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Abstract have clear standards of evaluation, we propose a method for
Existing models of group behavior, in a variety of fields, leave evaluajtlon of |_m|tat|_onal behavior. _The ScT mode_l was eval-
many open Cha”enges_ In particular’ existing mpde|s often f.o_ uated n StUdIeS W|th human SubjeCtS The SubJeCtS I‘anked
cus only on a specific phenomenon (e.g. flocking, pedestrian SCT to be a middle-ground between completely individual

movement), and thus must be switched depending on the goals ; ; « o llea™ b
of the simulation. In contrast, we investigate a general cogni- behavior, and perfect synchronized (*soldier-like”) beiba

tive model of simulating group behaviors, based on Festinger's Independently, human subjects gave similar rankings tat sho
Social Comparison Theory (SCT), a prominent social psychol-  clips showing human crowds.

ogy theory. In previous work, we have show SCT covers a
variety of pedestrian movement phenomena. In this paper we ; ;
present evidence for SCT’s generality by describing the use BaCkground and Motivation

of the SCT model (using the Soar cognitive architecture) in - gqcig| psychology literature provides several views on the
generation of imitational behavior in loosely-coupled groups.

Since the imitational behavior does not have clear standards of €mergence of crowds and the mechanisms underlying its be-
evaluation, we propose a method for such evaluation. Based on haviors. These views can inspire computational models, but

experiments with human subjects, we show that SCT generates 4re ynfortunately too abstract to be used algorithmicaty.
behavior more in-tune with human crowd behavior. - . .
contrast, computational crowd models tend to be simplistic
Introduction and focus on specific crowd behaviors (e.g, flocking). A

Models of d behavior facil vsi d dict common theme in all of them is the generation of behavior
odels of crowd behavior facilitate analysis and predietio ¢, yq aggregation of many local rules of interaction, e.g

of the behavior of groups of people, who are in close geo'(ReynoIds 1987; Yamashita & Umemura, 2003)
graphical or logical states, and are affected by each sther’ ' ' ’ '

presence and actions. Existing models of crowd behavior arg¢ial psychology. A phenomenon observed within crowds,
often simplistic, and typically not tied to specific cogwéti and discovered early in crowd behavior research, is that peo

science theories or data. Moreover, existing computer sciP!€ in the crowd act similar to one another, often acting in a
ence models often focus only on a specific phenomenon (e_g_oordinated fashion which is achieved with little or no \a&rb

flocking, pedestrian movement), and thus must be switcheommunications. _ _ N
depending on the goals of the simulation. There are several psychological theories that explairied th

We propose a novel model of crowd behavior, based on Sgeoordinated behavior. For example, Le Bon (Le Bon, 1895)
cial Comparison TheorySCT) (Festinger, 1954), a popular emphasized a view of crowd behaviors as "Collective Mind"
social psychology theory that has been continuously evolvthat transform an individual who becomes a part of the crowd
ing since the 1950s. The key idea in this theory is that hulnto becoming identical with the others in the crowd. Le Bon
mans, lacking objective means to evaluate their state, conf2XPlains the homogeneous behavior of the crowd by two pro-
pare themselves to others that are similar. Similarity iT®C ~ cesses:Imitation and Contagion Allport, (Allport, 1924)
very loosely defined—indeed, much of the literature on SCTStates that crowd behavior is a product of the behavior ef lik

addresses the exploration of different ways in which humanghinded individuals. According to Allport's theory, indoi-
judge similarity. als become a part of the crowd behavior when they have a

In this paper we describe the implementation and adapta{'-commoﬂ stimulus” v_vith people inside the crowq. Additional
tion of SCT the model in the Soar cognitive architecture. SCTeXPlanation of coordinated crowd behaviors (Tajfel & Tutne
was implemented as a secondary parallel thread within Soat986; Reicher, 2001) suggest that this coordination enserge
Whereas normally, operators are proposed (and selected) Bgcause people in the crowd share a common social identity.
Soar based on their suitability for a current goal, in oumage Unlike Allport's individualistic behavior of people in corals,
operators were also proposed based on their suitability fopocial ldentity theory combines together the society aspec
SCT. We also briefly discuss mechanisms in the architecturdVith an individual aspects.
necessary for enabling SCT: a memory mechanism and aBomputational models. Work on modeling crowd behav-
exploration mechanism. ior has been carried out in other branches of science, in par-

We evaluate the use of SCT in generation of imitationalticular for modeling and simulation. Reynolds (Reynolds,
behavior and show that SCT generates behavior in-tune with987) simulated bird flocking using simple, individualddbc
human crowd behavior. As the imitational behavior does notules, which interacted to create coherent collective move



ment. There are only three rules: avoid collision with neigh into groups which, in their judgment, hold opinions which
bors, match velocity with neighbors and stay close to the cenagree with their own*.

