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CHAPTER 1: THE PROBLEM
Problem Statement

During the 21% century, American employers have found it increasingly difficult to find
candidates with the necessary skills to hold positions in the STEM fields. These positions include
scientist, engineers, and physicists (Charette, 2016). Currently, data show that there has been a
decrease in U.S. college graduates with degrees in engineering and computer science. In spring
of 2006, the Conference Board, an international not-for-profit organization, performed a survey
on human-resource professionals to determine whether the skills from college graduates were
adequate for success in the today’s STEM fields (Daggett, 2010). The results were negative in
that the employers shared graduates were not gaining the knowledge that would enable them to
be successful after graduation (Daggett, 2010). Thus, universities and colleges need to groom
students who are ready to take on the jobs in our STEMS fields. According to the Conference
Board, “The education and the STEM positions must agree that applied skills integrated with
core academic subjects are the essential design structure for creating an educational system that
will prepare our college graduates to be successful in the modern workplace and community life”
(Daggett, 2010, p.10).

In addition to students not being prepared for STEM careers, advanced applied
mathematics courses such as Multivariable Calculus, Linear Algebra, and Ordinary and Partial
Differential Equation courses have been identified as the “weed out” courses that undergraduate
students drop out and discourage them to change their major to a non-STEM degree because of
the rigor. As a result, the mathematics department experience low enrollment in these advanced
mathematics courses and less math majors involved in their department. On a website dedicated
for video game enthusiasts, a physics student of a major university stated, “Sophomore year in

general is tough because of the math requirements on top it (Calculus Il [Multivariable



Calculus]) and Differential Equations. If you can make it through that... it just gets worse.”
(What is the “weed-out” course(s) for your major?, 2015, para. 11). Another student stated “The
weed out courses are Calc Il (even though the higher math courses will weed people out) ... |
have actually seen many people change their major after these courses” (What is the “weed-out”
course(s) for your major ?, 2015, para. 29). A third student shared “As an engineering major,
three [courses] that come to mind are Calc I, Statics, and Dynamics. | actually have a friend
that dropped [a math course], and is now a Med Tech or something” (What is the “weed-out”
course(s) for your major?, 2015, para. 46). “Americans’ performance in math and science is
falling farther and farther behind; the National Center for Education Statistics reports that 29
countries outscored American students in math in 2012, and 22 in science” (Blake, 2016, The
problem with weed out classes, para. 8).

Moreover, many college professors are constantly faced with engagement issues in the
classroom. Lewis (2014) explained, “Currently in colleges and universities across the U.S. too
many students pursuing a STEM career are not succeeding in freshman mathematics courses”
(“APLU Science and Mathematics Teacher Imperative”, p. 10). The dismal rate of students not
completing their STEM degrees causes the university to experience high DFW rates (student
who receive “D”, “F”, or withdraw), low rates of persistence, and limited exposure to
mathematical habits of the mind (Lewis, 2014). According to Freeman et Al. (2014),
“[Engagement tools] increase students’ performance in science, engineering, and mathematics”
(Freeman et. al, 2014, p.14). Using engagement strategies increases the students’ examination
performance by half of a letter grade (Freeman et. al, 2014). Thus, it is suggested that professors

use engagement strategies such as active learning to accommodate these issues (Lewis, 2014).



Therefore, there is a need to implement an alternate approach to learning and preparing students
for STEM positions.

The purpose of this study was to examine how platform games affect the learning of
undergraduate students in Multivariable Calculus. Specifically, the study addressed the following
questions:

1. How does a platform game affect the learning of undergraduates in a Multivariable
Calculus class? How does a platform game affect the motivation of undergraduates in a
Multivariable Calculus class?

2. What features and dimensions of the platform game are necessary to maintain the
engagement of the students during the learning and gaming process? What kind of
threats do students face?

The study examined the following hypotheses:
1. There is a significant difference between the learning of the undergraduate students who
received the platform game.
2. There is a significant difference between the motivation level of the undergraduate
students who received the platform game.
Significance
The study has theoretical and practical significance. The study is significant in that it studies
the use of games in a college learning environment for the purpose of teaching advanced
mathematics content at the college level. The challenging world of games is shaping students’
cognitive abilities and expectations about learning (Papastergiou, 2009). In fact, many
instructors and professors have noticed that creating scholastic content and practices seem

tedious and meaningless to students (Papastergiou, 2009). Extensive studies have shown that



educational computer games significantly promote motivation towards learning, foster
metacognitive regulation, and engage them in active cognitive thinking (Fe , 2008). Other
studies have confirmed that DGBL is more effective in promoting knowledge of computer
memory concepts for students than the non-gaming approach (Papastergiou, 2009). The use of
DGBL environments would be essential if these findings can also apply to undergraduate
students in advanced undergraduate applied mathematics courses. Pivec (2005) argues that,
learning by doing, active learning, and experiential learning are key components of a game-like
learning environment. This study could contribute to the emerging body of literature exploring
the shift in the role of DGBL environments from being solely devoted to entertainment to its
potential role as a driving force of motivation and engagement in student centered learning
environments.

In this chapter, I examine Blum’s Modeling Cycle and highlight the major historical
development as it informed the teaching and learning of mathematics with a particular focus on
instructional games. Blum’s Modeling Cycle is a well-established and refined model that has
been frequently used over time to improve mathematical teaching among educators (Werner &
Borromeo Ferri, 2009). Another strength of the model is that its different stages are well-
partitioned to depict potential cognitive barriers that could occur during the student’s modeling
process (Werner & Borromeo Ferri, 2009). This allows us to make the appropriate pedagogical
adjustments such as supplemental instruction within one of the stages to remove any blockages
and allow the student to experience transformational learning to move forward to the next stages
in order to complete the whole cycle. | also discuss and analyz the Attention, Relevance,

Confidence, and Satisfaction (ARCS) model (Keller, 1987), which was used to dissect the



motivational variable, an important component that is used to understand the effectiveness of
games. The chapter ends with a list of key terms and their definitions.
Mathematical Modeling Cycle

Mathematical modeling is defined as converting a problem into mathematical form to
solve real-life problems (Berry & Houston, 1995; Cheng, 2001). According to VVoskoglou (2014)
during the mid-1970s, mathematical modeling was a method used by scientists and engineers for
solving real-world problems in certain disciplines like physics, industry, constructions,
economics and other science related fields. Pollack (1979) is one of the first scholars to have
explicitly illustrated the use of mathematical modeling for teaching mathematics. Pollack’s
mathematical modeling cycle displays the interaction between mathematics and the real-world

(Voskoglou, 2014). See Figure 1.

