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Many current video games feature virtual worlds inhabited by autonomous 3D animated characters.
These characters often fall short in their ability to participate in social interactions with each other or with
people. Increasing the social capabilities of game characters could increase the potential of games as a
platform for social learning. This article presents advances in the area of social autonomous character
design. Specifically, a computational model of social relationship formation is described. This model
formed the basis for a game entitled “AlphaWolf’ that allows people to play the role of newborn pups in a
pack of virtual wolves, helping the pups to find their place in the social order of the pack. This article
offers the results from a 32-subject user study that assessed the social relationship model, showing that it
effectively represents the core elements of social relationships in a way that is perceivable by people.
Additionally, this article proposes a game that will allow parents, teachers and children to experiment with
computational social behavior through social virtual characters. This research contributes to the
development of games for social learning by offering a set of viable algorithms for computational
characters to form social relationships, and describing a project that could utilize this model to enable

children to learn social skills by interacting with game characters.
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Introduction

Most modern video games feature interactive 3D
animated characters. At the time of writing, nine
of the ten top-selling PC games in the US, and
eight of the ten top-selling console games in the
US, feature 3D animated virtual worlds
inhabited by real-time autonomous characters
(Gamasutra.com, 2004b, Gamasutra.com,
2004a). (The other three games in these top
twenty also feature characters, but in 2D
worlds.) The characters in these games have
many strengths. They are delicately modeled,
carefully animated and elaborately rendered, all
at real-time frame rates. Despite these
capabilities, game characters on the whole lack
the complex social competence to participate in

the relationships that form the heart of human
interactions.

Video games show great potential as
platforms for social learning (Jenkins, 2002). If
games are to serve as an effective platform for
social learning, the characters in those games
could benefit from the ability to engage in social
relationships with each other and with people.
This article presents a robust computational
model that enables game characters to form
social relationships. It offers an original
evaluation of this computational model that
supports its validity. In addition, it proposes a
game, based on the computational model,
through which children, parents and teachers



may explore social interactions by interacting
with social autonomous characters.

This research was developed as part of a
project called AlphaWolf, an interactive game
developed at the MIT Media Lab. This game
featured a pack of six virtual wolves — three
fully autonomous adults and three semi-
autonomous pups whom people could direct by
howling, growling, whining or barking into
microphones. The focus of the game was the
social relationships that the wolves formed with
each other, enabled by a novel computational
model of emotional memories.

Figure 1 shows an example of the animated
images that a player saw in AlphaWolf. The
graphical buttons at the bottom of the screen
show the player which other wolves their pup
has met. The posture of the wolf on each button
shows the mental picture that the player’s wolf
has of that other wolf. For example, a wolf
whom the player’s wolf knows to be submissive
to it would be shown rolled over on its back in a
typical wolf submission posture.

Figure 1: Two virtual wolf pups from the
AlphaWolf game.

The evaluation of this model was conducted
by means of a 32-subject human user study.
Results from this evaluation support the
hypothesis that the relationship model enables
computational systems to form social
relationships in a way that is perceptible by
people.

A direction for future work that was inspired
by AlphaWolf is a social learning game that
allows children, parents and teachers to explore
social relationships together by interacting with

a community of autonomous characters. This
game is described in more detail below.

Socially capable autonomous characters are
an important building block for character-based
games in general (Tomlinson and Blumberg,
2002), and are particularly relevant to games
that focus on social learning. This article
presents recent advances in computational
modeling of social relationships, including a
quantitative evaluation of a working model. In
addition, it proposes a system for incorporating
this model into a game for learning about social
skills. This work contributes to the basic
research that will facilitate further explorations
of socially capable autonomous characters and
the social learning games in which they will be
situated.

Related Work

The development of computational systems with
social competence is an active area of research
in a number of fields, including autonomous
agents and multi-agents systems (Hales and
Edmonds, 2003), human computer interaction
(Bickmore and Picard, 2004), computer graphics
(Tomlinson and Blumberg, 2002), robotics
(Vaughan et al., 2000), artificial intelligence
(Dautenhahn, 2000), video games (Mateas and
Stern, 2003) and artificial life (Breazeal er al.,
2004). This section describes the work in these
and other areas that are most relevant to the
research presented here.

Autonomous Characters

The computer/video game industry has
expended great effort to make compelling real-
time characters. Many of these games showcase
cutting edge research in graphics, character
motion, Al and other areas. Games such as EA’s
The Sims have focused on game characters,
building characters with simple personalities and
interaction dynamics. Nevertheless, most game
characters are weak in areas such as
expressiveness and believability.

Academic researchers have looked more
closely at the topics of expressiveness and
believability, focusing most frequently on
interactive virtual humans (e.g., (Gratch et al.,
2002)). Perlin and his colleagues have done
pioneering work in creating synthetic actors
(e.g., (Perlin and Goldberg, 1996)). By applying



procedural modifiers to characters' motion and
offering an engine for scripting the characters’
behaviors, they have created virtual characters
who move and interact very naturally. Blumberg
and his colleagues have contributed in several
areas including action-selection (Isla er al.,
2001), learning (Blumberg et al., 2002) and
interactive cinematography (Tomlinson et al.,
2000). Cassell and her colleagues built virtual
humanoids with the ability to express
themselves like real people, in particular in the
area of embodied conversational agents (e.g.,
(Bickmore, 2003, Cassell et al., 1999)). Bates
and his colleagues have created computational
characters who appear lifelike and are able to
interact with people in real time (Bates et al.,
1992, Reilly, 1996). More recently, Schaub and
his colleagues have presented research on
empathic characters (Schaub er al., 2003).
Prendinger and his colleagues offered an
evaluation mechanism for empathic characters
based on skin conductivity and other
physiological signals (Prendinger et al., 2004).
Eladhari and Lindley offer a design for a virtual
mind for player characters (Eladhari and
Lindley, 2003). Lee and colleagues have looked
at ways of controlling the motions of avatars
(Lee et al., 2002). Robots have also been
endowed with characteristics that allow them to
engage people in expressive ways (Velasquez,
1998, Breazeal, 2000). Many other researchers
have also contributed to the creation of
compelling synthetic characters, e.g., (Cavazza
et al., 2002, Funge et al., 1999, Paiva et al.,
2001, Thalmann et al., 1997, Hodgins and
Pollard, 1997).

