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Abstract

The recent globalization of modern businesses and the increased number of coalition-
based military operations has necessitated that businessmen and soldiers alike be
able to effectively communicate and interact with people of various backgrounds
and cultures. Despite this recognized need and significant monetary investment,
proven training and assessment methods for cross cultural competence (3C) con-
tinue to be lacking. The evolution of digital game-based learning systems introduces
a new medium in which scalable training systems can be developed. This disserta-
tion introduces and investigates novel frameworks and methodologies by which 3C
games can be developed and players’ performance can be assessed.

Although the contributions of this dissertation are specifically focused on serious
games as they relate to 3C, the applications of these methods can be applied to vari-
ous digital game-based learning systems (DGBL). The contributions of this disserta-
tion can be organized into two categories 1) Procedural/Engineering contributions
and 2) Scientific/Technical Discovery contributions.

Regarding the Procedural/Engineering contributions, this dissertation presents a
novel taxonomy of 3C game research to identify gaps in current efforts and motivate
the research presented in this dissertation. Additionally, this dissertation introduces
the Cultural Dimension-Based Simulation Design Process. This process incorporates
existing models of cultural differentiation to develop culturally-relevant dialogue
systems for socially interactive DGBLs. The Cultural Dimension-Based Simulation
Design Process is demonstrated in the development of the Chinese Cultural Dimen-
sion Training System(CCDTS), a game set in a Chinese University. The CCDTS was
used in an experiment to determine whether the Cultural Dimension-Based Simula-
tion Design Process was effective in improving 3C.

For the Scientific/Technical Discovery contributions, the author of this dissertation
evaluates a novel eye-tracking based measure of performance(ETMP) for socially
interactive DGBLs. This method involves the examination of player fixation dura-
tion on user inputs to evaluate the mental schema of the player’s game selections.
Additionally, the author of this dissertation evaluates the efficacy of the use of Head-
Mounted Device (HMD) Virtual Reality (VR) compared to a traditional screen-based
DGBLs for training cultural competency.
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Chapter 1

An Introduction

“For him to have understood me would have meant reorganizing his thinking .... giving up

his intellectual ballast, and few people are willing to risk such a radical move.”

Edward T. Hall

In the United States, nearly every aspect of life requires some interaction with a per-

son of a different background or culture than one‘s own. This is further exemplified

when examining current military coalitions, international business partnerships, and

recent political/governmental interactions. Despite this recognition, many recent in-

cidents have led to catastrophic examples of cross-cultural miscommunication and

lack of Cross Cultural Competence (3C) leading to political standoffs, failed busi-

ness deals, and, in the worst cases, loss of life. In the context of military operations,

recent military reports have identified that in operations in Iraq and Afghanistan,

military forces “were not taught what local populations were really like” nor how

to effectively deal with them[126]. While these opportunities for cultural interaction

have existed for centuries, the theories used to characterize and quantify effective

3C are rather nascent. Furthermore, the application of these theories within mod-

ern instructional materials has recently gained significant attention with the advent
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of digital game-based learning (DGBL) systems. Given the cost-effective and re-

peatability of software-based products, these systems have enabled academic and

commercial entities alike to develop high-fidelity scalable training systems. How-

ever, few researchers have evaluated the efficacy of these games. The aim of this

dissertation can be divided into two general categories. First, the author of this dis-

sertation explores Procedural/Engineering Methods to develop effective 3C games and,

subsequently, presents methodological approaches and empirical evidence to sup-

port these contributions. Secondly, the author of this dissertation presents Scientific/

Technical Discoveries that contribute to the evaluation and presentation of 3C games.

For “how to develop effective 3C games,” one must first examine the theoretical ap-

proach to 3C training. Bhawuk and Brislin examine two forms of training that they

categorize as experiential training and lecture training[18]. The traditional method of

lecture training is generally characterized by passive learning, defined problem solv-

ing, rational decision-making, and written responses, which have all been proposed

to be inefficient at developing 3C[61]. Experiential training, on the contrary, is de-

fined as a method whereby participants interact with people from various cultures

to develop understanding and behavior that is conducive to effective cross-cultural

interactions. Most modern 3C training systems have adopted entirely experiential

philosophies or hybrid experiential/lecture-based systems.

Within the context of experiential training systems, one must also consider whether

the experience is actual or virtual. Though actual experiences and interactions may

be more effective than virtual ones, most institutions have targeted the use of virtual

or computer-based training systems for cost and scalability reasons especially in the

early phases of 3C education. The Department of Defense has adopted an evolution-

ary model of 3C education whereby actual experiences continue to play an important

role in the improvement of 3C but only after a specific threshold of knowledge and
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performance has been achieved[47].

In the framework of a virtual environment, a consideration must also be made about

whether the interactions within the virtual environment are made with real people

or simulated people. This also has obvious cost and scalability implications though,

in terms of efficacy, various researchers have made arguments for and found evi-

dence to support both. In the case of real-person interactions in virtual environ-

ments, which is also referred to us puppeteering, systems such as the University of

Florida’s STAR simulator and the University of Virginia’s Classroom Simulator have

explored mediating real human interactions in mixed-reality systems[36]. Despite

varying reports about their effectiveness, these systems face issues with scalability

because both sides of the interactions require human control. On the contrary, sim-

ulated people or computer-driven avatars have gained popularity. However, the

fidelity and complexity of these avatars widely vary.

Often, the design and delivery decisions related to 3C content are made based on

resources and the impact of this on effectiveness has only been minimally explored.

As such, the author of this dissertation explores and proposes design recommenda-

tions for 3C games specifically in the area of experiential virtual avatar-based DGBL

systems.

As for how to measure 3C in DGBL systems, this question has primarily been ex-

plored in the area of cultural and cross-cultural psychology. The DoD has heavily

invested in developing tools and training programs to improve 3C but the ways

in which 3C can be quantitatively evaluated has not seen the same level of focus.

Specifically, 3C measures that can be used to evaluate learning within DGBLs are

lacking.

Survey instruments have been the primary tools with which 3C has been measured[99][25].
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Although these tools have been widely used across varying domains and applica-

tions, their use as developmental measures has been limited. Given that many of the

current instruments are self-reports, they often suffer from personal biases. Other

tools, such as Situational Judgment Tests (SJTs), have been used as well[90]. SJTs

typically involve participants reviewing a written scenario and selecting responses

in a multiple-choice format. The responses selected correspond with varying degrees

of correctness. Although these SJTs serve as effective developmental measures, they

suffer from scalability issues because scenarios can only be presented to participants

a single time without introducing a memory bias.

Recent technological advances have opened up new opportunities to measure per-

formance specifically regarding physiological measures. Measures such as heart

rate, Electroencephalography (EEG), galvanic skin response, and eye gaze have all

been used to characterize human performance across a wide spectrum of skills and

domains. Despite these advances, few researchers have investigated these measures

within the context of DGBLs[120][72][37].

With regard to 3C measures, this dissertation explores a novel measure of quantify-

ing performance in 3C DGBLs. Specifically, this dissertation presents an eye-gaze-

based method of measuring performance that attempts to evaluate both decision-

making processes and the actual decisions made within a DGBL system.

1.1 Organization of Dissertation

This research document is organized into the following sections:

• Chapter 2: This chapter provides background information relevant to the entire

dissertation. Specifically, it includes descriptions of previous research that is
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related to 3C games and game development methodologies. Furthermore, this

chapter includes a taxonomy of the state of the current research to identify

gaps and shortcomings. Background information specific to each chapter is

provided within the content of each chapter.

• Chapter 3: In this chapter, the author proposes the use of and explains a novel

methodology for developing game content for 3C games. This method, called

the Cultural Simulation Design Process, leverages existing research related to

Cultural Dimension Theory. Furthermore, this chapter includes survey find-

ings that are related to a specific model of Cultural Dimension Theory to sub-

stantiate its use in later phases of this research. This chapter is based on a con-

ference article that was published after the 2017 International Conference on

Social Computing, Behavioral-Cultural Modeling & Prediction and Behavior

Representation in Modeling and Simulation.

• Chapter 4: This chapter provides the results of an experiment of game built

using the Cultural Simulation Design Process. It includes an explanation of

the process by which the CCDTS was created and a report on the results of an

experiment whereby participants used the CCDTS and their performance was

evaluated. This chapter is based upon a journal article that has been submitted

to the IEEE Transactions on Learning Technologies.

• Chapter 5: This chapter investigates the effectiveness of the use of immersive

systems specifically Head-Mounted Device (HMD) Virtual Reality(VR) in im-

proving 3C. The development of an HMD VR based 3C game is described.

This game is then used in an experiment to determine if the HMD VR 3C game

results in an improved level of performance as compared to a traditional desk-

top version of the same game. The results of this experiment are reported.

This chapter is based upon a conference article that has been accepted by the
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2018 International Conference on Computer-Human Interaction Research and

Applications.

• Chapter 6: This chapter includes an exploration of non-traditional means of

evaluating performance in 3C DGBL systems. Specifically, it presents a novel

methodology of evaluating performance using gaze behavior. The proposed

method uses fixation duration along with the scoring profile derived from the

Cultural Simulation Design Process to generate a composite weighted perfor-

mance score. This score was recorded and evaluated through an experiment

that was conducted with the CCDTS and the findings are reported. This chap-

ter is based on a conference article that has been accepted for publication at the

2018 Winter Simulation Conference.

• Chapter 7: The final chapter of this dissertation includes a summary of the

work that constitutes this dissertation and the significant findings. It also in-

cludes a description of the limitations of the described research as well as rec-

ommendations for future lines of investigation.

1.2 Summary of Research Contributions

This dissertation provides two categories of contributions related to 3C Games.

Procedural/Engineering Contributions:

• A literature review and taxonomy to identify gaps in the research on 3C games

• The development of a novel method called the Cultural Dimension Design Pro-

cess for generating Cultural Dimension Theory dialogue content for 3C DGBL

systems
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• The demonstration of a game developed using the Cultural Dimension Design

Process and statistical data that proves its efficacy

• The introduction and demonstration of the Role-Playing Situational Judgment

Test to evaluate the learning benefits of the use of 3C DGBL systems

Scientific/Technical Discovery Contributions:

• The development of an ETMP in DGBL systems

• The demonstration of the ETMP in an experiment that shows the correlation of

this novel measure to various other measures of performance

• The demonstration that HMD VR and traditional desktop variants of a DGBL

result in insignificant performance differences

• The discovery that gender is a significant factor when determining learning

outcomes in immersive DGBL systems
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Chapter 2

Literature Review & Background

Material

“If I have seen further than others, it is by standing upon the shoulders of giants.”

Isaac Newton

This chapter begins with an overview of culture theory, cross-cultural competence,

and cross-cultural training to provide a brief foundation for the theory behind this

literature review. The background sections within the subsequent chapters, how-

ever, provide specific details that are relevant to content of each chapter including

the specific cultural dimension frameworks and 3C knowledge from the field of cul-

tural psychology.

In this chapter, the author then defines a taxonomy of 3C DGBL systems which is

then used to motivate the research captured in this dissertation. It also includes

a comprehensive literature review of the evolution of serious 3C games and their

evolution into DGBL systems within the proposed taxonomy.
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2.1 Culture

In an effort to understand what makes an individual cross-culturally competent, it

is imperative to take a fundamental approach to understanding what differentiates

cultures. Researchers in the field of Cultural Psychology have investigated and iden-

tified various frameworks by which cultures can be universally defined and differen-

tiated. The seminal work of Kluckhohn‘s Value Orientation model first introduced

the concept of universal core cultural variables or orientations and has led to the

wide growth of research in the area[88].

Although many Cultural Dimension models have been proposed to date, the most

widely accepted research in this area is the six-dimensional model of Geert Hofst-

ede[94][68]. Through a factor analysis of over an initial survey population of over

100,000, Hofstede proposed a formula to normalize each of the six dimensions on a

scale from 1 to 100[67]. These formulas served to calculate numeric scores for each

dimension in the countries surveyed. After 30 years of critique and evaluation, this

model and expansions of this model are the most utilized cultural dimension frame-

works [113][42][91]. Hofstede characterizes culture across six dimensions: Individ-

ualism vs Collectivism(IDV); Power Distance(PDI); Uncertainty Avoidance(UAI);

Masculinity vs. Femininity(MAS); Long-Term vs. Short-Term Orientation(LTO), and

Indulgence vs. Restraint(IVR)[68]. Individualism is characterized by a society in

which ties between individuals are weak and, thus, individuals will often look only

look after themselves and their immediate families. On the contrary, a high score in

collectivism reflects a society in which individuals are associated with protective and

cohesive in-groups that expect obedience and the unquestioning loyalty of its mem-

bers. Power distance is described as the degree to which the less powerful members

of institutions and organizations within a country accept that power is distributed
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unequally [66]. Uncertainty Avoidance assesses the risk-tolerance and rigidity of a

culture. Masculinity vs Femininity is generally described as the degree to which a so-

ciety defines separate gender roles and distinct gender expectations. Long-Term vs.

Short-Term orientation is characterized by whether a society adopts fundamentally

Confucian values of one‘s outlook on life. Sixty-three countries have been evaluated

across these dimensions.

Additionally, Trompenaar introduces a cultural dimension model that appears to be

an expansion of Hofstede‘s model. Trompenaar‘s 7-dimensional model appears to

overlap with Hofstede’s model in many ways, but it also introduces several new

dimensions including the Diffuse/Specific dimension and the Perception of Time

dimension[134]. The Diffuse/Specific dimension can be described as the range of

perceptions between a person‘s public and private space. The Perception of Time di-

mension captures whether a culture views time sequentially, as in discrete fixed units

of time, or synchronously, meaning that the notion of time is abstract and flexible.

Despite the face validity of Trompenaar‘s construct, our literature review showed

that it did not share the same breadth of validation of Hofstede‘s model and, as

such, was not considered in our proposed construct.

More recent research has questioned the validity of Hofstede‘s model (and others

like it that have taken a relatively more fixed view of the factors that define cultures)

under the premise that modern cultures can no longer be differentiated by ethnic

and geographic lines as was the case in the past[77][122]. Despite these criticisms,

a review of the relevant literature did not uncover a comparable model in terms of

peer review and face validity.
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2.2 Cross-Cultural Competence

As an extension to general Cultural Psychology or Cultural Dimension Theory, the

field of 3C has emerged in an effort to characterize the qualities and measures of 3C.

Thirty years of focused research has produced numerous theories and definitions of

Cultural Competence. Despite a multitude of ideas, there is little consensus as to a

standard definition or accepted measurement practice[26].

One of the earliest theories of “Intercultural Effectiveness” was developed by Ham-

mer et al.[60] and is defined as a three-factor model comprised of (a) the ability to

manage psychological stress, (b) effective communication, and (c) interpersonal re-

lationships [26]. Research efforts to replicate the model were found to be highly

variable [26].

More recently, Bennett‘s Developmental Model of Intercultural Sensitivity (DMIS)

introduces a conceptual model of intercultural progression. Specifically, the DMIS

defines an ethnocentric to ethnorelative scale by which one assesses his or her own

culture with respect to other cultures [16][17]. Based on this theoretical model, the

Intercultural Development Inventory (IDI) was developed as a means of assessing

an individual’s ethnocentrism/ethnorelativism based on the DMIS scale[99].

Later research conducted by Chen and Starosta defines Intercultural Sensitivity as

an incorporation of sensitivity, awareness, and skills[24]. Sensitivity refers to the

ability to “comprehend and appreciate cultural differences.” Awareness refers to

one‘s “ability to understand how culture affects thinking, behavior, and interac-

tions.” Skills refers to one’s ability to communicate effectively in intercultural in-

teractions. Specifically for the Sensitivity component, Chen and Starosta present the

Intercultural Sensitivity Scale (ISS) which recent studies have shown ecological va-

lidity through modest correlations to 3C performance factors such as intercultural
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decision quality[99].

Recent research has focused on the role of metacognition as it pertains to Cultural

Competence. Ang and Van Dyne propose the Cultural Intelligence (CQ) framework

comprised of four components: Cognition, Metacognition, Behavior, and Motiva-

tion [8]. Ang and Van Dyne propose the CQ Inventory to measure each of these

components with varying degrees of validation and replicability[26].

Specific to culture-general competence in military personnel, Rasmussen et al pro-

pose a 3C model referred to as the Adaptive Readiness for Culture(ARC)[115]. The

ARC is categorized into the four broad domains of Diplomatic Mindset, Cultural

Learning, Cultural Mindset, and Cultural Reasoning, and Intercultural Interaction.

At the descriptive level, these four domains loosely correlate to the four factors of the

CQ model though there are some notable differences. What’s unique to this model

as compared to CQ and previous models is its focus and genesis in deployed De-

partment of Defense personnel. Additionally, the published validation of the ARC

is based upon "semi-structured, incident-based interviews" which makes the ARC in

its current form difficult to use as a developmental measure[115].

Despite the success of these 3C inventories and theoretical constructs in various ap-

plications, few have attempted and succeeded at using these inventories as measures

of incremental development of 3C[99][21]. As the U.S. military and international cor-

porations continue to invest in and deploy 3C training systems, more nuanced de-

velopmental methods of measuring 3C will be required to evaluate the effectiveness

of these systems.
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2.3 Cross Cultural Training

Cross cultural training has existed as early as the 1950s with Oberg’s[110] research

conceptualizing "culture shock" and the ways to remedy or prepare for the effects

of it. Additionally, Hall’s work proposing a taxonomy for cultural behaviors and

identifying the cultural perceptions of physical space and time also served as seminal

works in the area of cultural understanding and cross-cultural training[59][58].

Oberg characterized Culture Shock as a form of condition or disease given its phys-

ical and psychological symptoms, but these notions were later abandoned by re-

searchers. What did remain was the understanding and acceptance that when indi-

viduals of one culture enter and live within the constructs of another culture, unfa-

miliar signs, symbols, and norms cause various levels of difficulty. Hall built upon

this work and proposed a formal, informal, and technical approach to considering

cultures[58]. Formal behaviors are considered those that are absolute, either correct

or incorrect. Informal behaviors are those that are interpreted by observing the be-

haviors of other members of a culture, and in many cases, these behaviors can vary

between members of a culture. Technical artifacts are considered those are transmit-

ted through more explicit means such as written or codified rules. Unlike Oberg,

Hall was able to operationalize his understanding of culture into a training program

for individuals working abroad[59].

