, Douglas & Amelink 2009) to mixed methods research. While it sometimes
goes under different names, the basic structure remains the same across these authors. In
concurrent mixed method designs, qualitative and quantitative data are collected before

any analysis is conducted (Teddlie & Yu 2007). Unlike sequential design, where one
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form of data may be collected, analyzed and used to structure another data collection step
with a different data type (Ivankova, Creswell & Stick 2007), in concurrent design, all
data is analyzed and reported in the same step. Data for concurrent designs may be
selected from different sites or populations or the same population (Teddlie & Yu 2007).
For this study, they were all selected from the same population: students in the spring
2014 engineering 1 class. Given that the collection of different forms of data is not
dependent on a prior data collection step in concurrent design, all forms of data could be
analyzed independently as separate studies. As a mixed methods design, however, data
types are analyzed in parallel, complementary or contradictory findings across the forms
of analysis are used to triangulate the phenomena under study and integrated in the
findings, ideally.

Many mixed methods researchers critique the “incompatibility thesis” (Teddlie &
Tashakkori 2012; Niglas 2010; Morgan 2007) which is a claim that quantitative and
qualitative research cannot be designed in the same study because their epistemological
and ontological assumptions fundamentally conflict. Many mixed method researchers
argue that the incompatibility thesis too strongly links research questions, methodology,
epistemology and ontology into inseparable, fixed sets (Biesta 2010; Niglas 2010). These
authors remind us that quantitative and qualitative refer to types of data that may be used
with different methods, epistemologies and ontologies, although not all combinations are
feasible. In a similar vein, Abbott (2001) argues that the dichotomous “quantitative vs.
qualitative” framing overshadows instances where methods or methodology blur this
distinction, such as through quantitizing textual data (Borrego, Douglas & Amelink 2009)

or through making multivariate clusters (formed through cluster analysis) that can
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provide descriptive quantitative profiles of some population (Castellani & Rajaram
2012).

Some constructivist or positivist epistemologies and ontologies may seem to
suggest certain appropriate methods or kinds of data and thereby uphold the
incompatibility thesis. However, alternate frameworks like pragmatism (Biesta 2010;
Morgan 2007) and critical realism (Maxwell & Mittapali 2010; Steinmetz 1998) are
flexible for multiple types of data. As | briefly described in section 1.1.2, | adopt a critical
realist epistemology/ontology for this work. When comparing and contrasting results
from analyses using different types of data, the key requirement is to understand the
limitations of data type and method (for example a qualitative analysis may be used to
show that something exists in the quantitative analysis, but not "how much™ of it exists).
Fielding (2012, 2009) calls this kind of integration “analytical density.” The aim of
analytical density is not to reinforce the same finding through multiple methods (which
would instead be called “convergent validity”), but rather to paint a wider and deeper
picture of the phenomenon or phenomena researchers are studying. Fielding (2009)
further argues that analytical density forces a researcher to stay alert to the weaknesses of
methods and to negotiate the inferences of any findings in light of multiple methods.
Thus, keeping analyses' limitations in mind, these methods can be used to inform and
qualify each other. | present integrated results between some of the methods after
presenting the findings and discussion for each method. Later | also integrate across

several methods in the recommendations section of this manuscript.
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Table 3.3
Concurrent Mixed Methods Design Data Collection and Analysis Stages
Phase Procedure Product
Pre-survey Pre-survey
Quantitative Data intervention class responses

Collection

Qualitative Data

Collection

Qualitative Data Analysis

Qualitative Data
Collection

Qualitative Data Analysis

Quantitative Data

Collection

Quantitative Data
Analysis

Minecraft server-
state at preserved at
3 time-points

Inductive Visual
Content Analysis
Logic-tree
development and
application

Interviews with
Students

Fairclough
Discourse Analysis
Miles & Huberman
Data Displays
Thematic Analysis
Taxonomy
development

Post-survey
intervention and
comparison class

Factor Analysis &
Cronbach's Alpha

Scale Correlations
One-way ANOVA
tests

Cohen'sd

Student built
artifacts at 3 time-
points

Logic-tree
Visualization of
artifacts across
"map" of virtual
world

Text data
(transcripts)

Students
engineering and
gaming discourses
and gaming
identities

Group Outcomes
Matrix

Informal use
Taxonomy
Post-survey
responses

Factor loadings
Internal reliability
measures
Inter-scale
correlations

Test of mean
differences

Effect sizes of
statistical
differences
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Table 3.3 depicts the mixed methods design of this study in a diagrammatic form
that displays each data collection step (described in section 3.1.3), the analysis used on
each type of data, and the outcome of those analyses (described in Chapter 4, below).
This diagram was created using the guidelines lvankova, Creswell and Stick (2007)
recommend for diagramming mixed methods designs. | now turn to describe the methods
used in this study.

Before turning to a discussion of each of the methods used in this paper, | present
two reference tables. Table 3.4 depicts the associations between the methods I used and
research questions | am studying. I do not discuss either figure or table in detail, but leave
them here as a quick reference given the complexity of the mixed methods design in this
study. In the diagram for the mixed methods design, the timing of data collection

proceeds chronologically starting at the top and working downward.

Table 3.4

Data and Methods Association with Research Questions

Research Analysis(es) method(s) and data used

Question

1 ANOVA of pre/post intervention class and intervention/comparison
2 This question is analyzed through the following 4 sub-questions

2A Discourse analysis of students' discussion of engineering discourses
2B Discourse analysis of students' gaming identity and discourses

2C Thematic analysis of students' responses to informal use questions
2D Visual content analysis of artifacts built on the server at 3 time-points
3 Synthesized from results and discussions of all previous questions

3.2.2 Scale Construction
Scale construction involves generating, testing and modifying a series of
questions intended to measure a single (or set) of underlying concepts as a scale(s)

(Spector 1992). A scale is composed of multiple questions that address aspects or
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components of some latent (i.e. unmeasured) concept. Multiple questions serve two
functions: they can be used to measure concepts that are not easily captured in a single
question; and they can stabilize the measure (i.e. reduce the impact of measurement error,
such as when a person replies to questions randomly) by averaging the responses over the
n questions that compose the scale (Spector 1992).

Given that the design process and collaboration are multifaceted concepts and the
limited availability of instruments to measure these, | created scales to measure each of
them. These scales aim to assess students’ development from novice to more informed
designers (Crismond & Adams 2012). | sought to create scales for each element of the
design process discussed in the literature review (2.3)--ideation, iteration, and reflection--
as well as collaboration. These measures attempt to capture students’ procedural
understanding of the design process (Anderson & Krathwohl 2001); that is, they attempt
to measure their understanding of the design or collaboration within the design process.
Below I discuss the process of developing the design process and collaboration scales
through a pilot phase.

The design literature was my starting point for developing design process and
collaboration questions. | first immersed myself in this literature. Drawing on the
theoretical and empirical work in the design literature | generated a set of questions for
ideation, iteration, reflection and collaboration. | used a 5-point Likert scale (strongly
disagree, disagree, neither agree nor disagree, agree strongly agree) for each question. |
then sought out design experts with whom to conduct cognitive interviews (Sirken et al.
1999) on the questions. Cognitive interviews involve asking a respondent or expert to go

through survey items and state aloud their thinking about the questions, such as what they
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think it is asking, how they would answer, difficulties conceptually or grammatically with
the question and other feedback. | conducted cognitive interviews with 3 design experts
in engineering education and 2 outside of engineering education. After incorporating
recommendations from these design experts, | created a survey on Qualtrics survey
software with several questions (4-6) for each of the design process scales and the
collaboration scale. There were also variants of many questions, or alternative phrasing
and word choices. There were forty-seven total number of questions in the pilot
instrument. Importantly, many of these questions were minor variations on a smaller set
of questions. Variants were included to test if some were clearer to the pilot population
than others.

During the spring only 2 sections of engineering 1 were running and both were
part of my study, so | could not pilot the survey in that course. | did not want to
prematurely expose these classes to the survey instrument. Instead, | used engineering 2,
the first year engineering class that students take in the semester after completing
engineering 1. While these students were more advanced than engineering 1students,
engineering 2 students were the most similar available population for piloting the survey
on. Across several classes | collected approximately 150 usable results. Several questions
had extreme response patterns (for example, heavily skewed toward the positive or
negative side of the Likert scale) and were therefore dropped from further analysis.

Next | used exploratory factor analysis in the SAS statistical package to try to
identify underlying factors in the questions. Factors are essentially latent or unmeasured
variables, and factor analysis attempts to assess whether the data you have contains such

factors (Kim & Mueller 1978). I used exploratory factor analysis (as opposed to
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confirmatory factor analysis) as these questions have never been tested. Generally,
researchers recommend collecting at least 10 data points for every question used in a
factor analysis (Kim & Mueller 1978). Therefore, after removing questions with extreme
responses, | used experts' preferences for question variants (i.e. variations on the same
question with different phrasing) to select a final subset to put into the factor analysis.
The factor analysis identified 2 factors: one comprised of design process questions
(primarily ideation and iteration) and one factor comprised of collaboration questions. I
report the factor loadings and Cronbach's alpha for the pilot and class intervention in my

findings, section 4.2.

3.2.3 Analysis of Variance

Analysis of variances (ANOVA) tests if there is a difference between the means
of two or more groups (lIversen 1987). | used one-way (pre/post) ANOVA to test if
students show differences in their responses to the design process and collaboration
scales. I was unable to collect pre data from the comparison class; however | was able to
collect the post survey in both classes on the same day of the semester. Given this, | also
conducted a one-way ANOVA on the intervention and comparison classes post
responses. The analysis of changes in the intervention and comparison group through
ANOVA is a quasi-experimental research design as students are not randomly assigned to
the classes (Olds, Moskal & Miller 2005; Light, Singer & Willet 1998). | report Cohen's
d (effect size) for any statistical differences. | considered using multiple analysis of
variance, which can test two or more dependent variables (e.g. the design process scale

and collaboration scale); however, as | report in the results, there was little evidence for
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conducting a MANOVA over an ANOVA. Since the activities are meant to increase
students’ design thinking skills and practices, I anticipate that students in the intervention
section post-intervention would have higher scores than pre-intervention and | anticipate
the intervention class will have higher scores than the comparison class. | anticipate these

results for both design process and collaboration.

3.2.4 Discourse Analysis

Discourse analysis is a qualitative technique that takes as its focus the way people
frame social realities, people or other topics through "texts" (Gee 2008; Fairclough 1989).
Here, “text” has a broad meaning, including transcribed speech (Rogers 2011; Fairclough
2003), written publications (Krippendorf 1980) and visual artifacts (Rose 2008). A core
concept for discourse analysis is “discourse,” which constitutes different ways of
textually representing the world and its components (Luke 2000). These representations
allow people to highlight certain aspects of the social world while obscuring or
diminishing others (Fairclough 2003). Discourses also imply particular identities for
those speaking the discourse (Fairclough 2003; Lave & Wenger 1990) or for those who
are spoken of through a discourse (Harre & Van Langenhove 1991). Discourses, at least
more prominent ones, are present across many texts, a condition sometimes called
“intertexuality” (Campbell & Gregor 2004). Following this, a discourse’s influence may
be local (in that it is connected to only a few other texts) or extend several other
locations, or even to an entire nation or broader (Campbell & Gregor 2004; Fairclough

2003).



75

There are several forms of discourse analysis (Gee 2008, Fairclough 2003, Luke
2000; Foucault 1972). In this analysis | drew on Fairclough's approach to discourse
analysis (Fairclough 2003, 1992; Chouliaraki & Fairclough 1999) because it takes a
unique position in contrast to many other forms of discourse analysis. In social science
and education research discourse analysis has been heavily influenced by Foucault's work
(1984, 1980, 1972) and focuses heavily on the social dimensions of language (e.g.
discourses may obfuscate the agency of powerful actors to "hide" their actions that are
against the interests of other groups and therefore perpetuate the social influence of
powerful actors). Other forms of discourse analysis from linguistics expend more focus
on the structure and function of language with less attention to its social implications
(Fairclough 2003, 1992). Fairclough's work, building on research from Halliday (1994),
seeks to merge close analysis of language structure and function with an analysis of the
social impact of language. In so doing, Fairclough combines the strengths of the
linguistic school's grounding in language functions (inferred from their structure) and the
strengths of the social science school's emphasis on social ramifications of language (on
thinking, practices, continuity and change).

For example, more on the linguistic side of Fairclough's discourse analysis is the
study of semantic relations between sentences and clauses. Essentially, this analysis tries
to identify the functional relationship between a sentence and a clause. There are many
types of relationships (such as causal, conditional, temporal, additive, elaborative,
contrastive/concessive and other relationships) and identifying the relationship in a given
sentence reveals what "work™ that sentence (and attached clause) does. In other words,

what is the function or action a particular sentence and its attached clause accomplishes?
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There may be several clauses attached to a main sentence through different relationships.
An example from one of my interviews (with the type of relationship written in capital
letters was as follows:" | saw that we're going to use Minecraft CONSEQUENCE so |
start playing it REASON cuz | never played before.” Note that consequence (when
something naturally follows the thing that happened before it) and reason (an explanation
given for the previously mentioned topic) are both causal relationships. Through analyses
like these and other more linguistically-centered analyses | was able to ground my
discourse analysis in the functions' clauses, sentences or larger sections of text
performed. Some other examples of linguistically-centered analyses include: identifying
modalities (words or phrases that mark certain epistemic stances or degrees of
commitment to statements); identifying what kinds of statements are there such as facts,
predictions, hypotheticals and evaluations; or identifying paratactic or inclusive and
hypotactic or exclusive relationships between clauses.

For the more social side of Fairclough's discourse analysis, one example is
examining what is included in the description of other people and what is excluded. This
gets directly at discourse's ability to simultaneously highlight and obfuscate
representations of people (or other parts of the social world) when they are invoked.
Within my analysis of first year engineering students, many invoked different aspects of
what engineers do, but tended to speak very little about aspects of engineering work that
involved speaking with others, coordinating with others or about the social impact of
engineers work. Through analyses like this and other more socially-centered analyses
(some examples include: identifying discourses invoked; identifying what dimensions of

events were included and excluded; identifying the identities invoked through discourses)
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| was able to connect students' interviews with other discourses about gaming,
engineering and other social relations. Critically, Fairclough (2003, 1992) does not
distinguish between more linguistically and socially-centered parts of his analysis
scheme; | have categorized them here to briefly demonstrate how his work brings
linguistic and social schools of discourse analysis together. Those presented here as more
socially-centered were identified through the concrete statements and words students
made, while the others I presented as more linguistically-centered directly shape their
social implications (e.g. modalizing a discourse to express low commitment to it) or
action. At the end of Fairclough's (2003) book, Analyzing Discourse: Textual analysis for
social research, Fairclough presents a series of questions for interrogating text based on
his linguistic and social discourse analysis schema. | used these questions to guide my
analysis of students' interviews. The questions | used are reproduced in their entirety in
Appendix C, along with some modifications and additions | made specifically for this
analysis.

To begin my analysis, | first created an Access database with a column for each of
the questions listed in Appendix C. | then segmented each transcript into sections
centered on similar topics (primarily either the class, the game, or engineering). I then
analyzed each segment from the transcript with the questions in the Access database.
During this process | made annotations within the transcripts for things like the
relationships between a sentence and its attached clause, as shown in the example text
above. Transcripts had anywhere from 6 to 10 segments. After completing this | created
two full-page forms based off responses | had recorded in the Access database. | provide

a sample of these forms in appendix D. Each segment of an interview required two forms
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to display answers to all of the questions; however some segments were more detailed
than others. To begin to identify discourses (engineering, gaming or otherwise) within
each interview, | printed the forms out and analyzed them by hand looking for bits of
discourses across the responses | recorded for each question (e.g. what was listed as
desirable or undesirable, what things were listed as similar or dissimilar, instances of
intertexuality, identities invoked and others) across interviewees segments. | also cross-
checked the responses in the forms against the original transcripts to ensure consistency.
Once | completed this for all segments for all interviewees | started to summarize
the discourses invoked by each participant. To do this, | drew on the work of Miles and
Huberman (1994) who advocate the use of qualitative data displays both as a tool for
facilitating analysis and for displaying results. They discuss two main forms of
qualitative data displays: networks and matrices. Matrices can display several things
including events, conditions and roles. In order to summarize the 100+ pages of forms, |
created a role matrix where each interviewee had a row and the rows were sorted by
gender. The columns in the matrix were originally engineering and gaming discourses,
but after summarizing a few interviewees' responses into a row; | also added a “class
discourse” column. In order to be included in one of the columns for a given interviewee,
a particular discourse had to be mentioned in two separate instances; instances were
counted as separate if they appeared in different sections of the interview or if they
invoked different components of a given discourse. | used the forms | had previously
marked to identify discourses, and checked for multiple instances of the discourses within
the transcripts. I allowed for other discourses to emerge at this point if | had not taken

note of them in previous analysis, as well. With each discourse, | also included either
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paraphrased examples or small chunks of quoted text as an example of that discourse,
following Miles and Huberman's suggestion.

| then had a 7-page table that was briefer than sorting over a hundred printed
pages of forms. | started a second synthesis/abstraction phrase, where | sorted
interviewees into groups and looked for shared discourses within those groups. | used this
table as a summary of the results, discussed below in section 4.3. As | am interested in
how or whether different discourses relate to different uses of the platform, I sorted
students into different "use" groups. These groups were identified by analyzing answers
students gave to questions about using the platform for class and informal use of the
platform (see Appendix A for the interview protocol). The criteria for each use group and
the number of students in each group is summarized in table 3.5. Here, data categorized
as "informal use of the platform™ constitute any instances where students used the
platform when they weren't required to for class. Since all students were compelled to use
the platform for the primary required activity (1), students' use during activity 1 was not
used to distinguish groups. Instead, any continued use beyond activity 1 was used to
define informal use. The “limited-use” group did not use the platform for class purposes
beyond the required activity, whereas the “moderate-use” group used the platform toward
minor class ends, such testing out different tools on Minecraft that could subsequently be
used for their designs. In contrast to these two groups, the “high-use” group used the
platform to substantially influence their design project, such as using Minecraft to
visualize their final design for class or iterating on their design. All students fit distinctly

into one of the 3 groups.
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Table 3.5
Criteria for Informal Use Groups
Group Criteria

Limited-use (5) Used for required class activity only. Any informal use was for
non-class purposes.

Moderate-use (3)  Used for required class activity. Informal use for minor class
purposes, such as testing out Minecraft functions for their class
project but not pursuing them.

High-use (3) Used for required class activity. Informal use for substantial class
purposes, such as redesigning a past design or building a new
design.

With the groups completed, I then searched for shared discourses between
individuals in each group. | sought shared discourses because | was interested in
similarities between individuals in the use outcome groups. In order to count individuals'
discourse as a shared discourse, at least two members of the group must have used it.
Shared discourses were then placed into a group outcome matrix, with each group as a
row and engineering, discourse and class as columns in the matrix (table). | also report on
complementary or opposing discourses from individuals in the results section, although
they were not included in this summary table. More specifically, these complementary or
opposing discourses are related to, but not the same as, the shared discourses of a given
group. Thus these individual discourses either bolster the shared discourses or provide
qualifications to the shared discourse. In this also captures more of the complexity and
heterogeneity within use groups.

Developing the outcome use groups was not something | originally planned as
part of the analysis. These groups emerged out of several iterations of the discourse
analysis, as detailed above. As such, when | conducted the interviews | did not always

ask follow-up questions that would shed light on whether a discourse (or identity,
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discussed shortly) influenced how they used the platform or vice-versa. | did ask students
about discourses around gaming and engineering that extended over long periods of their
life (such as engineering experiences before college or when they started gaming; see
Appendix A, which can give some sense of the temporal influence of discursive
practices, identities and outcomes. Nonetheless, as many researchers have argued,
discourses and identities are dynamic and contextual (Rodgers 2005; Lave & Wenger
1991). Therefore, the results of this analysis point to tendencies or potential relationships
between discourses, identities and use outcomes, not strict causally ordered relationships.
| wrote the results with this caution in mind, and will echo it again before discussing the

results of the discourse analysis.

Table 3. 6

Illustrative quotes for Gaming ldentities

Gaming ldentity Example text

Non-Gamer It was something I did when younger a lot more often than |
do now. I almost never play now just because time wise |
don't see it as something that's crucial for me...

Occasional Game- R: Maybe for me it's a pass of time, it's just when | have other

player things to do I just forget to play the Candy Crush.

Gamer R: Since | was in middle school I think I played at least 2

hours per day.

I: ...looking back was there anything in particular that drew
you to it or you just kind of bumped into it?

R: The biggest thing was my friends, | just had, need to have
some common topic, some common interest with [them].

The final component of the outcome group matrix was incorporating gaming
identities for each student. Originally | had planned to do this for engineering and

gaming; however, after reviewing students’ framing of engineering and the discourses
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they invoked, I do not feel I have enough information to try to identify their engineering
identities. | therefore only report on engineering discourses in the results.

For gaming, | developed two criteria for labeling students' gaming identity. These
criteria were how frequently an interviewee reported playing games as well as how
important gaming figured into their lives. Although these are separate criteria, in the data
they coexisted in three patterns: those who played games frequently and where gaming
performed some important function in their life (such as connecting with friends); those
who played games occasionally and where gaming was a side hobby or way to pass time;
and those who played games infrequently or never and did not see themselves as a
"gamer." These identities were labeled as “gamer” (four total participants), “occasional
game-player” (for reasons discussed in section 2.4 concerning the problematic nature of
the “casual gamer” label, five total participants) and “non-gamer” (two total participants).

In table 3.6, | provide brief quotes to illustrate each of the identities. While
gamers and non-gamers generally labeled themselves with these identities, to distinguish
the occasional game-players from gamers | employed these criteria. For the last step of
constructing the group outcome matrix, I put the number of individuals who with each
gaming identity into the gaming discourse column, below the gaming discourses they

invoked. This table is presented and discussed in the results, section 4.3.

3.2.5 Thematic Analysis
My goal for the analyzing the ways students used the platform informally was to
identify all the different ways students used this platform. Recall that | am defining

informal use as any use that was not required as part of a class activity. Ultimately, this
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became a taxonomy based on how my interviewees used the platform informally. At the
beginning, however, | selected thematic analysis to conduct this part of the analysis
because it is a flexible, minimally structured qualitative technique (Braun & Clarke
2006). Braun and Clarke (2006) outline some general questions researchers should
explicate for their analysis, including: What counts as theme? Is it inductive or
theoretically driven? Are the themes semantic or latent? Is it a broad or focused analysis?
And What epistemology informs it? These questions help guide an otherwise very open
technique. I briefly answer each question for this analysis next.

