UC Riverside
UC Riverside Electronic Theses and Dissertations

Title
Development of a Holistic Processing Face Recognition Training

Permalink
bttgs:ééescholarshiQ.orgéucéitemﬂksOGOGg
Author

Simon-Jennings, Deja Nicole

Publication Date
2024

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License,
available at bttgs://creativecommons.orq/licenses/bv/4.0,|

Peer reviewed|Thesis/dissertation

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/7ks0606g
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/

UNIVERSITY OF CALIFORNIA
RIVERSIDE

Development of a Holistic Processing Face Recognition Training

A Dissertation submitted in partial satisfaction
of the requirements for the degree of
Doctor of Philosophy
in
Psychology
by

Deja Nicole Simon-Jennings

June 2024

Dissertation Committee:
Dr. Jimmy Calanchini, Chairperson
Dr. Steven Clark
Dr. Annie Ditta



Copyright by
Deja Nicole Simon-Jennings
2024



The Dissertation of Deja Nicole Simon-Jennings is approved:

Committee Chairperson

University of California, Riverside



Acknowledgments

I would first like to thank my committee members, Jimmy, Steve, and Annie, for
their time and expertise. It has sincerely been a pleasure to learn from you all!

I would also like to individually thank my advisor, Jimmy. Thank you for
encouraging me to explore what “tickles my brain”, and for providing the training that
has enabled me to do so. I am grateful for your investment in my growth and success, and
would not be the scholar I am today without your mentorship.

Finally, I would like to thank the Graduate Division for granting me the
Dissertation Completion Fellowship, which has allowed me to focus on my dissertation

work this final quarter.

Y



Dedication
I dedicate this dissertation to my family — thank you all for your endless support
and encouragement throughout my academic journey. Jazz, thank you for keeping me
grounded during this process. It hasn’t been easy, and I’'m grateful for your patience and
encouragement through it all. Dad, thank you for always believing in me and reminding
me to enjoy the journey. I truly wouldn’t be here without you. Dori, thank you for being
one of my biggest cheerleaders and for all our Disney days together. I love and appreciate

you all so much!



ABSTRACT OF THE DISSERTATION

Development of a Holistic Processing Face Recognition Training

by

Deja Nicole Simon-Jennings

Doctor of Philosophy, Graduate Program in Psychology
University of California, Riverside, June 2024

Dr. Jimmy Calanchini, Chairperson

Face recognition errors occur frequently, with consequences that range from
personal embarrassment to eyewitness misidentification. Established interventions have
taken a variety of approaches in attempts to improve face recognition, yet they have
lacked in their capacity for practical use. With this in mind, I created an application-
oriented training program in an effort to improve face recognition in real-world contexts.
Specifically, I designed the training to teach individuals how to process faces holistically,

or in terms of how facial features spatially relate to one another. After developing the
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training, I conducted three experiments to assess the general efficacy of the training,
examine its capacity to improve recognition over time, and compare its impact against
two established other-race face recognition interventions.

Experiment samples consisted of 196 to 320 participants, whom I recruited
through the UC Riverside Psychology subject pool and CloudResearch Connect. In all
experiments, participants completed a baseline recognition memory task, followed by the
training or an alternate condition (matched control in Experiments 1 and 2, individuation
or cross-race effect awareness in Experiment 3), then completed another recognition
memory task. In Experiment 2, participants completed two additional recognition
memory tasks 24 hours and 1 week after the manipulation. Memory strength,
operationalized as accuracy on the recognition memory task, was compared before versus
after the manipulation to determine whether the training produced an improvement in
recognition memory ability.

Across the experiments, multilevel modeling revealed that the training did not
lead to improved face recognition ability. Instead, training participants generally
displayed poorer recognition memory ability after the manipulation compared to their
average recognition ability at baseline. Slight fluctuations in recognition ability had
returned to baseline levels after one week (Experiment 2), and only the previously
established interventions — not the training — led to improved other-race face recognition
(Experiment 3). The training may have incited depletion and fatigue among participants,
which I seek to address in future research. In future work I will also measure the extent to

which the training promotes holistic processing.
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Introduction

Humans possess a unique expertise for recognizing faces (Diamond & Carey,
1986); indeed, the cognitive mechanisms involved in face recognition develop early in
childhood, unlike many other cognitive abilities that develop gradually into adulthood
(McKone et al., 2012). And yet, we still experience errors in face recognition all the time,
from everyday interpersonal blunders (McKone et al., 2023) to more serious mistakes
like eyewitness misidentification (Innocence Project, 2020). Given the ramifications of
such errors, society would undoubtedly benefit if people could learn how to better
recognize faces.

Existing interventions to improve general face recognition have targeted
populations such as children with autism (Kouo & Egel, 2016; Tanaka et al., 2010) and
individuals with prosopagnosia (Bate et al., 2015; DeGutis et al., 2014), while other lab-
based interventions have targeted specific face-recognition deficits within the general
adult population (e.g., for outgroup faces: Tanaka & Pierce, 2009; Malpass et al., 1973).
Several interventions for the general adult population have also attempted to make
participants’ face recognition more effective by boosting holistic processing (Dolzycka et
al., 2014; Hussain et al., 2009; Malpass, 1981; Robbins & McKone, 2003; Sporer, 1991;
Woodhead et al., 1979). Also referred to as “configural processing” or “structural
encoding”, holistic processing involves encoding a face as a whole and capturing unique
subtleties in the shape and spatial relationships between features (Maurer et al., 2002;
McKone & Yovel, 2009). Holistic processing is implicated in accurate face recognition

(Tanaka & Farah, 1993), so to the extent that a given intervention could improve holistic



processing, it would be expected that individuals would demonstrate improved face
recognition as a result. However, to my knowledge, no existing holistic processing
interventions have been application-oriented, or designed for transference to real-world
contexts.

The goal of the present research was to develop and test an educational training
designed to improve face recognition in everyday life, specifically by promoting holistic
processing. With three studies, [ aimed to 1) develop a holistic processing training and
test its capacity to improve face recognition, 2) examine the effects of the training on face
recognition over time, and 3) compare the efficacy of the training against other
interventions designed to improve other-race face recognition.

Theories of General Face Cognition

Face cognition refers to the cognitive systems and processes involved in
perceiving and recognizing faces (Chernorizov, 2016). According to the most
comprehensive model of face cognition, face processing begins with perceiving a face, or
extracting structural “codes” that characterize the face’s features and their configuration
(i.e., structural encoding, also known as holistic processing; Bruce & Young, 1986).
Structural codes are stored within a face recognition unit, or a mental representation of
that face. Whether the perceiver recognizes a previously-seen face will depend upon the
degree of overlap between its existing face recognition unit and the structural codes
captured during perception of the face.

An expansion upon this framework proposed a three-factor model of face

cognition, highlighting the distinction between face perception, face memory (another



term for face recognition), and speed of face cognition (Wilhelm et al., 2010).
Importantly, this model illustrates that individuals naturally differ in their ability to
perceive the configural information of a face, recognize faces they have learned, and
execute these processes expediently. Studies comparing monozygotic and dizygotic twins
offer convincing evidence for the heritability of face cognition; across multiple
measurements of face perception and recognition, the correlation between monozygotic
twins’ performance was consistently more than double the correlation between dizygotic
twins’ performance (Wilmer et al., 2010; Zhu et al., 2010). However, Zhu and colleagues
(2010) reported that heritability only accounted for approximately 25-39% of the
variability in face recognition, indicating that environmental factors play a substantial
role in face recognition as well.
Theories of Other-Race Face Cognition

Over the past several decades, cognitive psychologists have sought to understand
the mechanisms and brain regions involved in general face recognition. Meanwhile,
social psychologists have spent several decades investigating how face recognition can be
influenced by race, focusing on a robust phenomenon called the cross-race effect. The
cross-race effect is characterized by increased difficulty recognizing other-race faces
relative to same-race faces, adding a layer of nuance to general face recognition errors.
For example, eyewitness misidentification is a leading cause of innocent people’s
imprisonment, especially when the witness is of a different race than the accused; Black
men are most susceptible to such false accusation and conviction (Innocence Project,

2020).



Literature on the cross-race effect has pointed to two potential mechanisms
believed to drive the difference in recognition for racial ingroups versus outgroups. One
mechanism is based on perceptual processes, assuming that people better recognize same-
race faces due to extensive experience in perceiving racial ingroup members (Michel et
al., 2006). The other mechanism is rooted in motivational processes, assuming that
people better recognize same-race faces due to increased motivation to attend to racial
ingroup members (Levin, 2000; Sporer, 2001). In more recent years, new theoretical
explanations have proposed a joint contribution of these mechanisms (Hugenberg et al.,
2010) and postulated that cultural norms (e.g., the societal status of a racial group) may
impact recognition as well (Hinzman et al., 2022; Simon et al., 2023; Wan et al., 2015).
Collectively, these perspectives offer some examples of the role that the environment
may play in face recognition: who we are surrounded by, who is personally relevant to
us, and the cultural norms in our society are all environmental factors that may influence
our ability to perceive and recognize faces.

The Importance of Holistic Processing

Frameworks of general and race-specific face cognition both suggest that accurate
face recognition hinges on the employment of holistic processing during perception
(Bruce & Young, 1986; Tanaka & Farah, 1993). There has been debate regarding what
precisely is entailed in holistic processing - however, I and others argue that faces are
comprised of parts, such that holistic processing involves encoding features themselves
(e.g., their shape), as well as their relationship to other facial features (Maurer et al.,

2002; McKone & Yovel, 2009). When features are encoded holistically, they are



mentally represented in relation to their surroundings rather than as isolated entities
(Diamond & Carey, 1986; Maurer et al., 2002); it is this configural information that
enables a perceiver to distinguish one face from another.

For example, perhaps you perceive that your colleague, Bob, has a thick
mustache. Encoding this feature in isolation is not diagnostic (i.e., informative for
recognizing Bob), because many individuals have thick mustaches. If you perceive that
below Bob’s mouth takes up a significant proportion of his lower face below his thick
mustache, your holistic mental representation of this feature — how it relates to its
surroundings — is more diagnostic, thus useful for recognizing Bob’s unique face.

With regard to race, participants display greater holistic processing for same-race
than other-race faces (Rhodes et al., 1989; Tanaka et al., 2004), suggesting that we
possess greater perceptual attunement for faces of our ingroups. Indeed, perception of
unfamiliar faces is characterized by equal encoding of both internal (e.g., nose width) and
external (e.g., hair color) cues, whereas perception of familiar faces involves encoding of
internal cues more exclusively (Bruce & Young, 1986). To the extent that a perceiver is
familiar with perceiving same-race faces, they will be more inclined to encode internal
cues that convey configural information about the face — storing this more diagnostic
information would subsequently enhance their likelihood of recognizing that face at a
later point.

In sum, though a small handful of studies have failed to show that holistic
processing is implicated in face recognition (Konar et al., 2009; Verhallen et al., 2017),

most work reports evidence of their relationship.



Interventions Targeting General Face Recognition

Interventions aimed at improving general face recognition have various
distinctions, from their target audience (e.g., children, adults, individuals with and
without face processing deficits) to the amount of time they require (e.g., one hour to
several months). With regard to their content, many interventions have focused on
altering how participants perceive faces; how a face is encoded directly impacts how well
it can be later recognized (Bruce & Young, 1986), so it is intuitive that interventions
would target this aspect of face cognition.

