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Abstract

Different cities and different populations react differently to various types of educational inte
ventions due to themall differences in populatiorsocicdemographic traitsntervention media
type, and a variety of other factor3he social simulationtool Constructwas usedo evaluate

the effectiveness of several educational interventions on one stylized and four reab @ties
amine the types of behavior that could be observed given these small vanatioitsl cond-
tions This technical report describes the experimedésign parametersand setupfor the
Constructeducational interventionirtual experimerg, thenreportsthe results obtained wheine
experments were runThe results from the stylized city and real cities arepamed, and geme

al similaritiesandconclusions ardiscussed
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1 Introduction & Motivation

Recent success inadeling a variety of interventions has lead to foHopy questions ofn-
formation access. For instance, if individuals are illiterate, how effective is a print agvertis
ment? Additionally, if the majority of the higiisk population lackénternetaccesshow effe-
tive will a sophisticated web site be? Construct, a raglent simulation platform developed by
the CASOSenter has previously been used to ask questions about the relative strengths of var
ous educational interventiofis]. In order to understand the effects of these physical and-cogn
tive barriers to information access, a variety of virtual experiments were conducted using Co
struct to understand the magnitude of these effects. This technical report describegptfor se
these experiments, describing the simulation parameters used in conducting this research.

The remainder of this technical report is organized as follows. Seéttatlines the virtual
experiment the problem beingnodeled, the types of societal features modified, the information
access parameters used, and other important global parameter settings. 3S#istiaases the
kinds of modifications made for each virtual experiment, desgyithe interventions and info
mation access mechanisms varied over the course of the runs. 3quiésents higtevel ou-
lines of the changes made to the Construct code in order to support the information access virtual
experiments. Sectioh describes the socidemographic distributionsnd experiments run for a
stylized city, while sea@bn 6 presentshe results of this wortkSection7 describes four realities
T Hartford CT, San Diego CA, Orlando FL, and Kansas City Mé&nd the parameters used to
model and rurvirtual experiments on thensection8 presents the results of this set of exper
ments anedtcompares them to the stylized citie€gection9 concludes.

The modeling, simulation, and analysisitaned in this report contaimsformation regaa-
ing the demographics of thmopulation for the purpose oflescribing howthe members of &
population are most likely to interactpnsistent with the underlying well validated social
sdence theories as embedded in the Construct simulation medleteal cities, the demogtap
ic data originates from the US @is. For stylzed cities, the demographic data is consistent
with the type of data extractable from the US Cengtm. both real and stylized cities infoam
tion on access constraints, such agditg and readership, comes from a variety of sources as
described inthe ec hni cal rmaépont AL et ¢2]. iltns reCogmzedtmau ct 0
government agencies do not and cannot use information regarding race, creed, or geseer as di
criminators in their decision making.



2 Experiment Parameters

2.1 Construct overview

Construct is a social network analysis tool which examines the evolution of networks and the
processes by which information moves around a social netf8{¢q[5]. It seeks to combine
social network analysis, a field that has typically sought to describe static networks, with an u
derstanding of information diffusion to create a simulation environment that models network
change over timeConstruct is an ageitased model, which means that individual actors are the
sources of decisions in the model. Agents in Construct interact via homeyth#yprinciple of
"like attracts like"-- which leads similar agents to interact, share knowledgd become more
similar to each other. As a simulation engine, Construct draws from a wide variety of fields: s
cial network research for analytic techniques, sociology for its interaction mechanismsJ-psycho
ogy for agent choices and decision proceduremputer science for its algorithms and artificial
intelligence as the glue that binds the various ideas together. Past work with Construct has
sought to compare and contrast different interventions on a social network, to examinefbelief di
fusion and mformation propagation among people, to study the effect of different netopmik t
ogies on diffusion rates, and several other tofdits

Additional information about the Construct system is available in the references of this paper.
The Construct system itself is freely downloadable from the CASOS websit
http://www.casos.cs.cmu.egubjects/construct.

2.2 Modeled scenario

The overallsuite of experiments run, of which this experiment was just one part, sought to
model the effects of different cognitive and access constraints on the number of individuals who
could interact with an educational interventidj[2]. The educational intervention sought to
encourage agents to perform in a specific way the taxpaying domain in which this problem
was conceived, the interventions can be thought of those seeking to dissuadeaslivamn
participating in an illegal tax scheme, to encourage them to take a legitimate tax credit, or to help
them their file tax forms in a correct fashion. One of the motivating features for the project was
modeling behavior that encouraged agenttegitimately take the Earned Income Tax Credit
(EITC), but the more general conceptual framework can be generalized to other sortsaef educ
tional interventiong6]. The population modeled in the society was predominantly chosen to be
low income, since lowncome individuals have been found to be most likely to suffer from lack
of information accesf/][8][9]. This allowed the literacy and access mechanism modifications
to have a larger impact on the society as compared to tax credits or interventions used for other
taxpaying subpopulations.

2.3 Knowledge and belief

As has bee done in previous work, the action examined was modeled as an action to be
deterred. The action was modeled using two componimewledg® andiibeliefo [1]. Know-



ledge represented the facts necessary to perform the;agiibaut sufficient knowledge, agents
would be ignorant of the action and would not perform it even if they believed that they should.
Belief was a function of three parts: a sequence of facts, similar to the knowledgenemt
described previously; ¢éhbelief an agent held in the previous time period; and a weighted fun
tion of the beliefs of agents in thersaunding social networkl'able1 presents the types of facts
associated with knowledge and belief, the number of fmstsciated with each, and their ént
raction and transmission weights.

