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From scanner to court: A neuroscientifically informed
“reasonable person” test of trademark infringement
Zhihao Zhang1,2,3*, Maxwell Good3,4,5, Vera Kulikov3, Femke van Horen6, Mark Bartholomew7,
Andrew S. Kayser4,5,8†* , Ming Hsu3,4†*

Many legal decisions center on the thoughts or perceptions of some idealized group of individuals, referred to
variously as the “average person,” “the typical consumer,” or the “reasonable person.” Substantial concerns exist,
however, regarding the subjectivity and vulnerability to biases inherent in conventional means of assessing
such responses, particularly the use of self-report evidence. Here, we addressed these concerns by complement-
ing self-report evidence with neural data to inform the mental representations in question. Using an example
from intellectual property law, we demonstrate that it is possible to construct a parsimonious neural index of
visual similarity that can inform the reasonable person test of trademark infringement. Moreover, when aggre-
gated across multiple participants, this index was able to detect experimenter-induced biases in self-report
surveys in a sensitive and replicable fashion. Together, these findings potentially broaden the possibilities
for neuroscientific data to inform legal decision-making across a range of settings.
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INTRODUCTION
Did the song “Blurred Lines” plagiarize Marvin Gaye’s “Got to Give
it Up” (1)? Does the toothpaste Colddate infringe upon the trade-
mark of Colgate (2)? In these and many other cases, a set of impor-
tant legal questions centers on the thoughts or perceptions of some
idealized group of individuals, variously conceptualized as the
“average person,” the “typical consumer,” or simply the “reasonable
person” (3–8).

Despite the seemingly commonsensical nature of such ques-
tions, their legal resolutions are often criticized for a perceived vul-
nerability to bias and manipulation (6, 7, 9, 10). Even rigorous
survey methods, currently seen as the most scientifically valid ap-
proach, face considerable skepticism (9–12). First, because respond-
ing to a survey item is itself a complex cognitive process, survey
responses are known to exhibit context-dependent effects because
of question wording, item order, response options, and other
factors. Second, attempts to demonstrate bias in self-report instru-
ments, either its presence or absence, are known to be arduous, con-
tentious, and very often inconclusive. Thus, even when the presence
of bias is virtually certain, such as when mutually contradictory
findings are presented, the court may nevertheless still find itself
unable to establish the relative credibility of the respective pieces
of evidence. Perhaps as expected, judges have been known to
forgo external evidence when dealing with these questions and
instead to rely on their own beliefs and predispositions (10, 12).

Here, we propose that neuroscientific data can provide an effec-
tive means of improving the state of evidence-based legal decision-
making in the class of cases that center on the thoughts or percep-
tions of some idealized group of individuals. Specifically, we sought
to assess the possible evidentiary value of neuroscientific data by fo-
cusing on disputes involving arguably the best understood set of
processes in modern neuroscience—those involved in visual pro-
cessing. To this end, we investigated a class of intellectual property
law that evaluates whether a trademark is so similar to another as to
generate consumer confusion (3, 9, 13, 14). Because visual cues,
such as trademarks and package designs, play an outsized role in
determining how consumers respond to products, laws governing
trademarks forbid counterfeit and look-alike products on grounds
that they harm consumers by misleading potential buyers (13, 14).

In disputes involving trademark infringement, plaintiffs must
therefore show that the alleged infringing design causes consumer
confusion. A typical recitation of the factors that contribute to con-
fusion asks the trier of fact to assess “the strength of the senior user’s
mark, the degree of similarity between the two marks, the proximity
of the products, the likelihood that the prior owner will bridge the
gap, actual confusion, the junior user’s good faith in adopting its
own mark, the quality of the defendant’s product, and the sophisti-
cation of the buyers” (15). While the number of such criteria that
legally describes “consumer confusion” varies depending on the ju-
risdiction, our focus on visual similarity is motivated by findings
from empirical studies of legal decision-making showing that as-
sessments of “visual similarity” exert by far the greatest weight on
the court’s judgment (10, 16).

Our focus on representative assessments of visual similarity
offers several important advantages in maximizing the utility of
neuroscientific data to the law. First, because the question of interest
does not hinge on the mental state of a specific individual, we can
sidestep what is sometimes called the group to individual (“G2i”)
inference problem in scientific expert testimony (17, 18). This
problem refers to the difficulty of translating scientific findings re-
garding general mechanisms, which are typically established on an
aggregate level (e.g., factors that influence accuracy of eyewitness
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recollections), to address questions pertaining to a specific individ-
ual in a particular case at hand (e.g., the accuracy of a particular eye-
witness’s testimony). In contrast, the intrinsic reliance of
representativeness on aggregate responses reduces the demand on
the precision of neuroscientific methods, where limited signal-to-
noise ratio and spatiotemporal precision complicate interpretation
in single subjects (11, 18).