Despite the abundance of research in virtual
characters, the field is still in its infancy. As one
pair of researchers put it, "[t]he ethos of the
tireless, constant, friendly human companion can
quickly become an ethos of a broken, very
nonhuman machine." (Randall and Pedersen,
1998, p. 68).

Social Behavior

Throughout this research, a social relationship
will be defined as "a learned and remembered
construct by which an entity keeps track of its
interaction history with another entity, and
allows that history to affect its current and future
interactions with that entity" (Tomlinson, 2002,

p. 22-23). Social relationships serve as
mechanisms for context preservation (Cohen et
al., 1999), allowing an entity to behave
differently toward different social partners,
rather than interacting with all other entities in
the same way. Social relationships are closely
linked with emotion, both in their formation
(Damasio, 1994) and in their expression
(Darwin, 1965 (originally published 1872)).
Damasio offers the Somatic Marker Hypothesis,
which proposes that people (and animals) attach
emotional significance to stimuli that they
encounter in their environment, and then re-
experience those emotions when they encounter
those stimuli on future occasions.

Various models of emotion have been
proposed. Ekman (1992), for example, offered a
categorical model with six cardinal emotions in
humans — happiness, sadness, anger, fear,
surprise and disgust. Another model of emotion
maps a range of emotional phenomena onto an
explicitly dimensioned emotional space;
Mehrabian and Russell (Mehrabian and Russell,
1974) offer an emotion space defined by
pleasure, arousal and dominance. Panksepp
draws a distinction between basic emotions,
such as anger and fear, and social emotions,
such as love and grief (Panksepp, 1998). Nardi
offered three dimensions of connection that
contribute to social relationships - affinity,
commitment, and attention (Nardi, 2005); these
dimensions will be included in the evaluations of
human relationships with autonomous
characters. Social relationships also form the
building blocks from which many social
networks may be formed (Watts, 2003, Fisher
and Dourish, 2004, boyd, 2004).

Computational Model

The social relationship mechanism described
and evaluated in this paper combines Damasio’s
Somatic Marker Hypothesis (Damasio, 1994)
with Mehrabian and Russell’s dimensional
model of emotions (Mehrabian and Russell,
1974) to create social relationships in a pack of
virtual wolves.  These relationships are
mechanisms by which context is preserved
among different dyadic pairs of wolves (Cohen
et al., 1999). The behavior of the virtual wolves
is informed by the study of real wolves (e.g.,
(Mech et al., 1998, Fox, 1971, Klinghammer and



Goodmann, 1985)), and by previous work in
synthetic social systems (e.g., (Hemelrijk,
1996)). Wolves, humans and other primate
species all exhibit social hierarchies of various
forms (Mech, 1999, Wrangham et al., 1994,
US_Army, 2004), so it is possible that some of
the relationship structures developed for wolves
may have some application to humans as well.
Immerman and Mackey (2003) point to possible
convergent evolution of social behavior between
humans and canids.

The social relationship mechanism is
situated in the Synthetic Characters Group’s
Toolkit, described in (Burke et al., 2001), and
(Isla et al., 2001). In the evaluation section, the
mechanism is compared to other mechanisms by
which entities may interact, in particular those
described in (Vaughan et al., 2000). In addition,
the AlphaWolf installation is evaluated with
similar criteria to those used by other believable
social and emotional agent systems — e.g.,
(Reeves and Nass, 1996, Reilly, 1996, Perlin and
Goldberg, 1996, Cassell et al., 1999, Breazeal,
2000). Inspired by Craig Reynolds’ Boids
(Reynolds, 1987), we have tried to keep the
mechanism as simple as possible. None of the
systems that we have encountered uses an
emotional memory mechanism to enable long-
term social relationships among computational
entities.

Figure 2: A participant interacts with the
wolves using a microphone interface.

The AlphaWolf Game

The computational model of social relationship
formation described in this article was originally
designed as part of an interactive game entitled
AlphaWolf. In the game, three participants help

direct the actions of virtual wolf pups in a
simulated litter. By howling, growling, whining
or barking into a microphone, each participant
can tell her pup to howl, dominate, submit or
play (see Fig. 2). The actions that the pup takes
affect emotional relationships that the pup forms
with its littermates and with the adults of the
pack. The pups autonomously maintain these
relationships and display them by means of the
emotional style in which they take the actions
suggested by the participants. The relationships
are also displayed to the participant through
dynamic buttons at the top and bottom of each
screen, which show each of the social partners of
that wolf in a dominant or submissive pose that
reflects how the participant’s pup views that
partner.

There are six wolves in all, three pups and
three adults. The wolves take various colors —
black, white or gray. Each puppy grows up from
pup to adult size over approximately five
minutes. By the end of the five-minute
interaction, the pups, guided by the users, have
worked out their places in the social order of the
pack.

