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Abstract

Differential processing of familiar and unfamiliar faces is now well-established but surprisingly little is
known about how familiarity develops over time. The aim of this thesis was to track the neural
processes which accompany short- and long-term face and person learning, under more naturalistic
conditions than those of previous, laboratory-based research. Using event-related brain potentials, the
experiments examined how real-life learning affects the visual face representations (N250 familiarity
effect) and the integration of person-related knowledge (Sustained Familiarity Effect, SFE). Chapter 2
revealed an increase in the N250 and the SFE from two to 14 months of familiarity but not afterwards,
indicating that the first year of familiarity is critical for the development of the neural representations of
visual familiarity and identity-specific knowledge. Chapter 3 tracked the development of these two
effects during the first eight months of knowing a person and found a clear N250 and SFE at one month
of knowing someone. While the N250 was fully established by five months of familiarity, indicating that
the visual representations were fully developed substantially earlier than 14 months, no significant
increase in the SFE was observed during the examined eight-month period, suggesting that the
integration of identity-specific information needs longer to get fully established. Chapter 4 investigated
face learning following a single brief real-life encounter and observed a significant N250 effect after a
10-minute interaction with an unfamiliar person, suggesting that 10 minutes are sufficient to establish
initial visual representations. In sum, the present research suggests that image-independent visual face
representations are initially established very quickly and get fully developed within the first five months
of knowing a person. The integration of person-related knowledge, on the other hand, first emerges
after one month of familiarity and gradually develops to the level of highly familiar identities by 14
months. These findings substantially improve our understanding of how we get to know people in

everyday life by providing vital information about the time course of this process.



Table of Contents

L o) T (T ] T Vi
Ty o 0 1= ] = vii
(D T=T o =T 1 o o viii
Publication NOte........ccveeeiuuiiiiiiiiiiiitrs e ix
Statement of COPYIightS ... cieuiiiiiiiiiiiirtccrcrrcrree et renereneesasessnsesennesennens X
AcknowIedgemEeNnts .......ccceuiiieeiiiiiccireccrreee e rree e rren e ren e rens s s sensserennsseens xi
g O =T T=T & I 33 o o 13Tt i T o T 1
1.1. Familiar and unfamiliar face recognition ..........cccveevie i, 2
O R o ol 1= [ o 11 o V- PP UUUP PSR 3
1.2.1. Telling faces together and telling faces apart.......ccccccveciieeiiiciiee e, 3
1.2.2. Theoretical accounts of face [€arnNiNg........ccceeveeiie i, 4
1.2.3.  Within-person variability ........cccuueeiiiiiie e 6

00C TRN |V, oTo [<] Eo ] = Lol i o] fo Yol XYY [ o V=SSR 7
1.4. EEG and the neural correlates of face recognition .........cccceveeiee e, 11
1.4.1. The N170 — detection of a face-like stimulus ...........ccccooiiiiiiiniii 11
1.4.2. N250 familiarity @ffECt ...eeeeiiiiieeeeeee e e e 13
1.4.2.1. The N250 — accessing visual representations of familiar faces..........cc........... 13
1.4.2.2. N250 for experimentally learnt faces......ccccceeiieiecciiiiiee e, 14

1.4.3.  Sustained Familiarity Effect (SFE) ....euiiiiiiiiiiiiieeiee et 18

1.5, REAIFIFE IEAIMING oo ettt ee e e e e e e et r e e e e e e s saarrereeeeens 21
1.6, PreSent TNeSIS oot 23

2. The time it takes to truly know someone: Neurophysiological correlates of

face and identity learning during the first two years. ....ccccceveeerreencerrencrrennenee. 26
% N 1o | Yo [V ot f (o] o VPR 27
2 N Y/ 1 Vo Yo [P 30

B A N - Y o [T o Y- 1 | 3R 30



22,20 SEMUIT et s nee e 31
D e T o o Tol=T o [V o T PO TP PPTRUPPTOPPPTRPRPON 32
2.2.4.  EEG Recording and ANlYSiS.......cceeiuuiiiiiiiiieeiiiiiieeesiieee e seiiee e s sreee e s srae e s saaeee e 33
230 RESUILS e s 35
A 1 1Yol U1 [ PP 44

3. Developing familiarity during the first eight months of knowing a person: A

longitudinal EEG study on face and identity learning .......ccccceveerveicienicrenccennnnee. 49
S 7% R [0 o Yo [T o1 { [ o OO TP P PP PTRTPRTOP 50
3.2 IMIBENOM. ..ttt et sab e e ear e e neeas 55

3.2. 1. PartiCipants oo 55
32,20 SHMUIT e e saee e 55
K 10 TR o o Tol=Y o LU o F OO OO P PP PPRRTPPTRPPPROPRRON 56
3.2.4. EEG recording and analysiS .....eiieiccuiiiieiee ettt e e eeserre e e e e e e e e e e 58
3.3 RESUIES et 60
3.3.1.  Event-related POteNtials .......eeeiiiiieicciiiiieie e 60
I B B S - 4 [V = =1 GRS PPRPPN 63
3.3.3.  EXPlOratory @nalySES ...uuueiiiiieiee ettt e e e e e e e e e e e e eeans 64
S J N 11T o U1 [ 68

4. How quickly do we learn new faces in everyday life? Neurophysiological

evidence for face identity learning after a brief real-life encounter................... 75
S S [ 14 o To [0 [ o PSSP PR OURTRPOPRPRN 76
4.2. Experiment 1: 30-minute [€arning Phase......ueiiciiecciiireeeieee et e e 81

O O Y/ = o o Vo o [PPSR TUUPRPPRPR 81
B.2.2.  RESUIES .ot 85
4.3. Experiment 2: 10-minute [arning Phase........u.iiciiecciiieeeeieeeeeeceiireeeee e e e e 87
A.3. 1. MELNOM ..o e e e s e e e s araeeeea 87
B.3.2. RESUIES .ot 88
4.4. Experiment 3: five-minute 1earning Phas..........couvccireeeeiiei e eeeans 89

ot N |V =Y o Vo Yo TR 89



.42, RESUIES ..ot e e 90
4.5. Experiment 4: control @Xperiment......cccueeiiiciiiei e 91
A.5.1. MEENOM ettt st ettt aee e 91
A.5.2.  RESUIES ..ottt 92
T (o] T T - | o T VA Y o =1 Y 13U PRRR 92
L A O 11~ o] ¥ 137 o o PP OPPTPPPPTTTRR 95
TR C =T o T=T = 10 1T ol U [ o 102
5.1.  Summary of experimental WOrkK........ccueeiiiuiieiiiiiiiee e e 102
5.2. How do the present studies relate to and extend previous work? ..........ccccecvvevennnnne. 105
5.2.1. What have we learnt about face and person learning? .........ccccceeeeeviveeeeiinienenns 105

5.2.2. What have we learnt about the ERP correlates associated with familiar face

[ =Tolo} ={ a1 A To] o I PSSP PP UPPRPR 111

5.3.  Methodological and practical implications.........cccceeveciieeiiiiiie e 113
5.4. Limitations and directions for future research ...........cccoceeiiiiiiiieinicin e 115
5.5, CONCIUSIONS. ..ttt s e et e s neeeneens 117
(ST oY o T=1 4 Lo [T L3 118
6.1. Chapter 2. Supplementary Material.......cccccoo oo 118
6.2. Chapter 3. Supplementary Material.......ccccccoeoiiiiiiieiee e 124
6.3. Chapter 4. Supplementary Material.......cccccoo oo 126

7. RO OIONCES cuurueieirieireieeretretsiressesasressesessesssssssessssssssssssssssssssssssssssssnssassssnns 129



Vi

List of Figures

Chapter 1. General Introduction
Figure 1.1. Example of ambient images of two identities. ........cccecuveiiiciiie e 7
Figure 1.2. A functional model for face recognition (Bruce & Young, 1986).........ccccceevcuerrverrenreescrneene 8

Figure 1.3. A model of the distributed human neural system for face perception (Gobbini & Haxby,

2007; Haxby €t al., 2000). ....cccccuieeeeiiieeeeiireeeecite e e estteeeesreeeestteeeesaaeeeesstaeeeanssaeeeanssaeeeanssaeesennseeseennrens 9
Figure 1.4. A model of person identity-specific changes in the brain as a person becomes familiar

(KOVAECS, 2020)....uueeeciieeitiee et eeie e ettt e e etee e tteeste e e s tteeste e e saeesabeeesseessaesasaeeasseeansaeansseesnsaeesseeanseeasseesnseenn 11
Figure 1.5. lllustration of ERP face recognition components.. ......ccccceeevciieeiriiieeeniiiee e 12

Chapter 2. The time it takes to truly know someone: Neurophysiological correlates of face and identity
learning during the first two years

Figure 2.1. Exemplary stimuli and proCeAUIE. .......c.vuiii ittt e e 32
FIGUIE 2.2, ERP FESUIES.. eutiiiiiiiiee ettt ettt e sttt e e et e e e st e e e e s bt e e e e s asbaeeesssbaeeeenbeeeeansseeesennsenas 36
Figure 2.3. Mass UNIVariate @nalySES ........ueiiuciiiiieiiiie ettt e e e vee e e e eabe e e e e nbae e e ennaee e ennneeas 42

Chapter 3. Developing familiarity during the first eight months of knowing a person: A longitudinal
EEG study on face and identity learning

Figure 3.1. Exemplary stimuli and proCeAUIe. .......cuuiiiiiiiiie ettt e e 56
FIGUIE 3.2, ERP FESUIES. ..euriiiieiiiie ettt ettt e et e e et e e et e e e e st e e e e e aabaeeeenssaeeeensbaeeeenbeeeeannseeeeennsenas 61
Figure 3.3. Mass univariate and effect analyses........ccocueiieecciiie e e e 68

Chapter 4. How quickly do we learn new faces in everyday life? Neurophysiological evidence for face
identity learning after a brief real-life encounter

Figure 4.1. Exemplary stimuli and proCeAUIE...........ueiieiiiie ettt e e e e e e abee e e e 83
FIGUIE 4.2, ERP FESUIES. ..uuviiiieiiiie ettt ettt ettt ee e e e et e e e et e e e e s abe e e e eaabeeeeeassaeeeansbaeeeentaeeeennseneeennsenas 87
Figure 4.3. Mass univariate analyses for the within-group comparisons for each experiment............ 94

Chapter 5. General Discussion

Figure 5.1. Proposed model of the time course of face and identity learning in everyday life. ......... 111
Chapter 6. Appendices

Figure 6.1. EXPloratory ERP FESUILS........uuiiiiiei ettt ettt e e e e e e e eranee e e e e e e e e ennraeeeeaeeeenas 122



Vi

List of Tables

Chapter 2. The time it takes to truly know someone: Neurophysiological correlates of face and identity
learning during the first two years

Table 2.1. Results of independent and paired-samples t-tests.. ...ccccvvvviieiiiriiee e, 38
Table 2.2. Mean/Median ratings for the identities used in the experiment..........cccccceeveevieevieesiieeinenns 43

Table 2.3. Spearman’s rank order correlations between the familiarity effects (unfamiliar — university,
unfamiliar — home) for the ERPs and the ratings. ......cccoueevciiiiiiieciee et 43

Chapter 3. Developing familiarity during the first eight months of knowing a person: A longitudinal
EEG study on face and identity learning

Table 3.1. Mean/Median ratings for the two identities. .........cceeeeiiiiieeciiece e 64

Chapter 4. How quickly do we learn new faces in everyday life? Neurophysiological evidence for face
identity learning after a brief real-life encounter.

Table 4.1. Mean ratings for visual recognisability for the learnt ID and the unfamiliar ID.. ................. 86
Chapter 6. Appendices

Table 6.1. Results for familiarity, valence, and arousal.. .........ccceeeieiciiiieiiec e 122

Table 6.2. Results for visual interaction and social CONtACT.........ccceeveeriiriiriiiiecc e 123

Table 6.3. Results for familiarity, valence, and arousal.........ccccceeviiiiiiiiei e, 125

Table 6.4. Results for frequency of iNteraction. .........cocciiei e e 125



viii

Declaration

The author confirms that none of the material presented in this thesis has been submitted

elsewhere for any other qualification and is the author’s own work unless referenced

otherwise.



Publication note

The empirical work presented in this thesis has been published or is currently under review in

the following peer-reviewed journals:

Chapter 2: Popova, T., & Wiese, H. (2022). The time it takes to truly know someone:
Neurophysiological correlates of face and identity learning during the first two years.
Biological Psychology, 170, 108312. doi: 10.1016/j.biopsycho.2022.108312

Chapter 3: Popova, T., & Wiese, H. (under review). Developing familiarity during the first eight
months of knowing a person: A longitudinal EEG study on face and identity learning. Cortex

Chapter 4: Popova, T., & Wiese, H. (2023). How quickly do we learn new faces in everyday life?
Neurophysiological evidence for face identity learning after a brief real-life encounter.

Cortex, 159, 205-216. doi: 10.1016/j.cortex.2022.12.005

The work from Chapter 2 was presented as an oral presentation at the BPS Cognitive Section
Conference 2021.

The work from Chapter 3 was presented as a poster at the Experimental Psychological Society
Conference January 2023.

The work from Chapter 4 was presented as an oral presentation at the BPS Cognitive Section
Conference 2022 and in poster form at the Vision Sciences Society Meeting 2021 and the

Experimental Psychological Society Conference July 2020.



Statement of Copyright

The copyright of this thesis rests with the author. No quotation from it should be published
without the author's prior written consent and information derived from it should be

acknowledged.



Xi

Acknowledgements

First and foremost, | would like to thank my supervisor Dr Holger Wiese for introducing
me to this fascinating research topic during my MSc and for believing in me and encouraging
me to complete this PhD. | am very grateful for the guidance and feedback and for all support
along the way, especially during the disruptions caused by the Covid-19 pandemic.

| would like to thank Dr Anna Grubert for being a friendly face around the department
and providing reassurance when | needed it. | would also like to express my gratitude to all the
research assistants who worked in the EEG lab over the past three years and helped with data
collection and the face learning studies. | was also very lucky to be surrounded by some great
PhD students in the Department of Psychology and | would like to especially thank Siobhan, Isla,
Merve, and Ella for their support during the good and bad times and for all much-needed tea
and snack breaks.

I would like to thank my parents for their continuous support and for being an
inspiration to me, none of this would have been possible without them. | would also like to
thank Luke Chambers for his continuous encouragement and for being the best companion |
could have wished for during this journey. And last but not least, | would like to make a special
mention of my cat Timmy who kept me sane and entertained throughout the long hours of

working from home.



1. General Introduction

According to one of the most popular theoretical frameworks in the field of face recognition,
humans are considered to be face experts due to the constant exposure to faces in everyday life (Carey
et al., 1997; Diamond & Carey, 1986; Gauthier & Tarr, 2002; Tanaka, 2001). This theory is supported by
the accuracy and effortlessness with which familiar faces are successfully recognised even in very
challenging conditions (e.g. Burton et al., 1999; Demanet et al., 2007; Hole et al., 2002). However, this
face expertise seems to be restricted to familiar faces (Young & Burton, 2018), as unfamiliar face
recognition is substantially more error-prone even in seemingly ideal conditions (e.g. Bruce et al., 1999;
Burton et al., 2010). As every face that is now familiar was once unfamiliar, previous research has looked
at face learning to gain insights into the changes occurring at the neuro-cognitive level which come with
increasing familiarity. However, currently not much is known about the neural correlates of short- and
long-term face learning, and even less about the later stages that integrate visual with person-related
semantic, episodic, and affective information, all vital for appropriate social interaction with others.

The experiments presented here have studied the transition from unfamiliar to familiar face
processing over short and prolonged time periods, and under more naturalistic conditions relative to
previous, laboratory-based work. The purpose of this literature review is to provide an overview of the
different functional stages of face recognition and the event-related brain potential (ERP) components
related to them, and to justify the need for longer-term and more ecologically valid experimental
methods. In addition to theoretical advancements, the findings of the present thesis could have real-life
applications, as a better understanding of the neuro-cognitive processes of face perception and learning
is important for forensic settings (e.g. eyewitness testimony, situations in which explicit indication of

personal familiarity is not possible etc.).



1.1. Familiar and unfamiliar face recognition

A fundamental difference between familiar and unfamiliar faces is the ease with which familiar
faces are recognised quickly and accurately from highly variable images (Burton et al., 1999), over long
time intervals (Bahrick et al., 1975), and even in the absence of conscious awareness (Morrison et al.,
2000). This does not generalise to unfamiliar faces as participants often struggle to even match
simultaneously presented images of unknown faces that were taken in the same pose, only minutes
apart (Bruce et al., 1999; Burton et al., 2010; see Johnston & Edmonds, 2009 for a review). Such high
error rates for unfamiliar faces have also been observed outside of the laboratory when matching a
photo ID to a live person (Kemp et al., 1997), and even trained police and passport officers perform as
poorly as naive student samples (Burton et al., 1999; White, Kemp, et al., 2014). A seminal paper by
Jenkins and colleagues (2011) which used an image-sorting procedure very clearly demonstrated these
striking differences between familiar and unfamiliar face recognition. They presented participants with
20 highly variable images of each of two Dutch celebrities and asked them to sort the photos into piles
based on perceived identity without knowing how many identities were actually present. Participants
who were not familiar with the celebrities severely overestimated the number of identities, with a
median number of piles of 7.5 (range = 3-16), while Dutch participants who were familiar with the
celebrities performed perfectly.

Observations like these have led researchers to suggest that qualitatively different processes are
underlying familiar and unfamiliar face recognition (Hancock et al., 2000; Ramon & Gobbini, 2018; Young
& Burton, 2017, 2018). Familiar face processing is assumed to rely on structural codes, called face
recognition units (FRUs; Bruce & Young, 1986) that develop gradually and become more abstract, i.e.
independent of a particular image of the person (Young et al., 1985). A key difference between familiar
and unfamiliar faces is the varied exposure to familiar faces, as they have been seen numerous times

and in different conditions, e.g. from varying angles, with different lighting, with different facial



expressions, at different ages, with changes in hairstyles and make-up etc. Repeated exposure to
someone helps establish “stability from variation” by learning which aspects of a face are stable across
encounters while also providing information about ways in which the face varies (Bruce, 1994). This
allows the formation of representations which are abstract from a specific encounter and the
continuous refinement of these representations as a result of exposure enables recognition across a
huge variation of image exemplars.

Such representations, however, are not available for unfamiliar faces. Unfamiliar face
recognition depends mainly on pictorial codes that contain image-specific visual information of the
initial exposure to the face. This makes recognition strongly dependent on the specific situation in which
the face was first seen (Young et al., 1985). As a consequence, photos which closely match the original
encounter can be easily recognised but even small changes in viewpoint, lighting, facial expressions etc.,
can severely affect recognition (Hancock et al., 2000). Face learning reflects this transition from error-
prone image matching to the effortless recognition of the several thousand familiar faces we know
(Jenkins et al., 2018), each of which used to be an unfamiliar face and has successfully undergone a shift

in representations.

