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Abstract

How groups maintain and revise their beliefs and attitudes
in the face of new information is a basic research question
in human social behavior and communications, as well as
having a range of applications in crafting effective com-
munications in such areas as health interventions, political
campaigns and advertising. In this paper, we argue for a co-
herence based approach for modeling group belief revision
processes and as a framework for studying belief and atti-
tude change. Coherence models have arich history of appli-
cability in the psychological sciences where they have been
used to explain a range of belief maintenance processes in
the individual. Given that processes of social comparison
and pressure can homogenize a cohesive group’s beliefs,
we argue in this paper to extend the application of coher-
ence models to modeling group belief systems. Addition-
ally, we address challenges in constructing and using such
belief models. Typically, creating accurate models of either
an individual or group’s beliefs requires the painstaking en-
gagement of domain experts. We present and demonstrate
a method for producing them from data and exploring po-
tential vectors of attitude change in their subpopulations.

1 Introduction

1.1 Thagard’s coherence

Coherence has been proposed as a general cognitive mech-
anism by which, for instance, a person forms explanations
(Bonjour, 1976), integrates information to form impres-
sions of others (Rawls, 1974-5); and resolves cognitive dis-
sonances between beliefs and behavior (Festinger, 1954).
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Coherence is part of a rich history of philosophical de-
bate. Bosanquet argues (Bosanquet, 1912, p. 340) that it
stretches back to Plato’s theory of forms; where a set of NV
manifestations asymptotically coheres towards its univer-
sal form; and even in Hegel’s dialectic, where disparate or
indeed antithetical elements cohere in the process of “sub-
lation.”

By contrast, Aristotle’s critique of Platonic realism lays the
foundations of empiricism; and the Platonic-Aristotelean
breach eventually leads to the foundationalism vs. coheren-
tism debate (BonJour, 1985; Moser, 1988a; BonJour, 1988;
Moser, 1988b). Whereas the former argues that epistemo-
logical justification “requires a non-propositional basis in
the contents of experience;” (Moser, 1988¢) the latter main-
tains that “beliefs are justified by being inferentially related
to other beliefs in the overall context of a coherent system.”
(Bonjour, 1976)

Thagard establishes his system of “coherence as constraint
satisfaction”, we argue, by drawing from coherentist and
foundationalist models of justification. One determines, for
instance, the justification of a belief vis-a-vis its explanatory
corroboration by other beliefs in its system with which it’s
associated (Thagard and Verbeugt, 1998, p. 155); but sur-
prisingly, perhaps, Thagard gives priority to beliefs from
observation (Thagard and Verbeugt, 1998, p. 157). Bon-
Jour calls this ‘weak foundationalism,” whereby the “ini-
tial modicum of justification [for empirical beliefs] must be
augmented by a further appeal to coherence before knowl-
edge is achieved.” (Bonjour, 1976, p. 284)

1.2 Attitude change

We’d like to address the problem of attitude change, propos-
ing a practical method for identifying potential vectors of
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communicative hegemony; of interest in health interven-
tion, political campaigns and marketing propaganda.

Finding the right communication to persuade someone,
however, often hinges on tailoring it to their attitudes and
beliefs. This suggests a dual-pronged approach of explor-
ing alternative messages even while tailoring them to poten-
tially receptive subgroups. Such a dual-pronged approach
requires searching two spaces simultaneously: the space of
possible message contents and the space of possible sub-
groups to which the message will be conveyed. To avoid
searching the Cartesian product of message-subgroups, we
can identify subgroups based on whether they share a com-
mon coherence model that is amenable to change and then
use that model to suggest approaches to attitude change (see
section 4.1, “Perturbation”). We take for granted, however,
that coherence mechanisms provide a way to optimize mes-
sages for a given subgroup.

Coherence models in psychology, however, have largely
been seen as cognitive mechanisms operating within the
individual. The strong view of our approach is to argue
that the coherence mechanisms also operate in group atti-
tude change; nevertheless, a weaker view may be sufficient:
e.g. finding a stereotypical, average individual of a group
for which the message works.

