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ABSTRACT

When objects from two categories of expertise (e.g., faces and cars in dual car/face experts) are
processed simultaneously, competition occurs across a variety of tasks. Here, we investigate
whether competition between face and car processing also occurs during ensemble coding. The
relationship between single object recognition and ensemble coding is debated, but if ensemble
coding relies on the same ability as object recognition, we expect cars to interfere with ensemble
coding of faces as a function of car expertise. We measured the ability to judge the variability in
identity of arrays of faces, in the presence of task-irrelevant distractors (cars or novel objects).
On each trial, participants viewed two sequential arrays containing 4 faces and 4 distractors,
judging which array was the more diverse in terms of face identity. We measured participants’
car expertise, object recognition ability, and face recognition ability. Using Bayesian statistics,
we found evidence against competition as a function of car expertise during ensemble coding of
faces. Face recognition ability predicted ensemble judgments for faces, regardless of the category
of task-irrelevant distractors. The result suggests that ensemble coding is not susceptible to
competition between different domains of similar expertise, unlike single object recognition.
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Our experience with objects varies depending on our environment, interests or occupation.
Expertise recognizing individual objects of a category can lead to holistic processing, evidenced
by difficulties processing one part of an object while ignoring other parts (Chua & Gauthier,
2020). When a task uses objects from two categories that are processed holistically, competition
can occur. Competition as a function of expertise occurs in a variety of tasks, including visual
search (McGugin et al., 2011), spatial judgments (Rossion et al., 2004) and discrimination under
rapid presentation (McKeeff et al., 2010). This competition is attributed to overlapping neural
representations for faces and other objects of expertise (Gauthier et al., 2003; McGugin et al.,
2015; Rossion et al., 2007; Rossion et al., 2004). Competition occurs even when one of the two
categories is task-irrelevant (e.g., McGugin et al., 2011).

The variety of tasks for which such effects are observed suggests that competition is
determined by the overlap of perceptual representations, regardless of the decision required. In
the cerebral functional distance framework (Kinsbourne & Hicks, 1978), processing spreads
within a highly linked network. When processing objects of expertise interferes with processing
faces, the representations are inferred to overlap in functional (and cerebral) space. Interestingly,
all tasks in which this competition was observed require attention to individual objects or faces —
but what of other tasks that do not require individuating objects? Objects often appear with
regularity and redundancy, such as the books on a bookshelf or a crowd of people. People can
process multiple objects at once to overcome limitations in capacity (Cohen et al., 2016; Whitney
& Yamanashi Leib, 2018). Such “ensemble coding” reduces multiple items to summary statistics
(e.g., mean, variance) and has been documented for low-level visual stimuli and complex objects
like faces (Chong & Treisman, 2003; Haberman & Whitney, 2007; Haberman et al., 2015b;

Michael et al., 2014). Many studies reveal that people extract summary statistics rapidly and
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relatively accurately, in implicit judgments that are not explained by other strategic short cuts
dependent on attention to single objects (Ariely, 2001; Cha & Chong, 2018; Haberman &
Whitney, 2007, 2009; Phillips et al., 2018). However, the mechanisms that support these
judgments, are not well understood, especially for complex objects.

Evidence of competition points to overlapping representations for recognition of faces
and objects of expertise, but it is unclear whether this should be generalized to ensemble coding.
Some suggest that ensemble coding depends on the same mechanisms as single object perception
(Neumann et al., 2018). For instance, performance recognizing single objects is correlated with
recognizing the average identity of several objects (Haberman et al., 2015a). However,
differences in brain activity during tasks that require single object processing and tasks that
engage ensemble coding suggest different mechanisms (Cant & Xu, 2012; Im et al., 2017).

Accordingly, faces and cars may compete when dual face and car experts form ensemble
representations with these categories, just as in tasks requiring attention to object identity.
However, inferences based on experiments on simple features may not necessarily extend to face
processing. For example, ensemble coding of facial expression can differ in qualitative ways
from the processing of individual facial expression (Sun & Chong, 2020). Ensemble coding of
faces may not follow the same rules as individual face recognition. This could be reflected in the
absence of competition with non-face objects of expertise.