AlphaWolf premiered in the Emerging
Technologies section of SIGGRAPH 2001
(Tomlinson et al., 2001), and has been exhibited
in seven venues in five countries since that time.
To see a short video describing the project,
please view a short segment from 10/22/02
edition of the Public Broadcasting Service (PBS)
television show “Scientific American Frontiers”
with host Alan Alda, available at:

http://pbs-

saf.virage.com/cgi-

bin/visearch?user=pbs-
saf&template=template.htmlé&qu
ery=Alpha+Wolf&category=0&viK
eyword=Alpha+Wolf

Computational Model of Social
Relationships

The mechanism by which the virtual wolves
form social relationships with each other
involves models of emotion, perception and
learning. The relationships in turn are expressed
through the behavior of the wolves. This section
elaborates on each of these elements.



Emotion

The model of emotion in AlphaWolf is very
simple — a single floating-point value called
dominance, which varies from 0.0 to 1.0.
(Dominance is a subset of a more complex
dimensional representation of emotion presented
by Mehrabian and Russell (Mehrabian and
Russell, 1974) including pleasure and arousal as
two other orthogonal axes). Each wolf’s
dominance value is affected by its interactions.
For example, being bitten causes a wolf’s
dominance to drop, and being the target of
another wolf’s submission causes a wolf’s
dominance to increase.

The wolf’s emotional state affects the style
in which the wolf takes its actions. For example,
a wolf with a current dominance value near 0.0
might walk with its tail between its legs and its
ears back, while a wolf with a higher dominance
value will hold its tail and ears erect. The
system blends between example animations to
give an expressive range to the behavior of the
wolves (Downie, 2001).

In addition, when a wolf is behaving
autonomously, its emotional state affects what
actions it chooses to take towards its social
partners. For example, a submissive wolf might
choose to roll over on its back, while a dominant
wolf might growl.

Perception

The second major section of the relationship
system is the way in which the wolves perceive
each other. The wolves are able to tell their
pack mates apart in order to form different
relationships with each of them. They also
know when they are in an interaction with each
other. (For example, being bitten is a much
different experience than seeing someone else
get bitten.)

The wolves disambiguate among their social
partners by means of a unique identification tag.
Being able to identify social partners is one of
the three principles that make up the “bedrock of
cooperation” (the other two being that
individuals must be likely to encounter each
other more than once, and that individuals must
have information about how the individual has
behaved in the past — see below) (Kollock, 1998,
Axelrod, 1984). While it may seem simplistic
for entities to “know” each other by means of a

unique ID, real wolves appear to be able to
distinguish each other by scent (Beaver, 1999).

From the point of view of an individual wolf
A, an interaction with a partner B begins when
A has B as its Object of Attention, and perceives
that B is reciprocally attending to him. For A,
the interaction ends when it changes its Object
of Attention so that it is no longer attending to
B, regardless of whether B is still attending to A.
In fact, A would have no way of telling whether
B was still attending to it, since that information
should be unavailable to it unless B is its Object
of Attention. Giving an individual only one
Object of Attention does preclude the social
relationship mechanism from making correct
associations in certain circumstances (e.g.,
attending to one wolf in front, while being bitten
by another wolf from behind). However, this
simplified form should be able to be extended to
involve more complex perceptual mechanisms.
In addition, if a wolf bit me from behind every
time I attended to a certain social partner, I
would not be surprised if that affected my
relationship with that partner, rather than just
with the wolf doing the biting.

To summarize, a character is able to identify
individuals, to have an Object of Attention, and
to assess when it is the Object of Attention of
another individual.

Learning

The first time individual A ends an interaction
with individual B, it forms an “emotional
memory” of B. The model of an emotional
memory contains three pieces of information —
the unique ID of B, an emotional value, and a
confidence value.! When the emotional memory
is first formed, the emotional value stores the
emotion that A was feeling at the time its
interaction with B ended. Since the interactions
that A has had with B may have altered its
emotional state over the course of their
interaction, forming the emotional memory at
the end of the interaction rather than at the
beginning will reflect the emotional content of
the relationship more accurately.

The next time A switches to have B as its
Object of Attention, its emotional memory of B
will influence its current emotional state in
proportion to its confidence in that model. The



emotional memory is applied to the current
emotional state by:
E'= (CxEy) +((1-C)xE)
Equation 1

where E’ is the wolf’s new emotional value, C is
the confidence value of the emotional memory
being applied, E is the wolf’s emotional value
prior to the application of the emotional
memory, and E, is the emotional value that is
stored in the emotional memory.

At the end of each successive interaction, A
revises its emotional memory of B. Upon
revision, two of the three elements of an
emotional memory are changed — confidence
and emotional value. Confidence is revised
before the emotional value so that the change in
the emotional value will reflect the change in
confidence, thereby preserving the effect of
deviations from the expected emotional
interaction.

The confidence value is revised by:

C' = C + ((Min(C, 1-C)) x (T — [E,, — E[) x L)

Equation 2

where C' is the new confidence value for the
emotional memory, C 1is the previous
confidence, T, is some confidence threshold
between O and 1, E, is the emotional value that
is stored in the emotional memory, E is the
wolf’s current emotional state, and L is a
learning rate.  (Multiplying the learned
component by the Min of C and 1-C effectively
clamps the confidence value to between O and 1,
and helps to polarize relationships.)

The emotional value stored in the emotional
memory is then revised by:

En' = (C x Em) + ((1=C) x E)
Equation 3

where E, is the new emotional value stored in
the wolf’s emotional memory, C is confidence,

=

- “\“\\

A

E, is the emotional value in the memory prior to
the revision, and E is the wolf’s current
emotional state.