Since these foundational research efforts, many other researchers have investigated

novel approaches to improving cross cultural competence. One of the most notable

efforts is characterized by Triandis as the Cultural Assimilator[133]. In the Cultural

Assimilator participants are presented with written scenarios involving two indi-

viduals of different cultures. The scenarios also called ‘critical incidents’ describe a

conflict between the two individuals. Once a participant reads through the scenario,
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they are asked to reflect on the causes of the conflict or miscommunication and is

then presented with various other behavioral options of varying degrees of appro-

priateness. Each behavioral option is accompanied by a description explaining the

rationale for the option. This effort and others like it set the foundation for more

experiential and sophisticated cultural training tools similar to those used today.

Technological advances have swiftly transitioned the content delivery of 3C training

systems from paper-based to a variety of digital methods. The kinds of methods in-

clude everything from digital replications of written content to real-time agent-based

conversations with semi-artificially intelligent avatars. Though the expansion and

adoption of these various digital methods has been prolific, a literature review has

shown that their evolution has been largely unstructured and has been difficult to

examine progress with respects to the effectiveness of these systems. The following

literature review of 3C DGBL systems attempts to structure these various research

efforts into a logical taxonomy to characterize their current state as well as motivate

future research.

2.4 3C DGBL Taxonomy

In order to properly contextualize the contents of this dissertation, it is necessary

to describe the framework under which this work is derived and motivated. The

proposed taxonomy identifies two factor sets of which the evaluation criteria are

binned: Development and Assessment. The purpose of this specific taxonomy is

to attempt to answer the question of “how well have various design and develop-

ment factors known to be disparate among 3C DGBL systems led to more effective

learning outcomes?”
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The category of Development is defined as the set of game design and development

factors that differentiate the 3C DGBL systems evaluated in this literature review.

This is not intended to be comprehensive of all development factors that are consid-

ered in DGBL development, but strictly to those that have are disparate between the

studies in this review.

The category of Assessment is defined as the set of factors that differentiate the type

of game and/or participant assessment used in the specific studies evaluated in this

review.

Development

Various developmental factors were identified as having been considered during the

development of the 3C DGBL systems in this review. Given the lack of published

research addressing efficacy of many of these factors, this taxonomy purposefully

does not make any statement regarding the quality of these development factors but

merely serves as a means to conceptualize the disparity between systems.

The development factors considered are as follows:

• Learning Method: The Learning Method factor is intended to identify whether

a particular 3C DGBL was designed as an instructional or an experiential sys-

tem. Early systems were predominantly instructional in nature often resem-

bling lecture-style explanations of concepts and materials related to culture and

3C[61]. Recent studies have transitioned more towards experiential methods

where learners are expected to participate and interact in actual conversations

in order to develop both cognitive and behavioral components often associated

with high 3C[25]. More sophisticated systems have found a medium between

instructional and experiential systems whereby the experiences are augmented
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with Intelligent Tutoring Systems (ITS) or context aids which provide “out of

body” explanations and rationale for various in-game situations and observa-

tions[90].

• Level of Immersion: The Level of Immersion factor addresses the level of re-

alism and fidelity of the learning environment. Specifically, this targets the

span of technologies available to deliver 3C content ranging from traditional

desktop or fixed screen delivery systems to modern highly-immersive Head-

Mounted Display (HMD) Virtual Reality (VR) systems. Given the novelty of

modern VR, few studies have investigated the added learning value of modern

VR delivery systems and this dearth has led to a burgeoning area of research

in this space.

• Agent Fidelity: This factor addresses the flexibility and adaptability of the au-

tonomous agents in the 3C DGBL. This can range from single string selec-

tion/response mechanisms all the way to complex agent-based models that

incorporate behavior states based on cultural theory.

Assessment and Evaluation

Many of the studies reviewed reported some form of quality assessment of the 3C

DGBL system in the study. The quality metrics used, however, span a wide range

of methods and types which, in effect, makes it difficult to compare the results of

various studies. In order to better examine the quality of proposed 3C DGBL im-

provements between studies, however, it is becoming necessary to make these com-

parisons and be able to draw conclusions that be used as the stepping stones for

future research. In this particular taxonomy, the following assessment factors are

described:
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• Self-Report vs Independent: Many of the common 3C measures that exist in the

literature are self-report surveys comprised of reflective assessments on one’s

beliefs and/or abilities[99]. Though these inventories have been used success-

fully in various applications, they have also been subject to scrutiny given their

susceptibility to biases[25]. On the other end of the spectrum, studies have also

attempted to use more independent methods of evaluating performance typi-

cally in the form of evaluative scores.

• Out-Game vs In-Game: Most of the 3C DGBLs evaluated in this review uti-

lize an assessment method that is outside of the game environment. Generally

these evaluations have been pre and post game assessments. It appears that the

primary reason for this is that the assessments conducted in the studies in this

review generally utilize existing inventories of 3C or are surveys to evaluate

game experience. Other domains have begun to investigate in-game scoring

methods in order to make an assessment while maintaining the sense of pres-

ence achieved by game environments.

• Explicit vs Implicit: Traditionally, explicit inputs interpreted as ‘decisions made’

have been used to evaluate performance in 3C DGBLs and most learning ap-

plications for that matter. The proliferation and cost-efficiencies achieved by

physiological measurement devices, however, have opened up opportunities

to make assessments implicitly based on these physiological responses. Until

recently these devices were only available in academic and commercial labora-

tories, but as of 2014, consumer display devices are incorporating physiological

measurements such as eye-tracking in order to augment user experiences. This

additional data source has been used in various DGBL applications though no

research was found with respect to 3C DGBLs specifically.
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2.5 Review of 3C DGBL Systems

The above criteria and taxonomy are applied to seven unique research efforts that

have generated and evaluated 3C DGBL systems to varying degrees over the past

decade. Initially, each product and research effort is summarized. Following the

summary is a categorization of the products research history based on the above

taxonomy. Other research efforts listed at the end of this section were also discovered

through the literature review though they lacked adequate detail in development or

assessment to be considered in this taxonomy.

Elect BiLat

In 2006, through a collaboration between the U.S. Army Research, Development,

and Engineering Command and the University of Southern California Institute of

Creative Technologies, a cultural game called Elect BiLat was created[65].

The objective of this game was to allow soldiers to practice cultural engagements

specifically in the case of bilateral negotiations. Though the story lines and char-

acters are fictitious, they are derived from anecdotes of real situations that soldiers

reported engaging in. The game objective is for participants to interact with in-game

characters to achieve predefined objectives. As an example, a soldier may be re-

quired to meet with a local government official in order to convince him or her to

change local laws, or to ask him or her about why a particular decision was made.

Given that the game is designed specifically for customs and behaviors of Arabic

countries, game participants are expected to navigate through customs, norms and

various cultural expectations in order to meet their objectives.
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The game is a first-person style game designed specifically for traditional desktop

displays. The user interface is implemented as a dialogue selection menu screen

(see Figure 2.1 )[90]. In addition to the standard game dynamics, Elect BiLat is also

built with an Intelligent Tutoring System (ITS) designed to provide in-game real-time

feedback to user selections. This ITS is also developed with a model-scaffold-fade

algorithm to reduce the available feedback as the user becomes more proficient[90].

Over the course of Elect BiLat’s development, it underwent several experiments to

evaluate various parameters of the game. In 2013, Lane et al evaluated whether fi-

delity results in a difference in efficacy between a 2D version of the game and 3D

version of the game. They found that both versions performed equally. In the same

study, they also evaluated whether conceptual or concrete feedback was more effec-

tive and found that conceptual feedback resulted in better learning transfer[90].

The primary method of evaluating performance is a pre/post Situational Judgment

Test (SJT). This form of examination asks participants to review a scenario relevant

to the teaching objectives in the game and then select the most appropriate response

from a set of responses. Additionally, this study used an in-game score where the

final interaction with the in-game character was without any ITS. Participants that

made fewer errors in selecting behaviors were said to have performed better.

Second China Project

A team at the University of Florida developed the Second China Project as a means

for participants to learn about Chinese culture and how to interact with Chinese

nationals. The game is built using the Second Life gaming stack[140].

Variations of this game were created for the specific experiments that were con-

ducted, but the primary game was developed as a Multi-User Virtual Environment
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FIGURE 2.1: An in-game screenshot of Elect Bilat[90]

(MUVE) where participants navigate through multiple scenes. The game is played

in a first-person perspective on a traditional desktop screen. The physical environ-

ments of the scenes include a Chinese city square, a tea house, an outdoor park, and

a business office environment(See Figure 2.2). Artificially intelligent avatars also

referred to as “bots” help the participant navigate through the game by providing

instructional guidance as well as factual information regarding the specific scene in

which the avatar resides. The avatars are driven by finite state machines though

the nature and complexity of the states are not described in the published litera-

ture[28]. Given that the game is purely instructional, there is no means of evaluating

performance within the game itself which lends us to believe that the game is en-

tirely informative with little to no decision making by the player to exercise cultural

competence. In addition to the primary version of the game, a web-based narrative

version of the game was created for experimentation purposes[28].
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FIGURE 2.2: An in-game screenshot of the Second China Project[28]

The effectiveness of the game was evaluated through a pre/post-test using a mod-

ified version of the Intercultural Sensitivity Scale (ISS) self-report Inventory devel-

oped by Chen and Starosta[24]. The specific modification changed the ISS from being

being universal to all cultures to making it specific to Chinese culture. Participants

were initially administered the ISS prior to being exposed to the Second China game

as well as immediately following the completion of the game. Additionally, partici-

pants were again administered the same post test two weeks after the completion of

the experiment to evaluate any decay or memory effects.

In their experiment, the primary Second China project game was tested alongside

a less immersive web-based version of the game and found that the primary 3D

version had a greater effect on 3C as defined by the ISS. In this study, they also

found an interaction effect whereby those participants who were exposed to the 3D

version of the game and were male scored significantly higher[28][29].
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Cultural Awareness in Military Operations

A research group in Norway developed the Cultural Awareness in Military Opera-

tions (CAMO). The stated purpose of this research effort is to create a cost-effective

and adaptive cultural game environment to train military personnel for operations

abroad[114][132]. Unique to this effort is its emphasis on the execution of military

operations in cultural diverse settings targeting a set of learning goals identified by

the authors. The five overarching learning goals were identified as general mili-

tary tactics, communicating with gender types, understanding religious influences,

general social behaviors, and basic language skills[132]. The version of CAMO pub-

lished in the literature focuses operations in Afghanistan comprising of what is re-

ferred to as ‘mini-scenarios’ each associated with ‘cues’ or “perceptual elements of

the environment that influence the challenging decisions.[132]” Each mini-scenario

is characterized by an interaction with a local person. The interaction involves an

objective tied to each of the major learning goals of the game.

The game is developed within the Second Life gaming platform as a first-person

perspective game intended for traditional desktop screen playing(See Figure 2.3). In

order to achieve the stated objectives, each mini-scenario is designed as an interac-

tion between the game participant and an avatar. In this case, the avatar is driven by

a human role-player in order to facilitate dynamic and flexible conversations. The

human role-players are provided with a scripted aid to provide some level of con-

sistency between participants.

In terms of assessment, this research group conducted an experiment by having

cadets of the Norwegian Military Academy participate in the game. The cadets

played the role of the military forces entering the Afghan village while cultural ex-

perts played the role of the Afghan people within the village. The evaluation of the
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FIGURE 2.3: An in-game screenshot of the Cultural Awareness in Mili-
tary Operations project[132]

game was conducted two fold. First, the game was evaluated qualitatively through

post-game discussions around the various conversations that occurred in-game. In

this vein, the research group found that participants generally found the game to

be relevant and informative[114]. Secondly, the participants were administered a

Likert-scale based post-game survey to evaluate various aspects of the virtual game

environment. Though not entirely conclusive, these results suggested increased un-

derstanding of Afghan culture and culturally effective communication. Addition-

ally, participants found that more physical and perceptual realism would have in-

creased the learning value of the game though there were no future efforts published

in the literature exploring these findings.

Train for Virtually Every Locality

In collaboration with cultural expert Geert Hofstede[68], a research group developed

a multi-tiered agent based simulation called Train for Virtually Every Locality (Trav-

eller)[87]. The objective of Traveller is to provide an experiential pedagogical tool
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by which participants can learn about the affective and cognitive aspects of effective

cross-cultural communication and interaction. Specifically, the affective goal intends

to give users the ability to recognize emotional responses as possibly being cultural

artifacts or derivations of cultural artifacts. The cognitive goal intends to provide

cross-cultural context to similar actions. Since the user actions in a game are similar

between games, participants are able to see how various actions drive different be-

haviors in avatars depending on the cultural context in which the action is taken[87].

The development and implementation of this game has evolved and branched in

multiple research directions adding to the complexity and adaptability of the game.

At its core, the game is designed as a first-person perspective game developed in the

Unity3D game engine(see Figure 2.4). In the game, participants travel from country

to country interacting with various individuals in what are referred to as ‘critical

incidents.’ These ‘critical incidents’ are characterized by a specific objective that the

player is trying to meet and must do so by selecting a sequence of physical behaviors

and conversational responses. As an example, in one critical incident, participants

must ask for directions from a group of strangers at a bar[87].

The avatars in the game are driven by a modular affective state machine called

Fearnot Affective Mind Architecture (FAtiMA) developed by Dias et al[35]. At a

high level, this state machine takes in an event(i.e. a specific interaction with a par-

ticipant) and determines the impact of that interaction through an appraisal process.

This appraisal process then determines the type and magnitude of the impact and

updates the affective state of the avatar. The current affective state of the avatar is

then used to select the behavior and response back to the human player. In order

to incorporate a cultural component, a following research effort proposed the Social

Importance Dynamics (SID) model to provide input into the FAtiMA state machine.
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This model is based on Kemper’s theory of Social Importance[82] which is summa-

rized as the status that an individual places on another is related to the the degree to

which someone is willing to perform “the wishes, needs, interests of the other[96].”

in the SID model, this status is determined by cultural factors as prescribed by Hof-

stede’s Cultural Dimension model[66]. As an example, cultures with high power

distance would confer more Social Importance to those individuals who are more

superior in the power hierarchy of that culture[96]. The quantitative dimensional

scores developed through Hofstede’s research serve as inputs to drive the status

models of each agent[98]. Therefore, the simulation architecture of Traveller can be

adapted to accommodate any national culture that has been quantified through Hof-

stede’s dimensional research. Furthermore, synthetic cultures can also be developed

and implemented through this by artificially assigning scores to each of the six Hof-

stede dimensions[98]. Other excursions of this research have investigated various

verbal styles of the dialogue elements[97], gesture-based game interaction[87], and

the incorporation of an empathic element to the FAtiMA model[121]).

The primary experiment conducted with Traveller focused on whether the agent

models were positively viewed by participants from countries with comparable IDV

dimension scores[98]. Participants were recruited from Portugal and the Nether-

lands specifically for the large difference in the IDV dimensions between the two

countries as reported by Hofstede’s research[68]. Specifically, Portugal was reported

as the most collectivistic country in Europe whereas the Netherlands was reported as

the most individualistic country in Europe. Participants were the randomly assigned

to play either highly collectivistic or individualistic variations of the game. Follow-

ing the game, participants were administered a survey about their interactions with

the avatars in Traveller. The results from this experiment did not support their hy-

potheses and were largely inconclusive[98]. Despite a robust theoretical approach to
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FIGURE 2.4: An in-game screenshot of the Traveller project[87]

developing culturally-specific avatars, no other research was found providing em-

pirical evidence validating the game nor improving the cross-cultural competence of

the game participants.

America‘s Army Adaptive Thinking and Leadership system

Alongside the John F. Kennedy Special Warfare Center and Schoolhouse(JFWSWCS),

Sandia National Laboratories developed America‘s Army Adaptive thinking and

Leadership system. This serious game was intended to supplement classroom-based

instructional cultural training by giving participants the opportunity to practice cul-

turally diverse interactions in a controlled environment. As such this research effort

was born with the objective of developing a serious game to “exercise intercultural

competence and metacognitive agility.[118]”

This game was intended to mimic real world situations of special operations forces

in deployed locations and as such was developed in a Middle East setting. The
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premise of the game was a to resemble a military operation requiring intercultural

negotiations and high-stress decision making. Participants were required to interact

with non-US military forces, host country civilians, and various other non-US gov-

ernmental personnel to achieve a pre-defined objective[118]. Aside from consulting

with cultural experts, no other independent cultural or 3C theory was reported as

having guided the development of the game content.

In terms of the game dynamics, this was developed as a first-person perspective pup-

peteering system whereby most of the virtual avatars were human-controlled(See

Figure 2.5). Some of the lesser avatar roles were script-driven[118]. Participants

played the role of the US forces in the area while cultural subject matter experts

(SME) played the roles of the other human-driven avatars in the game. SMEs were

provided with general scripts to follow in order to guide gameplay, but given the

puppeteering aspect of the implementation, each iteration of the game varied based

on the performance and decision-making of the participants.

The method by which participants were evaluated was by independent real-time

Evaluator feedback. This method appears to entail the use of human raters that

are are observing the game in real-time and are evaluating specific time-stamped

interactions on a Likert-scale. Additionally, these raters also have the opportunity

to record notes and comments based on these observations. The specifics of this

method, however, were reported as being proprietary and the details which are not

reported[116].

User experience of the game itself was also evaluated through a post-game ques-

tionnaire whereby participants subjectively judged the experience to be ‘realistic’

and ‘engaging’[118]. As of this writing, no other evaluation of the game’s efficacy

was found in the literature.
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FIGURE 2.5: An in-game screenshot of the America‘s Army Adaptive
Thinking and Leadership system[118]

ICURA

Unlike the previous research efforts, ICURA is a serious game designed to teaching

specific elements of contemporary culture and cultural etiquette instead of target-

ing skills associated with cross-cultural interactions[109]. Though having cultural

knowledge is defined by several psychologists as contributing to general 3C, it is

typically viewed as a single component of many that make up the various theoret-

ical models of 3C[136][24]. As such, this game primarily targets the education of

Japanese cultural artifacts and the assessment conducted evaluates whether partici-

pants attained the specific knowledge of the artifacts.

In ICURA, participants play the role of a tourist who has recently come to Japan(See

Figure 2.6). The game is set in a fictitious Japanese town and the objective of the

participant is to navigate the town in order to find a specific person. Through this

journey, participants are presented with various cultural cues and artifacts linked to

various subgoals.
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The game is developed in the Unity3D engine as a first person perspective game.