ter of gravity of all neighbors. Contagion. One implication of SCT is the formation of ho-
Blue and Adler (Blue & Adler, 2000) used Cellular Au- ogeneous groups. Festinger writes (Festinger, 1954) "Th
tomata (CA) in order to simulate coIIect|V(_a beha}wors, IPa existence of a discrepancy in a group with respect to opnion
ticular pedestrian movement. The focus is again on local ingy gpjjities will lead to action on the part of members of that
teractions: each simulated pedestrian is controlled byuan a roup to reduce the discrepancy”.
tomaton, which decides on its next action or behavior, baseg To be usable by computerized models, social comparison
on its local neighborhoods. theory must be transformed into a set of algorithms that,
Helbing et al. (Helbing & Molnar, 1997; Helbing, MoInar, \when executed by an agent, will proscribe social compari-
Farkas, & Bolay, 2001) also focused on simulating pedestriason behavior. A first step towards this goal has been take

movement. Each entity moves according to forces of attrachy Newell, who examined the axioms of social comparison
tion and repulsion. Pedestrians react both to obstacletoand (Newell, 1990), a subset of which appears here:

other pedestrians.

Yamashita and Umemura (Yamashita & Umemura, 2003} When lacking objective means for evaluation, agents com-
take a different approach in simulating group panic behavio ~Pare their state features to those of others.
While inspired by Reynolds’ model, they propose a mode Agents compare themselves to those who are more similar;
where each simulated person moves using three instincts: An comparison increases with similarity '
escape instinct, a group instinct and an imitational irs$tin '
According to Yamashita and Umemura, when a person is i8, Agents take steps to reduce differences to the objects of
panic, she acts based on these instincts, simplifying the de  comparison.
sion making process. . o

Our work differs from those described above in that we aim Neéwell argued that these axioms are not social, in the sense
to develop a general cognitive model of simulating group peOf requiring active interaction between the agents. Rather
haviors, one based on psychology. We have already showifey utilize uni-directional observations and actions bg t
that our model covers pedestrian movement phenomena §8Mparing agents. o .
was presented in our previous work (Fridman & Kaminka, Ve turn these abstract axioms into a concrete algorithm.
2007), together with initial results on imitational betavi | "€ algorithm is described in (Fridman & Kaminka, 2007),
Here, we present additional evidence for such generality bnd we provide only a brief description here. Each observed
describing implementation in Soar, and evaluation of SCT29entis assumed to be modeled by a set of features and their
model on imitational behavior in loosely-coupled groupge W associated values. For each such agent, we calculate a simi-

discuss the full set of results, and the evaluation metrazgol larity values(x), which measures the similarity between the
in detail. observed agent and the agent carrying out the comparison

process. The agent with the highest such value is selected.
A Model of Social Comparison If its similarity is between given maximum and minimum

_ . values, then this triggers actions by the comparing agent to
Our research question deals with the development of a confeduce the discrepancy:

puterized cognitive model which, when executed individual
by many agents, will cause them to behave as humans dola For each known agertcalculate similaritys(x)
groups and crowds.

We took Festinger’s social comparison theory (Festingerz,' ¢« argmax S(x), such thain < S(C) < Smax
1954) as inspiration for the social skills necessary for oug. D « differences between me and agent
agent. According to social comparison theory, people tend
to compare their behavior with others that are most like thenft- Apply actions to minimize differences .
To be more specific, when lacking objective means for ap- .
praisal of their opinions and capabilities, people compare SCT Implementation in Soar
their opinions and capabilities to those of others thatme s We implemented SCT in the Soar cognitive architecture
ilar to them. They then attempt to correct any differencegNewell, 1990). Soar was connected to the GameBots virtual

found. environment (Kaminka et al., 2002). Here, multiple agents,
We believe that social comparison theory may account foeach controlled by a separate Soar process (each executing
some characteristics of crowd behavior: SCT) can interact with each other in a dynamic, complex, 3D

virtual world (see Figure 1).
Imitation.  Using social comparison, people may adopt oth- A detailed discussion of Soar’s role as a cognitive architec
ers’ behaviors. Festinger notes (Festinger, 1954): "Thedr ture is beyond the scope of this paper. We provide a very brief
for self evaluation is a force acting on persons to belong taverview here, and refer the interested reader to (Newell,
groups, to associate with others. People, then, tend to movES90) for additional details.



