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Abstract :

In this paper we describe an affective, learner-centered framework for building learning technologies.
Foecifically, we outline an ontology of social effects that includes the necessary and sufficient criteria that
virtual human technologies need to have in order to design compelling training and learning applications
focused on teaching tacit, soft skills for interpersonal communication. Finally, we focus on recent projects from
our research that exemplify applications of the ontology of social effects to implementing virtual human

learning technologies.
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I ntroduction

Students at every level of the educational systenearolled in coursework that is mainly intended t
teach traditional topical content. Most of thesadamental courses range from mathematics, langagage
history, science, and possibly music. When studacitgeve their formal educational goals, most ehtHeave
the academic environments with their degrees irdhagady to be a part of society at large. Howetlezse
formal learning experiences do not necessarily htesttidents the tacit soft skills they need in orter
successfully operate in teams and groups. Our vmdposes a design framework for building learning

technologies to support teaching skills that anedrtant in interpersonal communication.

Learning technologies tend to focus on teachinglesits cognitive skills and strategies to perform
knowledge-based tasks. For example, in the intrmdyachapter to the Cambridge Handbook of Multinaedi
Learning, Mayer (2005) points outs the role of ediemal technology for teaching mechanics of hopuap
works. The two main factors that are relevant ® dlesign of multimedia environments to supportitiaahl
learning, such as the physical dynamics of a puarmphow to balance the presentation of words, ssusnad
visuals. The whole field of learning sciences haigpted nicely with educational psychology and dediboth
theoretical and applied principles for the effeetdesign of these multimedia learning systems. &\thik is all
well and good, there are is principled approachuitding effective social skills training, espetyafor learning
how to effectively work in groups in the 2&entury. In addition to words, sounds, and visuats propose that
virtual human interaction participants are more am@nt in the context of teaching interpersonal

communication skills such as effective listening gauging other participants’ state of mind.
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In order to support future plans for learning teslbgies in the 2% century, immersive training
environments must include computer-generated Vittuemans with whom the learner can interact, anthéir
most general form, such virtual humans must hageatiility to act, react, and counter-react to viedoa non-
verbal stimuli, use natural language processinge lagpropriate facial expressions and gesturegonelsbased
on the situation and be capable of showing emo#omajor challenge in developing effective virtdmlman
training applications is determining the correetleof fidelity with which they are designed, whicdfers to the
level of realism in the simulation of various compats of the virtual human experience. Some compueref
fidelity are the visual appearance of the virtuaiman character, the behavioral actions such asirgssand

other facial animations, and communicative reaksith as natural language expressiveness.

Although virtual environments must be realistic eglo to allow learning, they do not have to repkcat
the physical world in all respects. In fact, thdevancy principle from multimedia design suggetbist
irrelevant details in learning technologies wiltroduce extraneous cognitive load to a task. Tloeeefvirtual
human fidelity must be driven by psychological pijles of how learning takes place and the necedgaators
in multimedia to maximize learning transfer. Fomgo training objectives, low-fidelity characters mbg
sufficient, whereas for others, even small depagufrom reality could produce negative training.
Unfortunately, the relationship between virtual tmmmcharacteristics and training objectives is poorl

understood and the current research effort is @iceat closing this gap

This paper is directed at gaining insight into tekationship between virtual human fidelity (botisual
and behavioral) and learning outcomes with the doro&interpersonal-skills training (see Figure Rather
than exploring generic concepts like realism oidwalbility, we adopt a functionalist approach. ¥fgue that
realism is important only to the extent that it ke® objective responses and subjective impressiotiainees
that are relevant to the intended learning tasknewith this perspective, a central focus of pneposed work
is to document the various social effects thatugirthumans can have on trainees and the relevdniteese
effects to the learning of specific skills. We pidbat these social effects are an essential elefoeeffective

interpersonal skills training.

