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Abstract. Affective computing holds significant promise for tisng engag-
ing educational interactions that produce significlatrning gains. Serious
games are particularly well suited to promoting engaggnand creating au-
thentic contexts for learning scenarios. This papesrieEs an ongoing collabo-
rative project between the Army Research Lab (ARL), TeacBeitege Co-
lumbia University, and North Carolina State Universiyirivestigate general-
ized run-time affect detection models in a serious giameactical combat cas-
ualty care, vMedic. These models are being developed irtegrated with
ARL’s Generalized Intelligent Framework for TutoringlEZ). Drawing upon
our experience with GIFT, we outline opportunities éahancing GIFT'sup-
port for developing and studying run-time affect mauglincluding extensions
that enhance affective survey administration, leveragthematical models for
formative assessment, and streamline affect datagsiogeand analysis.
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1 Introduction

The past decade has witnessed major advanceseiarcbson computational models
of affect, endowing software systems with affects#érity and yielding new insights
into artificial and human intelligence [1]. Educatiand training have served as key
application areas for computational models of dffecoducing intelligent tutoring
systems (ITSs) that can model studemffective states [2], model virtuagents’
affective states [3], and detect student motivatio engagement [4]. Education-
focused work on affective computing has soughtntodase the fidelity with which
affective and motivational processes are undersaooldutilized in ITSs in an effort to
increase the effectiveness of tutorial interactiand, ultimately, learning.

The rise of affective computing has coincided wgtlowing interest in digital
games for learning. Serious games have emerged afextive vehicle for learning
and training experiences [5]. The education comtyumas developed a broad range
of serious games that combine pedagogy and initeeaptoblem solving with the
salient properties of games (e.g., feedback, amgdlerewards) to foster motivation
and engagement{8]. Efforts to design serious games for trainingehalso been the
subject of increasing interest in the defense comiyij 9].

A notable property of serious games is their pabtd serve as virtual laborato-
ries for studying affect in learning and trainingpécations. Serious games are well
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suited to promoting high levels of learner engageraed providing immersive train-
ing experiences. These features can have significapacts on learners’ affective
trajectories, as well as the relationships betweamkrs’ affect and performance. For
example, in training tasks that evoke considerabiless or anxiety it is plausible that
serious games may foster affective experiences diffgr considerably from non-
missioneritical domains, significantly impacting learnerabilities to successfully
demonstrate their knowledge. Salient features agdhese raise questions about how
to most effectively study and model learner afféating interactions with serious
games, as well as questions about how these medmatdsrodels can be generalized
to other training environments and domains.

In this paper we describe a collaborative projeith Wieacher's College Cotu-
bia University (TC) and the Army Research Lab (ARhat uses the Generalized
Intelligent Framework for Tutoring (GIFT) to invegdite run-time affect modeling in
a serious game for tactical combat casualty cane.project draws on recent advanc-
es in five areas: minimally-obtrusive and synchzer@ble field observations of
learner affect [10], empirical studies of serioasngs [7], educational data mining of
affect logs [1+12], hardware sensor-based measurements of atfé;tgnd general-
ized intelligent tutoring frameworks [14The project’s objetives are two fold: 1)
create modular intelligent tutor components for-tinme affect modeling that general-
ize across multiple training environments and stalalternate hardware configura-
tions, and 2) develop tools and procedures toifaisl future research on affective
computing in learning technologies. This paper fesusn North Carolina State Uni-
versity’s component of the project, which emphasigessoibased affect detection,
and it outlines recommendations for future enhamemto GIFT in support of run-
time affect modelingSpecifically, we outline several opportunities fextending
GIFT, which include incorporating support for temglomodels of affect such as
affect transitions; expanding GIFT’s survey toalsserveas a centralized repository
of validated instruments with an integrated webeldasfrastructure for administering
surveys; taking advantage of item response theechniques to conduct stealth,
formative assessment of trainee attitudes duriagnlag interactions; and incorporat-
ing features to streamline affect data post-prongssi

2 Investigating Affect in a Serious Game for Tactical Combat
Casualty Care

The goal of our collaboration with ARL and TC isrtedel trainee affect in a serious
game for combat medic training, vMedic, using GIFfie research team will utilize
machinelearning techniques to induce models for detectiamee’s affective states
and levels of engagement during interactions whh ¥Medic software. Affect and
engagement significantly influence learning, and hypothesize that this will be
especially true for the vMedic training environmelue to the time-sensitive, life-or-
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Fig. 9.vMedicserious game for tactical combat casualty care.