Mathematics

Classical Applied
Mathematics

Other World

Applicable
Mathematics

Figure 1. Pollack’s Circle of Modelling. Adapted from Trapezoidal Fuzzy Method for Assessing
Students’ Mathematical Modeling Skills, by M. Voskoglou,2014, American Journal of

Educational Research, 2, p. 1.

Pollack’s mathematical modeling cycle is also known as the circle of modeling, which
showed that there was a continual looping between the other world (real world) and the universe

of mathematics. More specifically, the cyclic process began by starting with a problem in the



real world. From there, we move to the second scheme where mathematics is created and used
to find the solution. Lastly, we go back to the real world to interpret and validate the
mathematical results. However, it must be noted that if the results are invalid, then we revert to
the previous circle again (Voskoglou, 2014).
Overtime, succeeding scholars such as Barry and Davies (1996), Edwards and Hauson
1996), Blomhgj and Jensen, Greefath, Blum and LeiB (2007), Berry and Nyman (1998), Adams
(2001), Cheng (2001), Maull and Berry (2001), Blum et. al. (2002), Kaiser (2005), Borromeo-
Ferri (2006), Zbiek and Conner (2006) have uniquely redefined the mathematical modeling cycle
as a process that is made up of five main stages. Moreover, Voskoglou (2014) have analyzed and
modified the process of mathematical modeling to use as a method for teaching applied
mathematics. As a result of their work, the modified mathematical modeling cycle evolved into
the following stages:
1. Stage 1(S1): Analysis of the problem (understanding the statement and recognizing the
restrictions and requirements of the real system).
2. Stage 2(S2): Mathematization (formulation of the problem and construction of the
model).
3. Stage 3(Sz): Solution of the model
4. Stage 4(S4): Validation (control of the model, which is achieved by reproducing through
the model, the behavior of the real system under the conditions existing before the
construction of the model. In case of a system having no previous ‘history’ an extra
[usually simulation] model can be used for this purpose).
5. Stage 5(Ss): Interpretation of final implementation of them to the real system in order to

give the “answer” to the real-world problem (VVoskoglou, 2014).



Below is the modified mathematical modeling cycle as Markov chain.

Figure 2. Flow-diagram the MM Success Adapted from Trapezoidal Fuzzy Method for
Assessing Students’ Mathematical Modeling Skills, by M. Voskoglou,2014, American Journal of
Educational Research, 2, p. 2.

However, there has been some debate on the strengths and weaknesses of the modified
modeling cycle based on related literature. Blum (2011) identified several major strengths and
weaknesses in the modified modeling cycle. One strength is that this model is able to identify
various blockages that occur when a student works on a mathematical exercise. For instance,
this cycle identifies blockages such as lacking algebraic skills, overlooking essential elements in
the problem text, impeding formulation of problem text and blockages in communication.
Additionally, this model can be extended to identify metacognitive competencies and other
blockages that arise in modeling cycles. Another strength of this model is that it can identify the
first barrier of the cognitive process and potential cognitive barriers that could arise (Blum,
2011). These modeling cycles allow students to develop mathematical competencies which is
“the ability to construct and to use mathematical models by carrying out those various modeling
steps appropriately as well as to analyze and compare given models” (Blum, 2011, p. 31). In
contrast, in modeling, the solution path is not always clear and sometimes involves assumptions

that lead students to reflect on if they made the correct assumptions (Kirst et al., 2015).



Modeling problems are unfamiliar to students in that the problem has never been presented to
them before (Kirst et al., 2015). Sometimes the steps within each component of the modeling
cycle are uncertain and have chaotic endings or results (Kirst et al., 2015). Another drawback is
that one could find themselves constantly refining their mathematical models and solutions (Kirst

etal., 2015).

Construction of Blum’s Model. Along with Pollack, many other scholars such as Walter
Kintsch and James Greeno have created their own mathematical modeling cycle. As a result,
Blum was able to construct his mathematical modeling cycle. Blum’s modeling cycle (See
Figure 3) was designed to target applied mathematical problems to identify barriers, blockages,
and magnify students’ knowledge in a specified mathematical content, help students to better

understand the world, and support mathematical learning (Blum, 2011).

mathermn atical
real model model

situation
model

real situation

athematical
results

real results
Figure 3. Blum and LieB Mathematical Modeling Cycle. Adopted from Mathematical Modeling
in Class Regarding to Technology, by H. Siller, and G. Greefrath,2010, Proceedings of CERME,

p.2136.



Since my study involves the use of mathematical modeling with technology, I used the

extended mathematical modeling cycle depicted in Figure 4.

Situation Mathematical Computer

Translatidn model Syntax model
Real Mathematical ! Technology
World World World
A 4
, lntdrpret

Real ‘\A alidation Mathemaiical nterpretafion Computer

result result result

Figure 4. Extended Blum and LieB Mathematical Modeling Cycle. Adopted from Mathematical
Modeling in Class Regarding to Technology, by H. Siller, and G. Greefrath,2010, Proceedings of

CERME, p.2137.

According to Siller and Greefrath (2010) modeling with the use of computer algebraic
system (CAS) or technology creates an environment for easy discussions on modeling problems
which can be analyzed in the real-world of life and students. It is the CAS and the discussion
where the motivation of mathematical education is affected because students begin to recognize
the importance of mathematics in everyday life (Siller & Greefrath, 2010).

There are many reasons why mathematical modeling should be combined with
technology. Geiger (2011) suggests that CAS provide the student with the chance to investigate
real and complex applications of mathematics. He also states that CAS is a tool, which enable
students to maintain and engage extremely complex problems (Geiger, 2011). Greefrath et al.
(2011) suggest that CAS can be used to interpret and validate the solution as an important

appendix to the modeling cycle. Fuchs and Blum (2008) advocate Mdhringer’s aims. Mohringer



that the artistic qualities of the environment motivated students, however, the lack of its user-
friendliness caused conflict. Another 3-D adventure game, Zombie Division, is a combat game
where the players divide skeleton in combat battle (see Figure 8) (Habgood et al., 2005). The
focus of this game was to develop a constant flow or flow experience for players to improve the
learning effectiveness of the games (Kebritchi, 2008). Flow experience is defined as “the feeling
of total concentration, distorted sense of time, and extension of self that is the root of
engagement power of digital games” (Habgood et al., 2005, p.9). The creators of this game
shared that an action adventure game with emphasis on combat should ensure the creation of a
flow experience (Kebritchi, 2008). It is because of Csikszentmihalyi’s (1990) theory of flow that
game developers are able to develop and captivate gamers to be fully engaged in a game world.
It is also suggested that any learning content should be displayed during the highpoints of the

game, and there should also be some sort of external quiz towards the end (Kebritchi, 2008).
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(a) Screenshot of Ring game in AquaMoose. Reprinted Adopted from “Design of a 3-D
Interactive Mathematics Learning Environment,” by J. Elliot and A. Bruckman, 2002,
Proceeding of DIS 2002 (ACM conference on Designing Interactive Systems). London, UK, p.
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Figure 11. This screenshot of Adventures of Krystal Kingdom shows a stage in the game where
Mega is required to use his knowledge on vectors and planes to solve the problem.

