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The study explored instructional benefits of a storyline gaming characteristic (GC) on
learning effectiveness, efficiency, and engagement with the use of an online
instructional simulation for graduate students in an introductory statistics course. A
storyline is a game-design element that connects scenes with the educational content.
In order to examine the interactions between the storyline GC and human
performance, a storyline was embedded in a simulation. The goal of the simulation
was to engage students in problem-solving and data analysis in the context of basic
statistics by using real-world examples. The authors developed two different versions
of the simulation: (1) Simulation+No GC, and (2) Simulation+Storyline GC. Both
versions shared the same instructional content but differed in the presence or absence
of a storyline GC. The results indicated that adding a storyline to a simulation did not
result in significant improvements in learning effectiveness, efficiency, or
engagement. However, both instructional methods (simulation and simulation with a
storyline) showed significant learning gains from pre- to post-test. The findings of
this study offer future directions for embedding a storyline GC into learning content.
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There has been a growing body of the literature examining instructional computer-based
games and their effects on academic achievement. In addition to the traditional use of
games in early childhood education, greater numbers of educators and employers are
using games for teaching complex concepts in K-12 and higher education settings, as
well as training employees in business, the industry, and the military. Game-based learning
has captured educators’ and researchers’ attention as a means to enhance the effectiveness
of learning by making the learning context more appealing, memorable, and engaging than
traditional contexts (Gee, 2003).

There are many potential benefits to games. Research shows that a game-based learning
approach can facilitate hands-on student-centered learning (case-based approach) (Watson,
Mong, & Harris, 2011), encourage integration of knowledge from different areas to make a
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decision, and to examine the outcomes, e.g., Smithtown (Shute & Glaser, 1990), Taiga Park
(design-based approach) (Barab et al., 2007). Games are believed to promote ownership of
learning by providing the learner with control over the gaming process and difficulty levels
(experimental approach) (Gee, 2008). Games can facilitate active learning or learning by
doing that not only affects the learning outcomes, but keeps the learner engaged and motiv-
ated. Furthermore, games promote situated cognition where learners are immersed in an
authentic learning environment during the game play (Squire, 2005).

The principles of designing good games that promote effective learning should be
grounded in learning theories focusing on (a) gaming characteristics (GCs) that contribute
to engagement, (b) architecture and functionality of computer-based games, and (c) assess-
ment mechanisms embedded in the games (Gee, 2003). To apply learning principles for
each of these components, there is a need for research aimed at developing a body of knowl-
edge about specific factors and best practices to guide the game development process and
design practices. For example, there is a very little knowledge about the effects of GCs on
learning and engagement (Wilson et al., 2009).

While the body of knowledge is still developing, GCs provide a framework that expli-
cates what game-design elements are critical for an instructional program to be considered a
game (Federation of American Scientists, 2006; Wilson et al., 2009). However, there is little
empirical evidence of linking GCs with performance. Exploring their effects on learning is a
very complicated task since it requires understanding the role of a single GC in the learning
process. In addition, it is important to explore the effects of multiple GCs combined, since
most games usually include more than one GC (e.g., Shute & Ke, 2012).

The empirical research in the area of GCs typically centers on the effects of single GCs
on human performance. The research design of studies exploring GCs usually involves
embedding various GCs into a computer-based learning environment and comparing a
GC environment with a non-GC one (DeRouin-Jessen, 2008; Parker & Lepper, 1992).
Some researchers used the opposite approach of stripping down single GCs from an exist-
ing game (Malone, 1981). Among various GCs identified as critical for an instructional
program to be considered a game are challenge, competition, rules, goals, storyline,
changed reality, immediate feedback, and control over the pace of learning (Wilson
et al., 2009).

The majority of empirical research investigating instructional benefits of GCs has
focused so far on feedback (Shute, 2008), and control over the pace of learning
(Azevedo, 2005). Several scientific endeavors explored the effects of a storyline/fantasy
on learning and motivation (DeRouin-Jessen, 2008; Greenwood-Ericksen, 2008; Malone,
1981; Parker & Lepper, 1992).