The argument for extending coherence to modeling groups
follows from several classic theories in social psychology.
Most notably, Festinger’s work on social comparison theory
(Festinger, 1954, p. 125) that argues that individuals have
a need to assess their beliefs by comparison with others.
Festinger’s work suggests that groups strive for a quiescent
homogenization of opinion; and to that end tend to exclude
discrepant members, pressure non-discrepant ones towards
uniformity As a result, groups evince a principle of spon-
taneous self-cohesion not unlike the reduction of cognitive
dissonance in individuals. Similar views can be be seen in
more recent theories as social appraisal theory.

We argue, therefore, that persuasive messages targeted at
groups will demonstrate a similar attitude-mutating effect
across its members.

Thagard’s doctrine of coherence as constraint satisfaction
provides our point of departure (Thagard and Verbeugt,
1998); whose models, however, are laboriously forged by
domain experts relying on intuition. Our counterproposal,
therefore, is a data-driven approach whose process is three-
fold:

¢ inducing structural models from survey data;

e “drilling down” into the beliefs of subgroups exposed
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Figure 1: Gallup survey, “Do you think the United States
made a mistake in sending troops to Iraq?”

by the data;

e perturbation of the subgroup-models to expose muta-
ble attitudes as potential targets of persuasion.

By way of case study, we apply our method to public opin-
ion around the Iraq War.

2 Motivating Example: Iraq

The Iraq war was a highly polarizing event. A January 2007
poll showed that roughly three-quarters of the world’s pop-
ulation disapproved of how the U.S. policy on Iraq (BBC
World Service, 2007); American opinion had a relatively
constant, even bipartition from 2004 until 2006 (Gallup,
Inc., 2008), when opposition to the Iraq War began to in-
crease by a widening margin (figure 1).

The Iraq War struck us as a potentially fertile ground for
studying attitude change, given the volatile and strong, even
radicalizing, nature of people’s opinion on the matter; and,
indeed, motivating people to provide data was relatively
simple (see section 5).

3 Coherence Model

Our working model of attitude stability and mutation is
based on Thagard’s formalization of coherence as con-
straint satisfaction (Thagard and Verbeugt, 1998): videlicet,
the partitioning of a system of propositions £ into disjoint
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subsets A and R; corresponding to accepted and rejected
propositions, respectively. The propositions themselves,

sen}

are subject to the weighted constraints
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where C+ and C'— are sets of positive and negative con-
straints. The coherence problem, then, becomes the maxi-
mization of W; id est, the sum of all satisfied constraints’
weights.

Although the coherence problem is NP-complete (Thagard
and Verbeugt, 1998, page 2), there exist a number of ap-
proximating algorithms; from which we chose the connec-
tionist for its natural affinity to coherence problems (see
section 3.1) and general applicability.

The connectionist model has been variously described as:

minimizing the “energy” of a system though gradient
descent (Sejnowski, 1986; Hopfield, 1982);

maximizing the “harmony” of a system (Smolenksy,
1986);

maximizing the “goodness-of-fit” of a system’s con-
traints, such that

G(t) = Z Z wija;(t)a;(t) + Z input; (t)a;(t)

where w corresponds to the weight of a constraint, a
to a node’s activation, and input to an imposed bias
(Rumelhart and McClelland, 1986).

3.1 Goodness-of-fit

Thagard characterizes coherence as constraint satisfaction
by abstracting upon Rumelhart’s goodness-of-fit (Thagard
and Verbeugt, 1998, page 10); and generalizes away, in par-
ticular, the latter’s adherence to neural networks. Armed
with his abstracting coherence, Thagard is able to reformu-
late classic problems across several areas of research, in-
cluding:
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psychology: cognitive dissonance (Schultz and Lepper,
1996), interpersonal relations (Read and Marcus-
Newhall, 1993);

politics: deliberate democracy (Arrow, 1963; Black,

1998);

ethics: reflective equilibrium (Daniels, 1979; Reuzel et al.,
2001).

Spellman, et al. (Spellman et al., 1993) adapt Thagard’s co-
herence model to simulate attitudinal shifts during the First
Gulf War; which adaptation they characterize as “disso-
nance reduction.” Proceeding from a hand-crafted network
of attitudinal relations, they capture the maintenance of
cognitive consistency across attitude-shifting events; which
corroborates survey data they gathered and independently
analysed.