Qualitative Instruments. Four qualitative instruments were employed: observations,
interviews, artifacts and researcher introspection.

Observation. Observations were conducted prior to the first interviews to establish
background and rapport with the students. Observations were conducted twice a week in a
course where the instructional period lasted about 80 minutes. Observations were focused on the
qualitative sample during the use of the platform video game. Field notes were be taken at each
observation and interview.

Interview Protocols. Semi-structured interviews were conducted to understand how
platform games supplement the professor’s instruction in class. Student interviews were held
outside of the classroom and lasted for approximately 30 minutes. The interviews were recorded,
documented and transcribed. About 15 questions were posed during interviews and sought to

understand what stimulates a student to learn, be engaged, and motivated in a Multivariable
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Calculus course during the gaming process (See Appendix A). A summary of the semi-
structured interview was given to the interviewees to review and perform a member check to
validate the accuracy of my interpretation (Stake, 1995).

Artifacts. Artifacts such as DGBL log files and mathematical modeling activity sheets
were analyzed using visual content analysis. DGBL log files were recorded and obtained. These
files contained the time spent completing the game, game score, mathematical modeling input
answers. The data collected on the mathematical modeling activity sheet were used to
summarize the appropriate pedagogical adjustments within one of the stages to identify and
hopefully remove any blockages that halts the student’s learning process.

Researcher Introspection. The researcher kept a journal that reflects on one’s own
position as the researcher. Researcher Introspection is one of the many common strategies that is
used for ensuring internal validity and credibility (Merriam, 2009). “The process of reflection
helps to bring the unconscious into the consciousness and thus open for inspection” (Ortlipp,
2008, p. 703). Reflexivity or researcher introspection states that the researchers must reveal
themselves in the study to understand their role in or influence on the study (Cohen, Mansion, &
Morrison, 2011).

Procedure

The study was conducted from 4 to 8 nonconsecutive weeks during the Fall semester of
2017 (See Table 2). After getting approval from the department chair, a letter was sent out to
inform and recruit mathematics professors. The professors who volunteered to participate in
this study, signed the professor informed consent forms. After gaining approval from the

professor, the students were invited to participate in this study. Those who volunteered signed a
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consent form. The students of the participating professor or professors returned his or her signed
consent forms.

Table 2
Study Timeline

Weeks Task

Week 1 Meet with the professor to discuss and schedule when to distribute the consent forms,
surveys, achievement test, and interviews

Week 2 Distributing consent forms and demographic and motivational survey
Week 3 Distributing Pre-Test and collecting data through classroom observation
Week 4 Treatment group plays game.

Week 5 Treatment group plays game.

Week 6 Treatment group plays game.

Week 7  Distributing Pre-Test and motivational survey

Week 8 Select and schedule students for semi-structured interview

Note. Outline of the Study Time.

During the first week of class, the researcher worked with the instructor to determine a
time to present the study to college students and to administer the survey and Pre-test. The
researcher collected quantitative survey data and information from the site. During this time, the
researcher covered information about the study and handing out consent forms. Approximately a
week later, the researcher returned to administer the survey to those participants who have signed
the consent and assent forms.

After collecting the students’ consent forms, the instruments were administered for the
experimental group. The surveys and tests were answered on Scantrons and questionnaire
forms.

During week seven of the study, the researcher selected the participants for the qualitative

sample, and the qualitative sample were interviewed. The researcher was careful of the power
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differential issues that may negatively influence candid answers to the research questions with
students. Therefore, it is critical that participants understand that the researcher’s role during the
study. The researcher made sure that information shared was confidential and listened as
objectively as possible to the students.

Data was collected from tests, interviews, surveys, field observations, and student work.
Semi-structured interviews were conducted. Specifically, interviews with students in the
qualitative sample (N = 8) were conducted as informal meetings consisting of semi-structured
and open-ended questions. The experimental group used the treatment which is the Adventures
of Krystal Kingdom game. Verbal and written reflection was presented during the mission in the
form of a mathematical modeling activity sheet from the students’ work. At the beginning of the
semester three sets of instruments were used: the demographics survey to identify the
participants’ demographic information, an exam, and the motivation survey to understand the
students’ motivation in mathematics. There were two interviews conducted. The first interview
discussed the students’ past experience with learning mathematics and their perception of video
games and educational technology. The second interview discussed their experience in using the
virtual coupled or DGBL environment, and how it has affected their motivation and
understanding of Vector functions and Vector Geometry.

Game Description

The game that was designed is called Adventures of Krystal Kingdom. It is an
educational video game that is designed to engage students in a fun learning environment where
STEM students learn Multivariable Calculus in a fantasy world. The game is designed to target

our eager STEM undergraduates who struggle with understanding topics in a traditional lecture
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Step 6: Understand and interpret the meaning of the results. While doing the
interpretation, my experience as the researcher and game designer enlightened and
informed my understanding of the participants’ journey in the Digital Game-Based
Learning environment. In addition to expressing the participants’ perceptions of their
experiences accurately, the researcher particularly focused on what they were saying, and
the conclusions they drew. The themes that evolved from this study were derived from
my awareness of the appropriate tension among my own biases and the participants’ own
understanding and interpretive process.