Sid Meier, a developer of games such as Pirates! Railroad Tycoon, Covert Action, and
Civilization described the role of storyline in games by comparing digital games with
movies in his interview for Rouse (2005, p. 30):

We try and put that amount of realism and accuracy into the game. And then make it fun on top
of that. In the same way that a movie gives you all the fun and the action sequences and all the
important parts of a story and then jumps quickly over the boring things, I think the game has
the same responsibility, to bring you to the key decision points and then move you on to the
next interesting thing.

Not surprisingly, storyline was identified among the major reasons people play video
games (Green, Brock, & Kaufman, 2004). One of the major benefits associated with includ-
ing a storyline into learning materials is students’ increased interest and curiosity (Lee &
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Chen, 2009; Malone, 1981). Moreover, claims have been made that a storyline embodies
features of contextual anchoring and provides a cognitive framework (Dickey, 2006). On
the other hand, following a storyline requires learners to pay attention to the storyline
events and devote cognitive resources to process this information (McKee, 2005). One
question still not answered is whether the cost of attending to the storyline outweighs the
learning gains achieved through the increased contextual anchoring, interest, and curiosity
(Ang, Zaphiris, & Mahmood, 2007).

Many games include some form of a storyline, fantasy, or narrative to create a concep-
tual framework of the learning context. In fact, embedding a story or narrative in learning
content has become a growing trend in instructional gaming, since it allows educators to
develop games or game-like environments that have educational value, e.g. the Writing
Environment for Educational Video (Marchiori et al., 2012), and the Data-oriented Learn-
ing System of Statistics based on Analysis Scenario/Story (Mori, Yamamoto, & Yadohisa,
2003). However, research concerning the effects of a storyline on human learning and per-
formance is very limited, and the findings are mixed. For instance, Parker and Lepper
(1992) compared learning effectiveness of computer-based learning materials with
fantasy/storyline “embellishments” vs. no-fantasy version. The results indicated that
embedding fantasy elements into the learning content had a significant positive effect on
children’s motivation. Spires, Turner, Rowe, Mott, and Lester (2010) created three versions
of a learning environment for testing instructional benefits of a storyline GC: full narrative,
narrative-light, and no-narrative versions. The results indicated that students from the
no-narrative group significantly outperformed students from the full narrative and narra-
tive-light groups on the science content learning.

In order to further develop our understanding of the effects that storyline plays on learn-
ing, this study was designed with the purpose of measuring the instructional benefits of a
storyline on learning effectiveness, efficiency, and engagement, i.c., e’-learning, with the
use of a participatory simulation that guided players to perform specific tasks within a
given setting. Specifically, we used an approach of designing an instructional simulation
and enhancing it with a storyline. Two different versions of the simulation were developed:
(1) Simulation+No GC, and (2) Simulation+Storyline GC. Both versions had the same
content, designed to teach basic introductory statistics concepts, but differed in the presence
or absence of a storyline.

The effectiveness of the simulation-based learning was measured by using a post-test
where students were asked to define and apply the learned statistical concepts and rules.
Learning efficiency was measured by the ratio of students’ post-test performance scores
to the time spent on simulation-based activity. Students’ engagement was assessed via
Song and Keller’s (2001) simplified version of Instructional Material Motivation Survey
(IMMS) developed originally by Keller (1993).

Research hypothesis: Adding a storyline to a simulation will improve students’ learning
effectiveness, efficiency, and engagement.

In this study, we expected that adding a storyline to the learning simulation would
improve students’ learning effectiveness. This hypothesis was based on empirical findings
showing some positive effects of including a storyline into learning content (Cordova &
Lepper, 1996) as well as numerous theoretical claims in support of enhancing learning
materials with a storyline as a means to motivate and engage students (Habgood, Ains-
worth, & Benford, 2005). Given the proximity of statistics and mathematics disciplines,
mathematics word problems research perspective can be possibly applied to storyline-
enhanced problems, suggesting that placing statistics in context helps students transfer
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their statistics knowledge and skills into real-life situations (Walkington, Sherman, &
Petrosino, 2012).

Adding a storyline to a learning simulation was also hypothesized to improve the learn-
ing efficiency of a learning simulation. This hypothesis was based on the assumption that
adding a storyline to a simulation would not substantially increase the time spent on simu-
lation-based activities, but would significantly improve students’ learning. It was also
expected that adding a storyline to a learning simulation would enhance students’ engage-
ment. Based on the findings from the literature regarding the instructional effectiveness of a
storyline (Habgood et al., 2005), we expected that a storyline would “hook” students’ atten-
tion thereby enhancing their engagement.

