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Abstract

Increased globalization requires employees to develop not just technical competencies in their specific
disciplines but also intercultural leadership competence, which includes a range of cognitive, affective, and
behavioural skills leading to effective and appropriate communication with culturally different others. To
date, Virtual Reality (VR) and Augmented Reality (AR) have demonstrated potential in their effectiveness
for achieving technical learning outcomes by providing an immersive, safe learning environment that is
both engaging and personalized. Yet, while learning environments such as VR and AR have created
significant interest with much promise to revolutionize learning environments, the adoption of these
technologies in non-technical areas is limited. Most approaches to teaching non-technical skills such as
intercultural knowledge and competence do not leverage these recent educational advancements but still
depend heavily on older technologies based on one-way passive learning environments, including videos
and web-based platforms. Therefore, interdisciplinary comparative research in leadership development is
needed to examine the effectiveness of existing and emerging learning environments (e.g., AR, VR) on
cognitive (knowledge), affective (attitudes) and behavioral (skills) aspects of intercultural competence. In
addition, we have identified important methodological gaps in the realm of research in leadership
development field that require the field to move beyond self-report approaches by utilizing biometric data.
We propose a research project to assess leadership development in an innovative research design that
triangulates data from traditional quantitative pre-posttesting with qualitative analysis of learner reflections

as well as with data from non-invasive biometric devices.
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1. Introduction

Increased globalization requires that employees effectively navigate across cultures and borders to
be competitive in international and global environments (Deloitte, 2017; Sorrell, 2016). In recent decades,
the low cost of international communication and our ability to automate processes across the globe have
pushed the business world to become truly global. As a result, employers increasingly seek workers who
can not only accomplish the technical and procedural tasks assigned to them but also appropriately and
effectively communicate with individuals across cultural boundaries so that they can coordinate,
collaborate, and communicate with employees and clients both locally and across the globe (Banks et al.,
2015). Increased globalization in business and trade has led to changes in the skills needed for success in
terms of communication and leadership in diverse contexts — what we refer to throughout this proposal as
intercultural leadership competence (ILC). The foundations of ILC is intercultural competence, which is
the ability to communicate effectively and appropriately in intercultural situations based on one’s
intercultural knowledge, skills, and attitudes (Deardorff, 2004). Developing intercultural competence
results in an improved understanding of other worldviews and the ability to manage thoughts, emotions,
change, and ambiguity in order to effectively build bridges across cultural diversity in organizational
settings (Zotzmann, 2015). Although vital in our society today, employees often fail to develop such skills.
For example, only 18% of employers believe that graduates are well prepared to work with people from
different backgrounds (Hart Research Associates, 2015).

Traditionally, employees have received training and education in intercultural leadership through
academic study abroad, co-curricular programs, and coursework in the college or international assignments
and travel in the workplace. However, each method has key weaknesses. For example, study abroad
programs—arrangements in which students complete part of their degree program through educational
activities outside the United States—require significant financial and logistical investments. Additionally,
co-curricular programs, activities, and learning experiences that complement what students are learning in
school do not present a systematic, targeted learning approach as they are based on voluntary participation.
Coursework, which usually includes a number of major, minor, or elective courses that provide content
around intercultural areas, typically focuses on cognitive learning, not necessarily behavioral or attitudinal
development. Moreover, as with co-curricular opportunities, students can often self-select out of
coursework, and those who most need intercultural learning are less likely to willingly engage in such
experiences. Workplace training activities typically do not focus on an ILC approach as they either focus
on leadership development in general or diversity in particular. Essentially, a key challenge of developing
ILC is finding a balance between substantial economic and logistical constraints and demonstrable
outcomes of effective student learning based on evidence-based best practices such as experiential and
reflective learning, safe learning environment, and individualized feedback on student performance.

A potential solution that may strike this balance is the use of technology-assisted instructional
approaches such as video, virtual reality (VR), and augmented reality (AR). Historically, common
techniques utilized in intercultural learning have included “group discussion, lectures, case scenarios,
clinical experiences, cultural immersion, and presentation by ethnic minority speaker” (Long, 2012, p. 104).

While video-based learning has been widely used in higher education and workplace training, it has often
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been criticized for its passive learning environment with little or no emphasis for learner interactivity
(Borgo et al., 2012; Tuong et al., 2014). More recently, with the advent of immersive online learning
environments such as augmented reality games, virtual military environments, and immersive second
language learning environments, these newer learning aids have demonstrated capacity for technical and
social skill development (Monahan et al., 2008; Pana et al., 2006; Rutledge et al., 2008). Based on these
advancements, these emerging learning technologies present strong potential to serve as effective learning
approaches for promoting all three domains of intercultural competence development including knowledge
(cognition), attitudes (affect) and skills (behaviors). Given their demonstrated effectiveness with more
technical skills, VR and AR should prove helpful in student mastery of specific key competencies including
many that have been linked as important to intercultural competence (Deardorff, 2006): empathy, openness
and curiosity. However, comparative evidence of the effectiveness of these different approaches to
intercultural competency development learning based on robust research is lacking. Further, there is a gap
in the literature on how, and to what extent, ILC development occurs in the new learning technologies of
VR and AR relative to the more traditional approach of videos. We seek to understand how the development
of intercultural competency transfers from one learning domain to another. In light of this gap we are
concerned with the limited research designs that have been used to document intercultural learning in
general and competency development in particular. Missing from the literature is a holistic learning
approach that moves beyond the cognitive domain to consider affective and psychomotor learning as well
(Enger & Lajimodiere, 2011). Likewise, most studies of intercultural curricular effectiveness do not take
advantage of technological solutions to measure phenomena; rather, existing work relies heavily on more
anecdotal evidence such as time on task and self-report scales as proxies for engagement in learning rather
than biological indicators of engagement (Villani et al., 2012). The goal of this proposal research is to
compare the effectiveness of these three technology-assisted media (video-based, virtual reality, and
augmented reality) for developing intercultural competence. By utilizing data triangulation through robust
research methods in quantitative, qualitative, and biometrics, we aim to further advance pedagogical
practices while also potentially providing new insights into theoretical underpinnings for the science of

learning.