Figure 1:Soar agents in the GameBots environment. Each
agent has limited field of view and range, and may move
about and turn.

Figure 2: The Soar sense-think-act decision cycle, SCT

Soar has two components: A graph-structured workingProcess highlighted.
memory, and a set of user-defined production rules that test
and modify this memory. Efficient algorithms maintain the for Soar’s decision cycle: At every cycle, for each observed
working memory by executing rules that match existing con-agent and for each difference, the SCT process would propose
tents. All the agent’'s knowledge, sensor readings, and dean operator that would minimize the difference. Then, a set
cisions are recorded in the working memory. Soar operatesf preference rules is triggered that ranks the proposaleta
in a classic sense-think-act cycle, which includes a degisi on feature weight. Additional rules prefer the most similar
phase in which all relevant knowledge is brought to bear taagent (that is still not sufficiently similar). Thus at theden
propose, and then select, aperator, that will then carry out  only one SCT operator is supported.
deliberate mental (and sometimes physical) actions. Orcet Here additional cognitive components became necessary.
operator finishes its actions, it is automatically de-deléc Suppose an agedt decided to turn towards the same angle
(terminated), and the cycle repeats. Unlike simple producas an agent that is next to it. Due to the limited field-of-view
tion rules, whose effects on working memory are temporarypf X, it would lose track ofY once it makes the turn. From
operator-induced the actions of rule firings on working mem-hat point on, it could no longer keep track ¥f to mini-
ory (and in turn, on physical actions) are persistent, eftena mize additional differences. This would cause it to become
the operator has been de-selected. Overall, a Soar agent’s lpverly reactive, turning about immediately to séélkagain,
havior is the result of the sequential selection of opesator or to select a different operator altogether (now thatould
each performing an action on the environment and/or internano longer be imitated).
memory. We thus found it necessary to utilize two mechanisms: (i)
For our experiments, several basic task-oriented operatom memory mechanism that keeps track of the whereabouts
were implemented, to allow the agents to move about, turn toef agents, once seen; and (ii) an exploration mechanism that
wards each other, measure distances to others, etc. Thus omecasionally would turn towards remembered agents, to pro-
thread of control, always running, is in control of the agent vide an update on their state (for the purpose of comparison)
actions towards whatever tasks it was given. Both of these mechanisms (memory and exploration) are of
SCT was implemented as a secondary parallel threadourse present in many cognitive architectures, and are not
within Soar (Figure 2). Whereas normally, operators are pronecessarily linked to SCT. We thus leave discussion of such
posed (and selected) by Soar based on their suitability for mechanisms outside of this paper.
current goal (e.g., through means-end analysis), in ountage ) o .
operators were also proposed based on their suitability for Modeling Imitational Behavior
SCT. In other words, at every cycle, a Soar agent would conAn attractive feature of social comparison is its hypotbedi
sider operators that advance it towards its goal. In our imprevalence in human group behavior, i.e., its generalityssc
plementation, it would also consider operators that seek tdifferent behaviors. Indeed, we believe that the SCT model
minimize perceived differences to other agents. we present in this paper is sufficiently general to account fo
Thus SCT-proposed operators compete with the taska wide variety of group behaviors. This is in contrast to many
oriented operators for control of the agent. This may ap-existing computational models, that typically focus on-spe
pear to contradict Festinger’s theorizing that social camp cific tasks.
ison comes into play only when people are at an impasse. In previous work (Fridman & Kaminka, 2007) we eval-
However, this is not the case. By setting Soar’s decisioft pre uated the use of the SCT model in generation of pedes-
erences to prefer SCT-proposed operators only when no taskian movement phenomena like bidirectional movement and
oriented operators are available, one gets the behavier prenovement in groups with and without obstacles. The SCT
dicted by Festinger’s theory. Further exploration of tsislie  model accounts for group formation in pedestrians that are
is beyond the scope of this paper. inter-related, a phenomenon not addressed by previous mod-
The SCT thread proposed operators by following the algoels. And where previous techniques apply, SCT shows im-
rithm described previously, though in a way that is adoptedproved results.