Table 1: Numbers and Weights on Key Facts

Fact Type Characteristics
number interaction weight transmission weight
Action exists knowledge 1 1x 3X
How to perform action knowledge 6 1x 3x
Action is right belief 3 1x 3x
Action not right belief 4 1x 3x
Action is worth doing belief 3 1x 3x
Action not worth doing belief 3 1x 3x
General knowledge other 500% 1x 1x

Knowledge was broken down into two components. A single bit was used to represent
whether the agents knew that the action existed. If an agent knew this bit, then it was said to
fiknow ofo the action in this work as well as previous experimental graptigesults. This was
done to model the spread of the action in the society, and was given a very high weight for
transmission between the promoters, interventions, and other agents. Agents who knew this bit
were able to perform the action; agents lagkims bid were unable to perform the action. Since
many more agents could know that the action existed even while not knowing how to take the
action, this fact was often the most widely known of the facts related to the action.

As can be seen in the dtrcolumn ofTable 1, six bits were used to represent whether the
agents knew enough information about the action in ordertorpethe action. These bits were
often referred to as thiknow howo bits in this work as well as gvious experimental graphs
and results. In order to know how to take the action, agents needed to know at least three of the
six bits. Agents could learn any three of the six factsnmgahat two agents could perform the
action without having any ovapping information Btween them. This allowed agents with
slightly different knowledge of the action to make ideans to perform the action independently,
and also ensured that agents could have some Vayiabithe composition of their knowledge
when making the decision. All six of the facts were weighted equally.

The second requirement for taking the action was to have sufficient belief. There were two
beliefs in the model: belief that the action waght and therefore a legitimate thing to aégmd
belief that the action wasorthwhile and a good thing to da factor which could be indepe
dent ofwhether agents felt it was rightAgents held a belief if sum of their current knowledge,
prior beliefs, andaial influence was above a certaingbinold. To take the action, an agemt o
ly needed to be above this threshold; any additional belief beyond this threshold was@ugerfl



The belieft hat t he ac wasoodeledavih séveni farts, tthéee facts associated
with the idea that thecion wasright and four with the idea that the action was not. Each fact
was weighted equally, so belief knowledge component was a linear function of the number of
facts known elated to pro or con belief. Thus, the setup of threeagtmn (action isright) and
four anttaction(action is not rightpelief factsensures that an agent who knows all facts would
believe that the action would not be righthis also helped to guarantee thah e finde r i ght
liefs would be passed slightly more frequentignthefisr i gheliefo When communicating,
agents would be more likely to select a fact suggesting that the actiarotwaghtin compar-
son to a fact suggtesg that the action wasght, since it was likely that they knew more of them.

The fiworth doing belief was modeled with six facts, three of which suggested that iperfor
ing the action was a good idea and three of which suggested that performing the action was a bad
idea. Again, each fact was weighted equally so the belief knowledge compateat linear
function of the number of known belief fact. Unlike teeight belief, there was ndifferencein
the number of facts associated wilte positive and negativeorth-doing belief. This meant
that, if an agent knew all the facts associatgti the worth-doing belief, it wouldhave no op
nion, not an antkactivity opinion

For an agent to hold a belief, it would often need to know more facts relating to one of the
belief statements than it knew for the other. For instance, agents whakeesaright factbut
zerois-notright facts would believe the action wagght. If the agenthenlearned twas-not-
right facts, it would hold thés-right belief for a time, since the influence of the past belief would
linger and the agent's belief uld not be modified instantaneously. After a short time, however,
the agent would believe that the action wad right because the twes-notright facts were
greater than the onie-right fact. These effects could be temped by social influence, which
might have a large or small effect on the agent depending both on the influentialness of one
agent and thenfluenceability of the other.

In order to perform the action, an agent had to either believe that the actioightas that
the action wasvorth doing If the agent heltheis-right belief but notworth-doing belief it ex-
emplified the casé actually observed in the real worldn a notinfrequent basi§ wherean
agentdid notmeanto be deceptive but was genuinely misinformed asltether theaction was
right. The agent believed that its action was correegn though there may have been infarm
tion that it was not aware of which cdutave, in a perfect world, convinced it otherwigen
the other handf theis-right belief was not held luheworth-doing belief was, this represented
thecase in which the agent intentionally attempted to commit fraud. Agents who did not believe
the behavior wasight and who did not believe that it wagorth doing by far the majority
group in the simula&d populatiori did not try to perfornthe ation even if they had sufficient
knowledge. These agents had besuccessfullydeterred from the behavior.



Additionally, a total of five hundredsocial factse were used in the experiment, facts which
had no learing on whether agents performed the action. These facts served to increase or d
crease the homophily between two agents and helped agents select interaction partners. Due to
the preponderance of these general knowledge facts, they were exchangedast thajority of
interactions. As the simulation progressed, agents would exchange these facts, gradumily beco
ing more similar to some agents and (relatively speaking) less similar to others. While the social
facts did not directly affect the numbef agents who performed the action, they indirectly
helped to define the interaction partners of an agent and therefore greatly influenced agent
sources of information.