Table 6

Categories, Concepts, and Themes

Category Concepts Themes
e Learning 1. Resistance in Undergraduate students
Learn_ing journey saw the use of the
(Quality Instruction) Adventures of Krystal
2. Conducive Learning Kingdom as learning tool

Environment

Self-directedness

4. Relevance and
Pragmatism

5. Interactive Classroom
and Effective

to enhance their
understanding of concepts
in Multivariable Calculus.

w

Management

6. Making links

7. Choosing ways to do
things

8. Having their own
ideas

9. Learning environment

10. Learning from
others/social
interaction

11. Real World Learning

12. Learning is fun and
intrinsically
motivation
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Engagement/Motivati
on

1. The struggle to stay in
engaged

2. Weak Professor-
Student Bonds

3. Technology

4. Inquiry-Based
Opportunities

5. Classroom
Atmosphere

6. Finding out and
exploring

7. Playing with what
they know

8. Being willing to “
have a go”

9. Being Involved and
concentrating

10. Kept on trying

11. Enjoying achieving
what they set out to do

Undergraduate students
saw the use of the
Adventures of Krystal
Kingdom as a way to
engage themselves in
mathematical fun in a
digital environment.

Game Features

1. Activities for learning

2. Representation of
concepts

3. Interface for
manipulating with
objects

4. Navigating structure
and order of activities

5. Feedback information
and rewards systems

6. Fun elements

7. Delivery Conflicts
(Mechanics)

8. Physics

9. Internal economy

10. Progression
mechanism

11. Tactical maneuvering

12. Social Interaction

Undergraduate students
saw core mechanics such
as internal economy,
tactical maneuvering and
other core mechanics as
components that affect
students’ gameplay.
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Emerged Themes
Three themes emerged as a result of data analysis providing evidence in regard to the
effects of DGBL environments on learning and engagement, and game features.
Learning:
1. Undergraduate students saw the use of the Adventures of Krystal Kingdom as a learning
tool to enhance their understanding of concepts in Multivariable Calculus.
Engagement:
2. Undergraduate students saw the use of the Adventures of Krystal Kingdom as a way to
engage themselves in mathematical fun in a digital environment.
Game Features:
3. Undergraduate students saw the core mechanics such as internal economy, tactical
maneuvering and other core mechanics as components that affect students’ gameplay.
Learning
Theme 1: Undergraduate students saw the use of the Adventures of Krystal Kingdom
as learning tool to enhance their understanding of concepts in Multivariable Calculus.
Sedig’s (2007) study indicated that the use of Digital Game-Based Learning environments plays
a significant role in increasing or improving their achievement levels in mathematics. The
usefulness of Adventures of Krystal Kingdom as a learning tool to further undergraduate
students’ understanding was synthesized from observations, artifacts, and interviews during and
after intervention. During the observations, benefits of Adventures of Krystal Kingdom as a
learning tool for undergraduate students were revealed. The undergraduate students from the
multivariate calculus course openly discussed the different concepts that they noticed in

Adventures of Krystal Kingdom as they were engaged in the DGBL environment.
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As the participants engaged with Adventures of Krystal Kingdom, I jotted notes of the
conversations that were occurring. Participants discussed the mathematical concepts presented
within Adventures of Krystal Kingdom as they played the game. The following researcher’s
journal excerpt provides an example of how the participant noticed the mathematical concepts
with Adventures of Krystal Kingdom:

The students were having an open discussion during gameplay concerning how to
answer first multivariate calculus question that popped up during games. |
spotted two students across the room. The students were looking at each and
asking each other in wonder and pondered what they should do. One of students
were able to determine which mathematical model was best to construct to solve
the problem. (Research journal, session 1 excerpt).

Student #12 shared that the game was one of the more helpful education games out there
in understanding calculus: “The game forced me to have a deeper understanding of vectors than
what we had learned in the lecture.” Student #12 shared that the game helped her “personalized
it” in that she was able to see how vector-valued functions are used in real-life applications of
engineering using advanced mathematics. Comments like, “It [the game] was one of the most
helpful educational games out there... As far as understanding calculus, there not many
educational games”, “It [game] personalized it, which is a good things about games... and make
it more important in your mind...”, and “It revealed my lack of understanding of [vectors,
planes, vector valued functions, and surfaces from the traditional lecture setting] (Student #12,
first interview excerpt 4).

Student #8 stated that the game provided a real world understanding of how vector-

valued functions are used in the field of engineering. Student #8 also shared the game had some
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effect on her math skills in that it increased her confidence and desire to help other classmates
with the game, and she now has a better understanding of how vectors function in Multivariable
Calculus. She also affirmed that it reinforced what she should have been learning in the
classroom. Student #8 stressed that the game had a positive effect on her learning. Comments
like “... perfectly, helps what I don’t know”, “It [the game] [helped] me validate what | do
know”, and “ It [the game] help because it was kind of the same questions [from the
classroom]”. Overall, Student #8 concludes that the game brought a sense of realization in that

vectors can be found in all kinds of real-world situations (Student #8, second interview excerpt).

Figure 22. Student #6 constructed a mathematical model of a vector-valued position function to

identify the position of the wizard in order to shoot him down.

The mathematical modeling worksheets (Appendix A) were part of the artifacts provided
for students to complete as they played Adventures of Krystal Kingdom. The first questions is as

follows: The invisible Magical sorcerer starts from rest at point P(1,2,0) and moves with a
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velocity of ¥(t) = tj + 2tk where ||¥(t)]| is measured in feet per second. Find the location of

the sorcerer after t=2 seconds to successfully launch a projectile to destroy him.
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Figure 23. A snapshot of a stage in the game where students were asked to construct a vector-

valued function to identify the sorcerer’s position to destroy him.
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Figure 24. Student #8 constructed a mathematical model of a vector-valued position function to

identify the position of the magical sorcerer in order to shoot him down.

Figure 24 demonstrates Student #8’s thought process using the modified mathematical
modeling cycle to construct the appropriate model to the problem in the first exercise. The
concepts from Adventures of Krystal Kingdom included analyzing and sketching curves given
by vector-valued functions, extending the concepts of limits and continuity to vector-valued
functions, space curves, differentiating and integrating vector-valued functions, finding the cross
product of two vectors in space, writing a set of parametric equations for lines in space, and

linear equation to represent a plane in space.

Reflections were also used to have the participants ponder and share their experiences with
Adventures of Krystal Kingdom. The participants discussed how the game set the foundation of

topics that they did not learn in the course.
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The Adventures of Krystal Kingdom game tied parts of chapter 11 and 12 together of
the course book. The game presented provided a real-world scenario on how to use
vector calculus concepts on how to determine the space curve trajectory of a target in
space. When the students calculated the correct answer, they were further stimulated in
what would happen next in the game world. (Student #5, Student # 6, Student #7, Student

#8, Student #12, Student #14, Student #21, and Student #22, reflection two excerpt 3).

This excerpt below reveals the students’ emotional excitement from calculating the correct
solution on question 1.