1.1. The Project

In response to the problems outlined above, we propose to study the impact of three technology-
assisted interventions on STEM students’ learning and compare the effectiveness of these approaches — that
is, video-based, VR-based, and AR-based simulations — for ILC development. In this uncharted context,
we propose to assess individual learning with the triangulation of data from multiple methods (e.g.,
validated quantitative inventories of intercultural sensitivity, empathy, openness, curiosity, motivation, and
holistic measures of learning across multiple domains) as well as with data from non-invasive devices that
monitor involuntary biological indicators of emotional arousal (e.g., galvanic skin response/electrodermal
activity to measure physiological responses in the electrical resistance of the skin caused by emotional
stress, eye tracking to measure visual attentiveness, electromyography to measure muscular electrical
activity from the surface of the skin, electrocardiography to measure emotional arousal by recording heart

rate as well as heart rate variability, and facial emotion recognition to measure head position and facial
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micro-expressions). In order to accomplish the proposal goals, we target the following objectives and

employ the listed research approaches:

Objective #1: To compare the effectiveness of three technology-assisted learning approaches (video,
VR, and AR) for intercultural competence development, we will create and implement three learning
simulations and analyze the learning outcomes of each approach with a mixed methods design.

Objective #2: To explore potentially-new theoretical insights related to learning science, we will
assess the extent to which each of the three learning environments under investigation encourages learner
engagement.

Objective #3: To build on research methods in learning science, we will integrate biometric data
collection with self-report instruments and qualitative analysis of student reflections in our comparison of
media.

Addressing the need we have identified for effective, engaging, safe, and scalable learning
approaches to developing intercultural competence, the outcomes of this research proposal will include (a)
potentially significant findings in advancing learning science through documentation of complex
interactions that occur between learner attributes and learning environments, (b) a vital understanding of
the potential of each of the three technology-assisted learning medium for facilitating intercultural
competency among STEM learners, and (c) findings from innovative uses of biometrics in the assessment

of learning collected through this effort.

2. Literature Review and Theoretical Framework

Scholarly literature from several disciplines, including learning science, technology-assisted
learning technologies, and intercultural competence provides a solid theoretical basis for this project. We

review in this section literature relevant to the design and assessment of learning technologies.

2.1. Learning Science

Understanding the benefits, challenges, and implications of using differing forms of instruction
requires a recognition of and reliance on research related to learning science. We identified several key
components, theories, and aspects of learning which directly relate to our project and the accompanying

rationale.

2.1.1. Experiential Learning

Understanding how VBL, VRL, and ARL environments may impact student learning fits well within
the realm of experiential learning. Experiential learning is rooted in modern learning theories, which have
often pointed to constructivist conceptualizations of learning (Driscoll, 2005; Lave & Wenger, 1991). We
posit that a highly relevant theory of learning for AR and VR applications, which falls within the
constructivist tradition, is the Experiential Learning Theory (ELT) (Kolb, 1984; Kolb et al., 2001). ELT
sees learning as “the process whereby knowledge is created through the transformation of experience”

(Kolb, 1984, p. 41). The ELT model considers two related modes of grasping experience, concrete
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experience and abstract conceptualization, and two related modes of transforming experience, reflective
observation and active experimentation. Each of these modes relates directly to AR/VR as learners engage
in their own experience-making. Dalgarno and Lee (2010) specifically highlighted experiential learning as
one of the core affordances of VR, and ELT has been a common framework used in the design of learning

games and simulations (Gredler, 1996; Kiili, 2005).

2.1.2. Motivation to Learn

Another core element linked with our proposed research into different learning approaches is an
appreciation for student motivation to learn. Stipek (1993) highlighted to connection between motivation
to learn and actual learning; Stipek was joined by Pintrich et al. (1993) who demonstrated that the goals
learners pursue, as well as the effort they expend towards reaching those goals, all play into the overall
learning achieved by any individual. Further, Keller (2008) identified 5 principles for effectively motivating
student learning: 1) learner curiosity is aroused by identifying knowledge gaps, 2) motivation is promoted
when targeted learning is meaningful to learner’s goals, 3) when learners believe that they can successfully
learn, 4) when “learners anticipate and experience satisfying outcomes to a learning task” (p. 177), and, 5)
when learners employ self-regulated learning strategies. An understanding of student motivation is critical
as efforts are made into identifying the strengths and weaknesses of the identified approaches in this work.
Closely related to learner motivation is the work around self-efficacy which connects motivation with an
individual’s judgment of his or her capability to perform actions to realize specific goals (Bandura, 1977).
Self-efficacy has shown validity in “influencing such key indices of academic motivation as choice of
activities, level of effort, persistence, and emotional reactions” (Zimmerman, 2000, p. 86). Understanding
key components of the learning approaches identified as well as both the motivation, and in turn the self-

efficacy, of learners is critical in this work around identifying best-practices in learning.

2.1.3. Learning Engagement

We draw connections between our proposed work and engagement - learning technologies can not
only motivate learners but also engage them, providing them an experience that captures their attention
(Bannon, 2005; Quinn, 2005). O’Brien and Toms (2008) synthesized aesthetic, play, and flow theories to
define a model of engagement. They described engagement as being comprised of ten attributes: aesthetic,
affect, focused attention, challenge, control, feedback, interest, motivation, novelty, and perceived time
(O’Brien & Toms, 2008). Attempts to measure engagement have typically focused on self-reported
measures, performance indicators as correlates of engagement, and biometric measures (O’Brien & Toms,
2010). Our work is rooted in this understanding of learner engagement and the impact of this engagement

on their own learning.