Some interventions have attempted to teach holistic processing by training
participants to perceive inverted faces (Hussain et al., 2009; Robbins & McKone, 2003),
however these attempts were unsuccessful in improving subsequent recognition of faces.
Other approaches have sought to promote more fruitful encoding by asking participants
to make judgments of faces (a task that incites deeper processing; Sporer, 1991) or
presenting faces from multiple viewpoints to strengthen perceivers’ mental representation
of them (Dolzycka et al., 2014), but both of these trainings resulted in minimal change.

Lastly, other interventions have targeted participants’ awareness of variability in
facial features (Malpass, 1981; Woodhead et al., 1979). Adapted from Penry (1971),
these interventions involved teaching participants about variability in different feature
characteristics. For example, training material about eye variability highlighted
differences in color, eyelid type (e.g., hooded, lidless, etc.), and size. In addition to
learning about an assortment of feature variations, participants practiced identifying

which variations different faces possessed. Surprisingly, participants demonstrated worse



recognition relative to baseline (Malpass, 1981) and control participants (Woodhead et
al., 1979) in these studies.

Though most interventions seeking to improve face recognition in normal adult
populations have been unsuccessful, the same cannot be said about interventions
developed for specialized populations. For example, children with autism have adopted
analytic and holistic processing strategies to better recognize faces (Tanaka et al., 2010),
and a young adult with prosopagnosia experienced improved face perception as a result
of an online intervention (Bate et al., 2015). Most notably, DeGutis et al. (2014)
demonstrated in a longitudinal case study that a woman with prosopagnosia learned to
effectively extract configural information from faces. After developing the ability to
engage in holistic processing over the course of several months, the woman was
ultimately able to recognize faces at a level on par with control participants.
Interventions Targeting Other-Race Recognition

Like interventions designed for specialized populations, trainings intended to
improve other-race face recognition have also had more success. One approach used in
several interventions involves enhancing participants’ ability to individuate other-race
faces (Elliott et al., 1973; Goldstein & Chance, 1985; Tanaka & Pierce, 2009). In these
experiments, participants learned to associate individual other-race faces with unique
letters or digits, over the course of one or multiple training sessions. Findings regarding
the efficacy of this approach have been mixed; some studies reported successful

improvement of other-race face recognition (Elliott et al., 1973), even several months



after the training had concluded (Goldstein & Chance, 1985). In contrast, others reported
a mix of reliable and descriptive improvements (Tanaka & Pierce, 2009).

Another intervention involved informing participants about the existence of the
cross-race effect prior to a face recognition task (Hugenberg et al., 2007). After learning
about the phenomenon, participants received the following instructions: “Do your best to
try to pay close attention to what differentiates one particular face from another face of
the same race, especially when that face is not of the same-race as you... Remember, pay
very close attention to the faces, especially when they are of a different race than you in
order to try to avoid this Cross Race Effect” (Hugenberg et al., 2007, p. 337). The authors
posit that these instructions motivated participants to individuate other-race faces.
Hugenberg and colleagues (2007) have demonstrated success with this technique, as have
others (Rhodes et al., 2009); however, not all replication attempts have been successful
(Cruz et al., 2023; Wan et al., 2015).

Though multiple interventions have led to improved other-race face recognition
immediately after, Malpass (1982) points out that these were often short-term
improvements that generally did not last over time (Lavakras et al., 1976; Malpass et al.,
1973). Collectively, the literature on face recognition interventions is quite mixed. Most
attempts to improve general face recognition among normal adults have been
unsuccessful; but on the other hand, trainings designed to address various types of face-

related deficiencies have had more success.



The Current Research

The limited number of trainings aimed at improving holistic processing have not
been ideal for various reasons, with the most critical drawback being their lack of
practical use. For example, though performance on face inversion paradigms has been
used as a metric of holistic processing, inverted faces do not exist in the real world;
therefore, interventions centered around training people to recognize inverted faces
arguably do not equip participants with skills they can readily transfer to practical
scenarios. Additionally, though the holistic training in DeGutis et al. (2014) improved
face recognition for a woman with prosopagnosia, the extensive time entailed in the
intervention would not be practical for most laypeople.

For my dissertation, I aimed to create an online training program in which
participants could learn to encode faces holistically. In doing so, my hope was that
individuals would be able to apply the concepts learned to their daily lives, and ultimately
become better at recognizing faces. My training is most similar to the Penly (1971)
approach implemented in Woodhead et al. (1979) and Malpass (1981), but with some key
distinctions. Whereas their interventions focused on features in isolation, I sought to
facilitate the encoding of features in a holistic way; specifically, I attempted to draw
participants’ attention to how variability within features impacts the spatial relationships
(i.e., distance, position) with other elements of the face. I also focused my training on
features with substantial variability across ethnic and racial groups (Fang et al., 2011), so

that the skills learned could be applicable to a wide range of faces. Additionally, to



promote engagement and deeper learning, I designed the training to include an
assortment of activities and reflective prompts.

For recognition errors in applied contexts to be reduced, there is a need for a face
recognition training that imparts practical strategies individuals can implement in their
daily lives. After developing a holistic training program that I felt accomplished this goal,
I conducted three experiments that assessed its efficacy in varying ways: by comparing to
a matched control, measuring recognition over time, and comparing to other established
face recognition interventions.

Experiment 1

I conducted Experiment 1 to test the efficacy of my training. Participants began
by completing a recognition memory task to assess their baseline memory. Next, they
completed their randomly-assigned experimental condition (i.e., holistic training or
matched control). Finally, they completed the recognition memory task once more with
new faces. I predicted that training participants would display a more pronounced
improvement in recognition memory from pre-manipulation to post-manipulation than
matched control participants who did not complete the training.

The primary goal of this intervention is to improve recognition memory for faces
of all races, but previous research suggests that the intervention effects would be
moderated by target face race. I anticipated that participants in both conditions would
display better recognition memory for White than Black faces prior to the manipulation.
Participants in this study were undergraduates at the University of California, Riverside,

where the population consists largely of Asian and Latinx students. Though all stimuli in
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this experiment would be racial outgroups to most participants, I have found in my own
previous research that American participants consistently better recognize White than
Black faces, even among participants (i.e., Asian, Latinx) for whom both White and
Black faces are racial outgroups (Simon et al., 2023).

After the manipulation, participants in both conditions could display improved
recognition memory for Black faces — due to the holistic processing skills learned and
practiced among those in the training condition, or due to the increased attention to
specific facial features among those in the control condition. Crucially, I expected that
this post-manipulation improvement in recognition memory for Black faces would be
more pronounced among training, relative to control, participants, due to previous
evidence showing that holistic processing corresponds with greater recognition accuracy
than featural processing (Rhodes et al., 2006).

For White faces, I expected post-manipulation recognition memory to mirror my
prediction for Black faces. Specifically, though I expected both conditions to display
improved recognition memory for White faces, I predicted that there will be a more
pronounced improvement among training participants compared to control participants.
However, to the extent that participants are already skilled at recognizing White faces due
to the societal status and representation of White people, there may not have been as large

of an improvement as expected for Black faces (i.e., a ceiling effect).
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Method
Study Design

This experiment was a 2x2x2 mixed design, including within-subjects factors of
stimulus race (Black, White) and time of testing (before manipulation, after
manipulation), and a between-subjects factor of experimental condition (holistic training,
matched control).

Participants

I recruited undergraduate participants through the SONA Systems website
managed by the University of California, Riverside Psychology department.. As
compensation, participants received 1 research credit for an expected 1 hour of
participation. An a priori power analysis indicated that, with 48 observations per person, |
would have 80% power to capture an effect size of at least .14 with N = 112 participants.
To be conservative, I doubled this amount and aimed to recruit N = 224 participants. I
made my study available on SONA for two weeks, which resulted in an initial sample
size of N =364.

After removing individuals who did not pass the attention check (i.e., “If you are
reading this carefully, select ‘Three’ from the options below”; n = 5), had incomplete data
(n=27), or opted to exclude their data from analyses (n = 12), the final sample consisted
of 320 participants (Mage = 19.46, SD = 1.76). Most participants were female (n = 191)
and identified as Asian (n = 115) or Latinx (n = 134). Of this final sample, 151 completed

the holistic training condition and 169 individuals completed the control condition.
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Materials and Manipulation

Face Stimuli. For the recognition memory tasks and experimental conditions in
Experiments 1-3, [ used Black and White male faces from the Chicago Face Database
(Ma et al., 2015).

I selected 44 faces for the holistic training and matched control conditions, most
in groups of two or three based on perceived similarity in appearance. I then divided the
remaining number of Black and White male faces in the face database by the maximum
number of recognition memory tasks participants would take in a given experiment (i.e.,
four recognition memory tasks in Experiment 2), which resulted in 12 faces of each race
per task. Therefore, the pre-manipulation and post-manipulation experimental conditions
in Experiment 1 each contained 24 male faces (12 Black, 12 White).

Face Editing. | used the free online image editing software Photopea to alter
feature measurements and appearance of face stimuli displayed in the training and
matched control conditions.

Experimental Manipulation. Participants completed one of two experimental
conditions, the holistic training or a matched control. Pretesting indicated that both
conditions required approximately 30-40 minutes to complete.

Holistic Training. In developing the holistic training, my goals were to 1) direct
participants’ attention to variability in the appearance of and spatial relationships between
features, and 2) provide practice for processing faces in this way. I designed the training
to focus on five facial features with substantial variability across ethnic groups (Fang et

al., 2011): a) forehead length, b) inner-eye space, ¢) nose width, d) nose-to-chin length,
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and e) mouth width (FINNM, for short; Figure 1). Given my intention to improve face
recognition broadly, I selected these features with the expectation that the skills
participants learn could be applied to faces from a wide range of ethnic backgrounds;
however, because a large portion of the face recognition literature compares memory for

Black versus White faces, I created the training with Black and White male stimuli.

Figure 1

FINNM Training Features

Note. Facial features of focus in the holistic processing training: a) forehead length, b)
inner-eye space, ¢) nose width, d) nose-to-chin length, and e) mouth width. Referred to in
shorthand as the “FINNM” features.

The training consisted of two modules: one learning module with lessons and

quizzes for each FINNM feature, and a second module synthesizing the contents of the

learning module with a focus on holistic processing practice. To maximize the
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effectiveness of the training, I incorporated two evidence-based instruction techniques
known to improve learning outcomes. The first technique, active learning, is when
learners engage with instructional material in a reflective, hands-on fashion (Felder &
Brent, 2009). I incorporated active learning into the training by providing participants
with writing prompts about faces depicted, as well as activities that involved arranging
faces in order based on a given FINNM feature (e.g., from smallest to largest nose). The
second technique, interleaving, involves displaying related concepts in a mixed fashion to
facilitate deeper learning (Pan, 2015). I incorporated interleaving by integrating holistic
processing practice throughout Module 1, rather than reserving all holistic processing
trials for Module 2.