Student #5 and Student #6 were successfully able to construct the appropriate vector-
valued functions using integration techniques to find the position of the invisible sorcerer.
After the response box popped up to notify the students that they had entered the solution
correctly, Student #6 perked up a smile and widen his eyes and shouted, “Yes, got it!”,
and immediately motioned his hands across the arrow keys on the keyboard to resume
gameplay. (Student #5 and Student #6, reflection four excerpt 7).

The following excerpts reveals the students’ frustration and satisfaction after completing
question 1 correctly.

During gameplay, Student #7 and Student #8 were not successful in entering the
solution correctly in the input box. The students responded by expressing their
frustration through grunts and moans after seeing the dialog box pop up stating that they
were incorrect. Student #7 noticed that Student #8 forgot to enter “>" key to indicate that
this was a vector solution. Student #7 reentered the solution with the missing syntax,

“>”_ After submitting the correct solution and seeing the dialog box pop up with a
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message that said, “Correct!”, Student #8 quickly press the “OK” button and yelled, “ Go
g0 go.”

During gameplay, Student #5, Student # 6, Student #7, Student #8, Student #12, Student #14,
Student #21, and Student #22 took turns in helping each other with the game exercises when one
or more of them were unsure about how to complete the problems in the game. The students
sometimes experienced levels of frustration but they continued to enjoy the process. During the
interview, Student #14 stated, “...it was just slightly frustrating that I couldn’t get the answer in;
but even then, it wasn’t something | disliked. It was all just kind of funny to look at.” Student
#14 also states, “lI mean, | figured it [the correct answer] out... I didn’t put it in in a way that
made it say it was correct.” Student #15 reflected on how she observed others learning and play
through the game. She also reflected on how she was entertained by their frustration. Student
#15 states, “Well, I liked everyone getting frustrated. So, | thought it was funny. ... you know
you’re learning something when you’re grunting and moaning.”

Student #5, #8, #12, and #22, discussed how Adventures of Krystal Kingdom connected with
the topics in the textbook, and how the video game helped them to better conceptualize where
these mathematical models would be used in engineering, biology and mathematics.

The Adventures of Krystal Kingdom game connected to the topics from the textbook.
In stage 1, the student was able to visual and personalized how space curves were used to
depict the motion of an object, specifically, the sorcerer. The game helped with
reinforcing concepts that participant 13 had forgotten. Comments like “Going back and
redoing that stuff helps keep it in our brain,”, It [the game] helped refreshed what | we
had been doing in the beginning of the course”, “Yes. That [the game] was the helpful

thing because it helps me to teach [my classmates how to complete the square with
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cylindrical and quadric surfaces and surfaces of revolution].” I was completing the square
every other day and I got it.””, and “I taught myself how to complete square thanks to your
game” affirms that the students saw the game as a learning tool or a reinforcement
learning tool to help them conceptualized how vector-valued functions are used in real-

world situations (Student #5, #8, #12, and #22, reflection five excerpt).
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Figure 25. Student #8 constructed the vector-valued function in Figure 24 to solve the real-world

problem in Figure 25.

As illustrated through Figure 24, Student #8 recalled her previous knowledge about
vector-valued functions and used the Blum and LieB’s modified mathematical modeling cycle to
construct a model that would find the location of the invisible sorcerer. She shared that she had

used the general mathematical model of vector-valued functions from the class lesson.
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Engagement

Theme 2: Undergraduate students saw the use of the Adventures of Krystal Kingdom as a
way to engage themselves in mathematical fun in a digital environment. Games provide an
alternative interactive approach to learning because DGBL environments actively engulf students
in the productive learning environment (Tobias & Fletcher, 2012). The study revealed several
instances in which the students were deeply engagement in the DGBL environment. During the
first intervention, the researcher found evidence of engagement through observation in
multivariate calculus game. Students discovered that there were different stages of the game that
were challenging. The game contained exercises at three stages. These exercises were similar to
the exercises that the student would see in a traditional classroom where the student participated
in completing their exercises on a mathematical modeling sheet. Student #8 was observed,
interviewed, and discussed her experienced in play the game. During the intervention, it was
observed that Student #8 intensely focused on helping the protagonist destroy the foes in the
game world as they walked towards her. During this moment of gameplay, she maintained a
level of focus and fun. However, when she set off a trigger in the game, a mathematical question
appeared and asked her to a position vector-valued function to shoot down the invisible sorcerer.
Her engaged face went from smiling to thinking and intensely focusing on understanding the
question that was being asked of her from the game. ... the questions just come out of
nowhere...”, was stated by Student #8. Student #12 also comments saying ... problems coming
out of nowhere... a lot of times the problems come out of nowhere and you want to get back to
the game...”. Student #8 shared that she was really wanted to help Killer Mega, the protagonist,
on his journey to reach the end of the game. Student #8 states, “You gotta help the little guy.”

The discussion about the saving the “little guy” struck up a conversation among all five

95



interviewees on how it was important to save the protagonist. Student #8 was also able to recall
several parts that make up the core mechanics in the game. For instance, she was able to identify
the power up flask/potion. She was also able to recall and discuss the energy status bar of the
Killer Mega. From the interview, she states, “Yeah, I definitely, noticed that [power bar].”
Another form of engagement was revealed through social interaction. Her and other students
were engaged in side-conversations with their peers trying, finding out and exploring ways to
attack the exercises within each stage or physically manipulating the computer keyboard to move
the avatar/protagonist throughout the game. Additional evidence of engagement was shown
when the students were able to recall specific internal economies and other game mechanics
without a model of the game during interview. Interaction among Student #7 and Student #5
recalled their gaming experience and discussed how they were being willing to “have a go [at
it.]” See excerpt below:

Student #7: | consider that, if | can remember correctly at that point in time playing the

game. It was like, I don't know what I'm doing. I'm not playing this. Kind of attitude. And
| tried. You try to learn it, but you just like ... I don't know what I'm doing.

Student #7: Like took the game you at least knew a little bit of what was going on. But
the rest of us was like, | don't know what going on. | would ask Student #5. He'd be like,
"I don't know."

Student #5: I'd be sitting there working it out a sheet of paper.
Student #6: 1 was like, man, what are you doing?...You can't do that.

Student #7: It would be like, what? But I guess at that point in time Student #5 said it was
late and we had passed that section. So any in that so bad that should not happen in a
math class, but at that point, any recollection of anything that [crosstalk 00:36:49] just
blocked it out and went the other way. It was whatever we were learning was just
probably more crazy than back there was just consumed our brain at that point.