We conducted several small group and one-on-one formative evaluations with under-
graduate and graduate students at various stages of the storyline and simulation develop-
ment phases in order to understand which student audience would benefit the most from
our learning materials. This continuous evaluation process revealed that undergraduate stu-
dents did not find our storyline particularly appealing or relevant and that they had very low
interest in learning statistics outside of the classroom. On the other hand, graduate students
had a favorable attitude toward the storyline and expressed an interest in learning statistics
by using our simulations.

Method
Participants

The participants for this study included 64 graduate students (age M =28, SD =6.55) with
basic statistical knowledge (no more than an introductory course in Descriptive and Inferen-
tial Statistics) at a major Southeastern public university. Among them were 47 females and 17
males. The demographic make-up consisted of 18 Asian/Pacific Islander, 35 Caucasian/
White, 5 Black, 2 Multiracial, 1 Hispanic, and 3 classified as “other.” Education graduate stu-
dents were recruited who either had taken one introductory statistics course or were enrolled
in an introductory statistics course during the term, in which the study was conducted.

Tasks and materials

An online instructional introductory statistics module was developed in the Moodle
Learning Management System to promote students’ knowledge and skills gained in
their previous coursework. Although the learning content of the instructional module
was aligned with an introductory graduate statistic course, the module was not part of
the course. The materials for this study consisted of five components: (1) overview
of statistics concepts to-be-practised, (2) pre-test assessing students’ prior knowledge
of the subject matter, (3) simulation-based learning environment for practising the
newly acquired knowledge, (4) post-test assessing the instructed skills and concepts,
and (5) demographic and engagement surveys.

The instructional materials for this study were developed through a careful examination
of four introductory statistics textbooks, and instructional materials from three introductory
statistics courses. The concepts for this study included standard deviation, variance, varia-
bility, and the empirical rule (SDVVER). An instructional goal analysis was conducted in
collaboration with two professors from the Statistics and Measurement Department to
identify relevant skills and knowledge to be covered.

The goal of the statistics learning simulation was to engage students in problem solving,
data analysis, and practice of their newly acquired skills through analysis of real-world
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cases. Both simulations created within the Moodle Learning Management System included
the following two instructional features that were found beneficial to simulation-based
learning (Chang, Chen, Lin, & Sung, 2008):

¢ Immediate formative feedback to inform learners why the action taken was or was not
appropriate for solving a particular task. According to Shute (2008), the research in
the area of feedback-enhanced instruction shows that formative feedback is a power-
ful tool for improving learning processes and outcomes.

¢ Control over the pace of learning. According to Azevedo (2005), learners should be
assisted in regulating their learning process. Learners should be able to control and
self-monitor their learning process.

Instructional methods

Two versions of the simulation were developed. Both versions shared the same content and
instructional features but differed in the presence or absence of a storyline. The first version,
Simulation+No GC, did not employ the storyline. The second version, Simulation+Story-
line GC, integrated an overarching storyline into the learning materials to promote learner
engagement.

Simulation+No GC instructional method

This instructional method included the most basic version of the simulation and served as a
comparison for the storyline-enhanced simulation. The Simulation+No GC instructional
method presented students with real-world problems requiring analysis of different employ-
ment options based on basic descriptive statistics data, such as a mean and standard devi-
ation. Figure 1 illustrates an example of a problem from this instructional method.

Simulation+ Storyline GC instructional method

The Simulation+Storyline GC instructional method presented learners with the Career
Coach Simulation that had an embedded storyline. The Career Coach Simulation had the
same learning content as the non-storyline instructional method. The storyline was devel-
oped by following the guidelines by Habgood et al. (2005) of how to create learning content
intrinsically integrated into games.

EampleTmon. | mosmsCommonent| BRIDIE 93T Write a number and click Submit 1
Consultant Annualsalary [140, 40] | [20, 260] In 1995, the mean government employee's
(selfemployed) | (withoutexpenses) " i

AninleXpanses 201 | 117, 23] salary was $75,000 with a standard deviation

TOTAL [-3,243] of $4,000. Today the mean salary is $90,000
Smallcompany | Base salary [100, 5] [ 85, 115) s e

ARSI 16,2) (10, 22] with a standard deviation of $5,000. In 1995

TOTAL [95,137] | Ms. O'Brien made $87,000. What would she
Large company Base salary [90,10] | [60,120] eam at today's salaries?