1.2. Face learning

1.2.1. Telling faces together and telling faces apart

Face learning reflects the establishment of face representations which allow for successful
recognition of a person across substantial image variation. There are two markers of successful face
recognition — (i) accurately reconciling new instances of the familiar face as belonging to the same
identity, while (ii) at the same time not perceiving exemplars of other identities as the familiar identity.

This has highlighted two aspects of face learning - “telling people apart” and “telling people together”



(Jenkins et al., 2011). Originally, research has strongly focused on the first aspect which looks at
between-people variability and the unique features of the facial identity promoting differentiation
between identities. However, more recent studies have also started to focus on the second aspect of
face learning and try to understand the consequences of these within-person differences instead of
eliminating/minimising them by using standardised images or representing an identity with a single
image. Interestingly, participants are more likely to judge photos depicting the same person as
belonging to different identities than to group images of different people together (Andrews et al.,
2015; Jenkins et al., 2011). Therefore, the main problem of face recognition is not differentiating
between people (“telling people apart”) but accurately identifying highly variable photos as belonging to
the same person (“telling people together”). Photos of the same person can look very different and
sometimes this difference exceeds the variability in images of two different people (Adini et al., 1997).
Importantly, faces have idiosyncratic variability, as the way facial appearance varies across instances is
individual for each face (Burton et al., 2011, 2016), and learning about someone’s variability fails to

translate into improved recognition performance with another person (Dowsett et al., 2016).

1.2.2. Theoretical accounts of face learning

Researchers have proposed two different but not mutually exclusive accounts of the nature of
face representations formed as a result of face learning. According to the averages account, face
learning involves averaging together different instances of a given identity which cancels out any
random variation specific to any particular exemplar and preserves only information which is stable
across images (Burton et al., 2005). According to this view, a robust average representation will be
formed in which any transient differences, which is seen as “noise”, would be filtered out (e.g. variations
due to lighting, viewing angles, facial expressions, facial expressions, hairstyle) while information

diagnostic to the facial identity which appears in all encounters will be present. Previous research has



suggested that when presented with a set of images, individuals extract the mean of the set and form an
average representation of that person (Kramer et al., 2015). Further support for this theory comes from
the improved accuracy of computational models when recognising an average relative to an individual
image (Jenkins & Burton, 2008; Robertson et al., 2015), even when the averages are generated from
poor-quality images (Ritchie, White, et al., 2018). Moreover, improved matching performance is
observed when a photo is matched to an average rather than an individual photo and this is the case
both for familiar and unfamiliar faces (White, Burton, et al., 2014). These authors, however, reported
even better performance when a photo was matched to an array of five individual images relative to an
average (White, Burton, et al., 2014). In addition, no advantage for averages is observed when
participants are matching images to a live target (Ritchie et al., 2020) and an iconic image of a celebrity
is perceived as a better representation of what the person looks like than an average (Ritchie, Kramer, et
al., 2018). Hence, currently, the evidence regarding the averaging account is inconclusive.

An alternative but related model suggests that rather than treating information related to
individual variability as “noise”, such variability contains important identity-related information that is
stored in the representation (Burton et al., 2016). According to the exemplar-based model, different
instances of the face are stored individually in a representation, and face recognition involves comparing
the current visual input to previously stored instances of the face with higher numbers of stored
instances resulting in higher recognition rates (e.g. Longmore et al., 2008, 2017). While the concept of
averages proposes the formation of abstract face representations during face learning, the exemplar-
based model suggests that multiple instances of the face are stored within the representations. The
exemplar-based theory also highlights the importance of exemplar variation during face learning as a
higher number of encounters increases the likelihood that there will be a close match between an

incoming image and an old encounter.



1.2.3. Within-person variability

Faces can look very different in different pictures, and exposure to this within-person variability
is critical for face learning (Kramer et al., 2017; Ritchie & Burton, 2017). Namely, one needs to learn how
an individual’s appearance varies to form a robust representation that generalises to a wide range of
images. This was evident in Jenkins et al.'s (2011) study, as only the participants that were familiar with
the Dutch celebrities were able to perceive the highly variable photos of each identity as belonging
together. Additionally, higher familiarity with a celebrity increases the number of images which are
judged to serve as a good representation of what the famous person looks like (Ritchie, Kramer, et al.,
2018). Previous face learning studies have also demonstrated that exposure to multiple images
facilitates face learning (Andrews et al., 2015, 2017; Dowsett et al., 2016; Kramer et al., 2015; Liu et al.,
2015; Longmore et al., 2008, 2017; Matthews & Mondloch, 2018; Menon et al., 2015; Sweeney &
Lampinen, 2012).

While previous research has demonstrated that the duration of the exposure has an impact on
face learning, as viewing faces for longer leads to an increase in matching accuracy (Memon et al.,
2003), the degree of variability also plays an important role in face learning. Ritchie and Burton (2017)
demonstrated improved identification following exposure to a highly variable set of images (images with
variability related to different facial expressions, angles, lighting, ageing, hairstyle etc.) than to images
with low variability (still images taken from a single video with variability limited to different angles and
expressions) while the duration of exposure was kept constant between the two conditions. Similarly,
Murphy and colleagues (2015) observed better recognition of novel images following exposure to 96
naturally varying images relative to the repetition of the same six images, while duration exposure was
identical. Furthermore, one-minute exposure to high variability (changes as a result of different camera
angles, lighting, expression but also clothes, hairstyle and make-up) leads to more robust and durable

representations relative to one-minute exposure to no (a single image) or limited variability (changes



limited to camera angle, pose, and facial expressions) (Corpuz & Oriet, 2022). Therefore, experience
with variation appears to be a key aspect of face learning.
Within-person variability has been studied using “ambient” images, i.e. everyday photos of

III

“natural” variability that simultaneously differ on multiple dimensions, which include the appearance of
the face itself, for instance, by varying hairstyles, facial expressions, gaze, viewing angle, but also
environmental factors such as background and lighting (Jenkins et al., 2011; see Figure 1.1 for
examples). Such highly variable stimuli allow researchers to investigate whether robust representations

have been established, as successful recognition across a wide range of images is necessary to conclude

that a face has been learnt (Jenkins et al., 2011; Kramer et al., 2017).

Figure 1.1. Example of ambient images of two identities. Published with permission of the depicted

persons.

1.3. Models of face processing

In real life, however, the differences between familiar and unfamiliar people go beyond visual
face representations and getting to know a person involves more than just perceptual familiarisation.
Recognising a person does not end with visual processing of the face but also involves access to relevant
person-related information. In everyday life, we learn faces through social interaction and acquire

semantic information about people, share episodic memories, and develop affective responses.



The process of face and person recognition is often conceptualised as a sequence of several
functionally distinct stages. The arguably most influential model is Bruce & Young's (1986) model of face
recognition (see Figure 1.2). In the first step called structural encoding facial descriptions are generated.
This is followed by the differentiation between familiar and unfamiliar faces conducted by the face
recognition units. Here, the encoded representations of perceived stimuli are compared to stored face
representations. If there is a close match between the visual input and a stored face representation, the
face is classified as familiar and relevant semantic and episodic information is retrieved through
accessing so-called person identity nodes. Finally, if available, the name of the identity is retrieved.
While this model has been revised and modified over the years (Burton et al., 1990; Haxby et al., 2000;
Kovacs, 2020; Schweinberger & Burton, 2003; Schweinberger & Neumann, 2016), subsequent models
have followed the general structure of Bruce & Young's (1986) famous model which has shaped face
recognition research over the past few decades.

o QO
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— _I Vlew-centre? ’
ANALYSIS / descriptions
STRUCTURAL
)ﬁ' } ENCODING

FACIAL Expression-
SPEECH independent
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: )é( 1
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VISUAL RECOGNITION
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I~ | NODES
COGNITIVE
SYSTEM
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Figure 1.2. A functional model for face recognition (Bruce & Young, 1986).



Neuroscientific research using functional Magnetic Resonance Imaging (fMRI) has suggested
that a widely distributed network of brain areas is involved in face processing. Haxby and colleagues
(2000) distinguished between (i) a core system consisting of the posterior superior temporal sulcus and
inferior occipital and fusiform gyri which processes visual appearances and is assumed to be selective for
faces, and (ii) an extended system which allows the access to additional information about the identity.
The extended system, which is not face-specific, incorporates areas involved in emotional processing
(amygdala, insula, striatum) and the encoding of person-related knowledge such as personality traits
(anterior paracingulate), intentions and mental states (posterior superior temporal
sulcus/temporoparietal junction), and semantic (anterior temporal cortex) and episodic information
(precuneus/posterior cingulate) (Gobbini & Haxby, 2007; see Figure 1.3). While this model distinguishes
between these two systems, it also highlights interactions between them, as information is passed back

from the extended to the core system via feedback loops.

Extended System
Top-down modulatory, feedback FRR— |
Anterior paracingulate
Personal traits, attitudes, mental states
Posterior STS/TRJ
Core System Intentions, mental states
Visual appearance Anterior temporal cortex
_______________________________________ Lo Biographical knowledge
Posterior STS Precuneus/Posterior cingulate
Characteristic dynamic features Episodic memories
that facilitate recognition Bl
Inferior occipital & fusiform gyri ' ‘
Invariant features for identification Emotion
Amygdala
Insula

Figure 1.3. A model of the distributed human neural system for face perception (Gobbini & Haxby, 2007;
Haxby et al., 2000).



Recently, Kovacs (2020) proposed a modified version of this model which focuses on how a
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person becomes familiar in everyday life (see Figure 1.4). According to this model, the first step is visual

familiarisation followed by the accumulation of person-related knowledge, and eventually, highly

accurate and effortless recognition in the case of highly familiar faces. As someone becomes more

familiar, the available information regarding the person gradually becomes more elaborate, leading to

increased activation across the face-identification network. Different types of familiarity, i.e. purely

perceptual familiarity, famous faces, and personally familiar identities, all activate the same neural

network but at a different level. Only highly familiar faces, such as well-known celebrities and personally

familiar people, activate identity-specific representations within long-term memory areas

(precuneus/posterior cingulate and the medial temporal lobe), and only personally familiar faces elicit

an identity-specific response in the areas related to emotions (amygdala). Importantly, this model

highlights that traditional laboratory-based familiarisation procedures fail to elicit the network-wide

response which people who are known for much longer evoke.
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Figure 1.4. A model of person identity-specific changes in the brain as a person becomes familiar

(Kovacs, 2020).

1.4. EEG and the neural correlates of face recognition

Due to its excellent spatial resolution, fMRI has improved our understanding of the brain areas
involved in face recognition and the connectivity between brain regions, but its low temporal resolution
prevents us from gaining precise information regarding the sequence of the various face recognition
stages (Ambrus et al., 2019; Campbell et al., 2020; Olivares et al., 2015; Yan & Rossion, 2020). Since it
takes less than a quarter of a second to identify a visual input as a face and to recognise a face as
familiar (e.g. Gosling & Eimer, 2011), event-related brain potentials (ERPs) are ideally suited to study
face recognition and provide insights into its different functional stages. ERPs are derived from scalp-
recorded electroencephalography (EEG) and reflect post-synaptic potentials that are time-locked to a
particular event (Woodman, 2010), in face perception research usually the presentation of a face image.
As ERPs are small, a large number of simultaneously active neurons with the same orientation needs to
be summed together (Jackson & Bolger, 2014). The resulting ERPs comprise of positive and negative
voltage deflections, called components, which represent particular stages of stimulus processing. The
EEG’s temporal resolution in the millisecond range enables researchers to investigate the sequence of
sub-processes involved in face recognition (Luck, 2014), and determine for instance at what stage the
differences between familiar and unfamiliar faces emerge. ERPs studies have refined face perception

models and provided vital information regarding its timing (Schweinberger & Neumann, 2016).

1.4.1. The N170 - detection of a face-like stimulus

EEG research has identified several ERP components sensitive to faces (see Schweinberger &

Neumann, 2016; see Figure 1.5). The earliest face-selective component, the N170, peaks approximately
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160-190 ms after the presentation of a face, as faces elicit more negative waves in this time range over

occipito-temporal brain regions than other objects (Bentin et al., 1996). The N170 has been assumed to

reflect structural encoding (Eimer, 2000b, 2011), or the detection of a face-like pattern (Schweinberger

& Burton, 2003; Schweinberger & Neumann, 2016). In line with both interpretations, some studies have
not observed differences between familiar and unfamiliar faces in this component (Alzueta et al., 2019;
Bentin & Deouell, 2000; Eimer, 2000a; Schweinberger et al., 2002; Tanaka et al., 2006; Wiese,
Tuttenberg, et al., 2019). However, there are some discrepancies regarding N170’s sensitivity to
familiarity. Some studies have reported a larger N170 for familiar relative to unfamiliar faces (Barragan-
Jason et al., 2015; Caharel et al., 2002, 2005, 2014; Wild-Wall et al., 2008), while other studies have
detected differences in the opposite direction (Huang et al., 2017; Marzi & Viggiano, 2007). Due to these
inconsistencies and the small effects observed when the component is modulated by familiarity, there is

overall more support for the conclusion that reliable neural differences between familiar and unfamiliar

faces emerge later (but see Caharel & Rossion (2021) for a different conclusion).
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Figure 1.5. lllustration of ERP face recognition components. N170, N250, and SFE in response to highly
variable images of a friend known for just over a year and of an unfamiliar face, plotted at the occipito-

temporal channels TP9 and TP10. Dotted lines separate the time ranges selected for the calculation of

mean amplitudes for the N250 and SFE components. Data from Chapter 2.
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1.4.2. N250 familiarity effect

1.4.2.1. The N250 - accessing visual representations of familiar faces

More consistent familiarity effects are observed in the N250 familiarity effect, a negative
deflection at occipito-temporal electrodes which peaks at around 250 ms and begins about 200 ms after
stimulus onset. Relative to unfamiliar faces, more negative amplitudes have been reported in response
to celebrities (Andrews et al., 2017; Bentin & Deouell, 2000; Gosling & Eimer, 2011; Saavedra et al.,
2010; Wiese, Hobden, et al., 2022), personally highly familiar faces (Wiese, Ingram, et al., 2019; Wiese,
Tuttenberg, et al., 2019), and the participant’s own face (Tanaka et al., 2006). This so-called N250
familiarity effect has been interpreted to represent access to stored representations of the visual
characteristics of familiar faces (Schweinberger & Burton, 2003; Schweinberger & Neumann, 2016) and
has shown sensitivity to explicit person identification, as ERPs successfully separated ‘definitely known’
from ‘merely familiar’ faces (Gosling & Eimer, 2011). Increased negativity has also been reported for
familiar faces preceded by an image of the same (primed) relative to a different (unprimed) face, an
effect known as the N250r (“r” for repetition; Begleiter et al., 1995; Herzmann et al., 2004;
Schweinberger et al., 1995, 2004), presumably reflecting facilitated access to face representations as a
result of pre-activation by the prime stimulus. Despite showing some degree of image specificity, the
N250r component has also been reported in response to a repetition of different images of the same
person, suggesting that the effect is not fully image-dependent but at least partly related to facial
identity (Schweinberger et al., 2002).

The N250 and N250r effects also do not depend heavily on the availability of attentional
resources as their magnitude is similar in low and highly distracting conditions, suggesting that visual
face recognition can successfully occur in very attention-demanding conditions (Neumann et al., 2011;

Neumann & Schweinberger, 2008; Wiese, Ingram, et al., 2019). Moreover, it appears to be independent
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of voluntary control, as the N250 was elicited when participants overtly denied they knew a familiar
person (Wiese, Anderson, et al., 2022), and in the absence of conscious awareness, as familiarity effects
have been reported in patients with developmental prosopagnosia without overt recognition of the
familiar faces (Eimer et al., 2012). Additionally, the level of familiarity appears to have a graded effect on
the magnitude of the familiarity effect, as the largest N250 effects have been reported for the
participants’ own face, followed by close friends, and then favourite celebrities (Alzueta et al., 2019;
Wiese, Hobden, et al., 2022). The modulation of the effect by degree of familiarity makes the N250 a

good candidate to explore the development of familiarity during learning.

1.4.2.2. N250 for experimentally learnt faces

Of particular relevance, the N250 familiarity effect is also sensitive to face learning. Tanaka and
colleagues (2006) reported an N250 familiarity effect for pre-experimentally unfamiliar faces after a
single learning session, and the magnitude of the effect was similar to the N250 elicited by own-face
images. However, as identical pictures were used at the learning and testing stages, it cannot be
concluded that robust representations have been established, as evidence of recognition across
different exemplars is needed to determine that a transition to generalisable face representations has
occurred (Jenkins et al., 2011). By contrast, clear face learning was demonstrated by Kaufmann et al.
(2009), as watching videos of initially unfamiliar faces was sufficient to later elicit the N250 familiarity
effect in response to similar but previously unseen images of the learnt faces. Furthermore, there was
an increase in the magnitude of the N250 effect over blocks, suggesting that further learning improved
the stored face representations. Hence, the face representations formed during learning were robust
enough to allow for the recognition of previously unseen images of a person, and continuous exposure

led to further refinement of these representations.
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The transition from unfamiliar to familiar face processing was also examined by Zimmermann
and Eimer (2013) by using the N250r and focusing on pictorial versus structural codes. They presented
participants with two consecutive images of pre-experimentally unfamiliar faces per trial, and these
images showed either the same or a different person in either the same or a different view. The images
depicted faces either in full frontal view or half profile view at an angle of approximately 35°. During the
first half of the experiment, an N250r was elicited only on same-identity same-view trials (i.e. for image
repetition). However, during the second half, the effect extended to view-change trials of the same
identity. Therefore, over the course of the experiment, face learning was reflected by this transition
from view-dependent (pictorial codes) to view-independent (structural codes) repetition effects, as the
representations were robust enough to generalise to other viewpoints. Overall, these studies
demonstrate that the N250 time range is sensitive to face learning, as more negative amplitudes have
been found in response to pre-experimentally unfamiliar faces after just one brief learning session.

In real life, however, face learning and familiar face recognition occur under different
circumstances. In everyday life, faces are learnt through exposure to the individual’s unique within-
person variability, and this exposure is key for acquiring stable representations which allow people to
accurately and effortlessly recognise numerous faces in highly variable conditions (Jenkins & Burton,
2011; Ritchie & Burton, 2017). These representations are gradually built up and refined through
repeated exposure over several occasions. However, face learning experiments usually consist of a
single learning session which involves limited exposure to natural variability by either using only a single
image during face learning (e.g. Tanaka et al., 2006) or very similar images with variation restricted to
viewing angle and/or facial expressions (e.g. Kaufmann et al., 2009; Zimmermann & Eimer, 2013). This
makes the process qualitatively different from the phenomenon we are trying to study (Kramer et al.,
2017) and is seen as one of the main reasons behind the slow progress of the field (Burton, 2013).