This excerpt of the interview demonstrated how students were willing to “have a go”,
finding out and exploring DGBL environment for learning and playing. Thus, this exemplifies

elements and characteristics of engagement. It also demonstrates the student’s perseverance,
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which is identified as an engagement characteristic. This is because the student displayed the
desire to continue to do a mathematical task, despite experiencing difficulty.

Another example of engagement and motivation was demonstrated among Student #7 in
the interview excerpt:

Student #7: [I] was like shoot, shoot, shoot, shoot, pushing
Interviewer: Okay

Student #7: Then go, go, go question.
Student #7: and then go, go, go...

Student #7 reflected on her experience in playing the game. She tried playing with what
she knew about how to manipulate and move the avatar in the DGBL. This also demonstrates
that the student was engaged in that she showed her willingness to discover and explore the game
by working through exercises, entering solutions, and moving the avatar to the next stage of the
game. It also shows that the student was being involved, emerged and concentrating in the game
world. McDonough (2007) discovered that a students’ willingness to continue was a key element
for engagement to occur.

Student #6 also showed evidence of engagement and motivation in gameplay. This
participant was the only participant that made it to the very end of the game to the Dark Heart,
the antagonist. Student #6 shares and recalls elements of the game features. He also described
his emotions such as frustration and heighten excitement that emerged during gameplay in the
interview excerpt below.

Interviewer: Mm-hmm (affirmative). What about you, Student #6? What do you want
to share about how the game ... Explain your feelings when playing the game.

Student #6: | was pissed though.
Interviewer: You were upset?
Student #6: | was upset.

Interviewer:  Why were you upset?
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Student #6: | was one of the few people who got to the end, and | couldn't beat that
guy. The spiky guy. | don't know what his name was.

Interviewer: He's called Dark Heart.

Student#6  [inaudible 01:07:42] the huge spiky monster with force fields was pissing
me off. Shooting at it, nothing happened.

Interviewer: It takes a while to kill him.

Student #6: It was kind of annoying though.

Student #5:  Yeah, Student #6 was trashed. He couldn't dodge anything.

Student #6: | was like shooting it. I'm not going to run away [crosstalk 01:08:07].
Student #5:  Oh shit.

Student #6:  Yeah, that's how it was. | was kind of irritated that I couldn't vacuum,
because it seemed so much like a Kirby game. | was like why can't | vacuum? I need to
swallow this- [crosstalk 01:08:34] What's going on? Them I'm shooting, and like you said
I'm shooting and I'm trying to run away while I'm trying to shoot them. | was like why
am | depositing coins all over the place? It just- [crosstalk 01:08:49] It was like that. But
jump was a pretty impressive jump for a little guy like that. He could jump really high. |
was impressed.
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Figure 26. The first part of part two of the game where Student #6 was excited and nervous

about being introduced to a new stage with the “Big” boss, Dark Heart.
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Figure 27. The second part of part 2 of the game where Student #6 was upset because of the

losing battle with Dark Heart.

Student #14 shares experience of what engaged or motivated her in the course:

Interviewer: Do you recall any activities in you class that attracted your attention?

Student #14: | think your game was the most interesting thing that happened.
Student #14: | recognized both characters in them. Interesting physics.
Student #14: ... and Kirby’s anime’s.

Student #14: I didn’t get past the first question. So, vectors.

Interviewer: ... how would you describe your feelings when you were playing the
game? How did you feel in the game overall?

Student #14: | agree that the change in pace was nice, and the game was cute, so.
It was just fun to play instead of doing direct math.

It is here that Student #14 exemplifies engagement in that she reflects on her experience
with the game. Being able to recognize the characters in the game brought on a sense of
familiarity and curiosity on what would happen if she engaged with familiar characters in an
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educational digital environment. This is because she had never seen these characters in an

educational designed digital environment. For her, these characters, Broom Hatter, Poppy Bro.

Jr., DarkHeart, Akira, Waddle Doo, and Waddle Dee were so familiar that it brought her comfort

and wonder about how these characters are functioning in an educational environment and not

used for leisure. She is being self-aware and reflecting her own and peer’s engagement.

Student #21 also demonstrated his interest and desire to engage in the game. See interview

excerpt below.

Interviewer: ... how would you describe your feelings when you were playing
the game? How did you feel in the game overall?

Student #21: | was just glad Professor Z stopped talking.

Interviewer: Okay. So you were happy about seeing the game a little bit?

Student #21: Yeah. Glad Professor Z stopped.

Student #21 expressed his excitement to see me when | visited the classroom. He was

always looking for relief from the classroom that he and his peers classified as demotivating. The

educational game provided some form of escape from the rigor of class.

Student #15 revealed her evidence of engagement through reflection on herself and her

peers during game play:

Student #15: I work on that problem with Student #14, and so there’s not really
much | [could] contribute. But, | did see Student #12 and Student #6. Student #6
didn’t seem to have a problem with it, it was just the controls he kept messing up
on; because he kept falling into the lava. But it seemed like Student 12, she was
able to do it... It’s... I don’t know, it almost seemed like she was having trouble
as well. But, she was able to do it and get through the game. I think she got
halfway through.

Student #15: | think Student #6 finished it, right?

In the next excerpts, the students discuss the reasons why they prefer learning with

gameplay versus the traditional classroom learning environment.

Interviewer: Compared to other forms of mathematics at school where, that's what
it was, do you like playing a game, a mathematics game, compared to school
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work? So, if you had a choice between school work and play a mathematic game,
on a scale of one to five, which are you less, are you a lot less likely to play the
game versus the school work, or less, or about the same? Or more? Or a lot more?
Would you play the game compared to school work?

Student #5: It depends.
Student #6: Like the current version ...

Student #5: Yeah, that's what | was about to say. It depends on the version of the
game. So, | can tell you right now, school work, if you gave me one section worth
of problems and you said, "Here's 15 problems in this section, go do them." But,
if you had those 15 problems loaded into a, like, you know, whatever the hell you
need, like a story, essentially, and if you get it wrong, then you stay there and then
other problems generated and the solution to the one before was given to you,
afterwards. And then other problems generated and you don't move on, then |
think that's a better form. You keep doing it, and you'll know once you've got it.
You'll keep going on.

Interviewer: So, if it's tailored to whatever lessons you're currently looking at.

Student #5: Yeah, and if it's incremented in learning, and stops and gives you the
solutions for one of them, then you move on to the next one once you've gotten
that specific type of problem.