Annual bonus [30,10) [0, 60]

B — |
Government Base salary [90,5] [75,105]

Annualbonus [0,0] [0,0]

ToL 17105

Figure 1. Simulation+No GC intervention: practice problem preview.
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Specifically, we used an in-game storytelling approach for developing the storyline-
enhanced simulation. That is, the simulation unraveled the storyline details while students
interacted with the simulation-based activities as opposed to presenting a story out of a
game, when the storytelling occurs while players are not playing the game (Rouse,
2005). In this way, the learning content was integrally built into the storyline.

The Career Coach Simulation introduced a learner to a career-advising company setting,
where the learner had to advise clients on how to find a “job of their dreams” by systematically
examining various employment parameters such as income, job stability, amount of travel, flexi-
bility, etc. Guided by the simulation storyline, the student adopted the role of a career coach.
Through the interactions with a client, the career coach performs statistical analyses of
various job parameters across four job sectors: government, small company, large company,
and private business. The learning environment presented the learner with animations illustrat-
ing the storyline dialogs. Figure 2 shows a screenshot from the Career Coach Simulation.

Dependent variables

The dependent variables were as follows: effectiveness, efficiency, and engagement. Learn-
ing effectiveness was measured by a student’s scores on the pre- and post-tests. Learning
efficiency was considered the ratio of a student’s post-test performance score and the
time spent on using the simulation. Engagement was measured by using the simplified
IMMS instrument (Song & Keller, 2001).

Effectiveness measure — the SDVVER instrument

The SDVVER learning assessment instrument was developed to assess how well students
learned the skills and concepts introduced in the instructional module. Two parallel versions
of the SDVVER instrument were developed, assessing skills specified under the learning

Which option is better for me: Large company or

Government sector?

Iincome Report

Employment S I Comp [M.SDJ* | 99.7%

Consultant Annual salary [140, 40] | [ 20, 260]

Creifemsployed) .(l\nnul e:penses ) [20, 1] [17, 23]
TOTAL [-3,243]

Small company Base salary [100,5] | [8S,115]
Annual bonus [186, 2] [10,22]
TOTAL [95,137]

Large company Base salary mm} [60, 120]
Annual bonus [30,10] | [0,60]
TOTAL [60, 180]

Government Base salary [99,5] [75,105]
Annual bonus [0,0] [0,0]
TOTAL [75,105]

Figure 2. Simulation+Storyline GC intervention: Career Coach Simulation preview.
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Table 1. The SDVVER instrument: parallel items assessing conceptual knowledge of standard
deviation concept.

Version A Version B
What distribution has the larger standard What distribution has the smaller standard
deviation? deviation?
A A

0 10 20 30 40 S0 60 70 80 90 100 0 10 20 30 40 50 60 70 80O 90 100

& “IhE & disobitin «  +”The A distribution

. \,T he B distribution e The B distribution

objectives of the module that were identical for the two intervention conditions. For example,
Table 1 presents two parallel items designed to assess conceptual knowledge related to the
standard deviation concept. The SDVVER Version A was administered during the pre-test
to measure whether a student had prior knowledge of the skills and concepts that are to-
be-learned during the instructional module. The SDVVER Version B was administered
during the post-test to measure how well students learned the instructional content.

Each version of the SDVVER instrument consisted of 18 items: 14 multiple-choice
questions, 2 short numerical open questions, and 1 case-based problem that included 6
short numerical questions.