Aside from the participant, all the avatars are controlled by scripted dialogues. Ad-

ditionally, the game includes an intelligent tutoring system that provides contextual

information about cultural norms, interactions, and artifacts[53].

A formal evaluation was conducted on both the efficacy of ICURA as a pedagogical

tool as well as its playability and usability. The evaluation on efficacy is conducted

with a custom 12 question test which was administered before and after the game

was played. Performance was measured by the difference of correct responses be-

tween the pre/post test. In their analysis, this research group found a significant

increase in performance from playing ICURA. Regarding the playability and usabil-

ity, a post-game survey found that participants found the game to be engaging and

enjoyable though some participants did comment that the game controls were not

intuitive[52]. In reflecting on the design and performance of the game, this research

group found that utilizing multiple teaching methods (i.e. interactive and instruc-

tional) led to varying degrees of effectiveness of the game[53]. Specifically, the con-

tent that required the participant to interact with it actively resulted in greater per-

formance gains.

Tactical Language and Culture Training System

Over the past decade, the Alelo Incorporation has been funded by various entities

to develop cultural and language education software. One of these systems is the

Tactical Language and Culture Training System(TLCTS). The TLCTS has multiple

objectives in training 3C as it attempts to teach participants cultural and basic lingual

skills simultaneously. This game combines classroom-like instructional lessons as



Chapter 2. Literature Review & Background Material 30

FIGURE 2.6: An in-game screenshot of the ICURA serious game[52]

well as an experiential serious game referred to as the Mission Game to practice the

lessons taught in the instructional materials[74].

Several variations of this game have been produced to target specific languages

and cultures to include Tactical Iraqi, Tactical Dari, Tactical Pashto, and Tactical

French[74]. In the instructional component referred to as the Skill Builder, partici-

pants are presented with explanations and supporting materials for cultural artifacts.

Within the Skill Builder component, participants are also able to practice basic lin-

guistic skills that would later be used in the interactive game elements of TLCTS(See

Figure 2.7). In the Mission Game, participants are expected to navigate a fictitious

town and interact with locals for the purpose of achieving predefined objectives such

as getting directions(See Figure 2.8). Unique to this research effort is the integration

of natural language processing to ingest actual human utterances to interact with the

avatars within the Mission Game.

The game is developed within the Unreal Game engine as a desktop screen game
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and has been programmed for a variety of inputs to include dropdown selections

for non-verbal gestures, human utterance detection as well as common navigation

through the game environment[75]. Despite the technical sophistication of the game

dynamics, it appears that TLCTS is a platform by which subject matter experts and

authors can build cultural content. As such, little is published regarding the content

and the content development methods utilized to build the various TLCTS prod-

ucts[75].

Though publications relating to TLCTS reference in-game performance evaluations

through quizzes and other mechanisms, the construct and mechanics of these meth-

ods were not found to be reported[75][74]. One study found that a majority of par-

ticipants “had acquired a functional ability in Arabic” and gave the Tactical Iraqi

TLCTS above average subjective ratings on a Likert-scale survey [74]. In an inde-

pendent assessment of the game, Surface and Dierdorff found TCLTS to be effective

in increasing Iraq Arabic speaking and listening skills though no reports an evalua-

tion of 3C were made[129].

Other efforts

Other notable efforts were also discovered in this literature review though these

studies lacked adequate detail in the available literature to be considered in this tax-

onomy. VECTOR, a cultural instructional game, places participants in a fictional

town in order to achieve various in-game goals such as finding a bomber and at-

tempting to stop him from hitting his next target[100]. Another product from the

Alelo Corporation line of products, Virtual Cultural Awareness Trainer(VCAT) presents

a curriculum which targets the knowledge, skills and attitudes (KSAs) of effective in-

tercultural communication(See Figure 2.9). Similar to TLCTS, VCAT also includes an
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FIGURE 2.7: An in-game screenshot of the Tactical Iraq TLCTS Skill
Builder[74]

FIGURE 2.8: An in-game screenshot of the Tactical Iraq TLCTS Mission
Game[74]

instructional and an experiential component which work in tandem to meet specific
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FIGURE 2.9: An in-game screenshot of VCAT[76]

learning objectives. Despite the relevance of VCAT to this literature review, there ap-

pears to be a lack of VCAT specific development details and any evidence of formal

assessment/evaluations in the literature[76].

2.6 Summary of 3C DGBL Systems

Despite the multitude of research efforts in the area of 3C DGBL Systems, this liter-

ature review has shown a lack of organization and iterative direction with respect

to these efforts. The purpose of this section is to organize and characterize several

dimensions by which the previously described research can be categorized. In do-

ing so, I hope to substantiate and motivate potential directions of research some of

which are addressed in this dissertation. This taxonomy is by no means an attempt

to draw conclusions regarding the efficacy of the various spectra defined below but
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FIGURE 2.10: The Learning Methods used by the 3C DGBLs reviewed

an attempt to identify which factors have and have not been investigated. Addition-

ally, the spectra presented are meant to serve as relative scales between the works

presented.

Development

• Learning Method(Figure 2.10): Given the nature of the works investigated as

well as the theoretical shift from instructional to experiential methods for 3C

development[61], all of the works are either purely experiential or are hybrids

between pedagogical methodologies. For the hybrid products, the main area

of difference was between whether the instructional material was intertwined

within the construct of the experiential component or whether the instructional

and experiential components were entirely separate. The Second China project

is an example where both methods are intertwined within the game environ-

ment and as such the participant is not removed from the immersive expe-

rience when the instructional content is presented[44]. On the contrary, the

TLCTS separates the two environments such that the participant oscillates from

an instructional mode where the cultural artifacts are presented and the Mis-

sion mode where the participant can experientially practice the target skills[75].

• Level of Immersion(Figure 2.11): Based on the time frame in which these games

were developed, all of them were designed for desktop screen-based gameplay

and, as such, this dissertation presents the first work where a 3C DGBL system
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FIGURE 2.11: The Immersion Levels of the 3C DGBLs reviewed

is built for the HMD VR environment. Within the desktop environment, how-

ever, there were two levels of immersion that are identified. The first level

can be described as non-Navigation meaning that participants are not in full

physical control of their characters or avatars. In these systems such as Elect

BiLat and Traveller, the game mechanics only allow participants to select con-

versational elements related to interactions. In the other games reviewed, par-

ticipants are allowed to explore the environments in which they are located

potentially allowing for a more immersive experience.

• Agent Fidelity(Figure 2.12): This factor is displayed on a single dimension

though it may not necessarily be appropriate to consider along this spectrum.

This factor attempts to capture the autonomy and realism of artificial agents.

On one end of the spectrum, America’s Army is developed with human-controlled

avatars that allow for realistic and dynamic interactions though this methodol-

ogy is not nearly as scalable as a scripted or model based architecture. Games

such as Elect BiLat rely on selections from a finite set of inputs which result in

a scripted set of known and predictable outputs[90]. Though this implementa-

tion is the most predictable and cost-effective to implement it is by no means

dynamic and flexible as are real conversations. In an effort to expand the adapt-

ability and fidelity of the interactions, the Traveller project uses agent-based

state models to track an affective state of the agent as well as keep a memory

of previous interactions in order to maintain a relationship between the avatar

and the participant[98]. Though creating culturally realistic fully autonomous
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FIGURE 2.12: The Agent Fidelity of the 3C DGBLs reviewed

FIGURE 2.13: Whether the participants’ performance were assessed by
self-report or independent evaluation methods

conversational agents requires much more research, the work by Mascarenhas

et al takes a step in that direction[98].

Assessment and Evaluation

• Self-Report vs Independent(Figure 2.13): In the games that were reviewed, it

was found that various types of methods of evaluation were used to evaluate

participant performance. In the case of Elect BiLat, pre/post Scenario Judg-

ment Tests were used[90]. The Second China Project used a pre/post admin-

istration of the IDI[44]. America’s Army used SME evaluations of individual

performance[118]. For validation of the games, all of games reviewed relied

on participant surveys to validate playability, usability and general sentiment

towards the game.

• Out-Game vs In-Game(Figure 2.14: No games evaluated were found to have

an entirely in-game assessment method to determine changes in 3C or related

performance. The America’s Army project did, however, use in-game subjec-

tive evaluations and annotations by SMEs of specific interactions which was
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FIGURE 2.14: Whether the participants’ performance were assessed by
In-Game or Out-Game evaluation methods

FIGURE 2.15: Whether the participants’ performance were assessed by
their explicit or implicit actions

then reported to the participants as part of qualitative feedback[118]. TLCTS

also evaluated in-game responses as a part of their participant performance as-

sessment though the specific methodology by which that was conducted was

not reported in the literature[75].

• Explicit vs Implicit: All the games reviewed assessed participant performance

through some form of explicit measure of performance. This is to say that what

was assessed was the outcome of a decision that was made by the participant

whether it was a decision by the participant to respond to an avatar or by a par-

ticipants self-evaluation of performance. The America’s Army project, how-

ever, did mention that the decision-making processes were discussed in the

after-action review sessions, though they were not explicitly evaluated[118].

Areas of Research

Through this review and taxonomy of existing research and the taxonomy under

which they were evaluated, several notable areas of needed investigation are appar-

ent. Specifically in the area of game development, investigation into whether highly
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immersive display media have an effect on the quality of the learning experience in

3C DGBLs. Other domains have found positive results when teaching various skills

and topic in more immersive environments[4][141]. In the area of DGBL assessment

methods, in-game and implicit measures of performance are areas of investigation

for future research. Hypothetically, in-game measures could provide insight into de-

velopmental performance such as learning rates. Additionally, with the proliferation

of physiological measurement devices, it would seem worthwhile to investigate the

use of implicit measures of performance to gain better understanding of 3C related

cognitive processes and decision making.

In summary, this literature review highlights a number of areas that have yet to

be explored in the area of 3C DGBL systems and motivates some of the research

presented in this dissertation.
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Chapter 3

A Design Process for Cultural

Dimension-Based Simulations

This chapter is based on an article published as a conference article at the 2017 International
Conference on Social Computing, Behavioral-Cultural Modeling & Prediction and Behavior
Representation in Modeling and Simulation.

Cross-Cultural Competence (3C) has been identified by both corporate and military

establishments as a necessary requirement for success in both modern business and

military operations [55][108]. DoD Instruction 5160.70, Management of the Defense

Language, Regional Expertise, and Culture (LREC) program, identifies regional ex-

pertise and culture as mission critical competencies for the Defense LREC program.

Specifically, the Department of Defense (DoD) has recommended the creation of a

developmental model for 3C expertise that prescribes the progression of competency

development [101]. For this reason, we developed an objective and quantifiable

means of measuring cultural competence through the adoption of Cultural Dimen-

sion Theory and an avatar-based simulation. This chapter describes exploratory sur-

vey results to identify the applicability of Cultural Dimension Theory. Additionally,

this chapter discusses the Cultural Simulation Design Process which incorporates

Cultural Dimension Theory in a simulation intended to measure 3C.
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3.1 Cultural Dimension Theory Applicability

In an effort to determine the applicability of Cultural Dimension Theory as a means

of measuring the Cross-Cultural Competence of DoD personnel, we conducted a

perspective-taking survey of United States Military Academy (USMA) cadets. Seventy-

four USMA cadets whom had recently returned from semester exchanges were sur-

veyed. Given the extensive language and cultural training that the cadets had re-

ceived in preparation for their exchange programs as well as during their time abroad,

our intention was to determine if the cadets identified differences between their own

cultural and that of their exchange program consistent with the findings of Hofst-

ede’s research[67].

Objective

The objective of this survey was to determine whether the cadets’ perceived cultural

differences were consistent with the published Hofstede’s Cultural Dimension stud-

ies of the same countries. Similar methods have been used in other cross-cultural

studies with mixed results though no studies were found to have used the Hofst-

ede’s Values Survey Module 2013 Inventory in this fashion[64].

Method

All the cadets were administered Hofstede’s Values Survey Module 2013. Once

complete, the cadet’s were immediately administered the same survey with the in-

struction to answer the questions as they would expect the people in their exchange

country to respond. The cadet semester exchange countries were concentrated in

five countries (Taiwan, France, Germany, Mexico, Brazil). All the cadets designated
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American as their primary culture. They were not given any descriptive information

about the specific dimensions.

Results

Fig 3.1 depicts a comparison between the difference of means observed in this study

and the difference of means observed in the published Hofstede results of the same

countries. The scales of each of the dimensions from the higher values to the lower

values are as follows: High to Low Power Distance, Individualistic to Collectivistic,

Masculine to Feminine, High to Low Uncertainty Avoidance, Long-Term to Short-

Term Orientation, Indulgent to Restraint. The numeric scale in Fig 3.1 is the abso-

lute difference between the mean score of the USMA cadets and the mean scores as

published in previous Hofstede publications. This is intended to show whether the

observed difference of means in this study trend in the same direction as Hofstede’s

results.

Discussion

In examining Fig 3.1, twenty-four of the thirty calculated cultural dimensions span-

ning the five countries trended in the same direction as that of Hofstede’s published

results. However, a couple notable dissonances were observed as described in this

section. Though several hypotheses are proposed below for these dissonances, we

are unable to definitively explain the root cause without further investigation.

In the case of Taiwan, we observed that the survey participants’ perceptions of Tai-

wan were generally more masculine than feminine in contrast to the more neutral

perspective reported in Hofstede’s work. Other studies have replicated the result
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FIGURE 3.1: Comparison of USMA results and Hofstede results for
mean difference

we observed [146][43]. Wu et al. explained the difference due to the rapid change in

the U.S. workforce and gender roles since Hofstede’s results were published which

in turn would change the comparative result.

Another notable difference was in Power Distance for France. Through discussions

with the participants, it was noted that they observed a less rigid rank structure

among the French military than what they were accustomed to at USMA. This may

be more representative of French military culture rather than French culture as a

whole.

This result lends some evidence that the cultural dimensions can be correctly per-

ceived which presumably would allow an individual to better interpret behaviors

and respond accordingly. To provide further support to this conclusion, we plan to

correlate these findings to established self-report measures of 3C.
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3.2 Cultural Simulation Design Process

Previous iterations of this research[107] and other related efforts have not attempted

to incorporate Cultural Dimension Theory into their simulation design processes. As

such, these simulations failed to present the users anything beyond rudimentary or

superficial cultural interactions. As an evolution of the previously developed avatar-

based cultural training simulation[107] and the results of the USMA study, this re-

search effort systematically incorporates the previously discussed Cultural Dimen-

sion Theory into the simulation design process to address DoD requirements[101].

Overview

The Cultural Simulation Design Method extends existing Human-Computer Inter-

face (HCI) design principles as described in other simulation design efforts[117]. The

specific addition uses Cultural Dimension Theory to influence the development of

the branched dialogues in order to increase the efficacy of the pedagogical value and

assessment of the simulation. In doing so, it presents players of the simulation to

inductively learn the existence of the cultural dimensions which we hypothesize can

increase the players Cross Cultural Competence.

Dimension Selection

In order to determine which Cultural Dimensions could be used to evaluate cross-

cultural competence, we first determined the participant’s most affiliated culture as

well as the target assessment culture of the simulation. As an example, a participant

considers himself most closely aligned with American culture and the simulation is

designed to reflect Chinese culture.
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We then determined which Cultural Dimensions were the most different between the

participant’s culture and the simulation culture. Hofstede’s previous work shows

that Power Distance, Individualism, Long-Term Orientation, and Indulgence have

the most notable differences[66]. From these remaining dimensions, a subset was

selected as the target dimensions in the simulation.

Dialogue Generation

In-game branched dialogues with avatars are the sole means of progressing through

the simulation. These dialogues are contextually developed based on a predeter-

mined storyline.

In response to an avatar, participants must select a response from a list of predeter-

mined responses. The spectrum of these responses is crafted to capture the spec-

trum of the target cultural dimension. This methodology is repeated throughout the

entirety of the dialogue trees in order to maximize the number of times a cultural

dimension is exposed to the participant.

Cross-Cultural Competence Assessment

Given the integration of Cultural Dimensions into the dialogue structure, cross-

cultural competence is assessed based on the number of culturally appropriate re-

sponses selected. We hypothesize that one’s ability to recognize and respond to the

appropriate cultural dimensions is reflective of a higher cross-culture competence.
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Simulation Development

Using Unity3D as the simulation development engine and the previously described

design process, we developed a five scenario simulation set in a Chinese university.

The initial background model was purchased from the Unity3D marketplace and

was subsequently tailored for our storyline. The avatars were each individually de-

veloped in Blender and Mixamo Fuse. Using the Pixel Crushers Dialogue System,

we created branching text/voice dialogue trees.

3.3 Conclusion

This project builds upon previous work[107] to assess and improve a soldier’s cross-

cultural competence through the use of avatar-based simulation systems.

The Cultural Dimension survey of USMA cadets provides initial validity to the use

of Cultural Dimensions to measure cross-cultural competence. Additionally, the

novel Cultural Simulation Design Process introduces a systematic methodology to

develop cultural simulations grounded in current theory.
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Chapter 4

Development and Evaluation of a

Cultural Game

This chapter is based on an article submitted to be published as a journal article in the IEEE
Transaction for Learning Technologies Journal.

Modern globalization has made possible an unprecedented potential for interna-

tional communication and cooperation between policymakers, militaries, and busi-

nesses. As a result, it has become increasingly important for effective politicians,

soldiers, and businessmen/women to acquire Cross-Cultural Competence (3C) de-

fined by the Department of Defense (DoD) as the “set of knowledge, skills, and af-

fect/motivation that enable individuals to adapt effectively in cross-cultural envi-

ronments[55].” As such, the DoD and many multinational corporations have spent

considerable resources developing methods to train and assess the 3C of their per-

sonnel with varying degrees of success.

These investments have led to various training methods and developmental mea-

sures. The field of Cross Cultural Competence Psychology has surfaced various in-

ventories though research in developmental measures is in its infancy.
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The training methods have continuously evolved though one method that has gained

significant traction due to its cost effectiveness and recent technological sophistica-

tion has been virtual immersive serious games. Virtual immersive serious games

have long been used for training and assessment purposes for military personnel in

combat situations as evidenced by several commercially available simulation devel-

opment platforms such as Virtual Battlespace [107]. The agility and adaptability of

these systems have successfully been used to replicate physically demanding and

emotionally stressing situations in order to prepare soldiers for combat situations.