Contemporary virtual human technology falls shdrthe intelligence, flexibility, and interactivitpf
human role-players, and will continue to remainf@omany years. Nonetheless, a wide range of geglo
applications demonstrate that virtual humans careatly achieve effective training and provide anter of
advantages over other forms of training (Beal, 3ohn Dabrowski, & Wu, 2005; Hill et al., 2006; Jskn,
Raij, Stevens, Lind, & Lok, 2007; Kenny, Parsongatéh, & Rizzo, 2008; Lane, Schneider, Michael,
Albrechtsen, & Meissner, in press; Marsella, JohngoLaBore, 2003). Our work focuses on the beatpices
related to virtual human technologies that haveas@éfects. We also highlight other critical fests of virtual

human technologies that makes them particularlyraiple for effective interactions as learning tedbgies.
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Affective Learner-Centered Design Framework

In line with research on the use of human role-giayfor interpersonal skill training (e.g., Peterso
2005; Spence, 2003), we claim that virtual humaosige several potential benefits over traditioclalssroom

instruction:
Social Effects

Numerous studies by various different researchggahow that people react socially towards virtual
agents and avatars (c.f. e.g. Bailenson, Blashp\Beall, & Loomis, 2003; Cassell et al., 2002; lB®mwre,
Gruber, & Picard, 2005; Gratch, Wang, Gerten, F&shuffy, 2007; Kramer, 2005; Reeves & Nass, 1996;
Nass, Moon, Morkes, Kim, & Fogg, 1997, see Kran#08, for an overview). We posit that these social
effects are an essential element for effectivajmesonal skills training. For example, to learrovercome fear
of public speaking in a virtual environment, it important that trainees feel anxious talking to idual
audience; or to teach a health-care provider tivetebad news, it is important that a trainee feafgl learns to

overcome, the social pressure to withhold painfuthis.

I nteractivity

Interpersonal skills are the skills one uses teratt with other people, so it is not surprisingttthere
can be clear benefits to allowing trainees to jcacthese skills in an interactive way, when coregawith
other methods such as traditional classroom instnuor instructional videos (Peterson, 2005; Stal8y1).
This is in line with constructivist and guided-exipatial learning theories that deem interactioféocentral to
the learning process and regard knowledge as cmtstt by the learners through a process of maléngesof

their interactions with learning material (Clarkatés, Early, & Moulton, 2010; Merrill, 1991).

Design Dimensions Applied Social Skills
¥

__:.:. i m Social Effects =Negotiation and conflict resolution
=1 '? =Impression Management = Clinical interviews
ila B «Emotional contagion =Tactical Questioning

] ﬁ =Social facilitation = Persuasive communication

s E> =Stereotype bias E>

= Social 'Efe:e“c'"g Foundational Social Skills

- = Interpersonal problem solving
Individual Differences Mood management = Accurate processing of social cues
= Cooperation =Social perception { perspective taking
=Social knowledge
Task Characteristics = Affect regulation
=Self-monitoring

Figure 1. A goal of this research is to create a concepttahéwork to guide the design of virtual human

applications that train interpersonal skills.

Feedback and Guidance

In order to support meaningful social interactianth trainees, virtual humans must sense, undedstan
and shape aspects of the trainee’s behavior. Ritleé context of virtual human research, this infation is
primarily useful to inform the agent’s behavior. Whver, it can be equally valuable to repurpose this

information in support of learning objectives.
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Consistency and Dissemination

One challenge with human role-players is ensurlmg they consistently behave in a manner that
supports the underlying pedagogy. For example, cakdiole-players require extensive and expensive
preparatory training, often using paid actors, fetre are still concerns with ensuring consisteacyoss
different role-players. Consistency is especidifficult as some behaviors necessary for traimmy not be
under voluntary control. For example, medical pl@yers cannot easily simulate the dilated pugild loss of
muscle control associated with traumatic brain rinjuSocial behaviors, in particular, often occurtside
conscious awareness and gain their diagnostic pbweirtue of being involuntary (Dijk, Koenig, Kdsar, &
de Jong, 2011). Virtual humans are not limited bgse physiological and cognitive constraints aml loa
programmed to consistently present exact stimilirther, one can systematically manipulate a cherscace,
gender, age and culture as needed for trainingcoOfse, being digital further affords the advaattwat virtual

humans can be easily copied and distributed acnodtiple training sites, ensuring uniform training.
Ontology of social effects