If ensemble coding relies on the same mechanisms as object recognition, we expect to see
competition between cars and faces, as a function of car expertise, during ensemble coding task
(although it is possible that ensemble coding relies on mechanisms distinct from object
recognition, but similar effects of expertise on the functional distance between car and face

representations). However, if we find Bayesian evidence against competition as a function of car
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expertise during ensemble coding, this would suggest that ensemble representations, for faces or
cars (or for both categories), are considerably different from those involved in individual object
recognition tasks.

Because previous work that found competition between domains of expertise used natural
images of faces and cars rather than morphed images (often used in ensemble coding), we chose
to do the same here. This also avoids strange car images that do not exist as real models. We
chose a diversity judgment task from prior ensemble coding studies (Cha et al., in press; Phillips
et al., 2018), allowing us to sidestep the need for complicated assumptions about averaging faces
that vary on a large number of dimensions. The ability to make such diversity judgments is
correlated with judgments about the average of a set (Cha et al., submitted). We seek to test
whether competition occurs as a function of car expertise during ensemble coding, rather than
investigate the exact strategy used during diversity judgments. In the extreme, the use of
sequential attentional strategy would increase the similarity to the task where competition has
been observed, which is not supported by the results of this study.

Participants judged the diversity of the identity of arrays of faces while ignoring the
presence of distractor cars (or control novel objects). We measured perceptual expertise for cars

and faces and controlled for domain-general object recognition ability using novel objects.

Methods
Participants

We recruited 58 individuals to participate in the experiment and used data from 53
individuals (21 males, 32 females; mean age 19.66 years old, SD = 2.64) in the analyses because

one person’s data were not saved and four participants did not complete all tasks. A sample from
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the campus population is expected to show considerable variability in car expertise (McGugin et
al., 2012b). A power analysis (using G*Power 3.1, Faul et al., 2009) based on a study reporting
competition between faces and cars as a function of car expertise, while cars were task-irrelevant
(r=.41; McGugin et al., 2011) suggested that 41 participants were required to achieve 80%
power at an alpha of .05. Participants received either course credit or money. They had normal or
corrected-to-normal visual acuity and provided informed consent. All work was conducted under

the approval of the Vanderbilt Institutional Review Board.

Face diversity judgment task (Ensemble task)
Stimuli

The experiment was conducted in MATLAB with Psychophysics Toolbox extension
(Brainard, 1997, Pelli, 1997). We used images of 474 faces, 296 cars, and 320 novel objects. The
number of exemplars was meant to be large but it is not matched across categories, because that
is not relevant to our predictions about individual differences. What matters are identical
conditions across all participants.

We selected images of adult faces varying in gender, race and age but without facial hair
from the Chicago Face Database (Ma et al., 2015). To minimize low-level differences, we
eliminated the outside parts of the contour (Zhu & Ramanan, 2012). We converted the images
into grayscale and matched their median luminance to a common value.

Car images were collected from the Motor Trend website. We selected two subsets of
cars from five categories (convertible, coupe, hatchback, sedan and SUV/crossover), either
roughly black or white (once changed to grayscale from their original color), and selected cars of

only one set on any given trial. All images showed a front % view of a car and transparent
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background. The images were transformed to grayscale and resulted in a set of 147 white cars
and 149 black cars.

We used novel objects called Ziggerins (Figure 1; Wong et al., 2009) as a control
category that would not be familiar to participants. There were 80 different identities, each in
two viewpoints. This resulted in 160 images, from which we created two sets of images — 160 in

darker colors and 160 in lighter colors, to match the two sets of cars.