Another key discrepancy between the process of interest and how it is studied in the laboratory is
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related to the recognition stage. In real life, faces are arguably not only never encountered in precisely
the same way twice, as they always look different due to environmental factors (e.g. lighting,
background) or individual changes (e.g. facial expressions, gaze, health, make-up), but familiar faces are
successfully recognised over substantial variation (Burton et al., 2011). Laboratory studies, however,
often repeat similar or identical image(s) which fails to mimic real-life face recognition. Furthermore, a
face has to be recognised across a wide range of images in order to conclude that stable representations
have been formed (Jenkins et al., 2011). Therefore, using test stimuli that are identical/similar to the
‘learning phase’ images does not enable researchers to conclude that a face has reliably been learnt.

Andrews and colleagues (2017) implemented a more ecologically valid method than previous
ERP face learning studies to investigate whether the N250 effect would be elicited when participants
learnt and were then tested with highly variable “ambient” images. The participants were instructed to
sort 20 “ambient” images of two unfamiliar faces into two separate piles, one for each identity. This
“guided” sorting task resulted in incidental learning (see also Andrews et al., 2015), as an N250 effect
with more negative amplitudes for recently learnt relative to novel identities was observed in a
subsequent ERP session. Importantly, N250 amplitudes were identical for novel images of the learnt
identities relative to those that were used during learning. Therefore, the representations formed during
this learning procedure were robust enough to incorporate novel, never-before-seen “ambient” images
of the identities. However, despite using a more ecologically valid method than previous studies,
Andrews et al.'s (2017) study does not tell us much about everyday face learning.

The experimental procedures used by Andrews and colleagues (2017) differ from real-life face
learning in key aspects. While participants were simultaneously presented with 20 images of each of the
identities, in everyday life one is exposed to a single instance of the person at any given time.
Furthermore, during a given social encounter, even though the face undergoes a range of changes in

viewing angle, distance, facial expressions etc., people perceive the face as consistently showing the
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same person (Bruce, 1994), arguably because of the gradual nature of change and object constancy - our
more general experience that a visual object at a given location does not change identity from one
moment to the next. This should make forming a stable representation of the identity easier than tasks
in which participants have to identify which instances belong to the particular person before they are
integrated into a new representation. However, as Andrews et al. (2017) presented participants with
images that were taken on many different occasions, this study more closely resembles long-term face
learning where we are exposed to day-to-day variability (e.g. in make-up or health) in addition to the
changes that can be observed during a single encounter (e.g. in viewing angle or emotional expression).
Therefore, it is still unclear whether a single interaction with a previously unfamiliar person can produce
reliable learning effects.

In research, familiarity is commonly approached as a binary category, comparing
famous/experimentally learnt to unfamiliar faces (Kramer et al., 2018). In real life, however, familiarity is
a continuum ranging from superficial visual familiarity (e.g. the person we see sometimes on the bus) to
long-term friendships or other close relationships. The different levels of familiarity have an impact on
performance in behavioural tasks and can be modelled computationally (Clutterbuck & Johnston, 2002;
Kramer et al., 2018). However, it is largely unclear as yet whether and how these more fine-grained
differences are reflected in the ERP familiarity effects. Some studies have demonstrated that the N250
effect is modulated by degree of familiarity. In addition to successfully establishing image-independent
representations of the newly learnt identities, Andrews et al. (2017) still reported a larger N250
familiarity effect for celebrities suggesting the representations for the experimentally learnt identities
were weaker compared to highly overlearnt faces. Similarly, researchers have reported a graded effect
of familiarity on both N250 and N250r (Alzueta et al., 2019; Herzmann et al., 2004; Wiese, Hobden, et
al., 2022). While these findings overall suggest that more familiar faces elicit stronger ERP effects, we do

not yet know over what time window the underlying representations develop following their initial



18

establishment, and at what point subsequent exposure no longer leads to additional refinement of the

representations.

1.4.3. Sustained Familiarity Effect (SFE)

Models of face processing have highlighted a stage following visual recognition, in which
relevant semantic, episodic, and affective information about the person is retrieved and integrated
(Bruce & Young, 1986; Ellis & Lewis, 2001; Gobbini & Haxby, 2007; Schweinberger & Burton, 2003).
While the N250 familiarity effect has been replicated in many studies, face recognition research has
been less consistent about later stages related to identity processing. An ERP effect which has been
linked to the semantic processing of people is the N400 which was originally reported in the field of
word processing when semantically inconsistent words elicit a negative effect over the central-parietal
areas around 400 ms (Kutas & Hillyard, 1980). Subsequent research on face processing has reported a
similar effect between 300 and 600 ms after stimulus onset when semantic (e.g. prime and target
sharing the same occupation) and associative (e.g. prime and target celebrities co-occurring together)
priming reduces the effect (for a review see Wiese, 2011). Furthermore, the effect’s topography is
similar for face images and written names of celebrities supporting the interpretation that the N400
effect is linked to post-perceptual stages of identity processing rather than visual recognition
(Schweinberger, 1996).

Recently, Wiese, Tiittenberg, et al. (2019) reported a robust and reliable index of familiarity
following the N250 time range (see Figure 1.5), presumably reflecting the stage of person rather than
face recognition. This so-called Sustained Familiarity Effect (SFE) peaked between 400 and 600 ms after
stimulus onset and was modulated by degree of familiarity, as the SFE was strongest for personally
highly familiar identities (~4 uV), smaller but clearly present for personally less familiar people

(university lecturers), and absent for celebrities chosen by the experimenters. Subsequent research,
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however, demonstrated that this effect was not restricted to personally familiar faces, as celebrities
could also elicit the effect as long as the viewers were sufficiently familiar with them (Wiese, Hobden, et
al., 2022). The SFE is larger than previous candidates for a robust index of familiarity and can be reliably
observed in most individual participants (~84% of the participants). Its scalp distribution is highly similar
to the N250 familiarity effect, suggesting a generator in the ventral visual pathway. Extending the
findings from the initial study, more recent work found again that familiarity has a graded effect on the
SFE, as the effect was observed to be largest for the participants’ own face, followed by personally
highly familiar identities, favourite celebrities, and disliked celebrities (Wiese, Hobden, et al., 2022).
These observations led to the suggestion that the SFE might reflect the integration of visual information
with additional person-related knowledge (affective, semantic, episodic information), which is vital for
appropriate social interactions, presumably reflecting feedback loops from semantic and affective to
perceptual brain regions, highlighted in models of face recognition (Gobbini & Haxby, 2007;
Schweinberger & Burton, 2003; see Figure 1.3).

Despite the similarities in scalp distributions, the N250 and the SFE appear to reflect functionally
at least partly distinct processes rather than one long-lasting familiarity effect. This assumption is based
on observations that the two effects respond differently to experimental manipulations. For instance,
while the SFE is modulated by attentional load (Wiese, Ingram, et al., 2019) and image repetition
(Wiese, Tuttenberg, et al., 2019), these manipulations do not affect the N250 familiarity effect. A recent
study using a cross-experiment multivariate classification of EEG data also reported that the familiarity
responses in these two time ranges were modulated differentially by task demands (Dalski, Kovacs,
Wiese, et al., 2022). This is in line with the observation that difference curves of familiar versus
unfamiliar faces typically show two peaks, as the familiarity effect ramps up sharply at around 200 ms,
with an initial peak between 200 and 300 ms, followed by a dip around 400 ms, and then additionally

increases and peaks again between 400 and 600 ms (Wiese, Anderson, et al., 2022; Wiese, Hobden, et
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al., 2022; Wiese, Tlttenberg, et al., 2019). It, therefore, appears that the two effects are not completely
independent, but the SFE reflects processing in addition to the earlier N250 effect.

Other EEG studies have also reported the most prominent and robust differences between
familiar and unfamiliar faces in this later time range. Using multivariate representational similarity
analysis, Ambrus and colleagues (2019) observed identity representations for familiar celebrities from
400 ms onwards. Additionally, Karimi-Rouzbahani et al. (2021) observed a peak for the familiarity effects
elicited in response to the participant’s own face and close personally familiar identities 400 ms after
stimulus exposure. Using a cross-experiment and cross-participant decoding analysis, Dalski, Kovacs, and
Ambrus (2022) reported familiarity effects from 270 to 630 ms with a peak between 330 and 500 ms. Li
and colleagues (2022) demonstrated that the level of familiarity of famous faces can be reliably decoded
between 400 and 600 ms after stimulus presentation. The consistency of these findings across studies
adopting different analytical procedures and using faces differing in level and type of familiarity
demonstrates the robustness of the general finding.

Currently, however, relatively little is known about the SFE and the later stages of face or
identity processing. While the effect is modulated by degree of familiarity (Wiese, Hobden, et al., 2022;
Wiese, Tlittenberg, et al., 2019), it remains to be addressed how familiar the person needs to be for a
reliable effect to be elicited, how the magnitude of the effect changes with increasing familiarity, and
whether it reaches a plateau after a while. Additionally, the relationship between the SFE and N250
familiarity effect remains somewhat unclear. For instance, while Wiese, Tlttenberg, and colleagues
(2019) reported an SFE in response to images of university lecturers, no significant N250 familiarity
effect was observed.

Nevertheless, the development of the SFE cannot be studied using face learning paradigms
which traditionally focus on the visual aspect of learning faces. While some have tried to investigate the

impact of semantic information on post-N250 face recognition stages (e.g. Kaufmann et al., 2009; Paller
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et al., 2000; Wiese & Schweinberger, 2015), a single learning session in laboratory settings cannot mimic
real-life identity learning. In everyday life, we get to know people through social interaction, and
learning to recognise a new person over time is typically accompanied by a gradual increase in semantic,
affective, and episodic information (Kovacs, 2020). Representations of this additional person-related

information may build up on a different timescale relative to visual face representations.

1.5. Real-life learning

More recent work has started to address the limitations of previous research by incorporating
naturalistic face learning to investigate the effect of real-life exposure to a pre-experimentally unfamiliar
person on neuro-cognitive representations. A recent fast periodic visual stimulation EEG study tracked
the neural changes as a result of two months of familiarisation “in the wild”, which involved at least four
hours of exposure per week on two separate occasions (Campbell & Tanaka, 2021). Accordingly, the
identities were learnt through everyday life interaction and exposure to within-person variability, and
were encountered on different days and in different settings. Real-life familiarisation resulted in
increased face identity responses for the newly familiar faces over the occipito-temporal area relative to
the pre-familiarisation session, while a comparable change was neither observed for a face which
remained unfamiliar nor for the participant’s own face.

Moreover, a recent study investigating the impact of different types of familiarisation observed
an enhancement of face familiarity representations from 400 ms after stimulus exposure following three
one-hour sessions of real-life interaction (playing a quiz game with a previously unfamiliar person) over
three consecutive days (Ambrus et al., 2021). Meanwhile, the representations acquired during a two-
week media familiarisation task (watching a TV show) were weaker relative to those formed during real-

life exposure, while no changes were observed following the brief perceptual exposure (image sorting
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task). While these findings might point towards the importance of rich, real-life familiarisation for the
establishment of robust face representations, the differences in exposure time between the conditions
limit the conclusions which can be drawn, and it is therefore unclear what precisely drives the
differences between conditions.

Additionally, a recent fMRI study demonstrated that even shorter naturalistic exposure is
sufficient for face learning to occur (Sliwinska et al., 2022). In this study, real-life learning consisted of
three 10-minute interactions over the course of two weeks. The first two sessions involved a few
minutes of a general conversation followed by a Rock Paper Scissors game with the actor, while in the
final session, the actor and the participant discussed the fMRI procedure. There was no difference in the
neural response to the actor and a foil in the first fMRI scan which was carried out before the first
learning session when both identities were unfamiliar. Importantly, however, the three real-life
interactions resulted in a sustained neural response in the face-processing network in the right
hemisphere (fusiform face area, occipital face area, posterior superior temporal sulcus, amygdala) and
the right hippocampus for the learnt person, while a decrease in the activity of these areas was reported
for the foil identity. Additionally, these fMRI results were accompanied by behavioural differences, with
improved image matching of the newly learnt face following the second interaction.

While these studies demonstrate that ecologically more valid paradigms can successfully be
implemented and used to improve our understanding of how people become familiar in real-life, our
knowledge of how familiarity initially develops and then increases over time is still rather limited.
Sliwinska and colleagues' (2022) study shows that faces are learnt quickly even in more naturalistic
conditions, but it is still unclear what the minimal exposure resulting in learning effects is, and whether a
single real-life interaction can lead to face learning. Additionally, while Campbell and Tanaka (2021)
found newly formed identity representations following two months of regular exposure to a pre-

experimentally unfamiliar person, it is not clear how the representations develop afterwards and at
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what point the identity representations are fully established. More research looking at the long-term
development of familiarity is needed to improve our understanding of how familiar faces, which differ in
the levels of perceptual exposure but also the availability of semantic, episodic, and affective
information, are represented in the brain. These questions are not only of theoretical importance but
could have a potential impact on applied situations, and in particular the forensic field by informing
eyewitness testimony practices and by potentially providing an objective measurement of familiarity

(see Wiese, Anderson, et al., 2022).

1.6. Present thesis

The aim of this thesis is to investigate face and identity learning from short to long time periods
using naturalistic exposure. The three studies outlined below were designed to more closely capture the
transition from unfamiliar to familiar face recognition, focus on the boundary conditions and
developmental trajectories of face and identity learning, as well as examine the relationship between
the two processes. The experiments introduce a novel (quasi-)experimental approach by examining how
participants learn new identities via naturalistic exposure in everyday life situations with exposure
ranging from five minutes (Chapter 4) to just over two years (Chapter 2). The methods used in these
studies enable us to overcome most of the challenges to studying personal familiarity in naturalistic
settings (e.g. Ramon & Gobbini, 2018), as the used identities were learnt through exposure to natural
within-person variability. Moreover, in the two long-term learning experiments, the participants were
exposed to their friends in everyday life and acquired semantic information about, shared episodic
memories with, and developed affective responses towards their friends.

Chapter 2 examines the changes face and identity representations undergo over the course of

two years. Using a cross-sectional design, Year 1, 2, and 3 undergraduate students were tested
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approximately two months after the start of the academic year with images of friends known from
university (translating into two, 14, and 26 months of familiarity) and photos of long-known friends from
their hometowns. We show two novel results: 1) the neural identity representations are relatively weak
after two months of knowing a person, and 2) the neural representations of visual familiarity and
identity-specific knowledge increase following the first two months and are fully developed by 14
months of familiarity. These results add a first estimate of the time it takes to learn about new people to
our current knowledge of face and identity learning and suggest that it takes up to approximately one
year for both face and identity representations to be fully refined.

Chapter 3 investigates what happens during the first year of familiarity with a person which
seems to be critical for the formation of face and identity representations. Using a longitudinal design,
we investigated how ERP familiarity effects develop during the first eight months of knowing someone
by testing first-year undergraduate students with images of a friend met at university approximately
one, five, and eight months after the start of the academic year. Clear ERP familiarity effects were
evident after one month of familiarity. While there was a significant increase in the N250 effect over the
time span of the study, we did not observe an increase in the SFE time range. These results further
refine our findings from Chapter 2 of fully developed N250 at 14 months of familiarity by demonstrating
that visual face representations are indeed fully developed substantially earlier - within about five
months of knowing a person. The integration of identity-specific knowledge, on the other hand, takes
longer to get fully established, presumably between eight and 14 months.

In Chapter 4, we tested how long it takes to build an initial representation of a new face under
naturalistic conditions. In a series of three experiments, participants interacted with a ‘to-be-learnt’
identity which was followed by an EGG session in which the ERPs in response to highly variable
previously unseen images of the newly learnt identity and an unfamiliar face were recorded. Robust

representations were present after a 30-minute and a 10-minute social interaction, and a trend was
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reported following a five-minute exposure. A further control experiment confirmed that the observed
learning effects resulted from the brief social interaction before the testing session rather than from
learning during the EEG session. These results suggest that in everyday life situations, we learn faces
easily and quickly, as the initial representations seem to build up within the first five to 10 minutes of a
real-life encounter. The findings support the abstract rather than instance-based account of face
learning as while the participants were exposed to the new person during one single encounter, the
N250 familiarity effect was elicited in response to images taken in widely different environmental
conditions and containing long-term changes in the faces.

Overall, the experiments presented in this thesis give a first estimate of the time it takes to get
to know someone in everyday life. They demonstrate that robust visual representations (as reflected in
the N250 familiarity effect) are established very quickly — within the first 10 minutes of meeting a new
person, and get fully developed by five months of knowing someone. The integration of identity-related
knowledge (as reflected in the SFE), on the other hand, first emerges within one month of exposure and

develops to the level of highly familiar people by 14 months of familiarity.
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2. The time it takes to truly know someone:
Neurophysiological correlates of face and identity learning
during the first two years.

Abstract

How long does it take to truly know a person? To answer this question, we investigated how event-
related brain potential (ERP) correlates of facial familiarity (N250) and the integration of identity-specific
knowledge (Sustained Familiarity Effect, SFE) develop over time. Sixty undergraduate students from
three year groups were tested with images of a university friend (with two, 14, and 26 months of
familiarity for Year 1, Year 2, and Year 3 students), a highly familiar friend from home, and an unfamiliar
identity. While clear ERP familiarity effects for home friends were observed in all groups, university
friends yielded a clear N250 effect but only a small SFE in Year 1. Importantly, both effects significantly
increased for university friends from Year 1 to Year 2, but not afterwards. Our results demonstrate that
neural representations of visual familiarity and identity-specific knowledge build up over time and are

fully developed by 14 months of familiarity.
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2.1. Introduction

The accurate and efficient recognition of a person’s face as well as the retrieval of identity-
specific semantic, episodic, and affective information are of vital importance, as they guide our
behaviour towards other people in everyday life (Young & Burton, 2017). There are, however,
remarkable differences in these abilities depending on familiarity. While for instance recognising or
matching pictures of unfamiliar faces is often surprisingly error-prone in seemingly ideal conditions (e.g.
Bruce et al., 1999; for a review, see Johnston & Edmonds, 2009), the recognition of faces we know well
is typically highly reliable, even in challenging situations (e.g. Burton et al., 1999). Yet, despite
considerable research, it is unclear what exactly constitutes familiarity. Critically, it remains unknown
how long it takes to know a person well enough for highly efficient recognition. Familiarity is arguably a
continuum, and gradual differences are likely to affect how a face is processed. So how long does it take
to truly know someone? To answer this question, we investigated how familiarity increases in real life
during the first two years of knowing a person. Using event-related brain potentials (ERPs), we focused
on both the visual recognition of a face and the integration of additional identity-specific information.