Module 1 contained lessons that introduced participants to each FINNM feature
and how variability within these features can impact the appearance of a face. It also
introduced participants to the concept of holistic processing and its role in accurate face
recognition. Each lesson began with a definition of the target feature, then modeled how
to recognize variability in the feature and its influence on the configuration and
appearance of a face. In this demonstration, participants observed three distinct yet
visually similar faces that varied on the lesson’s target feature (e.g., short, medium, and
long forehead lengths), while the other FINNM features were matched in size (Figure 2).
I accomplished this by digitally modifying the faces, such that the lesson feature
measurements differed by more than 20 pixels from one face to the next, while all other
FINNM features measured within 20 pixels across the three faces. With ecological

validity in mind, I opted to use different faces for the lessons to mirror the experience of
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encountering different people in daily life. Once I finished editing the faces, I pilot tested

them among a group of perceivers to ensure they appeared natural.

The first FINNM feature we will discuss is forehead length. Forehead length is the
distance from someone’s hairline to the top of their eyebrows.

If you've ever heard a person be described as having a 'big" forehead, the speaker was
referring to that person’s forehead length. The larger the distance between a person’s
hairline and eyebrows, the "bigger” their forehead appears.

For example, look at the images below - they depict faces of people with varying
forehead lengths (shortest forehead on the left, longest forehead on the right)
importantly, all other FINNM features are roughly equivalent to one another and the
faces look somewhat similar.

We can observe multiple changes in facial appearance by increasing forehead length,
even on different faces:

1) There is relatively more open space toward the top of the face.
2) Primary features (eyes, nose, mouth) are positioned more toward the bottom of the

face, rather than toward the center.

As you can see, forehead length affects the distance and spacing of other
characteristics as well. Recognizing these spatial relationships between features is
called holistic processing, and is key to understanding what makes a face unique.

Even when faces appear similar on the surface, recognizing the spatial relationships
between features can help us distinguish one face from another.
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Figure 2

Module I Lesson Introduction

Note. The Module 1 lesson introduction for forehead length. Lesson introductions for the
remaining FINNM features were similarly structured.

After an introduction to the lesson feature, Module 1 lessons continued with four
trials depicting groups of three faces, one group per trial, that varied on the target feature
while matched on the other FINNM features. In these trials, participants were prompted
to reflect on and write about how variability in the target feature affected each face’s
appearance, specifically in terms of how it influenced the spatial configuration between
features (Figure 3). To ensure participants devoted an adequate amount of time to the

task, the button to proceed to the next trial appeared once 20 seconds had passed.

As forehead length increases, how does it affect the appearance of the faces?

How do the spatial relationships between elements of each face appear to change?
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Figure 3
Module I Lesson Reflection Trial

Note. A reflection trial from the Module 1 forehead length lesson.

After the writing prompt trials, participants completed three trials in which they
arranged three faces — also varying on the lesson feature yet matched on the other
FINNM features — in order based on the lesson feature (e.g., from shortest to longest

forehead; Figure 4).

Arrange the different faces based on forehead length, with the shortest forehead in the
first position (on the left) and the longest forehead in the third position (on the right).

You may find it easier to accomplish this by moving faces to a lower number (i.e., from
right to left), and dropping faces slightly above the space you want to put them in.
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Figure 4

Module 1 Lesson Ordering Trial

Note. An ordering trial from the Module 1 forehead length lesson. For this trial to be
correct, the participant would have switched faces 1 and 2.

In the final trial of each lesson, participants engaged in a holistic processing
exercise similar to what they would complete in Module 2. Specifically, participants
observed a face and were tasked with describing the lesson feature in relationship to other
elements of that face (Figure 5). To ensure participants devoted an adequate amount of
time to the task, the button to proceed to the next trial appeared once 20 seconds had

passed.
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Figure 5

Module I Lesson Holistic Processing Trial

Study and describe the appearance of this person's forehead, using the questions
below as your guide.

How long or short is it?
How is it shaped?
How much surface area does it take up?
How close or far is it from other facial features (e.g. nose, chin)?

Note. A holistic processing trial within the Module 1 forehead length lesson.

Each lesson of Module 1 was followed by a quiz pertaining to the lesson feature.
In the quizzes, participants completed four trials in which they viewed a target face for
two seconds, focusing particularly on the lesson feature. The target face then disappeared

and two new faces appeared, a distractor face and the target face once again. The faces
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were similar in appearance and their FINNM feature measurements were matched (i.e.,
within 20 pixels) except for the target feature, which was distinctly different between the
faces (i.e., greater than 20 pixels). In each of these trials, participants chose which of the

two faces they had just seen (Figure 6).

Please study this face, focusing on the forehead length.

Which of the faces below is the one you just studied?
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Figure 6
Module 1 Quiz Trial
Note. A trial from the Module 1 forehead length quiz. Participants viewed the top panel
for two seconds, then it disappeared and the bottom panel was displayed.

My intention for Module 2 was to synthesize the lessons in Module 1, providing
participants with further opportunity to practice attending to the FINNM features
holistically. Module 2 began by demonstrating the insights that could be gleaned from

holistic processing of the FINNM features (Figure 7).
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At the end of each lesson, you have studied and described the appearance of a face
paying specific attention to one FINNM feature at a time

Now that you are familiar with the features, in this final module you will practice holistic
processing by 1) observ ng the shape and appearance of features, and 2) their
relationships with one another collectively.

In other words, when engaging in holistic processing you are considering features in the
context of their surroundings, or in relation to other features.

To provide an example of this, let’s return to the scenario with your new coworker,
Anthony, from the beginning of this training.

If you engaged in holistic processing of the FINNM features during this initial meeting,
you might notice a few of the following details about his face:

« His forehead length is average and is a consistent length from one side to the
other, giving his forehead a rectangular shape

+ His forehead is wider than his chin, creating a face shape similar to a guitar pick

« His forehead is far from his chin, conveying that his face is long

+ He has an average amount of inner-eye space, with almond-shaped eyes
that aren't very close together nor very far apart

+ The outside of his eyes are fixed near his temples

* His eyes are far from his mouth, so a lot of surface area is dedicated to his cheeks.
He high cheekbones right below his eyes

* He has a slightly wide nose with a thin bridge

+ His nose-to-chin area is decently long and his mouth is positioned about halfway
down (i.e. his nose-to-mouth and mouth-to-chin are roughly equal d stances)

+ He has a wide mouth with full ips that extend out near the edges of his face

Though you likely wouldn't recognize all of these characteristics, with continued
practice, you can develop a handful of go-to characteristics that you would be able to
recognize in a brief encounter.
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Figure 7
Module 2 Introduction

Note. Introduction to the final module of the training.

Participants then completed four trials in which they observed a face and
described how the FINNM features related to other features and characteristics of the
face (Figure 8). To ensure participants devoted an adequate amount of time to the task,

the button to proceed to the next trial appeared once 20 seconds had passed.

Try to engage in holistic processing while studying this face.
Focus on recognizing the FINNM features in the context of their surroundings (i.e., in
relation to other features) and describe your observations below.
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Figure 8
Module 2 Trial

Note. A holistic processing trial within Module 2.

Matched Control. The matched control condition mirrored the holistic training
with one important distinction: rather than directing participants’ attention to the FINNM
features and how they influence the spatial configuration among elements of a face, the
matched control condition focused solely on how the FINNM features affect facial
appearance generally (Figure 9). Further, the training introduced participants to the
concept of holistic processing and highlighted its importance for accurate face

recognition, which was absent from the matched control condition.

As forehead length increases, how does it affect the appearance of the faces?
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Figure 9
Module 1 Matched Control Reflection Trial
Note. A reflection trial from the Module 1 forehead length matched control condition.
Unlike the training condition, it did not contain the additional prompt, “How do the
spatial relationships between elements of the face seem to change?”
Procedure

After providing consent, participants began the experiment by completing a
baseline recognition memory task that consisted of three components: learning, filler, and
recognition. In the initial learning task, participants received instructions to pay attention
to the faces presented because they would be asked about the faces at a later time. They
then passively viewed 12 male faces (6 Black, 6 White) one at a time, in a random order
for two seconds each. Next, participants completed a filler task intended to clear the
contents of the learning task from their working memory. The filler task consisted of a
short passage about how Cheerios are made, with three reading comprehension questions
based on the passage. In the subsequent recognition task, participants viewed all faces
from the learning task, as well as 12 novel male faces (6 Black, 6 White), in a random
order. For each face, participants responded to the question, “Was this image presented
before?,” and click “yes” or “no”.

Participants then completed the holistic training or matched control condition,
which was randomly assigned within the survey. After the experimental manipulation,
participants completed the recognition memory task again with a new set of faces. They

then reported how much effort they put into the study and whether they had seen any of
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the faces previously. Finally, participants completed a demographics questionnaire and
were debriefed.

Results

Comparing Performance on Experimental Condition Tasks

I began analyses by exploratorily comparing accuracy on lesson ordering trials, as
well as quizzes, between the two conditions. A lesson ordering trial was correct if
participants arranged the three faces in order based on the lesson feature (e.g., smallest to
largest nose width), whereas a quiz trial was correct if participants selected the face that
was displayed previously and not the distractor face.

A Welch two samples #-test indicated that there was no reliable difference in
accuracy on lesson ordering trials between training (M = 0.80, SD = 0.10) and control (M
=0.79, SD = 0.14) participants, #313.62) = 1.36, p = .17, d = .15. However, training
participants (M = 0.98, SD = 0.03) were reliably more accurate on the quizzes than
control participants (M = 0.97, SD = 0.08), albeit a small effect, #(243.39) =2.37, p = .02,
d=.25.

Change in Recognition Memory by Condition

From trial-level “yes, no” responses on the two recognition memory tests, I tallied
participants’ number of hits, false alarms, misses, and correction rejections for Black and
White faces both before and after the manipulation. I then computed each participant’s hit
and false alarm rate (i.e., number of hits/false alarms divided by the number of possible
hits/false alarms) for the two memory tests, and adjusted for rates of 0 or 1 by adding or

subtracting 0.5. Within the two tests, hit rates of 0 occurred once and 4 times, false alarm
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rates of 0 occurred 195 and 215 times, hit rates of 1 occurred 185 and 145 times, and
false alarm rates of 1 occurred once and twice. Descriptive statistics for hits and false
alarm rates can be found in Appendix B.

Finally, I computed each participant’s average memory strength (operationalized
as signal detection parameter d’) for Black and White faces during both tests. The
number of participants with d” below zero across trials, indicating chance performance
throughout the experiment, can be found in Appendix A.

Welch two samples #-tests indicated that training and control participants’ d” did
not meaningfully differ in their baseline recognition of Black faces, #(313.62) = 1.25, p =
21, d = .14, nor of White faces, #(317.95) =-0.42, p = .68, d = .05. Prior to the
manipulation, training participants recognized White faces (M = 2.16, SD = 0.89)
descriptively better than Black faces (M = 2.07, SD = 0.94), but the difference was not
reliable, #150) = 1.14, p = .26, d = .11. Control participants, on the other hand,
recognized White faces (M = 2.21, SD = 0.98) reliably better than Black faces (M = 1.93,
SD = 0.93) prior to the manipulation, #168) =3.12, p =.002, d = .28.