Second, by focusing on questions of visual similarity, we leverage
current knowledge of the visual system (19), which can be seen as
providing an “upper bound” on the discriminatory power of neural
data. Substantial evidence, for example, indicates that regions
within the fusiform and inferotemporal cortices engage in holistic,
as opposed to parts-based, representation of objects (20–23). More-
over, the deep history of experimental studies that produced this
knowledge offers a number of analytical approaches to capture dif-
ferent aspects of visual representations, such as repetition suppres-
sion (RS), which provides a readout of similarity between two
stimuli without requiring additional assumptions about how to
quantify similarity between representations (24–27). Last, despite
skepticism surrounding the use of self-report data, the fact that
they can be accepted by the court offers an opportunity for neuro-
scientific data to either buttress or challenge their validity (28).
Trademark infringement cases, which routinely include survey ev-
idence even if it is, at times, discounted by the court (10, 11), allow
us to design tests capable of addressing concerns of bias.

To demonstrate the added value of neuroscientific measure-
ments, here we tested the extent to which a neural index of visual
similarity based on blood oxygen level–dependent (BOLD)
signals measured by functional magnetic resonance imaging
(fMRI) is capable of detecting biases in self-report instruments
(Fig. 1). Using formats and language commonly used in trademark
cases, we constructed a set of surveys that included experimenter-
induced biases that drew upon past criticisms of litigation surveys
(9, 29). Specifically, we manipulated the survey design such that
results varied in how strongly they favored either the plaintiff or
the defendant. We found that our neural index was sufficiently
precise to detect examples of these experimenter-induced biases,
suggesting that combining neural and self-report measures may
provide a more robust measure than either measure alone. We con-
clude by discussing possible ways to improve our proposed tool and
broaden its domain of application.

RESULTS
Creating realistic test stimuli
Given our goal of developing a realistic simulation of actual legal
cases, we considered a scenario involving potential U.S. trademark
infringement of a common candy, Reese’s Peanut Butter Cups, as
well as a common laundry detergent, OxiClean. Reese’s was selected
in part because of its role in a 2014 lawsuit to prevent the import of
the British candy Toffee Crisp on infringement grounds (30). Oxi-
Clean was selected to create variation in visual appearance of the
trademarks (e.g., color) and to evaluate a nonappetitive item.

For each category, either candy or cleaning product, we created a
set of comparison products that varied in visual similarity assessed
according to pretests (Supplementary Methods). The goal for in-
cluding these comparison products was (i) to better demonstrate
the extent to which biases in similarity judgments may be intro-
duced by different self-report surveys and (ii) to better determine

the ability of the proposed neural index to distinguish between dif-
ferent levels of similarity. Some stimuli, such as Toffee Crisp or
Tide, were based on real products, whereas others, such as Pieces
and Breeze, were fictitious. Notably, the visual appearance of the
packaging of Toffee Crisp (referred to as the “trade dress” in trade-
mark law) was determined by the court in the lawsuit mentioned
above to be confusingly similar to that of Reese’s, leading its
import to the United States to be discontinued (30). We also includ-
ed two cases of real product variants that are from the same manu-
facturers and intended to be of high similarity to (yet not the same
as) Reese’s and OxiClean: a brand extension product of Reese’s
(Reese’s Sticks) and an international version of OxiClean. Hereafter,
we refer to Reese’s and OxiClean as the “reference product” for their
respective categories, whereas other products are described as
“competitor products.”

Development of an experimental test bed to observe and
manipulate bias
Assessments of bias in self-report instruments are often challenging
because of the lack of a gold standard (31). We sought to overcome
this issue by creating a testing environment in which bias can be
experimentally manipulated and calibrated in a transparent and
replicable manner. Specifically, we developed a set of surveys in a
hypothetical legal setting that contained varying degrees of bias.
These biases were experimentally induced and designed to favor
either proposed plaintiffs (Reese’s and OxiClean) or potential de-
fendants (Pieces and OxyClear).

Using formats and language commonly used in trademark cases,
our surveys drew upon documented criticisms of litigation surveys
presented in trademark infringement lawsuits (10, 32, 33) and the
recent scientific literature on “questionable research practices” that
greatly inflate the likelihood of false-positive findings (34). As our
purpose is to produce systematic biases to achieve some preferred
outcome, we did not attempt to closely match these different ver-
sions. Specifically, we induced biases through (i) explicit means,
such as referring to trademark infringing products as “copycats”
for the putatively Pro-Plaintiff survey and companies pursuing
trademark infringement lawsuits as “trademark bullies” for the pu-
tatively Pro-Defendant survey, and (ii) more subtle means, such as
the format of the questions, the criteria for making similarity judg-
ments, and the scale of the response (e.g., the Likert scale or binary
judgments) (table S1; see details in Supplementary Methods).