2.4 Simulated society

The experimental society was comprised of three thousand human fgesitshree of
the virtual experiments performed. While the sedgmnographic characteristics of the indivi
al agents depended on the experiment, a large number of other factors about the agerts in the s
ciety were held constant.

Table 2: Initial Distribution of Key Facts

Fact Type Chance that individual fact is known by
human agent promoter seminar

Action exists (1 fact) 0% 100% 100%
Action know-how (6 facts) 0% 100% 100%
Believeright (3 facts) 1% 100% 100%
Believenot right (4 facts) 5% 0% 0%
Believeworth doing (3 facts) 1% 100% 100%
Believenot worth doing (3 facts) 5% 0% 0%
General knowledge (500 facts) 20% 2% 2%

The first column offable2 describes the knowledge associated with thedmagents. The
human agents did not have any of the knowledge facts initially, so they had to learn these facts
via interaction with an outside source such as a promoter. Human agents, however, did have in
tial beliefs. Agents have a 5% chance of kngnach of the antaction facts (that the action
was not rightand thatit was not worth doing and a 1% chance of knowing each of the pro
action facts (that the action waght and thathe action was worth doifg This lead to a society
in which a smbk minority of agents initially held praction beliefs, a larger held an opposing
belief, and the @jority of the agents did not have any belief at all and were primarily swayed by
the beliefs of agents comgng their surrounding social network.

Additionally, each of the human agents had a 20% chance of knowing the five hundred social
facts, meaning that each of the agents had about a hundred social facts in order to jumpstart
agentagent differentiation and homophily. These facts were selected fr@mdam uniform
distribution. Due to small perturbations between the types of facts known by each agent, agents
were more similar to some agents than to others. These small differences would inflleence int
raction, and would help determine interaction grais.



The experiment was designed such that the action was propagated through the society by a
singlefipromoted agent, an agent who entered the society at the beginning of the first simulated
period and attempted to convince as many human agents tonpéhi® action. The promoter
had an associated companiorfisaminao agent, which was active less frequently but codd d
liver a more powerful message to its attendees. This allowed the promoter to, from time to time,
deliver a more powerful message tber human agents who chose pay attention to it.

Both the promoter and the seminar had full knowledge of the action and how to perform the
action. When there was no intervention present, they served as the sole source for all knowledge
about the action.The promoter and the seminar knew all thegbt facts and thevorth doing
facts in an attempt to convince as many agents as possible to perform the action.

The simulation ran for one hundred and four time periods. This represented one year with
two periods per week for the simulated society. Human agents were active every time period,
choosing one potential interaction partner to communicate with and receiving communication
from one another agent. The promoter was active only every other periochubdtinitiate
communicate with several agents and receive communication during that time. The seminar was
active only four times during the entire simulation, and could not contact other agents and had to
wait for other agents to contact it.

2.5 Network topology

The human agents in the virtual experiment were all linked together via an underlying social
network. This allowed one agent to interact with a subset of the rest of the agents in the network
but not with all of the possible agents. However, tlsedxsets were not all alike. Some slices of
the agent population could form small, highly interconnected cliques, while other slices could
have links that spanned different parts of the networks, while still others could have a jumble of
assorted edges. h& underlying network topology helped to define this type of structure, though
it was up to the individual agents to interact according to homophily and build an actual-<comm
nication structure on top of the possible communication framework provided Imgtiverk b-

pology.

The density of the human agent to human agent social network was about .0133. This meant
that each of the three thousand human agents had aboutdaghpbors An independent social
network was created for each replication, as drawm fthe underlying distribution of social
network topologies, to ensure that the results observed were not biased by the specific layout of
any one individual social network.

The network topology used in this research was a uniform random di@jphThe uniform
random network was a random network of three thousand nodes, created by selecting 1.33% of
the possible edges from the fultpnnected graph and creating the social network from them.



The uniform random network wagigerated in a manner consistent with the generator suggested

by Erdos and Renyi: edges were selected randomly from a complete graph until the requisite
density was achieve[d0]. No preferential attachment, triadic closure ctustering algorithm

was used in this process, but the edges were selected to ensure symmetry (if an ego could contact
an alter then the alter could contact the ego). This process created a network in which the mean
number of neighbors was forty, theesage distance was empirically determined to be 2.5, and

the diameter was three. While it has been shown that fedogi graphs do not capture some of

the subtleties in reaborld social networks, they provide a reasonably accurate first ap@oxim

tion of them.

While it was not performed for this particular work, past research using Construct has also
investigated different types of underlying social networks. For instance, theffsapestal Fa-
tors as Moderators of Intervention Strength paper drafsubmitted to IEEE SMC, suggests that
different underlying social networks may lead to different observed rggliltsMuch of the
work described there is present in this version of Construct, including the descriptionsiof the s
mulation setup, knowledge distribution descriptions, and interaction sphere descriptions. One
noticeable change, however, is the fact tha number of agents in this experiment has been i
creased to three thousand (from two thousand as described in that paper); this has resulted in
scaling of other simulation parameters.

2.6 Other parameters

While Section2.3 desribed the facts and beliefs in the simulation, there were a number of
subtleties with how they were modeled and used.

