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Abstract: Efforts to explain jury decisions have focused on competing models
emphasizing utility, narrative, and social-affective mechanisms, but these are difficult to
distinguish using behavior alone. Here, we use patterns of brain activation derived from
large neuroimaging databases to look for signatures of the cognitive processes
associated with models of juror decision making. We asked jury-eligible subjects to rate
the strength of a series of criminal cases while recording the resulting patterns of brain
activation. When subjects considered evidence, utility and narrative processes were
both active, but cognitive processes associated with narrative models better explain the
patterns of brain activation. In contrast, a biasing effect of crime type on perceived
strength of the case was best explained by brain patterns associated with social
cognition.


https://doi.org/10.1101/2020.11.11.378935
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.11.11.378935; this version posted November 12, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC-ND 4.0 International license.

4

Main Text:

Complex social decisions encompass both evidence-based decision making and
the influences of emotion, biases, and personal beliefs (1-5). Of these decisions, those
made by jurors about the guilt or innocence of a criminal defendant are among the most
consequential. As such, decision making in criminal trials provides a motivating and
socially-relevant context for comparing the influences and brain mechanisms involved in
evidence integration and bias in complex social decisions.

For juror decision making, two competing models from the general literature aim
to explain how information is integrated to reach a decision: utility (6) and narrative (7).
Utility is the foundational decision-theory model dealing with choices in the context of
uncertainty. It is derived from a set of axioms and is simple and mathematically
principled. In the context of criminal trials, utility theory assumes that jurors assess the
cumulative weight of the evidence to estimate the probability that the defendant
committed the crime, and compare that probability to a threshold based on expected
harms or benefits (8—11). Narrative models, by contrast, propose that evidence
integration relies on the extent to which the evidence can be assembled into a cohesive,
compelling, and credible story (1, 12). For jury decisions, narrative explanations are
based on the extent to which the total body of information about a case can be
structured into a coherent account and how closely the competing narratives offered by
prosecution and defense match the juror's background knowledge, experience, and
beliefs (10, 13-15). Although most fields have relied heavily on the utility model, the
narrative framework has been widely adopted for trial practice (16) while utility models
play a role primarily in theoretical explanations.

In both the utility and narrative models, jurors may consider not only the evidence
directly relevant to a decision but also factors not logically informative for deciding the
facts of the case (10). We refer to those factors as extra-evidentiary. Extra-evidentiary
factors can lead to biases based on racial or cultural stereotypes or desire to convict for
serious crimes that evoke strong emotional or moral responses. Theories to explain
extra-evidentiary influences (e.g., the severity of the crime) include: crime-type effects
(generic prejudice (10, 17) and leniency (18)); the liberation hypothesis (10, 19); the role
of emotions (20); moral judgment (21); and social assessment of the future impacts of
the crime (22). These social-affective models treat extra-evidentiary information as a
separate influence but an alternative is that the utility and narrative models of decision
making explain both evidence and extra-evidentiary factors (8, 10). Resolving these
overlapping explanations requires a new approach.

Here, we use neural data to test for the involvement of cognitive processes
associated with each model. We establish a priori hypotheses in which each model is
framed in terms of a distinctive set of cognitive processes. Using whole brain decoding
(23), we then compare patterns of brain activation associated with those cognitive
processes to those observed during the processing of evidence and extra-evidentiary
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information in a criminal case. Finally, we extend the whole-brain decoding approach by
comparing the goodness of fit for each model of juror decision making. This new
approach allows us to resolve the contributions of each psychological model to a given
decision.