These design elements constitute a large space of features that
survey creators need to navigate without agreed-upon standards.
As a result, design decisions are often targets of contentions in
court. While our specific ways of creating bias do not necessarily
reflect those in real-world litigation surveys with perfect fidelity,
they nevertheless provide a positive control to examine the ability
of our method to detect known bias. Starting with more extreme
forms of bias here also paves the way for testing our method with
more moderate bias (see the “Replicability and sensitivity of RS
index” section below).

Comparison between results from the three surveys based on
data collected from independent samples on Amazon Mechanical
Turk (table S2) showed that the manipulations produced the in-
tended biasing effects in self-reported similarity (Fig. 2). In partic-
ular, changes in responses were most pronounced with regard to the
defendants’ products, Pieces and OxyClear. In the putatively “Pro-
Plaintiff” survey, they received similarity scores that were
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substantially higher than any other product, painting an exaggerat-
ed picture of how much more similar they were to the reference
products than other competitors. On the contrary, in the putatively
“Pro-Defendant” survey, their reported similarity scores were more
or less comparable to those of the other competitor products.

Constructing neural index of visual similarity using RS
To develop a neural index of trademark visual similarity to validate
self-report evidence or detect biases therein when contradictory ev-
idence arises, we scanned participants who were blind to the goal of
the study using a passive viewing paradigm optimized for RS
(Fig. 3A). RS takes advantage of the fact that the neural response
declines upon repeated presentation of the same stimulus. Although
the underlying neurobiological mechanism remains debated, this
phenomenon appears to be a general property of neurons, has
been shown to be highly robust across brain regions, and can be ob-
served using different measurement techniques, including fMRI,
which measures neural activities indirectly through the BOLD re-
sponse (24–27). In particular, substantial evidence indicates that
the relative suppression between two distinct stimuli can be used
to assess the degree of overlap in neural representations of these
stimuli (Fig. 3B) (26). Thus, by repeatedly presenting images of dif-
ferent products, we can extract a readout of the mental representa-
tion in question, visual similarity, using neural responses from
object-sensitive regions of the visual system identified a priori.

In particular, this approach has three important advantages for
reducing sources of bias that could be exploited by biased parties in
survey-based findings. First, the use of a passive viewing paradigm,
i.e., one in which participants do not actively make similarity judg-
ments, allows us to elicit neural responses from participants in the
absence of a behavioral response, minimizing “downstream” cogni-
tive processing that can influence subjective report. Second, passive
viewing expands our ability to blind subjects to the purpose of the
study. Together, these two features permit us to isolate neural re-
sponses to the visual stimuli of interest, minimizing the possibility
of introducing biases via task instructions and leading questions
(e.g., the definition of similarity or which visual features to
compare). In contrast, simply administering a survey in the
scanner would open the door to the very biases that we are trying
to minimize. Third, the use of RS provides us with a readout of the
degree of similarity between two stimuli without the need for addi-
tional assumptions about how to quantify similarity between repre-
sentations (35).

To independently identify object-sensitive regions, we first con-
ducted a functional localizer task in which participants were shown
object images and scrambled images matched on low-level visual
features (Fig. 3C). Specifically, we used the diffeomorphic transfor-
mation method developed in (36), which preserves the basic percep-
tual properties of the image while removing higher-level percepts
such as object and category identity and has been shown to be
more effective than conventional methods, such as phase

Fig. 1. Improving validation of legal evidence by triangulating mental representations in question. The stimuli in question (e.g., the package designs of two
products) generate mental representations, which can be probed by different methods based on distinct assumptions. Survey methods are based on the respondents’
own assessments about the relationship between the mental representations and therefore recruit a series of additional cognitive processes. This approach rests on the
assumption that these processes are effectively shielded from biases and undue influences. Our neuroscientific approach using RS of the BOLD signals measured by fMRI
bypasses these processes, thereby providing a readout of the similarity between stimuli based on the neural correlates of their mental representations. This approach
relies on the assumption, among others, of a reliable mapping between such representations and their neural correlates. Voxels in the region of interest (ROI) are rep-
resented by dots, and the color shading indicates activation magnitudes.
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scrambling and texture scrambling, in ruling out responses to low-
level features. Consistent with this approach, a contrast of object
versus scrambled images isolated areas in the object-sensitive
ventral occipitotemporal cortex, including the fusiform gyrus
(table S3), without implicating visual regions involved in the pro-
cessing of lower-level features.

Next, we extracted the neural responses in the fusiform gyri for
the pairs in the main fMRI task and defined a neural similarity
index (Fig. 3D) based on a linear transformation and normalization
of the raw RS effect (Supplementary Methods), such that values for
the index ranged from 0 (greatest activity/weakest RS and, thus,
lowest similarity) to 1 (weakest activity/strongest RS and, thus,
maximal similarity). For the upper end of the scale, we used the
RS effect elicited by consecutive presentations of the same reference

product because the reference product is most similar to itself. For
the lower end of the scale, we used the competitor product with the
weakest RS effect (see Supplementary Methods). The frequency of
occurrence of the reference products and the temporal regularities
between the competitor products and the reference products were
held constant across all competitor products; thus, these aspects of
the task design would not explain any differential RS effects across
competitors. Additional analyses also confirmed that different ways
of defining the region of interest (ROI) in the fusiform gyri (i.e., in-
dividual versus group-based), as well as ROIs of different sizes,
yielded consistent similarity indices (fig. S1).