Here, we discuss in detail the implementation in Soar, and We propose a method for evaluation of imitational behav-
the evaluation methodology, providing additional evidenc ior. We propose a questionnaire composed of general ques-
for such generality by describing the application of the SCTtions and specific tasks related questions. The generat ques
model to the problem of generating imitational behaviors intions can be used as a common method for evaluation of all
loosely-coupled groups. Unlike individual imitation, wke kinds of imitational behaviors. We rely on experiments with
one agent imitates a role model, crowd imitational behaviohuman subjects, which judged the human crowd behavior and
spreads across a group of individuals who dynamically sethe resulting SCT behavior in comparison to completely-indi
lect role models for imitation, from the level of observable vidual behavior (i.e., arbitrary decisions by each agemtet
actions to the level of unobservable internal mental attitu  pendent of its peers), and to completely synchronized behav
(e.g., goals). Here, imitation occurs more loosely, as the r ior (i.e., all agents act in complete unison).
models do not necessarily intend to play their role, and in- The first hypothesis underlying the experiments was that
deed may not even know that they are being imitated. Alsogroups controlled by SCT would generate behavior that
the imitators potentially switch their role-model targétsm  would be ranked somewhere in-between the individual and
one moment to the next. Psychology literature describds sugerfect-coordination models, i.e., that SCT would gererat
imitational behavior as one of the keystones of crowd behavbehavior that would be perceived as coordinated, but net per
iors (Le Bon, 1895). fectly so. Another hypothesis is that human crowd behavior

In order to simulate imitational behavior we used positionwould also be ranked somewhere in-between the individual
and direction as the agents’ feature set. For each observeédd perfect-coordinated behaviors.
agent and for every difference found, the SCT process pro- To examine the first hypothesis, we created three screen-
poses a corrective operator to be performed in order to mineapture movies of 11 Soar agents in action. All movies were
imize the difference in the selected feature. In this task, t shot from the same point of view, and showed the agents in
corrective operators were ‘'move-to’ (minimizing distatioe the same environment. In all screen-capture movies there is
the observed agent, correcting position differences)amd-  one blue agent that stands in front and turns up tol&fd or
to’ (imitating angle of the observed agent). right. All others are red agents that act according to one of

In addition to the proposed SCT operators, Soar also prothe models.
poses operators based on their suitability for the curreat,g In one movie ipdividual), the red agents act completely
and based on an exploration mechanism which proposes opdependently of each other, randomly choosing an angle and
erators seeking new information. In this task, goal opesato turning to it. In anotherynisor), the red agents act in almost
were 'turn-to’ (a random angle); the exploration mechanismperfect coordination, turning towards the same angle as the
operators turned towards previously seen agents. blue agent almost instantaneously (small timing diffeesnc

We used Soar preference rules to rank the feature weight§Sult from asynchronous responses of the simulated emviro
such that the position feature gets higher priority thapair Ment). Finally, in thesSCTmovie, the red agents act according
tion. This means that a closest agent is considered to be mo@ our model as described above.
similar, however the chosen feature for correction is direc  These experiments were carried out using 12 subjects
tion. TheSnax value was unbounded, which means that therd@ges: 18-40, mean: 28; male: 6; additional 4 subjects
is no such thing as too similar. In our case Soar can prodropped due to technical reasons). Each subject was given
pose corrective operator with value equal to zero if there i brief description of the appearance of the environment and
no correction to make with respect to the observed agent. Wagents, sometimes aided by a snapshot from a movie (e.g., as
used additional Soar preference rules to give higher pyiori in Figure 1). The subjects were told that the purpose of the
to exploration mechanism operators than to goal operator§XPeriment was to evaluate the use of perception models em-
Thus, each agent prefers the SCT operators (‘turn to’) an@edded in the agents; that there was a red dot—visible to the
in the case when there are no seen agents (i.e. there is Rgents but not to the subjects—that moves about on the walls
proposed SCT turn-to operator) an agent will prefer the exsurrounding the group. The agents’ goal is to individualy |
ploration mechanism operators, and only afterwards the go&ate this dot, and then track it in place by turning arounde Th
operators. The resulting simulated behavior has the agen®rpose of the cover story was to focus the attention of the
standing in their initial locations, turning to some diieator ~ Subjects away from group behavior and imitation, so as to not

doing nothing. bias the results. After the description, the movies werevsho
to the subject.
Evaluation of imitational behavior After each movie, the subjects were asked to fill a short

_ _questionnaire (described below) based on what they saw.
We conducted experiments to evaluate whether SCT can ieach movie was shown only once. The order of presentation
deed generalize to account for imitational behavior in @eu  of movies was randomly selected for each subject, to control