To implement this approach, we collected functional magnetic resonance
imaging (fMRI) data from jury-eligible participants as they viewed a series of simplified
crime scenarios that vary in the type of crime and amount of evidence supporting guilt
(24). Using this task (Fig. 1A), we previously showed that evidence and extra-
evidentiary information about the crime independently influence participant ratings of the
strength of the case against the accused (24). Consistent with the previous results,
computational modeling of ratings by the current participants also distinguished the
effects of different types of evidence and types of crime (Fig. 1B) on case strength. The
extra-evidentiary influence of each type of crime on case strength is correlated with the
severity of the crime, as measured by ratings of deserved punishment (Fig. 1C). We
define the loading of each scenario along the dimension defined by this correlation (Fig.
1D) as crime-type bias. It captures the extent to which the description of a serious crime
increases the rated strength of the case, independent of the evidence, akin to generic
prejudice (10, 17). To find the patterns of brain activation associated with these
behavioral parameters, we modeled the neuroimaging data using separate parametric
regressors of evidence accumulation and crime-type bias (see Sl). We observed distinct
constellations of activations associated with evidence accumulation (Fig. 2A, Sl) and
crime-type bias (Fig. 2B, SI).

As the next step in our analysis, we compared patterns of activation for evidence
and crime-type bias to a large-scale database of published brain activations (25).
Specifically, we compared thresholded brain-activation maps from the evidence and
crime-type bias regressors to known activation maps from groups of cognitive
processes associated with each psychological model of juror decision making. For each
of these models, we defined a distinctive group of associated cognitive processes
(Table S1). To limit user degrees of freedom utilized while defining model structure, we
preregistered the list of topics associated with each model and submodel
(https://ost.io/rk92x/). For the utility model, we included core cognitive topics associated
with value, the consideration of risk, and mathematical calculation. For the narrative
model, we included a series of submodels: 1. Experience, culture, and recall narrative
(meant to encompass models associated with the consistency of a story and past
experiences). This model was further subdivided into: 1la. culture and ideation bias and
1b. recall; 2. Working memory narrative (meant to capture the process of holding the
pieces of a story together); and 3. Reading narrative (meant to capture models
associated with processing fluency). For extra-evidentiary factors, we considered both
affect and moral judgment. Within moral judgment, we included submodels for the
process of applying morality and broader studies of social cognition. Hereafter, a model
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is described as significant if it is a better fit than 95% of models randomly drawn from
three of the 177 topics not associated with one of the a priori models. We next describe
how well each model is correlated with the patterns of brain activation associated with
evidence accumulation and crime-type bias.

We sought to identify whether utility, narrative, social-affective, or some
combination of, models explain the patterns of brain activation observed with increasing
levels of evidence. To do so, we compared the patterns of brain activation for evidence
accumulation to the patterns from the topics assigned to each model. Given the central
role afforded to the narrative model in trial practice (16) and the foundational nature of
the utility model in decision making more generally (6) we expected to find both
narrative and utility models best explained the observed patterns of brain activation
observed. Patterns of brain activation during evidence accumulation were correlated
with utility and narrative topic maps but only very weakly with social-affective topic maps
(Fig. 3A). The group of utility topic maps correlated with the pattern of brain activation
during evidence accumulation (R?=0.046, Fig. 3A). Of the contributing utility topics,
probability calculation correlated best with evidence accumulation (R?=0.038) and was
the only submodel to explain a significant percentage of the variance (Fig. 3A dotted
line, see Sl for details). An aggregate model of narrative topics also correlated with
patterns of brain activation during evidence accumulation (R?=0.090, see Fig. 3A). Of
the narrative submodels, both the recall narrative and reading narrative topic maps were
significant (Fig. 3A, R?=0.042 and R?=0.065, respectively). An aggregate model
including all social-affective topic maps (R?=0.033) contained no submodels that
explained a significant percentage of the variance. Thus, we found evidence for the role
of specific aspects of the utility (probability calculation) and narrative (memory recall and
reading) models in the consideration of evidence.