Fig. 2. Contradictory behavioral reports of subjective visual similarity resulting from experimenter-induced biases. (A) Full stimulus sets for the candy and clean-
ing product categories. (B) The Pro-Defendant survey (left column) shows significantly lower similarity ratings (x axis) for Pieces and OxyClear, relative to comparison
products, than either the Neutral (middle column) or the Pro-Plaintiff (right column) surveys. The latter (right) shows higher subjective similarity ratings for allegedly
infringing products Pieces and OxyClear, relative to comparison products, than either the Neutral or the Pro-Defendant surveys. Numbers on the x axes represent either
similarity ratings on a 1 to 7 scale (Neutral survey) or the proportion of subjects who judged the competitor product as similar to the reference product (Pro-Defendant
and Pro-Plaintiff surveys; see Supplementary Methods).
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Fig. 3. Measuring perceived similarity with RS. (A) fMRI paradigm. Participants viewed a continuous stream of product images that were organized as pair trials (a
competitor product followed by the reference product from the same category) and spacer trials (standalone presentations of competitor products). Numbers represent
the duration of each phase of the trial in milliseconds, where ISI stands for the interstimulus interval in pair trials and ITI indicates the intertrial interval. During the ISI and
ITI, a fixation cross was presented at the center of a white screen (omitted here for clarity). (B) Predictions for brain responses in pair trials. For the second (i.e., reference)
product, the strength of the neural response, illustrated by the height of the bar, increases as a function of decreasing visual similarity with the first product, i.e., it shows
less RS. (C) Spherical ROIs for object-sensitive brain areas. These 5-mm-radius ROIs in bilateral fusiform gyrus were defined by a contrast of intact versus scrambled images,
as presented during an object localizer task (see Supplementary Methods). (D) Neural similarity index for the different products in our stimulus set. The calculation of this
neural similarity index based on the fMRI data is described in Supplementary Methods in the section “Brain-based measure of similarity.” Error bars indicate SEMs.
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Detecting biases in survey instruments using RS
This neural similarity index provides a way to validate similarity
judgments elicited by surveys, as well as to detect possible biases in-
troduced into self-report data, intentionally or not, by interested
parties (37). By examining the consistency between the neural sim-
ilarity index extracted from the activities of the fusiform gyri ROI
(Fig. 4A) and the behavioral measures from each survey (Fig. 4B),
we found a strong and statistically significant neural-behavioral cor-
relation for the putatively Neutral survey (Pearson’s r = 0.86,
P = 0.001 for candies; r = 0.71, P = 0.02 for cleaning products). Di-
rectionally, consistent with the principle of RS, a higher visual sim-
ilarity rating between a competitor product and the reference
product corresponds to a stronger RS (i.e., higher neural similarity
index) when the two products were presented together in the fMRI
experiment. In contrast, this high degree of alignment was not ob-
served for either the putatively Pro-Defendant (r = 0.17, P = 0.69 for

candies; r = 0.09, P = 0.83 for cleaning products) or the Pro-Plaintiff
(r = 0.40, P = 0.33 for candies; r = 0.38, P = 0.35 for cleaning prod-
ucts) survey (Fig. 4B), indicating that the behavioral responses in
these surveys were not well supported by the neural index.

To formally evaluate the relative alignment of pairs of surveys
against the neural similarity index (Supplementary Methods), we
measured the mean square distance (MSD) between the neural sim-
ilarity index and the normalized behavioral similarity score for each
survey. In both categories, the MSD of the putatively neutral survey
was significantly lower than those of the putatively Pro-Plaintiff and
Pro-Defendant surveys (P < 0.001 for both Neutral versus Pro-
Plaintiff and Neutral versus Pro-Defendant in both categories;
Fig. 4C), suggesting that the neural similarity index is indeed
capable of distinguishing between surveys containing different
amounts of bias.

Fig. 4. Using the neural similarity index as a benchmark to compare contradictory behavioral reports. (A) The fusiform ROI shown on a sagittal plane (X = 27; only
the right side is shown). (B) Scatter plots of the neural similarity index versus the behavioral similarity score from each version of the surveys. Best-fit linear regression lines
are shown in blue, and the Pearson’s r is included. Shaded areas indicate 95% confidence bands. (C) Violin plots of the distribution of brain-behavior distance for each
survey. Distancewas calculated as theMSD between normalized neural and behavioral measures using a bootstrap resampling procedure. The box plot within each violin
further displays the median and interquartile range. ***P < 0.001.
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Because the neural index was derived from brain activities using
a behaviorally orthogonal (passive viewing) task in which no simi-
larity judgments were elicited from the participants, the alignment
between the neural similarity index and the ratings in the putatively
Neutral survey cannot be explained as the result of a simple
mapping between the explicit similarity judgments and the brain
activities while such judgments were made. In addition, in a
whole-brain analysis, responses to similarity were concentrated in
the bilateral fusiform gyrus (Supplementary Methods, fig. S2, and
table S4), lending further support to our focus on activities in the
object processing regions of the brain to derive the neural similar-
ity index.