Recognising a person from their face is typically thought to consist of several distinct stages.
Theoretical accounts distinguish an earlier stage at which a face is recognised as familiar from a
subsequent stage at which semantic, episodic, and affective information about the person is accessed
and integrated (see Bruce & Young, 1986; Gobbini & Haxby, 2007; Schweinberger & Burton, 2003). The
excellent temporal resolution of EEG marks the technique as ideal for studying this type of cognitive
architecture and thus face and person recognition (Ambrus et al., 2019; Campbell et al., 2020; Yan &
Rossion, 2020; see Olivares et al., 2015, for a review), and previous ERP studies have observed
consistent effects of visual familiarity with a face within 200-300 ms after the presentation of a face
stimulus. In this time range, both images of celebrities (Bentin & Deouell, 2000; Gosling & Eimer, 2011,

Saavedra et al., 2010; Wiese, Hobden, et al., 2022) and personally familiar faces (Pierce et al., 2011,
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Wiese, Anderson, et al., 2022; Wiese, Tlttenberg, et al., 2019) elicit more negative amplitudes than
unfamiliar faces. This so-called N250 familiarity effect is largest at occipito-temporal electrodes and is
typically interpreted as reflecting access to visual representations of known faces (Schweinberger &
Burton, 2003). Importantly, the N250 is also sensitive to face learning, as familiarity effects have been
reported in response to pre-experimentally unfamiliar faces after a single lab-based learning session
(Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al., 2006; Zimmermann & Eimer, 2013). While
these findings can provide information about how quickly a face is initially learned, they do not capture
real-life learning over longer periods. In real life, familiarity builds up gradually over multiple encounters,
and representations of newly learned faces are presumably refined through repeated exposure in
varying circumstances (Burton et al., 2016; Kramer et al., 2018). However, it is not known for how long
learning continues and at what point additional exposure stops providing further benefit, effectively
ending face learning.

As noted above, the process of recognising a person goes beyond visual recognition (Bruce &
Young, 1986). In line with this, the ERP familiarity effect further increases after the N250 time window
and peaks between 400-600 ms (Wiese, Tittenberg, et al., 2019). Due to its occipito-temporal scalp
distribution and modulation by level of familiarity (Wiese, Hobden, et al., 2022), this so-called Sustained
Familiarity Effect (SFE) has been interpreted to represent the integration of visual with additional
identity-specific information. Currently, however, not much is known about the SFE, and it remains to be
addressed what level of familiarity is necessary to elicit the effect. Moreover, it is unclear whether the
integrational processes reflected in the SFE increase in magnitude with the accumulation of more
knowledge or whether they saturate at some point. These questions are difficult to examine using
traditional learning paradigms where the focus is typically on the visual aspect of face learning.

Accordingly, to more clearly understand how identity-specific information is integrated, experiments
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should test learning through real-life social interactions in which knowledge gradually builds up over
much longer time periods.

Some studies have investigated the acquisition of person-related knowledge in lab-based
learning sessions (Kaufmann et al., 2009; Paller et al., 2000; Wiese & Schweinberger, 2015). Taylor et al.
(2016) trained participants with novel, computer-generated pictures of faces that were either paired
with semantic (e.g. name or occupation) or physical information (e.g. about their eye colour). Critically,
faces learned with semantic information elicited more positive amplitudes relative to the perceptual
condition at mid-parietal electrodes in a time-range similar to the SFE. This P600f effect might be
interpreted as the positive end of the same dipole that generates the SFE. However, it should be noted
that Taylor and colleagues (2016) did not observe differences between their experimental conditions at
right occipito-temporal channels (see also Eimer, 2000) where the SFE is maximal. Thus, while the two
effects may reflect partly similar processes, their generating structures appear somewhat different, and
it therefore appears unlikely that they are fully identical.

To investigate how long it takes to truly know a person, the present study examined how
familiarity develops through natural exposure in everyday life (see Ambrus et al., 2021, and Campbell &
Tanaka, 2021, for a similar approach). Using a cross-sectional design, we tested undergraduate students
in their first, second, and third year of study approximately two months after the start of the academic
year. Participants were presented with images of a close friend from their hometown and a friend
known from university (translating into approximately two, 14, and 26 months of familiarity,
respectively). Home and university friends were chosen because they likely do not differ systematically
with respect to visually-derivable characteristics (such as age, gender, attractiveness etc.), while at the
same time varying with respect to their level of familiarity. In other words, while accumulated exposure
should be similar for home friends, it should systematically increase for university friends across year

groups. We expected significant effects of visual recognition, with more negative N250 amplitudes for
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home and university friends relative to unfamiliar faces, in all groups. More importantly, we tested
whether the N250 familiarity effect would increase in magnitude from Year 1 to Year 2. Regarding the
SFE, in Year 1, we expected a smaller effect for university friends relative to home friends, as less
identity-specific information should be available for the former compared to the latter identities. We
further hypothesised that the SFE in response to university friends would increase from Year 1 to Year 2.
Finally, we were particularly interested in whether the SFE would additionally grow from Year 2 to Year

3 or whether it would be fully developed after 14 months of knowing a person.

2.2. Method

2.2.1. Participants

The sample consisted of 60 undergraduate students at Durham University, 20 from their first
year of study (Year 1; 19 female, age M = 18.4, SD = 0.7), 20 from Year 2 (19 female, age M = 19.5,SD =
0.8), and 20 from Year 3 (16 female, age M = 21.1, SD = 1.8). The sample size for each group was
determined using G*Power (Faul et al., 2007). This power analysis was targeted at detecting the smallest
effect of interest, which was the SFE for university friends in Year 1. For this contrast, we assumed half
the SFE effect size relative to the one reported for personally highly familiar faces by Wiese, Tittenberg,
et al. (2019) (paired-sample t-test, one-tailed, dz=0.8, 1 - 3 =.95). This analysis suggested 19
participants, which was increased to 20 for counterbalancing reasons (see below). Data were collected
over two consecutive academic years to ensure a sufficiently large sample. All participants had normal
or corrected-to-normal vision and did not take any central-acting medication. Fifty-six participants were
right-handed and four were left-handed according to a modified version of the Edinburgh Handedness

Inventory (Oldfield, 1971). All participants provided written informed consent and received either
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course credit or a monetary compensation of £8 per hour. The study was approved by Durham

University’s Psychology ethics committee.

2.2.2. Stimuli

Prior to the experiment, participants provided 50 photos (i.e. naturally varying “ambient”
images) each of a friend known from university and of a friend from home (i.e. not known from
university)?, with the exception of six participants who were close friends (known from university) with
an identity that was already in the stimulus set and therefore only provided images for the home friend
(i.e. two university friend IDs were used for two participants, and two additional IDs for three
participants). Accordingly, a total of 114 different identities was used. Consent of the depicted people
was obtained via email. Eight images of butterflies were used as target stimuli. Photos were cropped
around the faces, resized to a 190 x 285 pixels frame, converted to greyscale, and matched for

luminance using the SHINE toolbox (Willenbockel et al., 2010; see Figure 2.1a).

! Please note that previous experiments have found highly comparable results when stimuli are provided by the
participants or by the experimenters, i.e. when the particular images are known before the experiment or not
(Wiese et al., 2019).
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Figure 2.1. Exemplary stimuli and procedure. a) Example ambient images from three identities (IDs).

Images are published with the permission of the depicted persons. b) Trial structure of the experiment.

2.2.3. Procedure

Year 1 students were tested, on average, 47.0 days (SD = 10), Year 2 students 54.6 days (SD =
10.9), and Year 3 students 60.8 days (SD = 5.4) after the start of the academic year. The participants
were seated in an electrically shielded room (Global EMC™) with their heads in a chin rest 80 cm from a
monitor. Participants were paired so that the home friend for one participant was used as an unfamiliar
face for another participant, and vice versa.

The experiment consisted of a single block of 166 trials, in which all 50 images of the home

friend, all 50 images of the university friend, 50 images of an unfamiliar person, and 16 images of
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butterflies were presented in random order using E-prime (Psychology Software Tools, Pittsburgh, PA).
Each photo was displayed in the centre of the screen at a visual angle of 3.6° x 5.4° for 1,000 ms and
followed by a fixation cross with 1,500-2,500 ms presentation time (2,000 ms on average). We chose this
longer stimulus presentation time relative to some previous studies even though it introduces a higher
probability of blink artifacts, because it eliminates offset potentials in later analysis time windows and is
arguably more ecologically valid. Participants were instructed to press a button with their right index
finger in response to images of butterflies (Figure 2.1b). This task arguably captures face recognition in a
more naturalistic way than explicit familiarity judgments, as recognising highly familiar faces in real life is
largely independent of deliberate identity processing and does not require an overt response (see
Wiese, Anderson, et al., 2022).

The main experiment was followed by a short rating task. For each of the three identities,
participants saw eight randomly selected images, which were presented simultaneously on the screen,
and were asked to indicate how likely they were to recognise the person in an image on a 1-5 scale from
‘highly unlikely’ to ‘highly likely’. Arousal and valence were rated on a scale of 1 (very arousing/very
positive) to 5 (not arousing at all/very negative) using the Self-Assessment Manikin (SAM) scale (Bradley
& Lang, 1994). Participants were also asked how often they see (visual interaction) and talk to the
person (social contact), with response options never, once or twice a year, once or twice a month, once

or twice a week, or every day.

2.2.4. EEG Recording and Analysis

64-channel EEG was recorded from DC to 200 Hz with a sampling rate of 1024 Hz using sintered
Ag/Ag-Cl electrodes (EEGo, ANT Neuro, Enschede, Netherlands). AFz served as ground and CPz was used

as the recording reference. BESA Research Software (Version 6.3; Grafelfing, Germany) was used for
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blink correction. Data were segmented into epochs from -200 to 1,000 ms relative to stimulus onset
with the first 200 ms serving as a baseline. Artefact rejection was implemented using a 100 pV
amplitude threshold and a 75 uV gradient criterion. The remaining trials were re-referenced to the
common average reference and averaged separately for each experimental condition. Following analysis
procedures from previous studies (Wiese, Tuttenberg, et al., 2019), mean amplitudes from 200-400 ms
(N250) and 400-600 ms (SFE) were calculated at TP9 and TP10 (see Supplementary Material for
additional analyses of N170, N250-corrected SFE, and P600f). The average number of accepted trials was
47.8 (£3.2 SD, min = 33) for university friends, 47.4 (+4.2 SD, min = 22) for home friends, and 47.8 (+3.7
SD, min = 27) for unfamiliar faces.

Mixed-model Analyses of Variance (ANOVA) with within-participant factors hemisphere (right,
left) and familiarity (university friend, home friend, unfamiliar face) and the between-participant factor
year group (Year 1, Year 2, Year 3) were run separately for N250 and SFE measures. We report effect
sizes with appropriately sized confidence intervals (Cls): 90% Cls for n?, were calculated using an online
calculator (https://effect-size-calculator.herokuapp.com); Cohen’d was bias-corrected (dunb ) and
calculated for repeated measures t-tests using the mean standard deviation rather than the standard
deviation of the difference as denominator, while the pooled standard deviation was used for
independent t-tests (Cumming, 2012). 95% Cls for dun, Were calculated using ESCI (Cumming, 2012).

Familiarity effects were further examined in individual participants using a bootstrapping
approach (Di Nocera & Ferlazzo, 2000) by randomly reassigning single-trial EEG epochs to “familiarity”
conditions with 10,000 iterations. Effects were defined as reliable if the true individual differences
between familiarity conditions were larger than 95% of the random re-assignments.

Finally, to fully explore the data, we additionally ran mass univariate analyses for the critical
within-group (familiarity effects for university vs. home friends for Year 1, 2, and 3 separately) as well as

between-group comparisons (familiarity effects for home and university friends between Year 1 and
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Year 2, as well as Year 2 and Year 3; see Supplementary Material for a full analysis of all contrasts). For
that purpose, paired or independent t-tests were calculated for each time point and channel. To not
attenuate the exploratory nature of these analyses, we did not apply corrections for multiple
comparisons. We note that any potential unpredicted result from exploratory analyses needs replication
before it can be seen as valid (see e.g. Wagenmakers et al., 2012).

Procedures and analyses were not pre-registered, but all inclusion and exclusion criteria were
established before data collection. All study data and analysis code will be uploaded to the Open Science
Framework platform (https://osf.io/g9kvwy/). Face stimuli cannot be made publicly available for data
protection reasons but photos of selected individuals who have provided their written consent are

included as examples.

2.3. Results

Visual inspection of the grand average ERPs revealed more negative amplitudes for the
university and home friends relative to the unfamiliar faces in the 200-400 ms (N250) and 400-600 ms
(SFE) time ranges (see Figure 2.2), which was most clearly evident at occipito-temporal electrodes
(Figure 2.2c). Critically, the SFE appeared more pronounced for home than university friends in Year 1

students, but not in the two other groups.
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Figure 2.2. ERP results. a) Grand average ERPs at left and right occipito-temporal channels TP9 and TP10
for university friends, home friends, and unfamiliar faces for each year group. b) Mean (and 95% Cls;

dashed lines) difference between conditions (university minus home, unfamiliar minus university,
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unfamiliar minus home) at TP9 and TP10. C) Scalp-topographical voltage maps (unfamiliar face minus
university friend, unfamiliar face minus home friend) for the N250 (200-400 ms) and SFE (400-600ms)
time windows (spherical spine interpolation, 110° equidistant projections). D) Individual (symbols) and
mean familiarity effects with 95% Cls (solid lines) for university and home friends for Year 1, Year 2, and
Year 3 in the N250 and SFE time ranges. Note the clear increase in the N250 effect and SFE from Year 1

to Year 2 for university friends only.

An ANOVA in the N250 time range revealed a significant interaction of familiarity by year group,
F(4,114) =2.52, p = .045, n,> = .081, 90% CI [.001, .143]. Paired-sample t-tests (see Table 2.1) for Year 1
revealed significantly more negative amplitudes for university friends relative to unfamiliar faces, and
for home friends relative to unfamiliar faces. University and home friends did not differ significantly. In
Year 2, there were again significant differences between university friends and unfamiliar faces, and
home friends and unfamiliar faces. Here, more negative amplitudes for the university relative to the
home friends were observed. Analyses for Year 3 revealed again more negative amplitudes for university
friends relative to unfamiliar faces, and for home friends versus unfamiliar faces. University and home
friends did not differ. Testing for between-group differences in the N250 familiarity effect (unfamiliar —
familiar faces), an independent-samples t-test yielded a significant increase for the university friend
from Year 1 to Year 2, but no differences between Year 2 and Year 3. For home friends, there were no
differences, neither between Year 1 and Year 2, nor between Year 2 and Year 3.

An ANOVA in the SFE time range again yielded a significant familiarity by year group interaction,
F(4,114) =3.22, p = .015, n,> =.102, 90% CI [.011, .169]. Follow-up t-tests (see Table 2.1) in Year 1
revealed significantly more negative amplitudes for university friends relative to unfamiliar faces, and
for home friends versus unfamiliar faces. Importantly, and in line with our a priori predictions, more
negative amplitudes for home relative to university friends were observed. In Year 2, relative to

unfamiliar faces, analyses revealed more negative amplitudes for both university, and home friends,
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which in turn did not differ. Similarly, analyses of Year 3 revealed more negative amplitudes for both

university friends, and home friends relative to unfamiliar faces, while the two familiar faces did not

differ significantly. To test our prediction of an increase of the SFE for the university student from Year 1

to Year 2 and to explore whether the effect further increases from Year 2 to Year 3, two independent-

samples t-tests were conducted. As predicted, the SFE in Year 2 was significantly higher than in Year 1.

At the same time, there was no significant difference between Year 2 and Year 3. For the home friend,

no significant differences were observed, neither between Year 1 and Year 2, nor between Year 2 and

Year 3.

Table 2.1. Results of independent and paired-samples t-tests. Y1 = Year 1, Y2 = Year 2, Y3 = Year 3.

ERP Effect Maife 95% Cl df t p dunb 95% Cl

measure

N250 Y1: uni vs unfam 1.42 [0.74,2.09] 19 440 <.001 0.43 [0.20,0.69]
Y1: homevsunfam 1.60 [0.95,2.25] 19 5.19 <.001 0.50 [0.26,0.77]
Y1: univs home 0.18 [-0.25,0.61] 19 0.88 .390 0.06 [-0.08,0.21]
Y2: uni vs unfam 2.69 [1.95,3.43] 19 7.60 <.001 0.65 [0.40,0.94]
Y2: homevsunfam 1.74 [0.80,2.68] 19 3.89 .001 0.46 [0.19,0.76]
Y2: uni vs home 0.95 [0.04,1.86] 19 219 .041 0.24 [0.01,0.48]
Y3: uni vs unfam 2,53 [2.09,2.97] 19 1198 <.001 0.76 [0.51,1.07]
Y3:homevsunfam 210 [1.38,2.83] 19 6.09 <.001 0.65 [0.37,0.98]
Y3: uni vs home 0.43 [-0.28,1.14] 19 1.26 .223 0.13 [-0.08,0.35]
Uni: Y1 vs Y2 1.27 [0.30,2.24] 38 2,66 .011 0.82 [0.19,1.48]
Uni: Y2 vs Y3 0.16 [-0.67,1.00] 38 0.39 .698 0.12 [-0.50,0.74]
Uni: Y1vs Y3 1.11 [0.33,1.89] 38 2.88 .006 0.89 [0.25,1.56]
Home: Y1 vs Y2 0.14 [-0.96,1.24] 38 0.26 .799 0.08 [-0.54,0.70]
Home: Y2 vs Y3 0.36 [-0.78,1.51] 38 0.64 .523 0.20 [-0.82,0.42]
Home: Y1vs Y3 0.50 [-0.43,1.44] 38 1.09 .284 0.34 [-0.28,0.97]

SFE Y1: univs unfam 1.45 [0.51,2.40] 19 3.22 .004 0.53 [0.17,0.92]
Y1:homevsunfam 246 [1.46,3.47] 19 516 <.001 0.84 [0.44,1.30]
Y1: univs home 1.01 [0.19,1.83] 19 2,59 .018 0.35 [0.06,0.65]
Y2: uni vs unfam 3.21 [2.38,4.05] 19 8.06 <.001 0.95 [0.59,1.38]
Y2: homevsunfam 281 [1.77,3.85] 19 5.65 <.001 0.90 [0.49,1.37]
Y2: uni vs home 0.40 [-0.47,1.27] 19 0.96 .348 0.11 [-0.13,0.36]
Y3: uni vs unfam 3.09 [2.55,363] 19 1193 <.001 1.53 [1.02,2.15]
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Y3:homevsunfam 3.19 [2.39,3.98] 19 8.38 <.001 1.35 [0.85,1.96]

Y3: uni vs home 0.10 [-0.63,0.83] 19 0.28 .780 0.04 [-0.25,0.33]
Uni: Y1 vs Y2 1.76  [0.54,2.98] 38 292 .006 0.91 [0.27,1.57]
Uni: Y2 vs Y3 0.12 [-0.84,1.08] 38 0.26 .798 0.08 [-0.54,0.70]
Uni: Y1 vs Y3 1.64 [0.58,2.69] 38 3.15 .003 0.98 [0.33,1.65]
Home: Y1 vs Y2 0.35 [-1.05,1.74] 38 0.50 .619 0.16 [-0.46,0.78]
Home: Y2 vs Y3 0.38 [-0.89,1.64] 38 0.60 .551 0.19 [-0.43,0.81]
Home: Y1 vs Y3 0.72 [-0.51,1.96] 38 1.18 .244 0.37 [-0.25,1.00]

Bootstrapping analysis for the N250 time range in the Year 1 group revealed reliable familiarity
effects in 8/20 participants, Proportion (P) = .40, 95% CI [.22, .61], for both home and university friends
versus unfamiliar faces. In Year 2, reliable familiarity effects were observed in 10/20 participants, P =
.50, 95% CI [.30, .70], for home friends relative to unfamiliar faces, and in 14/20 participants, P = .70,
95% Cl [.48, .86], for university friends in comparison to unfamiliar faces. In Year 3, reliable effects were
detected in 11/20 participants, P = .55, 95% ClI [.34, .74], for home friends versus unfamiliar faces, and in
16/20 participants, P = .80, 95% ClI [.58, .92], for university friends versus unfamiliar faces.