2.2. Technology-Assisted Learning Environments

With the advent of technology, learning environments are becoming increasingly technology centric.
Although rapid technological advances are often adopted, the implementation and utilization of these new

approaches to learning can be slow due to logistical and resource limitations. In addition, the nature of an
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educational environment, may equate with advances in research also lagging behind the technological
innovations. We theorize that the greater immersive nature of VRL and the greater interactive qualities of
ARL will enhance learner engagement and thus foster greater achievement of learning outcomes, but more
exploratory research is necessary to understand better the relationships between these phenomena and to
predict accurately which medium best enhances intercultural competency learning.

Video-based Learning (VBL). The popularity of video-based learning through platforms such as
Khan Academy, Lynda, YouTube, and edX has resulted in millions of learning experiences in recent years
(Brooks et al., 2011). As widespread adoption of technology has multiplied so has research into video-
based learning, learner engagement with video-based learning platforms, and integration of video-based
learning into existing structures and courses (Giannakos, 2013). Yousef et al. (2014) conducted a meta-
analysis of research related to video-based learning from 2003-2013 and, despite conflicting results,
concluded several pertinent points: VBL has the potential to improve learning outcomes, results in higher
levels of satisfaction compared to settings without video, and is most-often connected with a more passive
teacher-centered approach as opposed to utilizing student-centered learning. Building off previous work
into VBL, recent work in the VBL sphere has sought to further improve upon benefits recognized in static
VBL settings through interactive VBL applications. For example, Kolas (2015) identified videos which
include hyperlinks, interactive 3D-objects, interactive maps, and embedded quizzes as VBL applications
which are interactive for students. The use of interactive VBL has demonstrated potential for increasing
student engagement (Zhang et al., 2006) but has also been less favorably looked upon by many educators

who deem it passive and not engaging (Kolas, 2015).

2.2.1. Virtual Reality-based Learning (VRL)

Virtual Reality (VR) technologies that utilize electronic eyewear to immerse an individual in a
computer-simulated environment is considered an emerging tool for providing immersive, engaging and
autonomous learning environments for both academic and professional purposes. Recent technological
advances have increased the resolution and dramatically reduced the cost of deploying VR material. In fact,
the findings of a recent survey on the use of digital technologies to drive digital business transformation
indicated that of the 29% of organizations which are using or piloting immersive learning technologies,
40% reported that the tool exceeded their expectations, while 60% reported that the technology performed
as expected (Cearley et al., 2017). Two decades ago, VR had to be played on a desktop computer or on
custom-built proprietary headsets, however, commercially available VR headsets today are the most
commonly used approach to deliver VR material, because they provide the greatest sense of immersion as
they replace the real world with the virtual one through complete visual occlusion (see Figure 1). These
advances mean that VR has rapidly become an inexpensive and viable learning tool in fields such as
engineering, medicine, chemistry, and other hard sciences (Clark et al., 2016; Freitas, Rebolledo-Mendez
et al., 2006). Similarly, previous studies on VR interventions for intercultural skills have either focused on
better second language acquisition (Thorne et al., 2009) or have examined military recruits and personnel,
who presumably would have had much more rigor prior intercultural training (Caligiuri et al., 2011).
Relatedly, while it has been proposed that VR holds great promise for developing empathy, empirical

evidence supporting the claim is virtually non-existent outside of healthcare settings (e.g., Wijma et al.,
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2018). Although VRL offers the prospect of exponentially increasing the scale of implementation and
present the advantages of a safe learning environment for engaging in potentially uncomfortable social
interactions, VR as an immersive learning tool needs to be tested for its potential, capacity, and extent in
contributing to the achievement of specific learning outcomes related to the development of intercultural

competence (Diehl & Prins, 2008; Hickman & Akdere, 2017).

Figure 1. Samples from VRL simulations

2.2.2. Augmented Reality-based Learning (ARL)

ARL draws its origins from the mid-twentieth-century in cinematography (Carmigniani et al., 2011),
and, with the development of computer technologies more generally, has seen steady rises in usage and
implementation (van Krevelen & Poelman, 2010). In 2007, AR was identified as one of the top 10 emerging
technologies (Jonietz, 2007), and, according to some researchers, is set to become one of the fundamental
user interface paradigms of humankind (Kroeker, 2010). AR is usually defined following the
VirtualityContinuum (Milgram & Kishino, 1994), where it resides closer to real-life than pure virtual reality
(VR) and, as such, combines aspects, and objects, of both the virtual and real world (see Figure 2) (Azuma
et al., 2001). AR can be understood as a real-world view that is augmented and enhanced by virtual,
computer generated, information (Caligiuri et al., 2011; Klopfer & Squire, 2008), allowing users to have a
realtime interaction with virtual creations in 3D space (van Krevelen & Poelman, 2010; Wu et al., 2013).
In other words, AR does not replace the real world as VR is purported to do, but, in a way, supplements it
through building a “mixed-reality” model (Bower et al., 2014; Chang et al., 2010). In terms of devices and
user-interaction, AR is mainly facilitated through two main display types: monitor-based and see-through;
presently, these largely include Head Mounted Displays and Handheld Display devices (Kesim & Ozarslan,
2012; Klopfer & Squire, 2008). AR uses different technology that can range from basic hardware, such as
video camera, for capturing live images, storage space for virtual objects, a processor powerful enough to
build a 3D simulation in real-time, and an interface for interactions with objects—both virtual and real—
as well as more complex hardware that includes GPS, WiFi connection, image recognition, and more

(Bower et al., 2014).
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Figure 2. Samples from ARL simulations