Student #6: If it's like a Prince of Persia kind of game with puzzles, like Student
#5 said, you solve one puzzle and you're like, "Okay, now I get an idea of how to
solve the next one so | can keep on going like that." If it's something involved like
that. If you know you might be frustrated that you're not getting the answer right,
you'll still wanna do it because you'll wanna beat it. You wanna beat the game.

Interviewer: Is that what you were trying to do? You were trying to beat the game
so much?

Student #6: Oh, yeah. You put in the hours, you put in the effort. And it's fun. It's
annoying, but it's still fun.

Student #5:1 think that only effects a very small percentage of users that are
serious nerds, like me and Chuck, but like ...

Student #7: Please, | used to beat the crap out of games because I'd get frustrated.
I would not quit until I did it.

Student #6: I'm a “completionist”, | guess. Like I'm the kinda guy to get 100%
completion.

Interviewer: 100%, yeah.
Student #6: Get everything.

Interviewer: So would you feel the same way, if you had opportunities between
schoolwork and games? If the game was tended towards ...
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Student #7: 1 just feel that until you give me a [text] book, or give me a video
game, you'd just rather do the game. '‘Cause you've been doing book problems all
your life. It's like, "Aren't you tired of it?"" And it's not like you really learn
anything nowadays. You don't learn anything from books, so you have a program
that gives you how to do something. And if you get it wrong, you go "Okay, this
is how you do it. And if you know how to do this, then you can try and do it
again.” | feel you learn that better because when you do books you're like, "I don't
know what I'm doing wrong." And you can go and try to read the examples, but
that's not gonna really ...

Interviewer: Sometimes, yeah.

Student #7: Sometimes it's not gonna help you. You just gotta find other ways to
help yourself.

Student #6: It also depends, the game would be like an art, essentially. There's
time in between the questions. If you were just doing questions from the book,
you'd just take a question, do it. "Did I do it right? Oh, no, | didn't do it right.
Alright, let me get another one.” Then we do it, and then you're not taking any
time between playing a game. The game needs to be short and fun. Get you from
stage to stage playing the game.

Student #7: Yeah, that's true. And it shouldn't be like, "Oh, here's a question. Go
through straight to another question.” You have to make sure that somebody's
completely engulfed in the game, so then they feel like they're doing work. If that
make's any sense.

The excerpt above shows that the students preferring learning in digital game-based

learning environment than in the traditional classroom setting. This corresponds with Marteo

and Lopez (2007) in that “electronic cooperative surrounding has impact on developing a

positive attitude towards mathematics which strengthened their motivation for learning it” (p. 24,

Divjak & Tomic). This also aligns with Sedigahian and Sedigahian (1996) findings in that

educational video games are an integral part of students’ lives and learning mathematics in a

Digital Game-Based Learning environment becomes important and stimulating for the students.

Game Features

Theme 3: Undergraduate students saw core mechanics such as internal economy, tactical

maneuvering and other core mechanics as components that affect students’ gameplay.
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Adams (2014) defines core mechanics as the data and algorithms that structures the game’s
central rules and internal operations. There are four major types of game mechanics: physics,
internal economies, progression mechanisms, tactical maneuvering, and social interaction.
Adams suggest that the following characteristics are necessary for a well-balanced game: (1)
The game provides meaningful choices, (2) The role of chance is not so great that player skill
becomes irrelevant, (3) The player perceives the game to be fair, (4) Any player who falls behind
early in the game gets a reasonable opportunity to catch up again before the game ends, (5) The
game seldom or never results in stalemate, particularly among players of unequal ability (Adams,
2014). Although there were positive learning and engagement feedback from game, there were
some difficulties with maneuvering through the three main mechanics: physics, internal
economies, and social interaction that the participants reflected on during the interview.
Examples of the difficulties with the game features were found in the excerpt reflections of the
interviews that are provided below.

Student #14: 1 think you could maybe like you were saying, using hints for the
problems. Maybe you could make that more subtle, and
incorporate that into maybe something an NPC tells you; or, you
go through a tunnel, or something...

Student #14: But like the game teaches you how to do it, what | mean, But as
part of the game, not just telling.

Student #15: Yeah. So, maybe give an example, or just a hint to show you how
to set it up and set up the answer. Because, like with Student #14,
the problem was not putting it in correctly.

Student #15:  Yeah. But, dislike? I think just the ... different visual aspects of it,
and it's not really uniform together. So, it's kind just like looking at
a collage of different games being put together; which isn't
necessarily a bad thing, but I think to grab someone's attention, it
needs to be all uniform.

Interviewer: Okay, good. Wonderful. Now, when you say uniform, you mean
making sure everyone's consistent, with the same figure looking
the same, and consistent throughout the game world, versus
different dimensions of the other figures.
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Student #15:

Interviewer:

Student #15:

Interviewer:

Student #15:

Interviewer:

Student #21:

Yeah. It's like background, the moving parts, even the traps in the
game. Like, you've got your lava-

Oh, the spike. You talking about-

... The spikes, or the lava. Because, in some things, they do need to
be different; but, they don't need to be-

Not to be obviously different.
Yeah.
Okay, good. Good point. What about you?

There was nothing I really disliked about the game. It's just, it was
a tad bit frustrating,

This excerpt shows the students were heavily engaged to be able to accurately recall

some of the internal economy features that the students discovered through the game world.

Student #21 suggest that there should be some helpful hints in place or some form of social

interaction with a Non-Playing Character (NPC) to direct the student to the next step when the

student is lost on what to do. This confirms what Adams suggest for game balancing in a player

vs. environment (PVE) game. He advises that a game should not force a player to make critical

decisions without adequate information; we must provide the players with the information that

they need to solve the problem and move to the next scene (Adams, 2014).

The next interview excerpt reveals the students’ feelings towards the game, their

engagement and excitement about the features and modifications that they would like to see in

the game.

Student #12: Well, | feel like the game was fun and all, but | feel like the
question kind of came out of nowhere. It would be nice if there was a summary
before ... You go through a level, so summarize what kind of questions were
going to be on there. [crosstalk 01:04:15]

Student #8: | don't want to sound mean or anything.

Interviewer: No, no. | want you to be honest. [crosstalk 01:04:18] Yeah, be
completely honest.

104



Student #8: | was-

Student #8: What?

Student #5: No, keep going.

Student #8: 1 think | was talking about it earlier, about [inaudible 01:04:37]. But
yeah, the gquestions just come out of nowhere a little bit. But in comparing them to
other educational games that I've done in the long run, | think if there's a way to
help come up with the answer instead of just a question and answer would
definitely help me a lot.

Student #12: Yeah.