Although we claim that all of these factors (soc&ffects, interactivity, guided feedback, and
consistency and dissemination) play a central émglble in interpersonal-skill training, this papeill focus
primarily on the role of social effects in learniagd how these effects might be affected by thellef+realism
provided by a virtual human. This choice of fogsiamotivated by the observation that social effents a
unique and arguably controversial advantage ofi@irhumans when compared with other forms of intéra
learning technology (Mayer, 2005; van Mulken, And&éMuller, 1998).

A high-level of realism is not entirely necessaryekhibit social effects—e.g., as in the classéddr
and Simmel (1944) where people readily make caats@butions of the social effect of ostracism watlsimple
animation of geometric objects. Several reseaschave documented that social effects can arisenwh
technology incorporates even minimal social cues.dxample, Nass and colleagues have shown thaica v
on a computer can evoke gender stereotypes (Nass M. Carney, 1999) and even something as minasal
the label on a monitor can trigger group assoaiatifMoon, 1998). Unfortunately, such demonstratiohthe
existence of social effects are insufficient todguthe design of effective training and learningtems as the
impact of specific social effects on specific léagnobjectives remains unclear. Virtual humans eary in
realism along a number of dimensions. For exantpgyre 2 organizes several systems in terms af tisial
realism (i.e., the extent to which they capturepghgsical appearance of humans) and interacti@adism (i.e.,
the extent to which they faithfully model the vedrbaonverbal, and dynamic nature of human social
interactions). It remains unclear how these “disiens of reality” impact the ability of a virtuauman to
socially influence human users with the consequéinaesome effects are difficult to replicate asrosntexts
and settings (Tourangeau, Couper, & Steiger, 208d), even when the effects are robust, they may not

consistently translate into learning gains (More2@04; van Mulken, et al., 1998).
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To address these limitations and to work towardemtetical framework that can inform the design of

effective interpersonal-skills training systems; we

» Identify a target set of interpersonal skills fdmieh virtual humans hold potential to teach. Tresik not
intended to be exhaustive, but rather to be reptatiee and to ground the research in a range ruérete

and relevant tasks.

» Clarify the potential benefits of virtual human heology when contrasted with traditional classroom

instruction.
e Characterize and organize the various dimensionsatism that can potentially impact these effects.

« Empirically investigate alternative frameworks pwepd in the literature that can inform the effextiv

design of virtual humans for interpersonal-skiligring.
Technical Barriers

In line with the claims above, we argue that adslrgsthe problem of how to design virtual humans to
teach interpersonal skills can be profitably decosegl into two related questions: 1) how does ¢hellof
visual and interactional realism of a virtual hunisapact its ability to produce social effects imfan trainees;
and 2) how do these social effects facilitate doskills training? The former has been an activeaaof
investigation within the media psychology and hursamputer interaction communities. Although no clea
theoretical consensus has emerged to guide vinturabn design, our work aspires to address curiraitations
in this existing body of research. The latter dioasis only recently beginning to attract attentiand we will
largely be breaking new ground, although we plateterage the extensive body of research aboutatleeof
social cues on other forms of learning, such ageptlearning. We are unaware of existing work thatlores

these two questions in combination.
How do dimensions of realism impact social effects?