Given that this technology allows users to engage with and experience phenomena otherwise not
possible (Klopfer & Squire, 2008), AR has had many applications over the last decades, from such fields
as manufacturing (Caudell & Mizell, 1992) and medicine (Bajura et al., 1992), to sports and military
(Azuma et al., 2001). In recent years, special interest has developed around leveraging AR in educational
contexts (Kesim & Ozarslan, 2012; Radu, 2014) because it can benefit learners along a number of
dimensions, including learning spatial structure and function, memory retention, language learning,
improved collaboration, increased motivation and physical task performance (Radu, 2014). Dede (2009),
for example, points out that the immersive side of AR can be leveraged to enhance learning through multiple
perspectives, and through situated experience, both important opportunities in the learning process. More
specifically, AR has been explored as a tool in technology education, since the ability to create 3D images
is especially important in design technology and engineering (Thornton et al., 2012). Further, AR positively
affects the motivation of students in STEM education (Restivo et al., 2014; Yoon et al., 2012), especially
mathematics (Estapa & Nadolny, 2015). While most of these studies analyze the students’ perspectives,
there have also been applications of AR technology that aid in instructors’ formative assessment of students
(Holstein et al., 2018; Holstein et al., 2017), that facilitate interaction between students and teachers (Pefia-
Rios et al., 2012), and that teach industrial maintenance and assembly tasks in workplace training (Gavish

etal., 2015).

2.3. Intercultural Competence

Intercultural competence is the ability to communicate effectively and appropriately in intercultural
situations based on one’s intercultural knowledge, skills, and attitudes (Deardorff, 2004). Developing
intercultural competency leads to improved understandings of other worldviews and the ability to manage
thoughts, emotions, change, and ambiguity in order to effectively build bridges across cultural diversity.
Thus, intercultural competence is considered vital for individual success when working with culturally
diverse coworkers, suppliers, and clients (Lévy-Leboyer, 2007). Many contemporary scholars view
intercultural competence within a developmental framework — that is, as a set of related competencies which
it is possible to improve over time and as a result of experience, and not merely a collection of static
personality traits (Hammer, 2015). In other words, intercultural competence is imminently learnable.
Mpyriad definitions of intercultural competence exist in scholarly literature, with some emphasizing the role
of language and localized cultural knowledge and others focusing on globally transferable components such

as positive attitudes towards cultural difference and cultural discovery skills (Acheson & Schneider-Bean,
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2019). Most scholars, however, agree that intercultural competence is comprised by some combination of
attitudes/affect, knowledge/cognition, and skills/behavior (Spitzberg & Changnon, 2009).

Despite the complexity and variation that has characterized scholarly treatment of intercultural
competence operationalization, there exists a long history of intercultural competence assessment. The
construct is measurable both holistically and by focusing on its specific components (Fantini, 2009).
Assessment of intercultural competence does not always take the form of self-report quantitative measures.
The American Association of Colleges and Universities led the creation of a series of rubrics for qualitative
assessment in higher education known as the Valid Assessment of Learning in Undergraduate Education
(VALUE) rubrics (AAC&U, 2010). Among these rubrics is one for Intercultural Knowledge and
Competency, which delineates six components of the construct for assessment: the knowledge components
of cultural self-awareness and cultural worldview frameworks, the skills of empathy and verbal/non-verbal
communication skills, and the attitudes of curiosity and openness. We drew our learning outcomes of
openness, curiosity and empathy for the current project from this rubric and paired them with validated
measures (described in more detail in the sections below). The most important theoretical framework for
our current project, though, is Deardorff’s (2006) Pyramid model of intercultural competence, because this
model allows us to organize the components of intercultural competence into a hierarchy and understand
their order of acquisition. The theoretical model provides justification for our choices of learning outcomes
as foundational prerequisites for higher order skills and as culture-general components that are transferable

from one cultural context to others.

2.3.1. Openness

Intercultural openness is widely recognized as an important component of intercultural competency.
For example, in the AAC&U’s (2010) VALUE rubric for Intercultural Knowledge and Competence, the
attitude of openness involves both willingness to interact with culturally different others and the capacity
to suspend judgment and consider alternate interpretations during those interactions. Many other models of
intercultural competency, including Deardorff’s (2006) Pyramid model, highlights the importance of
openness. In fact, Deardorff’s model places openness at the base of the pyramid, implying that development
of intercultural competency cannot continue without this foundational attitude. As such a well-recognized
and foundational aspect of intercultural competence, openness is therefore a suitable focus for the
interventions in this study. One demonstrably valid instrument (16 self-report Likert-scale items) used to

measure openness is the Attitudinal and Behavioral Openness Scale (Caligiuri et al., 2011).

2.3.2. Curiosity

The attitude of curiosity, characterized by the willingness to and habit of asking complex questions
about aspects of culture that lie below the surface (not easily accessible to cultural outsiders), is considered
an important component of intercultural competence (AAC&U, 2010). Along with openness, curiosity
forms the attitudinal foundation for the development of intercultural competence (Deardorff, 2006).
Specifically, curiosity enables the development both cultural self-awareness and awareness of others’ the
cultural norms, values, and beliefs that undergird the more visible aspects of culture, including cultural

artifacts and patterns of behavior. One instrument that has been validated for use in studies exploring the
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role of curiosity in motivation and learning (Kashdan et al., 2009) is the Curiosity and Exploration Inventory

(10 self-report Likert-scale items).

2.3.3. Empathy

Empathy is a complex skill that involves understanding the experiences, perspectives, and emotions
of others (AAC&U, 2010). Intercultural empathy is especially challenging because cultural differences
function as barriers to understanding others. Deardorff (2006) places it toward the top of the pyramid model
because the performance of this skill often requires positive attitudes such as openness as well as a certain
threshold of cultural knowledge. An instrument that was developed to measure empathic responses across
ethnic and racial differences is the Scale of Ethnocultural Empathy (30 self-report Likert-scale items). This
instrument encompasses 4 factors: empathic feeling and expression, empathic perspective-taking,

acceptance of cultural differences, and empathic awareness (Wang et al., 2003).