Here | count unique instances of an activity as themes. These themes do not have
to be the most frequent, but they should be conceptually distinct from each other. Given
that my analysis is exploratory, the analysis is inductive, although it is broadly guided by
past research and theory on informal learning (NRC 2009; Marsick & Watkins 1990).
The themes are latent; that is, they are not instances of what people directly said, but
abstracted themes based on transcripts. The focus here is fairly narrow, since | am
looking at one kind of behavior only. And finally, like the rest of this manuscript, the
thematic analysis is framed by a (critical) realist epistemology (Steinmetz 1998; Harvey
& Reed 1992; Bhaskar 1975) that assumes both that there is an external world "out there"
that effects everyday life but also our social world is an open system that cannot simply
be studied to identify objective laws or rules. Research is not capable of capturing all the
dynamics active an open system, which itself is constantly evolving (Capra 1996; Cilliers
1996, Buckley 1967). Therefore, how we interpret the phenomenon is important, and has
real effects on the development of the system, even though it is still constrained in some

senses by the world “out there.” In other words, how the researched and researchers
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interpret the world is important but constrained in some ways by a material reality. This
epistemology frames the entire study, including the thematic analysis here.

From this basis, then, I sought the different ways students informally used the
platform. After | had completed the discourse analysis, | cycled back through the
transcripts and extracted all instances where students spoke of informal use behaviors. |
only included behaviors they actually claimed to take, since | was interested in the ways
students had used it, not how they might hypothetically use it. All excerpts were placed in
the same document and uploaded to Dedoose qualitative software package, which is an
web-based analysis tool. | used open coding (Corbin & Strauss 1998) on this amalgam
transcript, paying particular attention to the details of the activities undertaken and any
motivations students stated or implied. This sometimes required returning to the full
transcript to cross-check motivations.

Next, | drew on Miles and Huberman’s (1994) qualitative analysis technique
called “clustering.” Clustering involves grouping similar things, and within the open
codes | began to cluster similar activities as well as motivations. From this clustering, two
major kinds of motivation for informal activities emerged: “for class purposes” and “for
non-class purposes.” After identifying this trend, I returned to all the existing activities to
see if they could be coded by one of these two motivations. | cross-checked excerpts
about use against the full transcripts as needed.

After this, I created Excel documents by exporting data from Dedoose that
contained each activity quote and its codes. | made a separate document for class and
non-class activities. | then manually analyzed the codes in these documents, drawing

again on clustering (Miles & Huberman 1994). | first organized the concrete activities
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into more abstract themes. | then used “splitting” (Miles & Huberman 1994): breaking
themes into distinct sub-themes contained within the original theme. | iterated through
this process several times, returning to the quotes on the Excel sheet to crosscheck.
Several iterations through this process led to a list of abstract themes that could be placed
under either class or non-class purposes. The splitting process created sub-themes under
some themes, in addition to the more abstract theme of “class” or “non-class.” To present
this, | organized themes into a tree structure with informal use at the top, class and non-
class branches from it and the remaining themes under their respective branch. | present

this taxonomy visually in the results (section 4.4).

3.2.6 Visual Content Analysis

Results from the pre/post ANOVA (see section 4.2.1) scores for this class and the
comparison class, as well as ways in which students discursively framed Minecraft as
part of their design project (see section 4.3-4.3.3) led me to conduct one final additional
analysis on the objects student built within the game. This analysis examined whether the
objects students created suggest students were able to design artifacts that could inform,
develop or be generative for, their projects. Ideally, students would have provided
answers to this question through the annotations they were asked to add to each of their
designs on the platform. However, not all students annotated their designs, and
interviewing all students about their designs at the end of the semester was not feasible.
Additionally, students created objects that appear not to be for class on the server; these
non-class objects were very infrequently annotated, as students were only asked to

annotate class designs. “Not for class” objects reveal important dimensions in the ways
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students used the platform and may qualify or raise questions about students 'use of the
platform for class.

Given that some creations were not annotated, it was not possible to definitively
state whether a design was "for class" or "not for class™ purposes. It may be possible,
however, to establish a set of criteria to identify artifacts that have the greatest probability
of being either for class or not for class. My reason for doing so is not to impute the
intention of students building the artifacts, but rather to answer the research question (2D)
of whether students are both capable and willing, at least in some cases, to use the
platform for design. The outcome of this analysis may have critical implications for using
gaming platforms for learning.

| also explored how students used the platform within the in-game space and
across the time the server was available. My reason for exploring students' artifacts
across time and (in-game) space was to begin to better understand student and game
interactions. Following Cobb et al. (2004) and other researchers who write about design-
based research, | aim to contribute theory or transportable insight from the results of
exploring students' artifacts over time and (in-game) space. In other words, design-based
research may explore particular contexts in great depth, but a central goal of the
methodology is generating theory or insight that might be applied to similar contexts
(Barab & Squire 2004).

I used visual content analysis (Rose 2008) to analyze artifacts. Below, | first
describe visual content analysis and then | detail the procedure | went through for

analyzing the artifacts.
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Content analysis is a method for examining typically pre-existing symbolic
communication or media, i.e.," content” (Krippendorf 1980). Unlike interviews or
surveys where data is collected and then analyzed, content analysis is conducted on
"data," such as newspaper articles, that already exist. Krippendorf (1980) emphasizes that
content analysis can be used for any material that might have symbolic meaning and Rose
(2008) explicitly discusses a visual variation of content analysis. Similar to qualitative
coding, a researcher using content analysis can develop categories pertaining to relevant

qualities of the media they are examining (Berg 2007).

1) Complete
Identifiable
Object?
Yes No
4) Culture/ 2) Explanatory
Personal Signage?
Symbol? No
No Yes
Yes
Class 3) Lava or Water
5) Building/ Play Pillar?
?
House? Yes Yes No
No
Play Discard
Class
6) More than
Walls, Floor,
Roof?
Yes No

Class Discard

Figure 3.1 - Logic Tree for Assessing Students’ Artifacts
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Krippendorf (1980) lists several reasons to conduct content analyses, including
for identification purposes. For this part of the study, | was not aiming to analyze
students' artifacts for particular qualities they may have, but rather in order to categorize
them as a plausible “class” related artifact or “non-class” artifact. Next | describe the
scheme | developed for categorizing artifacts.

| took a more inductive (e.g. see Berg 2007) as opposed to more deductive (e.g.
see Weber 1990) approach to developing content analysis categories and some criteria for
labeling artifacts. | examined all artifacts on the server at each time point at which |
preserved the server (after the first activity, after the second activity at near the end of the
class) and searched for commonalities between artifacts. | did not examine the first server
state, as this was before students had used the game. From this, | was able to identify two
"non-class" categories of artifacts (water/lava masses and several types of symbols) and
three “class” categories of artifacts (everyday objects, buildings, and artifacts that had
signs). | also developed criteria to maximize the likelihood a given artifact was either “for
class” or “not for class.” From these categories and criteria | developed the logic tree
displayed in figure 3.1. This tree was developed iteratively by comparing the categories
and criteria against the objects on the server. From the logic tree, an artifact could be
labeled “for class,” “not for class,” or discarded from the analysis. If any artifacts fell into
both of the larger groups (“for class” and “not for class™) or if artifacts that were less
clearly “for class” or “not for class™ were included in either group via the logic chart, |
adjusted the tree through different criteria and tested it again.

I now walk through the components of the logic tree. At the top of figure 3.1, two

criteria come into play for evaluating an artifact: is it complete? And, is it an identifiable
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object? Both criteria must be met to proceed on the "yes" link but if it fails either the
artifact will proceed on the "no" link. Here, being “complete” means containing all
obvious parts (for instance, a building with walls, a floor, and ceiling or a symmetrical
object whose symmetry is intact). The second criteria at this tier required that the artifact
be an everyday or recognizable object that required little interpretation to identify. These
criteria did not eliminate any artifacts from being included, but instead placed those that
failed one or both of the criteria on the rightmost path.

The next decision point on the right path asks whether the artifact had signage
explaining the artifact. These were some of the objects that were labeled as per my
original instructions; all of these were included in the "for class" category. Not all signed
artifacts went this way as some were identifiable (and complete) objects, such as a chair
and table with signage. The objects that traveled this rightmost path with signage were
either entirely new objects (such as magnetic boots and rails) or not clearly identifiable.
All objects on the right path with explanatory signage were placed as "class" artifacts. If
an artifact lacked signage, it traveled to the final decision point on the rightmost side
where the criteria asked whether it was a lava/water mass or not. In Minecraft, it is
possible to build pillars or masses of water or lava. These aren't really “objects” as such
but they are an outcome of playing with the water or lava system in the game. Therefore,
if an artifact was a pillar or mass of lava/water it was included in the “not for class”
group. If any object that made it this far on the rightmost path was not a lava/water mass,
it was discarded. If an object arrived at this criterion, it would have been an

incomplete/unclear object, with no signage.
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Turning to the leftmost path, if an object was identifiable as an existing object in
the world and appeared complete, the next decision point criterion was whether it was a
cultural, personal, or religious symbol. Examples that fell into this category included
crosses, flags of different nations and "building™ one’s name somewhere on the server.
These objects were far removed from the design project and thus | felt comfortable
labeling them as “not for class”. If the artifact was not one of the above symbols the next
decision-point criteria asked whether it was a building or a house. If the answer was no,
the artifact was included in the "for class™ group. These objects were complete,
identifiable and not a symbol of some sort and thus were likely a class-related design
(this group included many of the everyday objects). Buildings and houses, however, had
a further stipulation: the final criterion. Houses and buildings are perhaps the easiest or
most straightforward objects to design in Minecraft. Therefore, | wanted to be
particularly careful in examining buildings/houses. While a house/building may be for
class, if that artifact also has a more detailed interior, including chairs, tables, interior
walls, and other components it would suggest a more detailed design, which may be more
likely "for class" than for fun or "not for class" purposes. As a final precautionary
measure, only those houses/buildings with interior fixtures or walls (such as dividing the
interior into rooms) were included as "for class." Cumulatively, this meant objects that
arrived at this criterion were identifiable objects that were complete and were houses with
detailed interiors. Houses/buildings that had bare interiors were not included as “for
class”.

While using the logic tree in figure 3.1 is a conservative measure of the artifacts

built on the server, by the final state capture of the server there were over 50, collectively,
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of either "for class" or "not for class™ artifacts. The logic tree still preserves a large

amount of creations for assessing research question 2C.

3.3 Instructional Framing and Procedures
In this final section of the methods chapter, I first discuss my broader
understanding of the design process that shapes the intervention on the concept
generation stage studied here. Then I cover the content, assessment and pedagogy (CAP)
model and apply it to this study. To close out the methods chapter, | briefly discuss a
pilot study that informed this current work and then discuss the game-based learning

activities in depth.

3.3.1 Perspective on the Design Process

In this study I primarily focus on the concept generation stage of the design
process. However, my understanding of the concept generation stage is informed by my
broader perspective on the design process in total. Concept generation happens after a
stage of formulating the problem, which involves identifying a problem (Lawson & Dorst
2009) information searching (Atman at el. 2007) and problem scoping or
changing/framing the problem to be addressable through a design (Lawson & Dorst 2009;
Atman et al. 2007). These stage(s) are followed by concept generation, which as
mentioned previously, involves the creation of many concepts (Dym et al. 2005) and a
subsequent convergence or evaluation step on the previously generated concepts (Toh &
Miller 2015). Following concept generation, there is some stage of modeling or

prototyping (Atman et al. 2007) and an evaluation stage of the modeled/prototyped
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concepts (Lawson & Dorst 2009). Importantly, as Lawson and Dorst (2009) argue,
evaluation of a design may involve subjective (e.g., stakeholder preference) and objective
(e.g., meeting a certain physical, measureable capability) evaluation of both requires
some synthesis of what are at first incommensurable evaluations. If the concept that was
prototyped and evaluated turns out to well address the problem and the constraints the
design process may end here. On the other hand, difficulties or limitations with the
evaluated concept may lead to an iteration loop back to an earlier stage of the design.
Following Jin and Chuslip (2006) I argue there may be iterations between stages (e.g.,
problem scoping and evaluation) as well as within a stage (e.g., several models built).
One explicit way these iterations may happen across stages is from problem formulation
to solution generation, or what Dorst and Cross (2001) call the co-evolution of problem-
solution sets. It is within this larger context of problem formulation, information seeking,
modeling, evaluation and loops within or across stages | see the concept generation stage

of design happening.

3.3.2 Content, Assessment and Pedagogy (CAP) Model
The CAP model is a backwards-design approach for developing a course and
ensuring that the content seen as most central to the course by the instructor is assessed
through means that can reveal whether or not students have learned that content.
Following this, a pedagogical approach is used that can appropriately help students
develop the desired mastery (Wertz 2013; Streveler, Smith & Pilotte 2012).The
underlying theme behind the framework is aligning these three elements, so an instructor

does not, for instance, expect students to master solving open-ended problems culled
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from industrial settings only through abstract problem-based assignments and lectures on
underlying mathematics.

The CAP model uses an embedded ranking for the centrality of content in a class,
originally developed by Wiggins and McTighe (1998) and reproduced in figure 3.2. The
centermost circle represents the most important knowledge that the instructor believes
students should master within the class and carry beyond the class. It is called the
"Enduring Understanding." In the second circle is knowledge, skills or ways of thinking
called "Important to Know." This content does not need to be mastered at the level of
Enduring Understanding, but is nonetheless important supporting knowledge students
should at least be familiar with. The outermost circle is content labeled "Good to be
familiar with", which is related knowledge, skills or ways of thinking that are helpful and
complimentary, but not necessary to know. Having outlined the CAP model, |1 now apply

it to this study.

Enduring Important\ Worth being familiar
Understanding

Figure 3.2 - CAP Content Designations
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3.3.3 CAP Applied

| employed the CAP model primarily for the first research question of this study,
which sought to assess whether students' learning develops along the axis of novice to
informed designer (Crismond & Adams 2012). The second set of research questions,
which explore how students discursively frame and use the platform, does not lend itself
as well to the CAP method. These questions are more exploratory in nature, making it
difficult to define beforehand what kind of mastery is needed. Indeed, the second
(overarching) research question is aimed at developing an understanding of how
Minecraft as a gaming platform constrains and enables students when engaged in early
stage design processes. Such knowledge can then be used to generate recommendations
for future platforms (research question 3) created for the direct purpose of design
learning. More specifically, the sub-questions explored students’ framing of engineering
as a profession and gaming as an interest and how these activities relate to both of these.
Other sub-questions explored informal use practices and the artifacts students build.
While these sub-questions were intended to help to unveil students'(possibly changing)
notions of engineering and gaming and the kinds of activities they engaged in beyond
formalized instruction, the exploratory nature of this part of the study makes it difficult to
predict the results beforehand. Subsequently, only the first research question was framed
through the CAP model.

A key goal of the CAP model (Streveler, Smith & Pilotte 2012) is clearly
explicating the alignment between the pedagogical approach, assessment and the content

the class or activity is intended to help students learn, which I will now do for my study.
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This study espouses a situative cognition approach, as described in section 1.4
(Johri & Olds 2011; Greeno 1997; Choi & Hannafin 1995). Following this, students in
the class were asked to engage in a number of activities that were often group-based and
intended to simulate aspects of professional practice. As mentioned above, the survey
instrument for assessing students' learning is also geared toward measuring students’
procedural understanding (Anderson & Krathwohl 2001) of the design process. In other
words, the instrument is meant to measure students' understanding of the practices and
thinking involved with the design process and thus is aligned with the kind of activities
they will be doing. In relation to the content, the students’ most important learning
involves different design process practices and thinking, which is what they did
throughout the activities. Therefore, these two components are also aligned. Indeed, the
intended outcome of professional skills was taught through simulated professional
practice, which was measured by the changes in professional thinking; thus the three are
aligned.

For this project, the Enduring Understandings students should take away from the
class are design process knowledge, skills and thinking that help move them from being a
novice designer, toward more informed designers. Specifically, | designed activities with
Minecraft to have an influence in students’ thinking on ideation, iteration, reflection and
collaboration skills/practices or ways of thinking. Advancing in these skill domains
would also indicate that students have become better-informed designers. However,
collaboration itself is perhaps an “Important to be Familiar with” concept rather an
Enduring Understanding, as it is an ability that spans many domains and is a little less

central to my study than the other design skills and ways of thinking. Additionally, in the
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class it was important for students to be familiar with the platform itself and more
broadly the use of digital platforms for learning. The “Good to Know” content relates to
notions of engineering and how design relates to engineering, a professional identity
issue. Svarovsky (2011), Shaffer (2007) and Gee (2002) have all researched how games
for learning can impact professional identity. However, given the limited research on
using games for design learning for engineers, the identity-development component of
the study is more exploratory than hypothesis-driven.

On the pedagogical side of the model, it is often useful to scaffold students’
introduction to a new or complex areas through different instructional strategies or
technologies. Scaffolding refers to a process whereby a teacher or more knowledgeable
other assists a student such that they achieve more on a task than they could have
individually (Wood, Bruner & Ross 1976). In later educational research the concept of
scaffolding was extended to include technology platforms that assisted students in a
similar manner to the earlier definition (Quintana et al. 2004; Reiser 2004). Scaffolding
for some educational design may employ several scaffolds including those that involve
teachers, peers and technology (Kim & Hannafin 2011); these types of scaffolds should
be viewed as an interconnected system (Kim & Hannafin 2011; Reiser 2004). In other
words, scaffolds from teachers or peers impact technology scaffolds and vice-versa.

The scaffolds for this study included instruction strategies (implemented by
myself and the instructional staff) as well as a set of Minecraft technological scaffolds. In
terms of the instructional strategies, the activities (detailed in section 3.3.5) were
accompanied by worksheets that decomposed their design work into individual ideation,

group ideation and/or combining concepts for activity 1 and stakeholder feedback
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seeking, concept evaluation and concept selection for activity 2. As Quintana et al. (2004)
explain, decomposing an activity/process into steps can make the activity space clearer
for students and thus allow them to better navigate it.

On the technological side, Minecraft gently constrains students' search of the
solution space. This is accomplished through the pre-shaped building blocks in
Minecraft, which lend themselves toward creating structural concepts (such as buildings)
or larger concepts. While other designs are possible, the ease of creating larger concepts
or structural concepts will likely gently push students in that direction and subsequently
reduce their search of the solution space for their design. In this way, Minecraft scaffolds
students' designs by reducing the complexity (Quintana et al. 2004) of a seemingly
boundless solution space. Additionally, Minecraft scaffolds students' concept generation
abilities by providing a means to quickly generate concepts through relatively straight-
forward game interface without need for sketching, drafting or drawing abilities.
Collectively these scaffolds illuminate the (often ambiguous) process of the concept
generation stage of design, gently reduce students' search of the solution space to make
the task less overwhelming and facilitate the generation of concepts through interface

scaffolds.

3.3.4 Pilot Game-based Learning Activity
The semester prior to conducting this study, I conducted a small pilot in the same
class the present study happened in: engineering 1. The purpose of the pilot was to test
Minecraft as an ideation platform for first year engineering students. This also gave me

the opportunity to test out a ideation activity through Minecraft and modify it as needed
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depending on how students engaged. The piloted activity eventually became activity 1,
discussed in section 3.3.5 below.

For the pilot activity |1 came into a single class session in engineering 1 after
working with the instructor to ensure that each design team had downloaded one copy of
the game to one of their computers. Due to the difficulties of establishing a server that
could support a class of over 100 students, | instead had each team select a person who
would download the game and allow their team members to also use their computer for
the activity. Similar to activity 1 described below, students were asked to generate ideas
for their design project on a local (not a server run) game session of Minecraft. The
activity was largely open with no expectations on what students would build. Students
had approximately a half an hour to work and were instructed to swap their computer
with their team members after a fixed time, so all students got an opportunity to build in
Minecraft.

During the class period | walked around the class and spoke with students to see
what designs they were creating and what difficulties might arise from using a game in
the classroom. Two difficulties became apparent as | observed students use of the game.
One, many students were not engaged with the task; and, two other students were
confused about the purpose of the task or my expectations of what they would do. This
feedback was fruitful for revising the activity to include more required components (that
students produce a set of ideas on the platform) and provide clearer instruction on the
platform and activity itself. While it is challenging to address engagement directly, by
requiring some concrete output, giving students an introduction to Minecraft (the results

of this pilot lead to the creation of activity 0 to introduce students to Minecraft, see
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section 3.3.5) and more explicit instructions (in the form of an activity worksheet)
students were better equipped to use the platform, understand what was expected of them
and how to accomplish it. As demonstrated later in the paper, | believe this led to greater

engagement and performance on the activities in this study.

3.3.5 Game-based Learning Activities

As mentioned in the literature review, games work better as pedagogical tools
when scaffolded than when students are only encouraged to “play” them with no
structure from an instructor (Salmani-Nodoushan 2009). While there are scenarios where
free-play may be beneficial, and indeed “activity 0” in the activities below is primarily a
free-play activity, such free-play does not easily lend itself toward a project-based
learning experience such as the design project in engineering 1. | therefore developed
semi-structured (rather than unstructured) activities, with the exception of activity 0, as
the main pedagogical means of the content. | chose semi-structured over highly
structured activities, as | had an interest in informal uses of the platform and therefore |
wanted to minimize the structure inherent to the activities. | worked with the instructor of
the class to ensure the broad design topic for the class involved designs that could
feasibly be created in Minecratft.

There were 3 major activities. The first activity (activity 0) happened in the
second week of March 2014. The second activity (activity 1) happened half a week later.
The final activity (activity 2) concluded a little over a week after activity 1.Furthermore,
the server was maintained for approximately 4 weeks after the final activity to give

students continued access to the server through much of their design project. Figure 3.3
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depicts when the duration and timing of activities or server availability. Activity 1 took
approximately an hour to complete, activity 2 took approximately an hour and a half to
complete and both had worksheets or deliverables to submit (although activity 2 was

more open than activity 1, as | detail below).