While many research efforts have identified frameworks to address various aspects

of game development, few have proposed dialogue creation frameworks specific to

the area of cross cultural competence[116].

This study presents a novel framework to generate culturally relevant content and

dialogue for the purpose of teaching cultural dimensions and culturally appropri-

ate communication. This framework leverages fundamental cultural differences ex-

plained by Cultural Dimension Theory defined by Geert Hofstede as the “effects of

a society’s culture on the values of its member, and how these values relate to behav-

ior[68].” By exposing participants to the spectrum of a cultural dimension instead

of explicitly teaching appropriate behaviors, we hypothesize that participants will

be better equipped to generalize their training to situations beyond those specifi-

cally presented to them. Though some studies have incorporated various degrees of

Cultural Dimensions into game designs, we have not found any studies that explic-

itly tie Cultural Dimensions to each dialogue interaction as shown in this study[98].

We present the results of an evaluative experiment of a game developed using this

framework showing that this framework has the potential to be used to inform the

development of cross-cultural content for the purpose of higher-level 3C education

and assessment.
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4.1 Background

Virtual Immersive Game Development

Since the introduction of computer-based games, researchers have attempted to cod-

ify game design methods and best practices to achieve the greatest user experience.

Early researchers developed high-level theoretical frameworks to achieve a “sense

of immersion“ or “sense of presence” in virtual environments [123].

As gaming media and the technological sophistication of gaming environments has

evolved, it has become necessary to refine the design process specific to the domain

in which it was being applied. With the formalization of serious computer-based

games, a wide range of studies have been conducted to evaluate the efficacy of these

games and, subsequently, develop specific guidelines and frameworks to improve

the gaming and pedagogical experience[104][9][95][106]. Each of these frameworks

proposes different approaches to game design, but fundamentally all the guidelines

and frameworks revolve around increased immersiveness, adaptive complexity, and

relevant gameplay/interactivity. As useful as these frameworks are to serious game

designers, researchers have continued to increase the specificity of design methods

to game genres.

In the area of socio-cultural games, an inherent design consideration is the way in

which culture is personified and exemplified in the in-game characters and the vir-

tual environment. In the case of serious games targeting factors related to 3C educa-

tion and growth, this becomes increasingly important. Several research groups have

identified guidelines to develop culturally accurate persona and interactions. Ray-

bourn introduced the "Designing from the Interaction Out" and a subsequent evolu-

tion to this method called the "Simulation Experience Design Framework"[116][117].
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These methods emphasize four factors that should be considered together to engen-

der a culturally rich experience. These four factors are (1) the type of communica-

tion (2) the physical place or context (3) the narrative/scenario and (4) the emergent

culture as a result of the communication. Despite the particular relevance to the

socio-cultural domain of serious games, this framework lacks specificity regarding

the implementation of cultural factors in order to recreate culturally accurate and

enriching gaming experiences.

Specific to the virtual agents, various researchers have focused on both cognitive

models and behavior models to explain and define an agent’s in-game responses

and interactions.

Jan et al. propose a gaze and proxemics-based model addressing specific cultural dif-

ferences [71]. Focusing on verbal communication, Mascaranehas et al. investigated

the use of verbal style and tonality to exemplify cultural differences [97]. Specifi-

cally, the authors generated video clips of a dialogue sequence spoken in various

verbal styles exemplifying various Hofstedete Dimensions. Participants were asked

to rate each of the video clips for cultural appropriateness. The results showed mixed

agreement between the culture of the participants and the cultural dimensions ex-

emplified in the video clips.

Culturally specific cognitive models, however, have drawn much more research

attention. For decision-making and negotiation, the Culturally-Affected Behavior

(CAB) model ties explicitly coded cultural norms and behaviors to a task-oriented

model[127]. The CAB model leverages a Theory of Mind implementation wherein

the human participant ascribes a belief model to the avatar to whom he is interact-

ing. As a user interacts with the avatar, each interaction updates the task probability

model and provides feedback to the user through positive or negative responses.
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More recently, Mascarenhas et al. proposed the Social Importance Dynamics (SID)

model which operationalizes Kemper’s Status Power Theory, the notion that all so-

cial activity is motivated by status and power[82][98]. In this model, all actions claim

or confer social importance between agents. The magnitude of the claim or confer-

ral is determined by a cultural modifier that is determined by Hofstede’s Cultural

Dimension Theory.

Gender and 3C

Though 3C has generally been considered a skill set attainable by both genders, stud-

ies have shown that females report higher 3C or more often exhibit personality traits

consistent with higher 3C [34][69] [73]. Many of these studies show single snapshots

in time though recent studies begun to report similar gender differences in longitu-

dinal developmental studies with mixed results[29][19][7]. Given the body of work

suggesting that females either report higher 3C or exhibit relevant personality traits,

we also hypothesize a gender difference in 3C growth derived from game perfor-

mance.

Inductive(Implicit) Learning

Learning is considered deductive or inductive when learners do or do not receive

information concerning the foundational rules of inputs, respectively[39][143]. In the

fields of education and cognitive psychology there continues the debate of whether

inductive or deductive learning is more effective.

The body of work with respect to inductive and deductive learning of culture or 3C is

extremely limited and, as such, we turn to the research associated with Second Lan-

guage Acquisition(SLA) given its relationship to 3C[112]. Reber’s seminal work in
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learning an artificial language investigated the effects of both explicit(deductive) and

implicit(inductive) learning and found that implicit learning was more efficient for

complex concepts. Additionally, Reber found that implicit learning leading to tacit

knowledge resulted in more accurate decisions when novel stimuli were introduced

and had much less individual variability as compared to explicit learning[119]. More

recent works have also built upon Reber’s work finding that implicit or inductive

learning can improve performance and retention though research in this area is far

from definitive [138][41]. This area of research continues to be extremely active as

other research efforts have also found contradictory or mixed results[23][131].

Given the promising findings in inductive learning in SLA, however, we have chosen

to adopt this learning methodology in our framework.

4.2 Cultural Dimension Design Process

We built a game design and development framework that leverages Hofstede’s Cul-

tural Dimensions in each user interaction in order to facilitate 3C development.

Researchers have indicated that this may be foundational to cross-cultural compe-

tence though few have attempted to systematically integrate them into a serious

game[48][21].

Overview

Our framework extends existing Human-Computer Interface(HCI) design principles

as described in other simulation design efforts[117]. Importantly our framework
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uses Cultural Dimension Theory to influence the development of the branched dia-

logues in order to increase the efficacy of the pedagogy and assessment of the simu-

lation. The framework is detailed below:

Select Target Training Culture and Trainee’s Culture

We first determine the participant‘s most affiliated culture as well as the target train-

ing culture of the simulation. As an example, a participant considers himself most

closely aligned with American culture and the simulation is designed to reflect Chi-

nese culture. A problem with many cultural serious games today is that they portray

the training cultures in the same way regardless of the trainee’s background. Stud-

ies have shown, however, that cultures are viewed uniquely through the lens of the

person who is viewing a foreign culture[68][66]. Therefore, it would seem prudent

that 3C education systems target the values with the greatest disparity between the

trainee and the target assessment culture.

Identify Discriminating Cultural Dimensions

Subsequently, we use existing Cultural Dimension research to identify the most

discriminating Cultural Dimensions between the Target Training Culture and the

Trainee’s Culture. Several lines of Cultural Dimension research can serve as the

foundation for this determination but for our research, we use Hofstede’s frame-

work given its extensive history and empirical validation [94][68]. Hofstede pro-

poses a formulation that normalizes the dimension scores of each country on a scale

from 1 to 100[67]. Using this scale, many research groups have used various thresh-

olds to determine discriminating thresholds though several studies have used an ap-

proximate difference of 40 points to be considered a large difference[105][147]. For
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this reason we used a threshold of a 40 point difference to determine discriminat-

ing differences between countries. As an example, in the case of a simulation being

designed for American trainees learning Chinese culture, Hofstede’s research has

shown that Power Distance, Individualism, Long-Term Orientation, and Indulgence

are the most discriminating cultural dimensions[66]. Therefore, these dimensions

were implemented into the simulation.

Derive Context and Game Situation

The Cultural Dimensions alone are not adequate to develop a game situation that

captures these dimensions in a contextually relevant way as they represent abstrac-

tions of cultural differences. Therefore it is important to identify and contextualize

real behaviors where these dimensions could manifest. This can be accomplished in

a variety of ways though being in a university setting, we were able to conduct fo-

cus groups of subject matter experts (SME) consisting of foreign language professors,

exchange students, and linguistic experts. Participants were asked about culturally

difficult situations or stress points in their home countries or in abroad experiences.

Additionally, they were asked to hypothesize any underlying reasons for these expe-

riences and relate them to specific Cultural values or dimension. As an example, the

derived context of high respect for positions of authority (e.g. professors and elders)

was most often linked to Power Distance as the underlying Cultural dimension.

Develop an Adaptive Storyline and Dialogue Trees

In general, developing a believable interactive story is critical to achieve a sense of

place and elicit realistic user behaviors[33]. This is no different for this framework,

though this step provides specificity as to how this story needs to be developed to
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achieve the pedagogical value of a cultural serious game. The story line and plot

must be culturally relevant. Ideally, this relevancy can be established through focus

groups or direct access to SMEs in the previous phase, but, at a minimum, through

a thorough review of the literature[118].

Through thoughtful consideration and design, the storyline allows for a set of in-

teractions and experiences across the spectrum of the Cultural Dimensions that are

being targeted. Specifically, the user dialogue options must be deliberately created

to span the spectrum of a Cultural Dimension. The purpose of this is to give users

the opportunity to inductively learn a dimension. This would then allow the user to

extend this knowledge to other instances of dialogue where a similar dimension is

presented. Figure 6.2 shows an example of a Chinese greeting. In this example, the

greeting options are presented across the spectrum of the PDI dimension with the

far left being the highest PDI and the far right being the lowest PDI.

Replicating this spectrum through the dialogue is critical to giving the user several

opportunities to intuit the existence of this dimension and ultimately to use this

knowledge in novel situations. The number of times that it is replicated is depen-

dent on the number of dimensions being addressed in the serious game and the total

duration of the story line.

Finally, it is highly recommended that these dialogue trees are made in the native

language of the culture that is being targeted. This, obviously, is dependent on the

linguistic skills of the trainee population, but in many societies, previous research

has shown that culture and language are inseparable and thus conveying a value

system is most effectively done in the native language[63]. See Appendix A and

Appendix B for full scenario dialogue trees.
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FIGURE 4.1: Greeting dialogue options across the PDI dimension for a
3C game for Chinese culture (English Translation)

Evaluate and Iterate

Given the subjective nature of the development of the dialogue trees, an independent

evaluation step is imperative. This evaluation step is intended to validate the degree

of to which each dialogue option is considered to be appropriate or inappropriate

within the context of the targeted Hofstede dimension. This can be achieved in a

variety of ways and will likely be dependent on available resources. We have chosen

to use interrater reliability, κ, as a means of assessing dialogue validity[125] .

Chinese Cultural Dimension Training System (CCDTS) Develop-

ment

Using Unity3D as the simulation development engine and the previously described

framework, we developed a five scene simulation placed in a Chinese university.

The initial background model was purchased from the Unity3D marketplace and

was modified for this use case. The avatars were each modelled and developed in

Blender and Adobe Mixamo Fuse. Figure 4.2 shows a depiction of the Classroom

scene.
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Using the Unity3D plugin Pixel Crushers Dialogue System, we created a branching

text and voice dialogue tree for each scene. The addition of the recorded voice to

the dialogue trees was critical given the importance of tone in the Chinese language.

In each scene, the player was required to navigate a conversation with a non-player

character through the selection of responses in the branching dialogue tree. In or-

der to mitigate against the likelihood of correctly guessing responses, most of the

dialogue sets included 4 to 6 options to select. To provide a sense of scale, the dia-

logue tree for each of the five scenes ranged from 15 to 25 unique interactions. The

approximate play time for the entire game was estimated to be 45 minutes.

In order to support an equal weighting of each cultural dimension to the final score,

our dialogue trees were created so that each dimension was presented to the player

an equivalent number of times. In doing so, the final game score of the participant

represented an equally weighted aggregation of each of the dimensional scores of

the participant.

The storyline of this game is to complete a student project and work with peers and a

professor in a Chinese university setting. The group project is assigned during class,

discussed over lunch and in the library, and finally the student visits office hours to

clarify questions individually with their professor. Key interactions include address-

ing new people, discussing American and Chinese stereotypes, respectfully interact-

ing with authority figures, navigating conversations with peers on uncomfortable

topics, and scheduling social gatherings with familiar and unfamiliar classmates.

We also incorporated a feedback system into the first three scenes to provide feed-

back to the participants on their dialogue choices. This feedback system provided

cultural context as to why a dialogue selection was culturally appropriate or inap-

propriate. The feedback system did not provide explicit references to cultural di-

mensions but rather to the context of the specific interaction. An example of this
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TABLE 4.1: Hofstede Dimensions represented in each Scene

Scene Hofstede Dimensions

Classroom Power Distance, Collectivism, Restraint

Hallway Long-Term Orientation, Restraint

Canteen Long-Term Orientation, Restraint

Library Long-Term Orientation, Restraint

Office Hours Power Distance, Collectivism

feedback is shown:

Avatar Response: 你好，我是李敏，是和你一组的不知道你今天晚上六点有空

吗？ (English translation) Hello, I’m Li Min. We are in a group together. Are you free this

evening at 6 pm?

Player Response: 应该不行。(English translation) No, that won’t work.

Feedback: Being so direct when declining an offer can damage long-term relationships

The final two scenes served as test environments and the feedback system was dis-

abled. Table 4.1 indicates which cultural dimensions were addressed in each scene.

Classroom

The classroom scene simulates a conversation with a familiar peer beginning with

general small talk and also to set up a meeting time to work on a collaborative assign-

ment. The objective of this scene is to familiarize the participant to the simulation

dynamics.
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Hallway

The Hallway scene simulates a conversation with an unfamiliar peer with regards to

negative cultural stereotypes and other often difficult discussion topics. This scene

exposes the participant to difficult conversations whilst exercising the use of formal-

ity in the Chinese language.

Canteen

The Canteen scene also simulates a conversation about stereotypes but this time with

a familiar peer. This scene attempts to capture linguistic differences when conversing

with a familiar versus an unfamiliar peer.

Library

The Library scene simulates a conversation about the project discussed in the Class-

room scene. As the first test scene, this scene revisits dialogues exercising the previ-

ously exposed Cultural Dimensions.

Office Hours

The Office Hours scene simulates a formal conversation with a professor to get as-

sistance with an assignment. This scene also revisits target Cultural Dimensions for

the purpose of assessment.
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FIGURE 4.2: In-game Library scene with Mandarin Dialogue

4.3 Cultural Dimension Design Process Case Study

In order to demonstrate the use of the previously described framework, we con-

ducted an experiment to evaluate user performance after having been exposed to a

training game developed with this framework. Prior to the experiment, the dialogue

validity was attained through a multiple rater evaluation leading to an interrater re-

liability calculation reported in previous work [14].

The experimental design of this study was a 2 (Game Exposure) x 2 (Gender) mixed

factorial design. Both factors were between-subjects factors. Language skill in Chi-

nese was applied as a blocking variable given the growing body of research showing

correlations between language skill and 3C[89][40]. The two Game Exposure factor

levels were the control group and the trained group where the trained group was

exposed to the full game. Given previous findings supporting differences in 3C,

gender was also evaluated[29][19][7]. A randomized block design was used to as-

sign subjects to either the control group or the test group[86].

The independent variables considered were each of the four Cultural Intelligence

factors developed by Ang et al.[8], demographic information, language skill, and
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test group. The dependent variable was an in-game score based on the appropri-

ateness of the subject’s in-game selections. Cultural Intelligence was considered as

an independent variable to serve as a way to assess the subjects’ inherent cultural

competence prior to exposure to the game. Given that the experiment was intended

to measure performance growth from the game, it was important to capture each

subject’s natural 3C. The heritage and validity of Cultural Intelligence are described

below.

In summary, this experiment was designed to address the following high-level ques-

tions. Does a game designed using the 3C Game Design Framework result in a more

profound understanding of cultural differences? Does this understanding result in

better performance, consistency, and applicability in new situations?

Hypotheses

The hypotheses of the research are described below.

H1: Subjects exposed to the CCDTS will score higher than subjects without training

when controlling for Cultural Intelligence.

H2: The scores of subjects exposed to the CCDTS will have a smaller variance than

the scores of subjects without training.

Game

The test group was exposed to all five scenes with the first three acting as the training

scenes and the last two acting as the evaluation scenes as depicted in Figure 4.3.

Using an in-game ITS, the subjects were provided feedback in the first three scenes

as to the appropriateness of their in-game selections. The feedback provided was
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FIGURE 4.3: Depiction of Experimental Design

specific to the dialogue selection and made no reference to the cultural dimension

being presented nor the concept of cultural dimensions in general.

The control group was presented with a narrative description of the first three scenes

in order to provide context to the story line. The narrative description was neces-

sary as each of the scenes built sequentially upon each other. Once the subjects had

completed reading the descriptions, they were presented with the last two in-game

scenes (Library and Office Hours) which served as the evaluation. Ideally, we would

have had a second control group that played a similar duration game but without

a cultural focus. This additional control would have helped identify whether game

performance was attributable to game play in general or specifically to the CCDTS.

Given our limited sample size, however, this was not feasible for this experiment.

Participants

Undergraduate students (N=25) were recruited from the Chinese language school at

the University of Virginia. Students who met the appropriate linguistic and cultural

knowledge were offered a $10 gift card. A requirement imposed on participants

was that they did not primarily identify as culturally nor ethnically Chinese. Ad-

ditionally, participants were required to have successfully completed a 2000-level

Chinese course and they were also not allowed to have learned Chinese as their first
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language. These requirements were a limiting factor to our participant population

since this demographic primarily existed in the language school.

Additionally, of the 25 participants, there were 10 males and 15 females. The partic-

ipant’s mean age was 20.67 and the median was 20.