2.4. A Biometric Profile of Social Competence

Biometrics is defined as the use of distinctive, measurable physical characteristics to describe
individuals, which can generally be divided into two groups: those that serve as identifiers of the body (such
as fingerprints and retina scanning), and those that pertain to psychophysiological measures of human
behavior and psychological state such as eye tracking, facial expression analysis, galvanic skin responses
and electroencephalography (Jain & Ross, 2008). In the latter case, biometric tools attempt to classify an
individual’s visual attentive process and emotional expression in terms of emotional arousal (intensity) as
well as emotional valence (positive versus negative hedonic affect); (Barrett, 2006; Kron et al., 2015;
Russell, 1980). Often, a biometric tool (see Figure 3) will provide information on one dimension more than
another; galvanic skin responses (GSR) and electrocardiography (ECG), for example, are often used as
measures of arousal but not valence (Berntson et al., 1997; Boucsein, 1999; De Santos et al., 2011; Torres
et al., 2013), while facial Electromyography (EMG) and Facial Emotion Recognition (FER) can provide
valenced information but are less likely to provide an accurate measure of intensity, although intensity can
contribute to the correct identification of an expression (Balconi et al., 2014). Thus, the use of multiple
sensors in a multimodal approach is necessary to provide the most comprehensive profile of an individual’s
psychophysiological reaction to stimuli (Balconi et al., 2014; De Santos et al., 2011). Within the context of
social interaction, a limitation of conventional self-report methods is that one’s feelings, attitudes and
reactions may not be articulated to their fullest extent. This may be due to social desirability bias, language
barriers, cultural norms, or inaccurate recall of emotional events. Here, biometrics is best used in
conjunction with conventional self-report methods, as physiological responses to stimuli are involuntary
and beyond conscious control. Thus, biometrics can provide valuable information as to the emotional and

attentive state of the respondent in real-time, without the limitations of language or bias.
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Figure 3. Biometric software platform in use.

3. Research Method

The proposed study will be designed as a quasi-experiment to test the effectiveness of technology-
assisted learning environments in intercultural development through VBL, VRL, and ARL, each with
similar intervention content. Therefore, there will be three treatment groups, each comprised of at least 50
participants. Our independent variables will include demographic variables (gender, race/ethnicity, and
language) and personal attributes (motivation to learn, pre-existing levels of intercultural competence—
openness, curiosity, and empathy--obtained through pretesting with self-report instruments). Qualitative
and biometric data will also be collected and analyzed in triangulation with the quantitative data to present
as complete and nuanced a picture of the complex learning processes.

All three sets of simulations in this study will feature similar content, varying primarily in medium
of instruction (VBL, VRL, and ARL). The simulation series will immerse learners in an international
business case where they develop intercultural knowledge and competence. Within the simulations, learners
are responsible for securing a business deal with a Latin American distribution company. In these
technology-assisted learning simulations, the participants will complete the simulations on their own, in a
safe and replicable learning environment. Importantly, all three technology approaches to teaching and
learning being studied in this project differ from each other in the level of interactivity and authenticity
provided by the medium, particularly for the VRL and ARL. This is accomplished by immersing learners,
giving them first-hand experience of being in an international business setting and providing them with
opportunities to interact with their environment in the form of speech and behavior choices to which
characters within the simulations react and respond. Additionally, learner choices during the simulation
change the future outcomes (i.e., a range of successes or total failure to secure the business deal). In
response to stimuli within the simulation, learners choose from a set of behavioral responses that will be
designed in consultation with intercultural education, business, and learning science experts to ensure that
the choices represent the likely responses from individuals at varying levels of intercultural competence

and business acumen.

4. Conclusion and Discussions

By exploring innovative learning environments for more effective teaching of ILC to STEM
students, this research proposal has multiple and far-reaching impacts on industry, scholarship, and society
at large. Improved skills and attitudes such as openness and empathy have great potential to positively

impact the capacity of intercultural teams in the workplace to leverage their differences for creative
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problem-solving and innovation, rather than being stymied by an inability to interact successfully with

culturally different individuals and groups.

References

AAC&U (Association of American Colleges & Universities). (2010). Intercultural knowledge and
competence VALUE rubric. https://www.aacu.org/value/rubrics/intercultural-knowledge

Acheson, K., & Schneider-Bean, S. (2019). Representing the Intercultural Development Continuum as a
pendulum: Addressing the lived experiences of intercultural competence development and
maintenance. European Journal of Cross-Cultural Competence and Management.

Azuma, R., Baillot, Y., Behringer, R., Feiner, S., Julier, S., & Maclntyre, B. (2001). Recent advances
in augmented reality. Naval Research Lab Washington DC.
from http://www.dtic.mil/docs/citations/ ADA 606245

Bajura, M., Fuchs, H., & Ohbuchi, R. (1992). Merging Virtual Objects with the Real World:
Seeing Ultrasound Imagery Within the Patient. In Proceedings of the 19th Annual Conference on
Computer Graphics and Interactive Techniques (pp. 203-210). ACM.

Balconi, M., Vanutelli, M. E., & Finocchiaro, R. (2014). Multilevel analysis of facial expressions of
emotion and script: self-report (arousal and valence) and psychophysiological correlates. Behavioral
and Brain Functions, 10(32), https://doi.org/10.1186/1744-9081-10-32

Bandura, A. (1977). Self-efficacy: Toward a unifying theory of behavior change. Psychological Review,
84,191-215.

Banks, S., Edwards, T., Fimbres, L., Gerstein, A., & Lackey, 1. (2015). Focus on employability skills for
STEM workers: Points to experiential learning. A Publication by STEMconnector’s STEM
Innovation = Task  Force.  http://stemconnector.org/wp-content/uploads/2016/12/Focus-on-
Employability-Skills-Paper-1.pdf

Bannon, L. (2005). A human-centred perspective on interaction design. In A. Pirhonen, H. Isoméki, C.
Roast, & P. Saariluoma (Eds.), Future Interaction Design (pp. 9-30). Springer.