First, when an agent attempted to compute its similarity with another agent, it would use a
feature callediransactive memonto compue its similarity score with another agent. Transa
tive memory, represented secemdler information about a fact; transactive memory could
represent that an ego knew that an alter knew a specifid4fdtl]. Thus, agents computed
knowledge similarity using their perception of the agent's knowledge, not the agent's knowledge
itself. Similarly, agents used a special form of belief, belief transactive memory, wheo-comp
ting the belief of the surrounding community; unlike fact transactive memory, which was binary
(either an agent knew it or it did not), belief transactive memory wasvakadd and therefore
more nuanced. In this way, transactive memory served as a mmoidél of another agent's
knowledge and can have many of the features seen in a realistic mental model. The transactive
memory peception could be inaccurate, incomplete, or incorrect, depending on the sitaation
alter agents could learn, evolve, or eba beliefs without an ego agent knowing about it. An
ego's transaive memory of an alter agent was only updated if an agent sent a specific fact to the
alter agent, or if the ego agent learned (possibly from a third party) that the alter knewua partic
lar fact. About twenty percent of all messages sent between agents contained exclusssely tran
active memory to help keep this informationtopdate.



Table 3: Distribution of Key Facts for Intervention

Fact Type Intervention

Ad campaign Web site Call center Radio ad Mailing
Action exists (1 fact) 100% 100% 100% 100% 100%
Action know-how (6 facts) 10% 33% 10% 10% 10%
Believeright (3 facts) 0% 0% 0% 0% 0%
Believenot right (4 facts) 33% 100% 100% 33% 33%
Believeworth doing (3 facts) 0% 0% 0% 0% 0%
Believenot worth doing (3 facts) 33% 100% 100% 33% 33%
General knowledge (500 facts) 10% 2% 5% 10% 10%

Second, knowledge and belief were represented slightly differently in the simulatiow- Kno
ledge was represented as binamgtdaeither the agent knew a fact, or the agent did not. Agents
could not partially learn a fact, nor could they partially tell the fact to another agent; coramunic
tion was all or none. Forgetting was not enabled, so agents retained any informattbeythat
learned over the course of the experiment. In contrast, belief was allowed toetaegrb
agreement, disagreement, and no information along anveaber scale. Agents could change
their beliefs by learning new information, or by finding out thata#ter agents in their social
network changed their beliefs and updating their belief accordingly. When determining whether
an agent performed an action, however, a hard cutoff was established, effectimely toe
realvalued belief into a binary yes-know decision. Beliefs stored in beliefs tracieee men-
ory were stored as either zeros, ones (agreement), or negative ones (disagreement) to summarize
agent belief; the exact nuances were not stored by individual agents as they computed the beliefs
in their society. A side effect of this implementation of binary transactive memory wasca redu
tion in the memory footprint of Construct, a factor which lead to faster experiment completion
and allowing more replications to run simultaneously on the saawctine.

Lastly, facts were not cognitively equivalent to the agents in the simulation. As can be seen
in the second and third columns Béble 3, agents had different interaction and transmission
weights for particular facts.nlthis experiment, all facts both knowledge facts, belief facts, and
general facts- had an interaction weight of one. This meant that agents would consider all facts
equally when evaluating a potential interaction partner's knowledge. Since afjentbeid
vastly more general knowledge facts than they did kedge facts, this lead to situations in
which human agents were selecting interaction partnersapglty based upon their general
knowledge similarity-- the knowledge played only a minor rolelowever, the fact transmission
weight for actiorrelated facts was much higher: in order to es&mple for conversations of-i
terest for facts related to the action, the fact transmission weight was set to three. This ensured
that agents were more &k to pass information related to thetian in a given interaction (if
they knew it), but the passing of this type of information was still relatively infrequent in the
general society. The net effect of these weights was to ensure that general kadwiadghily
largely drove ageraigent interaction, but even when knowledge homophily was dominant agents
would be more likely to transmit actiorlated facts.



3 Virtual Experiment Setup

In the experiments performed, two classes of parameters were vatiedfirst parameter
varied was the number and type of interventions present in the society, discuSseiibim3.1
These represented the attempt of an outside entity attempting to influence the behavr in a s
ciety by a series of educational interventions to wasnisktagents about the action. The second
parameter varied was the information access metratdatas active and is further explained in
Section3.2 These access methods could weaken the intervention in various fashioas, by r
stricting the number of agents who could interact with the intervention or cutting down the
amount of information learned from the intervention if interaction occurred. The experiment
discussed irsection5 manipulates both of these parameters.

3.1 Interventions

In addition to the society of human agents and the propntbene were also up to fivehot
er intervention agents. These interventions were representations of print advertisements, web
pages, call centers, radio advertisements, and postal mailings. Interventions had differing
amounts of knowledge and belief fachowever, all were similar in the sense that they could not
initiate communication with a human agent and had to be contacted by an informed party before
spreading their information. The knowledgeldings of the individual intervention agents are
highlighted inTable3. The fraction of agents who could communicate with the interventions is
highlighted inTable4.