These equations represent a simple but
effective implementation of the emotional
memory mechanism. For more elaborate social
behavior, any or all of these equations might be
made more complex.

The emotional memories described here
function as remembered constructs by which an
individual keeps track of its interaction history
with another individual. They allow that history
to affect its current and future interactions with
that individual. These two elements satisfy the
definition of a social relationship offered earlier.

Expression

Each wolf’s emotional state affects what it does
and how it does it. The most sublimely complex
representation of a social relationship isn’t of
much use without an equally expressive range of
behavior. The AlphaWolf system uses a motor
blending system described in (Downie, 2001) to
enable the characters have dynamic expressive
ranges (see Figure 3). Downie’s expressive
motor system allows a wolf’s current emotional
state to affect the style in which the wolf
behaves (e.g., run dominantly or submissively).
Since emotional memories affect the wolf’s
current emotional state, they also affect the style
of the wolf’s behavior.

Evaluation

To evaluate the effectiveness of the social
relationship mechanism in AlphaWolf, a set of
user studies was conducted. Several hypotheses
were tested through these experiments, of which
the one presented here was most central. For a
discussion of the other hypotheses and their
results, please see (Tomlinson, 2002). This
section presents the core hypothesis,
experimental method, results and discussion in

Figure 3: An emotional range from submissive to dominant. The extreme poses were hand-crafted by
an animator. The center three poses are automatically generated.
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Figure 4: Shannon’s model of communication, adapted to represent the transmission of social
information between two subjects in the AlphaWolf study.

this study.

Hypothesis

The central hypothesis of this study was as
follows: the mechanism in AlphaWolf encodes
social relationships created by a first person in a
way that can be perceived by a second, naive
person.  This hypothesis has two sub-
hypotheses: a) the mechanism successfully
encodes social relationships, and b) naive users
can effectively perceive the relationships among
the characters.

Experimental Method

This hypothesis was evaluated by means of an
experiment involving 32 human subjects. The
subjects ranged in age from 17 to 55 (mean =
26.2, standard deviation = 7.8). Half (16) were
female (min age = 18, max age = 55, average
age = 26.1, standard deviation = 10.1), and half
were male (min age = 17, max age = 37, average
age = 26.4, standard deviation = 4.7).

In the user tests, each of the 32 subjects
interacted with the AlphaWolf game. Each
subject participated in three 4-minute
interactions with different versions of the game.
Two of each subject’s runs were interactive, and
a third run was non-interactive.

In the interactive runs, all subjects directed
the gray pup, and were instructed to form
specific social relationships with its siblings, the
white and black pups. Various runs featured the
AlphaWolf mechanism (described earlier in this
paper) or one of three alternate relationship
mechanisms (Random, Emotional or Fixed),
which lacked the persistent, expressive qualities
of the AlphaWolf mechanism. At the end of

each interactive run, the relationships of the
pups were written to a file.

The non-interactive runs for each subject
featured pups with relationships that were
loaded in from the file created by a previous
subject’s interaction. Subjects simply sat and
watched the wolves interact, and observed the
relationships that they exhibited.

The two interactive and one non-interactive
runs occurred in random order.

The evaluation of the hypotheses above
draws upon Shannon’s Theory of
Communication (Shannon, 1948) (see Figure 4).
Shannon’s theory subdivides the process of
communication into five parts — an information
source, a transmitter, a channel, a receiver and a
destination. = Each of these parts has a
corresponding element in the AlphaWolf user
tests. Each act of communication involved two
subjects — Subject A and Subject B. Subject A’s
session with the wolves preceded that of Subject
B; one of Subject A’s runs created the
relationships that were loaded into Subject B’s
Non-interactive run.

The simple model presented by Shannon
offered a clear way to represent an act of social
communication. Subject A is assigned the task
of forming two social relationships. He or she
encodes these relationships into a computational
representation through an interactive run of the
AlphaWolf system. These relationships are
loaded in at the beginning of Subject B’s Non-
interactive run. If Subject B can perceive the
relationships, they have been successfully
decoded. If both encoding and decoding work,
transmission occurs. This model allowed the



experiment to determine which elements of the
system were capturing or transmitting the social
information effectively.

Information Source

The first stage in the communication of social
relationships is specifying the relationship to be
transmitted. These relationships were specified
in advance — the experimenter informed Subject
A of the relationships that he or she should
attempt to have the gray pup form with the white
pup and the black pup. All subjects were
instructed to be dominant to one pup and
submissive to the other. Therefore, the
experimenter is the information source, and the
assigned relationships are the message that
might or might not be transmitted to the
destination.

Transmitter

Subject A’s interaction with the virtual wolf
pack is the transmitter, taking the assigned
relationships and converting them into the
AlphaWolf dominance/confidence
representation. This conversion encodes the
relationships in a way that can be transmitted
over the channel.

Channel

Whereas Shannon’s theory deals primarily with
a noisy channel (a telephone cable, for example),
the channel in the experiment was a digital file
that was loaded in without any loss of precision
(barring experimenter error). This file stored the
relationships formed by Subject A’s interaction
until they were loaded into Subject B’s Non-
interactive run.

Receiver

Subject B’s interaction serves as the receiver,
decoding the social relationship representation
into a human-readable form. (While the current
representation is simple enough that it, too, is
somewhat human-readable, a more elaborate
version with three emotional axes, for example,
would be completely opaque.) By viewing the
social interactions among the virtual wolves in a
Non-interactive run, Subject B attempts to
recognize the relationships among the pups.