Replicability and sensitivity of RS index
Last, we sought to test the replicability and sensitivity of our find-
ings by asking whether our neural index is capable of detecting
more subtle forms of bias. Specifically, we removed some of the
more prominent manipulations in our surveys, such as references
to copycats and “bullies” (table S1 and Materials and Methods).
As expected, the intended biasing effects were diminished in the pu-
tatively Pro-Plaintiff and Pro-Defendant surveys that were modified
(Fig. 5A). In the former, while the defendant’s products still re-
ceived the highest similarity scores, the difference with the other
competitor products was less marked, particularly in the candy cat-
egory. Likewise, the similarity scores for the defendant’s products
stood out to a larger extent in the Pro-Defendant surveys. At the
same time, the general biasing effects of the Pro-Plaintiff and
Pro-Defendant surveys persisted, and the overall pattern of the be-
havioral responses to the different surveys remained similar to the
previous results.

Using the same procedure as the previous study, we found that in
both categories, the MSD of the neutral survey remained signifi-
cantly lower than those of the Pro-Plaintiff and Pro-Defendant
surveys (P < 0.001 for Neutral versus Pro-Defendant and P = 0.02
for Neutral versus Pro-Plaintiff in candies; P < 0.001 for both com-
parisons in cleaning products; Fig. 5B). Thus, even in the case of the
Pro-Plaintiff survey for candies, where the ratings are qualitatively
similar to those in the Neutral survey, our neural index was able to
identify the latter as the more accurate survey, albeit at a lower level
of confidence. Nevertheless, these results provide support for the
idea that our neural similarity index can identify even fairly
nuanced forms of bias in self-report evidence.

DISCUSSION
Legal tests invoking the viewpoint of average, ordinary, or typical
persons play an important role in nearly every area of the legal
system (3–10). Despite vast differences in the application of such
tests, legal scholars underscore a shared need for more robust
ways of applying them (3–10). In particular, concerns about an
overreliance on either intuition or evidence of uncertain reliability
(4, 6, 10) have led to criticism in some quarters that such tests exist
primarily “in the eye of the beholder” (3, 5). Even those more favor-
ably disposed to reasonableness standards recognize that their in-
herent flexibility comes at the cost of possibly inconsistent
outcomes and greater potential for bias in the decision-making
process (38).

Here, we sought to address the need articulated by judges and
legal scholars to better align this class of legal tests with their

goals (11, 39). Specifically, using aggregate neural signatures of rel-
evant mental states as an empirically grounded measure, we address,
at least within the parameters of the present experiment, some
common conundrums facing the court and the litigants: How
should one assess the strength of putative evidence about the
mental state of some idealized group of individuals? When the
pieces of evidence presented by the opposing parties are contradic-
tory, how should one determine their respective credibility?

A key strength of our approach to these questions lies in the use
of RS to give a readout of the representational similarity between
stimuli (26) that avoids potential biases introduced, either inten-
tionally or unintentionally, during self-report elicitation, e.g., via
use of leading questions. This technique allows us to elicit partici-
pant responses even when they are blind to the purpose of the study
and even without explicit instructions on the nature of the desired
comparisons (11, 40). Consequently, these features allow us to di-
rectly address concerns over (i) the ability of respondents to prevent
normative aspects of the question to color their judgments and (ii)
the ability of motivated litigants to exploit these vulnerabilities, as
we did in our biased instruments.

Theoretical and practical considerations
Such results represent a modest but concrete step toward improving
the relevance of neuroscientific findings for the law. On the one
hand, our approach addresses only a specific, albeit common, in-
stance of the broader legal need to determine the aggregate response
of a legally relevant population. We do not claim or anticipate that
this approach can provide a comprehensive test generalizable to
other legal questions. On the other hand, particularly given the scar-
city of existing empirical work in this area, we emphasize the poten-
tial significance of a more scientific measure of legally relevant
mental states and the benefits of considering legal questions that
go beyond G2i inferences (17, 18).

In particular, we draw on two challenges identified in a pioneer-
ing study by Vilares and colleagues (41), who sought to identify
“culpable mental states” in criminal law ranging from purpose
and knowledge to recklessness and negligence. First, they note
that the relevant mental states may no longer exist at the time of
the study or might exist in a much-altered form, for example,
when they represent the memory of a mental state rather than the
state itself. In such cases, neural data may need to capture the
person’s previous mental state over a time frame ranging from the
recent to the distant past, a task that can be exceedingly challenging.
This concern is reduced in our study, in which the alleged infringe-
ment reflects ongoing perceptions as opposed to a previous, one-
time event. Moreover, as also true in our case, it is unlikely that
visual processing is particularly malleable, but this assumption
may not hold in other instances.