Table 4: Percentage of population that could interact with an itervention

Property Intervention
Ad campaign Web site Call center Radio ad Mailing
Percent of society * * 50% 90% 50%

* affected by the access mechanismSextion3.2

e The advertisement was meant to provide a small amount of knowledge and belief, while
also containing a large amount of general knowledge information to make agents more
likely to examine it. This meant that the intervention could have a smaicirop a a-
riety of agents, and could serve to dissuade agents before they ever learned abeut the a
tion. The advertisement had the action exists bit, had a ten percent chance of knowing
each of the six knovinow facts, and had a thirty percent chancenoiWing each of the
antiaction belief facts (for botthe isright andworth-doing belief$. The advertisement
could only send a short message, but it had about ten percent of allithéastg in the
societyi thehighest of any of the intervention¥he number of agents who couldant
ract with the advertisement was dependent on newspaper readership when active; when it
was hactive, it was set to 100%.

e The web site was designed to provide a large amount of belief information by proving a
large numbeof reasons why the action wast rightandnot worth doing In doing so,
however, it could potentially be scraped for knowledge information. The web site knew
the action existed and had a thirty percent chance of knowing each of the knowledge facts



necessary to complete the action. It knew all of the-actibn belief facts in order to
convey a long, strong aribehavior message. The interaction sphere of the web site was
dependent on thiaternetaccess parameter as describeSdation3.2 when it was ine-

tive it was set to 100% for comparison case.

e The call center was designed to answer agent questions with regard to the action. It knew
less information about the action than the web site, but had the same percentage of the
belief facts. It had more social knowledge then the web site, meaning that agents were
more likely to communicate with it than with the web site. However, it could not send as
powerful a message in one communication as the web site in a single interactidepand a
was not accessible by all the agents in the simulation.

e The radio advertisement was very much like the print advertisement: it was designed to
provide a small amount of information and belief while reaching a large number of agents.
It too could onlysend a short message. Unlike the advertisement, it was not affected by
the literacy and access mechanismSaiaftion3.2

e The postal mailing was designed to represent an official mail intervention conveying i
formation abotithe action with the intent to deterrégk agents from performing theeb
havior. It had the same information content as the advertisement, but it had a different i
teraction mechanism than the other interventions. When the mailing agent was active, it
could send a message to some fraction of the 50% of the agents in the society. For the
next four time periods, the mail message resided in the ajewiikoxd. The agent then
had a certain probability of checking their mail and learning the informatitire mal-
ing. Agents who read the mailing absorbed some of the information contained in the mail
message; agents who did not were unaffected by the intervention.

These five intervention types lead to the development of twelve intervention casesthsed in
experiment. The first case, a baseline case, was a case with none of the interventions present.
This was used to measure the amount of activity occurring if the promoter was allowed to run its
course unimpeded. The next five cases were sintgesention cases: the advertisement alone,
the web site alone, the call center alone, the radio advertisement alone, and the mailing alone.
Six combination cases were also examined. Three of these cases were combinations with the
web site: the advertisemeand the web site, the radio advertisement and the web site, and the
mailing and the web site (the call center and web site intervention was explored in previous
work). The remaining three were sufiemdles containing more complex interventiornhe
mailing, radio ad, and web site; the call center, mailing, radio ad, and web site; and the print ad,
call center, mailing, radio ad, and web site (all of the interventions together).

3.2 Information access

In addition to the intervention modifications, three eliéint types of information accesgm
chanisms were used: literadpternetaccess, and newspaper readership. These accessimecha
isms affected whether agents could interact with a specific intervention (if the ntiemveas
present).



e The literacy mechasm affected all interventions that required reading printed material.
This meant that the print advertisement, the web site, and the postal mailing. When this
information access parameter was enabled, illiterate agents could still access these inte
venions; however, the agents did not receive the full message (and could even suffer
from message distortions). Literate agents were unaffected.

e Thelnternetaccess mechanism affected all interventions that required web access, nam
ly the web page. Whenighinformation access parameter was enabled, agekisdac
web access could not communicate with the web site intervention at all. Agenis-with
ternetaccess were unaffected.

¢ The readership mechanism affected all interventions that required newspagss, a
namely the print advertisement (which was assumed to be in a print newspaper or ass
ciated magazine). When this information access parameter was enabled, agents lacking
newspaper subscriptions could not communicate with the advertisement intenagnti
all. Agents with subscriptions were unaffected.

To determine which agents were literate, lhaternetaccess, or obtained a newspaper or a
regular basis, data was gathered from a number of places including the National Center for St
tistics, the P& Research center, and Newspaper Association of America. Results were gathered
for aggregate population groups, including breakdowns by gender, age, race, education, and i
come. The changes necessary to support these interventions are desc®dumdnird. Add-
tional changes on the formulae used in the computation, as well as the validation nunnbers the
selves, are available in the technical refibtodeling Information Access in Constrogg].

The virtual experiments in this research used five different levels of information access. The
baseline case had all of the mechanisms disabled for comparison with earlier experiments. Three
cases enabled each of the mechanisms separately to trywaectand the individual effect of
each of these mechanisms. Finally, a combination case enabled all three access mechanisms,
thereby attempting to model processes in the real world as realistically as possible.