Destination

The final destination of the message is the
questionnaire that Subject B fills out. If Subject
B reliably perceives the same relationships that

were assigned to Subject A, and the only link
between the two subjects is the AlphaWolf
representation, then it is very likely that the
representation successfully transmitted the
relationships.

The dissection of the process of
communication in the above sections and in
Figure 4 demonstrates that there might be
difficulty at a variety of points in a single act of
communication. In the experiment, Subject A
might not understand the instructions. He or she
might fail to encode the relationships because of
a failure of the interface. There could be
problems writing the file at the end of Subject
A’s run, or loading it at the beginning of Subject
B’s. Subject B could fail to recognize the
relationships. Subject B could get confused and
fill out the form incorrectly. The experimental
method was constructed in order to minimize the
chance of each of the peripheral problems and to
focus on the two central issues at hand — whether
Subject A can encode the social relationships,
and whether Subject B can decode them. Only
if both of these conditions are true can the
AlphaWolf system be said to transmit
information that people would attribute to a
social relationship.

Strong graphics and animation are key
components of this system. Muddy graphics or
poor animation could certainly render the system
non-functional, preventing people from
recognizing the relationships of the wolves.
However, the results do not rely solely on the
graphics. Without the underlying relationship
representation, Subject B might accurately
perceive certain relationships, but these
relationships could have no correlation with
those assigned to Subject A. Graphics and
animation are crucial to the transparency of the
system, but do not in themselves account for the
relationship mechanism’s functioning.

Results

This section describes the results of the
encoding, decoding and transmission elements
of the above study.

Encoding

Each of the 32 subjects viewed one Non-
interactive run during their session. This Non-
interactive run was randomly assigned to be the
first second or third run that the subject



encountered. Thirty-one of the 32 subjects
viewed Non-interactive runs based on other
subjects’ interactive runs. (The first subject had
a Non-interactive run based on an interactive run
from the pilot study, which had a slightly
different setup. That subject will therefore not
be included in certain portions of this analysis.)

Half of these runs were encoded by previous
subjects interacting with runs that featured the
AlphaWolf mechanism, while the other half
were encoded by the Random algorithm or the
Fixed algorithm. Of those encoded with the
AlphaWolf mechanism, half again were done
through the Emotional algorithm in which
emotional memories are still formed, even
though they are not allowed to influence a
wolf’s current emotional state. Each run
included two assigned relationships, one
between the gray pup and the white pup, and one
between the gray pup and the black pup.

To determine whether or not encoding had
occurred, the assigned relationship was
compared to the recorded representation of the
relationship. The relationship between two
wolves (A and B) is determined by an average of
the dominance values, weighted by the
confidence values:

((DaB x CaB) + ((1-DBa) x Cpa))
(CaB + CBA)

Equation 4

where D, is A’s dominance value with respect
to B, C,5 is A’s confidence in that dominance,
D;, is B’s dominance value with respect to A,
and Cg, is A’s confidence in that dominance.
This formula yielded a single value from 0.0
to 1.0 that captured the essence of the
relationship between the two wolves. If this
value was less than 0.5, the relationship was
“submissive” from the point of view of the gray
pup. If it was greater than 0.5, the relationship
was “dominant.” Because of the relative
complexity of the system, it was exceedingly
unlikely that a relationship would ever equal
exactly 0.5. However, if two pups never met (as
sometimes occurred between the black and the
white pups, who might accidentally pass the four
minute run without ever meeting), the value
would end up at exactly 0.5 (a weighted average
of the two starting values, 0.5 and 0.5). This
condition did not happen in any of the assigned

relationships involving the gray pup, though,
and is therefore not relevant to these results.

Of the 32 total relationships encoded with
the AlphaWolf mechanism (16 runs x 2
relationships per run), the internal representation
matched the assigned relationship in 30 cases,
and did not match in 2 cases (93.8% success, p
<0.0001°, see Figure 5). These figures
demonstrate that the subjects and the system
were quite successful at encoding social
relationships.

Even in subjects' first run of virtual wolves,
15 out of 16 were encoded successfully (93.8%
success, p = 0.0021). These figures demonstrate
that there was not a significant learning curve in
the experiment; people were just as successful at
the beginning of the session as they were at the
end.

In the runs without the AlphaWolf
mechanism, in which relationships were either
predetermined or random, 20 of the 30 runs were
encoded correctly (66.7% success, p = 0.1261).
While pure randomness would give 50%
encoding, the p value demonstrates that it is
reasonable that these data arose by chance. A
larger sample size would be necessary to
determine for certain if the elevated encoding
resulted from some code error or problem in the
experimental method, or simply from five wrong
rolls of the dice.
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Figure 5: Encoding success with Non-AlphaWolf
and AlphaWolf social relationship mechanisms.
The AlphaWolf mechanism offers significantly

improved encoding over random chance, or over

alternate mechanisms.

One 29-year-old male subject wrote a
comment that suggests a possible reason the



encoding success rate wasn’t even higher. He
reported a “[s]trong urge to test relationships —
growl at black, for instance.” The fact that
people like to “poke at” a system is an important
consideration in the design of interactive
systems. Because the AlphaWolf system allows
the computational entities to switch their
relationships in response to adequate user input
(e.g., it took about three clear interactions, in
which both pups took on opposite roles, to
reverse a relationship) the urge for people to
vary their behavior could have had a significant
impact on the results. Nevertheless, it appears
that encoding was largely successful despite the
possibility of intentional disobedience.