There are many theories and approaches that attengpbvide an explanation for the occurrence of
social effects in human-computer interaction. Bamaple, the innovation hypothesis states that sog#ctions
towards a computer are a temporal phenomenon dihe taovelty of the situation. This novelty effeanishes
once the user becomes accustomed to the interaesttbrthe technology (Epley, Waytz, & Cacioppo, Z00
Kiesler & Sproull, 1997). According to the defitiypothesis, social effects occur due to deficitghmnpart of
the human, such as a lack of knowledge, inexpegiericyouth, or psychological or social dysfunctiqod.,
Barley, 1988; Turkle, 1984). The Threshold Model $6cial Influence by Blascovich and colleagues
(Blascovich, 2002; Blascovich, Loomis, Beall, SwinHoyt, & Bailenson, 2002) suggests that peoplly on
respond socially to other people — or, if situated virtual reality, to characters they believe aontrolled by
another person (i.e., an avatar). According to théw, a virtual human, however, would not elicical
responses unless the behavior is sufficiently sgalso that the user cannot distinguish the vitwanan from a

human-controlled avatar. The Ethopoeia concept &gshand colleagues (Nass, Moon, Morkes, Kim, & Fogg
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1997, Nass & Moon, 2000), on the other hand, arthegseffects depend merely on the presence ohkouges,
regardless of whether they are believed to be géeeiby a person or a computer. When social cgegrasent,

the Ethopoeia theory suggests that people wilt temputers as social actors.

Unfortunately, there are several challenges ingusiiis prior research to inform the design of \attu
humans. Each of these theories has different impdios for virtual human design, yet none have ritife
empirical support, creating uncertainty on how togeed. Further, much of this prior research hasded on
dimensions of reality that are less relevant toviniial human research effort. For example, masdies have
investigated the impact of visual realism. Behaadioealism, to the extent that it has been modateal, has
examined low-level behaviors such as gaze or randmty movements (Hoyt, Blascovich, & Swinth, 2003)
rather than complex behaviors such as speech ameerital communication explored in this virtual huma
project. The result is that studies often maniguthe “mere presence” of social cues (van Mulkéa).e1998)
rather than considering how realistically an ageimulates when such cues are produced (e.g., does i
accurately model when a person might smile in aat@ontext?). Finally, most of this research haglered

social effects as an end in themselves, and naidered the impact of realism on learning.
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Figure 2. Virtual humans can vary in terms of several dimensions of realism (two illustrated here).
How do social cues and social effectsfaciliate inter per sonal-skills lear ning?

There is growing interest in the use of social awithin educational technology, though their use ha
largely focused on “cognitive skills” such as teacthing of math, science, or language arts (D'M®&lcard, &
Graesser, 2007; Leelawong & Biswas, 2008; Lestewrig, Callaway, Voerman, & FitzGerald, 2000) artiteli
is known about their use in interpersonal-skillairting. With regard to cognitive skills, educatibn
technologists argue that social cues can enhangeito@ learning by increasing student motivatiomd a
engagement. For example, students are often metiviat perform better in the presence of a teadireugh
social pressures (such as the desire to please dear of criticism) and they might be equally ivated by a
virtual teacher that evokes these social effeasefl studies support this intuition. Mayer (206&)orts on a
series of studies that manipulated social charatitey such as voice, personalization, and visppkarance of
characters and demonstrated clear learning benefdsmains ranging from teaching about concepth ss

lightning, environmental science, mathematics winablems, and electric motors.

If social cues can enhance the effectiveness aifiteg-skills training, one could expect the efletd
be even stronger in the context of social-skillrméng. This is because, whereas social fact@sasgued to

play only an indirect role in cognitive learninge(i social cues enhance learning motivation whiahslates
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into more effort, which translates into better feéag), social factors are intrinsic to the taskimterpersonal-
skills training. For example, standard techniquastéaching people to overcome social phobias recthie
student to be placed in fear-inducing situationd #mese methods would be inapplicable if virtuatiab
contexts didn’t induce fear. Unfortunately, therashbeen little rigorous research on the effectigenef
interpersonal skills training virtual systems, withe exception of some focused efforts on training
developmentally challenged populations such as dgps syndrome (Cobb, Kerr, & Glover, 2001). It
remains both a technical and theoretical challetogeinderstand how to train healthy, normal popafeti
effective social and interpersonal skills in ortieiperform tasks such as negotiation, networkimgl, @onflict