After the manipulation, training participants recognized White faces (M = 2.15,
SD = 1.11) reliably better than Black faces (M = 1.84, SD = 1.07), t(150) = 3.70, p <.001,
d = .28. Control participants also recognized White faces (M =2.19, SD = 1.03) reliably
better than Black faces (M = 1.77, SD = 1.22) as well, #(168) = 5.26, p <.001, d = .38.

I then computed each condition’s average change in recognition memory for
Black and White faces. Contrary to predictions, training participants (M = -0.22, SD =

1.41) did not meaningfully differ from control participants (M = -0.17, SD = 1.56) in their
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recognition memory change for Black faces, #(317.96) = -0.34, p = .73, d = .04; in fact,
both conditions displayed poorer memory for Black faces after versus before the
manipulation, with training participants descriptively demonstrating a greater decline
than control participants. Similarly, training participants (M = -0.01, SD = 1.35) were
nearly identical to control participants (M = -0.01, SD = 1.37) in their recognition
memory change for White faces, #314.78) = -0.005, p = .99, d = .001.

Primary Analyses

There were three levels of nesting within the data for this experiment: stimuli
(two Level 1 units, Black and White) within time points (two Level 2 units, pre- and post-
manipulation) within participants (320 Level 3 clusters). Each Level 3 cluster (i.e.,
participant) contained the same number of Level 1 and Level 2 units.

I first examined the intraclass correlation (ICC) of the unconditional model to
determine whether a multilevel model would be appropriate. The ICC was .49, indicating
that there was sufficient variability at Level 3 to justify the use of a multilevel model.
After preparing contrast codes for the predictors, I specified a multilevel model (Table 1)
predicting recognition memory (d’) from a three-way interaction between stimulus race
(White = -1, Black = 1; Level 1) time of test (pre-manipulation = -1, post-manipulation =
1; Level 2), and condition (matched control = -1, holistic training = 1; Level 3). I entered
all predictors as fixed effects and included participants as a random intercept. Due to
contrast coding, coefficients in the model reflect mean differences between the reference

group and comparison group for each predictor.
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All models conducted were fit using restricted maximum likelihood estimation
with the /me4 package (Bates et al., 2015) in R version 4.3.2 (R Core Team, 2023).
Inferential tests of the fixed effects used the Satterthwaite method of degrees of freedom
approximation, computed with the /merTest package (Kuznetsova et al., 2017).
Table 1

Experiment 1 Model of Recognition Memory Strength from Time of Test, Stimulus Race,
and Condition

Estimate Standard Error

(Intercept) 2.041%** 0.041
Time of Test -0.052* 0.023
Stimulus Race -0.138%*** 0.023
Condition 0.015 0.041
Time of Test x Stimulus Race -0.046* 0.023
Time of Test x Condition -0.007 0.023
Stimulus Race x Condition 0.037 0.023
Time of Test x Stimulus Race x Condition -0.007 0.023
AIC 3571.1

BIC 3622.7

ICC 0.4

Note. *p < .05, ***p < .001. Time of test reflects pre-manipulation versus post-
manipulation, such that positive values represent better recognition after the
manipulation. Stimulus race reflects White versus Black faces, such that positive values
represent better recognition of Black faces. Condition reflects matched control versus
holistic training, such that positive values represent better recognition within the holistic
training condition.
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Main effects of stimulus race and time of test were qualified by an interaction
between the two variables, such that the difference in recognition before versus after the
manipulation varied depending on stimulus race, #(954) =-1.97, p = .05, 95% CI =[-0.09,
-0.003] (Figure 10). Pairwise comparisons of estimated marginal means indicated that
participants’ average recognition of Black faces was reliably worse after the manipulation
(M =1.81, SE =0.06) compared to before (M = 2.00, SE = 0.06), 1(954) =-2.97, p = .003;
there was no difference in recognition of White faces before versus after the

manipulation.

Figure 10

Experiment 1 Stimulus Race by Time of Test Interaction
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Note. Average recognition memory strength for Black and White faces, measured before
and after the manipulation. Error bars represent standard errors.
Discussion

My primary hypothesis in Experiment 1 was that training participants would
display a more pronounced improvement in recognition memory from pre- to post-
manipulation than control participants; this would suggest that the training imparted
unique knowledge that aided participants in distinguishing between faces, to a greater
extent than any influence the control condition may have had. Instead, training and
control participants did not differ in their degree of recognition change from pre- to post-
manipulation: recognition of White faces remained approximately the same, and
recognition of Black faces declined (opposite to my expectations) in both conditions.

Prior to the manipulation, I anticipated that participants in both conditions would
better recognize White than Black faces on average, which did occur. The current sample
consisted primarily of Asian and Latinx participants, such that all faces viewed during the
study were racial outgroup members to most participants; this finding aligns with my
own prior work showing that American participants consistently better recognize White
than Black faces, even when both groups are racial outgroups to the participants (Simon
et al., 2023).

After the manipulation, it was an open question how recognition of White faces
might change. Both conditions could plausibly display improved recognition, due to the
holistic processing skills learned and practiced among those in the training condition, or

due to the increased attention to specific facial features among those in the control
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condition; however, it was also possible that recognition might not alter very much (i.e., a
ceiling effect) if participants were already skilled at recognizing White faces due to the
societal status and representation of White people. The lack of change in both conditions’
average White recognition from pre- to post-manipulation supports this explanation.

Further, I anticipated that Black recognition would improve to a greater extent
post-manipulation in the training condition relative to the control condition. To my
surprise, neither condition displayed an improvement in recognition for Black faces;
instead, both conditions displayed worse recognition for Black faces, and were similar in
their average amount of decline. Though this result was contrary to my initial
expectations, it aligns with the outcome of some other face recognition interventions
(Malpass, 1981; Woodhead et al., 1979).

Finally, it is worth noting that the two conditions were nearly identical, on
average, in their recognition of Black and White faces after the manipulation. This begs
the question of whether the training and control conditions are sufficiently distinct from
one another; Experiment 2 will be able to offer further insight into this possibility.

Experiment 2

In Experiment 2 of this research, I sought to explore whether my intervention had
a lasting influence on face recognition. It largely replicated Experiment 1, with the
addition of two additional recognition memory tasks occurring 24 hours after and one
week after the initial experimental session. If my training was effective in teaching how
to distinguish between faces, participants who completed the training would demonstrate

an increased ability to recognize faces after the manipulation and presumably at later
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points in time. However, there were multiple possible outcomes for how training
participants’ recognition memory would evolve: (1) recognition could continue to
improve with time as participants accrued more experience applying the training material
in their daily lives; (2) participants could maintain an elevated level of recognition
comparable to their initial post-manipulation score; or (3) recognition could decline if
their learning faded over time.

To begin examining the impact of my training on recognition of same- versus
other-race faces, I recruited non-Latinx, White identifying participants in the United
States for this experiment. Cross-race effect literature has consistently shown that White
individuals display substantially better recognition for same- than other-race faces
(Meissner & Brigham, 2001). However, after completing a face recognition intervention,
White participants have displayed increased similarity in their recognition of same- and
other-race faces, with poorer recognition for same-race faces and improved recognition
for other-race faces, on average (Hugenberg et al., 2007; Malpass et al., 1973). That said,
it was interesting to consider how White participants’ recognition for same- versus other-
race faces might change as a result of this training: though they may display a similar
degree of improvement for both races post-manipulation, if they were already skilled at
recognizing same-race faces at baseline, they may not display an improvement for same-
race faces (i.e., a ceiling effect) as they might for other-race faces, aligning with previous
findings.

The final addition to this experiment involved exploring the potential role of

memory self-efficacy in face recognition. Memory self-efficacy refers to a person’s
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evaluation of their own memory abilities (Beaudoin & Desrichard, 2011). It is
conceptualized in two ways: as a person’s assessment of their prospective performance
on a specific memory task (Berry & West, 1993; Hertzog et al., 1990), or as a person’s
general beliefs about their memory abilities, either globally or within a specific domain
(e.g., remembering names; Hertzog & Dixon, 1994). In the context of face recognition,
some work has examined participants’ prospective confidence in their ability to perform
on face recognition tasks, finding that participants are more confident in recognizing
same- than other-race faces within these tasks (Hourihan et al., 2012; Smith et al., 2004);
however, I sought to explore how the general beliefs people hold about their memory
abilities, not in the context of a specific task, may relate to face recognition.

The literature on aging suggests that participants’ negative beliefs about their
ability to remember faces may adversely affect their performance. Older adults who
reported lower memory self-efficacy performed worse on memory-oriented tasks than
older adults with high memory self-efficacy (Beaudoin & Desrichard, 2017; Desrichard
& Kopetz, 2005); further, older adults who completed an intervention designed to boost
memory self-efficacy demonstrated improved memory performance after the intervention
(West et al., 2008).

I anticipated that self-efficacy would positively correlate with memory
performance, such that the higher (or lower) a person’s memory self-efficacy was at a
given time point, the better (or worse) their face recognition would be at that time point
as well. It was an exploratory question whether the two conditions would differ on

average in their degree of memory self-efficacy. If training participants perceived their
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condition to be more helpful for face recognition than control participants did, training
participants may report greater memory self-efficacy than their control condition
counterparts. However, given that both conditions would receive learning material about
faces, participants may report similar degrees of memory self-efficacy regardless of the
condition they were assigned to.
Method
Study Design

This experiment was a 2x2x2 mixed design, including within-subjects factors of
stimulus race (Black, White) and time of testing (before manipulation, after manipulation,
24 hours later, 1 week later), and a between-subjects factor of condition (holistic training,
matched control).
Participants

I recruited non-Latinx, White adults residing in the United States through the
CloudResearch Connect platform. As compensation, participants received $15 for an
expected 1 hour of participation in the initial testing session, and $3.75 each for an
expected 15 minutes of participation in the two subsequent testing sessions. An a priori
power analysis indicated that, with 96 observations per person, I would have 80% power
to capture an effect size of at least .14 with N = 97 participants. To be conservative, and
to account for attrition, I aimed to recruit at least 2.25x this amount (i.e., N = 224
participants).

Removing individuals who did not pass the quality control or attention checks (7

= 8), did not return for all time points (n = 15), had incomplete data across the testing
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sessions (n = 21), or did not identify as exclusively White (n = 4) resulted in a final
sample of 196 participants (Mage = 39.73, SD = 10.59; 106 males). Of this final sample,
94 completed the holistic training condition and 102 individuals completed the control
condition.

Materials, Manipulation, and Measures

Face Stimuli. I used the Experiment 1 Chicago Face Database stimuli for the
experimental conditions and pre- and post-manipulation recognition memory tasks. For
the two additional recognition memory tasks in Experiment 2, I selected 24 faces per task
(12 Black, 12 White) from the Black and White male faces that remained from the
Chicago Face Database.

Experimental Manipulation. As in Experiment 1, participants completed the
holistic training or matched control conditions.

Memory Self-Efficacy. To measure participants’ self-efficacy with regard to
remembering faces, I selected and adapted five items from the Metamemory in
Adulthood Capacity subscale (Dixon & Hultsch, 1983). On a sliding scale from 0
(completely disagree) to 10 (completely agree), participants indicated their agreement
with beliefs about their face recognition abilities (e.g., “I am able to recognize someone
I’ve met once before”; as = .91-.93 for time points 1-3). Higher scores represent greater
self-efficacy.