Decoding

There were 31 subjects whose Non-interactive
runs featured relationships created during
another subject’s run. Each of these Non-
interactive runs included two relationships
involving the gray pup (gray-black and gray-
white). In the questionnaire at the end of that
run, subjects were asked to specify which of
each pair of pups was more dominant.
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Figure 6: Decoding success with Non-AlphaWolf

and AlphaWolf social relationship mechanisms.

Decoding is successful regardless of relationship
mechanism.

The way in which a match in decoding was
determined was to simplify both the recorded
representation and the subjects’ answers to the
questionnaire. Using Equation 4 above, the
representation was reduced from four numbers
to one, which in turn was converted to a simple
“dominant” or “submissive” by the method
described above. So, for example, if Wolf A had

a dominance of 0.7 and a confidence of 0.5 with
respect to Wolf B, and Wolf B had a dominance
of 0.1 and a confidence of 0.8 with respect to
wolf A, the equation would reduce to:

((0.7x0.5) + ((1-0.1) x 0.8))/(0.5 + 0.8) =

(0.35+0.72)/1.3 =

0.82
Since 0.82 is greater than 0.5, Wolf A would be
considered to be dominant with respect to Wolf
B.

Subjects’ responses to the questionnaires
were also simplified, with an answer of 1, 2 or 3
counting as “submissive”, an answer of 5, 6 or 7
counting as “dominant”, and an answer of 4
counting as “couldn’t tell.”

Of the 62 relationships (31 runs x 2
relationships per run), subjects were able to
determine which pup was dominant in 53 cases,
couldn’t tell in 2 cases’, and chose incorrectly in
7 cases (88.3% success, p < 0.0001, see Figure
6). These figures, well above chance levels,
show that people were able to watch a run of
virtual wolves and comprehend the relationships
that they had seen there. Subjects were
successful at decoding social relationships,
according to the definition offered earlier: “a
learned and remembered construct by which an
entity keeps track of its interaction history with
another entity, and allows that history to affect
its current and future interactions with that
entity" (Tomlinson, 2002, p. 22-23)).

Even in their first run when they could not
have learned about which animations correlate
with dominance and submission from previous
interactive runs, subjects were successful at
“reading” the relationships among the pups; of
22 first run relationships, subjects decoded 18
correctly, couldn’t tell for 1, and chose
incorrectly in 3 (85.7% success, p = 0.0048).
These figures demonstrate that fully naive
subjects were able to determine relationships
from only their pre-existing knowledge and their
viewing of real wolves; they did not just learn
what this system “meant” by social relationships
over the course of their interactive runs.

There was no significant difference between
decoding success when the relationships had
been encoded by the AlphaWolf mechanism
versus when they had been encoded by a random
or fixed mechanism. Of the 32 decoded from
AlphaWolf-created relationships, 26 were
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correct, 2 couldn’t tell, and 4 were incorrect
(86.7% success, p < 0.0001). Of the 30 decoded
from non-AlphaWolf origins, 27 were correct
and 3 were incorrect (90.0% success, p <
0.0001). This result suggests that having the
AlphaWolf encoding mechanism in the first
stage of the transmission did not significantly
disrupt the decoding process in the second stage.
The Relationships between Black and White
Although the black and white pups were forming
relationships with each other as well as with the
gray pup, these pups were not the camera
system’s “lead actor,” and therefore it was not
very common for the camera to capture a clear
dominance interaction between the two. As one
30-year-old male subject put it: “It was hard to
determine the relationship between the two other
pups (in this case between white & black) as I
rarely saw them interacting with each other
(only at the end).” Added to which, only the
two relationships involving the gray wolf were
assigned to the encoding subjects. Therefore,
the relationships between black and white were
not included in the above results for decoding.

Nevertheless, it appears that subjects did just
as well decoding the relationships between these
two pups as they did in the relationships
involving the gray pup. Of the 32 black/white
relationships, subjects successfully decoded 26,
subjects couldn’t tell in 2 cases, got it wrong in
2, and in 2 cases the black and white pups never
met* (and therefore had no relationship) (92.9%
success, p < 0.0001). Even in their first run,
subjects were successful; of the 11 subjects
whose Non-interactive run was in the first
position, there were 10 correct decodings, 1 run
where the pups did not form relationships, and
no mistakes. (100% success, p = 0.0079) It
appears that it doesn’t take much screen-time for
people to recognize a relationship.

Transmission

Considering the entire process (both encoding
and decoding) as a single act of communication,
there were 16 subjects whose Non-interactive
runs were based on another subject’s interactive
run that featured the AlphaWolf algorithm.
Each of these subjects’ Non-interactive runs had
two relationships, for a total of 32 relationships.
Of these, 26 were successfully transmitted
(assigned relationship matched recorded

representation and answer given on
questionnaire), 1 was a double error resulting in
successful communication of the message
(assigned relationship matched answer given on
questionnaire, but recorded relationship was
opposite’), 2 couldn’t tell, and 3 were incorrect
(89.7% success, p < 0.0001, see Figure 7).
These figures verify that the AlphaWolf
algorithm and the entire AlphaWolf system
successfully captures, transmits and displays
social relationships in a way that is readily
apparent to humans. The fact that subjects were
able to decode the wolves’ behaviors
successfully regardless of the encoding
mechanism suggests that the animation system
was working in a way that was apparent to
people. The most important feature of the
AlphaWolf relationship algorithm is that it
enabled people to encode the wolves’
relationships in a format that could later be
perceived by a separate subject.
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Figure 7: Transmission of relationships with Non-
AlphaWolf and AlphaWolf social relationships.
Transmission is significantly better with the
AlphaWolf mechanism than with the alternate
mechanisms or by random chance.