4 Changes to Construct

In support of this prject, two major changes were made. The first change was to add lite
cy, access, and readership information access functionality to Construct. The second change was
a mechanism to automatically generate literacy, access, and readership rates foalratjeidis
from aggregate dataAdditional details about these changes to Construct, as well as thegdescri
tion of data gathered talibratethe literacyand accesmechanisrg, is available in the CASOS
technical report AModesi m@@ct af or mati on Access

While the mechanisms for adding literacy, access, and readevehgvery similar, as all
three seek to limit the effectiveness of information access, there are some subtle diffexences b



tween them. Each paratee onlyoccurredif an intervention agerttada specific parameter set;

for instance, a web sitead a specifiparameter "access_requirad"order to require potential
interaction partners to haveternetaccess A similar parameter was used for thewspaper ge

ting and readership.The Internetaccess and readership paramefgeentedinteraction le-

tween an agent and an intervention if the agishhot have the requisite attribute. If a human
agent did not havénternetaccess, the interventiogentwasremoved from the human agent's
interaction sphere. This meant that there could be no direct contact between the agent and the
intervention, though information could still be conveyed between the two via intermediate agents.
This mechanism was legively simple to implement, and was done by applying a-pastessor

on top of the Construcnitialization system in order to ensure that only specific agents veere r
moved from the interaction spheres of the intervention.

Unlike the access parametetise literacy parameter did not prevent interaction between an
agent and an interventiorinstead it cutthe amount of information conveyed betweanillite-
rate agent and the intervention requiring literadyhile Internetaccess and newspaper reade
ship were representations physicalconnectionswhich requird either a printkdnewspapeor a
computer the concept ofiteracy was less concreteAs otherresearch has shown that illiterate
agents cagaininformation from printed materialsven if thgr are not able to understand exer
thing printed therea morenuancedmechanism was usddr literacy than for the other access
mechanisms.

For thissimulation the process was modeled as followkan illiterate human agent chose
to interact with an itervention requiring literacy, the intervention would choose a message to
send to the agent as it would for a literate agent. Then, each bit in the message had a 50%
chance of being removed to represent the lack of comprehension by the illiterateFaujient-
ing this, each remaining bit would have a 50% chance of being replaced to represent reiscompr
hension. If the message component was a fact, the original fact was replaced with a randomly
chosen fact; if the message component was a belief, the Wwakeihverted to represent thp-o
posite belief. In sum, then, an illiterate agent would gain about 25% of the original message,
gain about 25% of a "gibberish” message, and lose the remaining 50%. This process had to be
modeled by inserting additional aatb pos{process messages sent by intervention agents.

The implementation of the information access parameters had important secondary and te
tiary effects. Since the information access parameters were represented using agent attributes,
they could incease or decrease similarity with other agents. Research has shown that readers
and norreaders tend to se#fssociate; this manner of representation ensured that ther@-was i
creased similarity between pairs of literate agents and decreased similarggméterate and
illiterate pairs. This had the further effect of decreasing the spread of intervention information
diffusion to the illiterate agents or the agents who lacked access to the intervention; without d
rect access to the information, and willxcreased similarity with those who actually can learn
the information, the agents were even less likely to obtain access to the information. This
process did not require additional modeling in order to configurstead, it was an emergent
property thd resulted from past code decisions regarding the way attributes are used to calculate



agent similarity scores. Additionally, there were tertiary similabityiding effects due to lita-

cy and information access. If two agents had access to the webteitention, each would

have the potential to interact with the web site and learn additional belief or knowledgeamnform
tion. If both learned the same facts, this process would make the agents slightly more similar to
each other. In contrast, an diate agent would have no way of learning the fact directly, and
thus might not benefit from this (very slight) increase in similarity. While the direct effects of
these secondary or tertiary effects were not measured in the course of this researappit is

tant to note that such processes were actively taking place as agents were interacting, learning,
and adapting to new situations.

In order to implement these literadpternetaccess, and readership parameters on a per
agent basis, it was necess&ryuse aggregate populatiavel statistics to derive a set of agents
which modeled empirical data as faithfully as possible. In a web search used to ground-the sim
lation in empirical data, it was found that information was usually aggregated by rameeper
(for instance, the number of Asian Americans who were literate). To calculate the literacy for a
single agent (for instance, the probability that an Asian American high school graduate between
the ages of thirty and forty making under twefitae thousand a year), it was necessary tm-co
bine the parameters in such a way that population demographics were matched and individual
agent parameters made sense.

5 Virtual Experiment la: Stylized Cities

The virtual experiment performed examined several tgpesylized cities in order to tease
out the various effects of agents who performed the action. Five variations on a stylized city
were replicated multiple times in order to create an agent database from which to sample for the
number and types of agenwhich performed the action, who knew sufficient information te pe
form the action, and who believed that the action rigds.

5.1 Agents Used

The stylized city used in this experiment was similar to other stylized cities used in past
virtual experiment$2]. In this experiment, however, there were minor modifications toxhe e
periment design. While agents were egampled to ensure that a high number of-ioeome
and loweducation agents were represented in the sotridtg groups that were mostkely to
suffer from illiteracy and a lack dhternetaccess$ adecision was made to perform a virtuai e
periment separately for agents of each ratke breakdown of agents is pictorially depicted in
Figurel.