Procedure
Data collection for this experiment took place during three separate time points

over the course of a week. After providing informed consent, participants began the
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initial testing session by completing two quality control checks; only individuals who
correctly responded to these checks were able to continue. The remainder of the initial
testing session was largely identical to Experiment 1: participants completed a baseline
recognition memory task, followed by the randomly-assigned training or control
condition, then concluded with a second recognition memory task. After the post-
manipulation memory task, participants completed the memory self-efficacy
questionnaire, answered demographic questions, and received instructions about the
subsequent time points. The instructions communicated that the second and third surveys
would be available for completion in approximately 24 hours and 1 week, and that
participants would have 48 hours to complete the surveys once they became available.

Noting that the majority of participants completed the initial testing session at
around 9 AM, I released the second survey at 9 AM the following day. Participants
received notification at this time that the second survey was available and that they would
have 48 hours to complete it. During this second testing session, participants engaged in
another recognition memory task, completed the memory self-efficacy questionnaire once
again, and read instructions pertaining to the final survey.

One week after posting the initial survey, I released the final survey at 9 AM for
participants to complete. Once again, participants received notification at this time that
the final survey was available and that they would have 48 hours to complete it. The
survey was nearly identical to the second survey, consisting of another recognition
memory task and the memory self-efficacy questionnaire. After completing these

components, participants were fully debriefed.
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Results
Comparing Performance on Experimental Condition Tasks

As in Experiment 1, I began analyses by exploratorily comparing accuracy on
lesson ordering trials, as well as quizzes, between the two conditions. Once again, a
lesson ordering trial was correct if participants arranged the three faces in order based on
the lesson feature (e.g., smallest to largest nose width), whereas a quiz trial was correct if
participants selected the face that was displayed previously and not the distractor face.

A Welch two samples #-test indicated that there was no reliable difference in
accuracy on lesson ordering trials between training (M = 0.77, SD = 0.09) and control (M
=0.74, SD = 0.12) participants, #190.67) = 1.43, p = .15, d = .20. Similarly, there was no
reliable difference in quiz accuracy between training (M = 0.97, SD = 0.03) and control
(M =0.96, SD = 0.07) participants, #(138.56) = 1.17, p = .24, d = .16.

Change in Recognition Memory by Condition

From trial-level “yes, no” responses on the four recognition memory tests, I
tallied participants’ number of hits, false alarms, misses, and correction rejections for
Black and White faces. I then computed each participant’s hit and false alarm rate (i.e.,
number of hits/false alarms divided by the number of possible hits/false alarms) for each
memory test, and adjusted for rates of 0 or 1 by adding or subtracting 0.5. Across the four
memory tests, hit rates of 0 ranged from 0-2 instances, false alarm rates of 0 ranged from
107-142 instances, hit rates of 1 ranged from 81-90 instances, and false alarm rates of 1
ranged from 0-2 instances. Descriptive statistics for hits and false alarm rates can be

found in Appendix C.
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Finally, I computed each participant’s average recognition memory strength
(operationalized as signal detection parameter d”) for Black and White faces during all
tests. Descriptive statistics of White and Black recognition for both conditions during the

tests can be found in Table 2.

Table 2

Experiment 2 Descriptive Statistics

Holistic Training Matched Control

Black Faces White Faces Black Faces White Faces

| ]
Time of Test M SD M SD M SD M SD

Before 1.89°  1.05 228 099 1.61° 101 187%" 1.04
Manipulation

Afler g6 103 2400 097 1737 113 215%™ 1.09
Manipulation

24 Hours Later  1.93° 1.18 224° 1.03 1.87¢ 1.06 194 1.01

1 Week Later 193¢ 1.03 225¢ 1.03 1612 1.11 1.89¢ 1.14

Note. Means with shared superscripts are reliably different from one another. Shared
superscripts in the same row indicate a reliable difference between training and control
conditions at the same time point. Shared superscripts in the same column indicate a
reliable difference between time points within a single condition.

Welch two samples #-tests indicated that training and control participants

meaningfully differed in their baseline recognition of White faces, #193.76) =2.87, p =

.005, d = .41, and descriptively differed in their recognition of Black faces, #(190.99) =
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1.87, p =.06, d = .27. This indicates that training participants were better, on average, at
recognizing faces than control participants from the start, which was not intended.

Within-subjects #-tests indicated that training participants recognized White faces
reliably better than Black faces at all time points, #’s < 6.85, p’s <.002, d’s < .63.
Alternatively, control participants recognized White faces reliably better than Black faces
at most time points, #’s <4.59, p’s <.03, d’s < .38; the exception to this was at Time 3,
during which control participants descriptively better recognized White than Black faces,
#(101)=0.74, p = .46, d = .06.

Primary Analyses

There were three levels of nesting within the data for this experiment: stimuli
(two Level 1 units, Black and White) within time points (four Level 2 units, pre-
manipulation, post-manipulation, 24 hours later, and 1 week later) within participants
(196 Level 3 clusters). Each Level 3 cluster (i.e., participant) contained the same number
of Level 1 and Level 2 units. The intraclass correlation (ICC) of the unconditional model
was .45, indicating that there was sufficient variability at Level 3 to justify the use of
multilevel modeling.

In multilevel modeling, how categorical predictors are specified (e.g., how levels
of the predictor are coded) has notable implications for the model’s interpretation; though
the coding system does not alter the omnibus model or its results, the regression
coefficients will have different interpretations and answer different research questions
(Yaremych et al., 2021). I employed contrast coding because I was interested in tracking

average recognition change from one measurement time point to the next. Contrast
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coding permits greater flexibility in the comparisons one makes, which allowed me to
sequentially compare each measurement to the time point that followed (i.e., specify
different reference levels for each comparison).

In this analysis, I used three contrasts to compare participants’ recognition
memory across sequential time points (Contrast 1: pre-manipulation = -1, post-
manipulation = 1, other time points = 0; Contrast 2: post-manipulation = -1, 24 hours
later = 1, other time points = 0; Contrast 3: 24 hours later = -1, one week later = 1, other
time points = 0). For ease of interpretation, I also established contrast codes for the
additional stimulus race (White = -1, Black = 1) and condition (matched control = -1,
holistic training = 1) predictors. To avoid overspecification of a single model by
including multiple interactions, I decided to specify a separate multilevel model for each
time of test contrast and its interaction with stimulus race and condition. This resulted in
three models that predicted recognition memory (d’) from a three-way interaction
between time of test (Contrast 1, 2, or 3), stimulus race, and condition. I entered all
predictors as fixed effects and included participants as a random intercept. Due to
contrast coding, coefficients in the models reflect mean differences between the reference
group and comparison group for each predictor.

The first multilevel model (Table 3) included the first time of test contrast, which

compared pre-manipulation recognition to immediate post-manipulation recognition.
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Table 3

Experiment 2 Model of Recognition Memory Strength from Time of Test (Pre- versus
Post-Manipulation), Stimulus Race, and Condition

Estimate Standard Error

(Intercept) 1.959%** 0.055
Time of Test 0.048 0.028
Stimulus Race -0.167*** 0.020
Condition 0.125* 0.055
Time of Test x Stimulus Race -0.052 0.028
Time of Test x Condition -0.052 0.028
Stimulus Race x Condition -0.039* 0.020
Time of Test x Stimulus Race x Condition -0.008 0.028
AIC 4125.4

BIC 4179.0

ICC 0.5

Note. *p < .05, ***p < .001. Time of test reflects pre-manipulation versus post-
manipulation, such that positive values represent better average recognition after the
manipulation. Stimulus race reflects White versus Black faces, such that positive values
represent better average recognition of Black faces. Condition reflects matched control
versus holistic training, such that positive values represent better average recognition
within the holistic training condition.

Main effects of stimulus race and condition were qualified by an interaction
between the two variables, such that the difference in recognition of Black and White
faces varied by condition, #(1366) = 2.00, p = .05, 95% CI = [-0.08, -0.0009] (Figure 11).
Pairwise comparisons of estimated marginal means indicated that training participants (M
=2.29, SE = 0.08) recognized White faces better than control participants (M = 1.96, SE
=0.08), #(247) = 2.82, p = .005; there was no difference in recognition of Black faces
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between training and control participants. No other effects in the first model were

reliable.

Figure 11

Experiment 2 Stimulus Race by Experimental Condition Interaction
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White Black
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Note. Average recognition memory strength for Black and White faces, separated by
condition. Error bars represent standard errors.

The second model included the second time of test contrast, which compared

immediate post-manipulation recognition to recognition 24 hours later (Table 4).
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Table 4

Experiment 2 Model of Recognition Memory Strength from Time of Test (Post-
Manipulation versus 24 Hours Later), Stimulus Race, and Condition

Estimate Standard Error

(Intercept) 1.959%** 0.055
Time of Test -0.008 0.028
Stimulus Race -0.167%** 0.020
Condition 0.125* 0.055
Time of Test x Stimulus Race 0.086** 0.028
Time of Test x Condition 0.010 0.028
Stimulus Race x Condition -0.039* 0.020
Time of Test x Stimulus Race x Condition -0.004 0.028
AIC 4125.7

BIC 4179.3

ICC 0.5

Note. *p < .05, **p < .01, ***p < .001. Time of test reflects post-manipulation versus 24
hours later, such that positive values represent better recognition 24 hours later. Stimulus
race reflects White versus Black faces, such that positive values represent better
recognition of Black faces. Condition reflects matched control versus holistic training,
such that positive values represent better recognition within the holistic training
condition.

Other than the main effects and interaction between stimulus race and condition
seen in the first model, there was an additional interaction between stimulus race and
time of test, #(1366) = 3.10, p = .02, 95% CI =[0.03, 0.14]. Pairwise comparisons of
estimated marginal means indicated that participants recognized White faces (M = 2.22,

SE = 0.07) substantially better than Black faces (M = 1.71, SE = 0.07) immediately after
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the manipulation, #(1366) = 7.42, p <.001. However, 24 hours later, better recognition of
White faces (M = 2.03, SE = 0.07) than Black faces (M = 1.87, SE = 0.07) became

considerably less pronounced, #1366) = 2.36, p = .02 (Figure 12). No other effects in the

second model were reliable.

Figure 12

Experiment 2 Stimulus Race by Time of Test Interaction
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Note. Average recognition memory strength for Black and White faces, after the
manipulation compared to 24 hours later. Error bars represent standard errors.

The final model included the third time of test contrast, which compared

recognition 24 hours later to recognition 1 week later (Table 5). Again, main effects of
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stimulus race and condition were qualified by an interaction between the two variables.

No other effects in the third model were reliable.

Table 5

Experiment 2 Model of Recognition Memory Strength from Time of Test (24 Hours Later
versus 1 Week Later), Stimulus Race, and Condition

Estimate Standard Error

(Intercept) 1.959%** 0.055
Time of Test -0.036 0.028
Stimulus Race -0.167*** 0.020
Condition 0.125% 0.055
Time of Test x Stimulus Race -0.028 0.028
Time of Test x Condition 0.039 0.028
Stimulus Race % Condition -0.039* 0.020
Time of Test x Stimulus Race x Condition 0.025 0.028
AIC 4129.9

BIC 4183.5

ICC 0.5

Note. *p < .05, ***p < .001. Time of test reflects 24 hours later versus 1 week later, such
that positive values represent better recognition 1 week later. Stimulus race reflects White
versus Black faces, such that positive values represent better recognition of Black faces.
Condition reflects matched control versus holistic training, such that positive values
represent better recognition within the holistic training condition.