Design and Procedure

Figure 1 shows sample arrays for each distractor condition. Participants fixated on a
central spot at the start of each trial, pressed the space bar and viewed two arrays in succession,
each for 700ms. Each array contained four faces and four distractors (cars or Ziggerins,
depending on the block) presented along an imaginary circle centered on fixation (of radius
approximately 5.25° in visual angle. The exact eccentricities of each object were spatially jittered
(between 5.01 and 5.72° of visual angle). Participants chose which array contained the more
diverse set of faces, regardless of the distractors (“f” key: first array and *}” key: second array).
They were told that a display containing four different people is more diverse than a display that
shows some repeated faces and were shown examples. Sixteen practice trials preceded the first
block (with car distractors) and the second block (with Ziggerin distractors). Visual feedback
(‘correct’ or ‘incorrect’) was given only for practice trials. A 30 sec break followed each block of
96 trials for a total of 384 experimental trials.

On each trial, one of two arrays contained four different faces (face-diverse array, left

column in Figure 1) and the other array contained images of the faces of two people (face-

repeated array, right column in Figure 1). Half of these face-repeated arrays had 2 overlapping
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faces (e.g., A, A, B, and B) and the other half had two faces, with one face repeated three times
(e.g., A, A, A, and B). Distractor type was blocked and trials were presented in the same order
for all participants (cars in blocks 1 and 3, Ziggerins in blocks 2 and 4) to avoid order effects
varying across participants. Distractors in an array were of different identities but all dark or all
white in each array. Cars and Ziggerins were not consistently darker or brighter than the faces, to
discourage attention based on relative luminance.

Face-diverse Face-repeated

Distractor: car
]
| |

Distractor: novel object
]

Figure 1. Example arrays from the experiment, see text for details of the task. Both cars and Ziggerins could be darker or lighter
than faces, on different trials. The margins around each array are reduced for illustration purpose.

Category-specific tests

To measure car expertise, we used the Cambridge Car Memory Test (CCMT; Dennett et
al., 2012) and the Vanderbilt Car Matching Test (VCMT; Sunday et al., 2018). To measure
domain-general object recognition, we used two tasks with two different novel object categories

(both different from the Ziggerins in the main task): the Novel Object Memory Tests with
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Sheinbugs (NOMT; Richler et al., 2019) and a Sequential Matching Task with Greebles (Richler
et al., 2019). Face recognition ability was measured using the Cambridge Face Memory Test
(CFMT+; Russell et al., 2009). The details for each test are provided elsewhere (see Reference in
Table 1). The CCMT, CFMT+ and NOMT are learning tests with similar formats. The VCMT
was included to demonstrate that we have sufficient variability in performance with cars to
produce a correlation across two different car tasks, and the Sequential matching test helped to

provide a better estimate of domain-general object recognition, independent of task demands

(Richler et al., 2019).

Car expertise Domain-general ability Face
Name Cambridge Car | Vanderbilt | Novel Object | Sequential Cambridge
Memory Test Car Memory Test | Matching Task | Face Memory
(CCMT) Matching (NOMT) Test
Test (CFMTH)
(VCMT)
Reference Dennett et al. Sunday et al. | Richler et al. | Richler et al. Russell et al.
(2012) (2018) (2019) (2019) (2009)
Brief Select one of 6 Select one of| Select one of | Same/Different | Select one of
description studied cars (the | 2 studied 6 studied judgment on 6 studied
same throughout | cars novel objects | pairs of faces (the
the whole test) (different for| (the same sequentially same
in a three- each trial) in | throughout presented novel | throughout
alternative a three- the whole objects, the whole
forced-choice. alternative | test) ina separated by a | test)ina
72 trials. forced- three- pattern mask. three-
choice. 97 alternative 180 trials. alternative
trials. forced-choice. forced-
48 trials. choice.
102 trials.
Mean 0.70 0.66 0.50 1.35 0.66
SD 0.13 0.11 0.11 0.54 0.11
Cronbach’s o 0.86 0.83 0.64 0.91 0.87

Table 1. Description of category specific tests that we used in the experiment. Mean accuracy and the SD were reported for all

tasks except the Sequential matching task. Mean d” and SD were reported for the sequential matching task.