Engagement measure — the IMMS instrument (Song & Keller, 2001)

A simplified version of IMMS measures students’ attitudes and motivation toward the
instructional materials by looking at attention, relevance, confidence, and satisfaction
(ARCS). Keller’s (2008) analysis of ARCS categories in technology-supported learning
systems demonstrated that engagement is essentially addressed in all four ARCS categories.
The simplified IMMS instrument was validated in a number of studies. The simplified IMMS
(Song & Keller, 2001) instrument included 12 items, where each of the 4 ARCS components
was operationalized by 3 items. Students responded on a 5-point Likert-type scale with
response choices: 1 (not true), 2 (slightly true), 3 (moderately true), 4 (mostly true), and 5
(very true). The potential total IMMS score ranges between 12 and 60. According to Song
and Keller (2001), Cronbach’s internal consistency was 0.92 for the overall IMMS score,
0.79 for attention, 0.73 for relevance, 0.70 for confidence, and 0.85 for satisfaction. Prelimi-
nary analysis of Keller’s IMMS indicated some situational validity by using both exploratory
and confirmatory factor analyses procedures (Huang, Huang, Diefes-Dux, & Imbrie, 2006).

Procedure

Participants were randomly assigned to one of the two intervention groups. The first author
met in person with small groups of participants in a computer lab and provided individual
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Simulation-based
Practice

40 min

Posttest

Instruction N Pretest _ Trtl: Simulation+

Surveys

45 min v 10 min 7 min

10min

No GC

Trt2: Simulation+
Storyline GC

Figure 3. An overview of the study’s procedure.

guidance to each participant on how to complete the experiment activities. The participants
were informed neither about the real goal nor the research design of the study. There were
no interactions among the participants during the experiment. Both intervention groups
completed an online instructional module that required between 90 and 120 minutes per
learner. During the first part of the module, students received the same online instruction
that was designed to teach standard deviation and empirical rule concepts, which took
approximately 45 minutes to complete for a student without a substantial background in
the subject matter. Since some of the participants were taking an introductory statistics
course during the same term in which the current study was conducted, and some of the
participants took a similar course during their prior coursework, the goal of the online
instruction was to review concepts-to-be practiced in the simulation. Therefore, in order
to evaluate the effects of the simulation-based practice on e’-learning, participants com-
pleted the pre-test immediately after the instructional part of the module. Following the
pre-test, students were directed to the simulation-based practice, which took about 40
minutes to complete. During the simulation practice, participants were allowed to use all
learning materials that were presented into the introduction module. After the simulation,
participants completed the post-test to measure their knowledge and skills of the subject
matter. The post-test took about 10 minutes to complete. Immediately after the post-test,
participants completed both the engagement and demographic surveys. Figure 3 shows
an overview of the procedure for this study.

Results

Using an analysis of variance (ANOVA), non-significant (p > .05) differences between the
intervention groups were detected for gender and prior knowledge variables.

Testing internal consistency of the performance and motivation measures

The items of each of the scales used in the study were tested for Internal Reliability by using
Cronbach’s alpha coefficient. The 18 SDVVER items resulted in Cronbach’s a=.82 for
pre-test, & = .68 for post-test, and o =.80 for test-retest. The 12-item IMMS measure con-
sisted of 3 items for each subscale. The overall internal consistency was sufficient (o= .86).
The subscales shared moderate values of internal consistency (o =.72 for attention, o =.73
for relevance, o= .64 for confidence, and a=.63 for satisfaction).
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== Simulation+No GC
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Figure 4. Means of learning effectiveness for pre- and post-tests by learning condition.

Learning effectiveness

To test the intervention’s learning effectiveness, a repeated measures mixed analysis of var-
iance (ANOVA) was performed. This analysis provides information on treatment effects
(between groups), pre—post time effects (within groups), and their interaction (i.e. whether
one intervention enhanced learning more than the other one). A significant time effect on
learning effectiveness was obtained, Wilks” A=.77, F(1, 62)=18.99, p<.001, n*=.23.
This effect indicates a significant improvement in learning effectiveness from the pre- to
post-test across the two intervention groups (Mpre.qest=74.54, SD=16.89, Mpstest =
81.28, SD=13.05, d=.45). A non-significant intervention by time interaction was obtained,
Wilks’ A=.99, F(1, 62)=.73, p= 40, n*=.01 (Figure 4), indicating that students in both
interventions enhanced their statistical knowledge similarly over time. Furthermore, the inter-
vention effect on learning effectiveness failed to reach significance, F(1, 62)=.457, p=.50,
n*=.02, indicating insufficient evidence that learning effectiveness of Simulation+No GC
and Simulation+Storyline GC interventions was different. However, there seems to be a mod-
erate to small effect size between the two learning conditions (M, gc =83.11, SD=12.91 vs.
Mgc=79.45, SD=13.14, Cohen’s d =.28) relative to the post-test score.