The second challenge concerns the issue of the representative-
ness of our sample. This issue is unexpectedly complex, as the pop-
ulation of inference can vary greatly. For example, in trademark law
alone, the relevant population may consist of all consumers, all con-
sumers of a particular mark, or consumers within a particular
market if the mark in question is distributed only locally. Therefore,
although we are able to assess the internal consistency of our data
(fig. S3), we do not provide guidance on what should be the popu-
lation of inference, which depends on normative concerns orthog-
onal to evidence provided by our study.
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In a related fashion, it is important to note that our results are
not capable of providing normative guidance about when one mark
is “too similar” to another. Rather, as is typical with scientific evi-
dence used by the court, our methodological approach should be
seen as presenting a basis for a practical and workable test of deter-
mining similarity (28, 42) while remaining silent about the existence
of infringement (or the lack thereof ). Ultimately, the similarity
threshold that determines the existence of infringement is not an
empirical question but a normative one and hence requires input
from legal theorists and practitioners.

Moreover, as in other types of technical and scientific evidence
involving a significant degree of expertise, it is important for judges
to serve as gatekeepers to determine what is admissible, to instruct
jurors on how to determine the appropriate weight to place on the
evidence, and to ensure that the probativity of different forms of

evidence is not outweighed by their potential prejudicial effects
(43–46). This role is particularly important in light of findings sug-
gesting that jurors may overweigh the evidential value of brain-
based evidence, in part because of the visual and intuitive appeal
of brain images (47), although other studies have challenged these
findings (48).

Open questions and future directions
Beyond the set of general challenges discussed above, there also exist
issues specific to our application case that can benefit from addi-
tional investigation. Although visual similarity is the primary
driver of consumer confusion in many cases (49), it is only one of
a set of criteria used by the court to determine infringement. Similar
to litigation surveys, our method relies on an assumption that the
specific display chosen is representative of the product’s appearance

Fig. 5. Assessing robustness and sensitivity of neural similarity index as benchmark. (A) Behavioral reports that replicated the direction of bias in Fig. 3 but with
diminishedmagnitude. Format identical to Fig. 2. (B) Violin plots of the distribution of brain-behavior distance for each survey. Format is identical to Fig. 4B. *P < 0.05; ***P
< 0.001.
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in the real world. It is possible that similarity and confusion may
vary across situations, for example, where certain features appear
more salient in certain contexts. How to define ecologically valid
circumstances and how to determine similarity and confusion in
ecologically valid circumstances remain important questions for
future investigation. Future studies could further broaden the
value of neuroscientific evidence by investigating factors including
conceptual similarity (50), individual differences in proneness to
confusion (51), and time constraints (52), which are also known
to contribute to consumer confusion (52, 53).

In addition to consumer surveys, a number of approaches have
been proposed that seek to provide a holistic measure of consumer
confusion, including those using showcards (53), in-store inter-
views (54), slides (49, 52), the tachistoscope (52), a coupon redemp-
tion test (55), and image blurring (56). Although a full review of this
literature is beyond the scope of the current paper, a common
strength of these methods is their potential to provide a more
direct measure of confusion, which is not possible using consumer
surveys or our proposed method. Despite this advantage, holistic
measures of confusion have thus far seen limited use, either in ab-
solute terms or in comparison to consumer surveys. This state of
affairs is likelyfor two reasons. First, the sheer diversity of the pro-
posed measures suggests considerable challenges facing standard-
ization efforts, even more so than those involving consumer
surveys. Second, direct measures of consumer confusion provide
limited insight into the sources of confusion, a critical component
for satisfying the legal criteria determining infringement. Neverthe-
less, given their distinct strengths and weaknesses, it is entirely pos-
sible that a mixed approach combining holistic measures with
consumer surveys and neural data would be stronger than each
separately.

Substantial future work is also needed to determine appropriate
legal standards for the collection, analysis, and interpretation of
neuroimaging evidence going forward. These standards would
include characterizing the specific task paradigm that best addresses
the mental representation at issue and identifying the number of
subjects required to achieve acceptable test-retest reliability.
Studies with a larger set of products could also help better quantify
the precise relationship between neural and self-reported measures
of similarity, as well as the possible presence of nonlinearities. In-
clusion of longer interstimulus intervals could allow for data-driven
estimation of the hemodynamic response function (HRF), as
opposed to the standard canonical HRF used in the present study
(57). Such standardization would be an important step toward en-
abling detection of less transparent forms of bias and improvingge-
neralizability of our methods to real-world cases. Biases in real legal
cases may be more subtle than those studied here. At the same time,
as demonstrated by the reproducibility literature, substantial bias
can result from a combination of individual analytical choices
that appear defensible in isolation (34). Thus, at a minimum, our
method provides a first step toward using neural data to limit the
degree of bias to which self-report evidence is vulnerable.