Procedures

Each experimental session lasted approximately 0.75h. Each subject was first asked

to sign an informed consent, fill out a pre-test questionnaire, and was then presented

to the game. The pre-test questionnaire consisted of a demographic survey and the

Cultural Intelligence Inventory. Each experiment was held in a research lab and the

serious game was presented on a 28in. monitor where a computer mouse was the

primary input device. Prior to the start of the session, each participant was given a

five minute tutorial on the game dynamics and an opportunity to become familiar-

ized with the interface. Based on the assigned test group of the subject, they were

either presented the full five scene game or a game narrative and the abridged two

scene game. Each subject was tested independently.

Measures

Cultural Intelligence (Independent Variable)

In addition to the test group in which a subject was assigned, we recognize that a

subject’s performance is also affected by inherent personality traits and natural cul-

tural competence which needed to be accounted for. To this end, a modified version

of the CQ Inventory was the selected measurement methodology given its growing

popularity and recent validation efforts[8][136][83]. The modification we made to
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the original inventory was to duplicate the Cognitive component of the inventory

whereby the duplicate version targeted knowledge of Chinese culture specifically.

An example of this modification is shown:

Original: "I know the legal and economic systems of other cultures"

Modified: "I know the legal and economic systems of China"

In-Game Score (Dependent Variable)

An in-game scoring methodology was generated during the development of the

CCDTS. During the evaluation scenes, each dialogue option that is presented to the

subject was assigned a numeric score from one to three based on the degree to which

it matched the spectrum of the cultural dimension being tested. The scores of each

response were derived from a SME evaluation of the dialogue responses[14]. Once

a subject completes an evaluation scene, the total points scored is divided by points

available and a percentage score is reported. The purpose of this normalization is

that based on the dialogue options selected each subject is presented with a different

number of dialogue instances resulting in varying degrees of maximum available

points. Each evaluation scene (Library and Office Hours) produced a score which

were assessed independently since each scene evaluated different cultural dimen-

sions as shown in Table 4.1.
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Data Analysis

The data analysis in this experiment was performed to primarily identify perfor-

mance gains of in-game score in each of the two evaluation scenes. Stepwise Multi-

ple Linear Regressions was used to determine if an adequate model existed by which

the in-game score could be predicted by the treatment group and some subset of the

independent variables. Ordinal variables were binary coded.

The objective of Stepwise regression is to achieve the maximum estimation power

of a model with the fewest number of independent variables. This selection can

be made based on various criteria, but the Akaike Information Criterion (AIC) was

used in this analysis[3]. The significance level of the resultant model and its respec-

tive factors were used to determine whether any other independent variables were

significant to predicting the in-game score.

Additionally, the variance of the in-game scores by treatment group was also an-

alyzed to assess the consistency of the training and results. An F-Test to compare

variances was performed as an indicator to capture potential ’guessing’ behaviors

resulting in artificially higher or lower scores.

Results

Overall, our results substantiated our hypotheses as described below. The indepen-

dent variables considered in the models shown in Tables III-VI are defined in Table

4.2.
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TABLE 4.2: Independent Variable Descriptions

Variable Description

Test Group Participant is in Test Group

Male Participant is Male

CQ Behavior Behavior Component Score of CQ

CQ Motivation Motivation Component Score of CQ

CQ Strategy Strategy Component Score of CQ

CQ Knoweledge(China) Knowledge Component Score of CQ

TABLE 4.3: Library Scene Stepwise Regression Model

Dependent variable:

Library_Score

Test Group 0.097∗∗

(0.032)

Male −0.093∗∗

(0.038)

CQ Behavior −0.043∗∗∗

(0.013)

Constant 1.107∗∗∗

(0.062)

Observations 15
R2 0.576
Adjusted R2 0.460
Residual Std. Error 0.055 (df = 11)
F Statistic 4.976∗∗ (df = 3; 11)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

Game Exposure effects (H1)

H1 stated that subjects exposed to the entire CCDTS would not score higher than the

control subjects. Stepwise selection produced the model in Table 4.3 for the Library

scene. This model has the treatment group as a significant factor as well as gender
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TABLE 4.4: Library Scene Stepwise Regression Model w/ All CQ Fac-
tors

Dependent variable:

Library_Score

Test Group 0.081∗

(0.037)

Male −0.086∗

(0.040)

CQ Motivation −0.012
(0.029)

CQ Behavior −0.038∗∗

(0.015)

CQ Strategy 0.047
(0.033)

CQ Knowledge(China) −0.043
(0.031)

Constant 1.124∗∗∗

(0.163)

Observations 15
R2 0.684
Adjusted R2 0.447
Residual Std. Error 0.056 (df = 8)
F Statistic 2.884∗ (df = 6; 8)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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TABLE 4.5: Office Hours Scene Stepwise Regression Model

Dependent variable:

Office_Hours_Score

Male −0.081∗∗

(0.033)

Constant 0.941∗∗∗

(0.019)

Observations 15
R2 0.319
Adjusted R2 0.267
Residual Std. Error 0.060 (df = 13)
F Statistic 6.089∗∗ (df = 1; 13)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

and the Behavior component of CQ. As a point of comparison, the model with all the

CQ factors is shown in Table 4.4. H1 is rejected for the Library scene with p < 0.05.

Additionally, a stepwise model was created to predict the Office Hours scene score

as seen in Table 4.5. Aside from gender, the stepwise procedure eliminated all the

factors in this model including the treatment groups. Table 4.6 shows the regression

model with all the CQ factors highlighting the lack of significance for any of the

independent variables. H1 was not rejected for the Office Hours scene.

Variance of Game Exposure effects (H2)

H2 stated that the scores of subjects exposed to the entire CCDTS would exhibit a

lower variance as opposed to the scores of subjects who were not. An F-test on vari-

ances shows a significant difference for the Library scene [F(6,7)=11.152, p = 0.00556).

For the Office Hours scene, there is no significant difference [F(6,7)=3.1793,p=0.1559].
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TABLE 4.6: Office Hours Scene Stepwise Regression Model w/ All CQ
Factors

Dependent variable:

Office_Hours_Score

Test Group 0.005
(0.046)

Male −0.080
(0.050)

CQ Motivation −0.028
(0.037)

CQ Behavior 0.005
(0.020)

CQ Strategy 0.043
(0.042)

CQ Knowledge(China) −0.028
(0.040)

Constant 0.978∗∗∗

(0.207)

Observations 15
R2 0.405
Adjusted R2 −0.041
Residual Std. Error 0.071 (df = 8)
F Statistic 0.909 (df = 6; 8)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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4.4 Discussion

The results from the linear regression model seen in Table 4.3 and the significant

difference in variance indicate that the CCDTS developed with the framework is

effective in increasing in-game score. Several studies in the area of Cross Cultural

Competence have produced survey-based methods for showing long term develop-

mental progress in 3C but this study is the first attempt to our knowledge to quantify

changes in measures relating to 3C from short term training systems like the CCDTS.

Further research in the area of quantitative developmental 3C models is needed to

fully and justifiably correlate the in-game score presented in this research with the

theoretical concept of 3C.

Several notable points were observed in our results that warrant further discussion.

Specifically, it was observed that the Behavior component of CQ was significant but

had a negative coefficient indicating that higher self-reported CQ Behavior corre-

lated to a lower in-game score percentage. Intuitively it would seem that if any CQ

component was significant, it would result in a positive coefficient. Ang et al. also

found a negative correlation between behavioral CQ and emotional stability[8]. This

finding was explained by the possibility that the calmness associated with emotional

stability inhibits appropriate behavioral responses. This explanation is plausible for

our finding as well given the body of research supporting the correlation between

emotional intelligence and educational/occupational performance[111][103].

Though the F-test on variance showed a significant difference in variance between

the control and test group, it should be noted that we were unable to show a signifi-

cant difference in mean scores. The conclusion that we draw from this is that training

through this game framework results in more consistent performance though this

finding requires further validation with larger sample sizes.
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Limitations

Given the pedagogical motivation of this experiment, we instituted a requirement

that all participants have Chinese language skills but not be native or culturally Chi-

nese. In addition to this constraint, participants needed to have adequate Chinese

language abilities to understand the prompts being presented. Not only did this

limit the participant search population to those individuals in the university lan-

guage school, but to those participants that were in higher level classes. Future ver-

sions of this game must allow for these constraints to be relaxed in order to increase

the statistical confidence of the results.

Additionally, we recognize that the measure of performance being an in-game score

unique to this application does not lend itself well to being generalized to other ap-

plications. This also should be addressed through more general performance mea-

sures such as cognitive or physiological measures.

Separately, we used the pre-test CQ inventory as an indication of pre-game 3C.

Ideally, a consistent pre/post test needs to be developed to show the incremental

progress of tools such as the CCDTS.

In an effort to further substantiate the findings in this chapter, it would have been

ideal to have had a second control group whereby the participants would have

played a similar game without a focus on 3C. This would have allowed us to deter-

mine whether increases in performance were specifically attributable to the CCDTS

or to general game play.
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Future Research

As of this writing, this study is one of the first attempts to capture cultural dimension

training and assessment in the dialogue structure of a computer-based serious game.

As such, there exists a number of potential research directions worth noting.

For instance, the post-game assessment was an in-game scene designed to repre-

sent, but not mimic, the cultural dimensions presented in the training scenes of the

CCDTS. An ideal approach to making the post-game assessment would be through

dialogue with real individuals. Having a predetermined set of responses presum-

ably increases the probability that an answer is correctly guessed and thus result in

a higher score without actually increasing an individual’s 3C.

Also, we used the Hofstede dimensions as our basis for more profound 3C, but there

are a number of other cultural models such as Rasmussen et al’s ARC that exist and

continue to become more relevant through third party validation. These models also

need to be explored within this context[115].

The testing of long-term knowledge retention is also recommended to further inform

the lasting efficacy of this framework. Our assessment was conducted immediately

following the conclusion of the training scenes and did not capture the long-term

effects of the CCDTS.

We believe that future research in this area has the potential to give the military,

businesses, and other users of this framework the means to make early assessments

of 3C of their personnel. These kinds of assessments can be used to make selections

for promotion, overseas assignments, or even to manage domestic leadership roles

of diverse teams. Though not explicitly shown in this study, it is imperative to show

whether frameworks like this are capable of imparting universal cultural knowledge

and not strictly competence for the particular culture in the game.
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4.5 Conclusions

Using the novel Cultural Dimension Design Process, the CCDTS was developed to

implicitly train and assess an individual’s knowledge of Cultural Dimensions in Chi-

nese culture. Participants who played the entire CCDTS scored higher than those

that only played the evaluative segment of the game. This finding contributes to

the theoretical knowledge of how to design Cultural Serious Games in a way which

targets specific training cultures and the respective backgrounds of the participants.

The method described uniquely leverages existing knowledge from the field of Cul-

tural Psychology to allow an individual to gain a deeper understanding of culture

which can potentially be applied beyond the situations presented in the training.

These findings have implications for the development of cultural training tools and

assessments in a variety of applications to include military, political, and business

domains. In educational environments, it presents a method by which educators can

implicitly teach cultural values and dimensions. Leveraging Cultural Psychology

theory to create scalable digital training in the CCDTS to increase cultural communi-

cation is a first step to creating an immersive and adaptive cultural game specifically

targeting the implicit learning of Cultural Dimensions. While this particular effort

explored the game development framework and presented a practical example of

this in a Chinese cultural game, additional testing is required with other cultures

and demographically varied subjects to fully validate this method.
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Chapter 5

Exploring the Impact of Immersion in

Cultural Games

This chapter is based on an article accepted to be published as a conference article in the 2018
International Conference on Computer-Human Interaction Research and Applications.

As the world becomes more interconnected through global business and coalition

military operations, it has become a necessity for individual’s to exhibit Cross Cul-

tural Competence (3C). An individual’s 3C is characterized by the Department of

Defense as the “set of knowledge, skills, and affect/motivation that enable individ-

uals to adapt effectively in cross-cultural environments[55].” This study evaluates

the effectiveness of a game designed to improve 3C delivered in a Head-Mounted

Device (HMD) Virtual Reality (VR) to the more traditional desktop version of the

game. While the evolution of HMD VR technology has garnered much attention

with the introduction of devices such as the Oculus Rift and the HTC Vive, few

studies have empirically assessed the added effectiveness of HMD VR systems over

traditional desktop channels in improving social-interaction skills such as 3C. This

study specifically investigates the effectiveness of a 3C training game presented in
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both HMD VR and a traditional desktop medium in order to inform future invest-

ments of 3C training systems.

5.1 Background

Since the introduction of game-based learning, 3C games have taken many forms[48].

One of the first games, BAFA BAFATM, was designed as a moderated board game

where participants would take on the role of fictional cultures and attempt to com-

municate and collaborate with other participants[48].

As gaming technologies improved and theories behind 3C evolved, more sophisti-

cated computer-based games emerged[90][132][45]. These games targeted various

aspects of 3C to include communication, negotiation, culture-specific knowledge,

and behavioral norms.

Though these games have demonstrated varying degrees of effectiveness in improv-

ing 3C, one area that has yet to be investigated is the use of highly immersive modern

VR systems to train 3C. Given the cognitive and sensory attributes associated with

3C, it would seem highly plausible that VR could be a better learning environment

for 3C than the more traditional digital means previously described[137][99].

Virtual Reality

At its most abstract definition, Virtual Reality has been defined as "an artificial envi-

ronment which is experienced through sensory stimuli (as sights and sounds) pro-

vided by a computer and in which one’s actions partially determine what happens in

the environment[102]." Given this definition, the term Virtual Reality is interchange-

ably used for a wide variety of technologies and experiences. Previously, Virtual
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Reality described lower quality and lower specification systems using computer or

projection screens to display content[50]. Compared to today’s standards of interac-

tion and immersion, these systems would hardly be considered virtual reality. Mod-

ern virtual reality systems, however, take many forms. Of these systems, two tech-

nologies have emerged as industry leaders: Cave Automatic Virtual Environments

(CAVE) and Head-Mounted Device Virtual Reality(HMD VR) systems.

The CAVE system usually consists of four projection screens to serve the content

using stereo projection. Within the the environment, users wear a set of tracked

equipment ranging from simple 3D glasses to full body suits to capture all body mo-

tion. Generally, tracking is conducted either with inertial sensors or more commonly

with infrared markers[80][81].

HMD VR systems utilize a notably different methodology to achieve immersion.

HMD VR systems consist of a goggle-like headset which projects an independently

rendered image for each eye which corrects for interpupillary distance. The HMD

position is tracked (typically with infrared markers) in order to accurately render

and project the appropriate image of the head-based gaze direction. Rapid refresh

rates of the projection allow for users to naturally move their head and continu-

ously see a real-time 360 degree stereo projection of the scene(See Fig 5.3). Due to its

widespread commercial adoption and optimized content development tools, HMD

VR systems have been the target of many commercial entertainment and educational

research ventures[13][49].

Immersive VR DGBL Systems

Recent innovations and cost-efficiencies with immersive HMD VR have spurred a lot

of interest with its use in digital game based learning (DGBL) systems specifically
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where sensory immersion is hypothesized to augment learning benefits. Freina et

al propose that VR can add learning value in situations that “cannot be physically

accessed[50].” They postulate that this limitation can be due to a number of reasons

to include temporal limitations (i.e. situation occurred in a historic time period),

safety limitations (i.e. hostile or emergency situations), and ethical limitations (i.e.

performing a high-risk surgery by non-experts). Though studies have shown that

immersive technologies such as HMD VR can increase Quality of Experience and

Engagement, there is a lack of empirical evidence comprehensively characterizing

the learning advantages and performances of these technologies[70].

Freeman et al conducted a comprehensive literature review of empirical studies of

the use of virtual reality in mental health treatments and found large inconsistencies

in the use of the term ’virtual reality’ with many of the recent studies not actually

referring to modern VR as previously described[49]. In the experiments that, in fact,

did experiment with modern VR, results were mixed. In one instance, a research

group found no difference in performance between an HMD VR and a desktop ver-

sion of DGBL system designed to teach Spatial Perspective Taking to mildly intellec-

tually impaired teenagers[50][51].

Also, multiple studies have assessed the impact of immersive VR on teaching vari-

ous academic concepts. A research group found that when participants performed

a musical signal flow task in HMD VR versus a traditional computer screen, no per-

formance difference was found[130]. Makransky et al conducted an experiment

comparing immersive VR an a traditional screen to teach science concepts. Us-

ing electroencephalogram (EEG) measurements, they found that though immersive

VR increased sense of presence, it also resulted in poorer learning outcomes[93].

On the contrary, other studies have shown positive learning results in immersive
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VR[4][141]. In the area of academic learning systems, the current research is incon-

clusive as to whether immersive VR results in better learning.

In the area of social and cultural serious games, we found a limited number of stud-

ies evaluating performance in immersive VR. One related area of research addresses

the effects of immersive VR in treating cognitive and social disabilities. Several

studies have shown promising results in the use of immersive VR to treat High-

Functioning Autistic children though the results are far from conclusive and fur-

ther research is recommended before any treatment recommendations are consid-

ered[12][20]. Therefore, the limited number of studies make it necessary to further

investigate the learning benefits of social and cultural serious games.

Immersion and Gender

Previous studies comparing various levels of immersive game environments have

shown differences in learning performance between males and females. Though

no studies were found evaluating modern immersive VR systems, several studies

compared traditional or lower fidelity VR systems to lower immersion systems and

found that males generally performed better.

Given previous findings that females use virtual spaces for communal purposes,

Coffey et al hypothesized that females would score higher in a 3D virtual environ-

ment (non HMD-VR) versus a static web environment[57][29]. However, from their

experiment, they found the opposite to be true and that, in fact, males showed more

improvement in the 3D virtual environment than females.

In an experiment measuring recall after being delivered a lecture in VR, Bailenson et

al found that males performed significantly better than females[11]. They hypothe-

sized that these gains could be attributable to findings reporting that men were more
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experienced using video-games[148].

Ausburn et al specifically investigated the gender effect in virtual learning environ-

ments and proposed a theoretical framework to explain the difference[10]. They

hypothesized that these differences can be attributed to gender differences in “Tech-

nology Self-Efficacy” characterized by a set of experiences, skills, and perceptions

that various studies have also shown gender differences (See Fig 5.1)[10].

Though our literature review did not find any specific studies that found similar gen-

der differences in modern immersive VR systems, the previously mentioned studies

would lead one to believe that males would also achieve better results in these sys-

tems.