Transmission was much less successful in
cases where the relationships had not been
encoded by the AlphaWolf mechanism. Of the
30 cases where encoding occurred by one of the
other three mechanisms, transmission occurred
in 19 cases, there were 2 double errors, and 9
incorrect responses (67.9% success, p = 0.0574).
These figures are a bit high (in line with the
slightly elevated encoding described above), but
well below the level attained by the AlphaWolf
mechanism. The two double errors are appear to
be partially responsible for the artificially high
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number. The disparity between the transmission
in the AlphaWolf and Non-AlphaWolf cases
suggests that the success of the AlphaWolf cases
was due to the AlphaWolf algorithm (rather than
any other cause), since all other factors were
held constant.

Summary and Discussion

To summarize the above study: 32 human
subjects interacted with packs of virtual wolves
under controlled conditions. Each person played
the role of a gray wolf pup and attempting to
direct that pup to form certain dominance
relationships with its two siblings. At the end of
the run (approx. 4 minutes long), the system
recorded all of the pups' internal representation
of the relationships. A second experimental
subject later viewed a Non-interactive pack of
autonomous wolves whose relationships were
specified by the recorded relationships from the
previous subject's interactive run. If the second
subject's perception of the relationships matched
the relationships that had been assigned to the
first subject, then the AlphaWolf system
succeeded in encoding, transmitting and
decoding those relationships. This method of
analysis is derived from Shannon's Theory of
Communication (Shannon, 1948).
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Figure 8: The AlphaWolf mechanism offers
significantly better encoding of relationships than
chance (50%) or than a system without the
AlphaWolf mechanism. Since there were no
statistically significant differences in decoding, the
greater success at encoding translated directly to
significantly improved transmission.

The results from that study demonstrate that
the AlphaWolf mechanism successfully
represents social relationships (see Figure 8).
Using the AlphaWolf mechanism, the first
subjects successfully encoded 93.8% of the

relationships that they had been assigned to
create (p < 0.0001). The second subjects
decoded 86.7% of the relationships that they
viewed (p < 0.0001). These two factors resulted
in a successful transmission rate of 89.7% (p <
0.0001). Each of these figures demonstrates
significantly better performance than the 50%
success rate predicted by chance.

Using the non-AlphaWolf mechanism,
66.7% of the encoded relationships matched
those that had been assigned to the first subject
(p < 0. 1261). The second subjects decoded
90.0% of the relationships that they viewed (p <
0.0001). These two factors resulted in a
successful transmission rate of 67.9% (p < 0.
0574). Both encoding and transmission are not
statistically different from chance (although, as
discussed above, they are somewhat higher than
the predicted value of 50%).

The significantly lower levels of encoding
and transmission among non-AlphaWolf runs
confirm that these effects are a direct result of
the AlphaWolf algorithm. The human user
evaluation of the AlphaWolf system supports the
hypothesis that the system and its relationship
algorithm successfully encode, decode and
transmit a valid representation of social
relationships.

Nevertheless, this system is still greatly
simplified from wolf social relationships, let
alone from human relationships. It could be
argued that the system doesn’t scale well —
89.7% accuracy on a single-axis model of
emotion drops down to 72.2% accuracy on a
three-axis model. However, having an exact
prediction of emotion is not absolutely necessary
in a model such as this, and in fact might not
reflect the realities of biological relationships.
Confusion over emotions is standard in human
relationships, and a system that is very good, but
not perfect, might more accurately model the
natural phenomenon. Also, the partial successes
of the model (where, for example, it would
predict two of the three axes effectively) would
still provide reasonable approximations of
emotionally responsive behavior. Therefore,
this model should scale reasonably well, and in
biologically plausible ways. Despite the
simplification of the system to represent only
one emotional axis in this case, it should provide
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a solid grounding for more complex relationship
systems for modeling both animals and humans.

It could also be argued that creatures that
always exhibit the emotions that they are feeling
do not capture the complexities of human social
and emotional interactions. This is a fair point,
and this system is limited in that it does not
allow entities to mask their emotional responses
as humans sometimes do. However, in order to
mask one’s emotions, it is necessary for one to
have emotions first. This system does not
capture the full complexity of human (or even
wolf) relationships, but it does provide a central
building block that could be used to develop
more believable emotions and relationships.

Limitations of the Study

There are a number of limitations to the design
of this study. First, it is possible that the “social
relationships” transmitted by the system are not
real social relationships, but instead just a way
of transmitting patterns of behaviors that
humans associate with simple social relationship
phenomena. This difference could be relevant
on two levels. First, there is a practical
difference, where perhaps a more complex or
effective computational mechanism could do a
better job of capturing social relationships than
the AlphaWolf mechanism. If this is the case,
then hopefully AlphaWolf can provide a starting
point or inspiration for the design of this
superior mechanism. A deeper issue is whether
a computational simulation can have a social
relationship, or whether social relationships are
by definition the domain of human beings.
Similar questions have been discussed in various
other aspects of computational systems (e.g.,
intelligence, emotion). The author prefers a
functional definition of social relationships that
would allow computational systems to form
them, but respects that other people would
disagree with this position.

A second limitation is that the AlphaWolf
mechanism captures only simple dyadic
relationships, and does not explicitly represent
relationships among three or more individuals.
Since people are able to comprehend triadic
relationships, subjects may have used this skill
to intuit more information about the wolves’
relationships than the experimenters expected.
For example, if a decoding subject had a strong

view of the gray pup’s relationship with the
black pup and a strong view of gray’s
relationship with white, and if the encoding
subjects were always assigned to play gray, to
dominate one pup, and to submit to the other,
then, by the transitive property of social
relationships, subjects might be able to predict
the relationship between black and white.
Nevertheless, packs encoded with the random
algorithm would arguably detract from this
phenomenon, and pups encoded during a Fixed
run would have strong relationships, but would
not be guaranteed to have gray in the middle
rank. Despite these facts, it is relevant that
certain “whole-world” effects may have
contributed to people achieving some indirect
understanding of relationships to which they
were not well-exposed directly.

