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The AE Framework - Background

• Aim: Explain many established phenomena using few first 
principles

• Based on analogical modeling (e.g., Haig,  2005)

• Statistical mechanics as starting point
– Extremely advanced theory
– Measurement model of attitude based on statistical mechanics 

principles (Dalege et al., 2016)

Dalege, J. et al. Psychol. Rev. 123, 2-22 (2016). 
Haig, B. D. Psychol. Methods, 10, 371-388 (2005).



The AE Framework - Background

• Fundamental properties of statistical mechanics:
– Entropy
– Energy
– Temperature

• Analogies in attitude theory
– Entropy: Inconsistency
– Energy: Local processing mechanism to reduce global entropy
– (Inverse) temperature: Thougt and attention directed at the attitude object



The AE Framework - Preliminaries

• Micro- and Macrostates of Attitudes:
– Microstate: Exact configuration of attitude elements
– Macrostate: Number of positive vs. negative attitude elements



The AE Framework –Entropy

(a) Boltzmann Entropy
SB = lnW (1)

(b) Gibbs Entropy
SG = −∑

Χ
Pr(Χ)log2Pr(Χ) (2)
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The AE Framework –Entropy
(a) Boltzmann Entropy

SB = lnW (1)
(b) Gibbs Entropy

SG = −∑
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The AE Framework - Entropy

– Proposition I.1: Inconsistency of an attitude = Boltzmann entropy

– Proposition I.2: Attitude stability = Gibbs entropy 



The AE Framework - Entropy

– 2nd law of thermodynamics: Entropy always increases 



The AE Framework – Attitude Networks

• Attitude elements (beliefs, feelings, 
behaviors): Nodes

Dalege, J. et al. Psychol. Rev. 123, 2–22 (2016). 



The AE Framework – Attitude Networks

• Attitude elements (beliefs, feelings, 
behaviors): Nodes

• Influence between attitude elements: 
Edges

Dalege, J. et al. Psychol. Rev. 123, 2–22 (2016). 



The AE Framework: Attitudes as Networks

• Attitude elements (beliefs, feelings, 

behaviors): Nodes

• Influence between attitude elements: 

Edges

• Dynamics based on the Ising (1925) 

model

Dalege, J. et al. Psychol. Rev. 123, 2–22 (2016). 

Ising, E. Z. Phys. 31, 253–258 (1925).



The AE Framework – Ising Model
Ising Model Distributions
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H(χ) = −∑
i
τiχi − ∑

<i,j>
ωiχiχj (3)

Pr(Χ = χ) = 1
Z

e(−βH(χ)) (4)

Z =∑
χ

e(−βH(χ)) (5)
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The AE Framework – Proposition II & III

• Proposition II: 
– Energy = local processing possibility to evaluate global entropy of an 

attitude
– Opposite state has lower energy = attitude element is likely to change 

• Proposition III: 
– Attention & thought -> higher dependence -> lower Gibbs entropy



Levels of Attitudinal Entropy Reduction
• Initial:

– Attention 
– Brief thought

• Moderate:
– Some elaboration
– Commitment to an evaluation
– Relevance to a decision

• High
– Attitude importance (e.g., Howe & 

Krosnick, 2017)
• Self-interest
• Values
• Social identification

Howe, L. C., & Krosnick, J. A. (2017). Attitude strength. Annual Review of Psychology, 68, 327-351. 



An Example: Systematic Vs. Heuristic Processing

• High involvement -> Argument 
quality

• Low involvement -> Heuristic 
cues

852 R. PETTY, J. CACIOPPO, AND R. GOLDMAN

Unfavorable -.4

Non-expert source

Strong arguments

Weak arguments

High
Involvement

Low
Involvement

Figure I . Top panel: Interactive effect of involvement
and source expertise on postcommunication attitudes.
Bottom panel: Interactive effect of involvement and ar-
gument quality on postcommunication attitudes.

the strong (r = .05) or weak (r = —.09) ar-
gument messages. When manipulations of
argument quality are successful, it appar-
ently has more to do with argument evalu-
ation or elaboration than argument memo-
rization (cf., Cacioppo & Petty, 1979b;
Insko, Lind, & LaTour, 1976).