We next asked whether social-affective, utility, or narrative topic maps correlate
with patterns of brain activation for a specific type of extra-evidentiary information,
crime-type bias. To do so, we compared the patterns of brain activation for crime-type
bias to the patterns from the topics assigned to each model. While utility and narrative
models seek to explain both evidence and extra-evidentiary information, models specific
to social-affective processing posit it as a separate process. If the utility and narrative
models are correct, one or both may be associated with crime-type bias. If the social-
affective models are correct, then those would explain crime-type bias but neither utility
nor narrative would. We did, in fact, find that patterns of brain activation in response to
crime-type bias (Fig 2B) were more strongly correlated with social-affective (R?=0.050)
and narrative (R?=0.069) than utility topic maps (R?=0.034, Fig. 3B). However, only
topics from two specific submodels explain significant variance from the social-affective
and narrative models, one in each. The social (theory of mind) component of the moral
judgment submodel (R?=0.045, Fig. 3B) drove effects in the social-affective model. In
the narrative model, the fit was driven not by recall, as in the accumulation of evidence,
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but rather by the culture and ideation topic maps from the experience, culture, and recall
submodel (R?=0.054, Fig. 3B). No other submodel, explained significant variance
(dotted line Fig. 3B, see Sl). Thus, we found that crime-type bias was primarily
associated with social and cultural topics but not emotion or recall.

Because the particular cognitive processes assigned to each model of juror
decision making are subjective, we employed a data-driven approach to ask which of all
200 possible topics were most strongly associated with evidence accumulation and
crime-type bias. To do so, we compared the patterns of activation from evidence
accumulation and crime-type bias to reverse-inference maps for all 200 topic maps
included in the Neurosynth database. We calculated the Pearson correlation between
the thresholded parametric evidence accumulation map and the parametric crime-type-
bias map and the 200 topic maps in Neurosynth (25) (SI methods). These findings
confirmed, and further detailed, the role of narrative recall and mathematical calculation
in evidence accumulation but also added a separate reasoning topic we had not
included in our a priori models (Fig. 4A).

In a similar test, topics with the strongest correlations for crime-type bias were

LL 11

primarily centered on social cognition either directly (“mind, mental, social”, “social,

interactions”, “type, joint”), indirectly (“gestures, abstract, race”, “body, bodies”), or
anatomically (“junction, tpj, temporoparietal”, “temporal, sulcus, superior”) (Fig. 4B). Our
a priori models assigned the two topics most correlated with crime-type bias (“gestures,
abstract, race” and “mind, mental, social”) to experience, culture and recall and moral
judgment respectively. Although this result includes two very different proposed models
for decision making, it is similar to the a priori model results. Upon further examination,
the two topic maps from this result heavily overlap in areas of the brain typically
associated with social cognition, hinting at the prominent role social cognition plays in
weighing extra-evidentiary information (Fig. S7).

Together, these findings suggest that distinct cognitive processes contribute to
weighing evidence and extra-evidentiary effects on judgments of case strength, like
crime-type bias. For evidence accumulation, we found engagement of both utility- and
narrative-associated brain processes. The narrative model in aggregate explained
almost twice the variance of the utility model. This supports more narrative influence
while weighing evidence, although the larger number of topics in the narrative model
may contribute to the observed difference. The process of weighing evidence showed
little or no contribution from social-affective cognitive processes. We interpret both the
cognitive processes associated with probabilistic reasoning (utility) (26) and recall of
past experiences (narrative) (27) for evidence accumulation as supporting different
aspects of the likelihood that a given story is true.

Crime-type bias looks quite different. First, social-affective processes play a
greater role. Within the social-affective topics, social cognition, rather than affect (28) or
traditional moral judgment (29), explains more of the variation. This contrasts with
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previous studies of the neural correlates of social punishment (30-35) and judgment
bias (36). We have operationalized crime-type bias as the component of case strength
ratings for each scenario that correlates with punishment (Fig. 1C-D). However, the
neural correlates of crime-type bias effects on case strength are not the same as those
previously linked to the punishment decision itself. Specifically, we found no indication
that affective processes were associated with crime-type bias (though see (37)). In
addition, although moral judgment has been associated with the TPJ, the topic maps
associated with moral judgment include a number of other areas (e.g., basal ganglia)
that were not present in the crime-type bias activations.