Going beyond Thagard, we’ve developed a technique of
perturbation (vide section 4.1) or subjunctive constraint sat-
isfaction; whereby we determine, for any given target node,
its prime hegemons.

Coherence models are typically hand-crafted by researchers
and other domain experts (Thagard, 2003); requiring not
only extensive knowledge but also subject to gaps in knowl-
edge and biases. What follows is a method to create coher-
ence models directly from data.

4 Data-driven Model Construction

Spirtes et al. developed a search algorithm for discovering
causal structures from data, which they called the “PC al-
gorithm” (Spirtes et al., 2000, p. 84). It starts by forming
a complete undirected graph (whose vertices correspond to
random variables), deleting conditional independencies and
orienting the remaining links according to Pearl’s IC algo-
rithm (Pearl, 2000, page 50).

Assuming that the functions Adjacent(G,i,j) and
Adjacencies(G,7) have been defined, which return
whether ¢ and j are adjacent in graph G, and all the vertices
adjacent to 7 in G, respectively.

The SGS algorithm, predecessor to PC, had an expected
running time of 2(k™); which PC has improved to O(n*)
by testing fewer d-seperations in the case of sparse DAGs.
(That a given DAG be sparse is often a reasonable assump-
tion (Kalisch and Biithlmann, 2007, page 2).) PC works,
namely, by incrementally removing conditional indepen-
dencies of order 0 < k < n; where n is the cardinality
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of the largest set k d-separating some nodes ¢ and j. Its
performance is therefore inversely proportional to the con-
nectedness of a given graph.

4.1 Perturbation

The skeleton C returned by PC-Algorithm is a coherence-
like model suitable for exploration by perturbation.

For a given target node ¢ among nodes {vy,vs,...,0,} =
V in a coherence network, perturbation individually sets the
activation of v; € V to min-activation or max-activation,
runs the connectionist algorithm, notes the divergence of
t’s activation, and performs a partial ordering of V' for each
t by max(|A¢;minls [Atimax|) into non-, weak- and strong-
hegemons.

4.2 Method

4.2.1 pcalg

Data is collected, stored and imported into R; the pcalg
(Kalisch and Maechler) package is then used to create an
apposite skeletal UDAG, and specialize this UDAG into
one of an equivalence class of underlying DAGs.

4.2.2 Influence

The underlying DAGs are then imported into Influence, a
reimplementation of Thagard’s ECHO by Danenberg, etal.;
via one of two methods:

1. a Scheme-to-Java bridge implemented in SISC;

2. acustom R server on an arbitrary machine.

Once in Influence, one can create arbitrary cross-sections
of the data by subsetting on demographics or response; and
from this cross-section, recreate the graph structure (includ-
ing node activations and internodal relationships).

Next, the graphs of sufficiently interesting subpopulations
can be perturbed and compared; and their structural differ-
ences reasoned upon (see section 5).
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5 Experiment

For the survey instrument, we assembled twenty-eight
items on a five-point Likert scale; with a demographic sec-
tion covering education, ethnicity, income and party affili-
ation. As of this writing, the survey is still available on-line
(Danenberg, 2007).

We solicited for subjects on Google AdWords (Google,
Inc., 2008) from March 27-29, 2007 under the slogan: “We
need your opinion on Iraq. Take our Iraq War survey!” The
cost of the campaign was $1451.29; and of the 473, 685 ad
impressions, we had 627 visits; of those visits, 442 surveys
were submitted; of those surveys, 98 were rejected for in-
completeness: leaving 344 valid responses.
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Figure 2: Histogram of respondents over education, ethnic-
ity, income and party

Figure 2 summarizes the demographic data. Although edu-
cation, x2(2, N = 341) = 468, p < 0.001 (Stoops, 2004);
ethnicity, x%(2, N = 322) = 76.4,p < 0.001 (Survey,
2006); and income, x?(2, N = 187) = 95.3,p < 0.001
(U.S. Census Bureau, 2006) defied the census; party affili-
ation, x2(2, N = 344) = 7.62,p < 0.05 compared favor-
ably with the latest Pew statistics (Pew Research Center,
2008), but that fewer Democrats filled out the survey than
expected (table 1).
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Republicans  Democrats  Others  Total ;e(;:;; View Decision Analysi;nﬂﬂu:;: I:Ei):: ZS::;: ‘
Observed 106 96 142 344 [Elzl=lelelnfexlufalalafc]r|-] _
Expected  96.3 120.4 1273 344 [ j
Residuals 0986 _2224 1305 067 End Saddam's influence -
—No exit strategy|
Table 1: Observed vs. expected party affiliation o
Prevent war at home
—