No-Message Control

In Table 1, the attitude scores have been
restandardized to include the no-message
control data. This table also provides pair-
wise comparisons of all eight experimental
cells employing the Newman-Keuls test and
a test of each experimental group with the
control employing Dunnett's procedure (see
Kirk, 1968).

Consistent with the two-way interactions
reported previously, the Newman-Keuls
analysis revealed that under high involve-
ment, argument quality affected attitudes
but source expertise did not. Under low in-
volvement, however, the reverse pattern
tended to occur. Attitudes of subjects in the
no-message control condition fell in between
the attitudes of subjects in the experimental

cells, suggesting that the significant differ-
ences among the various experimental con-
ditions may have resulted from a combina-
tion of both persuasion and boomerang
processes. The largest (though nonsignifi-
cant) boomerang effects occurred in the two
cells where nonexpert sources presented
weak arguments. It is interesting to specu-
late that under low involvement, the ten-
dency toward boomerang was produced pri-
marily by a rejection of the message source,
whereas under high involvement, the ten-
dency toward boomerang was produced pri-
marily by a rejection of the message argu-
ments. Two experimental groups showed
significant persuasion in relation to the no-
message control. This occurred when strong
arguments, regardless of the source, were
presented under high involvement. Accord-
ing to the present analysis, these are the two
cells that should have resulted in the most
favorable issue-relevant thinking.

Discussion
Previous research on persuasion has tended

to characterize attitude change as resulting
from either a thoughtful consideration of is-
sue-relevant arguments or from associating
various positive or negative cues with the
attitude object. Furthermore, researchers
favoring one process have tended to down-
play the importance of the other. For ex-
ample, in a recent paper, Fishbein & Ajzen
(1981) have argued that:
The general neglect of the information contained in a
message . . . is probably the most serious problem in
communication and persuasion research. We are con-
vinced that the persuasiveness of a communication can
be increased much more easily and dramatically by pay-
ing careful attention to its content. . . than by manip-
ulation of credibility, attractiveness, . . . or any of the
other myriad factors that have caught the fancy of in-
vestigators in the area of communication and persua-
sion, (p. 359)

The present study suggests that although
the message content may be the most im-
portant determinant of persuasion under
some circumstances, in other circumstances
such noncontent manipulations as source
credibility, attractiveness, and so forth, may
be even more important. Specifically, in the
present article, we have shown that when a
persuasive message concerned an issue of

Petty R. E., Cacioppo, J. T & Goldman, R. J. Pers. Soc. Psychol., 41, 847-855 (1981). 



Simulation Setup: Systematic Vs. Heuristic 
Processing

• High involvement: high ß (3)
• Low involvement: low ß (1)
• Heuristic persuasion: Moderate impact on all thresholds
• Systematic persuasion: Strong impact on specific thresholds
• 600 simulated individuals
• Initial thresholds positive
• Dependent variable: Sum score



Simulation Results: Systematic Vs. Heuristic 
Processing

Three-way interaction: F (1, 792) = 16.40, p = .001, ηp
2 = .02 

−1
0

−5
0

5
10

β

Su
m

 s
co

re

1 3

   Global change

no
yes

Global threshold change(a)

−1
0

−5
0

5
10

β

Su
m

 s
co

re
1 3

   Specific change

no
yes

Specific threshold change(b)



Other effects that follow 
from the AE framework…



Mere Thought Effect
(a)
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Tesser, A., Martin, L. & Mendola, M. In Attitude strength: Antecedents and Consequences 
(eds. Petty, R. E. & Krosnick, J. A.) 73–92 (Lawrence Erlbaum, Hillsdale, 1995).



(In)stability of Implicit Measures

• Low correlation
– r = .24, p < .001

• Means virtually the same:
– First measurement: 1.91

– Second measurement: 2.04

– t (999) = 0.71, p = .479

• Substantial variation
– First measurement: σ = 4.55 

– Second measurement: σ = 4.45 
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Attitude Strength

Dependence

Thresholds

Positive attitude

Negative attitude

Bifurcation
area

Krosnick, J. A. & Petty, R. E. In Attitude strength: Antecedents and Consequences (eds. Petty, R. E. 
& Krosnick, J. A.) 1–24(Lawrence Erlbaum, Hillsdale, 1995).



The Gradual Threshold Model of Ambivalence
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Priester, J. A. & Petty R. E. J. Pers. Soc. Psychol., 71, 431-449 (1996). 
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