Barrett, L. F. (2006). Solving the Emotion Paradox: Categorization and the Experience of Emotion.
Personality and Social Psychology Review, 10(1), 20-46.
https://doi.org/10.1207/s15327957pspr1001_2

Berntson, G. G., Bigger, J. T., Eckberg, D. L., Grossman, P., Kaufmann, P. G., Malik, M., Nagaraja, H. N.,
Porges, S. W., Saul, J. P., Stone, P. H., & van der Molen, M. W. (1997). Heart rate variability:
origins, methods, and interpretive caveats.  Psychophysiology, 34, 623—648.
https://doi.org/10.1111/1.1469-8986.1997.tb02140.x

Borgo, R., Chen, M., Daubney, B., Grundy, E., Heidemann, G., Hoferlin, B., Hoferlin M., Leitte, H.,
Weiskopf, D., & Xie, X. (2012). State of the art report on video-based graphics and video
visualization. Computer Graphics Forum, 31(8), 2450-2477.

Boucsein, W. (1999). Electrodermal activity as an indicator of emotional processes. Journal of Science of
Emotion and Sensibility, 2(1), 1-25.

Bower, M., Howe, C., McCredie, N., Robinson, A., & Grover, D. (2014). Augmented Reality
in education—cases, places and potentials. Educational Media International, 51(1), 1-15.

Brooks, C. A., Ketterl, M., Hochman, A., Holtzman, J., Stern, J., Wunden, T., & Meyer, D. (2011,
November). OpenCast Matterhorn 1.1: reaching new heights. In Proceedings of the 19th ACM
international conference on Multimedia (pp. 703-706). ACM.

Caligiuri, P., Noe, R., Nolan, R., Ryan, A. M., & Drasgow, F. (2011). Training, developing, and assessing
cross-cultural competence in military personnel. Technical Report 1284, United States Army
Research Institute for the Behavioral and Social Sciences.

Carmigniani, J., Furht, B., Anisetti, M., Ceravolo, P.,Damiani, E., & Ivkovic, M. (2011).
Augmented reality technologies,  systems and  applications. Multimedia  Tools  and
Applications, 51(1), 341-377.

197


http://dx.doi.org/
https://www.aacu.org/value/rubrics/intercultural-knowledge
http://www.dtic.mil/docs/citations/ADA606245

https://doi.org/ 10.15405/epsbs.2021.02.17

Corresponding Author: Mesut Akdere

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

Caudell, T. P., & Mizell, D. W. (1992). Augmented reality: an application of heads-up display
technology to manual manufacturing processes. In Proceedings of the Twenty-Fifth Hawaii
International Conference on System Sciences, 2, 659—669. ieeexplore.ieee.org

Cearley, D. W., Burke, B., Searle, S., & Walker, M. J. (2017). Report on top 10 strategic technology trends
for 2018. Available online on November 15, 2017
from https://www.gartner.com/doc/3811368?refval=&pcp=mpe#dv_17 gartner conducted

Chang, G., Morreale, P., & Medicherla, P. (2010). Applications of augmented reality systems in education.
In Society for Information Technology & Teacher Education International Conference (pp. 1380—
1385). Association for the Advancement of Computing in Education (AACE).

Clark, D. B., Tanner-Smith, E. E., & Killingsworth, S. S. (2016). Digital games, design, and learning: A
systematic review and meta-analysis. Review of Educational Research, 86(1), 79-122.

Dalgarno, B., & Lee, M. J. W. (2010). What are the learning affordances of 3-D wvirtual
environments? British Journal of Educational Technology, 41, 10-32.
https://doi.org/10.1111/j.1467-8535.2009.01038.x

Deardorff, D. K. (2004). The identification and assessment of intercultural competence as a student
outcome of international education at institutions of higher education in the United States.
(Unpublished dissertation). North Carolina State University, Raleigh.

Deardorff, D. K. (2006). The identification and assessment of intercultural competence as a student
outcome of internationalization. Journal of Studies in International Education, 10(3), 241-266.

Dede, C. (2009). Immersive interfaces for engagement and learning. Science, 323(5910), 66—69.

Deloitte. (2017). Voice of Asia. https://www2.deloitte.com/content/dam/insights/us/articles/ 4202_VOA-
3_Asias-growth-onthe-cusp/DI_VOA3.pdf

De Santos, A., Sanchez-Avila, C., Guerra-Casanova, J., & Bailador-Del Pozo, G. (2011). Real-Time Stress
Detection by Means of Physiological Signals. In Recent Application in Biometrics, J. Yang (Ed.),
InTech.

Diehl, W. C., & Prins, E. (2008). Unintended outcomes in Second Life: Intercultural literacy and cultural
identity in a virtual world. Language and Intercultural Communication, 8, 101-118.

Driscoll, M. P. (2005). Psychology of learning for instruction (3rd Ed.). Pearson Education, Inc.

Enger, K., & Lajimodiere, D. (2011). A multi-cultural transformative approach to learning: Assessing
attitude change in doctoral students following an online diversity course. Multicultural Education
& Technology, 5(3), 176-193.

Estapa, A., & Nadolny, L. (2015). The effect of an augmented reality enhanced mathematics lesson
on student achievement and motivation. Journal of STEM education, 16(3).

Fantini, A. E. (2009). Assessing intercultural competence: Issues and tools, in D. Deardorf (Ed.), The Sage
handbook of intercultural competence, (pp. 1-52). Thousand Oaks, Sage.

Freitas, S., Rebolledo-Mendez, G., Liarokapis, F., Magoulas, G., & Poulovassilis, A. (2006). Learning as
immersive experiences: Using the four-dimensional framework for designing and evaluating
immersive learning experiences in a virtual world. British Journal of Educational Technology,
41(1), 69-85.

Gavish, N., Gutiérrez, T., Webel, S., Rodriguez, J., Peveri, M., Bockholt, U., & Tecchia, F.
(2015). Evaluating virtual reality and augmented reality training for industrial maintenance and
assembly tasks. Interactive Learning Environments, 23(6), 778-798.

Giannakos, M. N. (2013). Exploring the video-based learning research: A review of the literature. British
Journal of Educational Technology, 44(6), E191-E195.