death decisions inherent in tactical combat caguate. In combination with field
observations of trainee affect and trace data fiteervMedic serious game, the North
Carolina State University team will investigatealatreams produced by a Microsoft
Kinect sensor and Affectiva Q-Sensor to develop \alilate affect detection models.
The research team seeks to produce models thatebrate trace data logs, sensor
data, and field observations of trainee emotions;p2dict emotions accurately
and efficiently when hardware sensors are availedohel 3) scale gracefully to set-
tings where hardware sensors are unavailable. Todels will be developed and
utilized to improve trainee engagement and affdotrwusing vMedic, and they will
be integrated with interaction-based models devisecblleagues at TC.

The curriculum for the study focuses on a subsskii§ for tactical combat cas-
ualty care: care under fire, hemorrhage control, tantical field care. The study ma-
terials, including pre-tests, training exercisax] post-tests, are managed entirely by
GIFT, which supports inter-module communicatiorotigh its service-oriented archi-
tecture. At the onset of training, learners ares@néed with direct instruction about
tactical combat casualty care in the form of a R®wat presentation. After complet-
ing the PowerPoint, participants play through aeseof scenarios in the vMedic seri-
ous game. vMedic presents combat medic scenawos & first-person perspective
(Fig. 1). The learner adopts the role of a combatlimfaced with a situation where
one (or several) of his fellow soldiers has beeipasly injured. The learner is re-
sponsible for properly treating and evacuatingdasualty. The scenarios include the
following elements: a tutorial level for trainees learn the controls and game me-
chanics of vMedic; a scenario focusing on a lovegr dmputation; a vignette about a
patrol that leads to several casualties; and theb&gashi Maru” scenario where the
trainee cannot save the casualty’s life regardiédser course of medical treatment.
vMedic is currently being used at scale by the WSy for combat medic training,
and it has been integrated with GIFT by ARL.

The focus of North Carolina State University’s paftthe project is leveraging
hardware sensor data from a Microsoft Kinect fontidiws and Affectiva Q-Sensor
to generate affect detection models. Both hardwamnsa's are integrated with GIFT,









www.IPIPori.org[17]), they do not include fea-
tures for integrating instruments into surveysadministering surveys to users. GIFT
could also reduce the time allocated to integrasogveys with systems such as
SurveyMonkey or Qualtrics while encouraging the aséigh quality validated in-
struments.

3.3 Leveraging Mathematical Models for Formative Assssment in GIFT

Building on the availability of this instrument dagse, there are opportunities to take
advantage of item response theory techniques tdumbrstealth, formative assess-
ment during learning interactions. Item responseoith (IRT) is a mathematical
framework for performing measurement in which tlagiable is continuous in nature
while allowing for an individual person and itemke mapped on the same latent trait
continuum [18]. An ideal point response procesmisRT approach based on the idea
that an individual only endorses an item if he log & located close to the item on a
latent continuum [19]. In other words, if an itesntdo extreme in either direction, the
individual will respond negatively to the item.dan be used with both dichotomous
(e.g., content knowledge test) and polytomous (&ta, Likert-type attitudes or per-
sonality [19]). GIFT is well positioned to integeatdeal point methods within user
experiences for stealth and ongoing assessmemtafeg little research has investigat-
ed embedding adaptive, formative assessment wstrious games using intermittent
item presentation through ideal point methods vaithich database of instruments
from which to select.

GIFT offers the opportunity for assessment of blatowledge and attitudinal
(e.g., affective states) variables within immerdigning experiencesJsing GIFT's
capabilities, single items can be “transmitted” ad jpf the story line within a game
experience to the participant. GIFT can run mathe@lamnodels in the background to
determine the best item to present at the nextralapoint. Conceptually this ap-
proach is similar to computerized adaptive testgihed by major test development
companies. For example, if the participant respowdgtively to the question “l want
to repeat this activity over and over,” he or she be presented thi an item lower
on the latent trait continuum (e.g., “This activisyinteresting for now”). GIFT, ha
ing access to all of the item information for e@chential question, can strategically
present a series of them. By the end of the segause experience, rich data regard-
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