All measurements achieved good reliability (Cronbach’s a for Ensemble task: 0.94, see

Table 1 for other tasks). The CCMT and the VCMT were correlated (r = .57, 95% CI: [.35, .73]),
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suggesting a good range of car expertise. Both tests tap into the domain of car recognition but
differ in aspects that are not of interest (the specific cars and task constraints). Performance on
these tasks was z-scored and averaged to produce a highly reliable index of car expertise (CAR,
weighted reliability = .90, Wang & Stanley, 1970). The NOMT with Sheinbugs and the
Matching task with Greebles were also related (» = .36, 95% CI: [.06, .59]). This moderate
correlation is in line with prior work (Richler et al., 2019). While the two tasks tap into domain-
general object recognition, they were selected to differ in aspects that are not of interest (the
object categories and task constraints). Performance on these tasks was z-scored and averaged to
produce a highly reliable single index of domain-general Object Recognition ability (OBJECT,
weighted reliability = .83, Wang & Stanley, 1970). Because of a programming error, 7
participants’ NOMT data were not saved and the NOMT results for 3 participants were at chance
and with performance no better on the easiest 12 trials than the hardest 12 trials so these scores
were taken to reflect a misunderstanding of instructions. In those cases, the z scores in the

Matching task alone was used as the OBJECT score.

10
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Results
Ensemble Ensemble CAR OBJECT
(Car) (Novel
Object)
Ensemble r=.91 -
(Novel Object) [.85,.95]
BF =
8.938e+17
CAR r=.07 r=.11 -
[-.20, .33] [-.17,.37]
BF =0.19 BF =0.23
OBJECT r=.12 r=.14 r=.32 -
[-.16, .38] [-.14, .40] [.05, .54]
BF =0.24 BF =0.28 BF =2.26
FACE r=.51 r=.46 r=.26 r=.14
[.28, .69] [.21,.65] [-.01,.50] [-.14, .39]
BF =281.14 BF =51.18 BF =1.01 BF =0.27

Table 2. Correlations among abilities depending on object categories and tasks. BF indicates BF;o. The numbers in the square
brackets indicate the 95% confidence interval of .

We used JASP statistics software (JASP Team, 2019) for Bayesian analyses. Table 2
shows the zero-order correlations across tasks. The average performance of two face diversity
judgment conditions was similar, without conclusive evidence for or against a difference (car
distractor M = 0.75, SD = 0.08, novel object distractor M = 0.75, SD = 0.09, BFo = .60).
Performance in the two face diversity conditions was highly correlated since the task-relevant
aspects of the task are identical. While OBJECT and CAR recognition abilities did not predict
face diversity judgments, FACE recognition ability did, most likely because faces were task-
relevant. To assess whether car distractors competed with faces during the ensemble task, we
measured the correlation between the face diversity task performance with car distractors and
CAR, controlling for performance in the face diversity task with novel object distractors. This
correlation was small, with Bayesian support favoring the null (» = -.07, 95% CI: [-.33, .21],

BF10=0.19, BFo1 = 5.26 — See Figure 2). There was substantial (Jeffreys, 1961) support for no

11
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competition from cars during ensemble coding of faces, as a function of car expertise. Similar
results were obtained when OBJECT was also controlled to remove any possible influence of
domain-general object recognition measured by CAR (r =-.06, 95% CI: [-.33, .21], BF1p =0.19,
BFo1=5.33). When contrasted with the several examples of competition between these domains
during single object perception, the results suggest that ensemble coding of face and car

recognition are more distant in functional space than are individual recognition in the same

domains.
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Figure 2. The relationship between CAR and the residual of car distractor condition in ensemble task after controlling the novel
object distractor condition. The shaded area indicates the 95% confidence interval.
Discussion

We investigated possible competition between faces and cars during ensemble perception,
as a function of car expertise. We found evidence against competition, with results supporting a

null effect of car distractors as a function of car expertise, during face diversity judgments.
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Importantly, this result was obtained in the context of several robust correlations — between the
two distractor conditions for the face diversity task, between the two car tasks operationalizing
car expertise and between performance in face diversity judgments and face recognition ability.
These effects increase confidence that we could detect competition between faces and cars, had it
occurred in this ensemble task. While we did not investigate the strategies used by participants
during diversity judgments, relying on attention to individual faces would have only increased
reliance on face recognition mechanisms that have previously resulted in competition with cars.