Bootstrapping analysis for the SFE time range in Year 1 revealed reliable familiarity effects in
11/20 participants, P = .55 95% Cl [.34, .74], for home friends versus unfamiliar faces, and in 7/20
participants, P = .35, 95% Cl [.18, .57], for university friends versus unfamiliar faces. In Year 2, reliable
familiarity effects were reported in 13/20 participants, P = .65, 95% Cl [.43, 82], for home friends relative
to unfamiliar faces, and in 16/20 participants, P = .80, 95% Cl [.58, .92], for university friends in
comparison to unfamiliar faces. In Year 3, reliable effects were reported in 16/20 participants, P = .80,
95% ClI [.58, .92], for home friends versus unfamiliar faces, and in 19/20 participants, P = .95, 95% ClI
[.76, .99], for university friends versus unfamiliar faces.

Mass univariate analyses of the within-group contrast of home versus university familiarity
effects for Year 1, Year 2, and Year 3 separately largely confirmed findings from our mean amplitude
analysis above. In Year 1, clear differences, reflecting stronger familiarity effects for home friends, were

observed between 400 and 600 ms after stimulus onset (see Figure 2.3a). These effects were observed



not only at left and right occipito-temporal channels, but also (polarity-reversed, see Figure 2.2c and
Supplementary Material) over central and parietal channels, likely reflecting the opposite end of the

same underlying dipole. Corresponding effects were not observed in Year 2 or Year 3.
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Figure 2.3. Mass univariate analyses (a) for the within-group comparisons of home versus university
friend familiarity effects, and (b) the between-group comparisons between Year 1 and Year 2, as well as

Year 2 and Year 3 for home and university friend familiarity effects separately.

Similarly, exploratory mass univariate tests of the between-group comparisons largely
confirmed the results of the confirmatory analysis reported above (see Figure 2.3b). Specifically, clearly
larger familiarity effects for university friends were observed in Year 2 relative to Year 1. Although most
clearly observed in the 400-600 ms time window, these effects started earlier (app. 300 ms after
stimulus onset), and, in some channels, lasted until the end of the recording epoch. Differences between
the Year 1 and 2 were less pronounced for home friends. Finally, no systematic differences were
observed between familiarity effects observed in Year 2 and Year 3.

In the rating task (see Table 2.2 and Supplementary Materials for a full report), the two familiar
identities were rated as significantly higher in visual familiarity, arousal, and frequency of visual
interaction and social contact, as well as more positive in valence in comparison to the unfamiliar
identities (all p <.001). Interestingly, visual familiarity ratings for the university friend significantly
increased from Year 1 to Year 2, t(38) = 2.13, p = .040, dunp = 0.66, 95% CI [0.03, 1.31], and valence
scores became significantly more positive, t(38) = 2.08, p = .044, dunp = 0.65, 95% CI [0.02, 1.29].
Corresponding effects were not observed for the home friend or between Year 2 and Year 3 groups (all p
>.175, all dynp < 0.43; see Supplementary Material). The Year 1 group rated their home friends as
significantly more arousing relative to their university friends, t(19) = 5.60, p < .001, dun, = 1.54, 95% ClI
[0.84, 2.35], but no significant differences were observed in the other two groups. All year groups
reported seeing (visual interaction) and talking (social interaction) to their university friends significantly
more frequently than their home friends (all p <.013; all r > .539). Finally, none of the differences
between unfamiliar and familiar faces in the rating task correlated with ERP familiarity effects (see Table

2.3).
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Table 2.2. Mean/Median ratings for the identities used in the experiment. Familiarity, emotional

response towards, and interaction with the identity were assessed on a scale from 1 to 5 (familiarity: 1 =
very low familiarity to 5 = very high familiarity; valence: 1 = very positive to 5 = very negative; arousal: 1
= very arousing to 5 = not arousing at all; visual interaction & social contact: 1 = never, 2 = once or twice

a year, 3 = once or twice a month, 4 = once or twice a week, 5 = every day)

Familiarity Valence Arousal Visual Interaction  Social Contact

M SD M SD M SD Mdn 1QR Mdn 1QR

University Friend  Year 1 455 0.94 1.65 0.49 2.60 0.60 5 0.00 5 0.00
Year 2 5.00 0.00 1.30 0.57 2.10 0.97 5 0.00 5 0.00

Year 3 5.00 0.00 1.10 0.31 1.80 1.06 5 1.00 5 0.00

Home Friend Year 1 4.80 0.89 1.45 1.23 1.65 0.59 3 1.00 4 1.00
Year 2 5.00 0.00 1.10 0.31 1.65 0.87 3 025 4 2.00

Year 3 5.00 0.00 1.10 0.31 205 1.19 2 1.00 4 1.25

Unfamiliar Face Year 1 220 1.37 290 031 435 0.99 1 0.00 1 0.00
Year 2 1.95 1.15 290 0.64 4.05 0.76 1 0.00 1 0.00

Year 3 1.80 1.15 3.15 0.49 4.15 0.88 1 0.00 1 0.00

Table 2.3. Spearman’s rank order correlations between the familiarity effects (unfamiliar — university,

unfamiliar — home) for the ERPs and the ratings.

N250 SFE
University friend Home friend University friend Home friend
r p r p r p r p
Familiarity -.145 268 -.054 .684 -.149 .254 .011 .932
Valence 179 .170 .106 418 227 .082 .090 .495
Arousal -.047 721 -.165 .207 122 .353 -.180 .168
Visual Interaction -217 .096 -.023 .862 -.120 361 -.066 .616

Social Contact -.078 .555 .090 .494 -.060 .649 142 .279
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2.4. Discussion

To investigate how long it takes to truly know a person, the current study examined how
neurophysiological correlates of face and person recognition change with increasing familiarity. We
were particularly interested in ERP effects reflecting visual face recognition (i.e. N250 familiarity effect)
and the integration of visual with additional identity-specific knowledge (SFE). Our results show robust
visual representations after two months of knowing a person. Critically, we further demonstrate that
both visual representations of facial identity and of person-related knowledge build up with increasing
levels of familiarity and are fully developed by 14 months of knowing a person.

In line with previous work demonstrating that visual familiarity is established quickly, e.g. in a
single experimental session (Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al., 2006;
Zimmermann & Eimer, 2013), we observed a clear N250 familiarity effect at the earliest time point
measured in this study, after just under two months of familiarity. Importantly, we also found a
significant increase of the effect for the university friend from Year 1 to Year 2, indicating additional
learning after the first two months of knowing a person. This was consistent with visual familiarity
ratings, which also revealed a significant increase. At the same time, no significant differences were
detected between Year 2 and 3. Hence, while two months of familiarity are sufficient to establish
robust, image-independent face recognition, the underlying representations keep getting refined with
regular exposure and appear to be fully developed by 14 months of familiarity.

Although N250 familiarity effects for home and university friends were highly similar in Year 1
and Year 3, we unexpectedly observed more negative amplitudes in the N250 for university relative to
home friends in Year 2. This finding may suggest that the N250 not exclusively reflects the cumulative
level of familiarity, but that more recent contact is relatively more important (as participants reported
seeing and interacting with their university friends more often than with their home friends). However,

because this difference was not predicted and the pattern was not evident in the group analysis of Year
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3, it needs to be replicated before any firm conclusions can be drawn. If the effect turns out to be
replicable, it might suggest that even well-established face representations are not completely stable
over time but can become less robust if they are not accessed regularly.

As expected, we further observed a relatively small but significant SFE for the university friend in
Year 1. Its size (dunb = 0.53) was smaller than the effect elicited by highly familiar faces reported by
Wiese, Tittenberg, et al. (2019) (dunb = 1.08) and Wiese, Hobden, et al. (2022) (dunp = 0.92) but similar to
those reported for somewhat less familiar identities, such as favourite celebrities (dyn, = 0.66).
Importantly, the effect was also significantly smaller than the SFE elicited by the home friend in this year
group. This is consistent with the assumption that participants had more identity-specific information
for their home friend, as the university friend had only been known for two months. Furthermore, and
as hypothesised, we observed a significant increase in the magnitude of the effect from Year 1 to Year 2
for the university friend, resulting in similar SFEs for the two familiar identities from Year 2 on. These
observations suggest that the first year of familiarity is critical for the development of the SFE, as the
effect appears to plateau afterwards. It seems that, while we continue to acquire new information
about our friends beyond the first year, this additional information does not substantially affect the
corresponding neural representations. What we initially learn about a new person reflects novel and
therefore highly relevant information. Arguably, once this basic information is acquired, new semantic
facts will mostly refine our already established knowledge. Our findings therefore suggest that the level
of familiarity at which a person-related representation is no longer substantially expanded is reached
during the first 14 months, given regular contact.

The discussion in previous paragraphs assumes that the processes in the analysed ERP time
windows at least partly reflect different processes. This assumption appears justified as the difference
curve for highly familiar faces (see e.g. Figure 2.2b, but also Wiese, Anderson, et al., 2022; Wiese,

Hobden, et al., 2022; Wiese, Tlttenberg, et al., 2019) typically shows two peaks. Critically, we have
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demonstrated that the earlier (N250) and later (SFE) parts of the familiarity effect respond differently to
experimental manipulations (e.g. Wiese, Ingram, et al., 2019). However, complementing our initial
analysis strategy, we further applied a mass univariate approach that is data- rather than hypothesis-
driven, and therefore does not make any a priori assumptions about the timing or location of effects.
This analysis largely confirmed the procedures and results discussed above by (i) not suggesting
systematic familiarity effects earlier than 200ms, while at the same time suggesting (ii) that familiarity
effects after 600ms get weaker towards the end of the epoch, (iii) that the difference between
university and home friends in Year 1 is most clearly observed between 400 and 600ms (i.e. in our SFE
time window), and (iv) that the most substantial between-group difference is observed for university
friends between Year 1 and Year 2.

Bootstrapping results in the SFE time range generally supported previous findings of reliable
effects in the clear majority of participants (Wiese, Tiittenberg, et al., 2019; Wiese, Anderson, et al.,
2022). In Year 1, however, the proportion of reliable effects for home friends was surprisingly low and
fell outside the confidence interval of previous studies or indeed of Year 2 and Year 3 in the present
study. The SFE depends on the level of familiarity with an identity (see Wiese, Hobden, et al., 2022), and
accordingly a potential explanation for this finding might be that home friends in Year 1 were less
familiar relative to the other participant groups. While it is unfortunately unclear precisely how long and
how well home friends were known, this interpretation is at least partly in line with our rating results,
which show slightly lower familiarity ratings for home friends in Year 1 relative to the other groups. We
note that, if home friends were slightly less familiar in Year 1, this appears to make our finding of within-
group differences between home and university friends in this group even more robust.

The current findings advance our current understanding by providing novel information about
establishing and refining face and person representations. Previous studies on face learning have largely

focused on what information is learned from a face (e.g. structural versus surface reflectance
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information; Itz et al., 2014; O’Toole et al., 1999), but relatively little is known about when, or more
precisely over what period of time, learning takes place. The present results cannot provide an exact
answer to this question. They indicate, however, that both visual exposure and the accumulation of
identity-specific knowledge substantially affect neural representations between two and 14 months
after first meeting a new person, but not afterwards. How exactly these representations develop during
the first year of familiarity, and whether visual and other person-related representations follow a
different learning trajectory in this time range will need to be addressed in future studies. Moreover,
future studies might choose test sessions at earlier time points to examine the initial establishment of
face and person representations and might choose longitudinal studies to investigate learning in a
within-participants design.

Of relevance for future studies, the current approach demonstrates that studying the
neurophysiological correlates of face and person learning as it happens “in the wild” is viable and
represents an important addition to purely laboratory-based studies. However, while gaining substantial
ecological validity, this more naturalistic approach also has limitations. For instance, it is difficult to
obtain an objective measure of how well exactly our participants have known their friends at the time of
testing, both with respect to amount and intensity of contact, and it is unclear precisely how long the
home friends were known in the present study. While it is likely that long-term familiarity varied to
some extent in the present data, our result of stable familiarity effects for university friends after one
year suggests that this variability should not have a substantial influence as long as home friends were
known for more than a year. Moreover, our results are limited by the knowledge that is available about
the specific ERP markers used here. In particular, we interpret the SFE as reflecting identity-specific
semantic knowledge, as both episodic memory (see Wiese, Tiittenberg, et al., 2019) and valence (see
Wiese, Hobden, et al., 2022) are not substantially modulating the effect. However, in the absence of

direct empirical evidence, it remains possible that other factors, such as differences in arousal or visual
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familiarity, drive the SFE. While we have discussed the latter possibility in detail elsewhere (see Wiese,
Anderson, et al., 2022), we note that we did not detect any correlations between rating results and the
SFE in the present study, which at least implies no strong influence of these variables on the ERP effect.
While future work will hopefully help to reduce the restrictions discussed here, we believe that
accepting them for now is clearly preferable relative to the alternative of exclusively conducting lab-
based work on face and identity learning, as learning over time periods such as those examined in the
present study is very difficult to study in a strictly controlled laboratory setting.

In summary, the present study tracked the neurocognitive changes face and person
representations undergo over the course of two years. Our results indicate that two months of
familiarity are sufficient to establish a stable visual representation of a face. At the same time, the
integration of personal knowledge with visual information is initially relatively weak and develops to the
level of a highly familiar identity within 14 months. Crucially, both types of representations are refined
after the initial two months, which suggests that the first year of familiarity is critical for their complete
development. We conclude that two months of familiarity are sufficient for robust face recognition, but

that it may take up to more than one year to truly know a person.
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3. Developing familiarity during the first eight months of
knowing a person: A longitudinal EEG study on face and
identity learning

Abstract

It is well-established that familiar and unfamiliar faces are processed differently, but surprisingly little is
known about how familiarity builds up over time and how novel faces gradually become represented in
the brain. Here, we used event-related brain potentials (ERPs) in a pre-registered, longitudinal study to
examine the neural processes accompanying face and identity learning during the first eight months of
knowing a person. Specifically, we examined how increasing real-life familiarity affects visual recognition
(N250 Familiarity Effect) and the integration of person-related knowledge (Sustained Familiarity Effect,
SFE). Sixteen first-year undergraduates were tested in three sessions, approximately one, five, and eight
months after the start of the academic year, with highly variable “ambient” images of a new friend they
had met at university and of an unfamiliar person. We observed clear ERP familiarity effects for the new
friend after one month of familiarity. While there was a significant increase in the N250 effect after five
months but not afterwards, no change in the SFE was observed over the course of the study. These
results suggest that visual face representations develop fully within five months of knowing a person

while the integration of identity-specific knowledge takes longer to get fully established.
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3.1. Introduction

The recognition of familiar faces in everyday life is vital for appropriate social interaction (Young
& Burton, 2017). Reflecting this crucial importance, human observers are highly accurate and efficient at
familiar face recognition, even in difficult conditions (Burton et al., 1999). At the same time, people
often struggle to recognise, or even match simultaneously presented photos of unfamiliar faces for
identity (Jenkins et al., 2011). While previous studies have examined this substantial difference in the
effectiveness of familiar and unfamiliar face recognition, most have contrasted clearly familiar (e.g.
famous) with clearly unfamiliar faces. In real life, however, we are more or less familiar with faces. As
only very few studies have conceptualised familiarity as a continuum (Kramer et al., 2018), little is
known about how familiarity builds up over time and how novel faces gradually become represented in
the brain (see Kovacs, 2020). Using a longitudinal design, the present study used event-related brain
potentials (ERPs) to examine the neural processes accompanying real-life face identity learning during
the first eight months of knowing a person.

ERPs reflect voltage changes in the human electroencephalogram, time-locked to events, such
as the presentation of a visual stimulus. They consist of positive and negative peaks, which can be
assigned to specific neuro-cognitive sub-processes following stimulus presentation. The earliest face-
sensitive ERP component, the N170, peaks around 150-190 ms after stimulus presentation and reflects
more negative amplitudes for faces than other visual stimuli (Bentin et al., 1996). While a substantial
number of studies have not observed differences between familiar and unfamiliar faces in this
component (e.g. Alzueta et al., 2019; Bentin & Deouell, 2000; Eimer, 2000; Schweinberger et al., 2002;
Tanaka et al., 2006; Wiese, Tlttenberg, et al., 2019; Zimmermann & Eimer, 2013), other have reported
either larger (Barragan-Jason et al., 2015; Caharel et al., 2014; Wild-Wall et al., 2008) or smaller (Huang

et al., 2017; Marzi & Viggiano, 2007) N170 amplitudes for familiar relative to unfamiliar faces. Together,
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these results suggest that familiarity effects in the N170 are small at best and only inconsistently
observed across studies.

By contrast, clear familiarity effects, with more negative amplitudes for familiar relative to
unfamiliar faces, have been consistently demonstrated starting 200-300 ms after stimulus onset (e.g.
Andrews et al., 2017; Bentin & Deouell, 2000; Gosling & Eimer, 2011; Olivares et al., 2015; Saavedra et
al., 2010; Wiese, Tlttenberg, et al., 2019). This N250 familiarity effect is assumed to reflect the
activation of stored visual representations of familiar faces (Schweinberger & Burton, 2003).
Interestingly, more familiar identities elicit stronger responses relative to less familiar faces (Alzueta et
al., 2019; Andrews et al., 2017; Wiese, Hobden, et al., 2022; Wiese, Tittenberg, et al., 2019). Moreover,
the effect is sensitive to face learning, as pre-experimentally unfamiliar faces elicit a familiarity response
following a single brief learning session (e.g. Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al.,
2006; Zimmermann & Eimer, 2013). However, while previous learning studies using the N250 effect
have investigated the initial acquisition of novel faces, it is unclear how the underlying newly established
face representations develop over time. In real life, we meet those who become our friends and
colleagues repeatedly, which allows us to learn how different their faces can look in different
circumstances. It is known that exposure to such within-person variability is critical for face learning
(Kramer et al., 2017; Ritchie & Burton, 2017). In other words, participants need to learn how an
individual’s appearance varies in changing conditions to form a robust representation that incorporates
the idiosyncratic variability of the person and allows recognition from a wide range of instances. It
therefore appears plausible that continuous exposure in varying circumstances will result in further
refinement of newly established facial representations, presumably strengthening the N250 effect.