14-Marle-Mar 24-Mar 29-Mar 3-Apr 8-Apr 13-Apr 18-Apr 23-Apr

Activity 0 .

Activity 1 i

¥ Backed up Server

Figure 3.3 - Length of Activities or Server Availability

There were 3 major activities. The first activity (activity 0) happened in the
second week of March 2014. The second activity (activity 1) happened half a week later.
The final activity (activity 2) concluded a little over a week after activity 1.Furthermore,
the server was maintained for approximately 4 weeks after the final activity to give
students continued access to the server through much of their design project. Figure 3.3
depicts when the duration and timing of activities or server availability. Activity 1 took

approximately an hour to complete, activity 2 took approximately an hour and a half to
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complete and both had worksheets or deliverables to submit (although activity 2 was
more open than activity 1, as | detail below).

Activity 0 is the least structured activity of the set: students were asked to log
onto individual Minecraft accounts and explore the world of Minecraft in class. They
were also encouraged to build something (not necessarily something related to their
design project) on the platform. This free-play was intended to give students some time to
adjust and familiarize themselves with the platform, without many constraints. | also
created small tutorial stations that describe some basic game-play functions, like moving
in the game, managing your inventory, and "flying" within the game. This was an
opportunity for students who are less familiar with using digital platforms like this
(Huang, Hood & Y00 2013; Schradie 2011; Monroe 2004) to adjust and catch up to their
peers; in other words the tutorial acted as a scaffold for those unfamiliar with Minecraft
in particular. During this time, | was available in person for any student who had
questions. This initial free-play also has similarities with “messing about” in design,
where students are given some materials and a design idea to play around with (Crismond
&Adams 2012; Kolodner et al., 2003). This less-structured class was intended to be an
opportunity where students might find interesting uses of Minecraft or plant the seed for
future goal-making and informal use -- features for which researchers have argued games
are so useful (Gee 2002; 2010).

Activity 1, on the other hand, was a bit more structured than activity 0. This
activity involves ideation, reflection in-and-on action, possible iteration, and
collaboration throughout its tasks. The activity starts with students logging onto

Minecraft individually with their group. Each group started in their own designated area
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on the virtual world of Minecraft with a sizeable portion of virtual "land" to build upon.
Having started their design projects already, each student is first asked to build concepts
of their design project individually. Activity 1 was therefore intended to be a more
preliminary exploration of ideas, although later in the course curriculum students were
asked to build physical prototype of their design. Activity 1 did not specify how many
ideas the student should build, and encouraged them to build several different ideas. At
the beginning of the task they were asked to work individually but in the company of
their team members; this was intended to avoid group dynamics at the beginning of
ideation, as some researchers have documented how individual students may overly
influence the group (Tonso 2007, 2006; Valkenburg & Dorst 1998). However, | still
wanted students working near each other (within the virtual space of the game) so they
could potentially learn from or build on others’ creations from individual work when they
joined as a team. Generating (or transforming) many ideas like this, with suspended
judgment, is the essence of ideation (Crismond & Adams 2012; Goldschmidt 2003; Shah
& Vargas-Hernandex 2003).For any designs, students were also be asked to place one or
more “signs” (this is a literal, informational sign, a placard “posted” in the virtual ground
of Minecraft) with a brief description/explanation of the design. Signs are a simple
implementation that function to capture ideas and arguments that can be reviewed later.
Such design rationale tools (although often more sophisticated) have received concerted
attention in and of themselves (Bracewell et al. 2009).

Once all the team members completed however many ideas they want to build,
they were asked to briefly describe their design(s) to their teammates either through

Minecraft’s chat function, or in person, since this activity happened during a class period.
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Both the sign posting activity and the report out were intended to be an opportunity for
reflection-on-action (Schon 1984). While the collaboration here —turn taking and sharing
—was somewhat “forced” by the activity, it was structured this way with hopes that
students would recognize aspects of their teammates’ design that would be useful for the
overall project. Thus students may see each other’s contributions as ideas that can be
built upon, borrowed from and combined for their design project —taking more of an
interdisciplinary view rather than a multidisciplinary view (Borrego & Newswander
2008; Klein 1990). Indeed, after the students shared their designs, they were asked to
work with their current ideas (or new ideas that emerge from the discussion) to come up
with a set of ideas to carry forward for their design project. This could happen through
multiple paths such as selecting ideas they have already built, modifying existing ones, or
building new ones. It is here that local iteration, within the design step of idea generation,
may happen (Jin & Chuslip 2006). Thus the outcome of activity 1 was be a set of ideas,
vetted to some degree, to build upon for their design project. The outcome could have
been considered a manifestation of the each team's mental model (Dong, Kleinsmann &
Deken 2013).

Activity 2 occurred after activity 1 and was open for a little over a week. Students
were free to complete activity 2 at any point in this time frame. Skills brought to the fore
in this activity include ideation, collaboration (particularly with non-team members), and
some degree of reflection and iteration. For this activity, students were asked to identify
some user or person who may be affected by their design. Given that the broad design
project topic was centered in the university, many students spoke with other (non-class)

students for this activity. Then they gave an early stage presentation/demonstration of
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their project to potentially affected persons or stakeholders. This presentation could be of
two or more designs. Students could use Minecraft or other means to visualize/present
their design project ideas. This activity, at least as it pertains to Minecraft, was more
voluntary than the previous activity. A core idea here is that collaboration was to extend
beyond the bounds of their team and to the people, clients and users the design may affect
(Brown & Katz 2009). Preparing a brief presentation to someone outside the team may
also engender some reflection-on-action (Gerlick, Davis, Brown & Trevesian 2010;
Schon 1984). Students were asked to elicit feedback from the affected person or
stakeholder, including the positive evaluations and concerns they had over the designs the
team presented. At this point, the students should have answered any questions the
user/affected person may have. After students were finished presenting and discussing
with the stakeholder or affected person they were asked to answer a final question about
whether they think they should modify their design and which design projects they think
they should carry forward in the design process. Students were asked to use feedback
from the stakeholder or affected person to shape these decisions and to make an argument
for the actions they intended to take. This question was intended to spark some iteration
for the team, as well as reflection. As many have argued, discussion and argumentation
are critical components of the design process (Oak 2011; Bucciarelli 2003, 1996; Rittel &
Webber 1973).Thus the outcome of activity 2 is an expanded view of their problem and a
set of more focused design ideas.

In this final section of the methods chapter, I introduced the CAP model, applied
it my research question about whether students advanced to more informed designs and

gave a detailed description of the activities | developed for the class. Now that | have laid
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out the context and data collection procedures, research design and analytical methods

and pedagogical methods for this manuscript, | turn to the results.
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CHAPTER 4. RESULTS AND DISCUSSION

This chapter has two major components: results and discussion. | then present
results from each method | used, and then directly discuss them. I present the results of
the visual content analysis first due to the generality of the questions the visual content
analysis addresses (which were, is there evidence students can use the platform for design
and how are those objects distributed across (in-game) space and class time?). The
remainder of the chapter follows the same order as the methods chapter. After all the
results and discussions have been presented individually, I turn to an integrated
discussion of the visual content analysis with discourse analysis and thematic analysis
results, as well as a discussion of ANOVA integrated with discourse analysis results.

Before presenting the results | give a brief narrative on how one team, referred to
here as team 9 (not their actual team number), interacted with the platform. This narrative
is intended to give the reader a window into how students and teams interacted with the
platform before delving into the research results.

Team 9 had four members, one of which was one of my interviewees (Devlin)
who shared much of the information on which this narrative is based. On the day of
activity 1, the in-class divergent concept generation task, members of team 9 logged onto

the Minecraft server along with the rest of the class.
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As Devlin later described to me, he and his team members mostly explored the
functionality of the platform that day. They built a large underground structure with a
series of rooms for each team member, some shared communal spaces and a long tunnel
that allowed them to enter from another part of the game-world. Devlin, an occasional
gamer, explained during this time in the project he was not sure that Minecraft could
work well as a tool for an engineering class. However, two of his other team members
pushed him and the rest of the team to try to use Minecraft for concept generation. Devlin
was hesitant and first, but joined his team on the server, outside of any of the official
class activities. As his team started to build an automated wheeled chair, Devlin's
hesitancy diminished and he started to think the platform could be a good way to make
rough initial models of an idea. His team coordinated on the server to build two designs,
the wheeled chair mentioned above, and pair of robotic arms (both were considered class
artifacts; see section 3.2.6).

After completing the class designs they built some other artifacts that were later
labeled as non-class artifacts, including an American and a Chinese flag. Team 9
represents an interesting case as they started with non-class related use of the game, opted
to use it for class outside of the bounds of the official activities and continued to display a
mix of class and non-class artifact construction. Other teams used the platform in

different patterns including mostly just for class or mostly not for class.
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4.1 Visual Content Analysis
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Figure 4.1 — Class and Non-Class Artifacts
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Figure 4.1 displays the locations of students' "for class™ and "not for class"
artifacts on a 2-dimensional map of the server's virtual "world.” The legend illuminates
the meanings of the artifact symbols scattered across the map. All artifacts are displayed
on a single map, due to the small number of creations at time point 2 and 3, and for ease

of comparison. The bars in the bottom right of the graph display the number of class and

non-class artifacts at each time point.

While it may have been more expedient to assume that, since students built some
artifacts on the platform, they were capable and willing to use it for class ends, the logic
tree and mapping provides a more detailed analysis. Logic tree classifications help sort
artifacts into sets that are most likely and least likely "for class" as well as provide counts
for these sets (see section 3.2.6 for a description of the logic tree). | use these sets and
their counts (displayed on the map in figure 4.1) to answer whether students were able to
use the platform for design. I also use the map in figure 4.1 to answer how artifacts were
distributed across (in-game) space and over time.

First, I discuss what students built on the server. As can be seen from the bars and
other map symbols, students built many "for class" and "not for class" artifacts, and built
or modified additional class artifacts. Cumulatively, students built 29 designs (including
redesigns) in the "for class" set and 22 for the "not for class" set. This is a fairly
conservative measure: | discarded many artifacts from analysis because | wanted to
assess only those that were clearly "for class™ or "not for class". Thus the actual number

of artifacts on the server is closer to double the total of class and non-class artifacts.
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Figure 4.2b — Class Artifact Example: Double-Decker Bus
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Figure 4.2d — Class Artifact Example: Magnetic Boots and Rails
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Figure 4.2 displays 4 examples of student artifacts that were classified as “for
class.” I selected these as they represent some of the major domains in which students
designed artifacts. Starting at a), the first image appears to be a dormitory, with study and
sleeping quarters. In b) students built a double-decker bus. The artifact in c) is a
convertible knapsack and sleeping bag. The dual functions of this artifact was explained
in signage, as well as the large double-headed arrow indicating the artifact could be
transformed into either form. In d) students built a pair of magnetic boots and magnetic
rails for accelerated travel around the campus. Signage explains the designs and their
functions; without that signage it would have been difficult to identify the artifact. Many
of these designs in figure 4.2 are fairly detailed, such as the dormitory, or have multiple
components, such as the convertible knapsack. Most of the other artifacts in the class set
were also detailed or had multiple components, although there were also some simpler
designs such as a chair and table. In the discussion section following this section | discuss
what the counts and artifacts mean for students' ability to use the platform to design.

Generally, both "for class" and "not for class" artifacts are interspersed across the
in-game space together (see figure 4.1); they are not strongly segregated (or surrounded
predominantly by artifacts of the same type) across the virtual landscape (although there
is one lone non-class artifacts in the upper right part of the map). Figure 4.3 displays
several additional images from the (in-game) world that demonstrate the proximity of

class and non-class artifacts.
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Figure 4.3a — Class and Non-Class Artifact Proximity

Figure 4.3b — Class and Non-Class Artifact Proximity
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Figure 4.3c — Class and Non-Class Artifacts

Figure 4.3d — Class and Non-Class Artifacts
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In a) in figure 4.3 a water pillar can be seen next to brick building (which contains
a class-related design). In the distance, a cross (a "not for class™ symbol) can be seen near
the convertible knapsack and other "for class" related artifacts. In the second image, b)
two flags ("not for class" symbols) float near an exoskeleton and wheelchair (both "for
class™ artifacts). Turning to c), the gray and brown blocks on the ground spell out names
("not for class™ symbols) and another cross is situated in the middle of the screen. In the
distance several "for class" artifacts including buses, the dormitory displayed earlier and
some other exoskeletons can be seen. Finally, in d) a pillar of lava ("not for class") can
been seen near a hot air balloon (a "for class" artifact). These are just some of the
examples of how "for class™ and "not for class" artifacts are interspersed together across
the in-game world.

Turning to the distribution of artifacts across time, | return to figure 4.1's
histogram bars. Across the 3 time points, the number of class objects increased
continuously from 19 to 23 to 29, whereas the non-class artifacts saw minimal additions
at time 2 (from 17 to 18) but had more gains at time 3 (from 18 to 22).Lastly, the area
furthest south on the map, separated from the land on the west by a thick forest and
connected to the northern desert area by a bridge, hosted a large concentration of the time

2 and 3 new artifacts on the server: 11/15 artifacts, or 73%.

4.1.1 Visual Content Analysis Discussion
| used the visual content analysis to answer two questions: is there evidence that
students can use the platform for design? And how are the artifacts students made

distributed across (in-game) space and time? Examining how students use the platform
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over time and (in-game) space reveals key dimensions in how students interact with the
platform. Turning to the first part of this question, the results in the last section 4.1
showed that, even when discarding a large amount of ambiguous designs, students/teams
made 29 artifacts related to class. Assuming that at least some of the ambiguous designs
(i.e. artifacts that could not be clearly labeled by my logic tree) were also for class would
suggest students/teams made an even larger set of designs for class. The number of
artifacts provides evidence that students were able to use the platform for designing
artifacts. While this may appear to be a low bar to achieve, in a pilot study using
Minecraft 6 months earlier, students primarily built "not for class" artifacts rather than
"for class" artifacts, suggesting that students’ ability or willingness to use the platform for
class purposes should not be taken for granted. Furthermore, | presented several artifacts
in the visual content analysis results that had multiple components or many details to
their design. If students were unable to or were unwilling to use the platform to design
artifacts, these designs would not be present on the server. This finding, while relatively
simple, is important, considering game-based learning lacks much empirical support and
given how minimally I structured the class activities.

The second part of my question had two components: distribution across in-game
space and time. | discuss the distribution of the artifacts across space first. One of the
striking findings from the visual content analysis was that class and non-class artifacts
were intermixed often at close proximity, across the virtual landscape. Other researchers
using informal media have found similar results. For instance, Ebner, et al. (2010)
designed a course where students used a micro-blogging platform (similar in constraints

to Twitter) to coordinate and share knowledge for a class on new media and management.



117

They found that students used the platform for class as well as more general social ends.
Furthermore, the researchers found that these uses coexisted; that is, one use did not
overwhelm or suppress the other type of use. Although the "objects"” created by students
in Ebner et al. (2010) and this study differ, they both can be viewed as instances of
collaboratively-built knowledge. Similarly, in figures6 and 8, class and non-class artifacts
seem to coexist. This raises a new question: could play, or at least non-class use, and
class use coexist without one distracting from the other? I discuss this point further in the
cross methods section 4.5.2, where | draw on some preliminary evidence from the
interviews that suggest students switch between modes of production. However, more
research is needed to explore on students who build "for class" and "not for class"
artifacts and what other effects may come from these two modes of production.

Now I turn to discussing the temporal dimension of artifacts' distribution. First,
students continued to make both "for class” and "not for class" artifacts after the first
activity. That is, students are still creating new artifacts or iterations. The presence of
more "for class™ artifacts at time 2 and fewer "not for class" artifacts may be related to
activity 2, which coincided with when | backed up the server; however, students were not
required to build new designs for this activity. Students who did build new designs or
iterations at the third time point, on the other hand, did so outside of any class activities.
This finding suggests some students continued to engage with the platform even after
formal activities had come to a close. Importantly, the logic tree | used also led me to
discard artifacts at time point 2 and time point 3; therefore, students built additional
designs that may have been related to "for class™ or "not for class" throughout the time |

left the server available.
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In the visual content analysis results, I also reported on how the most southern
area of the Minecraft map saw the highest amount of subsequent additions or
modifications to existing designs. Another intriguing aspect of this area is that all 3
participants from the high-use group built their designs here. Note that other
teams/students built or modified designs here as well, not just 3 high-use interview
participants and their teams. Students (including those in the high-use group) were
assigned starting areas in Minecraft randomly, which should result in a less lopsided
distribution of highly active users, all other things behind held equal. Thus, it is curious to
find such an active hub for ongoing use of the platform. Similarly to other areas on the
server, the southernmost section also had a mix of "for class" and "not for class" designs.
Some of these designs were added at later time points as well. Therefore, it does not
appear to simply be an area where only "serious" and class-dedicated students built and
modified their designs. I discuss this finding in more detail in the cross-method section

4.5.2, near the end of the chapter.

4.2 Factor Analysis for Design Scale Identification and Testing
To address the first research question of whether there was a detectable change in
students' design abilities when comparing their pre and post survey responses, | assessed
if the design survey questions formed scales. In other words, were there sets of questions
within the total number of survey questions that measured similar constructs, such as
“design process” and “collaboration” (discussed in section 3.2.2)? This assessment was a
two-stage process. In the first stage, | collected responses to a broad set of questions in

the more advanced first year engineering 1 class to identify a subset of questions that
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could be used as an instrument in the class that would use the game. Full details on this
early instrument development stage can be found in section 3.2.2.In the second stage, |
used the instrument developed in the first stage in the intervention class. | conducted
factor analysis and calculated Cronbach's alpha for both the first and second stages to
determine the best set of measures of design process thinking and collaboration. Results
are reported in table 4.1 and table 4.2.

Table 4.1 displays the factor loadings for the trial of the survey instrument. One
metric for determining the number of factors (or sets of questions) from the large group
of questions is to only include factors with eigenvalues greater than or equal to 1 (Kim &
Mueller 1978).

Table 4.1
Trial Factor Loadings

Trial Survey Factors

Collaboration Design
Process

Questions
In the design process | am comfortable exploring an idea without 0.041 0.203
knowing how it will be used later. (idea 1)
In the design process trying out design solutions can lead to new -0.201 0.711
understanding of the problem. (idea 2)
In the design process the more ideas you generate the more 0.067 0.730
opportunities you can explore. (idea 4)
In the design process sometimes it's useful to follow a semi-promising -0.319 0.164
idea instead of waiting for the ideal solution to appear. (iteration 1)
In the design process design stages may be repeated. (iteration 2) 0.024 0.578
In the design process tasks are best handled by assigning sub-tasks to 0.369 -0.150
team members to be done individually. (collab 1)
In the design process work is done best individually rather than in 0.524 0.174
teams. (collab 2)
In the design process group decisions should only be made by those 0.595 0.314
with relevant technical knowledge. (collab 3)
In the design process team members who mostly modify existing ideas 0.293 0.269

contribute less than those proposing new ideas. (collab 4)
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Only the first two factors (as displayed in table 4.1) had eigenvalues of 1 or
greater. Furthermore, the third factor only had one question that loaded at 0.4 or higher,
suggesting that factor 3 was mostly capturing the variation of a single question. The first
factor is labeled "collaboration™ as three collaboration questions loaded moderately to
highly (.35-.6) on this factor. The second factor has two ideation and one iteration
questions that load highly on it, so | labeled it "design process."

Cronbach's alpha, a test of reliability for sets of questions, was assessed as
acceptable at 0.72 for the high loading design process questions and poor at 0.51 for the
high-loading collaboration questions. Due to the small number of questions for each
factor and the weak reliability for the collaboration factor, I included one iteration
question, one ideation question, and one collaboration question that loaded weakly on the
trial factor analysis in the subsequent instrument. | also hypothesized that these weak
loading questions may load differently when they are used in an instrument without
duplicates (variants) of the given questions. Although questions were developed
separately for ideation, iteration and reflection, this factor analysis suggests that the
design process skills do not load onto separate factors, but instead merged into a single

factor (or cross-loaded with collaboration).
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Pre Survey Post Survey
Collab. D% cojap,  DeSION
Process Process
Questions
In the design process | am comfortable exploring an idea -0.034 0.003 0.334
without knowing how it will be used later. (idea 1) -0.226
In the design process trying out design solutions can lead to 0.307 0.507 0.616*
new understanding of the problem. (idea 2) 0.063
In the design process the more ideas you generate the more 0.106 0.878 0.117 0.792*
opportunities you can explore. (idea 4)
In the design process sometimes it's useful to follow a semi- -0.063 0.239 0.163 0.430*
promising idea instead of waiting for the ideal solution to ' ’ ' '
appear. (iteration 1)
In the design process design stages may be repeated. 0.262 0.521 0.109 0.557*
(iteration 2)
In the design process tasks are best handled by assigning sub- 0.026 0.033 * -0.291
tasks to team members to be done individually. (collab 1) 0.471
In the design process work is done best individually rather 0.209 0.337 - 0.099
than in teams. (collab 2) 0.783
In the design process group decisions should only be made by ~ (0.999 0.165 0.687* 0.102
those with relevant technical knowledge. (collab 3) 687
In the design process team members who mostly modify )
existing ideas contribute less than those proposing new ideas. L tells 0.826* Do

(collab 4)

To explore if the factor structure identified in the previous step remained as above

or changed in some ways as | hypothesized, | conducted a factor analysis on the pre and

post survey data. If a set of factors can be identified from engineering 1 students'

responses, this set can then be used to test differences in their pre and post survey scores.

Table 4.2 displays the factors for the pre and post survey. Like for the trial survey, two

factors emerged for both the pre and post survey. While there were 3 factors for both the

pre and post survey that had eigenvalues of 1 or greater, both of the third factors had only

a single question with a loading greater than 0.4. Therefore only two factors were

selected for both pre and post responses.