Learning efficiency

The intervention (i.e., learning conditions) effect on learning efficiency was tested by a one-way
ANOVA. Non-significant differences between the two interventions on the time spent on simu-
lation-based practice and learning efficiency were found, F(1, 62)=1.31, p <.26, 172 =.02, and
F(1,62)=2.74,p < .10,* = .04, respectively. The learning efficiency of the Simulation+No GC
group was slightly higher than the Simulation+Storyline GC group, and there was a very small
effect size (Mo e =2.51, SD =78 vs. Mgioryiine gc =2.18, SD = .81, d=.006).

Learning engagement

Learning engagement (IMMS total score) was subjected to a one-way between subjects
ANOVA. Significant differences between the two interventions emerged, F(1, 61)=4.76,
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Attention Relevance Confidence Satisfaction

Figure 5. Means of ARCS by intervention condition.

p<.03,n*=.07. The overall learning engagement of students from the Simulation+No GC
condition was significantly higher than the Simulation+Storyline GC group (My, gc =
48.25, SD = 8.25, Msioryline gc =44.03, SD=7.02, d=.55).

The ARCS components of the IMMS survey were analyzed by using a multivariate
ANOVA. The analysis revealed a non-significant effect of interventions on ARCS com-
ponents, Wilks’ A=.91, F(4, 58)=.40, p<.25, n2=.09. However, separate univariate
ANOVAs applied to these components revealed (1) significant intervention effects on the
Relevance dimension, F(1, 61)=4.24, p<.04, 772:.06 (Myo gc=12.66, SD=2.30 vs.
Msioryiine ge = 11.45, SD=2.35, d=.52), and the Satisfaction dimension, F(1, 61)=4.23,
p<.04, 1°=.06 (Myno Gc=11.91, SD=2.45 vs. Mgiorytine cc=10.74, SD=2.02, d
=.52), (2) non-significant interventions effect on Attention, F(1, 61)=1.19, p<.28, n’
=.02 (Mno Gc=10.66, SD=2.95 vs. Mgioryline gc=9.87, SD=2.77, d=.28), and (3)
approaching significance intervention effects on Confidence, F(1, 61)=3.62, p<.06, 1>
=.05(Mno 6c=13.03, SD=2.06 vs. Mgoryiine e = 11.97, SD=2.37, d= .48) (Figure 5).

In addition to filling out the IMMS survey, students reported how interesting they found
the simulation context (i.e., the Career Coach storyline for the storyline-based group and
analyzing job opportunities data for the non-storyline group) by answering a question on
a 5-point Likert-type scale ranging from 1 (not true at all) to 5 (very true).

A one-way ANOVA revealed significant differences between the two interventions, F
(1, 52)=9.60, p<.003, n*=.15. Students from the Simulation+No GC found the
context significantly more interesting than the Simulation+Storyline GC group (Mo Gc
=4.33, SD=.92 vs. Mgoryline Gc =3.54, SD =95, d= 85).

Discussion

One of the key findings of the study was a positive effect of simulation-based learning on
statistics knowledge and skills acquisition for graduate students. Students’ performance in
both instructional methods improved from pre- to post-test (d =.45). However, an absence
of a control condition, i.e., a group of learners who were not engaged in simulation-based
learning, prevents us from generalizing this finding and concluding that the two
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Table 2. Summary of the effects of storyline on learning effectiveness, efficiency, and engagement
as compared to simulation without storyline.

Variables Effect
Learning effectiveness l
Learning efficiency l
Learning engagement 1*
Attention l
Relevance 1*
Confidence L
Satisfaction ¥

Notes: 1, positive effect; |, negative effect; =, no effect.
*Significant, p <.05.
** Approaching significance, p =.06.

interventions were the primary cause for this learning gain. However, based on previous
research (de Croock & van Merrienboer, 2007), it is plausible that the two instructional
methods had a positive effect on the learning gain.

Unfortunately, none of the research hypotheses postulating positive effects of a story-
line on ¢’-learning was supported by the data (Table 2). It is important to mention that learn-
ing effectiveness, efficiency, and engagement qualities of ¢’-learning are interrelated. For
example, learning efficiency depends on learning effectiveness, since students’ perform-
ance is one of the parameters affecting learning efficiency. In addition, students’ engage-
ment may directly affect learning effectiveness since motivation is one of the factors
influencing human performance (Barab, Gresalfi, & Ingram-Goble, 2010).