Gredler, M. E. (1996). Educational games and simulations: a technology in search of a (research) paradigm.
In D. H. Jonassen (Ed.), Handbook of research for educational communications and technology.
Simon & Schuster Macmillan.

Hammer, M. R. (2015). The developmental paradigm for intercultural competence research. International
Journal of Intercultural Relations, 48, 12-13.

Hart Research Associates. (2015). Falling short? College learning and career success. from
https://www.aacu.org/sites/default/files/files/LEAP/2015employerstudentsurvey.pdf

Hickman, L., & Akdere, M. (2017). Exploring virtual reality for developing soft-skills in STEM education.
Proceedings of the 7" World Engineering Education Forum, Kuala Lumpur: Malaysia.

198


http://dx.doi.org/

https://doi.org/ 10.15405/epsbs.2021.02.17

Corresponding Author: Mesut Akdere

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

Holstein, K., Hong, G., Tegene, M., McLaren, B. M., & Aleven, V. (2018). The Classroom As
a Dashboard: Co-designing Wearable Cognitive Augmentation for K-12 Teachers. In Proceedings
of the 8th International Conference on Learning Analytics and Knowledge (pp. 79-88). ACM.

Holstein, K., McLaren, B. M., & Aleven, V. (2017). Intelligent Tutors As Teachers’ Aides: Exploring
Teacher Needs for Real-time Analytics in Blended Classrooms. In Proceedings of the Seventh
International Learning Analytics & Knowledge Conference (pp. 257-266). ACM.

Jain, A. K., & Ross, A. (2008). Introduction to Biometrics. In A. K. Jain & R. A. Flynn, Handbook of
Biometrics (pp. 1-22). Springer.

Jonietz, E. (2007). TRI10: Augmented Reality. MIT Technology Review.
http://www?2.technologyreview.com/news/407473/tr1 0-augmented-reality/

Kashdan, T. B., Gallagher, M. W_, Silvia, P. J., Winterstein, B. P., Breen, W. E., Terhar, D., & Steger, M.
F. (2009). The curiosity and exploration inventory-II: Development, factor structure, and
psychometrics. Journal of Research on Personality, 43(6), 987-998.

Keller, J. M. (2008). First principles of motivation to learn and e3-learning. Distance Education, 29(2),
175-185.

Kesim, M., & Ozarslan, Y. (2012). Augmented Reality in Education: Current Technologies and
the Potential for Education. Procedia - Social and Behavioral Sciences, 47, 297-302.

Kiili, K. (2005). Digital game-based learning: Towards an experiential gaming model. Internet and Higher
Education, 8(1), 13-24.

Klopfer, E., & Squire, K. (2008). Environmental Detectives—the development of an augmented
reality platform for environmental simulations. Educational — Technology  Research and
Development: ETR & D, 56(2), 203-228.

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development.
Englewood Cliffs, NJ: Prentice-Hall.

Kolb, D. A., Boyatzis, R. E., & Mainemelis, C. (2001). Experiential learning theory: Previous research and
new directions. Perspectives on thinking, learning, and cognitive styles, 1(8), 227-247.

Kolas, L. (2015, June). Application of interactive videos in education. In Information Technology Based
Higher Education and Training (ITHET), 2015 International Conference on (pp. 1-6). IEEE.

van Krevelen, D. W. F., & Poelman, R. (2010). A Survey of Augmented Reality
Technologies, Applications and Limitations. The International Journal of Virtual Reality, 9(2), 1—
20.

Kroeker, K. L. (2010). Mainstreaming Augmented Reality. Communications of the ACM, 53(7), 19-21.
Kron, A., Pilkiw, M., Banaej, J., Goldstein, A., & Anderson, A. K. (2015). Are valence and arousal
separable in emotional experience? Emotion, 15(1), 35-44. https://doi.org/10.1037/a0038474
Lave, J., & Wenger, E. (1991). Situated learning: Legitimate peripheral participation. Cambridge

University Press.

Lévy-Leboyer, C. (2007). CQ: Developing cultural intelligence at work. Personnel Psychology, 60, 242-
245.

Long, T. B. (2012). Overview of teaching strategies for cultural competence in nursing students. Journal
of Cultural Diversity, 19(3), 103—104.

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE Transactions
on Information and Systems, 77(12), 1321-1329.

Monahan, T., McArdle, G., & Bertolotto, M. (2008). Virtual reality for collaborative e-learning. Computers
& Education, 50(4), 1339-1353.

O'Brien, H. L., & Toms, E. G. (2008). What is user engagement? A conceptual framework for defining user
engagement with technology. Journal of the American Society for Information Science and
Technology, 59(6), 938-955.

O'Brien, H. L., & Toms, E. G. (2010). The Development and Evaluation of a Survey to Measure User
Engagement. Journal of the American Society for Information Science and Technology, 61(1), 50-
69. https://doi.org/10.1002/asi.21229

Pana, Z., Cheokb, A. D., Yanga, H., Zhua, J., & Shia, J. (2006). Virtual reality and mixed reality for virtual
learning environments. Computers & Graphics, 30(1), 20-28.

199


http://dx.doi.org/
http://www2.technologyreview.com/news/407473/tr10-augmented-reality/

https://doi.org/ 10.15405/epsbs.2021.02.17

Corresponding Author: Mesut Akdere

Selection and peer-review under responsibility of the Organizing Committee of the conference
eISSN: 2357-1330

Pena-Rios, A., Callaghan, V., Gardner, M., & Alhaddad, M. J. (2012). Towards the Next Generation
of Learning Environments: An InterReality Learning Portal and Model. In 2012 Eighth
International Conference on Intelligent Environments (pp. 267-274).

Pintrich, P., Smith, D., Garcia, T., & McKeachie, W. (1993). Reliability and predictive validity of the
Motivated Strategies for Learning Questionnaire (MSLQ). Educational and Psychological
Measurement, 53(3), 801-813.