Figure 1. Sociodemographic breakdown for stylized ciy
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In the virtual experiment, four soesiemographic attributes were modeled as important fa
tors for driving interaction: education, income, race, and @gsubstantial amount ofrapirical
research has indicated that these fadbange been shown to be strong predictorstdraction
patterns These factors have also been shown to correlate stronglyaectss tonformation
access media, such keracy, newspaper readership amdternetaccess While other virtual
experiments have dealt with societies that are homogenous over one of these attiibuges,
periment was performed on a diverse city substantial variation in all four of the- socio
demographicdctors

In the virtual experiment, the agent population was skewed predominantly toward-low i
come individuals. To this end, the promoter and the interventions were given increaged hom
phily to agents with low income (either $05k or $15k$30k) and nothose with professional
degrees (less than high school, high school diplomb, @rc h edegoee)d $hese agentsnto
prised the vast majority of the society and were the primary target for the behavior. When co
puting statistics on the society, howevenly a subset of the agent population was usAd.
matching algorithm was decided upandiscissions with simulation experts in order to reflect
the fact that while the modeled activity was geared towardsirloeme individuals,high-
income agents couldapticipate with some small probabilityn conjunction with other simat
tion expertsjt was decided that if the agent was not in the income range or not in the education
range, it would hava 50% chance of being able torf@@ming the action, even if 8y knew
enough about it and believed the action wigist. If the agent did not match thecome level or
the education level, it would only have a 25% chance of being able to perform it. Agents who



did not match, and therefore could not perform theoactivere modeled as those likely to be
flagged and caught if they performed the action. Whilefthg prevented the agents frqmar-
forming the action directly, it did not prevent them from serve as conductors of atfamm
throughout the society; thesgents could pass on any knowledge or belief fact in their ecemm
nication with other agents in the society and could even communicate withotheter if they
desired.

Using these matching criterjalightly less than 75% of the agents in the simulateiet/
had the necessary characteristics to perform the action. Since the other 25% of the population
could not perform the action, they were excluded from the analysis. All resulting percentages
presented irBection 6 dealt with these matching agents, even in the sdemographic brdéa
downs related to income and education.

5.2 Experiment design

Theexperiment results were first generated as a 12x5, with twelve interventions crossed by
five different access mechanismBhe script creating the input deck did create the full factorial
design, even cases (such@ternetaccess with the web site intervention) that would be fio di
ferent than another case (here, ltiternetaccess without the access mtmtion). A totalof just
over two hundred experimental cases were eventually submitted to the Condor clusteeat the T
raGrid supercomputing center in West Lafayette, IndjaBh A total of fifty iterations were
performed for each input deck for a total of 15,000 Construct iterations.

Table 5: Modifications active in the most, least realistic cases

Intervention name active modifications notes
least realistic most realistic

No intervention none none

Advertisement none literacy, readership

Call center none none

Mailing none literacy

Radio message none none

Web site none literacy,internetaccess

Ad + web none all three

Mail + web nore literacy,internetaccess

Radio + web none literacy,internetaccess

Mail + radio + web none literacy,internetaccess

Call + mail + radio + web none literacy,internetaccess| i a | | _ binugraphdathélso

Ad + call + mail + radio + web None all three fi a linlgtaph labels

Computation time took about two days on the heterogeneous cluster of computers available
on the TeraGrid. Since the TeraGrid had a very large number of machines, replications could be
done in parallel and computation cogicbceed much more rapidly. For comparison, an earlier
instance of the experiment was performed on local machines, including tweodeadCPU
machines with 64GB of memory. These 15,000 experimeongputed locallytook almost a
month to peform.



Table5 summarizes the modeled cases which contained the most realistic results examined,
the most informative twelve cases of the three hundred run. These cases modeled the literacy
mechanism for the advertisement, web page, andmesbage; modeled the newspaper neade
ship for the advertisement; and modeletérnetaccess for the web page. In some intervention
combinations, all three of these mechanisms could be active such as occurred in the st reali
tic model of the advertiseemt and web site. However, only relevant interventions were affected
in the combined cases: while literacy might affect both the ad and the web site, the newspaper
readership modification affected only the advertisement. In three of the cases, naew®f th
chanisms were modeled in the most realistic case since they were not relevant.

The reader should recognize that the research on access constraints commonly find cerrelation
between gender, income, age, race, education and literacy, newspapehigadedinternet
access.These are simply correlations not causatidnsthis work, the authors use these cavel

tions to characterize the population; they do not infer causal mechanisms. The modelirag, simul
tion, and analysis contained in this repoohtains information regarding these correlations for

the purpose of describing how the members of the population are most likely to interast; consi
tent with the underlying well validated social science theories as embedded in the Construct s
mulation moe@l. The authors recognize that US government and IRS decisions do notnand ca
not use information regarding race, creed, or gender as discriminators in its decision rAgking.
such, &ort was made to ensure that the causal mechanisms did not focusefattiers.

6 Results

The most relastic cases were the advertisement with literacy and readership, the web site with
both literacy andnternetaccess, and the combination case with liter&aigrnetaccess, and
newspaper readership modeled. The tablsgmts the percentage of eligible agents in theesoc

ty who had the requisite knowledge, had requisite belief, and who decided to take the action.
Since some agents were not eligible to take the action due to the matching implementation, the
agents were raoved from the database and were not included in any of the analyses. The values
in the table were ¢aulated using the following formulas.

e The valueMIRy was the mean percent of matching agents mbbcriteriak (either
knewsufficientinformation,hdd the belief or took action) when interventionwas
present and the more realistic model of agent ability and access to information is used,
i.e., all cognitive and information access constraints of relevance were turned on. This is
the mean of meanh)e mean number of agents over the two hundred and fifty runs pe
formedover allfive of the societies of individual rac@sthe set of intervention cond
tionsi.

e The name of the most effective interventMR;;, the name of the interventiavhich lead
to the value oMIRy; observedor k wheninterventionbundlei was present

Many of the table@ the remainder of this document are organized to diddl&y, NRq, or
both, depending upon the contexMany tables report the three most effective ivgations in



terms of decreasing the number of agents who performed the activity to account for the fact that
the simulated data may be noisy and that different interventions may have different effdets in di
ferent runs.Often, the least effective intemion is reported for comparison.