The assumption that a storyline coupled with a simulation would produce a larger effect
on learning compared to a condition without a storyline was not supported by the data.
These findings are in line with previous studies demonstrating non-significant performance
differences between storyline and non-storyline instructional interventions (DeRouin-
Jessen, 2008; Greenwood-Ericksen, 2008). The storyline added to a simulation may have
distracted students from the instructional task, and posed a higher level of extraneous cog-
nitive load that might be detrimental to learning outcomes. According to the Cognitive Load
Theory (Sweller, 1994), information presentation method(s) can create unrelated/
extraneous cognitive load. Due to limited cognitive working memory, if students need to
process excessive information that is not directly related to the instructional task (i.e. fol-
lowing the storyline itself in addition to learning statistics), then the excessive information
may create a deficit in cognitive working memory that is available for learning.

Examining statistics learning in a storyline context can be possibly related to mathemat-
ics story problems research that debates the pros and cons of placing mathematics in real-
life contexts. Although the importance of relating instructional context to students’ life
experiences is widely acknowledged, it introduces many challenges to educators and stu-
dents as well. Solving math word problems is a difficult task for many students since it
requires both math skills and complex analytical strategies to create a situational model
that represents story events, setting, and relationships (Nathan, Kintsch, & Young, 1992;
Walkington et al., 2012). The study participants’ job-related life experiences could be
different from those presented in the storyline, which may partially explain why adding a
storyline did not produce the expected results.

Adding a storyline may also inhibit learners’ attention directed to the instructional task,
and thus impinge on their learning. Attending to the storyline while trying to solve
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statistical problems might draw students’ attention away from the learning process similarly
to how talking and driving increase time spent on driving task and decreases visual proces-
sing speed (Puell & Barrio, 2008). Finally, it is plausible that significantly lower engage-
ment levels reported by the Simulation+Storyline GC students could negatively affect
students’ performance because of reciprocal relationships between motivation and human
performance (Kebritchi, Hirumi, & Bai, 2010).

Contrary to our assumption of a positive effect of a storyline on learning efficiency,
defined in the current study as the ratio of students’ post-test performance scores to the
time spent on simulation-based activity, non-significant differences in learning efficiency
were observed among the instructional methods. Since students in both instructional
methods performed similarly and spent approximately the same amount of time on the
instructional task (non-significant difference of 3.72 minutes on average), the ratio of
students’ post-test scores to the time spent on training did not differ between the two
instructional methods.

The most surprising finding of this study was contrary to our expectation of a positive effect
of a storyline on engagement, significantly higher engagement levels (d =.55) were observed
among students learning with the Simulation+No GC than among students learning with the
Simulation+Storyline GC. In spite of the significant differences in the engagement levels
between the two conditions, the results suggest that both instructional methods were effective
at engaging the participants on all four levels of motivation, i.e., attention, relevance, confi-
dence, and satisfaction; reaching above 80% on the overall engagement scale for the Simu-
lation+No GC instruction and above 73% for the Simulation+Storyline GC instruction.

There are several explanations of the storyline instructional method failing to increase
students’ engagement. First, the analysis of students’ interest toward the simulation context
(e.g. the “career coach” storyline for the storyline-based instruction, and “analyzing job
opportunities data analysis” context for the non-storyline instruction) indicates that students
learning with the simulation with no storyline found the context of analyzing job opportu-
nities significantly more interesting than the students learning with the simulation with the
storyline. Probably, the lower level of interest toward the storyline suggests a lower level of
storyline relevance experienced by the learners, which was further supported by the lower
relevance levels reported by the students learning with the Simulation+Storyline GC as
compared with their SimulationtNo GC counterparts. Furthermore, adding the storyline
to the simulation also affected students’ satisfaction. Students instructed by the Simu-
lationtNo GC method reported significantly higher satisfaction than the students instructed
by the Simulation+Storyline GC method, which can be explained by the fact that the simu-
lation did not consider students’ preferences related to (1) the presence or absence of a
storyline in the instructional activities, and (2) the storyline scenario context.