Memory Self-Efficacy and Recognition Memory
Participants responded to the memory self-efficacy items after the manipulation

(M =5.69, SD =2.22), 24 hours later (M = 5.75, SD =2.02), and 1 week later (M = 5.78,
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SD = 2.03). As an initial test of my predictions regarding the connection between
memory self-efficacy and face recognition, I first correlated average memory self-
efficacy scores with average White d’, and separately, average Black d’, at each testing
occasion. Memory self-efficacy was positively related to recognition of White faces at all
time points, 7’s = 0.15-0.20, p’s = .004—.02. Memory self-efficacy was also positively
related to recognition of Black faces at all time points, but the correlations were not
reliable, r’s = 0.05-0.13, p’s = .07—.47.

To explore whether recognition was potentially impacted by a joint influence of
memory self-efficacy and another predictor(s), I repeated the latter two multilevel models
above and included an interaction term of memory self-efficacy (centered within-cluster),
along with memory self-efficacy as a random slope. I did not feel it was relevant to repeat
the first model (i.e., comparing pre-manipulation to post-manipulation) because memory
self-efficacy was the focus of these additional analyses, and I did not measure memory
self-efficacy prior to the manipulation.

The first multilevel model included the first time of test contrast, which compared
recognition immediately after the manipulation and 24 hours later. The model revealed a
main effect of memory self-efficacy, such that greater belief in one’s face recognition
abilities corresponded with better recognition, #(72.36) = 2.46, p = .02, 95% CI = [0.02,
0.22]. As in earlier models, there was also a main effect of stimulus race and interactions
between stimulus race and condition, and stimulus race and time of test. No other effects

were reliable.
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The second multilevel model included the second time of test contrast, which
compared recognition 24 hours later to 1 week later. The model revealed a main effect of
memory self-efficacy once again, such that greater belief in one’s face recognition
abilities corresponded with better recognition. There was also a main effect of stimulus
race again. No other effects were reliable.

Discussion

My hypotheses for Experiment 2 were partially supported. Though training
participants displayed better recognition overall than control participants, the baseline
difference in recognition between the two conditions suggests that this main effect of
condition was due to a randomization failure; specifically, it appears that training
participants were initially better at recognizing faces than control participants, rather than
the training boosting recognition among these participants. It is unclear why a
randomization failure occurred, given that all participants had an equal opportunity of
being assigned to either condition. However, this explanation is further supported by the
fact that recognition did not reliably change over time among training participants; if the
training was effective, recognition would have improved at subsequent time points
relative to baseline, which the data did not show. Even more puzzling is that control
participants demonstrated reliable improvements in recognition over time while training
participants did not. Though these improvements ultimately returned to baseline by the
final measurement occasion, it is still strange that this occurred within the control

condition rather than the training condition, as would be expected.
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The pattern of results in this experiment differ considerably in comparison to
Experiment 1. Both conditions in Experiment 2 displayed improved recognition for
White faces immediately after the manipulation (and reliably so in the control condition),
yet both conditions in Experiment 1 displayed almost no difference in recognition for
White faces before versus after the manipulation. Experiment 2 training participants
showed a descriptive decline in recognition of Black faces before versus after the
manipulation, which is similar in direction to both Experiment 1 conditions; and yet,
Experiment 2 control participants showed a descriptive increase in recognition of Black
faces before versus immediately after the manipulation. These inconsistencies suggest
that the training is not refined enough to result in predictable recognition outcomes.

In a departure from Experiment 1, I recruited White participants for this
experiment to begin exploring the impact of my training on other-race (i.e., Black, in this
case) face recognition. Though there were descriptive improvements in Black recognition
among both conditions from immediately after the manipulation to 24 hours later,
recognition of Black faces had returned to baseline in both conditions 1 week later. This
suggests that, though the intervention may have short-term effects on recognition, the
effects are not sustained.

One outcome that did align with my initial hypothesis was the positive
relationship between memory self-efficacy and face recognition. It is important to note,
however, that memory self-efficacy was measured affer the recognition memory tasks, so
I cannot claim at this point that higher memory self-efficacy leads to better face

recognition. Rather, this result may — at least in part — reflect participants’ judgments of
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their performance on the memory task they just completed. If interpreted in this way, the
stronger relationships between memory-self efficacy and same-race recognition (in
comparison to the relationship with other-race recognition) could suggest that individuals
may base their memory self-efficacy judgments more so on their perceived ability to
recognize same-race, rather than other-race faces. This is merely speculation, however,
since my assessment of memory self-efficacy was not race-specific.

In sum, Experiment 2 offers additional evidence that the training does not
improve recognition above and beyond the matched control. As I alluded to in the
Experiment 1 Discussion, it appears that the conditions are not distinct enough from one
another to result in markedly different outcomes. Further, it appears that neither condition
produces lasting change in face recognition beyond 24 hours; this is understandable,
given that the intervention only requires approximately 30-45 minutes and is completed
in a single testing session. It would be interesting to explore whether a more prolonged
intervention, consisting of several training sessions spanning multiple days, would have a
more lasting impact.

Experiment 3

In developing my face recognition training, one issue I hoped to improve is poor
recognition for other-race faces. People generally experience difficulties distinguishing
between faces of another race, yet tend to have greater ease doing so for same-race faces;
this common experience is called the cross-race effect (CRE), and can lead to an
assortment of adverse real-world outcomes (e.g., eyewitness misidentification - Wells &

Olson, 2001; Wilson et al., 2013; social discomfort - McKone et al., 2023).
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In Experiment 3, I sought to examine the effectiveness of my training in
improving other-race face recognition relative to two other established interventions
designed for this purpose: subordinate-level individuation (Tanaka & Pierce, 2009) and
unguided CRE awareness (Hugenberg et al., 2007). Though these approaches and others
that currently exist in the CRE literature provide theoretical demonstrations that other-
race face recognition can be improved, none to my knowledge can be readily applied in
real-world settings to enact practical change. If my training was comparable to, or better
than, two prominent interventions in improving other-race face recognition, it would
provide evidence that it is a viable option in mitigating the cross-race effect; and
importantly, given that skills learned in the training should be applicable in everyday life,
that the training may have the capacity improve face recognition in practical applications.

To explore this question, I recruited Black and White online participants residing
in the United States. Because the training materials and memory tasks consist of Black
and White faces, constraining the Experiment 3 sample to Black or White individuals
would shed light on how the training influences recognition memory for same- versus
other-race faces.

I anticipated that White participants would display better memory for White than
Black faces when measured before the manipulation; for Black participants however,
both possibilities were plausible. Black participants have displayed the expected ingroup
recognition advantage for Black faces on some occasions (Dodson & Dobolyi, 2015;
Pauker et al., 2009), yet on other occasions they have better recognized White than Black

faces (Pica et al., 2015; Simon et al., 2023; Wright et al., 2003).
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Regardless of which race Black participants better recognized prior to the
manipulation, I expected that both Black and White participants would display improved
memory for Black faces after the manipulation. Though this improvement is plausible for
all conditions, I anticipated the most pronounced improvement would be among
participants in the holistic training condition compared to participants in the other two
training conditions.

After the manipulation, holistic training participants could display improvement
in White face recognition as well. In that case, it would be interesting to note how the
difference between same- and other-race face recognition changed after the manipulation:
recognition could improve for both races in similar amounts, and the size of the gap
would remain the same; alternatively, recognition for one group could occur to a greater
extent than the other, altering the size of the gap.

Method
Study Design

This experiment was a 2x2x2x3 mixed design, including within-subjects factors
of stimulus race (Black, White) and time of testing (before manipulation, after
manipulation), and between-subjects factors of participant race (Black, White) and
training condition (holistic training, subordinate-level individuation training, unguided
CRE awareness training).

Participants
I recruited non-Latinx, White and Black adults residing in the United States

through CloudResearch Connect (N =274). As compensation, participants received $15
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for an expected 1 hour of participation. An a priori power analysis indicated that, with 48
observations per person, I would have 80% power to capture an effect size of at least .14
with N = 112 participants. Considering that this experiment would contain three
experimental conditions rather than two, [ aimed to recruit at least 2.25x this amount (i.e.,
N = 252 participants).

Removing individuals who did not pass the quality control or attention checks (»
= 27), had incomplete data (n = 5), or did not identify as exclusively Black or White (n =
9) resulted in a final sample of 255 participants (Mage = 37.63, SD = 11.67). There was an
approximately even split of Black (» = 131) relative to White (n = 124) participants in
this final sample. 79 of the participants completed the holistic training, 89 completed the
individuation training, and 87 completed the CRE awareness training.

Materials and Manipulation

Face Stimuli. I used the Experiment 1 Chicago Face Database stimuli for the
experimental conditions and pre- and post-manipulation recognition memory tasks.
Though the subordinate-level individuation condition required fewer unique faces than
the holistic training and CRE awareness conditions, all faces depicted in the individuation
condition were seen by participants in the other two conditions as well.

Experimental Manipulation. Participants completed one of three different
conditions: holistic training, subordinate-level individuation, or CRE awareness. The

holistic training condition was identical to those in Experiments 1 and 2.
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The second condition, subordinate-level individuation!, was adapted from Tanaka
and Pierce (2009). In alternating learning and naming blocks, participants learned to
associate 8 Black and 8 White male faces with letters on the keyboard, then were quizzed
on their memory of these associations. Other-race faces, based on participants’ racial
identity indicated in the initial demographics questionnaire, were each paired with a
unique letter (e.g., “A”,“S”, “D”...). Alternatively, same-race faces were all paired with
the same letter, “O”. The first learning block presented two White and two Black faces,
and subsequent learning blocks introduced one new face of each race until a total of 8
faces per race were learned. In the naming blocks that followed each learning block, the
faces that had been introduced up to that point were presented one at a time without their
labels. Participants received feedback after each trial specifying whether or not they
answered correctly; if they were incorrect, they were also shown the correct label.
Participants were required to enter the correct letters for all faces in the block to progress,
or the block would repeat up to five times. The individuation condition concluded when
participants successfully completed all learning and naming blocks.

The third condition, unguided CRE awareness, was modeled after Hugenberg and
colleagues (2007). This intervention began by informing participants about the existence

of the CRE with the following instructions:

! The subordinate-level individuation training developed by Tanaka and Pierce (2009) contained
an additional timed-response task after the learning and naming blocks. In an effort to keep the
three training conditions similar in length, I omitted the timed-response task portion of the
training for Experiment 3.
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Previous research has shown that people reliably show what is known as the
Cross-Race Effect (CRE) when learning faces. Basically, people tend to confuse
faces that belong to other races. For example, a White learner will tend to mistake
one Black face for another. Now that you know this, we would like you to try
especially hard when learning faces in this task that happen to be of a different
race. Do your best to try to pay close attention to what differentiates one
particular face from another face of the same race, especially when that face is not
of the same race as you.

Remember, pay very close attention to the faces, especially when they are of a

different race than you in order to try to avoid this Cross-Race Effect.