Competition between faces and cars as a function of car expertise arises in a variety of
other tasks (Gauthier et al., 2003; McKeeff et al., 2010), including in a visual search task where
faces and cars were presented on the screen simultaneously and only faces were task relevant
(McGugin et al., 2011). These conditions are very similar to our task, making the evidence
against competition all the more surprising. As a result, we suggest that the representations
supporting ensemble coding of faces are not the same as those used in individual face
recognition, inconsistent with some prior conclusions (e.g., Neumann et al., 2018).

It s difficult to know why something does not occur, of course. During our task, task-
irrelevant cars may not have been formed as ensemble representations. There is evidence in the
decoding of EEG signals for ensemble processing during presentation of face arrays without any
explicit judgment (Roberts et al., 2019), but irrelevant cars may not be processed in the same
manner during explicit ensemble coding of another category. Alternatively, the cars may have
been processed as ensembles without competing with ensemble processing of faces. It would be
useful to explore paradigms where ensemble processing of both categories is task-relevant.
Competition from task-irrelevant cars during visual search for faces suggest that cars should be

processed in some way (McGugin et al., 2011), leading us to conclude that while we do not

13
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know how cars were processed here, ensemble perception of faces differs from single face
perception, where task-irrelevant cars did compete with task-relevant faces.

While we found that normal cars did not compete here with faces as a function of car
expertise, it is possible that other types of car images could compete to process faces. For
instance, Curby and Gauthier (2014) observed competition between faces and car parts in a new
configuration. Further studies are needed to explore the role of configuration in the competition
between domains of expertise during ensemble coding.

Our result dovetails conclusions from studies suggesting different mechanisms for single
object perception and ensemble perception (Cant et al., 2015; Sun & Chong, 2020). For instance,
Garner interference, which indicates that two features of an object are not processed
independently, was observed between shape and texture during ensemble coding, while no
interference between the same features was obtained when single objects were attended (Cant et
al., 2015). The same task-irrelevant features or items may interfere or not with processing of
task-relevant objects, depending on whether the task requires attention to objects or summary
statistics.

Studies of the neural mechanisms involved in ensemble coding support the notion of a
distinct mechanism. fMRI studies implicate the lateral occipital cortex in the processing of single
objects and the parahippocampal place area in ensemble processing (Cant & Xu, 2012). The right
dorsal visual stream was recruited when people judged the average emotion of multiple faces,
whereas judgments about the facial expression of a single face engaged ventral regions including
the fusiform gyrus (Im et al., 2017). The neural mechanisms of ensemble perception, just like
those of individual object recognition, may depend on the specific features or object categories,

but they appear to also differ from those of individual object recognition when tasks are

14



Running head: NO COMPETITION DURING ENSEMBLE JUDGMENTS

contrasted for the same category. Even when ensemble and individual judgments about face
identity are strongly correlated, the EEG time courses of the two types of processing differ,
taking longer to accumulate and peak for ensemble processing (Roberts et al., 2019). In contrast,
the recognition of individual faces and individual cars as a function of expertise overlap in the
fusiform face area (Gauthier et al., 2000; McGugin et al., 2012a), an area that appears to be a
locus of competition when both categories are presented simultaneously (McGugin et al., 2015).
Car and face processing in dual experts could be more functionally distant (Kinsbourne & Hicks,
1978) during ensemble coding than during object recognition.

Finally, we found that performance in face diversity judgments was highly correlated
with face recognition ability, in both distractor conditions. These results are consistent with other
work (Alvarez & Oliva, 2008; Haberman et al., 2015a; Roberts et al., 2019; Sun & Chong, 2020)
in suggesting that the precision of ensemble representations depends to some extent on the
precision of the representations of individual items. Demonstrating this correlation at the level of
individual subjects confirms that the precision of ensemble representations in a given individual
depends on the precision of their individual item representations. In sum, while the correlation
between single face recognition ability and ensemble coding of faces suggests a dependency, our
result indicates that ensemble representations of faces are also farther in cerebral functional

space than individual face representations are from the representation of task-irrelevant cars.
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