Given specific legal standards, it will also be important to verify
the validity of such inferences. Doing so can be a considerable chal-
lenge given that inner workings of the respective parties that pro-
duced findings suspected of bias are not known. That is, it may
not be possible to verify post hoc that our assessments of relative
bias are accurate. One possible solution, borrowed from the statis-
tical fraud detection literature, is to implement an auditing and

retesting procedure for instruments suspected of bias (58, 59).
This type of procedure, analogous to a replication study in scientific
research, has found success in identifying cheating on standardized
testing by showing that classrooms suspected of cheating experi-
enced large declines in test scores when retested under controlled
conditions (59).

More generally, our work can contribute by shedding light on
opportunities and challenges of applying neuroscientific data to
other instances in which the law must assess the reactions of a par-
ticular demographic category. In copyright law, for example, a key
legal test is the extent to which two works are “substantially similar”
from the vantage point of the “ordinary observer” (6, 40). Beyond
intellectual property law, obscenity law is another legal domain in
which survey evidence has been used to assess whether the public
thought a publication was obscene (60). A similar perception exists
with respect to the capriciousness and susceptibility to bias of such
assessments. Copyright scholars, for example, describe the ordinary
observer test’s application as “artificial and disappointingly inaccu-
rate” (40). Tort law asks judges and juries to determine whether a
defendant’s behavior falls below the standard of a reasonable
person, and critics of obscenity law argue that “judges and juries
are left to create their own standard in each case” (61).

Methodological considerations
Given these similarities, future neuroscientific studies could help
address these and other articulated needs by developing measures
that can serve as the basis of practical and workable tests. At the
same time, such studies must account for a host of challenges not
present in our study, and it may well be that methods other than RS
will be more appropriate in these circumstances. A number of can-
didate neural recording modalities exist to probe and characterize
neural representations, such as fMRI, electroencephalography,
and magnetoencephalography, each of which captures different el-
ements of the neural response; and different analytic tools, such as
univariate methods, multivoxel pattern analysis (MVPA), and rep-
resentational similarity analysis (RSA), may be useful depending on
how localized or distributed the neural representation might be.

In the present study, our choice of RS was motivated by its long
track record in visual neuroscience of quantifying the similarity of
visual representations, particularly those representations found in
primary, secondary, and association visual cortices (26, 27, 62).
This wealth of prior information provided an important benefit
in reducing the number of design and analytical choices that we
needed to make, all of which could be considered to be “experi-
menter degrees of freedom” from a legal perspective. From a tech-
nical perspective, the relative simplicity of RS, which allows
experimenters to circumvent the difficult problems of accounting
for individual differences in the spatial pattern of neural activities
(63) and specifying the functional form of (dis)similarity, may
also offer certain advantages in reducing bias in a legal setting
over other analytic tools such as MVPA and RSA.

On the other hand, some of the methodological requirements for
RS may limit the generality of its application. Whereas RS requires
rapid presentation of stimuli and focuses on the relationship
between stimuli, the ability of RSA and MVPA to focus on individ-
ual stimuli provides them with an analytic flexibility for subsequent
comparisons that makes them attractive to a number of research
questions. The latter methods may also have an advantage in situ-
ations involving more abstract and distributed representations, such
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as concepts (64), as RS, in comparison, is best used in cases where
there exists a clearly defined or well-circumscribed neuroanatomical
substrate. This advantage may be important in a wide range of legal
applications, given that typically complex real-world stimuli likely
recruit representations across multiple brain regions. More
broadly, RS, MVPA, and RSA may differentially capture aspects
of representational similarity arising from different neural mecha-
nisms. Understanding how they map onto substantive behavioral
phenomena, such as confusability (65), remains an active area of
research, the growing insights from which will certainly better
inform the choice of analytical approach for broader applications.
Understanding the relative strengths and weaknesses of different
neuroscientific methods, as well as the degree to which they are
complementary, in addressing needs of different legal applications
will be an exciting next step in the application of neuroscientific
methods to the law.

Stronger together than apart
Last, given our findings, one may well be tempted to ask why the
courts should not simply request a well-crafted, neutral survey. Al-
though possible in principle, such requests necessarily run into the
very real problem that there does not exist a generic set of standards
specifying what constitutes a “neutral” or “well-crafted” survey.
Consequently, it can be exceedingly difficult for the courts to sepa-
rate serious claims about bias from frivolous ones, particularly
under an adversarial system. Moreover, this difficulty has contrib-
uted to a certain degree of cynicism regarding the value of evidence
and expert witnesses as a whole. No less than the eminent legal
scholar R. Posner remarked in a legal opinion that, “Many experts
are willing for a generous (and sometimes for a modest) fee to bend
their science in the direction from which their fee is coming” (66).