Comparing the pre and post factor analysis reveals that the factor structure is less

stable for the pre factors than the post factors. For instance, collaboration 1 and
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collaboration 2 have much weaker loadings on the pre factor collaboration than the post
factor collaboration. For the design process factor, iterationl displays a similar pattern.
Collaboration 4 also cross-loads on both the design process and collaboration factors.
Ideation 2 displays a similar pattern. When a question has medium to high loadings on
multiple factors, it suggests the question may not fit well with a single factor. In other
words, it captures variance from multiple factors. We can shed light as to why the factor
structure changes from pre to post by considering the context in which these questions
were given to students. Students entering engineering 1 on average have limited
experience with design work and collaboration on design teams. A weaker factor
structure reflects students responding differently on related questions (e.g. high
agreement on one ideation question and low agreement on another). | administered the
post survey near the end of the semester, after students had participated in the game
activities and had been exposed to much of engineering 1 content. If students have a
deeper understanding of design and collaboration, we would expect that the post survey
factors would be more stable. Indeed, Cronbach's alpha also reflects this: an unacceptable
0.49 for the collaboration factor and questionable 0.60 for the design factor in the pre,
and an acceptable 0.77 and slightly low 0.68 for the collaboration and design factors in
the post, respectively.

Given that the lower stability of the design process and collaboration factors can
be understood in light of students' educational trajectory, | used the post factor analysis to
select questions for the final scales. Using 0.4 (Specter 1992) as a threshold for inclusion
leaves both factors with 4 questions each (marked with an asterisk). From this, |

generated a "design process” and "collaboration" scale for the pre, post and comparison



123

class data. | discuss the scales in more depth in the following section on the ANOVA

results.

4.2.1 ANOVA Comparisons
Table 4.3 displays descriptive statistics for the pre, post and comparison scales.
The mean column in the table indicates that the means on the two scales are slightly
lower on the post-survey when compared with the first. Furthermore, the means are the
highest in the comparison group. Before testing whether the pre-post or post-comparison
means, it is important to check if the scales are highly correlated. Highly correlated scales
may have interaction effects that are not controlled for when each scale is tested

separately in an ANOVA.

Table 4.3
Pre, Post and Comparison Group Descriptive Statistics
Minimum Mean  Standard Max N
Dev.

Pre-Survey
Design Scale 2.5 4.14 53 5 101
Collab Scale 15 3.16 .62 4.5 101
Post-Survey
Design Scale 1.75 4.04 .59 5 108
Collab Scale 1 2.98 .86 5 108
Comparison
Design Scale 15 4.21 52 5 94

Collab Scale 15 3.36 .68 5 95
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Table 4.4
Correlations between Scales by Group
Pre-Survey Post-Survey
Design Collab. Design Collab.
Design 1 Design 1
Collab. .20 (.051) 1 Collab. .02 (.8) 1
Comparison
Design Collab.
Design 1
Collab. 19 (.07) 1

Multiple analysis of variance, or MANOVA (Bray & Maxwell 1985), can test
multiple scales simultaneously, making it a good alternative to individual ANOVA tests
if scales are highly correlated. Table 4.4 displays the correlations between scales for the
pre, post and comparison groups. The design process scale and collaboration scale border
on statistical significance for the pre and comparison group. However, neither
relationship is strong (0.2 or below), suggesting it is reasonable to treat them as
uncorrelated.

Table 4.5 and Table 4.6 display the results for the pre-post and post-comparison
separate ANOVA tests on the design process and collaboration scales. For both scales in
table 4.5, there were no significant differences in pre and post means: design process
F(1,207) = 1.33, p = .25, not significant; and collaboration F(1,207) = 2.8, p = .10, not
significant. In contrast, in table 4.6 scales in the post and comparison class were
significantly different, with design process F(1, 200) = 4.06, p = 0.45* and collaboration
F(1,201) = 12.19, p <.001**. Comparing the means on the design process scale for post-
survey (M =4.04, S.D. = .59) and comparison class (M = 4.21 S.D. = .52) and
collaboration scale, post-survey (M =2.98, S.D. = .86) and comparison class (M = 3.36,

S.D. =.68) reveal that, for both scales, the comparison class was higher than the class
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with the Minecraft intervention. This suggests that, while the Minecraft intervention may
not have negatively influenced students’ design process and collaboration skills measured
by the instrument within the class relative to the other class, their skills may not have
advanced as far as the comparison class.

I examined the statistical differences further by calculating the effect size, Cohen's
d, for each significant difference. These are displayed in table 4.7. For Cohen'sd, a 0.2 is
considered a small effect and 0.5 is considered a medium effect. Table 4.7 reveals there
was a small to medium effect for the difference in design process scores, and a medium

effect for the collaboration scores.

Table 4.5
ANOVA Pre-Survey Post-Survey
Pre-Survey Post-Survey
Measures Mean (SD) Mean (SD) F (DF) p<.05
Design Process Scale 4.14 (.53) 4.04 (.59) 1.33(1,207) .25, ns.
Collaboration Scale 3.16 (.62) 2.98 (.86) 2.8 (1,207) .10, ns.
Table 4.6
ANOVA Post-Survey Comparison Class
Post-Survey Comparison
Measures Mean (SD) Mean (SD) F (DF) p<.05
Design Process Scale 4.04 (.59) 4.21 (.52) 4.06 .045*
(1,200)
Collaboration Scale 2.98 (.86) 3.36 (.68) 12.19 <.001**
(1,201)
Table 4.7
Effect Size for Statistical Differences
Measures Effect Size
Design Process Scale 31

Collaboration Scale 49
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Table 4.8
ANOVA Pre-Survey Post-Survey for Individual Items
Pre-Survey Post-Survey

Measures Mean (SD) Mean (SD) F (DF) p<.05
Idea 1 3.46 (.97) 3.49 (1.04) .03(1,205)  .85,n.s.
Idea 2 4.27 (.76) 4.16 (.83) 1.02 (1,208) .31,n.s.
Idea 4 4.38 (.72) 4.16 (.94) 3.54 (1, 208) .06, n.s.
Iteration 1 3.74 (.83) 3.75 (.88) 0 (1, 205) .95, n.s.
Iteration 2 4.17 (.78) 4.07 (.75) 8 (1, 207) .37, n.s.
Collaboration 1 2.47 (.87) 2.28 (.97) 2.36 (1, 205) .13, n.s.
Collaboration 2 3.64 (1.04) 3.38 (1.15) 2.90 (1, 206) .09, n.s.
Collaboration 3 3.15 (.97) 3.07 (1.18) 32(1,204) .57,ns
Collaboration 4 3.34 (.95) 3.21 (1.10) .84(1,206) .36, n.s.

Finally, in table 4.8 and 4.9 | display ANOVA comparisons for pre/post and post
intervention/comparison respectively for differences in individual question means.
Although the factor analysis revealed the questions formed two factors, in testing the
factors, contrasts between specific questions are lost. However, it is important to note
that, in testing differences between each of the nine questions for pre/post and
intervention/comparison, eighteen tests were run, which means that the standard alpha
level of .05 would likely lead to at least one false positive (that is, finding a difference
where there is none). Alpha levels are the error threshold researchers are willing to accept
for statistical tests. At .05 with eighteen tests there is a 90% (.9) chance that one of the

tests is a false positive. Thus, tables 4.8 and 4.9 need to be interpreted with caution.
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Table 4.9
ANOVA Post-Survey Comparison Class for Individual Items
Post-Survey Comparison

Measures Mean (SD) Mean (SD) F (DF) p<.05
Idea 1 3.49 (1.04) 3.26 (1.17) 2.29 (1,200) .13, n.s.
Idea 2 4.16 (.83) 4.35 (.74) 3.07 (1,201) .08,n.s.
Idea 4 4.16 (.94) 4.39 (.81) 3.63 (1, 200) .06, n.s.
Iteration 1 3.75(.88) 3.79 (.79) 09(1,201) .77,ns.
Iteration 2 4.07 (.75) 4.30 (.76) 4.45 (1,200) .04*
Collaboration 1 2.28 (.97) 2.46 (.90) 1.96 (1,199) .16, n.s.
Collaboration 2 3.38 (1.15) 3.99 (.94) 16.3(1,199) <.001**
Collaboration 3 3.07 (1.18) 3.46 (1.04) 6.17 (1,199) .01*
Collaboration 4 3.21 (1.10) 3.59 (1.07) 6.12 (1,199) .01*

Table 4.8 shows that, at the individual item level, there were no questions that
were statistically significant from pre/post in the intervention class. It seems the
individual questions follow the same pattern as the factors. In table 4.9, however, there
were some questions that showed statistically significant differences. For questions
within the design scale, only iteration 2, which dealt with whether students felt stages
within design could or could not be repeated, showed a significant difference: F(1,200) =
4.45, p =.04*. Comparing the means on the design intervention (M = 4.07, S.D. = .75)
and comparison (M =4.30, S.D. = .76) course reveals that the comparison course may be
larger (taking into consideration the higher chance for error given the number of tests).
None of the other design scale questions appear to be significantly different, suggesting
this particular question may have contributed substantially to the differences between
pre/post scales.

Turning to the collaboration questions, collaboration 2, 3 and 4 may be
significantly different. For collaboration 2: F(1, 199) = 16.3, p = <.001** with

intervention (M = 3.38, S.D. = 1.15) and comparison (M = 3.99, S.D. = .94);
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collaboration 3 F(1, 199) = 6.17, p = .01* with intervention (M = 3.07, S.D. = 1.18) and
comparison (M = 3.46, S.D. = 1.04); and collaboration 4 F(1, 199) = 6.12, p = .01* with
intervention (M = 3.12, S.D. = 1.10) and comparison (M = 3.59, S.D. = 1.07). Again
taking into consideration at least one of these differences may be a false positive, it
nonetheless appears that many of the items that make the collaboration scale are greater
for the comparison class. Thus the individual questions, similar to the collaboration scale,
suggest there is a stark difference between the intervention and comparison class on
collaboration.

4.2.2 ANOVA Discussion

In this section I discuss the results for the ANOVA analysis from only the
ANOVA results. In section 4.5.1 | discuss ANOVA results as informed by discourse
analysis results. In this section, | compare the contexts of the intervention and
comparison classes for interpreting their ANOVA results. | employ a design-based
research approach (Barab & Squire 2004) in this study and therefore incorporate (instead
of excluding or controlling) contextual features into the analysis of differences in
students' scores in the intervention and comparison class.

Results from the pre/post ANOVA test showed no statistical difference in
students' responses to the design process and the collaboration factors. To a lesser degree,
there is some evidence of learning in the pre/post. Comparing the factor loadings in table
4.2, the loadings for the design and collaboration scale were much stronger (i.e. higher)
for the post survey. Additionally, in the post survey, collaboration questions loaded more
consistently with the collaboration scale (i.e. they were not split between the design and

collaboration scales, as was the case in the pre-survey). Although there was no detectable
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change in students' scores, the stronger and more consistent factor loadings suggest
students' responses at the post-survey were more indicative of the underlying factors (i.e.
design process and collaboration as latent constructs).In other words, students' post
responses suggest students had a better understanding of the underlying factors/constructs
being measured. There is thus some evidence of learning, although not what |
hypothesized and not enough to identify any gain or loss in scores.

One reason for not detecting any pre/post change in the design factor may be a
ceiling effect. In both the pre/post-tests, the design factor was above 4.0 (out of 5.0). This
left limited room for detecting (positive) change at post, since the average score at pre-
survey is already high. It may be that the students’ responses' would have been better
measured (for the design scale) on a 7-point Likert scale that allowed for more agreement
options (e.g. somewhat agree, agree, strongly agree). Basically this would allow for
greater detail on students' agreement with the design scale questions, which would then
potentially leave more space for detecting change. It is important to note, however, that
when the post and comparison scores were tested in an ANOVA, there was a statistically
significant difference. Both scores (post and comparison) were over 4 as well. The ceiling
effect does not preclude detecting any difference, but it may diminish the likelihood of
detecting a difference.

Turning to the collaborative scale, both pre and post scores were around 3.0 (out
of 5.0). It is unlikely a ceiling effect influenced the ability to detect a change, since there
was more room for change.

This was one of the first attempts at implementing game-based learning for

engineering design. From a design-based research approach, the lack of change in the
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design scales suggests the need to refine the class activities. Design-based research
employs an iterative scheme, pushing researchers to improve activities and learning tools
from prior research results (Collins, Joseph, & Bielaczyc 2004). | discuss possible
improvements for the class activities when | compare the ANOVA and discourse analysis
results (section 4.5.1).

I now turn to the post/comparison differences. Note that | was only able to
capture the comparison post, not pre. Thus is it not possible to definitively state whether
differences between the post and comparison post started from similar pre-survey values,
or whether their pre-survey values differed substantially to start with. Following this,
statistical differences should be interpreted with caution, as the classes may have started
(pre) at different levels.

Results for the intervention and comparison post-survey showed that there were
statistical differences between the groups on both the design process and collaboration
scales (in both instances, the means were higher for the comparison class).

The structure of the comparison class's design teams and sub-teams suggest one
reason the comparison class may have scored higher on the collaboration scale. In the
comparison class, students were able to join other sub-teams (which were effectively the
equivalent of teams in the intervention class), work with new people and experience new
team dynamics. In contrast, in the intervention class, students were given permanent
teams. Furthermore, in the comparison class there were incentives to work with other
sub-teams, as ultimately each large team was working on a single project in competition.

Although it is difficult to say definitively, it seems plausible the incentives for

collaboration and the ability to work with a larger set of people and experience a wider
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array of team dynamics led students in the comparative class to have higher collaboration
scores. The instructor of the comparison class also shared an important qualification on
the team dynamics: they observed that some teams were relatively permanent (i.e. no one
switched to another team) and some students appeared to take advantage of the team
structure (i.e. exert minimal effort in their large team). Despite this, the comparison
class’s scores were statistically higher on the collaboration scale than the intervention
class’s scores.

The structure of the design project in the comparison class may also explain why
students in the comparison class scored statistically higher on the design process scale.
Students in the comparison class were part of a much larger design project and had
opportunities to get involved in multiple parts of the project. Viewing and participating in
the design process from multiple sub-components and the integrated design (the re-
imagined campus building) may have led to a greater understanding of the design
process. It seems plausible that these opportunities in the comparison class may have led
to higher scores on the design scale.

In addition to the processes in the comparison class that may have led to higher
design process and collaboration scores, as | discussed above, students who minimally
used the gaming platform for class, or did not collaborate with their team on the platform,
may have effectively opted out of the game-based learning project, thereby suppressing
the scores in the intervention class. Promisingly, the structure of the comparison class
design project and teams could be incorporated into the game-based learning project,

which could lead to greater collaboration and understanding of the design process,
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although this would require future trials of the game-based learning and pedagogical
structure to verify.

On a final note for the design process and collaboration scales: given the low
alpha scores at the pre-test and slightly low alpha score for the collaboration scale at the
post-test, future work seeking to use this scale in this study would first need to revise the

scales.

4.3 Discourse Analysis Results

To explore the ways students interacted with the game platform, for research
question 2A and research question 2B (see section 1.1), | asked how students with
different engineering and gaming discourses or identities, respectively, used the game.
Discourses are ways of shaping the salient features and making sense of some part of the
social world through speech and/or text (Fairclough 2003, 1991). A discourse carries
many assumptions about the world, and when someone uses a discourse, their speech or
text emphasize some aspects of the social world while obscuring others. When people use
discourses they create selves or identities for themselves through the discourse and they
may create identities for others they speak of through the discourse (Fairclough 2003, pp
160-161). When a person uses a discourse in relation to themselves this can also be called
“self-positioning” (Harré & Lagenhove 1991). Using Fairclough's discourse analysis, |
identified students’ broad engineering discourses, narrower within the engineering 1 class
discourses, and gaming discourses/identities to answer research questions 2a and 2b. |
identified these discourses, specifically the broad engineering and gaming sets, using

questions about engineering and gaming as well as context-specific (i.e. the class)
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questions. Discourses and identities are not stable, and may change over time or across
context (indeed, the development of new identities, in part through acquiring discursive
practices, is a core tenet of theories of community of practice--see Lave and Wenger
1991). By capturing the broader and more context-specific discourse | can develop a
fuller understanding of how students with different engineering and gaming discourses or
identities interacted with the platform.

To address the second part of these sub-questions (where | asked about the
relationship between identities/discourses and platform use), | divided students into
limited, moderate, and high use groups (see section 3.2.4) and | identified shared within-
group discourses. Note that these groupings are based on students' informal use, not the
nature of their discourses—discourses were analyzed after the groups were established.
While | cannot untangle whether context affected discourse or vice-versa, capturing
students’ broader discourse of engineering and gaming does provide some grounding for
their discourses. These groupings reflect prominent patterns in how students interacted
with the game. Also, I report on individual discourses that either support or counter the
group discourses to qualify the findings within groups.

Below, | begin with the engineering discourses for each group broadly, and as
they relate to class and then turn to the gaming discourses and identities across groups.
Table 4.10 displays the groups. The number at the end of the text in the first column
indicates the size of the group. Each row is one group. Numbers after a discourse indicate

how many students in that group used it.
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Class related use of
game

Engineering Discourses

Gaming Discourses

Class Discourses

Low - only use when
required , did not go

back on or only went
back on to play (5)

Mid - used beyond
class requirements
for class - worked on
design outside of
class, watched videos
on how to use MC (3)

High - used
substantially for
developing design
and/or in final
presentation (3)

1)Earlystart/exposure (2)

2)Family w/ engr's (2)
3) Makers (3)

4) Professional skills (2)

e Teamwork,
Comm.

1) Earlystart/exposure 2

1) Management/
budgeting
)

1) Gaming is for Boys

©)

2) Affordances &
Constraints (3)

Gamers (3), Ocs.

Gamer(2)

1) Representational
Fidelity (3)

Ocs. Gamer (2), Non-
Gamer (1)

1) Classroom tool 3
Gamer (1), Ocs.
Gamer (1) Non-Gamer

@

1) Uninteresting (3)

e Boring,
Forgettable,
prefer student-
led activities

1) MC formalization (3)
e Make
Required, ICA,
Modules

No Shared Discourses

4.3.1 Engineering Discourses

In this section, | report on the results for shared engineering discourses by each

group, following the same order as table 4.10. Starting with the limited use group, table

4.10 shows they had 3 shared broad engineering discourses and one engineering class-

related discourse. Two members spoke of early exposure to engineering. For example,

Qian told the following story:

[Qian, F] ...actually I don't have so much experience about [engineering] it's just
like my father is an engineer and he inspired me from when | was young... when |
was in the primary school we are asked to write some essays and | wrote, always
have some my ideas about my future career.

Qian discusses two aspects of early exposure to engineering; having a family

member who was in engineering and expressing interest in engineering at an early age.

Similarly, Jing discusses her exposure to engineering:
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[Jing, F]...my father like... collect a bunch of the stuff in my house and in the
basement and we have a, place for him. Instead of... find someone to repair it...the
fan in our house in is repaired by him. So sometime... he will let me to help him to
do that.

Here Jing is describing her father's work area for repairing and making things for
their household. As she mentions at the end of her quote and discusses in more depth
elsewhere, she became increasingly involved in projects with her father. For Qian and
Jing, these early exposure experiences influenced their current (as of the interview)
concept of engineering and pursuit of engineering degrees. While this "early exposure™
discourse is centered on these individuals and their trajectory through engineering, not
engineering as an external "thing", it may matter for how they interact with Minecraft; for
example, how they view Minecraft as a learning tool for engineering in relation to their
concept of engineering.

The second common discourse from this group concerned what engineers do.
Two students spoke of engineering as:

[Zhi, M] If someone really like to cooperate or create something new they will

like engineering...

[Gang, M] They can design something... design a structure and build some high

buildings.

In addition Jing spoke of formative engineering experiences with building things
in her family:

[Jing, F] ...we made a model, we made a board. we made all kind of things, we

made a... radio, we made... all the furniture in-in my room is made by some, is

made by our hands.

Across these quotes, engineering is framed as work that involved creating or

building things. This is a common function in engineering, and emphasizes an object

orientation (Woodcock, Graziano, Branch, Ngambeki &Evangelou 2012).However, the
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final broad discourse about engineering from this group incorporates some social aspects.
Two respondents in this group emphasized the importance of professional skills for
engineering:

[Zhi, M] | think I'd say that engineering is about... everyone... works as groups,
you can cooperate with others...

[Liang, M] ...you want to be... focused on the stakeholders and... direct users, their
needs and you will think in their way to develop your design and you want to
make your criteria and the goal more measurable so that when people look at it,

[they] will say, 'okay this is feasible.'

Both respondents mention teamwork: either broadly, as in the first quote, or more
specifically as in the second quote. Liang also mentions focusing on stakeholders and
users. Therefore some social dimensions of engineering are included under "professional
skills." This social dimension is qualified somewhat when Liang states "you will need to
think like them" instead of emphasizing communicating with stakeholders or users. Liang

further qualified this shared discourse with an individual discourse about engineering and

society:

[Liang, M] ... engineers [are] going to do their best to put beneficial design into

reality. So that people can live in a better life through the design that [the]

engineer did. So basically what we did as engineer is offer people like different

options to live better life.

While Liang discusses how engineering impacts society, this is construed as a
one-way transmission. People can live a better life or have different options due to what
engineers have created. In this and the second quote above, stakeholders and users are not

agents but passive entities who the engineer can easily read (“think in their way") and to
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whom they offer their ingenuity. Another individual discourse from Jing also qualifies
interacting with stakeholders or users:

[11 Do you think that person would normally be on a team and not an engineer,
who would go talk with the stakeholder more..?

[Jing, F] Yeah. I think that person should take a management class. Or... like a
community or something. It's more than engineer. But a community is important,
doesn't mean it's not important. It's just...l just feel it's weird...

Here, Jing distances interacting with stakeholders or users as something that
engineers wouldn't do. She states that this doesn't mean that speaking with stakeholders
or users is unimportant, but that it is "more" than engineering work. Thus, although the
discourse on professional skills incorporates some social aspects, the social aspect refers
primarily to other engineering team members and not to people outside of engineering.
Otherwise, an object orientation appears to prevail for the limited-use group.

Finally for engineering discourses from the engineering class context, three

members of the limited use group framed the class as uninteresting:

[Qian, F] That's all I think about my class, sometimes I just forgot it.
[Jing, F] ... maybe because every student think [engineering 1] is annoying.

[This student states that they do not find the class annoying.
Later the same student shares]:

| cannot imagine if [we] don't have Minecraft we're going to do in those like 2
classes. Maybe we do the boring project.

In context of comparing Minecraft and the class Gang also states:

[Gang, M] We're very free. We just have ideas and then create it, just create it.
And compared to the normal class we just do the individual part in class. So we
just learn ourselves and | just write down some notes.