Influence: Dem30kto75k

File Edit View Decision Analysis Node Link Options

[El==[el¢[u[e]x[a[sa[a] ][]

Iragis take care of self]  Suppor president]
Too expensi.. U T -
an't change Iraqis|

[End Saddam's influence]  [Too much death

jorse off no.

Prevent war at home

Figure 3: Poor Democrats

5.1 Model

Figures 3, 4, 5, 6, show the models gleaned from sub-
setting the data by income (poor/rich) and party (Demo-
crat/Republican) after analysis; whose relative sparseness
compared to the full model is proportional to their data-
density.

5.2 Analysis

Table 2 summarizes the perturbation results on all four sub-
groups; a striking observation whereof is how class runs
thicker than party: rich Democrats and Republicans are
repulsed by the war’s cost (“Too expensive”), while poor
Democrats and Republicans are repulsed by its inhumanity
(“Vietnam”).

Almost universally, however (with the exception of rich
Democrats, for whom we lack data), “Support the presi-
dent” positively correlates with “Support war” (figures 3,
5, 6); even though Democrats and Republicans differ across
party lines.

Amongst poor Democrats and poor Republicans (figures
3, 5), “Vietnam” appears to be associated with “Too much
death;” we speculate the cause being that American casual-

300

Vietnam

|I rag :ovemlgmyi \Pourly planned

‘oncern for family in Ira

False pretenses

Figure 4: Rich Democrats

ily i q
000 Influence: Republican_30k-75kb

File Edit View Decision Analysis Node Link Options

E=e]e/nla]x[aa[a[a[f]r]]

[Lack USS. presence in Iraq) [Liberate Iraqis|

Iraq sovereignt :
00 much death -
_Finlsh Job|
Iragis take care of self|
Too expensi..| [Not enough allies Can't change Iragis
[Too expensi..] | 9 | s

Stabilize Mid East

Poorly planned

End Saddam's influence
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ities in Iraq are predominantly poor (Scotland, 2008).

Rich Democrats and rich Republicans (figures 4, 6), on the
other hand, demonstrate correlation between “No exit strat-
egy” and “Too expensive;” could it be that they foresaw
asymmetrical taxes on this liability (Montopoli, 2009)?

6 Conclusion

Creating coherence models by hand is an error-prone activ-
ity which beggars, furthermore, one’s ingenuity; we present
a method for creating models from data and identifying po-
tential vectors of attitude change through perturbation.
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Republican Democrat
Influence Poor Rich Poor Rich
Positive
Strong Iraq needs America n.d.” n.d. n.d.
Moderate n.d. Liberate Iraqis Secure America n.d.
Stabilize Mid East Finish job
Iraq needs America Stabilize Mid East
Concern for family in [raq  Prevent war at home
Prevent war at home
Finish job
Secure America
Weak n.d. n.d. n.d. n.d.
Negative
Strong Vietnam n.d. n.d. n.d.
Moderate n.d. Worse off now Vietnam Too expensive
War unjustified False pretenses Worse off now
Poorly planned No exit strategy Not enough allies
Vietnam Can’t change Iraqis
No exit strategy
Can’t change Iraqis
Not enough allies
Too expensive
Iraqis take care of self
Weak n.d. n.d. n.d. n.d.
“No data

Table 2: Perturbation on “Support war” for poor/rich Democrats/Republicans
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Figure 6: Rich Republicans

We’d like to test mutating craft of the thus prescribed vec-
tors in a follow-up study, wherein appropriate or inappro-
priate messages preface the administration of the instru-
ment and attitude deviation is tested against the null hypoth-
esis.

We’re also evaluating the utility of the method for market-
ing and political campaigns.
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