In addition to having restricted exposure to a new face to single or very few episodes, previous
research has typically examined face learning in lab-based studies, using static images or relatively low-

variability video material. While stimuli and presentation format used in these studies have provided
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tight experimental control, they at the same time arguably lack ecological validity and allow only modest
inference to learning under more naturalistic conditions. Therefore, more recent research has started to
investigate how real-life exposure to new faces affects the underlying neuro-cognitive representations
as a result of increasing familiarity. For instance, a recent fMRI study has demonstrated that three 10-
minute real-life interactions over two weeks were sufficient to induce activation changes in the right
hemispheric face processing network (fusiform face area, occipital face area, posterior superior
temporal sulcus, amygdala) and hippocampus in response to a previously unfamiliar person (Sliwinska et
al., 2022). Moreover, the social interactions resulted in improved image-matching accuracy for the
newly learnt person following the second 10-minute session. Similarly, a recent EEG study observed an
enhancement of face familiarity representations as a result of three one-hour familiarisation sessions
over the course of three consecutive days (Ambrus et al., 2021). Such representations were only weak
following two weeks of media familiarisation and absent after brief perceptual familiarisation, stressing
the importance of real-life exposure for the formation of robust representations. Finally, longer-term
face-learning, involving four hours of exposure each week in separate encounters with the newly learnt
person over eight weeks, has been found to lead to stronger identity-specific EEG responses at occipito-
temporal electrodes (Campbell & Tanaka, 2021). Overall, while previous research has demonstrated
changes in the neuro-cognitive representation of a newly learnt person over several weeks, more
research is needed to understand whether and how face representations further develop after this
initial phase of knowing a person. In other words, it is largely unclear up to what point visual
representations of personally familiar faces become more robust and easier to access with more
exposure, and from what point on additional exposure will not have a beneficial effect on face
representations, effectively ending face learning.

In addition to establishing visual familiarity, recognising a person also involves accessing

identity-specific semantic, episodic and affective information (e.g. when meeting a colleague, what the



53

person’s specific tasks are, when the person was last met, and whether we like the person or not) to
ensure an appropriate interaction. Recent research has demonstrated an ERP correlate which
presumably reflects this aspect of person recognition. Specifically, the ERP familiarity effect for highly
familiar faces further increases following the N250 time window and peaks 400-600 ms following
stimulus onset (Wiese, Tlittenberg, et al., 2019). This Sustained Familiarity Effect (SFE) increases with the
degree of familiarity (Wiese, Hobden, et al., 2022; Wiese, Tuttenberg, et al., 2019), and its scalp
distribution is highly similar to the N250 effect, suggesting a generator in the ventral visual pathway.
Interestingly, however, the two effects respond differently to experimental manipulations (Wiese,
Ingram, et al., 2019; Wiese, Tiuttenberg, et al., 2019), implying that they reflect at least partially different
processes (see Wiese, Anderson, et al., 2022). As visual familiarity should be established in the N250
time range, the SFE presumably represents the top-down modulation of earlier visual face recognition
stages, reflecting the integration of visual information with additional person-related knowledge. Of
note, other research has also found the most robust familiarity effects in the SFE time range (Ambrus et
al., 2019; Dalski, Kovacs, & Ambrus, 2022; Dobs et al., 2019; Karimi-Rouzbahani et al., 2021; Li et al.,
2022). However, it is as yet largely unclear how the SFE builds up over time when more information
about a person becomes accumulated.

Recently, we investigated how new people become familiar over the course of two years. Using
a cross-sectional design, we tested Year 1, Year 2, and Year 3 undergraduate university students
approximately two months after the start of the academic year (translating into roughly two, 14, and 26
months of familiarity, respectively) with images of a friend they had met at university (Popova & Wiese,
2022). While two months of familiarity were sufficient to demonstrate a clear N250 effect, reflecting the
establishment of robust face representations, the SFE, and thus the integration of visual with additional
person-related knowledge, was initially weak. Importantly, both effects increased with more

pronounced familiarity after 14 months, but reached a plateau at this point, as we did not observe any
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differences between Year 2 and Year 3 students. As the first year of familiarity with a person therefore
seems to be critical for the establishment of both visual representations and person-related knowledge,
the present study was designed to investigate face and person learning during this time window.

More specifically, the current study examined how increasing familiarity through real-life
exposure affects the neural face processing at both visual and integrational processing stages. Using a
longitudinal design, we tested a group of first-year undergraduate students at Durham University
approximately one, five, and eight months after the start of the academic year. Participants were tested
with images of a friend they had met at university and of an unfamiliar identity. Importantly, while
familiar identities had been unfamiliar prior to the start of their studies at Durham, participants were
exposed to the faces of their new friends in their everyday life throughout the following eight months.
As previous work has demonstrated an N250 familiarity effect after brief lab-based learning, we
expected that this effect would be evident from the first testing session. Moreover, as our previous
study implied a steep increase of the N250 in the initial period of knowing a person (Popova & Wiese,
2022), we predicted that the effect would become more pronounced from Session 1 to Session 2.
Moreover, we were particularly interested in whether the N250 familiarity effect would further increase
in Session 3 or whether visual face representations would be fully established at five months of
familiarity. Regarding the SFE, we expected no further increase in the familiarity effect after the N250
time range in Session 1. This prediction was based on our previous finding of a small SFE for a friend
known for approximately two months (Popova & Wiese, 2022). Moreover, we assumed that the SFE
would gradually build up over the following sessions, with larger effects in Session 2 than in Session 1, as
well as in Session 3 relative to Session 2. These analyses and hypotheses were pre-registered prior data

collection (see https://osf.io/e258k).
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3.2. Method

We report how we determined our sample size, all data exclusions, all inclusion/exclusion criteria,
whether inclusion/exclusion criteria were established prior to data analysis, all manipulations, and all

measures in the study.

3.2.1. Participants

The target sample size was determined in a power analysis using G*Power (Faul et al., 2007),
assuming a similar SFE as the one reported for university friends known for approximately two months
in a previous study (Popova & Wiese, 2022; paired-sample t-test, one-tailed, dz=0.72, 1 — 3 = 0.85; see
https://osf.io/e258k), which suggested N=162. Twenty-four first-year undergraduate students at Durham
University were recruited for this study, eight of whom (six female, two male) did not complete all three
testing sessions, mostly because they were no longer in close contact to their friend chosen for Session 1
(see below). The final sample therefore consisted of 16 participants (14 female, one male, and one non-
binary; age M = 18.4, SD = 0.6; 14 right- and two left-handed). All participants had normal or corrected-
to-normal vision, did not have neurological or skin conditions/wounds on their head, and were not
taking psychoactive medication. They provided informed written consent to participate and received
course credits or a monetary reward of £8/h as compensation for their time. The study was approved by

Durham University’s Department of Psychology ethics committee.

3.2.2. Stimuli

2 Please note that a more conventional power of .8 would have resulted in N = 14.



56

The stimuli consisted of images of friends the participants had met at Durham University at the
beginning of the academic year and photos of unfamiliar people. Each participant provided 40 naturally
varying “ambient” images of their friend per testing session, resulting in 120 different images per
identity (ID). Different unfamiliar IDs were used during each session which matched the familiar ID with
respect to gender, ethnicity, approximate age, hair colour and style. The unfamiliar stimuli consisted of
40 images of 43 different unfamiliar IDs (some of which were reused with different participants). Using
GIMP, photos were cropped to include the full head, adjusted in size and copied to a frame of 190 x 285
pixels, converted to grayscale, and matched for luminance using the SHINE toolbox (Willenbockel et al.,

2010, see Figure 3.1 for examples). Ten images of butterflies were used to create a task demand.

N

Familiar ID (3- “

Unfamiliar ID

15258

1.5-25s
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Figure 3.1. Exemplary stimuli and procedure. a) Example ambient images of two identities. b) Trial

structure of the experiment. Images are published with the permission of the depicted persons.

3.2.3. Procedure
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The experiment consisted of three EEG sessions. The participants were tested within a two-
week time period approximately one (M = 36.6 days, SD = 3.2), five (M = 138.4 days, SD = 3.9), and eight
months (M = 249.6 days, SD = 4.4) after the start of the academic year. All recordings took place in an
electrically shielded room (Global EMC™) in the EEG lab of Durham University’s Psychology Department.
The participants were seated 80 cm from a computer monitor with their head placed in a chinrest. Each
EEG session consisted of a single six-minute block of stimulus presentation. Forty images each of a
familiar and an unfamiliar ID along with 10 butterfly images were shown in a randomised order (Figure
3.1). The pictures were presented using E-prime (Psychology Software Tools, Pittsburgh, PA) at a visual
angle of 3.6° x 5.4° on a uniform grey background in the centre of the screen for 1,000 ms. Trials were
separated by a fixation cross varying in duration between 1,500-2,500 ms (2,000 ms on average).
Participants were instructed to press a button with their right index finger in response to butterflies with
emphasis on both accuracy and speed.

Each EEG session was followed by a short rating task assessing familiarity with and emotional
responses towards the identities. Participants were presented with eight randomly selected images of
each ID and asked to judge how likely they were to recognise the person in an image on a 1-5 scale from
‘highly unlikely’ to ‘highly likely’. Arousal and valence were rated on a scale of 1 (very arousing/very
positive valence) to 5 (not arousing at all/very negative valence) using the Self-Assessment Manikin
(SAM) scale (Bradley & Lang, 1994). Participants were also asked how often they see (visual interaction)
and talk to the person (social contact), with response options never, once or twice a year, once or twice
a month, once or twice a week, or every day. While people only seem to have moderate insight into
their face recognition abilities for pre-experimentally unfamiliar faces (see Bobak et al., 2019; Palermo
et al., 2017), participants in the present experiment knew their university friends for at least one month.

We therefore do not consider missed identifications in the experiment despite high recognisability
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ratings as likely, particularly as participants provided the familiar face images for their experiment

themselves.

3.2.4. EEG recording and analysis

64-channel EEG (EEGo, ANT Neuro, Enschede, The Netherlands) was recorded with a sampling
rate of 1024 Hz from sintered Ag/Ag-Cl electrodes. CPz was used as the recording reference and AFz as
the ground electrode. Blinks were corrected using BESA Research Software (Version 6.3; Grafelfing,
Germany). Data were segmented into epochs between -200 and 1,000 ms relative to stimulus onset
with the first 200 ms serving as a baseline. Artefact rejection was implemented using a 100 pV
amplitude threshold and a 75 uV gradient criterion. The remaining trials were re-referenced to the
common average reference and averaged for the different experimental conditions. In line with analysis
procedures from previous studies (Popova & Wiese, 2022; Wiese, Tiittenberg, et al., 2019), mean
amplitudes from 200-400 ms (N250) and 400-600 ms (SFE) were calculated at occipito-temporal
electrodes TP9 and TP10. Given the inconsistency of N170 familiarity effects (see above), we report
analyses of this component (and of an N250-corrected SFE) in the Supplementary Materials. The average
number of accepted trials across all three testing sessions was 37.7 (£3.6 SD, min = 25) for familiar
identities and 37.7 (3.2 SD, min = 26) for unfamiliar faces.

Repeated-measures Analyses of Variance (ANOVA) with within-subject factors hemisphere (left,
right), session (1, 2, 3), and familiarity (friend, unfamiliar ID) were run separately for the two time
ranges. This was paralleled by planned paired-sample t-tests investigating the differences in familiarity
effects (unfamiliar — familiar faces) between and within sessions. To test for the presence of an SFE over
and above the familiarity effect observed in the N250 time window, additional planned comparisons

directly comparing the two effects within each session were calculated (see Popova & Wiese, 2023). We
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report effect sizes with appropriately-sized confidence intervals (Cls): 90% Cls for n?,* (calculated using
an online calculator https://effect-size-calculator.herokuapp.com) and 95% Cls for dun (calculated using
ESCI, Cumming, 2012). Furthermore, bootstrapping analyses (Di Nocera & Ferlazzo, 2000) were run to
test whether familiarity effects can be reliably detected in individual participants. For this purpose,
single-trial EEG epochs of individual participants were randomly reassigned to two “familiarity”
conditions with 10,000 iterations. Reliable effects were assumed if the true individual familiarity effects
at TP9 and TP10 were larger than 95% of the random re-samplings (Wiese, Tiittenberg, et al., 2019).

To fully explore the data, paired-sample t-tests were conducted for the two time ranges of
interest for Session 1 and Session 2 for all participants who completed both sessions (N = 18), and
additional analyses were calculated including only female participants (N = 14). We further ran mass
univariate analyses for the within-session comparisons (friend versus unfamiliar identity) by calculating
paired-sample t-tests for each time point and channel, and controlling for multiple comparisons using
the False Discovery Rate (FDR) method (Benjamini & Hochberg, 1995). To detect familiarity effects
which were consistent across or exclusive for specific testing sessions, we then used FDR-corrected p-
values to calculate exclusive disjunctions as well as conjunctions between sessions across all channels
and time points. Additionally, we calculated dun» as an effect size measure for each timepoint and
channel, and for each of the three sessions separately.

Procedures, confirmatory analyses, and all inclusion and exclusion criteria were pre-registered
before data collection (https://osf.io/e258k). All EEG and behavioural data are publicly available on the
Open Science Framework platform (https://osf.io/wt9ua/). The conditions of our ethical approval do not

permit the public archiving of the photos of the facial identities used in this study and the images cannot

3 We use 90% confidence intervals here because F-tests are one-sided. This means that the 90% Cl always excludes
zero if the effect is statistically significant, while the 95% Cl does not (see e.g. Lakens, 2013).
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be shared with anyone outside the author team. Images of selected individuals who have provided their

explicit written consent are used as examples in Figure 3.1.

3.3. Results

3.3.1. Event-related potentials

Visual inspection of the grand average ERPs revealed more negative amplitudes for the familiar
relative to the unfamiliar identities in the 200-400 ms (N250) and 400-600 ms (SFE) time ranges (see
Figure 3.2a). These differences were evident from Session 1 and appeared to become more pronounced

over sessions in both time ranges of interest.
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Figure 3.2. ERP results. a) Grand average event-related potentials (ERPs) at left and right occipito-
temporal channels TP9 and TP10 for familiar and unfamiliar IDs for each session. b) Mean (and 95% Cls;
dashed lines) difference between familiar and unfamiliar IDs at TP9 and TP10. c) Individual (symbols)
and mean familiarity effects with 95% Cls (solid lines) for the N250 and SFE time ranges, colour-coded by

individual participant .

An ANOVA in the N250 time range revealed a significant main effect of familiarity, F(1, 15) =
39.5, p <.001, n,? =.725, 90% ClI [.450, .817]. Paired-sample t-tests (see Table 3.1) revealed significantly

more negative amplitudes for the friend relative to the unfamiliar face in all three sessions. The main
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effect of session was non-significant, F(2, 30) = 0.85, p = .440, n,2=.053, 90% CI [0, 0.18]. The ANOVA
further yielded a trend for an interaction of session by familiarity, F(2, 30) = 2.62, p =.089, n,* = .149.
Planned comparisons to test our main hypotheses of familiarity effect changes between sessions
revealed a trend towards an increase between Session 1 to Session 2 (note that p = .034 for the
directional alternative hypothesis of increased familiarity effects in Session 2 relative to Session 1).
However, there was no noticeable difference between Session 2 and 3. An additional non-pre-registered
test compared the effects between Sessions 1 and 3 and revealed a significantly larger effect in Session
3 relative to Session 1.

An ANOVA in the SFE time range revealed a significant main effect of familiarity, F(1, 15) = 45.6,
p <.001, ny,*>=.753, 90% ClI [.495, .835]. Follow-up tests (see Table 3.1) revealed that, relative to
unfamiliar faces, the friend elicited significantly more negative amplitudes in all three sessions. The main
effect of session, F(2, 30) =0.68, p =.516, np2=.043, 90% Cl [0, 0.16], and the session by familiarity
interaction were non-significant, F(2, 30) = 0.40, p = .675, n,*> = .026. Planned comparisons were run to
examine potential between-session differences in the familiarity effects and there were no significant
differences between any of the sessions.

To compare the familiarity effects against each other, three within-group planned comparisons
were run (see Table 3.1). While in Session 1, the SFE was significantly higher than the N250, in Session 2,

the two familiarity effects did not differ, and in Session 3, there was a trend towards a larger SFE.

Table 3.1. Results of paired-samples t-tests. S1 = Session 1, S2 = Session 2, S3 = Session 3. All df = 15.

ERP Effect M gife 95% ClI t p dunb 95% ClI

measure

N250 S1: friend vs unfam  1.07 [0.40, 1.75] 3.36 .004 0.27 [0.09, 0.47]
S2: friend vs unfam  2.13 [1.23, 3.04] 5.04 <.001 0.73 [0.36,1.17]
S3: friend vs unfam  2.04 [1.06, 3.03] 4.42 .001 0.56 [0.25,0.92]
S1vsS2 1.05 [-0.09, 2.19] 1.97 .067 0.67 [-0.05, 1.44]

S2vsS3 0.09 [-1.19, 1.37] 0.15 .885 0.05 [-0.62,0.72]
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S1vsS3 0.97 [0.18, 1.75] 2.63 .019 0.58 [0.10, 1.10]
SFE S1: friend vs unfam 2.24 [1.26, 3.23] 4.85 <.001 0.60 [0.28, 0.96]
S2: friend vs unfam  2.43 [1.35, 3.51] 4.80 <.001 0.68 [0.32,1.10]
S3: friend vs unfam  2.86 [1.44, 4.28] 4.28 .001 0.74 [0.32,1.22]
S1vs S2 0.18 [-1.14, 1.50] 0.30 771 0.09 [-0.54,0.72]
S2vs S3 0.43 [-1.31, 2.18] 0.53 .606 0.17 [-0.50, 0.86]
S1vsS3 0.62 [-0.81, 2.04] 0.92 373 0.25 [-0.32,0.84]
N250vs SFE  S1 1.17 [0.33, 2.01] 2.98 .009 0.70 [0.18, 1.28]
S2 0.30 [-0.36, 0.96] 0.97 .349 0.15 [-0.17, 0.49]
S3 0.82 [-0.05, 1.69] 2.00 .064 0.34 [-0.02,0.72]

Bootstrapping analysis for the N250 time window revealed reliable effects in 6/16 participants in
Session 1, P = .38, 95% CI [.19, .61]. In both Sessions 2 and 3, reliable effects were reported in 9/16
participants, P = .56, 95% CI [.33, .77]. Out of the six participants who showed reliable effects in Session
1, four participants demonstrated reliable effects in all three sessions and two participants
demonstrated reliable effects in one of other two of the sessions. Bootstrapping for the SFE time range
revealed reliable familiarity effects in 8/16 participants in Sessions 1 and 2, P = .50, 95% CI [.28, .72]. In
Session 3 reliable effects were detected in 10/16 participants, P = .63, 95% Cl [.39, .82]. Out of the eight
participants who yielded reliable effects in Session 1, four demonstrated reliable effects in the following

two sessions and the rest demonstrated a reliable effect in one of the other two sessions.