FIGURE 5.1: Ausburn‘s theoretical framework explaining gender differ-
ences in virtual learning environments[10].
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5.2 Research Questions

The primary research question of this study is to investigate whether a 3C game

played in immersive HMD VR has a significant effect on the acquisition of 3C as

compared to a game played on a traditional desktop medium. Given previous works

related to HMD VR, we hypothesize the following:

• H1: Participants exposed to the HMD VR version of the CMTS will exhibit

greater improvement than those that are exposed to the desktop version.

• H2: Males exposed to the HMD VR version of the CMTS will exhibit greater

improvement than females.

5.3 Experimental Design

Our experimental design was a 2 (Game Version) x 2 (Gender) mixed factorial de-

sign. Using a randomized-block design, participants were randomly assigned to

either the traditional or VR group blocking for reported Cultural Intelligence (CQ)

score. Cultural Intelligence is a self-report inventory designed to evaluate a partici-

pants 3C developed by Van Dyne et al[137]. Recent independent studies have shown

the CQ model to be a promising measure of 3C and related personality traits[99][5][27].

In order to ensure an even distribution of pre-experiment 3C, participants were

blocked around a predetermined CQ score threshold.

Stimuli

The stimuli used in this study was a custom developed serious game called the Joint

Chinese American Cultural Simulator(JCACS) designed to teach participants Cross
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Cultural Competence. The game was designed using the Cultural Simulation De-

sign Process[6]. The game is comprised of two military training scenarios whereby

the participant plays the role of a US Army Officer in charge of humanitarian efforts.

In each scenario, the player is expected to work with a Chinese People’s Liberation

Army Officer in order to conduct joint humanitarian efforts. Players are presented

with dialogue options of varying degrees of appropriateness. When a dialogue op-

tion is selected, a feedback system provides specific guidelines as to why a partic-

ular selection was or was not appropriate. In the first scenario called the Disaster

Management Exercise (DME) scenario, US and Chinese forces are working together

to provide disaster relief to an Ebola-stricken community in the Liberian Lowlands

(see Fig 5.2). In the second scenario called the Earthquake scenario, US and Chinese

forces are providing aid and assistance to injured civilians after a deadly earthquake

in Nsunga, Tanzania. Both versions of the game had identical visual and dialogue

content.

FIGURE 5.2: The player is interacting with the PLA Officer-in-Charge in
the DME Scenario of JCACS
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Desktop Variant

Though both versions of the game have identical visual and dialogue content, each

game version has notable differences in User Interface. The Desktop version has a

locked camera preventing the user from changing what was visible on the screen.

The dialogue system is locked to the bottom of the viewing area and the primary

mode of user interaction is by clicking on the preferred dialogue option.

HMD VR Variant

The HMD VR version of the game has a notably different user experience and User

Interface. This version was developed specifically for the Oculus Rift HMD VR sys-

tem(see Fig 5.3). First, the camera motion is tied to the motion-tracking system of

the Oculus Rift. This allows the participant to see the entire scene around the player.

Second, the dialogue system is presented as a floating dialogue box as scene in Fig

5.2. Dialogue selections are made through prolonged gaze and simultaneous con-

troller selection on the preferred option.

Participants

Twenty-one participants (Male=12, Female=9) were recruited for the experiment.

The distribution of participants was 11 Reserve Officer Training Corp (ROTC) cadets

and 10 non-military affiliated participants. The participants’ mean age was 20.58

years (Median = 21, SD = 1.06). Participants were equally split into the HMD VR

group (n=11) and the Desktop group (n=10). For completing the experiment, each

participant was compensated with a $20 gift card.
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FIGURE 5.3: A participant playing the HMD VR version of the game

Procedures

Students were individually assessed. Participants were first e-mailed an online sur-

vey intended to capture basic demographic information as well as their CQ score.

This information was used to ensure equal representation in the test and control

group while blocking for the relevant factors. When participants arrived for the

experiment, they were first administered the pre-test. Following the pre-test, partic-

ipants engaged in a tutorial specific to the game version they were playing. Follow-

ing the tutorial, participants played both the DME and Earthquake scenario of the

game. Once the game was complete, the participants were administered the post-

test as well as a feedback survey to gauge user experience. The entire testing process

for a single participant was approximately one hour. See Fig 5.4.
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FIGURE 5.4: Experiment Flow

Measures

The pre-test and post-test used to determine performance improvement were con-

ducted as real-time dialogue situational judgment test (SJT). SJTs have often been

use to evaluate 3C though previous versions have typically been written exams with

multiple choice responses[90][144]. Though traditional SJTs have been effective in

measuring cognitive and metacognitive thought processes, they do not capture any

performance with respect to culturally appropriate communication and behaviors.

As such, we adapted the SJT to be a role-playing dialogue with a Chinese actor

hereby referred to as the role-playing SJT (rSJT). The rSJT is initiated by presenting

the participant with a scenario dossier which describes the role the player must play
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as well as the objectives that player is trying to achieve through the dialogue(See Ap-

pendix D and Appendix C). Once the participant has read through the dossier, the

actor initiates the conversation with a scripted initial response and at which point

the conversation becomes unscripted and free-flowing.

The rSJTs are audio visually recorded and these recordings are then rated by inde-

pendent Chinese cultural experts for cultural proficiency. The experts score the rSJTs

with a previously developed rubric which then produces a numeric score for each

rSJT(See Appendix E). In order to ensure the reliability of the ratings, a Cohen’s

Kappa is calculated on the ratings[46].

Data

Collection

Between the demographic survey and the CQ inventory, a variety of data was col-

lected on each participant. The demographic survey consisted of two categories of

items characterize by 1) Personal Information and 2) International Exposure for a to-

tal of 12 unique survey items. The previously described CQ inventory is composed

of 37 items subsetted into 4 main factors and 11 sub-factors (see Table 5.1) [137]. The

score of each main factor or sub-factor is calculated as the average of each of the

items within the main factor or the sub-factor.
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TABLE 5.1: Cultural Intelligence Sub-Dimension Model

Main Dimension Sub-Dimension

Cognitive Cultural General Knowledge

Context Specific Knowledge

Motivation Intrinsic Motivation

Extrinsic Motivation

Self Efficacy to Adjust

Metacognitive Planning

Awareness

Checking

Behavior Verbal Behavior

Non-Verbal Behavior

Speech Acts

Analysis Methods

Multiple Linear Regression was the primary method used to identify any perfor-

mance increases with respect to the pre/post test and the independent factors col-

lected in the experiment. Initial factor sets were based upon factors found to be rele-

vant in previous studies as well as those that theoretically showed the most promise.

In order to identify the most significant models, AIC-based Stepwise regression was

utilized to determine the most significant models[3].

5.4 Results

The results are organized by the hypotheses previously described.
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H1 Analysis Results

Participants exposed to the HMD VR version of the CMTS will exhibit greater improvement

than those that are exposed to the desktop version.

To examine the hypothesis H1, a Welch’s t-test was performed between the HMD VR

group and the desktop group with respect to the performance improvement. This

t-test realized an insignificant difference (t=0.47931, df =15,521, p=0.6384).

Additionally a multiple linear regression model was generated with the indepen-

dent behaviors consisting of the Metacognitive and Behavior subdimensions of CQ

as well as various demographic factors as shown in Table 5.2. The Metacognitive CQ

component “reflects the mental capability to acquire and evaluate cultural knowl-

edge.[137]” The Behavior CQ component “reflects the capability to flex behaviors

to fit different cultural contexts.[137]” The Metacognitive and Behavior CQ com-

ponents were considered in the model for their specific relevance to skills that we

hypothesized would impact the pre-test and post-test scores.

This model showed a negative significant correlation for those participants in the

HMD VR group. An AIC stepwise regression of that model also resulted in a similar

negative significant correlation as seen in Table 5.3.

H2 Analysis Results

Males exposed to the HMD VR version of the CMTS will exhibit greater improvement than

females.
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With respect to H2, we explored the significance of an interaction effect between

gender and VR. The linear regression model shown in Table 5.2 showed a significant

interaction effect as seen in the model as “VR:genderMale.” Additionally, the AIC

stepwise regression resulted in a similar effect though the “VR:genderMale” interac-

tion effect was removed as seen in Table 5.3.

TABLE 5.2: Initial Regression Model of Performance Improvement

Dependent variable:

Improvement

VR −0.356∗ (0.187)
meta_Planning −0.117∗ (0.064)
meta_Awareness 0.035 (0.103)
meta_Checking 0.364∗∗∗ (0.105)
beh_Verbal 0.062 (0.084)
beh_Non_Verbal 0.097 (0.054)
beh_Speech −0.202∗ (0.095)
genderMale −0.073 (0.184)
ROTC 0.169 (0.140)
VR:genderMale 0.484∗∗ (0.180)
VR:ROTC 0.169 (0.184)
Constant −1.531∗∗ (0.574)

Observations 21
Adjusted R2 0.595
RSE 0.173 (df = 9)
F Statistic 3.672∗∗ (df = 11; 9)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

5.5 Discussion

The findings are discussed by the previously stated hypotheses.

The first hypothesis investigates whether the HMD VR variant of a game results

in more learning performance as compared to the traditional desktop variant. We
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TABLE 5.3: AIC Stepwise Regression Model of Performance Improve-
ment

Dependent variable:

Improvement

VR −0.277∗ (0.148)
meta_Planning −0.082 (0.047)
meta_Checking 0.356∗∗∗ (0.075)
beh_Non_verbal 0.107∗ (0.050)
beh_Speech −0.170∗∗ (0.062)
GenderMale −0.091 (0.164)
ROTC 0.292∗∗∗ (0.084)
VR:genderMale 0.466∗∗ (0.166)
Constant −1.407∗∗ (0.503)

Observations 21
Adjusted R2 0.647
RSE 0.161 (df = 12)
F Statistic 5.575∗∗∗ (df = 8; 12)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

found that, generally, the two variants did not perform differently when other fac-

tors were not considered. Additionally, when the test group was considered along

with the demographic factors, it was found that generally the HMD VR group per-

formed slightly worse that the control group as shown in Tables 5.2 and Table 5.3.

This finding parallels the results of studies in other domains that found no differ-

ence or a negative impact for HMD VR[130][93]. It is possible that the perceptual

realism added through HMD VR is in fact distracting. Through EEG measurements,

Makransky et al found that HMD VR increased cognitive load as compared to desk-

top versions of the same biology lab learning system. They explained that this in-

creased load may overload participants and thus "result in less opportunity to build

learning outcomes.[93]"

In analyzing the results for the second hypothesis, we discovered a more nuanced
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explanation to the conclusion drawn from the first hypothesis. The second order ef-

fect between participants who were male and were in the HMD VR test group was

found to be highly significant. The positive coefficient of this interaction would lead

one to conclude that HMD VR does, in fact, have a positive effect on learning out-

comes for males. This extends the findings of previous studies that have also found

correlation between higher immersion digital learning systems and gender[29][10].

Specifically, we conclude that this correlation between immersion and gender can be

extended through the immersive experience of HMD VR. Causality of this finding

continues to be an open question that requires further investigation though the the-

oretical construct of technological self efficacy is supported by our finding has well

as other independent findings[10].

5.6 Conclusion

This study has further advanced our understanding of the impacts of using highly

immersive virtual environments in social and cultural DGBL systems as well as the

specific factors that explain these impacts. We found that generally more immersive

systems(e.g. HMD VR) do not necessarily result in better learning outcomes in a

cultural DGBL system. However, the strong interaction found between HMD VR

and male participants also indicates that demographic factors such as gender should

be considered when developing cultural DGBL systems and, perhaps, all types of

DGBL systems. This study motivates further research with highly immersive DGBL

systems in other domains in order to draw more concrete conclusions about general

immersive systems beyond those drawn in this study.



90

Chapter 6

Measuring Performance with Eye Gaze

in Cultural Games

This chapter is based on an article that has been accepted to be published as a conference
article in the 2018 Winter Simulation Conference.

The recent and rapid growth of the computer gaming industry has also served as a

catalyst for the growth of an $8.1B industry around computer game-based pedagog-

ical tools also known as digital game-based learning (DGBL) systems [1]. DGBLs

have gained popularity across a wide range of applications for a number of reasons

but primarily due to their repeatability and cost-effective scalability. Despite becom-

ing a critical component to the educational economy, there has yet to be discovered

an effective and cross-domain method to measure performance within DGBLs.

Initial research in this area focused on the potential learning benefits of commer-

cial off-the-shelf entertainment games, but recently many industries and researchers

have transitioned to the development and evaluation of games specifically designed

for learning [30, 128]. A number of studies have aggregated and objectively eval-

uated games ability to meet specific learning objectives [30]. Common to many of

these evaluation methods is the use of explicit user-response scores which may be



Chapter 6. Measuring Performance with Eye Gaze in Cultural Games 91

susceptible to guessing thus not accurately reflecting a player’s knowledge and per-

formance. Eye-gaze technology used in tandem with DGBLs provides a novel path

to measure player performance.

Eye-tracking has been successfully used in activity recognition, affect detection, en-

gagement, cognitive load assessment, and general learning [22, 32, 72, 139]. Mod-

ern eye-tracking technologies allows for sophisticated passive process tracking with

minimal cognitive load of more traditional process tracking methods such as think-

aloud protocols [92]. Presupposing the validity of the Eye-Mind assumption [79],

the high frequency spatial and temporal information available through eye-tracking

presents an avenue by which one can infer both conscious and subconscious cog-

nitive processes that would be too ephemeral for active process tracking methods.

The general Eye-Mind assumption asserts that the object of fixation is the focus of at-

tention and cognitive processing. Widespread research has supported the Eye-Mind

assumption though a number of studies have also presented situations where it was

shown to be questionable or insufficient [85] especially in situations when the visual

scene is unrelated to the intended cognitive activity.

This study contributes to the growing body of research investigating the eye-tracking

behaviors as they relate to performance within DGBLs. Specifically, we aim to de-

termine whether a player’s eye-tracking behavior correlates to their performance in

order to substantiate a novel eye-tracking based method for evaluating player per-

formance. During this study, we evaluate the eye-tracking data of players in a DGBL

designed to evaluate participants in Chinese Cross Cultural Competence.
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6.1 Background

Despite the advances in the operationalization of DGBLs, research scrutinizing the

methods of measuring user performance has not demonstrated the same level of

growth. A majority of DGBLs leverage post-game examinations of learning objec-

tives in the form of pre/post testing [15]. The actual implementation of the pre/post

tests span a number of methods to include evaluating player’s knowledge through

questionnaires/surveys[29, 44]. A common derivation of this method is the Situa-

tional Judgment Tests (SJT) designed to use the learned knowledge in practical appli-

cations [90]. These methods have been deployed on a wide scale primarily for their

ease of implementation though they suffer from several notable comings. Specif-

ically, they fail to consider whether the pre-test influenced the post-test results as

seen in the case of the Second China game experiment where the pre/post tests were

the same test with the questions reordered [29].

Psycho-physiological data as a means of assessing learning performance within DG-

BLs is a rapidly growing research area. Specifically, the use of eye-tracking has

gained significant traction due to the advances in both eye-tracking technology as

well as DGBL development tools. Companies such as Tobii, Pupil Labs, and Senso-

Motoric Instruments have significantly reduced the cost and increased the resolution

of eye-tracking devices while also offering a variety of collection devices for diverse

collection situations. Additionally, the proliferation of popular gaming stacks to in-

clude Unity3d and Unreal Engine have made it possible for smaller research efforts

to develop high quality scalable game environments for minimal costs.

With this proliferation, various applications of eye-tracking in DGBLs have been

explored to determine game effectiveness. One specific research area targets the
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measurement of player engagement and flow through the interpretation of affect-

based metrics [37, 72, 120]. A limitation, however, of affect-based measures such as

pupil dilation is that they are generally one dimensional and exhibit a variable lag

therefore providing limited insight into complex cognitive processes associated with

learning [142].

In order to better investigate user performance, researchers have used fixation lo-

cation and gaze paths to examine performance in DGBLs. Specifically, researchers

have conducted experiments to identify differences in visual behavior based on skill

level. Kickmeier-Rust et al found significantly different gaze path and interaction

strategies between high/low performance levels of teenagers playing a game de-

signed to teach European geography [84]. In a study examining adolescent behav-

iors in attention enhancement therapy, Pascual et al found that higher performance

children exhibited lower fixation densities. Additionally, they were able to use en-

semble machine learning methods on a combination of the gaze data and user inter-

action features to create a prediction model [54].

More recently, researchers have begun to investigate the use of eye-tracking to un-

derstand the process and rate of learning through gaze metrics [78, 145]. Józsa et al

studied the possibility of assessing a learning curve through trends in the fixation

duration and total visit duration between successive stimuli. The results, however,

were mixed due to the variability of the stimuli [78].

The overall purpose of this research effort is to introduce and evaluate the efficacy of

a novel eye-tracking measure of performance in social-interaction DGBL systems. In

doing so, we contribute to the rapidly growing need for effective methods of mea-

suring performance in DGBL systems.
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6.2 Eye-Tracking Measure of Performance (ETMP)

Social Interaction-based serious games often have players interact with computer-

driven avatars through finite dialogue trees. When a conversation commences, play-

ers are expected to sequentially select one of several dialogue options in order to

progress through a conversation. In some cases, the dialogue options are either

appropriate or inappropriate, but often, dialogue options have varying degrees of

appropriateness scores and as such can have varying impacts on the rapport that

players can build with the non-player characters. In the latter case, there is an op-

portunity to leverage the range of appropriateness with visual attention in order to

produce a weighted score of appropriateness as described below:

PlayerScore =
x∑

i=1

y∑
j=1

sijfij

where sij is the score of response option j in question i, fij is the fixation propor-

tion on response option j relative to the other dialogue options in question i, y is

the number of dialogue options in a conversation instance, and x is the total number

of conversation instances in the conversation. By using fixation proportions instead

of absolute fixation durations, the ETMP minimizes the impact of variable reading

speeds of the participants. Research has shown a gaze bias in which people fixate on

options with higher ratings of subjective preference [56, 124]. Assuming the valid-

ity of the previously mentioned Eye-Mind Theory [79] and gaze bias findings, this

formulation would conceptually evaluate both the appropriateness of a response as

well as consider the mental schema the player uses to determine his or her response.

It is important to note that this methodology only captures the overt movements

of visual attention as measured through eye-tracking and makes no assumptions of
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FIGURE 6.1: A graphical ETMP depiction for a single player response

the covert movements of attention that would not be observable through eye move-

ments [38]. The gaze-based weighting of performance in this formulation results in

higher scores for those players that spend more visual attention on the appropriate

answers and lower scores for participants that dwell on less appropriate answers.