In different ways, these respondents frame the class as uninteresting, something

they just forget about, found annoying or boring. Two of the respondents also spoke of
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Minecraft activities in more favorable terms than the class itself. It is important to note,
however, that this is the limited-use group and much of these students' Minecraft use was
for play, not for their design projects. It seems this group is generally not greatly engaged
with the engineering class.

Turning to the moderate use group, there was one shared broad engineering
discourse and one classroom engineering discourse. The first shared discourse, similar to
the limited use group, focused on early exposure to engineering:

[Collin, M] Yeah, Ferrari was the best, it's always been the best in my opinion.

And I'm just always been fascinated by cars and doing research when | was young

and just Ferrari was always the best and won everything. So, they have always

been like the dream job of mine.

[Cheng, M]...there was a time that me, my brother [made] a boat that uses an

engine from a toy car... we learned to like dispart [disassemble] the toy car and

remove the engine and put it into our boat.

In the first quote, Collin describes his early interest with Ferrari. From an early
age cars and especially Ferrari fascinated him and he cites this interest and future dream
job as a motivation for pursuing engineering. Before sharing the story in the second
quote, Cheng stated that he had limited experience with engineering before entering first
year engineering. Nonetheless, as he explains in the quote above, he and his brother
taught themselves how to dissemble one toy and integrate its engine into another. While
this experience may not be as large of an influence on Cheng to pursue engineering--at
least in contrast to Collin's fascination with cars--it still affected Cheng's current (as of

the interview) view of engineering. In contrast to how respondents in the limited use

group discussed early exposure, respondents in the moderate use group make no mention



139

of parents or relatives who were/are engineers. Instead, their early exposure is framed as
driven primarily by them.

For the classroom discourse, all 3 respondents in this group emphasized increased
formality for the gaming platform:

[Cheng, M] ...it would be better for us to have a in class, ICA [in-class activity]
where we can really try to use Minecraft...

[1] ...are you thinking something that is connected to your design project?

[Collin, M] It does not necessarily have to connect with our design project, but |

mean the professor can give us a specific topic like build a house using these

following given materials in whatever creative ways you can. But yeah it would
have just been to cool to have like different problems or different designs we have
to make in Minecraft before we actually started making our own stuff.

[Ying, F] Well, 1 think, for me, personally, I think, like if... the professor push

more, if this is required thing that you have to do, | think | could, we could spend

more time on it and do better on it.

In the first two quotes, these students suggest other related activities that could be
done in Minecraft to practice and scale up to their design projects. As both of these
students indicate, these activities do not need to be explicitly related to their design
projects and might instead be mini design activities under certain conditions or
constraints. The third student suggests directly increasing the formality of Minecraft. This
is likely in part a response to the second activity, which involved presenting their design
to stakeholders and could have been completed through multiple means, Minecraft
included, as well as the open structure of the game activities. On this second point, later

in the semester, students had to turn in a list of ideas for their design project. While they

could use their Minecraft designs for this, they weren't required to; some did, however.
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This could be one area where the game activities could have been more formalized within
the class curriculum.

Ying felt if they (as students) were required to use Minecraft in more ways, she
would have devoted more time to the platform. Elsewhere in his interview, Cheng also
expressed a desire that more aspects of using Minecraft were required. Thus all
respondents in the moderate use group framed the informality of the platform as
detrimental either to their ability to use the platform or persistence in using the platform.
This raises questions about how much this group would have used the platform if it had
been formalized in some of the ways they suggest, as well as how this would have
affected other groups' usage.

Lastly, for the engineering discourses in the high use group, there was one broad
discourse. For both the moderate use and high use groups, there were fewer shared
discourses than for the limited use group. This may be in part because the moderate and
high use group had only 3 people each, whereas the lower use group had 5.

In the high use group, two of the respondents framed engineering in somewhat
broader terms than the other groups:

[Nicole, F]...like mechanical engineers they deal with their... like constructions

they can work in [air]duct productions, they can be top managers of the plant...

they can work everywhere... because people assume that engineers just like work
in one place, so they are very diverse.

[Delvin, M] I would say an engineer is a person who is looking to complete a task

using a budget... like different tools and looking to build together a solid model to

achieve something.

In the first quote, Nicole frames engineers as versatile workers. They may serve in

technical roles but they may also serve in more people/project focused roles like a

manager. While managers are often in positions of power (Vecchio 2008) in the people-
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oriented aspects of their jobs (unless they are interacting with peers or their supervisor),
this framing incorporates substantial social interaction/responsibility within an engineer.
In the second quote, Devlin places budgeting as a central component of engineering
work. Budgets or financial constraints are external to the strictly technical process of
designing something; however, in most if not all scenarios of design, the budget will be
present as a constraint. Only the high use group mentioned it as a constraint. Unlike
stakeholder/user constraints mentioned by the limited use group, Devlin's framing of
budgeting constraints go beyond the control of the engineering team. Together, these two
quotes push engineering to also incorporate business aspects in their work, either through
the roles engineers can take on or as constraints to the engineers work. In this way, it
seems respondents in the high use group frame engineering as including other, non-
technical aspects. This may also affect how they use Minecraft as an engineering tool as
their conception of engineering appears to differ from those of their classmates

interviewed in this study.

4.3.2 Gaming Discourses
Next | turn to gaming discourses across the three groups. These can be seen in
column 3 of table 4.10.Like the engineering section, | report on shared discourses of each
group in the same order as table 4.10. As | explained in section 3.2.4, | assigned each
student a gaming identity based on their responses to questions about playing games and
gaming's importance in their lives. These identity labels and the number of students
within each category are also displayed in each groups' cell. I will discuss the distribution

of gaming identities in each group before turning to that group’s gaming discourses.
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In the limited-use group, as can be seen in table 4.10, 3 of the 5 respondents were
identified as gamers and the other 2 as occasional game-players. This use group has the
largest number of students who identify gaming as an important part their life and who
indicated they play games frequently. One of the occasional game-player's self-
positioning provides an important counterpoint to this. During the interview while
discussing the game she explained:

[Qian, F] When | told my [male] friends that I played that... he show me the how

you say that? ...a world under the water, it's really amazing. But | can't do that, |

don't, so maybe my game ability is weak.

Here Qian is sharing a story where she told her male friend about using Minecraft
in the engineering class. Her friend showed her some underwater structures they had
built. She found these structures impressive but positioned building them as above her
abilities. This was not a single instance, as she also positioned herself as less capable than
her teammates who had built electronically operated railways and downplayed her ability
to play games, until | suggested mobile games are also videogames. Therefore, although
this group had the most "gamers" and other members were occasional game-players,
Qian's self-positioning shows this was not only a group of people who highly value and
self-identify as gamers. Also there appears to be a gender dimension to her self-
positioning as her framing places her as less able than male players or as not playing
"real” games (which are often stereotypically masculine games, e.g. see Misa 2010;
Lazarro 2008).

The limited-use group evoked 2 discourses about the game. First, following the

way Qian framed herself in relation to games, students, including both women in the

group, shared a discourse about gaming being "for boys":
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[Jing, F] I know some of them, actually most of them like to play games,
especially the boys and because it's an engineering class and boys is more than

[girls].

[Gang, M] So for the girls | think they do not love games... they do not want to

learn how to play it. And then they can't, so of course they cannot enjoy the

game... | have some game experience so | know, when I first attach Minecraft at
first I have to learn how to, how to control it or how to play it. And then I can play
it well.

In the two quotes above, Jing, a female student (gamer) and Gang, a male student
(gamer) present games as something that most boys like to play or something girls do not
"love" and therefore are not interested in learning how to play. Gang spoke of "girls"
(women) in general, as well as the women on his team in this way. Across these cases
games in general and Minecraft in specific are cast in exclusionary terms for women. In
contrast to Qian's self-positioning toward games (shown earlier) and male game-players,
Gang self-positioned himself as able to learn to play the game well, unlike girls.
Although Jing does not self-position herself as a poor gamer, she still makes reference to
being a major interest for most boys, thus characterizing games/gaming as masculine.
Recent research shows that gaming, like computing, remains a masculine domain
(Lazarro 2008), with women often concentrated in more traditionally female roles in the
gaming industry (Prescott & Bogg 2010), which then often results in games with
stereotypical portrayals of males and females (Martins et al. 2009; Burgess, Stermer &
Burgess 2007; Jansz & Martis 2007; Sheldon 2004). Although | took steps to distance
Minecraft in the engineering class from some masculine themes (e.g., violence and

aggression; see section 2.4), the broader masculine culture around games was still very

apparent to students in this group.
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The presence of masculine gaming culture and differential positioning of ability
by gender may have impacted the ways these students used the platform, individually and
with their teams. This discourse was only present in the limited-use group. No other
group or individual evoked it. This does not mean the cultural trappings of gaming had no
effect on other groups, but if it did it was not made explicit or foregrounded by other
students. The stark presence of this discourse was particularly worrisome, as the limited-
use group also had the most women (although still a small number). It is possible this
exclusionary discourse was more poignant in its effects on the two women in this group.

The second shared discourse of the limited-use group focused on the affordances
and constraints of using Minecraft to design:

[Jing, F] Yeah we tried to make a chamber because we have a body suit and a

chamber, we need to decide which one we want to use. So | made a chamber

using the sketch up but... more we use is brainstorm and prior art... because it's

not easy to make it [bodysuit] in, its clothes..

[Qian, F] If I want to build a house it is really easy, but if I want to build a rail
there is not so many materials to build it...

[Zhi, M] I think Sketch Up is like 3D, it can build 3D models, but I think in the
Sketch Up we can [make] more detailed.

In the first quote, Jing shares that neither Minecraftor Sketch Up (another tool
used in class) were good platforms for building a bodysuit. Instead of either digital
platform, her team used other ideation strategies. In the second quote, Qian emphasizes
that there aren't many materials for building railways. Finally, Zhi states there are limits
on how detailed designs can be in Minecraft. All of these are constraints on form or type
that limit what students can build in the platform.

On the affordances of the platform:
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[Zhi, M] | think at first | would pick the Minecraft because I think it's interesting
and we don't need to like draw everything specific at first, just in general idea.

[Jing, F] ...maybe we can build like transportation things

When | asked Zhi if and when he would use platforms like Minecraft, Sketch Up
or hand sketching, he stated that Minecraft would be useful for a general (not detailed)
design. Jing, in the second quote suggests using Minecraft for transportation designs.
Above in the previous set of quotes, Qian suggests Minecraft has lots of resources for
making houses/buildings. In these ways, the students emphasize the constraints and
affordances of using Minecraft for their design project. It is noteworthy that the limited
use group identifies the strengths and weaknesses of the platform, which are based on
more than perception (e.g., the games code and what assets are available to create with).
The starkness of the limitations/specific affordances to this group may be related in part
to their limited use of the platform.

In the moderate use group, there were two occasional game-players as well as one
non-gamer. This non-gamer, however, had played games in the past, and may have
identified as a gamer or at least an occasional game-player at a younger age. He explains
that, in the context of being an engineering student, he doesn't have much time, and
prefers playing sports in his free-time. The moderate use group, overall, compared to the
limited use group, appears to be less interested in gaming.

The sole gaming discourse evoked by the moderate use group concerned how well
designs or built things in Minecraft could represent their "real world" counterparts. In the
first quote below, Ying discusses an aberration between the in game physics (i.e. gravity)

and what would happen in the world outside of the game. The second quote, from Collin,
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describes the dimension consistency between Autodesk Inventor and the real world--
something Minecraft lacks.

Finally in the third quote Cheng, in comparing Sketch Up and Minecratft,
emphasizes the more accurate shape and appearance of objects built in Sketch Up.

[Ying, F] I found some problem... because | was building a tunnel and it's like

there was a hole... like there is a little square on it. In the real world I think it's

going to fall.

[Collin, M] It's just more complicated... | like Autodesk Inventor specifically

because | can draw a box with dimensions [and] it's just there. | can extrude it to a

certain you know depth and it is the exact size | want it... it's like real world.

[Cheng, M] With Sketch Up | think it can be used to design things that has a more

accurate shape or appearance. But Minecraft, all things in Minecraft are block-

based.

The thread running through all these quotes is that there is a disconnect between
representations in Minecraft versus the real world "thing." While this may appear to be a
natural objection, depending on the degree of innovations to which a design project is
aimed, there may be limited comparable objects or processes in the real world to attempt
to mirror/represent in the in-game design. Furthermore, an early emphasis on exactness
may detract from exploring more possibilities within the problem space students are
situated in. While detail and exactness may be a significant concern for later design
stages, | intentionally planned Minecraft activities for the earlier, more exploratory
ideation stage (Prats et al. 2009; Dym et al. 2005). Nonetheless, all of the members of the
moderate use group evoked this discourse negatively. Considering this group came on the
platform beyond class requirements and then quickly stopped using the platform, their

shared discourse of the platform's representational fidelity may have had a role in

minimizing their continued use.
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Lastly, the high use group contained one student with each of the 3 gamer labels:
non-gamer, occasional game-player and gamer. In contrast to the non-gamer in the
moderate use group, the non-gamer in the high use group never was a heavy game-player,
although she mentions sometimes playing games with friends or family. The high use
group thus appears to be the most heterogeneous in terms of gaming identity. The high
use group also seems to have less of a gaming emphasis than the low use group, similarly
to the moderate use group.

The sole shared gaming discourse of the high use group framed the game as a
classroom tool:

[Devlin, M]... the more and more | looked at it, it was like okay this could work

for an engineering project more than I thought it would and it would be an

amazing way to just create an initial model for our various designs and

prototypes.

[Nicole, F] So for the transportation one we used Minecraft, so to show our road
and how aliens can walk around the campus.

[Steven, M] I think just ... building something on Minecraft will greatly help
them. Of course they have to think about the physics and the center of gravity on
real life. | think that will give them a motivation to be creative on their designs.

So... | think it's really good method to generate general concept.

In the first quote, as discussed in the opening narrative, Devlin hints at some of
his initial hesitancy in using Minecraft for design. After working with the platform this
gave way to a view that Minecraft could be useful for numerous initial models. In the
second quote, Nicole discusses how her team used Minecraft to visualize the campus and
new the transportation system they developed. Finally, in the third quote, Steven

acknowledges that students will have to consider real world physics, but nonetheless

frames Minecraft as a good method for creating a general (not final) design. Furthermore,
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Steven suggests Minecraft's lack of representational fidelity may spark creativity when
designing, instead of solely being a hindrance. Whether as a means for visualization,
creating broad designs or sparking creativity, these students frame Minecraft as a tool
toward classroom ends. It is important to note that this discourse is not based on the fact
that these students continued to use the platform to a substantial degree (and hence are in
the high use group).While all students in this group did continue to use the platform, they
also framed the specific ways in which the platform could be a classroom tool. |
identified this high use group discourse from these shared discursive practices.

Devlin's individual discourse about gaming habits sheds some further light on this
shared discourse:

[Devlin, M] Or there's it's not even like a game but different software's to build. |
just test those out for fun, just like make little models and stuff like that...

I: Do you think you have an interest in more of these building type of things?

R: Yeah! | mean, they're fun but ... | look at them more like can | get this
objective done.

In the first part of Devlin's statement, he refers to software that are "not even a
game|[s]" that he likes to build models in. Later, he extends this group to include games
like Roller Coaster Tycoon where building and experimenting with different models is a
core game-play mechanic. When | asked him if he has more an interest in building
software/games, he made an important point: his use is objective-driven, instead of being
driven by having fun or spending time with friends, for example. Devlin was the only
student in the interviews to mention this kind of game-play. While this discourse only
became apparent in later analysis (and therefore | wasn't able to ask him directly about it),

it seems plausible that if he took an objective-driven approach to past building
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games/software (Minecraft is also a building game) that this could have influenced his
use of Minecraft. More broadly, the high use group’s framing of Minecraft as a class tool

seems plausibly related to their more substantial use of the platform in class.

4.3.3 Discourse Analysis Discussion

This was an exploratory study into the use of a gaming platform for engineering
design that contributes to our understanding of the relationship between engineering and
gaming discourses/identities and game-based learning outcomes. In other words, in this
analysis | sought out relationships and not whether game use outcomes or discourse
practices caused the other. In light of the limited research on game-based learning for
engineering and how students' discourses or identities affect their use of the game, I used
a qualitative, emergent approach for identifying the forms of these discourses or use
outcomes. However, | also asked interviewed students about their pre-college
understanding of and experience with gaming and engineering, which allowed me to look
for similarities and differences in discursive practices over time. Questions that explored
students' earlier conceptions of gaming and engineering lend some credit to the effect of
discursive practices/identities on use outcomes. Nevertheless, not all discursive practices
or identities were static across students' responses and both may shift across contexts.
Therefore | reported most results as relationships and tendencies, not casual relationships.
The results from this part of the analysis suggest further lines of research for
understanding the interaction between students' and games used for learning.

| identified one finding concerning how students' discursive framing of

engineering related to their use of the platform, and two findings concerning how
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students' discursive framing of gaming and gaming identities relate to their use of the
platform. These are, respectively: 1) that students who explicitly framed engineering
more broadly tended to use the platform more; 2) students who less intensely identified as
gamers tended to use the platform more; and 3) students who embraced the platform as a
classroom tool and also expressed awareness about its limitations tended to use the
platform more. In what follows, | discuss each finding in detail.

The finding concerning engineering discursive practices is perhaps the most
complex of all the findings. First, both the limited use group and the high use group
explicitly framed engineering in ways beyond being a purely technical, object-oriented
discipline (Biglan 1973). For the limited-use group, this included an emphasis on
teamwork within an engineering team, and to some extent, acting on users/stakeholders'
needs. For the high-use group, this included framing engineers as capable of some
people-oriented roles like managers and heedful of external constraints on engineering
work. There were several qualifications on the limited-use framing, however.
Stakeholder/user interaction was presented primarily as a one-way interaction, with
engineers supplying the needs of users/stakeholders without feedback from those same
users/stakeholders. Furthermore, one student's individual discourse distanced interacting
with stakeholders/users from engineering work and suggested others with a management
or community background should interact with them instead. In a related vein, the
limited-use group also framed the engineering class, which emphasizes stakeholder and
user interaction as critical for design projects, as an uninteresting or irrelevant class. Thus
it appears that the high-use group, which frames engineers as capable in person-oriented

job functions and acknowledges external influences (i.e. two-way transmissions between
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engineering projects and outside), has a broader definition of engineering than the
limited-use group. This finding suggests students with broader definitions of engineering
may tend to be more open to unusual (for engineering) class interventions like game-
based learning. This is an important finding, as it may indicate one barrier game-based
learning faces with engineering populations. The limited-use group did use the game, but
this use was primarily for non-class purposes, which may also reflect how the students in
the limited-use group viewed the game in relation to class. | am not able to relate this
theme to the moderate-use group as members did not express any shared discourses about
engineering (broadly).

The second finding concerns gaming identities and suggests that students who
less intensely identified as gamers tended to use the platform more. All but 1 of the 4
respondents who were gamers were in the limited-use group. Their identities as gamers
were both self-labeled and generated from criteria | developed, including the time and
importance they dedicated to games. The two non-gamers were in the moderate-use and
high-use groups, respectively. Compared to the limited-use group, students in the
moderate and high-use groups expressed less interest or time dedicated to playing games,
although all participants had played some games at some point. This was a surprising
finding, as many researchers (Hayes & Duncan 2012; Ritterfield, Cody & Vorderer
2009;Squire 2006; Gee 2002) have argued that the ubiquity of games for current students
and younger generations lends generous credit to using games in learning environments.
It appears the relationship may be more complex.

One additional shared discourse from the limited-use group may shed some

further light on their limited class use of the game. Both female students and one male
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student (referring to female teammates) highlighted an exclusionary discourse, where
gaming is portrayed as a domain primarily for boys/men. | discussed these trends in
gaming culture in more detail in section 2.4. This exclusionary discourse was particularly
prominent for the limited-use group and may have had some effect on the 2 women in
that group (indeed, one continually downplayed her ability to perform in games).While
this study did not seek out casual relationships, the most logical influence of masculine
gaming culture and its related discourses is that it externally, or through internalization,
may have restrained how these two women (and potentially others in the course) used
Minecraft.

This finding suggests two cautions for the use of game-based learning in
engineering and other domains. First, how students position themselves toward gaming
may influence the degree or ways they use the game(s). Simply identifying as a gamer
may not translate into quickly adapting to game-based learning. Second, there are
significant gendered dimensions to gaming that may influence game-based learning even
when steps are taken to minimize noxious behaviors (as discussed before, | removed
aggressive enemies from the games and removed the ability to hurt or kill other players).
Game-based learning that replicates or encourages exclusionary discourses or behavior
from the broader gaming culture deeply damages the affordances games can bring to
learning.

The third finding was that students who embraced the platform as a classroom
tool and also were cautionary about its limitations tended to use the platform more. All
three of the use groups highlighted some positive and some negative aspects of using the

platform in class. However, there was a difference in the relative influence or scope of
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these points. The limited-use emphasizes specific designs (buildings, transportation, and
clothing) that Minecraft lends or does not lend itself toward designing. This group gives
similar emphasis to negative and positive aspects and the scope is smaller since they are
largely dealing with a specific set of things that could be designed and not the platform
more broadly. The moderate-use group gives more weight to the lack of representational
fidelity on the platform, which is broader in scope as it deals with anything that might be
designed on the platform. To a lesser degree, the moderate-use group also framed
Minecralft as appropriate for class to some degree when they discussed making Minecraft
more formalized within class. In contrast to these, the high-use group gives more
emphasis to Minecraft as a classroom tool with an awareness of the limitations of the
platform. Their scope is also broad since they are discussing the platform as a whole.
Thus it seems students who used Minecraft the most were those who had a greater
emphasis on the ways Minecraft can facilitate or assist their design projects, with an
active awareness of its limitations. This again has important implications for the assumed
link (Hayes & Duncan 2012; Ritterfield, Cody & Vorderer 2009, Squire 2006; Gee 2002)
or straightforward connection between students' everyday experience with games and
using game-based learning in the classroom. It is not possible to say whether views of the
game came first and affected use, whether these developed over time, or whether these
views were an outcome of a particular mode of usage. Nevertheless, the relationship
between how the game is framed and how it is used is a vital consideration when using
game-based learning.

| am not claiming that students' discourses about the games are only framing

devices. Minecraft is composed of many lines of code, game-play affordance, artwork,
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and a user interface that places constraints on how a person uses the game. Framing

cannot obviate these conditions, but it may affect how the platform is used.