After these instructions, participants completed a lineup recognition paradigm
consisting of a study phase, distractor task, and test phase (Meissner et al., 2005)2. In the
study phase, participants viewed 7 Black and 7 White male faces one at a time for three
seconds each. After completing a five-minute distractor task, participants viewed a total
of 28 lineups, 14 for each race. Each lineup depicted 3 different faces, with half of
lineups containing a target face and half of them not. For each lineup, participants either
selected a face they believed they saw previously, indicated that a target face was not
present, or stated that they were unsure. They also rated their confidence in their
identification decision for each lineup.

Procedure

After providing informed consent, participants began the experiment by

completing two quality control checks; only individuals who correctly responded to these

checks were able to continue. Participants then completed the demographics

2 In Hugenberg et al. (2007), participants completed a recognition memory task after receiving
CRE awareness instructions. Since all participants would complete a post-manipulation
recognition memory task in Experiment 3, I included a lineup recognition paradigm after the CRE
awareness instructions instead.
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questionnaire before beginning the main portion of the study. The remainder of the
testing session was largely identical to Experiment 1: participants completed a baseline
recognition memory task, followed by their randomly-assigned experimental condition,
then concluded with a second recognition memory task and debriefing.
Results

There were three levels of nesting within the data: stimuli (two Level 1 units,
Black and White) within time points (two Level 2 units, pre- and post-manipulation)
within participants (254 Level 3 clusters). Each Level 3 cluster (i.e., participant)
contained the same number of Level 1 and Level 2 units.
Change in Recognition Memory by Condition

From trial-level “yes, no” responses on the two recognition memory tests, I tallied
participants’ number of hits, false alarms, misses, and correction rejections for Black and
White faces. I then computed each participant’s hit and false alarm rate (i.e., number of
hits/false alarms divided by the number of possible hits/false alarms) for the two memory
tests, and adjusted for rates of 0 or 1 by adding or subtracting 0.5. Within the two tests,
hit rates of 0 occurred twice and 3 times, false alarm rates of 0 occurred 164 and 189
times, hit rates of 1 occurred 125 and 110 times, and false alarm rates of 1 occurred once
and twice. Descriptive statistics for hits and false alarm rates can be found in Appendix
D.

Finally, I computed each participant’s average memory strength (operationalized
as signal detection parameter d’) for Black and White faces during the tests. The number

of participants with d” below zero across trials, indicating chance performance throughout

57



the experiment, can be found in Appendix A. Descriptive statistics of White and Black

recognition for all conditions before and after the manipulation can be found in Table 6.

Table 6

Experiment 3 Descriptive Statistics

Before Manipulation After Manipulation

| ]
Black Faces  White Faces Black Faces White Faces
| ]

Condition M SD M SD M SD M SD

Holistic Training  2.05* 1.15 217 092 181% 098 197 0.99

(Black 05 119 197 094 195 084 186 096
Participants
(White ) obd 111 2360 087 16790 1.09  2.07  1.02
Participants
Individuation 1.86° 120 209 1.09 208 120 201 125
(Black g5 100 210 118 225 113 211 1.8
Participants
(White o119 208" 094 182 126 1.865 1.0
Participants

CRE Awareness 1.97¢ 1.09 220¢ 1.01 2.16 1.16 2.27 1.14

(Black 0 01 208 112 231 116 211 124
Participants
, CWhite oo 1130 230" 091 205 1.6 240K 1.05
articipants
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Note. Means with shared superscripts are reliably different from one another. Shared
superscripts in the same row indicate a reliable difference between stimulus races or time
points within the same condition. Shared superscripts in the same column indicate a
reliable difference between conditions for a particular stimulus race within a single time
point.

A one-way ANOVA indicated that participants in the three conditions did not
meaningfully differ in their baseline recognition of White faces, F(2, 251) = 0.28, p = .76,
nor in their recognition of Black faces, F(2, 251) = 0.56, p = .57. All conditions better
recognized White than Black faces prior to the manipulation, but the difference was only
reliable among individuation condition participants, #(88) = 1.97, p = .05, d = .20, and
CRE awareness participants, #(86) =2.21, p = .03, d = 0.22. Better recognition of White
than Black faces before the manipulation was not reliable among holistic training
participants, #(78) =0.97, p = .34,d = .11.

Prior to the manipulation, Black participants in the holistic training (n = 39) and
CRE awareness (n = 38) conditions displayed better recognition of Black than White
faces (i.e., a descriptive cross-race effect); alternatively, Black participants in the
individuation condition (n = 54) displayed the reverse, descriptively better recognizing
White than Black faces prior to the manipulation. White participants, on the other hand,
recognized White faces reliably better than Black faces in all three conditions (holistic »n
= 40; individuation n = 35; CRE awareness n = 49), ts < 3.89, ps < .05, ds < 0.48.

After the manipulation, individuation participants displayed descriptively better
recognition of Black faces relative to their Black recognition at baseline, #(88) = 1.62, p =

.11, d=0.18. CRE awareness participants also displayed a descriptive improvement in

Black recognition after the manipulation, #(86) = 1.57, p = .12, d = 0.17. Alternatively,
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training participants displayed reliably worse recognition of Black faces relative to their
Black recognition at baseline, #78) = 2.03, p = .05, d = 0.23.

Accounting for participants’ race in post-manipulation recognition, Black
participants in all three conditions displayed a descriptive cross-race effect, better
recognizing Black than White faces after the manipulation. White participants in the
holistic training and CRE awareness conditions continued to recognize White faces
reliably better than Black faces after the manipulation, s < 3.00, ps < .05, ds <0.37. In
contrast, White individuation participants displayed almost no difference in recognition
of White and Black faces, #34) = 0.26, p =.79, d = 0.04.

Primary Analyses

The intraclass correlation (ICC) of the unconditional model was .49, indicating
that there was sufficient variability at Level 3 to justify the use of multilevel modeling. I
employed contrast coding once again to specify different control conditions as the
reference group against my holistic training. I used two contrasts to compare participants’
recognition memory based on their condition (Contrast 1: individuation = -1, holistic
training = 1, CRE awareness = 0; Contrast 2: CRE awareness = -1, holistic training = 1,
individuation = 0). For ease of interpretation, I also established contrast codes for the
additional stimulus race (White = -1, Black = 1), time of test (pre-manipulation = -1,
post-manipulation = 1), and participant race White = -1, Black = 1) predictors.

As in Experiment 2, I specified a separate multilevel model for each condition
contrast and its interaction with stimulus race, time of test, and participant race. This

resulted in two models that predicted recognition memory (d’) from a four-way
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interaction between condition (Contrast 1 or 2), stimulus race, time of test, and
participant race. I entered all predictors as fixed effects and included participants as a
random intercept. Due to contrast coding, coefficients in the models reflect mean
differences between the reference group and comparison group for each predictor.

The models were fit using restricted maximum likelihood estimation with the
Ime4 package (Bates et al., 2015) in R version 4.3.2 (R Core Team, 2023). Inferential
tests of the fixed effects used the Satterthwaite method of degrees of freedom
approximation, computed with the /merTest package (Kuznetsova et al., 2017).

The first model (Table 7) compared the holistic training to the individuation

condition.
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Table 7

Experiment 3 Model of Recognition Memory Strength from Time of Test, Stimulus Race,
Participant Race, and Condition (Individuation versus Holistic Training)

Estimate Standard Error
(Intercept) 2.050%** 0.055
Time of Test -0.002 0.024
Stimulus Race -0.065** 0.024
Participant Race 0.031 0.055
Condition 0.008 0.068
Time of Test x Stimulus Race 0.033 0.024
Time of Text x Participant Race 0.015 0.024
Stimulus Race x Participant Race 0.110%** 0.024
Time of Test x Condition -0.070* 0.030
Stimulus Race x Condition -0.005 0.030
Participant Race x Condition -0.074 0.068
Time of Test x Stimulus Race x Participant -0.006 0.024
Race
Time of Test x Stimulus Race x Condition -0.043 0.030
Time of Test x Participant Race x Condition 0.006 0.030
Stimulus Race x Participant Race x Condition  0.029 0.030
Time of Test x Stimulus Race x Participant 0.008 0.030
Race x Condition
AIC 2890.4
BIC 2979.1
ICC 0.5
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Note. *p < .05, **p <01, ***p < .001. Time of test reflects pre-manipulation versus post-
manipulation, such that positive values represent better recognition after the
manipulation. Stimulus race reflects White versus Black faces, such that positive values
represent better recognition of Black faces. Participant race reflects White versus Black
participants, such that positive values represent better recognition among Black
participants. Condition reflects individuation versus holistic training, such that positive
values represent better recognition within the holistic training condition.

The model revealed a main effect of stimulus race that was qualified by an
interaction with participant race, such that the difference in recognition for Black and
White faces varied depending on participants’ race (Figure 13), #(753) = 4.49, p <.001,
95% CI=1[0.06, 0.16]. Pairwise comparisons of estimated marginal means indicated that
White participants, on average, recognized White faces (M = 2.19, SE = 0.09) better than
Black faces (M = 1.84, SE = 0.09), #(750) = 4.79, p < .001; alternatively, Black

participants did not differ in their average recognition of White versus Black faces.
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Figure 13

Experiment 3 Participant Race by Stimulus Race Interaction

Note. Average recognition memory strength among Black and White participants,
separated by stimulus race. Error bars represent standard errors.

There was also an interaction between time point and condition, such that the
difference in recognition before versus after the manipulation varied depending on
participants’ experimental condition (Figure 14), #(753) = 2.32, p =.02, 95% CI =[-0.13,
-0.01]. Pairwise comparisons of estimated marginal means indicated that training
participants’ average recognition after the manipulation was worse (M = 1.99, SE = 0.10),
on average, than their recognition before the manipulation (M = 2.13, SE = 0.10), #(753)
=-1.83, p = .07; alternatively, individuation participants displayed the opposite: their
average recognition after the manipulation was better, on average, than their recognition

before, #(753) = 1.77, p = .08. However, neither of these differences were reliable.
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Figure 14

Experiment 3 Condition (Individuation versus Holistic Training) by Time of Test
Interaction

o
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Note. Average recognition memory strength among individuation and holistic training
participants, before and after the manipulation. Error bars represent standard errors.

The second model compared the holistic training to the CRE awareness condition

(Table 8).
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Table 8

Experiment 3 Model of Recognition Memory Strength from Time of Test, Stimulus Race,
Participant Race, and Condition (CRE Awareness versus Holistic Training)

Estimate Standard Error
(Intercept) 2.054%** 0.055
Time of Test -0.005 0.024
Stimulus Race -0.067** 0.024
Participant Race 0.035 0.055
Condition -0.080 0.068
Time of Test x Stimulus Race 0.033 0.024
Time of Text x Participant Race 0.024 0.024
Stimulus Race x Participant Race 0.108%** 0.024
Time of Test x Condition -0.087** 0.030
Stimulus Race x Condition 0.002 0.030
Participant Race x Condition -0.022 0.068
Time of Test x Stimulus Race x Participant -0.002 0.024
Race
Time of Test x Stimulus Race x Condition -0.019 0.030
Time of Test x Participant Race x Condition 0.038 0.030
Stimulus Race x Participant Race x Condition ~ -0.015 0.030
Time of Test x Stimulus Race x Participant 0.005 0.030
Race x Condition
AIC 2890.4
BIC 2979.1
ICC 0.5
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Note. *p < .05, **p <01, ***p < .001. Time of test reflects pre-manipulation versus post-
manipulation, such that positive values represent better recognition after the
manipulation. Stimulus race reflects White versus Black faces, such that positive values
represent better recognition of Black faces. Participant race reflects White versus Black
participants, such that positive values represent better recognition among Black
participants. Condition reflects CRE awareness versus holistic training, such that positive
values represent better recognition within the holistic training condition.