6.3 Research Questions

In order to investigate the feasibility and viability of a gaze-based measure of perfor-

mance, this study examines how users distribute their visual attention across multi-

ple dialogue options to progress conversations with avatars within a serious game

designed to evaluate Cross Cultural Competence in Chinese Culture. The specific

research questions and related hypotheses are as follows:

RQ-1) How do users distribute their visual attention across dialogue options in social

interaction serious games? Do they focus their attention on preferred options and

less so on rejected options?
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• H1a: The game participants will spend significantly more time fixating on se-

lected answer choices than non-selected choices

• H1b: The higher-scoring participants will spend significantly more time fixating

on higher score responses

• H1c: The advanced domain knowledge or metacognitive-ability participants

will spend significantly more time fixating on higher-score responses

The intent of RQ-1 is to better understand the visual behavior of participants in the

CCDTS environment. Specifically, we investigate whether the visual behavior in the

CCDTS is comparable to that of other research findings in both visual behavior in

multiple choice environments and other DGBL systems.

RQ-2) Does the Eye-Tracking Measure of Performance correlate to other measures of

performance? Does higher domain knowledge, gaze bias, or higher traditional game

scoring correlate to higher scores in the ETMP?

• H2a: The game participants with advanced domain knowledge or metacogni-

tive skill will score significantly higher in the ETMP than those participants

with lower domain knowledge.

• H2b: The Participants who scored higher in the traditional game scoring will

also score significantly higher in the ETMP.

• H2c: The participants who exhibited a gaze bias on their selected answer will

score significantly higher in the ETMP.

• H2d: The participants who exhibited a gaze bias on correct answers will score

significantly higher in the ETMP.
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The intent of RQ-2 is to provide initial validation to the ETMP through correlation

to other indicators of performance whether they be in-game measurements or inde-

pendent measures of Cross-Cultural Competence(3C). An individual’s 3C continues

to be an active area of research without a clear consensus on a 3C theoretical con-

struct [25]. Though we discovered numerous 3C constructs and inventories in our

review of the literature, we chose the Cultural Intelligence(CQ) inventory to assess

an individual’s 3C given promising results in recent independent validation efforts

[99, 136].

6.4 Quasi-Experimental Design

In an effort to operationalize and validate the ETMP, we conducted an experiment

with a DGBL system. The following section describes the quasi-experimental design,

setup and analysis approach of the experiment[31].

6.4.1 Participants and Design

25 participants (40% male; Mage=20.67; SDage=1.80) were recruited from the Univer-

sity of Virginia to participate in the experiment. All of the participants recruited

were students in the Chinese Language Department. Each student was adminis-

tered the Cultural Intelligence (CQ) Inventory to gauge self-reported 3C. 6 of the

25 participated in the study exceeded our 25% eye-tracking data loss threshold and

thus had to be excluded from the analysis of the results resulting in a sample size of

19. Despite instructions to maintain visual focus in the viewing area of the computer
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screen, several participants were observed consistently looking outside the limita-

tions of the eye-tracker resulting in larger than expected track losses. Future experi-

ments may warrant head-mounted devices in order to maintain tracking throughout

the experiment.

6.4.2 Materials and Measures

The stimulus in this experiment is a custom developed first-person serious game

placed in a Chinese university called the Chinese Cultural Dimension Training Sys-

tem (CCDTS) [14]. In the game, the user is expected to collaborate with familiar and

unfamiliar Chinese students and professors while working on a group project. As

the story continues, users engage in various conversations concerning politics, cul-

tural habits, and stereotypes concluding with the player coordinating meeting times

with a fellow student and visiting office hours to clarify questions with the profes-

sor. The game begins with an initial in-game training segment which introduces the

storyline, allows the user to become accustomed to the game controls, and provides

specific instruction to Chinese culture. It is then followed by two evaluation scenes

called Library and Office Hours. In order to adapt the CCDTS to collect eye-tracking

data, the bounding areas of each dialogue response had to be enlarged and had pre-

set as Areas-of-Interest within the Tobii Pro Studio eye-tracking software.

Scene Descriptions

In the Library scene, the player must engage with a fellow student about the group

project details and coordinate meeting times. In the Office Hours scene, the player

engages with a professor during Office Hours to get formal feedback and recom-

mendations about their group project.
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In-Game Scoring

During the development of the game, it was necessary to score and validate the

cultural appropriateness of specific dialogue responses by means of interrater reli-

ability. For this purpose Chinese cultural experts were recruited from the Chinese

language department. The raters were asked to rate each response on a Likert scale

of 1 to 5 with 1 being the least appropriate and 5 being the most appropriate. The

ratings determined the explicit scores associated with each response. This score was

used to measure the player’s performance as this experiment was not designed for a

pre-test to target learning gains. The CQ inventory administered pre-stimulus, how-

ever, allowed us to investigate any pre-game cultural competency. A more detailed

discussion of the scoring methodology is described by Bayer et al[14].

Given this rating system, a response with a score of either 4 or 5 was considered to be

an appropriate score. Additionally, if an interaction did not have a response scored

as a 4 or 5, only the highest scored response in that interaction was considered as a

’appropriate score’ in determining the total fixation durations.

6.4.3 Apparatus

The stimulus was presented on a 33-in screen with a pixel resolution of 2560 by

1440. The CCDTS was played through an executable Unity file and eye-tracking data

was recorded using Tobii Pro Studio V1.1. During testing, participants were seated

approximately 65 cm away from the screen. The vertical placement of the screen

was adjusted such that the center of the screen was at eye level of each participant.

Eye-tracking data was collected using the Tobii X3 120, a screen-mounted collection

system. The system was calibrated to each participant using the Tobii Pro Studio
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FIGURE 6.2: Experimental Design

animated 8 point calibration system. Calibration accuracy was recorded to be within

0.6of visual angle for both axes of all participants.

6.4.4 Procedure

Students were individually tested. Initially they were administered a demographic

survey followed by the CQ Inventory. The CQ Inventory was used as a means to

assess a players pre-game cross-cultural competence as a possible predictor of the

ETMP. They were then calibrated to the eye-tracking apparatus within the tolerance

of the eye-tracker and the CCDTS was initiated. The first scene in the game was a

basic tutorial to teach participants how to navigate the interface and play the game.

Once the tutorial was completed, the participant immediately entered the real game

environment in which they interacted with non-player characters using the multi-

ple choice style dialogue system common to modern video games. This test flow is

depicted in Fig 6.2. Following the completion of the game, a short after-action in-

terview was conducted with the participant to attain any feedback about the game

experience. The information collected from these interviews are not reported in this

chapter.
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6.4.5 Data Collection and Analysis

Prior to analyzing the data, the fixation durations on specific areas of interest (AOI)

had to be processed from the collected gaze data. Since each interaction presented a

series of responses for the participant to evaluate, the container around each of the

responses was considered an AOI. All fixations within the container were aggregated

to determine the total fixation duration in any particular response AOI.

Since each participant was exposed to different interactions based on their response

choices, few participants saw the same sequence or set of interactions. Additionally,

each interaction had varying numbers of response choices meaning that the total

fixation times for any particular interaction was expected to vary significantly since

participants would presumably require more time to consider more responses. In

order to account for the variability between subjects, percentage of fixation duration

was calculated for each interaction [135].

The primary methods used to test each of the hypotheses were paired t-tests and

multiple linear regression.

6.5 Results

This section organizes the results by each hypothesis.

H1a: Participants will spend significantly more time fixating on se-

lected answer choices than non-selected choices

To examine this hypothesis, four Bonferroni-adjusted post-hoc paired t-tests were

conducted on the percentage of fixation duration. The first paired t-test conducted
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compared the percentage of fixation duration on the selected options and the com-

bined fixation duration percentage of non chosen options. The second paired t-test

conducted compared the percentage of fixation duration on the selected option and

the average percentage of non chosen options. This set of paired t-tests was individ-

ually conducted on the data of each scene.

The paired t-test for Scene 4 comparing the percentage of fixation duration on se-

lected options(M=0.2246, SD=0.06645) and the combined duration percentage(M=0.3117,

SD=0.1055) was significantly different(t=-4.2552, df =18, p=0.00048). The paired t-test

for Scene 4 comparing the percentage of fixation duration on selected options(M=0.2426,

SD=0.06645) and the average duration percentage(M=0.1232, SD=0.084) was signifi-

cantly different(t=7.4842, df =18, p=6.247e-07).

The paired t-test for Scene 5 comparing the percentage of fixation duration on se-

lected options(M=0.1985, SD=0.054) and the combined duration percentage(M=0.4224,

SD=0.108) was significantly different(t=-7.613, df =18, p=4.929e-07). The paired t-test

for Scene 5 comparing the percentage of fixation duration on selected options(M=0.1985,

SD=0.054) and the average duration percentage(M=0.12315, SD=0.0298) was signifi-

cantly different(t=4.9635, df =18, p=0.0001005).

These results indicate that participants generally spent more time fixating on se-

lected options than any other option.

H1b: Higher scoring participants will spend significantly more time

fixating on higher-score responses

During the development of the game, it was necessary to score and validate the cul-

tural appropriateness of specific dialogue responses by means of interrater reliability.

The raters were asked to rate each response on a Likert scale of 1 to 5 with 1 being
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the least appropriate and 5 being the most appropriate. The ratings determined the

scores associated with each response. Given this rating system, a response with a

score of either 4 or 5 was considered to be a high score. Additionally, if an inter-

action did not have a response scored as a 4 or 5, only the highest scored response

in that interaction was considered as a ’high score’ in determining the total fixation

durations.

H1b was analyzed through linear regression employing the average Total Fixation

on high scores as the dependent variable and the game score as the independent

variable. The average Total Fixation on high scores was calculated by summing the

fixations on high scores for a participant and dividing by the number of interactions

the participant was exposed to throughout the game play labelled in the model as

“Correct Fix S4" and “Correct Fix S5" in Table 6.1. This analysis was performed

separately on Scene 4 and Scene 5.

The Scene 4 model did not show the Game Score as being a significant predictor for

the average Total Fixation on high scores. Scene 5 did show the Game Score as being

a significant predictor for the average Total Fixation on high scores. The positive

coefficient in this model indicates that higher game scores in Scene 5 were correlated

to higher fixation duration percentages on high score responses.

H1c: The participants with advanced domain knowledge or metacog-

nitive ability will spend significantly more time fixating on higher-

score responses

For the purposes of this hypothesis, higher domain knowledge and metacognitive

ability are characterized by a participant’s CQ score. Specifically, domain knowledge

is captured by the Cognitive factor of CQ and metacognitive ability is captured by
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TABLE 6.1: Regression Analysis for H1b

Dependent variable:

Correct_Fix_S4 Correct_Fix_S5

Game_Score_S4 0.006 (0.007)
Game_Score_S5 0.008∗∗ (0.004)
Constant 0.202 (0.163) 0.166∗ (0.081)

Observations 19 19
Adjusted R2 −0.015 0.186
Residual Std. Error (df = 17) 0.101 0.063
F Statistic (df = 1; 17) 0.738 5.118∗∗

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

the Metacognitive factor of CQ. Based on a regression analysis where the dependent

variable was the total Average fixation duration percentage on correct answers, both

CQ factors were not shown to be significant as shown in Table 6.2. Additionally,

we analyzed the data to determine if the fixation duration percentage on incorrect

responses was correlated to the CQ factors, but this also did not produce statistically

significant factors as shown in Table 6.3.

TABLE 6.2: Regression Results for H1c for Correct Fixation Duration
Percentage

Dependent variable:

Correct_Fix_S4 Correct_Fix_S5

CQ_Metacognitive 0.006 (0.035) −0.010 (0.024)
CQ_Cognitive −0.018 (0.032) 0.026 (0.022)
Constant 0.400∗ (0.201) 0.266∗ (0.136)

Observations 19 19
Adjusted R2 −0.104 −0.032
Residual Std. Error (df = 16) 0.106 0.071
F Statistic (df = 2; 16) 0.149 0.718

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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TABLE 6.3: Regression Results for H1c for Incorrect Fixation Duration
Percentage

Dependent variable:

Incorrect_Fix_S4 Incorrect_Fix_S5

CQ_Metacognitive −0.014 (0.028) −0.022 (0.023)
CQ_Cognitive 0.002 (0.026) −0.001 (0.021)
Constant 0.262 (0.160) 0.405∗∗∗ (0.134)

Observations 19 19
Adjusted R2 −0.106 −0.048
Residual Std. Error (df = 16) 0.084 0.070
F Statistic (df = 2; 16) 0.134 0.585

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

H2a: The participants with advanced domain knowledge or metacog-

nitive skill will score significantly higher on the ETMP than those

participants with lower domain knowledge.

Again, domain knowledge and metacognitive skill were characterized by the specific

CQ components described in H1c. Not surprisingly, the Metacognitive and Cogni-

tive component of CQ were not significant factors in both the Scene 4 and Scene 5

regression analysis as shown in Table 6.4 and Table 6.5. When an Aikeke Informa-

tion Criterion (AIC) based Stepwise regression was conducted, the CQ factors were

eliminated[2].

H2b: The participants who scored higher in the traditional game scor-

ing will also score significantly higher on the ETMP.

As hypothesized, participants’ game scores in traditional scoring as described as

“Game Score S4”(t=2.884, df =12, p=0.01374) and “Game Score S5”(t=8.832, df =12,

p=1.35e-06) in Table 6.4 and Table 6.5 were positively correlated with the ETMP of
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both Scenes 4 and 5. The AIC-based Stepwise Regression also preserved these fac-

tors.

H2c: The participants who exhibited a gaze bias on their selected

answers will score significantly higher on the ETMP.

Participants who exhibited higher fixation duration percentages on their selected

answers scored higher on the ETMP. The factor “Avg answer fixation S4”(t=2.884,

df =12, p=0.01374) as shown in Table 6.4 represented the fixation duration percentage

on selected answers for Scene 4. The factor “Avg answer fixation S5”(t=3.048, df =12,

p=0.01034) as shown in Table 6.5 represented the fixation duration percentage on

selected answers for Scene 5.

Additionally, the fixation duration percentage on the non-selected answers was also

analyzed in the same model as described above. As scene in Table 6.4 and Table 6.5,

the variables “Avg non-answer fixation S4”(t=3.247, df =12, p=0.00699) and the “Avg

non-answer fixation S5”(t=4.291, df =12, p=0.00105) were also fount to be significant.

H2d: The participants who exhibited a gaze bias on correct answers

will score significantly higher on the ETMP.

Participants who exhibited high fixation duration percentages on correct answers as

defined in the results of H1b also resulted in higher ETMP scores as characterized

by “Correct Fix S4” (t=1.846, df =12, p=0.08967) and “Correct Fix S5”(t=2.447, df =12,

p=0.03076) in Tables 6.4 and 6.5.
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TABLE 6.4: Regression Analysis for Scene 4 ETMP

Dependent variable:

ETMP Scene 4

Original Stepwise-AIC

CQ_Metacognitive −0.217 (0.345)
CQ_Cognitive 0.005 (0.327)
Avg_answer_fixation_S4 10.043∗ (5.525) 10.406∗ (5.062)
Avg_non_answer_fixation_S4 14.869∗∗∗ (4.579) 15.202∗∗∗ (4.273)
Correct_Fix_S4 9.612∗ (5.207) 9.208∗ (4.868)
Game_Score_S4 0.252∗∗ (0.088) 0.248∗∗∗ (0.082)
Constant −4.158 (2.630) −5.283∗∗∗ (1.674)

Observations 19 19
Adjusted R2 0.904 0.914
Residual Std. Error 1.024 (df = 12) 0.966 (df = 14)
F Statistic 29.234∗∗∗ (df = 6; 12) 49.098∗∗∗ (df = 4; 14)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01

TABLE 6.5: Regression Analysis for Scene 5 ETMP

Dependent variable:

ETMP Scene 5

Original Stepwise AIC

CQ_Metacognitive −0.192 (0.178)
CQ_Cognitive 0.179 (0.167)
Avg_answer_fixation_S5 12.597∗∗ (4.133) 11.712∗∗ (4.014)
Avg_non_answer_fixation_S5 8.743∗∗∗ (2.037) 8.699∗∗∗ (1.937)
Correct_Fix_S5 9.816∗∗ (4.011) 10.817∗∗ (3.831)
Game_Score_S5 0.316∗∗∗ (0.036) 0.315∗∗∗ (0.034)
Constant −5.280∗∗∗ (1.252) −5.547∗∗∗ (0.823)

Observations 19 19
Adjusted R2 0.962 0.963
Residual Std. Error 0.507 (df = 12) 0.502 (df = 14)
F Statistic 77.420∗∗∗ (df = 6; 12) 118.384∗∗∗ (df = 4; 14)

Note: ∗p<0.1; ∗∗p<0.05; ∗∗∗p<0.01
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6.6 Discussion

The findings from this study are organized by the research questions previously de-

scribed.

The first research question investigates general visual behaviors with respect to so-

cial interaction serious games like the CCDTS. We found that participants did, in

fact, fixate more on their selections rather than the non-selected choices. This is con-

sistent with various other studies that found longer fixation durations on selected

options in multiple-choice based evaluation systems [135] [62]. It is important to

highlight, however, the large standard deviations of these results which may be an

artifact of the varying numbers of responses for each set of dialogue options. This

warrants future experiments with consistent quantities of options per interaction to

investigate this hypothesis.

Additionally, we found a positive correlation between higher scoring participants

and fixation duration on the more appropriate options in the Office Hours scene

but not the Library scene. An explanation of this may be that the the Library scene

was played prior to the Office Hours scene and, therefore, the user was visually

calibrating his behavior resulting in more varied visual patterns. Assuming the Eye-

Mind Theory, we interpret this result as being that higher scoring participants spent

more time considering more appropriate answer options [79] and less time consider-

ing less appropriate responses. That being the case, we postulate that concentrated

visual and mental focus on appropriate responses rather than less appropriate re-

sponses more concretely indicates higher cultural competency. This then sets the

foundation for the validation of the ETMP.

Our analysis did not show significant correlation between our measures of domain

knowledge or metacognition represented by Cultural Intelligence and fixation on
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appropriate answers. Though this measure has shown promise in various indepen-

dent studies, the validation of this measure continues to be an active area of research

and this finding motivates future experiments with other 3C constructs that have

also shown potential[25, 99].

