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Finally, the fourth prediction stated that the activation of
context information prior to race and gender cues can override
the impact of those cues. However, the temporal relationship
between the context cues and the stereotype cues may have a
strong influence on the particular pattern of evaluation because
it influences which cues and evaluations are likely to be acti-
vated at which times. For example, when context is activated
well before the stereotype cues are encountered, semantic and
evaluative information may be strongly activated well before
the stereotype cues are activated and thus, can override them.
However, the closer in time that context gets to the reception of
the stereotype cues, the less opportunity there is for the infor-
mation activated by context to override the stereotype cues. If
context and stereotype cues are received at the same time, as in
most of the current simulations, then the stereotype cues should
activate an initial activation that is only later overridden by the
context cues. Thus, we predict that not only the temporal order
of context matters, but also the temporal separation of context
cues and other evaluative cues. Although it is not possible from
the current network to specify how much time is needed for
context cues to potentially override inconsistent stereotypic
information, future work with the methodologies suggested
above may be able to systematically investigate the influence
of the temporal ordering of context cues.

Limitations

The current network does not address one important aspect
of the IR model. Cunningham and colleagues (2007) sug-
gested that depending on such factors as motivation to pro-
cess, or awareness of a conflict between two aspects of an
earlier impression, the perceiver might process more exten-
sively. For example, if the perceiver is aware that his or her
earlier negative response to the doctor conflicts with their
belief that he or she is not prejudiced, he or she may also
think more extensively about the target, as well as invoke
various kinds of self-control processes, such as self-presenta-
tion or suppression of prejudiced feelings. Future versions of
the network should attempt to capture the role of motivation
to process and the impact that awareness of a conflict might
have on the extent of processing.

Another limitation of the network is that we do not test it
against alternative computational models. This is because no
computational implementations of such alternatives exist as
far as we know. The closest is probably Freeman and
Ambady’s (2011) neural network model of person construal.
However, that model focuses on categorization and not eval-
uation, and is more limited in the range of information it can
handle. To construct a version of the Freeman and Ambady
model that could be compared with the presented IR model,
the revised Freeman and Ambady model would need addi-
tional layers: a context/situation layer, a layer that can infer
profession, an attributes layer, and evaluation layers. With
these additions, it is not clear that the revised Freeman and

Ambady model would be sufficiently distinct from our pro-
posed IR model.

Furthermore, we do not know of any computational
implementations of a dual process model, and there are sev-
eral significant challenges to constructing convincing and
fair comparison models. First, none of the dual process mod-
els of which we are aware are specified in enough detail to be
directly translated into a computational model. We would
have to make a number of assumptions about the authors’
meanings and intentions that might result in a theoretically
weak model. Second, despite our best intentions, construct-
ing the models or networks we intend to argue against may
not be as convincing as comparing the current IR model
against alternative models constructed by those most strongly
advocating for other theoretical approaches.

Conclusion

This neural network model provides support for the IR
model. Instead of assuming two independent evaluations
arising from two distinct processes or systems (i.e., implicit
and explicit systems/processes), the network demonstrates
that multiple processes underlying evaluation can capture the
interaction of earlier processing and more detailed, later pro-
cessing in the determination of social evaluations. These
insights into the mechanisms of human evaluation have sig-
nificant implications for our understanding of how attitudes
are stored, constructed, and changed, affecting how we
approach many social and cognitive phenomena.

Appendix A

Leabra Inhibition, Activation, and Learning
Settings

Leabra has been proposed as a biologically realistic architec-
ture. Leabra’s activation function results in an S- or sigmoid-
shaped pattern of output activation, with minimum and
maximum activations. As the level of activation can be thought
of as representing the summed firing frequency of a neuron, a
node cannot have a negative activation. Thus, possible activa-
tions in Leabra range from 0 to 1.