4.4 Informal Use Taxonomy

As | discussed in section 2.2.1 of the literature review, one of the potential
strengths of using a gaming platform is that games (unless overly constrained) leave open
the possibility for students to set their own goals and work toward them (Gee 2010,
2002). Documenting the goals and actions students take can shed light on the ways
students interact with the platform and may also be generative for developing
recommendations for future engineering design platforms. In order to leave open the
possibility that students might come on the class server beyond the activities that were
part of class (i.e. what | am calling informal use, see section 2.1) | operated and
maintained the server from the first introductory activity to the post-survey. After the
post-survey, which was near the end of the semester, | took the server down. The only
exceptions to the servers' availability were for setting up new activities or to perform
some maintenance or updates. Furthermore, | maintained a presence on the server by both
logging into it with my ‘instructor' account or by monitoring the presence of students on
the server through a web-based monitoring tool. Through either tool I could send
messages to students who were currently logged onto the server. | also visually inspected
the artifacts on the server and used logging data to track some changes. Ultimately
however, unless students attempted to damage other students' artifacts, I only observed
the server, sent out occasional messages, and responded to students' questions. Outside of

this, students were free to use the server as they wished. It is within this context that |
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reanalyzed my participants' interviews through thematic analysis to identify the ways

students used the platform informally.

Informal Use

Behaviors
Non-Class Class
Inquiry Interact with Inquiry Interact with Continued
Learning Affinity Space Learning  Affinity Space Engagement
Guided Exploratory Translocal Local Guided Translocal
Community

Figure 4.4 — Taxonomy of Informal Use Behaviors

| used thematic analysis to make an abstracted set of categories to describe the
ways students used the platform informally. The taxonomy in figure 4.4 was constructed
from these categories; see section 3.2.5 for a detailed discussion of how | formed this
tree. Each box represents an abstraction from a participant’s action or across many of the
concrete actions of my participants. At the highest level of abstraction at the top of figure
4.4, students' intent (or goal) for using the platform informally was either "class" or "non-
class" purposes. The "class" category is narrower, including only those instances where
students joined the server in some capacity and degree to work on class-related material.
The "non-class" category includes all other intents/goals, often playing the game with
teammates or exploring the game individually. In what follows, | compare and contrast
the ways students (informally) used Minecraft for "class"” or for "non-class"” goals,

providing specific examples to illustrate the categories. | only include select quotations as
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much of the text reflects simple actions that are more succinctly expressed in
paraphrasing.

Both branches for the taxonomy (for class, for non-class) contain inquiry learning.
Inquiry learning is a student-centered approach where students learn by asking and
seeking results for a question of interest within a learning context (Spronken-Smith&
Walker 2010; Justice 2007).The questions students ask may involve long research
projects or briefer questions within the context of other teaching designs (Sabine 2011).
This approach to teaching resonates with Gee's (2010, 2002) discussion of learning in
games (see section 2.2.1) where players ask questions, develop hypotheses, test out ideas,
evaluate results and modify actions accordingly. Gee's cycle for learning in games is
essentially the same as the inquiry learning process for students (e.g., see Justice 2007, pp
203). The only difference is that these inquiries in my class were entirely student-driven,
whereas inquiry learning in the classroom typically has some instructor guidance or
structure.

Within the "non-class" branch of the taxonomy, students conducted two types of
inquiry learning: guided and exploratory. In guided inquiry students sought answers for
specific questions, whereas in exploratory inquiry they sought broader understanding. For
example, one student was curious about how "deep™ the game-world was and burrowed
as deeply as he could to assess this. On the more exploratory side, another student on the
same team flew (airborne) across the land masses and bodies of water in the game-world
to survey what it looked like.

The “class"” branch students also conducted small guided inquiries. For instance,

one student from the moderate-use group explained:
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[Collin, M] In my dorm room, | went on... | was really just messing around to see
what all different tools I could do. And see if there was anything I could use to
help like my [virtual] room...

Here the room Collin referred to was a sound-proof room, which was one of the
designs his team was considering. As Collin explained, he experimented with different
tools in Minecraft in part to identify ones that may be useful for his team’s design.
However, unlike the "non-class" branch, there were no instances of more exploratory
inquiries in the "class" branch. This may be because the actions for class already had a
well-defined goal.

Turning to the adjacent category in the non-class and class branch, students
interacted with the Minecraft affinity space. An affinity space is a real or virtual location
where people can interact and share content around some interest (see section 2.2.1). All
students in the class interacted with the Minecraft affinity space to some degree, as the
game is a portal to its content. However, there can be many forms of interaction with an
affinity space (Gee 2004) and those students who used it only in class were compelled to
use it as part of class activities. The students who used the platform informally were
drawn to this affinity space for some reason outside of compulsory use.

Looking at the non-class branch first, some students accessed other
portals/generators (e.g. websites) connected to the Minecraft affinity space. This category
is called "trans-local" since outside portal/generators (beyond the game) were used to
shape their interaction with the game. For example, one team watched user-generated
instructional videos from a website on how to build structures underwater. It is possible

to make underwater structures where the interior is free from water. However, this

involves "tricking" the game by building a solid structure and removing only interior
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blocks. For the local-community category under "interact with affinity space™ for non-
class, it is important to recall that, although the concept of affinity space does not require
participants to view the other people in the affinity space as part a community, it also
does not preclude this possibility. One vivid example present in multiple teams” work
was that students built shared spaces or buildings on the server, with rooms for different
team members, or other communal spaces. Figure 4.5 displays several images from one
of these shared spaces, including rooms for different students and an underground tunnel
that leads to the structure. Hallways and ladders lead to other connected rooms. Another
common example students provided was how they shared things they built in Minecraft
with their friends, and when their friends from outside of the class shared things they had
built in Minecraft with the student in my class. While some of these connections may be
fleeting, they represented steps toward community building around and within Minecraft.
On the “class” branch, one student searched for videos on how to perform some
building functions in the game. This was also a trans-local interaction with the Minecraft
affinity space as they draw on distributed knowledge on a different portal (here, a
website) for the space. No interview respondents spoke of developing local community,
although one building on the server had a sign indicating it was a "design tower;" this
may represent local community. Attempts at local community-building may, however, be

difficult within the goal context of using the platform for class work.
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Figure 4.5a — 4 Team’s Shared Space

Figure 4.5b — A4 Team’s Shared Space
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Figure 4.5¢ — A Team’s Shared Space

Figure 4.5d — A Team’s Shared Space
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The final category, “continued engagement,” only exists on the “class” branch.
These were instances where students returned to the server and used it in a way that
substantially affected their design project. For example, one team took screen captures of
their design to use in their final presentation. Another team built additional artifacts
outside of the class activities, as an interviewee detailed:

[Devlin, M]...we built a platform in order to hold one human model to show, it
was a very rough design of an exoskeleton, I think we used like the wiring...
kind of like went away from the arm and curved. And we added some stuff like
fake feet... we were looking into boots like an exoskeleton for our first prototype
idea... And our second one was like a chair.

It is important to note that these actions fully overlap with the high use group of
students | reported on in the previous section on student discourses. While students who
came on for non-class purposes also built many things, the students I spoke with did not
return (the continued engagement category) to their past creations. It is possible that more

diffuse goals were less conducive for continuing engagement, but participants did not talk

about this in the interviews.

4.4.1 Taxonomy Discussion
While some researchers have discussed the ways informal and formal learning
can complement one another (Dabbagh 2012; Hall 2009; NRC 2009) and others have
explored the use of informal media in formal settings (Hung, Lee & Lim 2012; Ebner, et
al. 2010) few have taken a detailed look at the types of informal practices students
undertake. Part of the reason for this may be the difficulty of demarcating where informal
stops and formal starts (NRC 2009; Marsick & Watkins 1990).By making the Minecraft

server continuously available to students and dedicating part of my interviews to their
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explicit usage/practices on the server, | was able to capture some detailed information on
students' informal use. Reiterating section 2.1, informal use here means voluntary,
student-structured and low-risk assessment (e.g., feedback from the game itself or
individual perceptions of those of peers/friends).Carefully examining the affordances and
hindrances of more informal media in the classroom is critical to delineating where they
may be most fruitfully leveraged, if anywhere (Selwyn 2007).

The results from analyzing students' informal use of the platform suggest several
interesting points, including the relative presence of non-class and class use, student-
driven learning/activities and social dimensions of game use. | discuss each of these
below.

On the broadest level, the analysis of students' informal use of the platform
revealed practices that were either more distal or more proximal to explicit class content.
This is an important finding as it suggests there is at least sometimes a strong linkage
between more informal and formal elements of students' practices. Many of the practices
| identified appeared on both class and non-class branches. Further, while by definition
some students did not use the platform for informal class-related ends (i.e. the limited-use
group), some students in the other use-groups used the platform informally for both class
and non-class ends. For example, Devlin's(high-use) team, who had returned to the server
and built designs after the class activities were done, also built a shared space on the
server (non-class use).Other moderate/high use students "messed around" with the
platform building non-class artifacts in addition to informal class artifacts.

There appears to be a relationship between both more proximal and distal

informal uses of the platform toward class ends. This warrants further research to better
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understand linkages between different forms of informal practices and formal
class/instructor structured practices. For example, are there some conditions or
circumstances where the relative frequency of more distal or proximal informal uses
vary?

Looking at specific uses the taxonomy identified several ways students engaged
in informal learning. Students undertook self-defined, smaller inquiries (Sabine 2011)
about using the game (i.e. not related per se to the class), and also about using the game
toward class ends. For instance, on the “class” side of figure 4.4, several students came
back onto Minecraft to test out other features for their design project (the Class -> Inquiry
Learning -> Guided).

On a related note, although it is listed as its own entry in the taxonomy, continued
engagement (such as building a different version of a design project) can also be viewed
as a larger, student-enacted inquiry learning project (Justice 2007). These components of
the taxonomy provide evidence that one of the affordances of using games for learning is
allowing for and encouraging students to set and strive for their own learning goals. This
affordance was one of the reasons Gee (2010, 2002) and others advocated using games to
transform how students are taught. While the non-class inquiry learning might not
directly contribute to class related learning, learning to use the game better or in new
ways may nonetheless influence how the game is used for class.

Interacting with affinity spaces represents the more explicitly social aspects of
informal use discovered here. An affinity space is a location (physical or virtual) where
people can go and interact with others around some shared interest (Duncan & Hayes

2012; Gee 2004). Here the affinity is Minecraft itself and the spaces are both the local
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server (for the non-class branch only) and other portals/generators (both for class and
non-class branches). Although building a shared space on the server, the primary example
of local affinity space interaction (more accurately building/promoting) may not directly
impact informal class use, local affinity space building may heighten students’
engagement. For the trans-local category, many affinities (e.g. different games) have
several portal/generators related to them including the game itself, discussion forums,
dedicated fan sites and video storage sites (Marone 2015; Milner 2011; Duncan & Hayes
2012; Consalvo 2009; Gee 2004). Collectively, these embody the distributed knowledge
(Hewlitt & Scardamalia 1998) of an affinity group. Students who accessed some of these
portals/generators, such as video guides on video sharing siteseither for class or not for
class, were tapping into this distributed knowledge. When feasible, tapping into
distributed knowledge like this could be a great asset for class-related uses, such as when
students could tap into the knowledge generated by others to suggest new directions, or to
learn new skills for their current task.

Distributed knowledge like discussed above for Minecraft might be more
abundant for commercial games (Marone 2015; Consalvo 2009; Steinkuehler & Duncan
2008; Gee 2004). This is a relevant consideration, as ultimately 1 am not advocating for
the use of Minecraft for early engineers. Instead, in Chapter 5, | will develop
recommendations for a serious game based off the findings of this study that would not
share Minecraft's affinity space. Nonetheless, a serious game may also have several
affinity spaces beyond the game itself (Fields & Kafai 2010); therefore the potential of

this larger network of distributed knowledge could also benefit serious games.
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Taken together, this analysis identified several informal uses of the platform that
complemented the more formal structure I built around the game. These may also be
relevant for other game-based learning projects. These practices include larger and
smaller inquiry learning goals oriented toward the class and tapping into the distributed
knowledge of a game’s affinity spaces for class purposes. Less directly, inquiry learning
oriented toward using the game, and local affinity space building may influence the use
of a gaming platform toward an educational end. One clear shortcoming of the openness
of games like Minecraft is that some students may only minimally engage in class-related
material. This raises a critical question for future game-based learning: where should an
instructor draw the line on informality and formality (mandatory, teacher-structured,
high-assessment) dimensions for class activities? I discuss this point in more depth in the
final chapter of the manuscript.

4.5 Cross-Method Integration

Now that I have presented and discussed the results of each method individually, I
discuss how the ANOVA results can be informed by the discourse analysis results and
how the visual content analysis can be informed by the discourse analysis and thematic

analysis (informal learning).

4.5.1 ANOVA and Discourse Analysis
In this section, | first discuss how findings from the discourse analysis may
present a fuller picture of students' use of the platform, and the subsequent lack of

statistical change in the design process and collaboration scale. I conclude with some
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broad suggestions for future iterations of game-based learning activities for engineering
design learning.

One reason revealed by the discourse analysis that may contribute to not detecting
any change in the design scale was students who used the platform for primarily non-
class purposes. While the ability to set and strive to achieve personal goals can be a great
affordance of games used in learning settings (Gee 2010, 2002), if students only set goals
that have limited alignment with the class, we would not expect them to show much
change in the learning outcomes being measured. In effect, students have self-selected
themselves out of the exposure to Minecraft as a design tool in engineering 1. It is not
clear how many students used Minecraft primarily for non-class purposes; five of my
interviewees indicated they used Minecraft for largely non-class purposes. These
students, and possibly more who used Minecraft in a more limited capacity as it relates to
class activities, may have exhibited a muted change on the pre/post design scores. This
pattern in student usage of Minecraft, like the ceiling effect discussed in section 4.2.2,
may have contributed to the lack of detectable change in pre/post design scale scores.

The Minecraft activities | created were set up to be collaborative, team-based
efforts. However, across many of the interviews, students indicated they worked in
isolation from their team, similar to other research that finds students take a "divide and
conquer" approach to collaborative work (Hsu 2015; Leonardi, Jackson &Diwan 2009;
Downey & Lucena 2003).Again, it is not clear how many students worked in isolation,
but I would expect that my interviewees and others who potentially took this approach
would show muted change in the collaboration scale. These possible explanations for no

detected changes suggest ways game activities could be better structured as learning tools
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— such as by requiring more explicit deliverables (in the form of design artifacts) from
teams for design learning and developing activities that have components that can only be

accomplished collaboratively for collaborative learning.

4.5.2 Visual Content Analysis and Discourse/Thematic Analysis

In this cross methods section | discuss two points | raised during the initial
presentation and discussion of the visual content analysis results: the coexistence of class
and non-class artifacts, and the high level of activity in the southern quadrant of the game
world depicted in figure 4.1. | address the coexistence of class and non-class artifacts
first, drawing on findings from the thematic analysis.

In my original discussion of the visual content analysis, | asked whether class and
non-class artifacts could coexist (that is, are both present without distracting or
predominating over the other) in light of their close proximity in the game world? The
thematic analysis provides some preliminary evidence that these two forms of artifacts
may coexist. For instance, several of my interviewees in the moderate-use and high-use
groups reported building both for class and non-class artifacts, such as shared spaces and
design iterations. In the moderate use group, Collin discussed building some play artifacts
when he returned to the server to test out Minecraft functions for his class work. Thus
several of my interviewees switched between class modes and non-class modes of artifact
production during their use of Minecraft. Given that | identified many instances of class
and non-class artifacts in close proximity on the server (see figures5&7), it seems
plausible that other students (who I did not interview) may have also switched between

modes of production. Furthermore, Collin and Devlin also suggested in their interviews
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that "messing around™ with the game was a way to improve their understanding of the
platform and subsequently the ways they could use it for class. These findings are very
preliminary, but warrant further exploration in future research.

The second issue | want to discuss in this cross method section is the high activity
in the southern most area on the map in figure 4.1. One possibility for the heightened
activity in this area of the game world is that the students working in that area were more
active than other students. Another possibility that came up in some interviews was the
presence of some “neighborhood effect.” That is, some students may have noticed more
activity in the area near where they built designs, and for different reasons were
encouraged to use the platform more. This phenomenon is similar to Moskaliuk,
Kimmerle, Cress and colleagues'(2011) conceptions of interactive platforms where the
creations of individuals may spark new ideas or responses in others using the platform
(Kimmerle, Moskaliuk, Cress & Thiel 2011; Moskaliuk, Kimmerle, Cress & Hesse
2011).Awareness and responsiveness toward the activities of others is also situative
cognition, attuned to the developments in the digital environment. Several of my
interviewees mentioned the designs other students built. Furthermore, Devlin, one of the
high-use students mentioned how others' designs on the high activity quadrant of the
game-world influenced his team’s work. In light of Devlin and other students' comments,
and Moskaliuk, Kimmerle and Cress's (2011) theory of digital platforms, it seems
plausible that there may be some neighborhood effect happening in the Minecraft game-
world, particularly in the southern region. If there were any neighborhood effect, it would
be a promising sign for structuring the virtual space as one open design "lab." However,

this finding was emergent and not something | originally intended to study. Therefore,
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further work on this topic is needed to see if the condition can be reproduced with similar

or other digital platforms.
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CHAPTER 5. RECOMMENDATIONS, IMPLICATIONS AND CONCLUSIONS

This chapter synthesizes results from the other research questions to generate
recommendations for future game-based learning platform for early engineering students.
First in this chapter, | draw together two types of insights reported on in chapter 4:
limitations and opportunities of game-based learning. “Limitations” are considerations
that arose from the findings (results or discussion) that revealed problems with the game-
based platform; future work that seeks to use game-based learning should attempt to
address, change or otherwise mitigate the conditions around these limitations.
“Opportunities” were positive attributes of the game-based learning activities that should
be considered for inclusion or adaption into future game-based learning work. | do not
call these opportunities affordances (Gibson 1979), as opportunities extend beyond
affordances of the game platform as a technical object. Opportunities also include
innovative uses by students that might be replicated, as well as potentially useful
pedagogical techniques or scaffolding. The target of the recommendations | make in this
chapter is future serious games, not Minecraft in particular. Thus | abstract from the
specific affordances of Minecraft, as | did in part of the informal taxonomy. The

limitations and opportunities are presented in table 5.
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Limitations and Opportunities of Game-Based Learning

Limitations

Opportunities

(1) The design survey needs to be
revised due to low alpha levels in
the pre-survey and weak loadings.

(2) Students demonstrated no
detectable change in their design
scores as measured by the
instrument.

(3) Some students did not collaborate
through the platform and primarily
used it individually.

(4) Students using the platform
invoked exclusionary discourses.
These discourses also exist in the
broader gaming culture.

(5) Some students construed the game
in relation to the engineering class
or engineering, in ways that limited
their use of it.

(6) Students who have experience with
games or identifying as a gamer
may not immediately translate that
experience into active use of games
in game-based learning for class.

(7) Students on the edges of other
players (neighbors) may experience
weak neighborhood effects.

(8) Students may use the platform
informally for direct or indirect class
purposes.

(9) Students built a variety of detailed

designs on the server.

(10) Students built class and non-class
artifacts distributed in close
proximity on the server (i.e. class
and non-class coexist).

(11) Students may experience
neighborhood effects in a
collaborative 3D virtual world, i.e.,
action of others may encourage your
action.

(12) Student-driven learning, such as
setting personal learning goals and
striving for them evinced in their
informal uses.

(13) Students accessed and used the
distributed knowledge located in
affinity spaces related to the game.

(14) Students who are non-gamers and
those who do not heavily identify as
gamers (i.e. occasional game-
players) found game-based learning

engaging.

First, I briefly discuss 3 dimensions by which a game-based learning experience

might vary. | identified these dimensions by synthesizing the limitations and

opportunities reported in this study, and by drawing on theoretical frameworks used in

the study. The dimensions are: formality/informality (with sub-dimensions:

teacher/student structured, mandatory/voluntary and high/low assessment); game scope



172

and accessibility (with sub-dimensions: narrow/wide design domains and high/low
accessibility); and student and other social influence concerns. While presenting each
dimension, | relate them to the limitations or opportunities from which they were derived.
Some limitations/opportunities may relate to several dimensions, but for the sake of
parsimony and keeping the dimensions grounded in the present analysis and findings, |
only draw on the results or discussion for placing limitations/opportunities in dimensions.
I do not discuss hypothetical relationships.

| use these more elaborate and concise dimensions to frame the recommendations
instead of the sometimes-fragmented limitations/opportunities in table 5.1.From these
dimensions | make an argument, in the form of recommendations, for a serious game for
early engineering students learning design. In the remainder of this chapter, | draw out

implications from this study and close with some concluding remarks.

5.1 Synthesized or Theoretically-Derived Dimensions
Table 5.2 displays the dimensions listed above, and the dimensions’ associated
limitations or opportunities. To conserve space, the limitations and opportunities are
listed in table 5.2 as numbers, which correspond to the numbers used for each limitation
or opportunity in table 5.1. Note some limitations/opportunities may be associated with

multiple dimensions.
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Table 5.2
Dimensions and Associated Limitations and Opportunities

Limitations Opportunities
Informality/formality
teacher/student structure (2), (3), (5), (7 (8), (11), (12), (13)
mandatory/voluntary 3 (8), (12)
high/low assessment (@)
Game Scope & Accessibility
wide/narrow design domain (9), (10), (13)
high/low accessibility 3), (5)
Student and social influences (4), (6) (14)

The first dimension, informality/formality, has the same attributes as the informal
learning framework | adopted in this manuscript(NRC 2009; Marsick & Watkins
1990).Teacher/student structure and mandatory/voluntary are separate sub-dimensions in
this dimension, but I discuss them simultaneously here because the limitations and
opportunities show similar patterns in both sub-dimensions and because all of the
limitations/opportunities in the mandatory/voluntary set are also in teacher/student
structure set.