3.3.2. Rating task

In the rating task (see Table 3.2 and Supplementary Materials for a full report), the friend was
rated as significantly higher in visual familiarity, arousal, and frequency of interaction, as well as more
positive in valence, relative to the unfamiliar ID (all p < .002). There was a trend towards a significant

difference in the frequency of interaction between Session 1 and 3, suggesting fewer interactions
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reported in Session 3, p =.063, r =.559. There were no significant between-session differences for any

of the other ratings (all p > .249).

Table 3.2. Mean/Median ratings for the two identities. Familiarity, valence, arousal, and interaction with
each identity were assessed on a scale from 1 to 5 (familiarity: 1 = very low familiarity to 5 = very high
familiarity; valence: 1 = very positive to 5 = very negative; arousal: 1 = very arousing to 5 = not arousing
at all; interaction: 1 = never, 2 = once or twice a year, 3 = once or twice a month, 4 = once or twice a

week, 5 = every day)

Familiarity Arousal Valence Interaction

M SD M SD M SD Mdn IQR

Familiar ID Session 1 5.00 0.00 2.19 0.66 1.38 0.81 5 0.00
Session 2 4.94 0.25 244 1.15 1.63 1.09 5 0.25

Session 3 5.00 0.00 244 0.73 1.44 0.63 5 1.00

Unfamiliar ID Session 1 1.69 1.30 4.13 0.89 2.75 0.45 1 0.00
Session 2 1.56 1.03 4.25 0.93 2.81 0.40 1 0.00

Session 3 1.63 0.89 4.06 1.06 2.81 0.54 1 0.00

3.3.3. Exploratory analyses

Exploratory analyses were run including all participants who completed both Sessions 1 and 2. A
paired-sample t-test in the N250 time window revealed a significant increase in the familiarity effect
from Session 1 to Session 2, Mg = 1.21, 95% Cls [0.15, 2.26], t(17) = 2.40, p = .028, dyn, = 0.77, 95% Cls
[0.09, 1.50]. There were no significant differences in the SFE time range, Mg = 0.30, 95% Cls [-1.04,
1.64], t(17) = 0.47, p = .642, dunp = 0.14, 95% Cls [-0.46, 0.75].

Additional analyses including only the female participants from the final sample (N = 14)
revealed a significant increase in the N250 effect from Session 1 to Session 2, Muiff= 1.30 puV, 95% Cls
[0.05, 2.56], t(13) = 2.24, p = .043, dunb= 0.81, 95% Cls [0.03, 1.66], and from Session 1 to Session 3, Muitf

=1.20 nV, 95% Cls [0.38, 2.01], t(13) = 3.16, p = .008, dunb = 0.69, 95% Cls [0.19, 1.26]. There was no
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significant difference between Session 2 and 3, Mairr= 0.11 uV, 95% Cls [-1.38, 1.60], t(13) = 0.16, p
=.879, dunb=0.05, 95% Cls [-0.66, 0.77]. In the SFE time range, there were no significant differences
between Session 1 and 2, Mdirf= 0.14 uV, 95% Cls [-1.38, 1.67], t(13) = 0.16, p = .842, dunb=0.07, 95% Cls
[-0.60, 0.74], Session 2 and 3, Maift= 0.40 uV, 95% Cls [-1.63, 2.43], t(13) = 0.43, p = .678, dunb=0.15, 95%
Cls [-0.58, 0.89], and Session 1 and 3, Mditt= 0.54 uV, 95% Cls [-1.11, 2.19], t(13) =0.71, p = .490, dunb =
0.21, 95% Cls [-0.40, 0.83].

Exploratory FDR-corrected mass univariate analyses of the within-group contrast of familiar
versus unfamiliar identities revealed no systematic differences between the two identities before 200
ms (see Figure 3.3a). Across all three sessions, the familiarity effect appeared more prominent over the
right hemisphere with no pronounced differences observed over the left hemisphere. The analyses
largely confirmed our observation of less pronounced familiarity effects in the N250 time window for
Session 1 relative to the two later sessions, as we observed earlier and longer-lasting effects at
TP10/P10 in Sessions 2 and 3. Familiarity effects in Session 2 were also more widespread across the
scalp, with additional effects over central and parietal channels (presumably reflecting the opposite end
of the dipole underlying the occipito-temporal effects, see Figure 3.3d). In Session 3, the familiarity
effect was more focused but very strongly pronounced at the right occipito-temporal channels.

Figure 3.3b shows the exclusive disjunction of FDR-corrected significant effects when comparing
the different sessions. These comparisons further illustrate the above observations of more pronounced
centro-parietal effects in Session 2 relative to the other two sessions (see Figure 3.3b). Importantly, they
also show the more pronounced effects in the N250 time range at right occipito-temporal channels in
the two later relative to the first session (S1 vs. S2, S1 vs. S3). A logical conjunction, showing significant
effects common to the respective sessions, demonstrated significant effects in the SFE time range at

occipito-temporal channels P10 and TP10 in all combinations of the three sessions (see Figure 3.3c). For
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the earlier N250 time range, there was an overlap in the activity at TP10/P10 in Sessions 2 and 3,
starting at approximately 300 ms.

The mass univariate and mass effect size analyses (see Figure 3.3d) further suggest strong
familiarity effects following the SFE time window, i.e. from 600-800 ms. To follow up on this
observation, we compared the familiarity effects between sessions in this time range. While there were
no significant differences between Sessions 1 and 2, Mg = 0.87, 95% Cls [-0.97, 2.72], t(15) =1.01, p
=.330, dunb = 0.34, 95% Cls [-0.36, 1.07], and Sessions 2 and 3, Mgir = 0.84, 95% Cls [-1.06, 2.75], t(15) =
0.94, p =.362, dunb = 0.30, 95% Cls [-0.35, 0.96], larger familiarity effects were observed in Session 3
relative to Session 1, Mg = 1.71, 95% Cls [0.48, 2.95], t(15) = 2.96, p = .001, dun, = 0.71, 95% Cls [0.18,

1.30].
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Figure 3.3. Mass univariate and effect analyses. a) FDR-corrected mass univariate analyses for the
familiar-unfamiliar comparison for each session. b) Exclusive disjunction of significant effects comparing
the three sessions. C) Conjunction of significant effects across sessions. d) Mass effect size (dunp) for

familiar vs. unfamiliar faces for each session.

3.4. Discussion

Using a longitudinal design, the present study investigated how familiarity develops during the
first eight months of getting to know a person. For this purpose, we used ERPs to examine how
increasing familiarity affects visual (N250 familiarity effect) and later integrational (SFE) processing
stages of face recognition. Clear familiarity effects were evident after approximately one month of
knowing a new person. While we observed further refinement of the visual face representations (in the
N250 effect) beyond the first month of familiarity, no reliable change in the later integrational stages
(SFE) was detected over the time span covered by the present study.

As expected, we observed a clear N250 familiarity effect in Session 1 indicating that robust face
representations were evident after a month of familiarity. The quick establishment of visual
representations is in line with previous research which has reported similar learning effects after a single
laboratory-based learning session (Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al., 2006;
Zimmermann & Eimer, 2013) and following short real-life exposure (Ambrus et al., 2021; Popova &
Wiese, 2023; Sliwinska et al., 2022). Of note, the effect size we found after one month of familiarity (dunb
= 0.27) was somewhat lower than the effect observed in our previous study after two months of
familiarity (duno = 0.43) (Popova & Wiese, 2022), which may suggest that the additional month of
exposure early in the friendship contributed to more refined face representations. However, the present
effect falls within the confidence interval of the previous one, rendering sample variability a plausible

alternative interpretation.
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Importantly, we observed an increase in the N250 effect over the course of the study.
Accordingly, it appears as if one month of exposure was not sufficient for the visual representations to
have fully developed. Specifically, we found a significant increase of the effect from Session 1 to 3 (dunp =
0.58) and a trend for a (non-significant) increase from Session 1 to 2 with a moderate to large effect size
(dunb = 0.67), while no noticeable difference was detected between Session 2 and 3 (dun, = 0.05). We
note that this finding is based on a small and female-dominant sample. However, unlike the comparison
between Session 1 and 2, the N250 comparison between Session 2 and 3 was far from being significant
(p = .885), and the effect size was very small, which suggests that adding a realistic number of
participants would unlikely change this result. Moreover, while we cannot completely exclude the
possibility that the absence of a further increase was related to the difference in reported interactions
between Session 2 and Session 3, we consider this interpretation unlikely, as this difference is very small
(reflecting a single participant’s rating changing from the highest possible to the next highest score).
These results more likely point towards refinement of the visual representations within the first five
months of familiarity, but not afterwards. Although only a non-significant trend was observed in the
confirmatory group-level analysis between Sessions 1 and 2, our interpretation is further supported by
the increase in reliable effects at the individual participant level observed in the bootstrapping analysis.
In addition, both the exploratory analysis including all participants who completed the first two sessions,
and the analysis testing only female participants yielded a significant increase in the N250 time window.
Together, these results seem to justify our interpretation of complete development of visual face
representations over the first five months of knowing a person, at least in female participants.

Interestingly, and in line with above interpretation, the N250 familiarity effect elicited in Session
2 (dunb = 0.73) seems comparable in size to the effects elicited by highly personally familiar faces (e.g.
dunb=0.65 in Popova & Wiese, 2022; dyn = 0.55 in Wiese, Hobden, et al., 2022). Previous research has

demonstrated that the strength of face representations depends on the quality and quantity of
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exposure to within-person variability (Burton et al., 2016; Kramer et al., 2018). In line with these studies,
the N250 increase observed here also complements previous findings suggesting that neural correlates
of face representations are modulated by level of familiarity (Andrews et al., 2017; Popova & Wiese,
2022; Wiese, Hobden, et al., 2022; Wiese, Tlttenberg, et al., 2019). Hence, it appears as if sufficient
variability is experienced during the first five months of familiarity and given frequent exposure, the
visual face representation develop substantially during this time period and reach the level of highly
familiar faces. The present results therefore seem to refine our previous conclusions of fully established
face and person representations within 14 months of familiarity (Popova & Wiese, 2022) by suggesting
that visual representations are fully established substantially earlier. As discussed in more detail below,
however, the full integration of identity-specific information appears to develop at a slower pace.

Of note, we found a clear SFE in Session 1, suggesting that one month of familiarity is sufficient
for the formation of robust person-related representations. Unexpectedly, the SFE at one month of
familiarity was larger than the effect in the N250 time range (see e.g. Figure 3.2b). However, the SFE in
the present study (dunp = 0.60) was similar to the one observed in our previous study at two months of
familiarity (dunb = 0.53), and well within the previous effect’s 95% confidence interval (Popova & Wiese,
2022). Importantly, on the basis of our previous study in which we had observed a significant increase in
the SFE between two and 14 months of familiarity (Popova & Wiese, 2022), we hypothesised an increase
in the SFE with prolonged familiarity. Contrary to this hypothesis, we did not detect a significant increase
over the first eight months of knowing a person. The effect at eight months of familiarity (dun, = 0.74)
was smaller than the one previously observed for personally highly familiar people (e.g. dunb = .92 in
Wiese, Hobden, et al., 2022; dunb = 1.08 in Wiese, Tittenberg, et al., 2019) and friends known for
approximately one year (dun, = .95 in Popova & Wiese, 2022), suggesting that the integration of identity-

specific information had not yet developed to the level of highly familiar identities.
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We see two potential, and not mutually exclusive explanations for the absence of increasing
SFEs over the course of the present study. Firstly, the SFE might develop slowly, and gradual increases in
the eight months of the present study may be too small to be statistically detectable. The effect might
then develop further after the last testing session of the present and before the second time point in our
previous study, i.e. between eight and 14 months of knowing a person. This suggestion is in line with a
numerical increase of reliable effects in the bootstrapping analysis between Sessions 2 and 3 and with a
gradual increase in the SFE effect size from Session 1 to 3. Secondly, precisely how friends were selected
by the participants differed between the two studies. Here, the participants picked their friend at the
beginning of the academic year, and they might have not remained as close with them for the whole
time span covered by the present study. By contrast, the participants in the 14 months group of Popova
& Wiese (2022) selected a close university friend at the time of testing, and it therefore remains possible
that the SFE develops quicker when tested with closer friends. We note, however, that interaction and
familiarity ratings in the present study were at or close to ceiling in all three sessions.

Together, these results suggest that the development of visual and person-identity
representations follows different trajectories. While at one month of familiarity the SFE in the present
study was over and above the N250, at five months of familiarity the magnitude of the effects was very
similar due to an increase in the N250 time range. Finally, at eight months there was a trend for a larger
SFE relative to the N250, and the SFE appeared to be building up. These results suggest that the first
month of familiarity is highly informative for the initial formation of both visual and identity
representations. Subsequently, the N250 effect appears to plateau at the level of highly familiar
identities by five months of familiarity. The SFE, on the other hand, appears to develop only slowly over
the first eight months of knowing someone, resulting in no statistically reliable increase, while being

fully developed after 14 months.
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Previous research has investigated neural correlates of different levels of familiarity (e.g.
Campbell et al., 2020; Natu & O’Toole, 2011; Ramon & Gobbini, 2018; Wiese, Hobden, et al., 2022) but
not much is known about how face and identity representations are established in the first place, and
how familiarity accumulates over time. Recently, Kovacs (2020) proposed a model based on
neuroimaging data, which suggests changes in activation patterns as a result of increasing familiarity. In
the case of personally familiar faces, these changes affect not only the core face network
(fusiform/inferior occipital/ superior temporal regions, inferior frontal gyrus) but also brain regions
processing semantic knowledge (anterior temporal lobe), episodic memory (precuneus/posterior
cingulate cortex, medial temporal lobe), personality (temporoparietal junction, inferior parietal lobule,
medial prefrontal cortex, anterior cingulate cortex), and emotions (amygdala). Previous models (see
Gobbini & Haxby, 2007) have assumed that this “extended network” activity feeds back into the core
system, and therefore to visual representation, and it appears to be this boost of core system activation
that is reflected in the SFE (given its similar scalp distribution relative to the N250 effect). Crucially, as
detailed above, the present results add information about how these processes build up over time and
therefore contribute to our theoretical understanding of face and identity learning.

Our results also add novel information to questions of potential applicability. Previous work has
used ERP effects, and particularly the SFE, to examine whether it is possible to reliably detect familiarity
in individual participants, even when such familiarity is not explicitly acknowledged (Wiese, Anderson, et
al., 2022; Wiese, Tlttenberg, et al., 2019). This previous work has found high sensitivity (with typical hit
rates between .8 and .95 and false alarm rates below .05), but it remained largely unclear how long a
facial identity has to be known to elicit a reliable effect. The proportion of reliable effects in the present
study was clearly below those observed in previous experiments using highly familiar faces (with hit
rates increasing from .5 in Sessions 1 and 2 to .625 in Session 3), which suggests that eight months are

not sufficient to detect familiarity with high sensitivity. This finding is in line with previous results
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suggesting that such sensitivity at the individual participant level may take substantially longer to
develop (Popova & Wiese, 2022).

As a potential limitation, we note that while our approach enabled us to examine familiarity in
an ecologically valid way over long time periods, the exact quantity and quality of exposure to the learnt
identities over the course of the study remains unclear. To provide more precise information, future
studies may therefore try to either control or measure the interactions more accurately (see Campbell &
Tanaka, 2021, for a similar naturistic learning approach in which the minimum exposure was controlled).
In the present study, however, a more fine-grained measure of everyday contact, e.g. in the form of
contact diaries, would have been very difficult to implement in a reasonably sized group of participants
over the time period we studied here. The current experiment was further limited by the reduced
number of participants who completed all three sessions. While we did meet our target sample size, we
experienced a high drop-out rate with a third of the participants withdrawing over the course of the
study (and with the highest drop-out between Sessions 1 and 2). The main reason for dropping out of
the experiment was no longer being friends with the identity used in Session 1. This demonstrates that
naturalistic longitudinal designs are challenging to implement, as it is difficult for participants to foresee
whether they would remain friends with someone they have only known for a few weeks. In addition,
our sample does not allow to draw strong conclusions for non-female participants. While previous
research has reported more accurate face recognition in female as compared to male participants
(Lewin & Herlitz, 2002; Sommer et al., 2013), more systematic research is needed to investigate
potential gender differences in ERP correlates of naturalistic face learning. Despite these limitations, we
believe that ecologically valid procedures are needed to study face and identity learning with personally
relevant identities, as only such studies will allow to apprehend the deep familiarisation processes
happening in everyday life encounters - leading to the rich semantic, affective, and episodic identity-

specific information that shapes our personal relationships.



In conclusion, the present study investigated the changes neural correlates of familiarity
undergo during the first eight months of knowing a person. Our findings suggest that one month of
exposure is sufficient for initial robust face and identity representations to be established. Moreover,
our results imply that visual face representations fully develop after five months of frequent exposure,
as we detected evidence for an increase in the N250 effect over the first five months of familiarity. By
contrast, we found no reliable increase in the SFE over the course of our study, suggesting that the
integration of identity-specific representations takes longer than eight months of familiarity. These
findings extend our knowledge of how new identities become familiar in everyday life by providing

crucial timing information for face and identity learning.
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4. How quickly do we learn new faces in everyday life?
Neurophysiological evidence for face identity learning after
a brief real-life encounter.

Abstract

Faces learnt in a single experimental session elicit a familiarity effect in event-related brain potentials
(ERPs), with more negative amplitudes for newly learnt relative to unfamiliar faces in the N250
component. However, no ERP study has examined face learning following a brief real-life encounter, and
it is not clear how long it takes to learn new faces in such ecologically more valid conditions. To
investigate these questions, the present study examined whether robust image-independent
representations, as reflected in the N250 familiarity effect, could be established after a brief
unconstrained social interaction by analysing the ERPs elicited by highly variable images of the newly
learnt identity and an unfamiliar person. Significant N250 familiarity effects were observed after a 30-
minute (Experiment 1) and a 10-minute (Experiment 2) encounter, and a trend was observed after five
minutes of learning (Experiment 3), demonstrating that 5-10 minutes of exposure were sufficient for the
initial establishment of image-independent representations. Additionally, the magnitude of the effects
reported after 10 and 30 minutes was comparable suggesting that the first 10 minutes of a social
encounter might be crucial, with extra 20 minutes from the same encounter not adding further benefit

for the initial formation of robust face representations.
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4.1. Introduction

When identifying known people from their faces, the human brain highly efficiently resolves a
problem of considerable complexity, as we accurately recognise familiar faces from novel, never-before-
seen images, even in highly challenging circumstances (e.g. Burton et al., 1999; Demanet et al., 2007;
Hole et al., 2002). At the same time, the recognition or even simultaneous matching of unfamiliar faces
in seemingly ideal conditions is often challenging (e.g. Bruce et al., 1999; White et al., 2014). These well-
established findings beg the question of what makes familiar and unfamiliar face recognition so
different, and part of the answer seems to be that we know what our friends, relatives, and colleagues
look like in a wide variety of circumstances (e.g. with varying lighting, viewing angles, facial movements,
but also varying hair/beard styles, make-up, weight, or health), while this kind of information is usually
not available for somebody we have just met (Young & Burton, 2017, 2018). More formally, we have
memory representations that are abstract from any particular instance, and therefore activated by a
wide range of never-before-seen images, for familiar but not for unfamiliar faces, which allows efficient
and image-independent recognition of the former but not the latter (Bruce, 1994; Kramer et al., 2018).
But how are these familiar face representations initially established? Every familiar face has been
unfamiliar and seen for the first time at some point in the past. Moreover, we constantly meet new
people and have to regularly form new face representations which then allow recognition at a later
time. At present, the neural processes underlying face learning, and particularly the time it takes to
establish a novel, image-independent representation are not well understood. Here, we used event-
related brain potentials (ERPs) to examine the temporal dynamics of face learning, as measured by the
neural response to novel images of newly learnt and unfamiliar faces, and more specifically the amount
of time during a first encounter that is needed for image-independent recognition.