Like in the first model, a main effect of stimulus race was qualified by an
interaction with participant race. There was also an interaction between time of test and
condition (Figure 15); #(753) =-2.87, p =.004, 95% CI = [-0.15, -0.03]. Pairwise
comparisons of estimated marginal means indicated that participants’ recognition in the
two conditions did not differ before the manipulation; however, recognition was
substantially worse among holistic training participants (M = 1.88, SE = 0.10) than CRE
awareness participants (M = 2.22, SE = 0.09) after the manipulation, #355) =2.24, p =

.03.

67



Figure 15

Experiment 3 Time of Test by Condition (CRE Awareness versus Holistic Training)
Interaction
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Note. Average recognition memory strength before and after the manipulation, separated

by condition (CRE awareness versus holistic training). Error bars represent standard
errors.

Discussion

My intent with Experiment 3 was to compare the holistic training against other
established interventions in their ability to influence other-race face recognition. As is
typically demonstrated in cross-race effect literature, White participants better recognized
same- versus other-race faces across conditions and measurement occasions, whereas

recognition was relatively mixed among Black participants. In past work, I have proposed
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that non-White people may be motivated to attend to White faces due to their practical
importance (Simon et al., 2023); social and material power are largely held by White
individuals in the United States, and people pay attention to those who are relevant to
their outcomes (Fiske, 1993; Neuberg & Fiske, 1987). Thus, when Black Americans view
Black and White faces, the motivational pull of the ingroup conflicts with the
motivational pull of the higher-status outgroup, which in turn produces competing
attentional responses. However, when White Americans view Black and White faces, the
two motivations complement one another and work in unison to direct attention toward
White faces. General findings from Experiment 3 provide further support for this theory.

My primary hypothesis for this experiment was that other-race recognition would
improve after the manipulation for holistic training participants. This hypothesis was not
supported; instead, training participants’ other-race recognition worsened after the
manipulation, whereas participants in the other conditions displayed improved other-race
recognition relative to baseline. This outcome coincides with results from Experiments 1
and 2; rather than improving recognition, my holistic training appears to produce the
opposite effect.

General Discussion

My ultimate objective when developing this face recognition training was to offer
a practical tool people could use to better remember faces in their daily lives. I based the
training on the most variable facial features across ethnic groups, so that the techniques —
if effective — could be applied to a wide range of faces. I focused on improving holistic

processing, a form of visual processing known to correspond with accurate face
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recognition. To maximize the likelihood of its efficacy, I integrated two evidence-based
instructional approaches employed by educators to boost student learning. Despite the
consideration that went into developing this training, the three experiments I conducted
appear to convey that the training, in its current form, does not improve face recognition.

In Experiment 1, training participants’ recognition of White faces did not change
before versus after the manipulation, whereas their recognition of Black faces declined
after the training. In Experiment 2, White training participants demonstrated slight
fluctuations in same- and other-race recognition over time, but ultimately returned to
their baseline recognition after one week. In Experiment 3, two previously established
interventions incited better recognition of faces after the manipulation, whereas my
training led to poorer recognition.

The recognition declines participants displayed immediately after training in
Experiments 1 and 3, though initially surprising, replicate findings from some early
interventions (Malpass, 1981; Woodhead et al., 1979); interestingly, these interventions
also tasked participants with attending to facial features. Though my training differed
from their approaches by focusing on the spatial relationships between features, the
consistency in findings further backs my suspicion that the training did not increase
holistic processing.

Some have suggested that participants may experience difficulty attempting to
implement a new encoding approach because they’ve processed faces a certain way their
whole lives, and old habits are hard to break, resulting in poorer performance on the post-

intervention recognition task (Malpass, 1981). A few examples of qualitative feedback
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from training participants in my studies speak to this explanation; for example, one
participant wrote, “I couldn’t really implement the techniques you taught us in the first
lesson... In the first session, I gave everyone a nickname based upon a feature or if they
looked like a celebrity or a person I know and I was more confident using that strategy.”
By assessing participants at multiple time points in Experiment 2, I attempted to gauge
whether recognition would improve over time if participants continued implementing the
training techniques outside the experiment; however, as alluded to by this individual, I
had no control over whether participants applied the training material to subsequent
recognition. Therefore, though it may have felt difficult and unnatural to some
participants initially, it is unclear whether recognition would improve if individuals
remained persistent in trying to adopt the techniques.

The recognition memory task employed in this research is a lab-based paradigm
that has long been critiqued for conflating picture recognition with face recognition
(Bruce & Young, 1986); in other words, it does not account for external factors such as
viewpoint, facial expression, and lighting that influence our recognition of faces in the
real world. Indeed, participants fail to recognize previously-viewed, unfamiliar faces if
they are presented at a slightly different angle or with a different expression during the
recognition task (Bruce, 1982; Longmore et al., 2008; Newell et al., 1999); and yet, this
paradigm remains one of the most popular outcome measures in face recognition research
(Singh et al., 2022). Though my training did not improve face recognition as defined by
this task, the intent behind the training is to improve face recognition in applied contexts;

therefore, perhaps a more realistic assessment would be better suited to assess its
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efficacy. Newer face recognition tasks have begun to account for external factors that
influence face recognition in real-world settings (e.g., the Cambridge Face Memory Test
presents faces from different angles - Duchaine & Nakayama, 2006), so employing one
of these tasks may be worthwhile to better assess the efficacy of the training.

Nevertheless, the question still remains as to why the individuation and CRE
awareness interventions in Experiment 3 improved recognition (albeit of pictures) and
my training did not. Upon examining the average time each condition took to complete
the study, I discovered that holistic training participants took substantially longer to
complete the study on average than the other two conditions. Further, the other conditions
did not attempt to teach participants a new approach to encoding faces. As I mentioned
above, I suspect that the training incited fatigue and contained material that was difficult
for participants to adopt, which led to poorer recognition on the memory task relative to
the other conditions.

Another point of intrigue is the discrepancy between recognition outcomes and
the majority of participants’ qualitative feedback about the training. Although training
participants often did not display improvement in face recognition, many left comments
stating that they found the intervention meaningful and informative. Even on the last
measurement occasion one week after the training, Experiment 2 participants left
comments such as, “Enjoyed doing this - still remember and have tried to use the various
face features given to me last week” and “I do feel like I'm better at remembering the
different faces now compared to when I started the training part of the first study, I

wonder if my score actually improved or not.” It could be possible that some participants
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saw the value of the training, yet in actuality were unable to employ the techniques
appropriately. Many participants also expressed a desire to know their accuracy scores,
which I withheld in order to reduce temptation to use another technique if they weren’t
performing well; if the training is able to produce improved recognition after some
refining though, I would be open to sharing participants’ accuracy scores. Doing so
would relax the degree of experimental control I would have in the study, but I believe
participants’ awareness of their recognition ability throughout the experiment would
make the training and overall experience more impactful.

When beginning this research, I predicted that training participants may not
display improved recognition for a White faces due to a ceiling effect; however, I did not
anticipate that training participants would display what appeared to be a ceiling effect for
all faces. Even when recognition somewhat improved in Experiment 2, it returned to
baseline levels by the end of the experiment. Though there has been a lack of success
among face recognition interventions directed toward the general population,
interventions for populations with recognition impairment or deficits — including those
that target other-race face recognition — have been more promising. Despite the lack of
recognition improvement within my own experiments, I am not ready to adopt the
perspective that face recognition is a fixed skill that cannot be modified. However, there
were limitations to this research and my training that will need to be addressed.
Limitations

One limitation of my training is that it may have incited fatigue in participants.

Though each lesson highlighted a different FINNM feature, repeating the same activities
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within the lessons may have led to decreased attention and focus among participants. In
the future, spreading the training across multiple days may be an effective way of
keeping participants engaged and pace their learning; participants may also feel more
capable of integrating the concepts into their regular face perception if they learned them
gradually.

Another limitation pertained to the matched control condition in Experiments 1
and 2. Though I believed that drawing attention to the spatial relationships between facial
features would distinguish the holistic training enough from the matched control, the lack
of difference in performance between the groups of participants conveyed otherwise.
Importantly, my experiments lacked a method of assessing the extent to which
participants engaged in holistic processing. I chose the most common recognition
memory paradigm as the outcome measure because I was interested in whether my
training could improve face recognition; though holistic processing is said to be
implicated in face recognition, there are other tasks (e.g., the part-whole task — Tanaka &
Farah, 1993; the composite task — Young et al., 1987) that could have more directly shed
light on the extent to which participants engaged in holistic processing.

Future Directions

There are several possibilities regarding the future of this research. One of my
next endeavors will be to compare and contrast qualitative responses between the two
conditions in Experiments 1-2. The quantitative data suggested that there was a lack of
distinction between the holistic training and matched control; since both conditions

contained free response items, I have the ability to compare how participants qualitatively
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responded in each condition. If the training condition did facilitate holistic processing, |
would expect these participants to use more holistic language in their responses (i.e.,
identify spatial relationships between features, discuss a face’s configuration, etc.).
Coding these qualitative responses will be a perfect task for future undergraduates in my
lab at Lafayette College.

I would also like to explore memory self-efficacy further, focusing specifically on
memory self-efficacy in terms of other-race faces. In Experiment 2, I asked about
memory self-efficacy with regard to recognizing faces in general; however, this does not
allow me to make claims about how memory self-efficacy may relate to race-specific
face recognition. I am interested in exploring whether feelings of incompetence in
recognizing other-race faces can negatively impact recognition of that race. Older adults
informed that they are about to complete a memory task perform worse on the task than
older adults who do not receive these instructions, but only if they possess low memory-
self efficacy (Desrichard & Kopetz, 2005); an experiment such as this could easily be
replicated in the context of recognition memory. If the same pattern is shown, future
work could attempt to improve recognition of faces by improving people’s memory self-
efficacy.

Finally, if this training does demonstrate an ability to improve face recognition, it
will be important to test whether it can improve recognition of faces from other
racial/ethnic groups and gender presentations; doing so will confirm its utility for

improving recognition of all types of faces. Though my initial test of this training did not
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pan out as anticipated, with further refining I hope it will prove itself to be beneficial for

improving face recognition.
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Appendix A

Above Chance Counts Across Experiments

Original ¥ N (totald'>0) N (total d' <=0)

Exp 1 320 317 3
Exp 2 196 196 0
Exp 3 255 250 5

Note. Total d’ less than or equal to 0 indicates recognition memory at or below chance
when considering all trials (i.e., across all time points and stimulus races).
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Appendix B

Experiment 1 Descriptive Statistics for d’, Hits, and False Alarms
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Appendix C

Experiment 2 Descriptive Statistics for d’, Hits, and False Alarms
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Appendix D

Experiment 3 Descriptive Statistics for d’, Hits, and False Alarms
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