As explained in section 2.1,teacher/student structure has to do with which actors
in a learning setting are more responsible for structuring the activities, whereas
mandatory/voluntary has to do with whether certain activities or tasks are required by
instructors or not. Both sub-dimensions are better represented as continua rather than
discrete states (NRC 2009; Marsick & Watkins 1990).

| first discuss the limitations that relate to the first two sub-dimensions of
informality/formality. In the results, | reported no difference from the pre/post ANOVA
test for the intervention class. One possible reason for no detectable change was revealed

by the interviews. Several students reported working on their designs individually and
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only minimally collaborating with their team. The way | structured the activities had
asked students to collaborate; however, | did not explicitly require collaboration.
Students could design in isolation and still complete activities--so this collaboration was
in some sense voluntary. These points relate to limitations (2) and (3).

In a related vein, limitation (7) may have also had an effect on their use of the
platform. Limitation (7) concerns the fact that some students were placed at the margins
or edges of the game world. If the activity on the southern-most area in the game (see
section 4.1) does indeed reflect some neighborhood effect—where having other active
users near you spurs your own activity (Moskaliuk et al. 2011; Kimmerle et al. 2010)—
then students on the margins of the virtual world would be separated from these effects.
While it may not be possible for an instructor to surround students with other students, as
there will always be edges, students can be placed such that they have at least some
visible neighbors. This was not always the case for how | placed some teams in my
original design. For example, in figure 4.1, | placed some teams in the upper left and
upper right quadrant of the virtual world where they had few neighbors, and subsequently
found few or no artifacts. The terrain or the biome of the game-world did not impact this
as | modified all areas to be similar regardless of biome (i.e. all areas terrains were
flattened and obstacles were removed to allow for quick construction).

Moving to the opportunities related to mandatory and structured sub-dimensions,
(8) and (12) both point to promising informal practices students undertook: students who
used the platform directly or indirectly toward class ends and setting their own learning
goals. These were student-structured activities and also more voluntary. For example,

some students returned to the server to redesign one of their artifacts. In contrast to
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limitations potentially faced by students at the far edges of the server (7), students with
many neighbors (11) may have experienced a neighborhood effect. This was most
evident in the southernmost area in figure 4.1, where students created many new artifacts
or iterations of artifacts. The majority of students' other iterations or new creations were
also in denser artifact areas, not at the edges of the virtual world. Students' activity in
these areas may have spurred other students to revise or make new designs. These
neighborhood effects became a possibility because of where | placed student areas in
relation to each other, but the activity itself was voluntary.

A final opportunity related to the mandatory and structured sub-dimensions was
students tapping into the distributed knowledge of Minecraft affinity spaces. These
activities were student-structured and voluntary.

Looking across limitations, how the intervention was structured pedagogically,
and how mandatory/voluntary the activities were, influenced students' collaboration, how
often they may have encountered other students, and how much effort some students
were willing to expend toward the game. Across the opportunities these sub-dimensions
influenced students' ability or interest to use the platform informally for class or other
goals, the degree to which they may have encountered other students and their ability or
interest in seeking outside knowledge about the game.

The final sub-dimension in the informality/formality dimension is the type or
degree of assessment used. Assessments may be evaluative and high consequence (e.g.
influencing a student's grade), or more situated and low consequence (such as formative
feedback; Svinicki 2004) for students' development. Only one limitation (and no

opportunities) relates to this sub-dimension.
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My primary assessment of students' learning through the game was a formal
survey that contained a design process and collaboration scale, as I discussed in section
4.2. This was a somewhat high consequence assessment as | used it to evaluate students'
learning. However, my assessment's consequence for the class was not high, as the
survey was treated as a complete/not complete assessment--in other words, students were
not graded on their responses but only on whether they completed it. While the survey
sufficed for this exploratory study, future researchers would need to revise the instrument
to improve the pre alpha levels and item loadings. | will discuss this sub-dimension in
more detail in the recommendations about future opportunities for assessment.

The second dimension involved game scope and accessibility. | address the design
domain sub-dimension first. The design domain concerns how many different kinds of
objects or processes users may feasibly design through the platform. Although there are
constraints on what can be designed in Minecratft, it is considerably more open than other
platforms used for student learning, such as those used by Chesler, Shaffer and other
researchers (Chesler et al. 2015; Arastoopour, Chesler, Shaffer & Swiecki 2015;
Arastoopour, Chesler &Shaffer 2014; Chesler 2013 et al.; Svarovsky 2011). For example,
in the design platform Nephrotex (Arastoopour, Chesler, Shaffer & Swiecki 2015;
Arastoopour, Chesler & 2014; Chesler 2013 et al), students design a dialyzer, which is an
artificial kidney for people with renal failure. There is effectively only one domain in
which students design, and specifically one device that students can design (the dialyzer);
in contrast, students could design across several domains and objects in Minecraft.

The design domain sub-dimension has three related opportunities. Opportunity (9)

concerns the variety of detailed designs students were able to build on the platform. This
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speaks directly to the larger set of design domains users can create in a platform like
Minecraft. Similarly, opportunity (10) concerned the coexistence of class and non-class
artifacts. The openness of the platform enabled this opportunity. It is possible to create a
platform where it is infeasible for students to make non-class artifacts. This is what some
work from Chesler, Shaffer and colleagues accomplishes (Chesler et al. 2015;
Arastoopour, Chesler, Shaffer & Swiecki 2015; Arastoopour, Chesler & Shaffer 2014;
Chesler 2013 et al).Many of the non-class artifacts students built on the server had little
relation to the class artifacts; however, similarly to how informal non-class uses may
indirectly affect class uses, non-class artifacts may indirectly affect class artifacts. For
example, non-class artifacts could be evidence of students "messing about™ (Crismond &
Adams 2012) or exploring the platform's functions, and these could influence students'
later uses or artifact construction on platform, a point some interviews mentioned.

The last opportunity for the design domain sub-dimension involved students
tapping into affinity spaces connected to Minecraft (11). A platform that allows for non-
class use or a breadth of design domains is more likely to have one or more affinity
spaces (beyond the game itself, which is also considered an affinity space; see Gee 2004).
Researchers have found that platforms that allow for creation or design of some artifacts
often have expansive affinity spaces (Marone 2015; Durga 2012; Hayes & Lee 2012).

Putting the opportunities for the design domain sub-dimension together, a
platform that allows for design across several domains also enables the building of a
variety of detailed designs, the coexistence of class and non-class artifacts, and the usage

(and for future platforms, potentially the development of) of affinity spaces.
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The second sub-dimension of game scope and accessibility is the high/low
accessibility component. The mechanics for using (playing) a game may be more or less
complex (Bogost 2007) and may rely on greater or fewer conventions from other games
(Juul 2010). The more complex the mechanics and the more conventions the game relies
on the player to know without explanation, the steeper the learning curve. The learning
curve of a game also relates to how detailed creations on the platform may be. This was
part of the reason | selected Minecraft: the curve for learning Minecraft is arguably less
steep than a (non-gaming) platform like Auto-desk Inventor for computer-assisted design
(CAD). Nonetheless, there is a steeper learning curve and more conventions incorporated
into a platform like Minecraft than for your average mobile game.

There are two limitations in relation to the accessibility sub-dimension. Limitation
(3) concerns students who did not collaborate. Some students' lack of collaboration was
affected by the platform having too steep a learning curve. Several interviewees
mentioned teammates, such as Gang's discussion of the women on his team, who limited
their use of the platform because it was unfamiliar to them. Another limitation concerned
how students construed the platform in relation to engineering or the class (5). All three
use groups, but particularly the limited and moderate-use groups, spoke negatively of the
lack of detail (e.g. use of pre-formed blocks, the use of which also requires shallower
learning curve than constructing more precise shapes in other platforms) or constraints on
building some designs in a platform like Minecraft. As | discussed in section 4.3.2, these
students' construal reflect limitations in the code/affordances of the game, but also | noted
that other students also construed the game in alternative ways that encouraged more use

(such as done by the high-use group).
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Thus the limitations for this sub-dimension run in opposite directions: issues with
collaboration call for a less complex platform (with a shallower learning curve), whereas
issues related to the fidelity of basic building blocks suggest making the platform more
detailed (and thus with a steeper learning curve).

The final dimension is not as much of a continuum as the other dimensions.
Instead, it represents concerns related to the students directly or to other social influences,
such as discourses. There were two limitations and one opportunity related to this
dimension; I discuss the limitations first. Relating to the social influence part of this
dimension (and possibly students as well, if they internalize particular discourses, for
example), limitation (4) concerns exclusionary discourses used in conjunction with the
platform. As | argued in section 4.3.3, discourses such as gaming being a male domain
may hinder how women use the platform. Given that this discourse and related discourses
run strong in gaming culture (Cress & Shaw 2015, Salter & Blodgett 2012), there is a
good chance future game platforms will also have to contend with their damaging effects.

A second limitation concerned the breakdown of the assumption that being a
gamer or avid game-player will naturally engage said students in game-based learning
(Hayes & Duncan 2012; Ritterfield, Cody & Vorderer 2009; Squire 2006; Gee
2002).Results from the discourse analysis show this assumption may not be valid, as
other conditions can be involved, such as how the students construe the game in the
game-based learning activities.

The one opportunity for the social dimension relates to the limitation above: non-
gamers and occasional game-players showed signs of engagement with game-based

learning activities (14). This was demonstrated by the moderate and high-use groups'
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informal use of the platform. These groups contained more non-gamers and occasional
game-players than the limited-use group.

Drawing together these limitations/opportunities related to the students and other
social influences dimension the exclusionary discourses affecting women's engagement
with the game-based activities raise concerns for how games are used for learning.
Students' past experience with or identity toward gaming presented both opportunities for

game-based learning and challenges to past research.

5.2 Recommendations for a Serious Gaming Platform

Having synthesized the limitations and opportunities of a game-based platform for
early engineering students' learning design into three major dimensions, | now use this
framework to organize my recommendations for a future serious game for engineering
design. I justify my recommendations by grounding them in the results of my analyses.
This section will answer my final research question. After presenting my
recommendations, I turn to the implications of this study and final concluding remarks to
draw the manuscript to a close. Following the same order of the preceding section, |
present recommendations and their justifications by the three major dimensions by which
a game and its associated pedagogical structure or scaffolding might vary.

Of critical importance is that the platform | recommend is intended for all
students, not a subsection of students who are or are not familiar with games or do or not
consider themselves gamers. As instructors, we have little control over the past
experiences and affinities our students bring to our classes. Therefore, if researchers

crafted a platform that only a subgroup of students (with particular gaming interests or
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affinities) could use, this would potentially alienate or marginalize students who do not fit
these specifications. The platform I recommend is intended to therefore be inclusionary;
furthermore, 1 will make recommendations to try to mitigate some of the problematic
aspects of gaming culture (e.g. exclusionary discourses) that may become activated in

game-based learning projects.

5.2.1 Recommendations for Formality/Informality

Here | speak to the teacher/student structured and mandatory/voluntary sub-
dimensions simultaneously as these two sub-dimensions are closely related. I first
recommend that future instances of game-based learning have more teacher-imposed
structure and also more components that are mandatory in some way. As | explained in
the methods section, since this was an exploratory study and was situated within an
existing class (and therefore | was somewhat constrained on what | could do within the
platform), the game-based activities were minimally structured. On the positive side of
this minimal structure, students were heavily involved in the one required activity for the
project, and a smaller segment used it informally for many purposes, often related to
class. On the less positive side of this minimal structure, some students only used it
minimally for the required activity and only a smaller subset used the platform for the
voluntary activity (2). Furthermore, some students did not collaborate with their team,
and the students' ANOVA results show no learning gains and lower design scores than
the comparison class, as measured by the survey. Students' lower scores may be partially
attributable to students opting out of using the platform and to the modest nature of the

intervention.
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Students' lack of educational gains and mixed usage patterns suggest some
changes should be made to how an instructor structures activities or the game-based
environment. While it may not be feasible that all students will participate in any
particular class activity, more could be done to increase participation in future instances
of game-based learning. In future studies, it would be preferable if the activities were
fully integrated into whatever class they were used in (i.e. part of the required
curriculum). Other examples of creating more structure/mandatory components of the
activities include requiring students to document team decisions about which designs to
carry forward, which would promote more teamwork. Further scaffolding may also help
make the activities more approachable for students. For example, the instructor could
create a more detailed introduction to the game (such as having small design activities, as
suggested by interviewees). These design activities could be presented in the form of
small real world derived problems to that could be addressed through a designed
object/process and thus lend themselves to problem-based learning methods (Prince &
Felder 2006; Schmidt 1983), which could lead to greater engagement. Additionally, the
scaffolding strategy of reducing the complexity of a task (Quintana et al. 2004), which |
employed through the use of Minecraft to gently reduce students' search of the solution
space, could be applied further. For instance instead of only relying on Minecraft to
gently reduce their search of the solution space, instructional strategies could also focus
students' designs into a small number of solution domains (such as buildings or structural
designs).

My second recommendation for the mandatory and structured sub-dimensions is a

constraint on the first recommendation. The additional teacher-imposed structure and
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assignment of more mandatory components to the game-based activities should still leave
open the possibility for student-structured and voluntary tasks. As Gee (2010, 2002) and
others have argued, one of affordances of games for learning is that they allow people to
set their own goals, test them and learn from the results. This is a deeply student-driven
inquiry learning process. In the discourse analysis and informal learning taxonomy, |
found evidence of students engaged in informal activities that directly impacted their
class work (such as building new iterations of their design) or that may have indirectly
contributed to it (such as learning new aspects of the platform that could change the ways
they use the game for class). An example of how indirect learning might contribute to
class came from students in the moderate-use group who returned to the platform to
explore game functions. Discovering new functions in the game is learning about the
game, but once students are familiar with these, they could also use the function toward
class activities. Therefore, allowing for informal goal setting or inquiries has the potential
to positively affect students' class projects.

| have a related technical recommendation that follows from this: future platforms
should be either server-accessible or web-accessible to leave open the possibility that
students can access the game individually and collectively outside of the bounds of
specific class time. Evidence for requiring constant access to future platforms comes
from students' informal use of the platform. Students returned to the server, often outside
of class, and used it proximally or distally toward class ends throughout the time it was
available. Such extended use would not be possible if the game was only available within

the class.
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Activities that are highly structured or have many very specific mandatory
components risk over-structuring the game-based learning and leaving little room for
student-driven activities. ldentifying clear boundaries between too few and too many
structured/required components may be difficult. Still, in preparing game-based learning
activities, a teacher should reflect on whether the activities they have developed allow for
students to make iterations or modifications to their designs, whether students can
integrate new work with their class work, whether class activities leave room for
questions students may seek to answer outside of the activities, and other related
questions. Future researchers should embrace a design-based approach to game-based
learning for engineering design to allow for continual refinement to platform and class
structure.

On the assessment sub-dimension, | recommend researchers and instructors
consider other forms of assessment in addition to instruments like the survey used here,
like analyzing the artifacts students built, how students use the platform, or how students
interact with the team members. Procedural knowledge can be assessed through
instruments like a survey (Anderson & Krathwohl 2001); however, when a researcher
uses a procedural-knowledge measuring instrument, some of the actual process (i.e. the
interaction of students and developmental path of different designs) is not analyzed
directly. Since | found no change pre/post using the instrument, a closer analysis of
students' working processes may be a useful addition to assessing students' learning.
Recent research on serious games and games-based learning has begun to explore
assessing students' practices within games (GlassLab 2014; DiCerbo 2014; Mislevy et al.

2012; Cassano, Martinez & Togelius 2011). For example, researchers have advocated
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capturing data within the game, such as comprehensively logging all of students' actions,
interactions with others and other uses on the platform. GlassLab (2014), a serious game
producer, and researchers like DiCerbo (2014) at Pearson Education, are exploring
assessments built up from comprehensive logging of students' game use. Such
assessments could unobtrusively collect data (i.e. without distracting the student from the
activity), modify the game-play based on how students or teams are using it and provide
summative or formative feedback to students as well as to faculty using the platform.
However, in order to incorporate assessment into serious games, education specialists,
programmers, learning theory specialists, game designers and other relevant contributors
need to collaborate in the production of serious games (GlassLab 2014; Mislevy 2012).
GlassLab (www.glasslab.com) has begun to develop games like this; however, much
research remains to be done on how to appropriately analyze and synthesize logging data
with educational theories to develop robust assessment schemes. There are also questions
on what kind of data can be collected ethically or where the limits on data collection may
encroach on privacy concerns. Nevertheless, this represents an exciting new avenue for
serious games, and one a future game for engineering design learning should look to

incorporate.

5.2.2 Recommendations for Game-Scope and Accessibility
Starting again with the design domain sub-dimension, | recommend future
platforms aim to enable design in several domains. It may not be possible to create a
platform where design in all or any domains is feasible, but enabling design across

several domains or a broader set of domains has several advantages over focusing on only
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one domain. First, informal behavior, from students' general uses to artifact building, will
be highly restricted if the design domains are limited. Informal media enables students
the possibility of finding new uses for the media (Ebner, et al. 2010), such as students
who used Minecraft to visualize their design projects for their final report. Broadly
speaking, serious games may be created for a more formal purpose like education
(Ritterfield, Cody & Vorderer 2009) but they can also incorporate informal dimensions or
allow for the possibility by scoping the functionality of the platform broader than single
object domains. Allowing students to explore several design domains better emulates
many real-world design projects that may cross several domain boundaries (Lawson &
Dorst 2009) and involve coordination among team-members with different perspectives
on the things to be designed (Toh & Miller 2015). | found created artifacts in several
broad domains, including buildings, transportation systems, body support systems (e.g.
exoskeletons) and personal objects (such as the knapsack | presented earlier). Several
teams created artifacts in different domains as well. Furthermore, if a serious game
allows for creation of objects or processes across several domains, this may open the door
to affinity spaces developing beyond the game itself. In this study, | found students using
affinity spaces to support learning for the class. These affinity spaces could serve as
distributed knowledge repositories for those who have used the game (Hayes & Duncan
2010; Gee 2004).However, unless the game is widely and regularly available(i.e., not
only in class),affinity spaces may not emerge.

Therefore, a platform where it is feasible to create several types of objects and/or

processes enables the possibility of informal use and perhaps affinity spaces under some
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conditions. Additionally, such a platform may prompt students to wrestle with higher
levels of ambiguity in their projects.

The second sub-dimension of game scope and accessibility is the high/low
accessibility sub-dimension. Students in the class called for both higher levels of
accessibility and higher levels of detail in design, which would require more complex
controls and therefore would have lower accessibility. To address these both
simultaneously, | recommend creating more detailed mechanics for design that go beyond
pre-existing shapes, and an explicit tutorial to introduce students to conventions (Juul
2010) used in the game for design. The tutorial could involve a small design task or tasks
with explicit targets for students to design (e.g., some specific object). The design tasks
could progressively introduce students to new mechanics from the serious game. Gee
(2010, 2002) identifies introducing new, progressively more complex mechanics as a
component of good (commercial) game design. For students who either prefer more
open-ended learning or who are already familiar with many game conventions (such as
some of my interviewees), instructional parts of the tutorial could be made so students
can skip them. This would give students who are less familiar with games or gaming
conventions a stronger foundation for later designs that may be less structured, and also
allow students with more experienced with games to progress speedily through familiar
content.

These design tasks could also be coupled with other learning goals such as
learning about collaboration. Some possible techniques that could be coupled with the

design tasks are scripted collaboration elements (Rummel & Spada 2009) such as explicit
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knowledge-sharing subtasks and think-pair-share's (Pluta, Richard & Mutnik 2013) that
could operate as post design task reflections or debriefs.

The inability to make many modifications to existing building materials in
Minecraft, mentioned by several students I interviewed, is perhaps less problematic for
early design, but limits the usefulness of the platform for later design where precision is
critical (Van Eck 2015; Brown & Katz 2009). If a platform had both premade "building
blocks" as well as an editor to design new basic objects within its design domains, this
would extend the platform’s viability as a digital design studio into more of the design
cycle. A challenge for such a platform is that the more detailed design processes may
encourage fixation on designs that appear more "finished"(Cassidy & Stone 2010;
Robertson & Robertson 2009). From this study I cannot say whether it would be clearly
better to restrict the more open design mechanics of the game in early stages of a class

design project, or to leave this option open throughout. I leave this to future researchers.

5.2.3 Recommendations for Students and Social Influences

As | stated at the beginning of the recommendations section, serious games
should be designed for all students regardless of past experience with games. However,
exclusionary discourses, like the gender discourse | identified in the discourse analysis
section, are an extreme concern for game-based learning. Outside of game-based
learning, many researchers and instructors have challenged discourses and practices that
engender inequality by explicitly critiquing them within the classroom. Furthermore, they
have encouraged students to develop new empowering ways of thinking and doing that

challenge discourses and practices that engender inequality through the tools of social



189

analysis and critique (Rogers 2014; Rogers, Mosley & Folkes 2009; hooks 1994).
Exclusionary discourses are rampant in gaming culture (Cress & Shaw 2015; Salter &
Blodgett 2012), and women are underrepresented in the game industry (Prescott & Bogg
2010; Consalvo 2008) and these conditions will likely persist for the foreseeable future.
An instructor or researcher cannot eliminate the problematic influence from gaming
culture (or industry), which students may bring with them to class, but instructors can
explicitly discuss it in class. Instructors can also encourage students to redefine or create
different labels and identities for those who play games, especially in light of reports that
half of all game players in the United States are women or girls (ESA 2013). |
recommend instructors explicitly discuss damaging elements of gaming culture in classes
that use game-based learning and help students find ways to redefine or create new
labels/identities for gaming in the classroom.

Before | summarize the recommendations of this section, I discuss the risks and
benefits of using a game (and its associated cultural aspects) in the classroom. An
instructor faces two risks when using game-based learning: students' responses to the
game, and students' actions toward other students. For individual students, the risk is that
they may disengage from game-based learning due to noxious elements of gaming
culture, whereas for student interactions, the risk is that some students may marginalize
or ostracize other students. These risks are much higher for women (or girls) than men (or
boys) in game-based learning settings. In this study, | found instances of women
disengaging with the platform — primarily Qian. Furthermore, | found one student, Gang,
who suggested some of his team-members who were women did not participate because

women do not like games. While this is not the strong exclusionary discourse exhibited in
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GamerGate or other similar events, Gang's belief may have contributed to his team-
members’ disengagement (recall his teammates used the platform minimally). The
benefits of game-based learning in engineering design, as | have discussed throughout
this manuscript, include collaborative knowledge building, instantaneous feedback,
student-driven goal setting, scaffolding learning and simulating professional practice.
Importantly, the vast majority of these benefits are not dependent on gaming culture. |
therefore argue that game-based learning's benefits can outweigh its risks if instructors
are intentional in how they structure the game and its associated pedagogy. Instructors
will also need to remain alert during the activities themselves and should explicitly
address gaming culture in class, as | recommended earlier.