Designing relevant games and storylines, in particular, underscores one of the primary
problems associated with game-based learning research. Researchers argue that one of the
reasons for research in this area failing to provide hard evidence for the effectiveness of
games as instructional tools is because most of the existing games are limited in responding
to specific needs of individual students (Conati & Maclaren, 2009). Players experience
different emotions while playing the same game. For example, a game that revolves
around a storyline, or involves players exploring the game world, can be very appealing
to students who are mainly interested in entertainment experiences. On the other hand, stu-
dents whose primarily goal is to engage in learning through clearly defined activities may
feel frustrated or anxious. The simulation used in this study was designed for graduate stu-
dents. It is possible that the participants expected to go through traditional drill-and-practice
materials that would help them acquire greater expertise in the subject matter rather than
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interact with storyline characters. One solution to this problem is to design games with
adaptive instructional content and GCs that would provide students with the freedom to
configure a game based on their own preferences.

Another possible issue that may explain the lackluster storyline effect on engagement is
that the current instruction focused only on one GC. Usually, a game comprises 6—7 GCs
where one GC can mediate another GC or a subset of GCs (Shute, Ventura, Kim, & Wang,
in press). For example, the effect of a mild storyline may be improved by adding compe-
tition or collaboration mechanics to the game. This study focused only on one GC — story-
line. Thus, if a competition characteristic was combined with a storyline, students might
find the simulation-based materials more engaging. However, examining learning benefits
of a game comprised of multiple GCs does not provide clear evidence for the reason that a
particular game failed to support learning from a game-design standpoint. To design really
effective games, we need to know how each GC and combination of GCs affect learning
(Federation of American Scientists, 2006; Wilson et al., 2009).

In summary, developing instructional materials that evolve around a story is a nontrivial
undertaking, requiring instructional designers to tie together an engaging storyline with
instructional content. As Laaksolahti (2008) mentioned, if we want to create emotionally
engaging storylines, we need to focus on the evaluation of experiences created by a
story. This is a complicated effort, since most of the available instructional design tools
are not suited for this task. The storyline developed for the present study was lacking in
several ways from traditional storylines — such as building to climax and creating an
emotional tension, which probably accounts for the limited desirable effects on engage-
ment. Hence, the benefits and shortcomings of adding a storyline to a simulation should
be carefully considered.

The digital gaming industry spends $10 billion per year on game development and pro-
duction (Van Eck, 2006). The research evaluating the effects of GCs and storyline, in par-
ticular, on learning is an important component for improving game design, and
subsequently instructional methods (Federation of American Scientists, 2006; Wilson
et al., 2009). Future research should explore the effects of various GCs on learning out-
comes. Specifically, researchers should examine games with adaptive GCs, i.e. game
design. Games with adaptive game design may allow students to choose the desired
level of challenge, completion, the reward system, interactivity, and the presence or
absence of a storyline/fantasy.

Limitations

There were several limitations to the findings of this study. First, the instructional interven-
tion developed for the study was relatively brief (i.e. 40 minutes) which could explain why
adding a storyline did not result in significant time differences and consequently learning
efficiency between the two conditions. In addition, only one storyline was developed,
which limited students’ ability to engage in a learning context of their choice.

Another limitation of the study was the small sample size. Using a larger sample size in
future studies can provide more accurate results and increase the generalizability of the find-
ings as well as allow for including a control group in the research design.

Conclusion

With regard to the development of storylines, even though there is no established recipe or
formula on how to write successful stories, researchers and game developers need more
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specific guidelines on how to create storylines for a particular audience or learning context.
Although the present study has not shown sufficient evidence for the positive effect of
storylines in simulations, storylines do play an important role in human learning. According
to the situated cognition perspective, all knowledge is situated in complex social systems
(Greeno, 2006). Contextualized or storyline-enhanced problems offer many learning
benefits, including improved confidence, creativity, and self-reliance (Walkington et al.,
2012). Therefore, it is important to provide game developers and instructional designers
with some guidelines on how to choose, develop, and embed a storyline into an educational
game. Moreover, storylines or narratives may be used to enhance non-gaming instructional
materials, e.g. books, simulations, case studies, and so on. As such, future research explor-
ing effective strategies for presenting storyline-enhanced learning content is needed.
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