Quinn, C. N. (2005). Engaging learning: Designing e-learning simulation games. San Francisco: Pfeiffer.

Radu, I. (2014). Augmented Reality in Education: A Meta-review and Cross-media
Analysis. Personal and Ubiquitous Computing, 18(6), 1533—1543.

Russell, J. A. (1980). A circumplex model of affect. Journal of Personality and Social Psychology, 39(6),
1161-1178. http://doi.org/10.1037/h0077714

Restivo, T., Chouzal, F., Rodrigues, J., Menezes, P., & Lopes, J. B. (2014, April). Augmented reality
to improve stem motivation. In Global Engineering Education Conference (EDUCON), 2014
IEEE (pp. 803-806). IEEE.

Rutledge, Linke, S. E., Olson, M. B., Francis, J., Johnson, B., D., Bittner, V., York, K., Mcclure, C., Kelsey
F. S, Reis, S. E., Comell, C. E., Vaccarino, V., Sheps, D. S., Shaw, L. J., Krantz, D. S., Parashar,
S., & Merz, C. N. (2008). Social networks and incident stroke among women with suspected
myocardial ischemia. Psychosomatic Medicine, 70(3), 282-287.

Sorrell, M. (2016). To move upward, move outward. https://www.linkedin.com/pulse/move-upward-
outward-sir-martin-sorrell

Spitzberg, B. H., & Changnon, G. (2009). Conceptualizing intercultural competence, in D. Deardorf (Ed.),
The Sage Handbook of Intercultural Competence, (pp. 1-52). Thousand Oaks, CA: Sage.

Stipek, D. J. (1993). Motivation to learn: From theory to practice.

Thorne, S., Black, R., & Sykes, M. (2009). Second language use, socialization and learning in internet
interest communities and online gaming. Modern Language Journal, 93(1), 802-821.

Thornton, T., Ernst, J. V., & Clark, A. C. (2012). Augmented reality as a visual and spatial learning
tool in technology education. And Engineering Teacher.
https://edtc5345.pbworks.com/w/file/fetch/95580578/ContentServer.pdf

Torres, C. A., Orozco, A. A., & Alvarez, M. A. (2013). Feature selection for multimodal emotional
recognition in the arousal-valence space. Conference Proceedings IEEE Engineering Medical
Biology Society, 4330-3.

Tuong, W., Larsen, E. R., & Armstrong, A. W. (2014). Videos to influence: A systematic review
of effectiveness of ~ video-based  education in  modifying  health behaviors. Journal
of Behavioral Medicine, 37(2), 218-233.

Villani, D., Repetto, C., Cipresso, P., & Riva, G. (2012). May I experience more presence in doing the same
thing in virtual reality than in reality? An answer from a simulated job interview. Journal Interacting
with Computers, 24(4), 265-272.

Wang, Y. W., Davidson, M. M., Yakushko, O. F., & Savoy, H. B. (2003). The scale of ethnocultural
empathy: Development, validation, and reliability. Journal of Counseling Psychology, 50(2), 221-
234,

Wijma, E. M., Veerbeek, M. A., Prins, M., Pot, A. M., & Willemse, B. M. (2018). A virtual reality
intervention to improve the understanding and empathy for people with dementia in informal
caregivers: Results of a pilot study. Aging Mental Health, 22(9), 1115-1123.

Wu, H-K., Lee, S. W.-Y,, Chang, H.-Y., & Liang, J.-C. (2013). Current status, opportunities
and challenges of augmented reality in education. Computers & Education, 62, 41-49.

Yoon, S. A, Elinich, K., Wang, J., Steinmeier, C., & Tucker, S. (2012). Using augmented reality
and knowledge-building scaffolds to improve learning in a science museum. /nternational Journal
of Computer-Supported Collaborative Learning, 7(4), 519-541.

Yousef, A. M. F., Chatti, M. A., Schroeder, U., & Wosnitza, M. (2014, July). What drives a successful
MOOC? An empirical examination of criteria to assure design quality of MOOCs. In Advanced
Learning Technologies (ICALT), 2014 IEEE 14th International Conference on (pp. 44-48). IEEE.

200


http://dx.doi.org/
http://doi.org/10.1037/h0077714

https://doi.org/ 10.15405/epsbs.2021.02.17

Corresponding Author: Mesut Akdere

Selection and peer-review under responsibility of the Organizing Committee of the conference
elSSN: 2357-1330

Zhang, D., Zhou, L., Briggs, R. O., & Nunamaker, Jr. J. F. (2006). Instructional video in e-learning:
Assessing the impact of interactive video on learning effectiveness. Information &
management, 43(1), 15-27.

Zimmerman, B. J. (2000). Self-efficacy: An essential motive to learn. Contemporary Educational
Psychology, 25(1), 82-91.

Zotzmann, K. (2015). Increased understanding and empathy through intercultural training? The case of
Alelo’s virtual cultural awareness trainer for military personnel. In Cultural Essentialism in
Intercultural Relations (F. Dervin & R. Machart, eds.). Palgrave Macmillan.

201


http://dx.doi.org/

	VIRTUAL REALITY TECHNOLOGY FOR DEVELOPING INTERCULTURAL LEADERSHIP COMPETENCE: A RESEARCH PROPOSAL
	Abstract
	1. Introduction
	1.1. The Project
	2. Literature Review and Theoretical Framework
	2.1. Learning Science
	2.1.1. Experiential Learning
	2.1.2. Motivation to Learn
	2.1.3. Learning Engagement
	2.2. Technology-Assisted Learning Environments
	2.2.1. Virtual Reality-based Learning (VRL)
	2.2.2. Augmented Reality-based Learning (ARL)
	2.3. Intercultural Competence
	2.3.1. Openness
	2.3.2. Curiosity
	2.3.3. Empathy
	2.4. A Biometric Profile of Social Competence
	3. Research Method
	4. Conclusion and Discussions
	References