A third limitation of this study involves the
relatively small sample size used in it. While 32
subjects were adequate to find statistical
significance in several important areas, there
were additional findings that might have been
more effectively understood with more
additional data, such as the effectiveness of
various interaction paradigms (e.g., microphone
vs. keyboard) at enabling subjects to encode
relationships.

Proposed Interactive Game for
Examining Social Behavior

During the development of AlphaWolf, it
became apparent that subtle changes to the
social relationship algorithms could have
sweeping repercussions on the personalities of
the characters. Different relationship algorithms
might lead to “Might makes right” characters,
“Do unto others as you would have them do unto
you” characters, “An eye for an eye” characters,
or pacifist characters. In addition, changing the
perceptual mechanism so that the characters
recognized each other by color rather than by
unique ID led to characters that exhibited simple
social stereotyping, or even racist, behavior.

The design of systems like AlphaWolf is a
subtle and potentially problematic domain, since
they deal with human-like behaviors and
ultimately will have an effect on the humans
who interact with them. It is very easy for
implicit biases to find their way into the design
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of the system. By thinking through the potential
social ramifications of the system, the designers
of AlphaWolf attempted to be aware of the
ideologies that were embedded in the system’s
code. Raybourn addressed similar issues in
describing the design of intercultural agents
(Raybourn, 2003).

The realization of the profound impacts of
small modifications to the relationship code has
led to a potentially interesting direction for
future work — creating a game that allows people
to explore the ramifications of these kinds of
social interactions. This game will be designed
so that children, teachers and parents are able to
learn about social behavior together. This system
will be based on the core research described
above. The system will feature a virtual
environment with a community of interactive
animated characters in it. People will be able to
control several relevant algorithms in the
characters' social relationship mechanisms. This
control will allow them to explore and discuss
the ramifications of various kinds of social
behavior. While the social phenomena will be
vastly simplified compared to the complexities
of human social behavior, they will nevertheless
provide scaffolding through which parents,
teachers and children may talk about these issues
and hopefully come to understand them better.
In addition, by introducing students to the
interactions between computer programming
and interactive animation, the system could
encourage students to consider pursuing
programming and computer science in general
as careers.

Prior to the deployment of the system,
several schools and families will be sought out
to serve as a user group for evaluating the
effectiveness of the system. The system will be
evaluated in two ways. First, the parents and
teachers in the user group will be asked to
complete questionnaires before and after using
the system to assess whether they found it
effective. Second, the children involved will be
asked to interact with a version of the system
before and after interacting with it with their
parents/teachers, and will fill out questionnaires
regarding why they made certain decisions in
social situations in the game. Their responses
will be analyzed to see if they gave more
considered responses in the post-case. After the

initial evaluation and revision, the system will
be released on the web so that families and
schools are able to download and utilize it.

Conclusion

Entertainment-oriented video games are largely
based in virtual worlds inhabited by avatars and
autonomous characters. In order for learning
games to compete with these games, they too
may need to have compelling animated
characters. Giving these characters social
competence will make it much more likely that
they could provide opportunities for social
learning to the people who interact with them.
This article has offered a simple computational
model for enabling autonomous characters to
have social capabilities. In addition, it provided
quantitative support for the effectiveness of the
model, by means of a 32-subject user study.
Finally, it described a potential game in which
these social characters could be situated to
provide an opportunity for people to explore a
range of social phenomena through interactions
with virtual characters.

This research clearly only scratches the
surface of social algorithms for autonomous
characters. Nevertheless, it points toward a
fruitful area of research into the creation of
computational characters as building blocks for
educational games. Social characters could
serve as virtual teachers, synthetic students and
learning companions, and could help provide
rich virtual worlds in which people may learn
and grow.
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Notes

' Although the social relationship mechanism

that we describe treats individuals as
emotional significant stimuli, a stimulus does
not have to be an individual — only a causative
entity (Damasio, 1994). Forming emotional
memories of other kinds of stimuli (e.g., the
presence of two wolves at the same time)
could result in other kinds of relationships
(e.g., alliance formation).

* Throughout this analysis, the Mann-Whitney U
test was used to calculate the p values.

* For the purposes of calculating averages and p
values, runs in which subjects couldn’t tell the
relationship were discarded.

* For the purposes of calculating averages and p
values, runs in which pups never formed a
relationship were discarded.

> Throughout this analysis, double errors were
thrown out in determining percentages and p
values. Nevertheless, it is an interesting
possibility that “whole-world” effects

somehow contribute to the prevalence of

double errors — that some aspect of the inter-
relation among the three pups makes people
able to divine the correct relationship despite a
flawed representation. In this particular
double error, the recorded relationships
suggested that both pups had decided that they
were submissive to the other. This unusual
case most likely created behavior that was
difficult to understand for the perceiving
subject. The subject gave a response of 5,
suggesting a slight leaning towards gray being
dominant. In fact, gray was slightly more
dominant, feeling 0.12 dominance towards
white, while white felt 0.08 dominant towards
gray. However, gray had a higher confidence
in its submissive state (0.87 vs. white’s 0.65),
so the weighted average showed a slight lean
towards gray being more submissive (0.46).
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