resolution.
Empirical testbeds Using the lear ner-centered Design framework

Because virtual humans model considerably richeiatbehavior than has heretofore been explored in
prior research on the social effects of computess,need to develop empirical test beds that allewtcu
meaningfully explore dimensions of behavioral reali For example, theories of human social behargue
that behavior is contingent on the behavior of ghe.g., people mimic each other’s expressionsgastures)
and contingent on the social context (e.g., thenimgaof a smile depends on the actions that proaés).
Therefore we need to develop a suite of experinhdatks that allow the systematic manipulation ofts
contingent factors and enable the elicitation arehsarement of social effects and skills. Test hibds we

anticipate using in the course of this researclude

* The Rapport Agent: The rapport agent is a testfbedxploring the interpersonal effects of conéng
nonverbal behavior. It has been successfully ueestudy the impact of agent nonverbal behavior on
interpersonal rapport (Gratch et al., 2006), spe#abnecy (Gratch, Wang, Gerten, & Fast, 2007),
memory (Wang & Gratch, 2009), gender stereotypesinik, Kramer , & Gratch, 2011), cultural
stereotypes (Dehghani, Khooshabeh, Huang, GratcHp®anesian, 2011) and intimate self-disclosure
(Kang, Gratch, Wang, & Watt, 2009).

e Lunar Survival Task: This test bed has been deeeldp explore the importance of natural-language
fidelity on social effects. It allows subjects tddract with a virtual human through natural largguand
negotiate with the agent over which items to batang following a crash landing on the moon. Téwt t
bed has been used to study the factors that inmgmial persuasion (Khooshabeh, McCall, Gandhe,
Gratch, & Blascovich, 2011). This task has somdogpcally validity because it puts participantsan

simulated high-stress situation, not unlike thogeedenced by high-level leaders and decision ngaker

e Social Dilemma Agents: This test bed has beenldpegd in collaboration with USC’s Marshall School
of Business to explore the importance of contextdatermining the social effect of emotional
expressions. It allows subjects to interact witkirtual human through a menu-driven interface on a
number of standard laboratory tasks used to stadialsdecision making including prisoner’s dilemma

and multi-issue bargaining. It has been used tystactors of virtual human behavior that impaarss
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decisions on these tasks (de Melo, Carnevale, &8Br2011; de Melo, Gratch, & Carnevale, 2011) as
well as their physiology (heart-rate, blood-presswusnd vascular contractility) and eye movement
behavior (Khooshabeh et al, in prep).

* Learning transfer: A crucial test of whether tragitechnologies meet their objective is when sttglen
are tested outside of instructional settings. Thihe concept of transfer and it shows how leayiina
specific context generalizes to novel contexts.ré&lae different types of transfer, each of whiels b
unique way of measuring it. In the problem-solviitgrature, a transfer test measures learning keyon
simple retention of the material presented durimgjruction (Mayer, 1999). Other aspects of tranafer
near and far transfer. Near transfer is a situatibere learners perform better at tests that devast
and closely related to the instructional setting.example of near transfer is when students talexam
and the questions are different from the homewadctres but related. Far transfer is when learners
perform better in contexts that are markedly déferfrom those of the instructional setting. An rapde
of far transfer is evident from the work of Gre@wnuget, and Bavelier (2010) where they showed that
playing an action video game for 50 hours impropedformance in a tone location discrimination task,
which is very different from the video game praetiask. As part of developing the above test beds,

will develop transfer tasks that can assess thergbty of learned knowledge.
Applications of an Affective L ear ner-centered Design Framework

Using an affective, learner-centered design franmkvior building learning technologies can make it
possible to meet many educational grand challen@eg. of these is to increase the number of students
science, technology, engineering, and mathema&i¢&) disciplines. Learner-centered design priresptan
address fundamental questions related to the sdeihnical, and cognitive factors that lead tocsssful
learning environments for the STEM disciplines. \Maply social psychological topics to understand and
improve 21st century skills such as interpersomethmunication as well as the role of emotions inisien

making. This work will improve our understandingtbé interplay between communication and learning.
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