A fundamental aspect of the Leabra architecture is a gen-
eral mechanism for inhibition of the activation of nodes in
the network. It is implemented using a version of the k-win-
ners-take-all (kWTA) algorithm (Majani, Erlarson, & Abu-
Mostafa, 1989). kWTA inhibition is a method for capturing
the impact of inhibition among all the nodes within a layer
and calculating how many nodes should be active, given the
degree of activation of all the nodes in the layer. One version
of the kWTA algorithm is relatively strict, allowing no more
than k nodes out of a total of n (in a layer) to become active
at any given time. Other versions of the algorithm are more
lenient allowing, on average, k nodes to be active. In contrast
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to the stricter version, the more lenient version of the KkWTA
algorithm allows more than k nodes to be active, if the input
activations are sufficiently strong. In Leabra, the strength of
inhibition is set for each individual layer.

Inhibition for the hidden layers was based on judgments and
experience about the rough number of nodes that needed to be
active to learn the desired associations and representations.
However, given how inhibition works in Leabra, a fairly wide
range of inhibition would work for the hidden layers. Inhibition
for the other layers was set to control the number of nodes that
should be active for each set of concepts. So we only wanted
one profession to be active and multiple attributes to be active,
and so we set inhibition in the profession layer so that only one
node could be active and we set inhibition in the attribute layer
so that as many as three or four attributes could be active.

Learning in Leabra combines two different forms of
learning: an associative, Hebbian form of learning that cap-
tures the correlational or statistical structure of the inputs,
and an error-correcting form that enables the network to cap-
ture specific task structure (whether an output is correct).
Error-correcting learning in Leabra is similar to the better-
known delta rule (Woodrow & Hoff, 1960) and enables
learning in multilayer networks with hidden units.

Because correlational structure and task structure fre-
quently provide different kinds of information, combining
the two kinds of information provides a more powerful learn-
ing mechanism (O’Reilly & Munakata, 2000). They are
combined by taking a weighted average of the weight change
calculated by each learning rule, with the weight given to the
associative learning component being much smaller (around
.05 or less) than the weight given to the error-correcting
component (.95 or higher).

For each of the higher-order semantic knowledge lay-
ers, we set a level of inhibition within the layer that would
control how many nodes would remain active after pro-
cessing. The context layer utilized kWTA KV2K inhibition

and k was set to 2, which drove the layer to prefer to acti-
vate only two or so nodes at a time. The profession layer
utilized default KWTA inhibition and k was set to 1, so that
only one node would tend to be activated. The attribute
layer utilized kWTA KV2K inhibition and k was set to 3.
Hidden Layer 1 utilized kWTA KV2K inhibition and the k
percentage was set to 20%, which drove the layer to acti-
vate around 20% of the nodes at one time. Hidden Layer 2
utilized kWTA average inhibition, and the k percentage
was set to 25%.

Appendix B

Learning Details

One set of learning parameters was applied to the weights from
inputs to race and gender, the weights to race and gender con-
junctions, and the weights from race and gender conjunctions
to the evaluation layers. These learning parameters were varied
between the early and later learning phases. In the early phase
of learning, the learning rate was .05 (allowing the network to
learn stereotypic racial and gender evaluations), and in the later
phase of learning, it was .001 (to preserve the learned stereo-
typic racial and gender evaluations). The proportion of Hebbian
learning was .05, and the proportion of error-correcting learn-
ing was .95. A second set of learning parameters applied to all
other weights in the network and were constant across learning
phases. For these connections, the learning rate was .01, the
proportion of Hebbian learning was .001, and the proportion of
error-correcting learning was .999.

For the connections among unlesioned layers during early
training, the learning rate was .05. For late training, the learn-
ing rate for all connections was set to .01 (except for the con-
nections that were trained in early training, where the
learning rate was set to .001 to preserve the learned race and
gender stereotype evaluations).
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Appendix D

Net evaluation time courses for moderate stereotypes for all professions, by race and gender.
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Appendix E

Net evaluation time courses for slight stereotypes for all professions, by race and gender.
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