With respect to the second research question exploring the validity of the ETMP as a

measure of game performance, we found significant correlation between the ETMP

and the other performance-related factors considered. Specifically, the linear regres-

sion models in Table 6.4 revealed significant correlations to how much of their rel-

ative attention was focused on the selected and non-selected options listed as “Avg

answer fixation” and “Avg nonanswer fixation”, respectively. This specific finding

possibly indicates that the ETMP takes into account the validity of the Eye-Mind

Theory [79]. Additionally, we also found a correlation between the ETMP and fixa-

tion on the appropriate answers in the game as indicated by the “Appropriate Fix”

factor. This can be interpreted to mean that the ETMP also considers the accuracy

of the mental schema that a player uses to determine his or her response though

this interpretation is not entirely definitive. We also considered the possibility that

rather this correlation may have occurred due to the low-score options being ob-

viously socially unacceptable and easy to discard from consideration. This would

then mean that the correct fixation was due in part to an understanding of general

social norms rather than cultural competency. A targeted experiment with dialogue

option sets that were more closely clustered in terms of appropriateness could re-

solve this interpretation. Finally, the ETMP was found to be strongly correlated to

the player‘s explicit game score which we interpret as being that the players’ explicit

performances were likely attributable to cultural proficiency.
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6.7 Limitations

The CCDTS dialogue structures were meant to facilitate a multitude of conversation

tracks depending on the responses selected by the participants. Though this feature

is ideal when considering realistic gameplay, it added complexity to the data struc-

tures and subsequently limited the sequential analysis that could be conducted since

each player experienced different branches of the dialogue trees. For this reason, we

were only able to effectively analyze the aggregated visual behavior metrics of each

participant though we believe that a sequential analysis would provide insight into

the specific metacognitive strategies employed by participants as well as learning

rates.

6.8 Conclusion

In summary, this study introduces a novel eye-tracking measure of performance in

social interaction serious games. We present a unique methodology by which play-

ers of DGBL systems can be assessed for not only their explicit in-game responses,

but also for the correctness of the mental schema used to determine the selected re-

sponse. This study also presents the results of an experiment whereby the ETMP

was found to be correlated to gaze-behaviors indicative of specific cognitive pro-

cesses and traditional measures of in-game performance. These findings contribute

to the initial validation of the ETMP and motivate further research of the ETMP in

other DGBL domains.
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Chapter 7

Conclusions

“It is by no means an irrational fancy that, in a future existence, we shall look upon what we

think our present existence, as a dream.”

Edgar Allan Poe

This dissertation presents novel ways to develop and assess effective 3C DGBL sys-

tems using existing Cultural Dimension theory for content development, HMD VR

as a channel for delivering 3C content, and leveraging gaze behavior as a means of

assessing performance. In the following section, the author highlights and discusses

the implications of this research both in the area of 3C DGBLs as well as DGBLs in

general. Table 7.1 references the other studies in the literature with similar findings

as those presented in this dissertation. The findings in this dissertation that have no

other comparable studies are labelled as ‘Novel’.
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7.1 Engineering/Procedural Contributions

3C Game Review and Taxonomy

Through a thorough review of the literature, the author provides an organization

and taxonomy of current research efforts. In doing so, the author highlights research

and development trends in the area of 3C games and identifies knowledge gaps and

research opportunities for future studies. The author of this dissertation explores

several of the gaps that were identified in this taxonomy.

Cultural Simulation Design Process

This dissertation also presents a methodology by which existing Cultural Dimen-

sion Theory can be utilized to develop game content for 3C games. Several research

efforts have been made to investigate various development guidelines and method-

ologies for creating effective 3C DGBLs, and many of them target high-level game

artifacts such as agent models and ITS dynamics[98][118]. Although these artifacts

are extremely relevant to the development of 3C games, this dissertation is focused

on the specific conversational content that players must often navigate to achieve

3C game objectives. The methodology presented in this dissertation uses Hofstede‘s

Cultural Dimensions to develop dimension-specific dialogue options to implicitly

teach the existence of the cultural dimensions[67]. Additionally, this method pro-

vides a framework by which cultural content can be developed that specifically tar-

gets cultural dimensions that are the most disparate between the culture of the player

and that of the 3C DGBL. In doing so, it is the hope that players can also gain a more

general understanding of the cultural dimension being trained and its applicability
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across cultures. As a result, games designed using this methodology have the po-

tential of having broader learning benefits beyond those of the specific culture for

which a game is designed.

3C DGBLs Role-Playing Situational Judgment Test

The introduction of the role-playing SJT is one minor contribution of this disser-

tation to the assessment methodologies of 3C DGBL systems. To achieve a more

realistic measure of 3C gains from DGBL systems, the author of this dissertation

presents an evaluation methodology that involves real interactions between players

and humans. These interactions are then evaluated for their cultural consistency and

effectiveness by cultural experts. Although this was demonstrated in real-time face-

to-face interactions, this methodology can also be executed virtually through video

teleconferencing systems in cases in which cultural experts are not locally available.

7.2 Scientific/Technical Discovery Contributions

Alhough this research focuses on the effective development and assessment of 3C

DGBLs, this dissertation presents findings that have implications for areas beyond

the narrow scope of 3C DGBLs.

Regarding DGBLs designed for HMD VR, this research adds to the body of work

about the efficacy of this highly-immersive and entertaining medium. The current

body of research has addressed the efficacy of HMD VR versus traditional desk-

top channels in one off cases and the findings made are often generalized across all
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TABLE 7.1: Comparison of Dissertation Findings and Other Studies

Dissertation Findings Similar Findings in
Other Research (if any)

Literature review and development of
a taxonomy to identify gaps in the research
of 3C Games

Novel

Development of a new method called the
Cultural Dimension Design Process for
generating Cultural Dimension Theory dialogue
content for 3C DGBL systems

Novel

Demonstration of a game developed using the
Cultural Dimension Design Process and the statistical
motivation for its efficacy

Novel

Introduction and demonstration of the
Role-Playing Situational Judgment Test to evaluate
learning benefits in 3C DGBL systems

Novel

Development of an eye-tracking based measure
of performance in DGBL systems Just(1980[79]

Demonstration of the eye-tracking based measure
of performance in an experiment showing the
correlation of the novel measure against various other
measures of performance

Glaholt(2011)[56],
Shimojo(2003)[124],
Duchowski(2002)[38]

Demonstration that HMD VR and traditional
desktop variants of a DGBL result in insignificant
performance differences

Freina(2016)[51],
Freina(2015)[50],
Tacket(2016)[130]

Discovery that gender is a significant factor
when determining learning outcomes in immersive
DGBL systems

Guadagno(2011)[57],
Coffey(2017)[29],
Bailenson(2008)[11],
Yee(2006)[148]
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domains. Although some of these claims may have merit, it is imperative for re-

searchers in this area to begin to examine the efficacy of HMD VR regarding those

domains that are advantaged by high levels of immersion.

In the case of 3C and other social skills, sensory acuity and situational awareness are

often identified as attributes that contribute to high levels of effectiveness in social

situations[25]. As such, it seems logical that greater levels of immersion would lead

to positive results. The author of this research began to explore this question through

3C DGBLs, but it would seem prudent to examine similar questions in other social

skills DGBLs to be able to make broader claims. Although the results in this disser-

tation reveal no performance differences between the two channels in general, they

contributed to the growing trend of performance gains in HMD VR specifically for

males specifically[29]. Although some theories have been presented to explain this

interaction, none were found to have been explicitly experimented upon[10]. Given

the large financial investments being made in the technical performance of HMD VR

as well as the lack of specific guidance for the development of effective HMD VR-

based DGBL systems, the findings of this dissertation suggest that further research

is warranted to ensure that optimal DGBLs are developed.

Finally, the author of this dissertation presents and documents initial validation re-

sults for the use of physiological measurements as a means of assessing performance

in DGBLs. Specifically, the author looks at a means of weighting fixation duration

across dialogue option choices as a means of non-intrusively evaluating the decision-

making process of players in a DGBL system. While eye-tracking metrics have been

most often used as exploratory measures to understand various visual behaviors,

the maturity of visual behavior theory has allowed for some eye-tracking measures

to be used to assess performance. As such, given that most DGBLs continue to rely
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on explicit multiple-choice decisions, leveraging eye-tracking to interpret and evalu-

ate decision-making in DGBL environments is promising. The results shown in this

dissertation suggest that using eye-tracking as a means of evaluating performance

may provide greater insight into individual skills than current methods of explicit

assessment.

7.3 Future Works

Beyond on the limits of this dissertation, a number of extensions and investigations

are proposed to be researched in future work.

1. The budding area of HMD VR continues to garner widespread support from

companies like Facebook, Google, and Apple. The primary focus of these com-

panies, however, is to increase the entertainment value of this new medium

through advancements in resolution, video immersion, and audio immersion.

As the DGBL community continues to adopt these technologies, it is impera-

tive for future researchers to remain abreast with the learning value that can be

achieved through these enhancements. Due to the high financial cost of HMD

VR development, many of the cutting-edge capabilities of HMD VR games

were not leveraged. These items include 360 audio, haptic interactions with

game artifacts, gaze-controlled user interfaces, and gaze-responsive avatars.

Many of these enhancements have the potential of greatly increasing the im-

mersion of HMD VR systems greatly beyond the scope of this research. As

these enhancements are brought to market, academic research efforts should

be focused on evaluating their value related to learning benefits. Specifically, it
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would be ideal for these research efforts to be targeted at individual enhance-

ments to identify promising future developments as well as holistically to as-

sess the comprehensive immersive effects of all the enhancements in-tandem.

As the cost and availability of development tools becomes increasingly accessi-

ble, many of these enhancements will become increasingly financially feasible

to evaluate.

2. In the area of eye-tracking in DGBLs, many research extensions and opportu-

nities have become available. One major limitation of the research presented

in this dissertation is that the time series effect of fixation duration on dia-

logue responses was not investigated due to limitations in the stimuli. Given

that various eye-tracking theorists have presented research results that show

evolutions in gaze behavior as knowledge and confidence change, it would

seem prudent to investigate the same types of effects within DGBLs. Addi-

tionally, eye-tracking technology is being integrated into HMD VR systems by

several companies. This presents a unique research opportunity to investigate

whether the ETMP shows comparable or even more favorable results in im-

mersive channels.

3. Regarding the use of Cultural Dimension theory in developing 3C DGBLs, the

method presented in this research specifically leverages the findings of Geert

Hofstede[67]. As modern cultural theorists begin to adapt their views from na-

tional cultures to blended cultures without national boundaries it may be nec-

essary for future researchers to develop cultural content methodologies that do

not rely on the definitions and limitation of ethnic or national cultures. As these

theories continue to evolve and empirical evidence supporting these theories

is presented in the literature, it is likely that future DGBL systems will need

to rely on more adaptive and less culturally-restrictive methods of developing
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cultural content for 3C DGBL systems.

7.4 Finale

The results presented in this dissertation demonstrate how 3C DGBL systems can

be more effectively developed and assessed by using existing Cultural theory, ex-

ercising modern immersive technologies, and leveraging physiological measures to

gauge implicit actions. Given the massive growth in DGBLs in various domains,

the research results suggest that the findings can potentially go beyond those of 3C-

specific games. Although open questions continue to exist about means and meth-

ods of developing effective 3C DGBLs and DGBLs in general, the findings of this

dissertation can be applied to current DGBL developments to give learners the most

efficient and effective educational experiences possible.
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Appendix A

Chinese Dialogue Tree for Office

Hours Scenario

This appendix shows a full example of a Chinese dialogue tree for the Office Hours

scenario.
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Appendix B

English Dialogue Tree for Office Hours

Scenario

This appendix shows a full example of an English dialogue tree for the Office Hours

scenario.
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Appendix C

Actor Post-Test Dossier

Mindset: The choice of whether or not the objective is reached is based on how cul-

turally appropriate the participant behaves. You will have some initial interactions

laid out as an example for you to start you off, but then the conversation should

differ based on the participant’s conversation decisions. As the participant makes

dialogue decisions, you should alter your responses depending on whether the par-

ticipant is being culturally appropriate or not. Actor Post-Test Participant Scenario:

Asking a Chinese boss for a raise

Time Limit: You have four minutes to review this dossier. The conversation will be

about ten minutes

Participant’s Objective: To get a raise without upsetting the boss

Scenario Description (for the Participant): “You have been working as a roofing con-

tractor for the same Chinese company for three years without a pay raise. After

much careful consideration, you have decided to ask your boss for a raise. Because

you are a contractor, the boss will see you as subordinate. In order to receive the

raise, you must demonstrate that you are worthy of a raise while still remaining

sensitive to their higher position and attempting to demonstrate respect. “
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Actor’s Role: Your role is to be the Chinese boss that the participant is trying to get

a raise from. You are a strict boss but want to reward those who do exceptional

work. This, though, means that not many people in your company get raises. You

must be convinced that the participant deserves a raise without the participant act-

ing inappropriately. Chinese hierarchies can be more rigid by not allowing much

decision-making authority to lower leaders. As the boss may not have the authority

to grant the participant a raise, respond to the participant’s request for a raise by

introducing the prospect of having to first discuss things with your supervisor to

see how they react (i.e. are they accommodating for this cultural reality?) Because

the Chinese tend to have a long-term orientation, you are concerned about the fu-

ture of your company and want to increase your advertising sources. In order to

see how the participant responds to this common phenomenon among the Chinese,

ask the participant if he/she would be willing to place signs for your company in

the lawns of their customers on the day of the job. Explain that this will help the

company’s long-term success. Ideally, the participant will recognize your tendency

toward long-term orientation and will be accomodating.

Actor Personality Traits: Strict, Fair, Type A personality

Actor Background: You are a Chinese boss that has been working for this company

for a decade and a half. You know the company very well. You look for hard workers

in the company but are stringent on who you hire. You have only given raises to

people who have gone above and beyond in their positions.

Beginning Dialogue Example (Actor): <You begin the conversation> Greeting: “Hello,

come in. Why did you want to meet with me today? Is there a problem relating to

your work?”

<Participant responds>
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Response 1.1: No, sir/ma’am. I think that we should discuss my current status in

this company. I believe that I should receive an increase in salary. Response 1.2: No,

sir/ma’am. I want to talk about how I have been overlooked in this company. I be-

lieve that I have been mistreated and deserve a raise. Response 1.3: No, sir/ma’am.

I actually wanted to discuss something with you. I was hoping to have an open

conversation with you about potentially increasing my salary.

<You select a response> (If Response 1.1 is chosen): Do not come into my office and

expect to get something out from me. Remember that I am superior. Why should

you receive a raise? (If Response 1.2 is chosen): What do you mean? You need to

justify to me why you deserve a raise (If Response 1.3 is chosen): Sure, let us discuss

this. Why do you think you deserve a raise?

<Participant responds> Response 2.1: I have been working here a long time and

done a lot. I believe that I am due a raise because of this. Response 2.2: I have done

a lot of good things for the company. I have lead many projects, brought in a lot of

business for the company, and have taken a lot of extra work that was not assigned

to me. Response 2.3: I’m the best worker you have in this company. I have done a

lot for you and this company but I believe that I am always overlooked. I deserve to

be paid for the value I bring.

<You select a response> (If Response 2.1 was selected): I can’t give you a raise just

because you think you deserve one. I need to discuss with higher management. (If

Response 2.2 was selected): I have seen the work ethic you bring to the table. There is

potential for you to receive a raise, I believe. I want to see what upper management

says as well. (If Response 2.3 was selected): You should be humble about your ac-

complishments. A lot of people in this company do good work. Furthermore, upper

management has a say, as well, on who receives a raise.
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<Participant Responds> Response 3.1: I can show them all the work I have been do-

ing over the past couple months. I believe they would be very impressed. Response

3.2: Aren’t you the one, though, who has a final say on who gets a raise? Why do we

need to discuss this with upper management? Response 3.3: You can ask anyone in

the office, including upper management, about my work ethic. I work harder than

almost anyone.

<You respond - you will now go off script>
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Appendix D

Participant Post-Test Dossier

Participant Post-Test

Scenario: Asking a Chinese boss for a raise

Objective: To get a raise without upsetting your boss

Time Limit: You have four minutes to review this dossier. The conversation will be

about ten minutes

Scenario Description: You have been working as a roofing contractor for the same

Chinese company for three years without a pay raise. After much careful considera-

tion, you have decided to ask your boss for a raise. Because you are a contractor, the

boss will see you as subordinate. In order to receive the raise, you must demonstrate

that you are worthy of a raise while still remaining sensitive to their higher position

and attempting to demonstrate respect.

Participant Background: Three years ago, you moved to China to work in the Chi-

nese office of your company. You thought that this would be a great way to move

up in the company but your position has been stagnant for a while. You have won

numerous Employee of the Month awards, earned the highest productivity rate in

the office last year, and have filled in for higher management numerous times. You
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believe that your current salary does not reflect the amount of work that you have

been doing and believe you should receive a raise.

Actor’s Role: The actor’s role is to act as the Chinese boss. You know the boss to be

strict but fair to their employees.

Beginning Dialogue Example (Participant):

<Actor starts conversation>

<You select a response>

Response 1.1: No, sir/ma’am. I think that we should discuss my current status in

this company. I believe that I should receive an increase in salary. Response 1.2: No,

sir/ma’am. I want to talk about how I have been overlooked in this company. I be-

lieve that I have been mistreated and deserve a raise. Response 1.3: No, sir/ma’am.

I actually wanted to discuss something with you. I was hoping to have an open

conversation with you about potentially increasing my salary.

<Actor responds>

<You select a response> Response 2.1: I have been working here a long time and

done a lot. I believe that I am due a raise because of this. Response 2.2: I have done

a lot of good things for the company. I have lead many projects, brought in a lot of

business for the company, and have taken a lot of extra work that was not assigned

to me. Response 2.3: I’m the best worker you have in this company. I have done a

lot for you and this company but I believe that I am always overlooked. I deserve to

be paid for the value I bring.

<You select a response> Response 3.1: I can show them all the work I have been do-

ing over the past couple months. I believe they would be very impressed. Response

3.2: Aren’t you the one, though, who has a final say on who gets a raise? Why do we



Appendix D. Participant Post-Test Dossier 129

need to discuss this with upper management? Response 3.3: You can ask anyone in

the office, including upper management, about my work ethic. I work harder than

almost anyone.

<Actor responds - goes off script> <You respond - go off script>
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