Second, for crime-type bias, the higher-level ‘Narrative’ model explains almost as
much variance as it does above for evidence accumulation. However, the submodel that
drives the contribution of ‘Narrative’ to crime-type bias is culture and ideation bias rather
than recall and reading, as it was for evidence accumulation. The pattern of activation
associated with culture and ideation bias is nearly identical to the social cognition topic
from the social-affective model (Fig. S7). We note that social cognition is not necessarily
a core component of narrative stories, it can be incorporated into broader models of
narrative decision making (1). In fact, the contagious nature of a narrative has been tied
to the role social value plays in making decisions about others (38). However, similar to
past findings on difficult moral judgment (39), we observed brain activations primarily in
the posterior aspects of the social-cognition network, not typically associated with social
value. Instead, these posterior regions of the social cognition network are hypothesized
to play a role in prediction (40—42). This role would be consistent with participants
considering the consequences of future punishment and wrongful conviction.

In sum, we find neurally separable contributions of narrative, utility, and social-
affective factors to juror decision making. For evidence accumulation, rather than
supporting either a utility or narrative model alone, we interpret our results as supporting
complementary aspects of the likelihood that the accusation is true. With regard to
extra-evidentiary information, we find that social cognition can drive the biasing effect of
crime-type, even in the absence of strong affect. In addition to informing best practices
in the legal system, we offer this study as an example of a brain-decoding approach to
elucidate complex decision making processes. A similar approach can be applied to
guantifying the relative contributions of narrative, utility, and extra-evidentiary factors in
a range of economic and social phenomena from asset pricing to the spread of fake
news and market bubbles.
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Fig. 1. A mock-juror task separates evidence accumulation and crime-type bias.
During the task (A), participants read a criminal scenario paired with variable evidence
from each of three types and rated the strength of the case and the recommended
punishment severity. (B). Case-strength contributions from evidence independent of
scenario and case-strength contributions from scenario independent of evidence. The
mean ratings for each type of evidence and each scenario are shown as individual dots.
Symbols represent mean effect size; error bars represent 95% credible intervals.
Scenario effects are shown in rank order. Model estimates of the scenario on case
strength and punishment independent of evidence were highly correlated (C). Crime-
type bias is represented in the first principal component (PC) of a PCA on the model

estimates (D).
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Fig. 2. Accumulation of evidence and crime-type bias produce different fMRI
activation patterns. FMRI results are shown for (A) evidence accumulation during
evidence presentation and (B) crime-type bias during scenario presentation. Results
shown are corrected for multiple comparisons using a whole brain cluster-forming

threshold Z > 2.3, cluster-corrected p <0.05.
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Fig. 3. Patterns of brain activation associated with evidence accumulation and
crime-type bias support different decision-making models. Height of dendrograms
shows the similarity (R?) of thresholded parametric fMRI maps with Neurosynth topic
models and submodels for (A) evidence accumulation and (B) crime-type bias. Red

dotted lines are the 95 percentile of random models (see SI).
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Fig. 4. Brain activation patterns associated with evidence accumulation and
crime-type bias are associated with different cognitive processes. Histograms
represent the distribution of spatial correlations between 200 Neurosynth topic maps
and fMRI maps for (A) evidence accumulation and (B) crime-type bias. Below each
histogram are points that correspond to the location of the correlation coefficients in the
histogram for each topic included in each of the indicated decision-making models. The
top and bottom 10 correlated topics from the entire set of 200 topics are indicated
beside the histograms (top panels) and topics within each model that appear in the top

10 list are labeled beside their associated point for each model (bottom panels).
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Bottom 10 Topics (topic #, r)
fear, conditioning, extinction (13, -0.178)
ms, source, sources (101, -0.176)
autonomic, arousal, rate (58, -0.158)
human, humans, animal (167, -0.156)
mirror, video, imitation (193, -0.150)
cerebellar, cerebellum, lobule (4, -0.148)
movement, motor, movements (91, -0.146)
stimulation, tms, rtms (53, -0.146)

. faces, emotional, facial (139, -0.143)
0. ptsd, trauma, stress (87, -0.138)

SeINOOPON

Top 10 Topics (topic #, r)

1. semantic, word, knowledge (9, 0.249)

2. items, pairs, item (72, 0.243)

3. problem, problems, arithmetic (2, 0.194)
4. reasoning, relational, relations (23, 0.192)
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