Conversely, one could equally ask why there is a need for self-
report data at all. Here, too, we note important advantages that
self-report measures retain over neural measures. For example,
one can typically obtain larger samples due to the lower costs in-
volved. Consumer surveys are also more flexible in that they can
be applied to cases where the neural representations are poorly un-
derstood or difficult to access, e.g., the very notion of “consumer
confusion” itself (67). Thus, perhaps the most important contribu-
tion of neuroscientific data lies in its ability to provide an indepen-
dent benchmark that can limit bias, either directly or indirectly by
enabling auditing and retesting procedures (59).

This possibility is consistent with what Morse (42) refers to as an
“internalizing” strategy in which the law adopts scientific criteria as
legal criteria, as opposed to an “externalizing” strategy in which sci-
entific experts are asked to pass normative judgments. It also
accords well with the framework developed by Jones (28) that de-
scribes ways in which neuroscience may aid the law, particularly via
detecting (mental states in question), buttressing (other forms of ev-
idence), and challenging (evidence of questionable quality). Al-
though still highly imperfect and incomplete, even the small step
we take here may constitute a productive and meaningful
advance, given the ubiquity of and the acknowledged flaws in
current efforts to apply those standards.

MATERIALS AND METHODS
Data and main analysis scripts are available at the following Open
Science Framework repository: https://osf.io/n328c/?view_

only=40204543199b4fb69503781265788cca. The fMRI contrast
maps are also available through the following NeuroVault reposito-
ry: https://neurovault.org/collections/NVNLEYZN/. Full methodo-
logical details are provided in Supplementary Methods.

Participants
A total of 26 (16 females; mean age, 22.0 ± 4.9 years; range, 18 to 39
years; all right-handed) and 870 individuals participated in the
fMRI and the behavioral studies, respectively (details are provided
in Supplementary Methods and table S2). This research was ap-
proved by the Committee for Protection of Human Subjects at
the University of California, Berkeley. Participants provided
written informed consent before participation.

Introducing and detecting bias in survey responses
To create experimenter-induced biases in behavioral measures of
visual similarity, we designed three versions of surveys (table S1):
a putatively Neutral survey, a putatively Pro-Defendant survey
that aimed to create responses that favor the hypothetical, highly
similar defendant products (Pieces and OxyClear), and a putatively
Pro-Plaintiff survey that aimed to favor the proposed plaintiffs
(Reese’s and OxiClean). Detailed descriptions and a link to the
full surveys can be found in Supplementary Methods. Two
samples were collected with these surveys, with the second sample
using modified versions of the putatively Pro-Defendant and Pro-
Plaintiff surveys that removed some of the more prominent manip-
ulations (table S1). To use the neural similarity index as a bench-
mark to assess the relative bias in the different surveys, the mean
squared distance between each survey and the neural measure was
computed, and a bootstrap procedure with 100,000 samples was
used to determine statistical significance (Supplementa-
ry Methods).

Procedure
fMRI participants undergoing neuroimaging completed eight scan-
ning runs of the main task paradigm (Fig. 1A), alternating between
two product categories, and one run of the object localizer task
(Fig. 1C; Supplementary Methods). In total, each category consisted
of 10 products, including the reference product itself, a product
variant from the same manufacturer, and four fictitious products
plus four other real brands of varying similarity to the refer-
ence product.

During the task, participants viewed rapid presentations of
product images, shown randomly in one of three possible viewing
angles (Fig. 3A). Each of the competitor products and the reference
product were grouped to form category-specific pairs in which a
competitor product was followed by the reference product after a
short interval. Pairs with two consecutive presentations of the ref-
erence product were also included. Additional single presentations
of the competitor products (“spacer trials”) were randomly inter-
leaved to minimize appearance of temporal regularities in the pre-
sentation of the pairs.

Participants were not aware of the background or the purpose of
the study. Instead, they performed an unrelated task in which they
pressed a button every time they saw an inverted image, which ap-
peared on average every nine trials in a pseudorandom manner
(Supplementary Methods).

Behavioral participants were recruited from Amazon Mechani-
cal Turk in two separate waves for three different versions of
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similarity surveys that were intended to induce biases in different
directions in the responses (Supplementary Methods). No partici-
pant underwent more than one survey version.

fMRI data analysis
Details of the fMRI acquisition and analysis are provided in Supple-
mentary Methods. Event-related analyses of fMRI time series were
performed in the ROI identified from the object localizer task. Re-
gressors were convolved with the canonical HRF. In the main anal-
ysis, a neural similarity index was defined on the basis of fMRI RS
using BOLD signals for each product. Specifically, we evaluated the
corresponding neural activations during the main task when each
product was paired with the reference product in the category.

Supplementary Materials
This PDF file includes:
Supplementary Methods
Figs. S1 to S3
Tables S1 to S4
References

View/request a protocol for this paper from Bio-protocol.
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