The remainder of this section, as well as the remainder of this technical report, is organized
as follows. Sectiol.1discusses the general effects observed in this experiment for thgesoci
as an averageSince the societies are broken down individually by race, eéhdts observed
here differ slightly from results observed in past work as well as work examining the effects o
served in heterogeneous societi€®ection6.2 presents théigh-level overviewof the effects
observed in this research and presents recommendationgiéyraul analysis.

6.1 General Effects

The experiment results were examined for treted8nd best intervention combination for
the society. While there was considerable variation in the effectiveness of awentgn over
the course of the two hundred and fifty replicatexperiment some general trends were appa
ent. The most effective interventions examined, as well as the number of agenknew of
the ation, had sufficient belief to complete the action, and actually followed through with the
action are summarized rable6.

Table 6: The most and least effectiventervention combinationsfor stylized city

Knowledge Belief Behavior
Most effective mail all but ad ad + web
mean 3.11% 3.07™% 0.551%
std dev + 0.55% + 0.53% +0.181%
Second most mail + radio + web ail +radio + web web alone
mean 3.15% 3.14% 0.551%
std dev +0.4%% +0.51% +0.167%
Third most radio + web radio + web all interventions
mean 3.17% 3.14% 0.551%
std dev + 0.54% +0.53% +0.142%
Least effective mail + web no intevention ad alone
mean 3.24% 3.58% 0.589%
std dev + 0.62% +0.64% +0.15P%

While therewassome variation in the amount of knowledge about the action known in the
society, the effect was not statistically significant after the two hundred rdiesrped (p> .37).
The difference between the most effective intervention case, the mail inierven which
3.11% of the matching agents in the society knew of the action, and the least effectiva-interve
tion case, the mail + web case in which 3.24% of the sokregw sufficien agents to perform
the action was not robust given the number of expemts run. This difference was roughly
equivalent to two additional agents for every five experiments run.



The fact that knowledge did not change substantially is not incredibbyisng. Since
knowledge of the action was defined as the number of agents who knew at least three facts r
lated to the actiont was not always easy for agentsetwough information to participaténter-
ventions, designed to sway belief and not torgjlp influence knowledge of the action, were
unlikely to have a substantial effect on knowledge pkoerelatively rare situationsNevertte-
less, it is important to consider ways in which interventions might and might not boost the
amount of knowledgedd agents present in the societ@n the one hand, the intervention did
present some information to the society, so it was possible for an agent who knew only two of
the six knowledgeelated facts to communicate with the intervention and find out thessacy
information needed to qualify as an agent whc
agents who communicated with the intervention may hpeeiously communicatethe pomo-
ter and could have already known about the action before interadtimghe intervention, in
which case any additional knowledge from the intervention might notresuéiel in arecorded
change In a third situation, the intervention could actually decrease knowledgegeifits
preemptivelycommuncated with the inteventioninstead oftontacing the promotert would be
highly unlikely that theagentwould learn sufficient information about how to perform thtos
from the intervention alonand thus lead to a potential decreias®stal knowledge

In this expeliment, it was observed thatlditional interventions did increase the total amount
of actionrelated facts floating about in the social netwbrk factor thaivas highly statistically
significant However, these facts were not alwaysl@cated in the sae agents, meaning that
there was additional diffusion of knowledge but this knowledgel@sssconcentrated than it was
in the neintervention case This meant that it was possible for any of the there scenagios d
scribed above were possible: some agenght learn more knowledge due to the diffusion and
then go on and participate, others might not change, and still others could debrehseepe-
riment, all three occurred, and suggested that there was a wash in terms ofrafiectieets.
Thus,while the amount of knowledge increased in general, the concentration of knowledge in
individual agents did not increase substantiallgtingd to either the nantervention case or to
any of the other cases.

Figure 6: Reliability versus effectiveness plot for knowledge, stylized, aitgludedas an
appendixplots the reliability versus effectiveness for each of the intervention caseslo so, it
plots the relative chandeetween each of the imteentions and the nmterventon case. The x
and yaxes represefierelativechangen the mean number of agents who knmow to perform
the actionandthe relative change in the stiard deviéion, respectively.As can be seen from
the plot, some intervgions decrease the amouwftknowledge in the society and others do not;
however, all intervetions decrease the amount of variability in the soci@tye decrease inav
riability initially can seem surprisindput has a logical exanaion. In the absence of any of the
interventons, there is no check on the number of agents who want to seek out the promoter and
learn about the actionThis can lead to some scenarios in which a largebeu of agentseek
out the promoter and learn a substantial amount abouwctiey leadingto a run with a large
number of knowledeable agentsin other runs, however, there is substantially less contact with
the pomoter, and with no external source of information about the behavior few agents ever
learn about the actionThus, in additiond their effects on modifying the amount of knowledge