Interviewer: So scaffolding. [crosstalk 01:05:02]

Student #5: Yeah, some guidance.

Interviewer: Okay.

Student #8: Yeah, guidance. Because otherwise it's just more problems to deal
with.

Interviewer: This is good feedback. This is good feedback. Good. [inaudible
01:05:12] So syntax. Okay.

Student #8: Oh yeah.

Student #12: Syntax.

Interviewer: This is good.

Student #22: Because | spend forever on one problem trying to figure out okay,
so | do open parenthesis, then | pick the number comma space next number, or is

there no space? Stuff like that.

Interviewer: Okay. That's good. This is what I need to hear. Anything else you
want to share about what you feel as you're playing the game?

Student #5: 1 like the game, but you're just playing MegaMan until you get to a
checkpoint and you do a calculus problem.

Student #12: Yeah.

Student #8: Yeah.
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Student #5: 1 think that you could get creative and do something with some sort
of rockets. We have vectors, so there's all sort of angles involved and magnitudes.

Interviewer: Good.

Student #5: But I think you can get creative and involve any information that's
going on in the game if you really wanted. But if not, either way there still needs
to be some sort of hints beforehand.

Interviewer: Good. So scaffolding for you, too. Good.

Student #5: Show some hints.

Student #8: Or even maybe talking about it.

Student #12: Yeah.

Student #8: Like oh this character is-

Interviewer: Oh like a storytelling in the beginning?

Student #8: Yeah, yeah.

Student #12: A storyline would kind of test people.

Interviewer: So like a cut scene.

Student #12: Yeah.

Interviewer: | was debating on when to put it in, but yeah. Okay, good.
Wonderful. So cut scene. Anything else? [crosstalk 01:06:38]

Student #5: That sounds a little advanced.

Interviewer: Yeah, that seems like a lot of time.

Interviewer: No, it's possible to do. | would just ... I left it out, because this is just
a small platform but I'm building off information from y'all to see what's
happening.

Student #5: Okay.

Student #8: Or if there's a formula you use, maybe a way to-

Interviewer: Like a hint.
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Student #12: Hints.

Student #8: -put the formula together yourself. That way you know [inaudible
01:07:01].

Interviewer: Okay. Wonderful.

Student #8: We need a sidekick is what we're saying.
Interviewer: Sidekick. Okay.

Student #5: Yeah, you should make it Mario this time.
Interviewer: Mario.

Student #5: Like Luigi behind him. He pops up with a voice box behind him that
tells you the hint.

Interviewer: Use this formula. Huh?

Student #5: Yeah.

Interviewer: Okay. That's good. Thanks for sharing that.

Student #5: Mario could throw fireballs.

Interviewer: Mm-hmm (affirmative). What about you, Student #6? What do you
want to share about how the game ... Explain your feelings when playing the
game.

Student #6: | was pissed though.

Interviewer: You were upset?

Student #6: | was upset.

Interviewer: Why were you upset?

Student #6: | was one of the few people who got to the end, and | couldn't beat
that guy. The spiky guy. I don't know what his name was.

Interviewer: He's called Dark Heart.

Student #6: [inaudible 01:07:42] the huge spiky monster with force fields was
pissing me off. Shooting at it, nothing happened.
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Interviewer: It takes a while to kill him.

Student #6: It was kind of annoying though.

Student #5: Yeah, Student #6 was trash. He couldn't dodge anything.

Student #6: | was like shooting it. I'm not going to run away [crosstalk 01:08:07].
Student #5: Oh shit.

Student #6: Yeah, that's how it was.

Interviewer: Did anyone stop to talk-

Student #6: 1 was kind of irritated that | couldn't vacuum, because it seemed so
much like a Kirby game. | was like why can't | vacuum? | need to swallow this-
[crosstalk 01:08:34] What's going on? Them I'm shooting, and like you said I'm
shooting and I'm trying to run away while I'm trying to shoot them. I was like why
am | depositing coins all over the place? It just- [crosstalk 01:08:49] It was like
that. But jump was a pretty impressive jump for a little guy like that. He could
jump really high. | was impressed.

Interviewer: It's the gravity room. | had made changes to the gravity room.
Student #6: That was something that | felt was important. | felt like some of the
questions, especially the one that | asked about the wizard kind of seemed off-
putting, if that's okay, because it didn't really seem to relate to what | was doing,
the task at hand. So it seemed out of nowhere, out of the blue. It's like okay, the
wizard is here. Blah blah blah. Then after you solve it correctly, we don't see the
wizard vanquished or anything. We don't see him vaporized. He just ...No,
nothing. There's no ... | guess there no reward for good or bad decisions, bad
choices. It seems kind of separate from what we're familiar, what we were used to
from the contemporary themes that we're exposed to.

Student #5: This was like a hundred times harder, but since this is multi-variable
calculus, make a 3D game and that would apply-

Student #12: Whoa. Whoa.
Student #5: But it's literally like a hundred times harder than a 2D game.
The excerpt shows that not only the students were engaged and immersed in the game
world, but they were also able to identify scaffolding issues that negatively affect the game

world. For instance, this group felt like questions just came out of know where with no warning
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or prompting to guide them through the process on how to setup their mathematical models such
as the vector-valued functions. Some of the students, were unclear on how to enter their
solutions into the answer box, which relates to the disconnect with a component of the internal
economy. This correlates to the checks and balances needed with the social interaction feature
and designing so that the gamer has enough information to make appropriate decisions in the
game. This also affirms one of Adams’ (2014) mandatory elements of a well-balanced game
where clues must be provided for the gamer to make a critical decision in the DGBL
environment. However, the students still revealed the they enjoyed the game because it allowed
them to see how the techniques that they studied are and will continue to be used in a potential

real-world situation in applied mathematics.

Summary

An embedded, exploratory case study using mixed methods techniques was chosen to
investigate the effects of using a Digital Game-Based Learning environment of Adventures of
Krystal Kingdom, on undergraduate students in a Multivariate Calculus course. The quantitative
data was used to measure the motivation and achievement levels before and after playing the
game. The data showed that there were no statistically differences from pretest to the posttest and
from the pre-motivation to post-motivation survey.

The embedding of the qualitative data was in this broader design intervention for
determining; how undergraduate students, particularly STEM majors were affected in their
achievement and motivation using the DGBL environment and what game features were
necessary for this digital learning environment as they engaged in the game during the study. As
the participants engaged with the DGBL environment of Krystal Kingdom, three themes

emerged that helped explained the effects of using Krystal Kingdom on the undergraduate
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