Unlike the pedestrian movement domain, where clear me&or learning and order effects. The questionnaire inclutied
sures are available for objective measurement of the ssiccef|lowing questions:

of a model (e.g., flow, lane changes), imitational behavior
does not have clear standards of evaluation. 1. If there is only one red dot in the room, to what degree did



all agents see it? (1 - nobody saw the red dot; 6 - all agents The results clearly demonstrate that the SCT model lies
saw it) in between the individual and perfect-unison model. While
in some questions it appears to be somewhat closer to the
2. Towhat degree were the movements of the agents randomdividual model, it is significantly different from it at ¢n
(1 - not random at all; 6 - very random) a = 0.05 significance level (t-test, one-tailed).
. Figure 4(a) shows the results for the question on the num-
3. Towhat degree was there cooperation bgtween the agentggr of leaders. The median result for the individual was 11
(1 - no cooperation at all; 6 - full cooperation) (i.e., every agent is a leader, or in other words, no leader).
4. To what degree was there agreement between the agen@%r the unison model, the median resul'; was 1. .For the SCT
(1 - no agreement at all; 6 - full agreement) model, the m_edlan result was 3. Iq this question the SCT
model result is very close to the Unison model. According

5. To what degree were the agents coordinated in terms of tH® t-test (one-tailed) the SCT model significantly differsrh

direction of their movements? (1 -no coordination at all; 6the Individual model ¢ = 0.02). However, in comparison to
- fully coordinated) Unison model there is no significance fourp 0.3).

We conducted an additional experiment, in which static
6. How quickly did the agents find the red dot? (1 - dot notimages—snapshots from the movies—were shown to sub-
found at all; 6 - immediately found) jects who were then asked how many red dots were present,
based on the number of different directions in which agents
7. To what degree were the agents related to each other? (lyere watching. The results of this experiment are summa-
no relation at all; 6 - tight relation) rized in Figure 4(b). Again the categories in the X-axis eerr
spond to question given to the subjects. The Y-axis measures
8. Do yOl_J see any leaders? If so, hO\.N many? (1-11) (1- ONthe average of median results that belong to each model.
leader; 11 - all agents are leaders, i.e., no leader). Again the results demonstrate that the SCT model lies in
Qetween the individual and perfect-unison model and it sig-

In this experiment, the subjects were asked to grade the. . L
movies on an ordinal scale of 16, with 1 being a low Scoremﬁcantly differs from the individual modej(= 0.011, t-test,

(typically associated with more individual behavior), afd one-tailed) and from perfect-unison modpk 0.012, t-test,
being a high score (typically associated with perfect umiso one-tailed).

In order to keep consistency in presentation of results, the
scale of the second question (Non-Random) was reverse '
The results of the last question (Number of leaders) are pre
sented separately due to inconsistency in scale with othe
guestions.

‘El Individual BSCT OUnison

OIndividual ®SCT DUnison‘

12 8

S

Median # Leaders

Agents results

8
[
4
2
0

In general, the responses to the questions in this expetime
have placed SCT between the individual and unison models. )
Results are summarized in Figure 3(a) and 3(b). The queé%)re':ﬁfggg{ug é%%?gsr_s n (b) Screen snapshot results.
tions in Figure 3(a) are associated with agents’ performanc

on a given task. In the presented questionnaire the number of Figure 4: Additional results for the simulated agents.
guestions are 1, 3, 4 and 6. Figure 3(b) refers to more general
guestions (i.e. the same questions that were used in humé'rl]u
crowd movie). In questionnaire the relevant numbers of quesAnother hypothesis underlying the experiments is that luma
tions are 2, 5, and 7. The categories in the X-axis correspongrowd behavior would also be ranked somewhere in-between
to questions given to the subjects. The Y-axis measures th@e individual and unison models. To examine this, we search
median result. Each bar correspond to compared model arfdr a human crowd movie where individuals perform the same
as explained above we compare SCT model to Individual angction as in simulated agents movies. We used a news clip
Unison models. movie which shows people, grouped together, standing and
waiting for some event to occur. The only action they perform
in the movie is to turn occasionally.

This experiment was carried out using 12 subjects differ-
ent than in the screen-capture movies experiments. Eaeh sub
ject, after viewing a human crowd movie (Figure 5(a)) was
asked to fill the same questionnaire as in previous experi-
ments. However, since in the human crowd movie there was
no cover story about red dot, there were some irrelevantques

# Leaders # Dots

man crowd experiment

‘ O lndividual ESCT OUnison ‘

Median Grade

Median Grade

7
6
5
4
3
2
1
o

Cooperation?  Agreement? Dot see? Dot find?
Relationship? ~ Coordinaled?  Non-Random?

(@) (b)

Figure 3: Results of questionnaire on agents performance.



tions that were dropped out. The remaining questions arbavior. The subjects ranked SCT to be a middle-ground be-
more general and not tied to a specific task. tween completely individual behavior, and perfect synehro

! nized (“soldier-like”) behavior. Independently, humarbsu
jects gave similar rankings to a short news clip showing hu-
man crowds.

Median Grade
o -~ N o A o o
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