In summary, | recommend that a future platform or instance of using game-based
learning for engineering design incorporate more required activities or components while
still maintaining opportunities for students to use it informally. Second, | recommend
adding assessments that measure students' practices and interactions through the gaming
platform, as advocated by Glass Labs (2014) and others (DiCerbo 2014; Mislevy et al.
2012). Third, I recommend that the platform allow for design across multiple subject
domains. Fourth, I recommend the platform allow for greater user control/creation of
objects and incorporate explicit tutorials, perhaps in the form of mini design tasks. Fifth, I
recommend instructors who use game-based learning activities explicitly discuss
damaging elements of gaming culture in their class and seek to encourage students to re-
conceptualize what it means to play games. | argue that a serious game built (or
modified) with these recommendations would engender more student involvement while

still leaving avenues open for self-directed learning. Additionally, unobtrusive
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assessments like logged actions and interactions between teams could supplement
traditional measures and provide a fuller picture of the ways students use and learn
through the platform. | further argue that a platform that allows for design across multiple
domains also supports a broader exploration of a design space and more team interaction
over design decisions, and opens the possibility of an affinity space or spaces emerging
around the game. Finally, I argue that instructors need to be explicit in addressing

problematic gaming culture or it may well undermine their game-based learning projects.

5.3 Implications
This study has implications for several groups including instructors, game

developers and researchers. | discuss the implications for each in turn below.

5.3.1 Teachers/Instructors

This study found evidence of students making detailed designs, and using the
platform informally in relation to the class or in other uses that may be indirectly related
to class ends (e.g. understanding functions of the game better and therefore open new
possibilities of using it for class). However, the study was unable to identify any explicit
learning gains, as measured by the design process and collaboration scale. Furthermore,
students in the intervention class had statistically lower scores than students in the
comparison class for both scales. It is not clear if differences in the way the students
scored resulted from differences in the design project and team structure in classes or
because the classes pre-scores were different. Therefore, this study offers cautionary

encouragement for future game-based learning projects in engineering design and other
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engineering topics. Game-based learning appears to be promising for engineering design
but more research is needed to identify the best ways to structure the game as a technical
object, structure the class pedagogically, and encourage a culture in the classroom that
promotes equal use for all students. The recommendations from the previous section are a
step in this direction.

Other considerations for how to structure or scaffold game-based learning include
how familiar students are with digital games, the task domain and self-structuring open-
ended problems. Depending on students' experience and comfort with these tasks there
may be more or less flexibility in how much scaffolding is required to assist students with
the game-based learning tasks. For example, if students are generally unfamiliar with
games there may need to be more introductory scaffolding (similar to tutorials for games)
and if students are unfamiliar or uncomfortable with self-structuring open problems, the
game activities may need to start out more structured and gradually reduce in structure.

Another implication of this study is that informal practices, goals and related
actions from students may bolster their class work. However, instructors who attempt to
draw informal learning into the classroom need to proceed with caution. Informal
practices cannot be too directly tied to class lest they become solely teacher-structured
and thereby diminish students’ agency in developing and pursuing them. This embodies a
teaching philosophy whereby instructors relinquish some control over the class to enable
and encourage students' agency toward, personal connection to, and goal setting with, the
topic. A challenge associated with this is the risk that informal practices overrun or
distract from formal use. This is a concern for researchers as well. Instructors need to find

a better balance between formal and informal learning.
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Instructors using game-based learning face some constraints. Most games are
unlikely to allow for creation and design across all design domains. Instructors are
constrained to varying degrees depending on the platform they choose. Developing a new
platform is likely to exceed the time and resources of most individual instructors. This
means game-based learning (and other digital platforms) instructional design may be less
malleable than other pedagogical tools (e.g. a design project without a digital platform).

Minecraft and platforms like it are better suited for students with less experience
with engineering, such as high school populations, or early undergraduate engineering
students. In contrast, platforms like Minecraft are less appropriate for more advanced
undergraduate engineering students, who are likely to have developed a deeper technical
ability in their given area. Platforms like Minecraft, as collaboration software, may overly
constrain these students, depending on the topic area it is being used for. Indeed,
engineering students from different fields will likely draw on different software packages
in their work, as there is no centralized professional software across engineering
disciplines.

Minecraft can be adapted to design projects like in this study, in lieu of game
creators and/or educators developing future serious games for engineering design.
However, instructors undertaking this approach will need some technical ability to
modify the game (and many modifications of Minecraft are freely available, and may also
be self-crafted), as well as establishing and maintaining a dedicated server for the class.
The game is not free; however, Minecraftedu (http://minecraftedu.com/) offers

discounted versions of the game for educational purposes.
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Additionally, Minecraft could be employed for different but related design tasks
and may be particularly well suited for larger scale designs. For example, a class could be
divided into sub-teams (similar to the comparison class in this study) and work on
components of an urban development project, a large agricultural system (it is possible to
grow crops and raise livestock in Minecraft) or a large transportation system (e.g., a rails
system or highways). By placing students on sub-teams within larger teams, students
would have a manageable design task while being able to coordinate and possible work
on the design from several different angles. Minecraft has many environmental elements,
including trees, plants, animals, water and rock supplies and thus a project based around
sustainability may also be promising way to deploy the game.

Instructors should be aware of the risk of exclusionary or other disruptive
discourses and practices entering the classroom when employing game-based learning.
These originate from the broader gaming culture and may be internalized by some
students. Game-based learning holds good potential for the classroom, but if exclusionary
discourses and related practices are left unaddressed, they risk alienating students. This
raises several considerations for instructors. First, instructors should consider whether or
not game-based learning has the potential to substantially affect the area or phenomena
being studied. Due to the risk of gaming culture's exclusionary elements seeping into the
classroom, game-based learning should not be used in instances where it holds little
promise of engagement and learning gains. Second, if game-based learning does hold
promise, the instructor should still address the potentially damaging effects of
exclusionary discourses and practices in the broader gaming culture. From this work and

that of others dealing with disempowering discourses (Rogers 2014; Rogers, Mosley &
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Folkes 2009; hooks 1994), | recommend addressing these discourses directly in class and
encouraging students to create new identities and practices or to repurpose old identities
and practices around gaming. While this will not prevent all instances of these
exclusionary discourses and practices from emerging, it makes their presence explicitly
known to the class and equips students with ways to counter them. As | argued at the end
of the previous section, if game-based learning is a good fit pedagogically, its benefits
should outweigh its risks, as long as the instructor addresses and monitors the risks.
Finally it is important to note that technological scaffolding, such as Minecraft,
does not happen in a vacuum. As Tabak (2004) argues, technology scaffolds happen
within a larger context that includes the instructor. Instructors play a key role in
structuring, guiding and assisting students' use of technology as part of the curriculum; as

such, instructional interventions cannot be reduced to solely the technology.

5.3.2 Game Developers

This study also has a few implications for game developers, particularly those
who develop serious games. First, as | mentioned in the recommendations for game
accessibility, one promising way to structure the mechanics of a serious game for design
would be to include both fixed or pre-formed materials for design, as well as a
mechanism to design more customized materials for design objects. One example of what
this mechanic might look like follows: students could build the skeleton of a building in a
pre-formed shape mode, and detail the interior with furniture and more detailed physical
structure in a mode where they could fully craft objects, similar to CAD. A game

designed in this way would be similar to Quintana et al.'s (2004) scaffold strategy of
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restricting the functional modes of the technology or what functions are provided to
students at different times. This would allow students to become more familiar with the
design process before proceeding to potentially more complex stages (i.e. detailed
design). What form this might take and how to apply it to a set of design domains would
be a fruitful area for game developers to explore.

Second, in the development of serious games, it is important to create cross-
disciplinary teams that include game programmers, game designers, and artists as well as
educators with experience in the topic, those versed in educational theories and
educational measurement or assessment. Researchers who integrate serious games with
assessment have also advocated for cross-disciplinary teams like this (GlassLab 2014;
Mislevy et. al 2012). Cross-disciplinary teams are not only important for work that seeks
to integrate games and assessment, but also in general for the development of serious

games.

5.3.3 Researchers

| mentioned many avenues for future research throughout the paper. | consolidate
and reiterate them here. Results from future work could help refine the recommendations
I made in section 5.2 for a future serious game platform for engineering design as well as
advance our understanding of game-based learning. Several questions arose around
informal uses of a platform like Minecraft. | start with more focused questions related to
informality/formality and move to broader questions.

The visual content analysis raised the possibility that there may be some

neighborhood effect in students' use of the platform. Future work should try to reproduce
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this effect and study what (if any) antecedents or co-existing conditions lead to the
emergence of a neighborhood effect. In a related vein, the informal use taxonomy |
developed identified informal uses that were more proximal or distal to class-related
ends. Future work should attempt to identify antecedents or co-existing conditions that
affect the relative frequency of proximal and distal (toward class) informal uses, as well
as any relationships between proximal and distal practices.

Similarly, the visual content analysis also identified the co-existence of class and
non-class artifacts. Future work should explore the relationship between non-class and
class artifacts and under what conditions or topics their relative production frequency
changes. An underlying question, for both practices and artifacts, worth further
exploration is when and under what conditions are students' informal and formal uses,
and the class and non-class artifacts students build, relatively harmonious or
complimentary rather than conflicting or overwhelming for students’ use of the game (i.e.
whether the presence of one facilitates or suppresses the presence of the other). On an
even broader level, the co-existence of informal and formal practices and artifacts raises
guestions about where an instructor (or researcher) should situate the intervention along
the sub-dimensions of the formality/informality dimension (teacher/student structured,
mandatory/voluntary, and high/low assessment). Results, particularly from the final two
points, could have applicability to the entire area of informal learning, not just informal
media learning.

A second area of research suggested by this study involves students’ interactions
with game-based learning platforms. In the discourse analysis, | presented some

preliminary evidence that students who identify as gamers may not immediately translate
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that interest in games to engagement with a game-based learning activity. Additionally,
there was some preliminary evidence that those who did not identify as gamers, or those
who played games only occasionally, may be more engaged with a game-based learning
platform rather than those who identified as gamers. This raises questions about how
students' past experience with and perceptions or construal of games may affect how
students interact with games. Likewise, | found some preliminary evidence that students
with broader conceptions of engineering used the game to a greater degree for class.
Future work should also explore this connection. The discourse analysis also revealed at
least one exclusionary discourse that male and female students activated during the game-
based learning activities: that gaming is a male domain. Future work should explore the
ways in which discourses and practices from gaming culture may be activated in game-
based learning activities. Researchers will need to disentangle gaming culture’s
influences from broader discourses and practices that affect women and minorities in
science, technology, engineering and mathematics (STEM) fields (or find connections
between them).Results from studies addressing questions like these may also be

applicable to the broader area of digital platform-enhanced learning.

5.4 Limitations
This study has several limitations. The student population in engineering 1 was
heavily international (69%). It is not clear from the data I collected if this affected the
results in significant ways, but it does affect the ability to generalize from the ANOVA
results to other student populations. Second, | detected no difference pre/post intervention

in students' design process or collaboration scale scores, and the students' scores in the
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intervention class were statistically lower than students’ scores in the comparison class.
The power of this effect-size was low to medium (for design process and collaboration,
respectively), indicating the differences between the classes were weak to moderate. The
instructional design | used in this study therefore requires substantial revision before it
can be implemented in future game-based learning projects. In a related vein, the
collaboration scale's internal reliability (i.e. Cronbach's alpha) was somewhat low, and
this may have affected results by adding noise to the measures and making them less
accurate.

Overall, the intervention in this study was modest in scope and scale: activity 0
and 2 were optional and not completed by all students, leaving activity 1 as the thrust of
the intervention. So these results are unsurprising. At minimum, | believe a future study
would need to have a series of required activities (likely three or more activities) to
increase the chances of the intervention having a measurable impact on students'
understanding of design. Three required activities would substantially increase students’
exposure to the game-based learning intervention and thus should grant greater insight
into the effect of game-based learning on design understand. Ideally, an entire design
project could use Minecraft as its central platform, perhaps using one of the design
scenarios suggested under the implications for teachers, such as designing a city or large
scale agricultural system.

Finally, 1 found evidence after the fact of exclusionary discourses (related to
gaming culture) being activated in the game-based learning activities. Although |
intentionally modified the game to prevent some overt forms of disruptive behavior, I did

not proactively address potentially problematic discourses in class before starting the
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activities. This may have negatively affected the participation of students, particularly
women in the class. Future researchers or instructors aiming to use game-based learning
should take these limitations into consideration when designing game-based learning

activities.

5.5 Conclusions

This manuscript sought to contribute to the emerging empirical research on game-
based learning and engineering design education. Game-based learning holds potential
for engaging early engineering students in design activities. | conducted a mixed methods
concurrent design to explore the use of a modified version of Minecraft to scaffold early
engineering students’ work during the concept generation stage of design. | collected
survey responses, in-game artifacts and interviews with students. | developed two scales
to measure students' design process and collaboration procedural understanding, which 1
tested through an ANOVA pre/post for the intervention class and post/post for the
intervention and comparison class. | analyzed interviews using Fairclough's discourse
analysis (Fairclough 2003) to identify relationships between how students framed
engineering or gaming, and their use of the platform. | used thematic analysis to identify
the different informal use practices of interview participants. Finally, | used visual
content analysis to examine students' artifacts. Results show no effect pre/post and lower
student scores for the intervention class when contrasted with the comparison class. This
may be because of substantial differences in the structure of the classes, particularly the
teamwork dynamics in the comparison class, as well as the modest structure of the

instructional intervention. The discourse analysis showed a relationship between the ways
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students viewed the game and their gaming identities, as well as their use of the platform.
Surprisingly, students who used the platform more for class than other students were
those who viewed themselves less as gamers; students who used the platform the most
were also those who emphasized the opportunities as well as the limitations of the
platform. Additionally, students who used the platform more were also the students with
a wider conception of engineering. Causality, however, cannot be determined through the
data collected. The informal learning taxonomy unveiled a variety of ways students used
the platform for class and non-class ends. The visual content analysis revealed the
coexistence of class and non-class related artifacts. Furthermore, the visual content
analysis suggested there may be a neighborhood effect where students in highly active
parts of the server may use the game more due to the high activity of their "neighbors."
Thus, although the quantitative results are unclear, the discourse, thematic, and
visual content analyses provide some evidence of students' engagement with the game
and the mechanisms of that engagement, an array of ways in which students may use the
platform informally toward class ends, and the promise of virtual worlds for design
learning. From this work, 1 recommend creation of a platform that is situated more in
instructional structure, but that allows for informal use opportunities, incorporates some
assessment into the game itself, allows for design across several design domains, and
supports students' familiarization with the game. Game-based learning holds promise for
students’ learning in engineering; much work remains on researching the boundaries of
informal learning, how students’ past gaming experience affects their use, and how to

empower students through reducing damaging influences from broader gaming culture.
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Appendix A: Interview Protocol

Introduction

Thank you for agreeing to participate in this follow-up research interview. The purpose of
this interview is to delve deeper into your experiences with and impressions of the game-
based activities you engaged in. Additionally, some of your past experiences with
engineering and games are explored to put your current experiences in fuller context. All
of your responses are confidential and any reported findings will contain no personally
identifying information. Completing the interview is optional and not tied to your class
grade. You may stop at any time. You may also skip or pass any question you are
uncomfortable answering.

Information Sheet

Before we get started, please take a few minutes to read this information sheet that goes
into more detail about the study and how we will protect your identity (read information
sheet).(Hand participant consent form).

Tape-Recording

If it is okay with you, | would like to tape record our conversation. Making a tape
recording will help me ensure | capture our full conversation accurately.

Identity and Interests Questions

1) How would you explain what an engineer is and does to someone unfamiliar with the
profession?

2) On a scale from 0 — 10, (where 0 = nonexistent at all and 10 = extremely strong), how
strongly do you identify with that definition of engineering?

2a) Describe the experiences that led you to view yourself in this way.
3) Before doing the game-based activities in class had you played videogames?

4) Before entering this class how important was the activity of gaming—playing
videogames—to you?

4a) How long have you been playing (video) games?
4b) How did you start playing (video) games
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5) Looking back, has your notion of what an engineer is and does changed after going
through most of the Engineering 1class? Why? If yes, what lead to this change?

6) Were you able to participate in any of the game-based activities in class? Which?

7) Next I'd like to talk about your experience with the class related game activities.
Thinking back to [activity 1] could you describe to me what you built and how you went
about translating the idea in your head to the game? Please start from the beginning, as
best you can recall. Describe what you actually did as well as what you were thinking
while doing parts of the activity.

While the participant discusses their experience, use prompts to elicit more detail. How
did you translate the idea in your head? Were there any surprises? Prompt them about
what they were doing at any given time, what they were thinking or what they were
feeling at that time. Also during this time use the prompt(s) below when appropriate:

What was (were) your team member(s) doing at this time? Did you notice any differences
in what your team member(s) were doing at this time? What did your team member(s)
seem to be thinking?

Once the participant has gone through [activity 1] repeat this for [activity 2, activity 3]
time permitting.

8) Think about a learning activity (such as a lab-based experiment) you had in another
class. How does that learning activity compare with the game-based activities in this
class? Did you find either engaging?

9) How do you think your past experience with (video) games influenced doing game-
based activities in this class?

Informal Learning

10) Outside of the 3 game-based activities done in class, what are some ways the game
might be used for design learning?

11) Do you know anyone who accessed the classes' dedicated server for a reason similar
to one you listed or some other use beyond the 3 game-activities done in class? What did
they use it for?

12) Did you ever use or access the classes dedicated server for something not directly
related to one of the 3 game based activities? What for?

13) What got you motivated or interested in using the game platform this way? Did you
continue? Why or why not?
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14) [If they mention using the game for class based things that are part of my study's
activities]. How did these additional activities impact your design project?
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Appendix B: Final Survey Questions

Collaboration Scale

1) In the design process tasks are best handled by assigning sub-tasks to team members to
be done individually.

2) In the design process work is done best individually rather than in teams.

3) In the design process group decisions should only be made by those with relevant
technical knowledge.

4) In the design process team members who mostly modify existing ideas contribute less
than those proposing new ideas.

Design Process Scale

5) In the design process | am comfortable exploring an idea without knowing how it will
be used later (Ideation).

6) In the design process trying out design solutions can lead to new understanding of the
problem (Ideation).

7) In the design process the more ideas you generate the more opportunities you can
explore (Ideation).

8) In the design process sometimes it's useful to follow a semi-promising idea instead of
waiting for the ideal solution to appear (Iteration).

9) In the design process design stages may be repeated (Iteration
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Appendix C: Fairclough’s Discourse Analysis Questions

Italicized questions were questions | added to the analysis.

Intextuality

Which (if any) texts are included (referenced), which are significantly excluded?
Avre the other texts attributed and if so, specifically or non-specifically?

Avre attributed voices directly reported (quoted) or indirectly reported?
Assumptions

What existential, propositional or value assumptions are made?
Semantic/grammatical relations between sentences and clauses

What are the predominant semantic relations between sentences and clauses (e.g. causal,
conditional, contrastive, etc)?

Are there higher-level semantic relations over larger stretches of the text (e.g. problem-
solution)?

Are grammatical relations between clauses predominantly paratactic, hypotactic or
embedded?

Are particularly significant relations of equivalence and difference set up in the text?
Exchanges, speech functions and grammatical mood

What are the predominant types of exchange (activity exchange or knowledge exchange)
and speech functions (statement, question, demand, offer)?

What types of statement are there (statements of fact, predictions, hypotheticals,
evaluations
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What is the predominant grammatical mood (declarative, interrogative, imperative)?
Discourses
What discourses are drawn upon in the text and how are they textured together?

What discourses associated with engineering (as a predominantly technical field) are
drawn upon?

Representation of social events

What elements of represented social events are included or excluded and which included
elements are most salient?

How abstractly or concretely are social events represented?

How are social actors represented (activated/passivated, personal/impersonal,
named/classified, specific/generic)?

How are time, space and the relation between space-times represented?
Styles

What styles are drawn upon in the text and how are they textured together?
Modality

What do authors commit themselves to in terms of truth (epistemic modalities) or in
terms of obligation and necessity (deontic modalities)?

To what extent are modalities categorical (assertion, denial, etc), to what extent are they
modalized (with explicit markers of modality)?

What levels of commitment are there (high, medium, low) where modalities are
modalized?

What are the markers of modalization (modal verbs, modal adverbs, etc)?
Evaluation
To what values (in terms of desirable or undesireable) do authors commit themselves?

How are values realized, as evaluative statements, statements with deontic modalities,
statements with affective mental processes, or assumed values?
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Interviewee D Quote]D  Grammatical Mood
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1707 4.00 |mu;ﬂy declarative

H-Lvl Sem Rel Sent. Semantic Rel

Intert extuality VE

INTEXT attribution, quoting

individuality, few bad apples are includedmore community approaches, over individual/team ones are not included

Imdwwduahty, bad apples very broadly used not attributed
INTEXT TXTREL

STYLES -dentities

bad apple

TIMESPACE

space in game and need for indivual space, clumping is an issuc

VALUES REP

EVAL Desire

secing lots of what others built is cool but diluted by their clumping; clumping makes it hard to see things

location restrictiens, individual ideas

EVAL Undesire

clumping together, THT for destructive purposes

Figure D 1 — Example of Form Generated from Discourse Analysis
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Interviewee ID Quote ID LWL of COMMITMENT
1907 4.00 ISTR CMT to what is not allowed

MOD CAT/MOD

What MOD DISCOURSES LVL

| local, nationalfglobal
DISCOURSES

girls and boys with games; classroom expectations/etiquette: informal leaming - games, regular classroom

TRD ENGR DISC

Imaybe boys and girls in engineering? like with games...

DISCOURSE REL

informal leamning could add to the regular classroom activities

ABS/CON REP

somewhat concrete

Social Actors REP

boys who used TNT, led teammate into LAVA, she got stuck

Assumptions Equivalence/D fference

value: MC would add to their presentation if used mare prepositional: Minecraft is not clear how to use

REP events VE

example s given of how boy mislead team member

Figure D 2 — Example of Form Generated from Discourse Analysis
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