Current theoretical work on face recognition and learning emphasises qualitative differences

underlying familiar and unfamiliar face processing (Young & Burton, 2017, 2018). Unfamiliar face
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recognition is thought to strongly rely on so-called pictorial codes or representations, which closely
resemble the appearance of a face in the specific situation it was seen. Recognition is therefore closely
tied to this original encounter (Young et al., 1985), and, as a result, images that closely match this
specific instance are well recognised, but even small deviances can have detrimental effects on
recognition (e.g. Burton et al., 2010; Longmore et al., 2008). However, exposure to highly variable
images of the same face, e.g. taken from different viewpoints, with different emotional expressions,
and/or in different lighting conditions, enables people to learn which aspects remain stable across
images (Burton et al., 2005) and how different the same face can look due to environmental factors or
changes in the face itself (Burton et al., 2016; Jenkins et al., 2011). Repeated exposure to highly variable
images of a face thus enables the transition from pictorial to so-called structural codes which are
abstract (in the sense that they do not represent a specific image) and allow the successful reconciliation
of highly variable exemplars as belonging to the same identity (Young et al., 1985). Therefore, getting to
know a face’s idiosyncratic variability appears to be a crucial aspect of face learning (Jenkins et al., 2011;
Kramer et al., 2017). In support of this theoretical argument, it has been found that a wider range of
within-person variability facilitates face learning. For instance, exposure to high-variability images
(which capture both situational changes such as different facial expressions, distance from the camera,
or different head angles, and longer-term changes due to ageing, health, hairstyle, camera
characteristics etc.) results in more effective learning relative to low-variability images (stills taken from
a single video which capture only situational changes) (Ritchie & Burton, 2017). However, it is as yet
unclear how much exposure to a new face is necessary to learn someone’s idiosyncratic variability well
enough for image-independent recognition to occur.

ERP studies on face recognition have consistently shown that familiar faces elicit more negative
amplitudes than unfamiliar identities at occipito-temporal electrode sites starting at approximately 200

ms after stimulus onset (e.g. Bentin & Deouell, 2000; Gosling & Eimer, 2011; Saavedra et al., 2010). This
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so-called N250 familiarity effect is typically assumed to reflect access to long-term visual face
representations, but, importantly, pre-experimentally unfamiliar faces can elicit this effect following a
learning task (Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al., 2006; see also Zimmermann &
Eimer, 2013). In many cases, however, these experiments have relied on low-variability stimuli, such as
images or videos with relatively small or highly controlled changes in viewpoint or facial expressions
(e.g. Kaufmann et al., 2009; Tanaka et al., 2006; Zimmermann & Eimer, 2013), therefore reducing a
critical aspect of face learning (Kramer et al., 2017; Ritchie & Burton, 2017). The extent to which the
observed effects represented the activation of fully image-independent representations is therefore
somewhat unclear. In an attempt to overcome this limitation, Andrews and colleagues (2017) presented
participants simultaneously with 20 different, highly variable images of two ‘to-be-learnt’ identities that
were taken on many different occasions. Clear N250 effects were observed after a brief exposure to
these stimuli, and importantly, these effects were highly similar when using the same images as
presented during learning or completely novel images of the learned identities at test. However, while
introducing substantial within-person variability to the learning and testing phases, the high variability
of the stimuli used in this study arguably more closely resembled learning a face from a number of
different occasions. As noted above, while many dimensions of facial variability change during a given
real-life encounter (such as facial expressions, gaze, viewing angle), other aspects (such as weight, age,
health, hairstyle, make-up etc.) remain more stable. As yet, it remains unknown whether the variability
experienced during a single brief encounter is sufficient to form a robust representation that enables
the recognition of novel, highly variable instances of the face.

Interestingly, researchers have started to study exposure to real-life variability by using more
naturalistic learning procedures. For instance, recent studies found stronger neural responses for
previously unfamiliar people following four hours of real-life exposure over eight weeks (Campbell &

Tanaka, 2021) and after three real-life one-hour learning sessions over three consecutive days (Ambrus
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et al., 2021). Recently, an fMRI study demonstrated that even shorter real-life exposure can lead to face
learning (Sliwinska et al., 2022). In this study, participants interacted with a pre-experimentally
unfamiliar person in three ten-minute sessions spread across two weeks. The authors report improved
accuracy in image matching of newly learnt faces after the second session. Moreover, significant
changes in right-hemispheric cortical face-processing areas (fusiform face area, occipital face area,
posterior superior temporal sulcus, amygdala) and the hippocampus were observed following the last
interaction. These studies demonstrate that ecologically more valid experimental paradigms can be used
to advance our understanding of the establishment of new face representations. However, as noted
above, it still remains unclear whether a single social encounter can produce a learning response.

Relatedly, the time course of face learning has not been systematically examined. Previous
studies have demonstrated neural correlates of face learning after single lab-based learning sessions,
but the minimal exposure time necessary to form robust image-independent representations in more
naturalistic circumstances has not been established. It has been demonstrated that the N250 effect is
modulated by the degree of familiarity, as the effect elicited by well-known celebrities is larger relative
to recently learnt faces (Andrews et al., 2017), and personally highly familiar faces elicit a stronger N250
compared to famous people (Wiese, Hobden, et al., 2022). However, the trajectory of how the effect
builds up over time, and particularly the time point at which it first emerges, remain unclear.

Of note, familiarity effects in ERPs are not restricted to the N250 time range. Previous work has
shown that the ERP familiarity effect for highly familiar faces further increases following the N250 time
range and peaks between 400-600 ms (Wiese, Tiittenberg, et al., 2019). We have suggested that this so-
called Sustained Familiarity Effect (SFE) reflects the integration of visual with additional person-related
semantic and/or episodic information, as, on the one hand, the scalp distribution of the SFE and the
N250 effect are very similar, but on the other hand the SFE is differentially modulated by experimental

manipulations (Wiese, Ingram, et al., 2019) and therefore functionally not identical to the N250.
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Recently, we (Popova & Wiese, 2022) reported that two months of familiarity were sufficient to elicit a
familiarity effect in the SFE time window but the magnitude of the effect was substantially smaller than
in previous studies on personally highly familiar faces, and not significantly larger than the N250 effect.
So far, no studies have examined the SFE following brief, initial learning of a new face. However, in line
with our interpretation of the SFE, we would not expect that a brief interaction with a pre-
experimentally unfamiliar person results in increased ERP familiarity effects following the N250 time
range.

The present experiments investigated whether an N250 familiarity effect, reflecting the
activation of image-independent face representation, can be established following brief naturalistic
exposure to a pre-experimentally unfamiliar identity. For this purpose, we presented participants with a
previously unfamiliar person in a short one-to-one social encounter followed by an EEG test session in
which novel, naturally varying “ambient” images (see Figure 4.1 for examples) of the newly learnt and of
an unfamiliar identity were presented. During learning, participants were exposed to within-person
variability on those dimensions in which parameter values naturally shift during an initial encounter (e.g.
different viewing angles, facial expressions, eye gaze, speech movements etc.), while other sources of
variability remained constant (e.g. lighting, age, health, weight, make-up, hairstyle etc.). Our
experiments, therefore, examined whether variability in the former dimensions was sufficient to enable
recognition from photos that vary on the latter dimensions as well, which would support the abstract
nature of the underlying representations. In Experiment 1, participants interacted with the ‘to-be-learnt’
person for 30 minutes which resulted in significant N250 familiarity effects. In an attempt to estimate
the minimum exposure necessary to elicit learning effects, we then reduced the duration of the learning
phase to ten minutes in Experiment 2 and five minutes in Experiment 3. While 10 minutes were
sufficient to elicit effects comparable to Experiment 1, only marginal effects were detected after a five-

minute interaction. A final experiment was conducted as a control which confirmed that the observed



81

effects indeed resulted from the social interaction prior to testing rather than learning during the EEG

session.

4.2. Experiment 1: 30-minute learning phase

4.2.1. Method

We report how we determined our sample size, all data exclusions, all inclusion/exclusion criteria,
whether inclusion/exclusion criteria were established prior to data analysis, all manipulations, and all

measures in the study.

Participants

Required sample size was estimated in a power analysis using G*Power (Faul et al., 2007) based on
the difference between newly learnt and unfamiliar faces in a previous study (Andrews et al., 2017; late
N250 effect for the learnt/different condition, TP9/TP10 only; paired-sample test, two-sided, dz=0.84, 1
- B =.95), which suggested a sample size of N = 21. Our actual sample consisted of 24 students at
Durham University (15 female, nine male; age M = 20.5, SD = 1.3). One additional participant was
excluded due to technical problems during EEG recording. All participants were right-handed according
to a modified version of the Edinburgh Handedness Inventory (Oldfield, 1971), had normal or corrected-
to-normal vision, and did not take central-acting medication. They gave written informed consent to
participate and received course credit or a monetary reward of £7.50/h. The study was approved by the

ethics committee of Durham University’s Department of Psychology.

Stimuli
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The stimuli consisted of 50 naturally varying “ambient” images showing the faces of each of four ‘to-
be-learnt’ identities (three female, one male; the confederates) and four additional unfamiliar identities
that were pairwise matched for gender, approximate age, and approximate hair colour and style. All
depicted persons were fully informed about the purposes of the experiment and voluntarily provided
images of themselves which were cropped around the head, resized to 190 x 285 pixels (corresponding
to approximately 5 x 7.5cm image size on the screen), converted to grayscale, and matched for
luminance using the SHINE toolbox (Willenbockel et al., 2010; see Figure 4.1 for examples). Eight images
of butterflies were used as targets to create a task demand. Confederates were recruited from the
student research assistants working in the Durham Psychology EEG lab at the time of the experiment.
Three confederates were year two and year three undergraduate Psychology students (unlike our
participants who were mostly year one students), and the fourth confederate was a postgraduate

student. All participants were unfamiliar with the assigned confederates in all cases.

Learnt ID

Unfamiliar ID
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Figure 4.1. Exemplary stimuli and procedure. a) Examples of ambient images from two identities. b) Trial

structure of the experiment. Images are published with the permission of the depicted persons.

Procedure

The study consisted of a learning phase and a subsequent EEG test session. One of the four
confederates was randomly chosen as the to-be-learnt person for each of the participants, who were
told that they would have a chat with one of the research assistants from the lab. Participants were also
told prior to the learning session that they would later be presented with images of faces and that some
of these faces might be familiar. During the learning phase, the confederate interacted with the
participant for 30 minutes in a naturalistic face-to-face conversation. This was carried out in a room
close to the EEG laboratory, with only the participant and the confederate present. To allow for a more
naturalistic conversational situation, the discussion during the learning phase was not scripted and no
specific instruction to watch the face was given to the participant. However, confederates had to ensure
that their face was visible. Typical conversation topics included the participants’ experiences at
university (e.g. with their colleges, societies, sports teams etc.), how they find their course, hobbies,
where they are from, or their living situation. As would be expected in a natural conversation, both the
participants and confederates asked for and provided information about these topics. Accordingly,
participants learned identity-specific information about the confederates during the interaction.

Immediately following the learning phase, participants were directly taken to the EEG laboratory
(not allowing any further interaction with the confederate), prepared for EEG recording (taking
approximately 15 minutes), and seated in an electrically shielded chamber (Global EMC™) with their
head resting on a chinrest 80 cm from a computer monitor. Fifty photos each of the newly learnt
confederate and of the unfamiliar person from the same pair, as well as 16 trials with pictures of
butterflies were presented in random order (Figure 4.1). Accordingly, in this and all following

experiments, each participant was presented with images of two different identities. The images were
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presented using E-prime (Psychology Software Tools, Pittsburgh, PA) at a visual angle of 3.6° x5.4° on a
uniform grey background in the centre of the screen for 1,000 ms. Trials were separated by a 1,500-
2,500 ms fixation cross (2,000 ms on average). Participants were instructed to watch the screen at all
times and to press a button in response to images of butterflies using the right index finger. Both
accuracy and speed were emphasised. The EEG part of the experiment took approximately six minutes.
The main experiment was followed by a short rating task assessing the visual recognisability of
the identities. The participants were simultaneously presented with eight randomly selected images of
each of the two identities and asked how likely they would recognise the person on a scale of 1 (highly

unlikely) to 5 (highly likely).

EEG recording and Analysis

64-channel EEG (EEGo, ANT Neuro, Enschede, The Netherlands) was recorded using sintered
Ag/Ag-Cl electrodes at a sampling rate of 1024 Hz from DC to 200 Hz. AFz was used as the ground
electrode and CPz served as the recording reference. Blinks were corrected using the algorithm
implemented in BESA Research Software (Version 6.3; Grafelfing, Germany). Data were segmented into
epochs from -200 to 1,000 ms relative to stimulus onset, with the first 200 ms serving as a baseline.
Artefact rejection was implemented using a 100 uV amplitude threshold and a 75 pV gradient criterion.
The remaining trials were re-referenced to the common average reference and averaged for the two
experimental conditions. The average number of trials was 47 (+4.3 SD, min = 34) for learnt and 47 (+4.3
SD, min = 33) for unfamiliar faces.

Similar to previous work on face learning (see Andrews et al., 2017), early (200-300 ms) and late
(300-400 ms) N250 time windows were analysed at occipito-temporal electrodes TP9 and TP10.
Moreover, the SFE was analysed between 400-600 ms at the same electrodes (see Wiese, Tittenberg, et

al., 2019). As we had no a priori hypotheses about the lateralisation of potential learning effects, paired-
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sample t-tests on data averaged across left- and right-hemispheric electrodes were run separately for
each time range to test our hypotheses of learning effects with more negative amplitudes for newly
learnt relative to unfamiliar faces. Repeated-measures ANOVAs with an additional hemisphere factor
and analyses of the N170 time range are reported in Supplementary materials. Following an estimation
approach in data analysis (e.g. Cumming, 2012), effect sizes and appropriately-sized confidence intervals
(Cls) are reported throughout. Cohens’ d was bias-corrected (duns ) and calculated using the mean
standard deviation rather than the standard deviation of the difference as the denominator and 95% Cls
for duny were calculated using ESCI (Cumming, 2012). To compare the magnitude of familiarity effects
against each other, we ran three paired-sample t-tests for familiarity effects in the three consecutive
time windows. As we expected no significant differences, we additionally ran Bayesian tests to gain
potential evidence for the null hypothesis. Finally, to fully explore the data, we ran mass univariate tests
comparing learnt and unfamiliar face conditions at all electrodes and time points.

The study procedure and analyses were not pre-registered before data collection. All study data
and analysis code are publicly available on the Open Science Framework platform
(https://osf.io/mz6qgb/). The conditions of our ethical approval do not permit the public archiving of the
photos of the facial identities used in this study and the images cannot be shared with anyone outside
the author team. Images of selected individuals who have provided their explicit written consent are

used as examples in Figure 4.1.

4.2.2. Results

The learnt identity was rated significantly higher in visual recognisability relative to the

unfamiliar identity, Mg = 2.67, 95% Cl [2.14, 3.19], t(23) = 10.54, p < .001, dup = 2.79* (Table 4.1).

4 Please note ESCI only provides Cls when the d value is between -2 and 2 (see Cumming, 2012; p. 306-307).
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Table 4.1. Mean ratings for visual recognisability for the learnt ID and the unfamiliar ID. Visual familiarity

was assessed on a scale from 1 (very low familiarity) to 5 (very high familiarity).

Learnt ID Unfamiliar ID
M sD M 5D
Experiment 1: 30 min 417 0.92 1.50 0.93
Experiment 2: 10 min 3.62 0.99 1.50 0.83
Experiment 3: 5 min 2.88 1.41 2.00 1.23
Experiment 4: Control 1.85 0.99 1.71 0.87

Visual inspection of the grand average ERPs suggested more negative amplitudes for the newly
learnt in comparison to the unfamiliar face in all analysed time windows (Figure 4.2 - 30 min). A t-test in
the 200-300 ms time range yielded a trend in this direction, Mg = 0.58 uV, 95% Cl [-0.05, 1.21], t(23) =
1.90, p =.070, dunb= 0.14, 95% CI [-0.01, 0.31]. A corresponding test conducted in the 300-400 ms range
demonstrated significantly more negative amplitudes for the learnt identities relative to the unfamiliar
faces, Maifr = 0.74 nV, 95% Cl1 [0.02, 1.46], t(23) = 2.13, p = .044, dunp = 0.17, 95% CI [0.01, 0.33]. Similarly,
in the 400-600 ms window (SFE) ERP amplitudes for the learnt faces were more negative than for the
unfamiliar faces, Mg = 0.90 pV, 95% CI [0.07, 1.72], t(33) = 2.26, p = .034, duny = 0.25, 95% CI [0.02,
0.49].

There were no significant differences between the familiarity effects in the early and late N250,
Muaitt = 0.16 uV, t(23) = 0.67, p = .511, dunb = 0.10, early N250 and the SFE, Mg = 0.32 pV, £(23) = 1.54, p =
.137, dunb = 0.18, and the late N250 and the SFE, Mgi# = 0.16 uV, t(23) =0.77, p = .452, dun, = 0.08.
Bayesian tests provided moderate support for the null hypothesis for the early versus late N250, BFq; =
3.81, error % = 0.03, and late N250 versus SFE comparisons, BFo; = 3.58, error % = 0.03. For the early

N250 versus SFE comparison, there was weak support for the null, BFo; = 1.65, error % = 0.03.
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Figure 4.2. ERP results. a) Grand average ERPs (30 min: N = 24; 10 min: N = 34; 5 min: N = 34; Control: N
= 34) at left and right occipito-temporal channels TP9 and TP10 for the newly learnt vs. unfamiliar faces
for all experiments. b) Individual familiarity effects (symbols) and mean familiarity effects with 95% Cls

(solid lines) shown separately for the three time ranges of interest.

4.3. Experiment 2: 10-minute learning phase

4.3.1. Method
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Participants

We tested 34 under- and postgraduate students at Durham University (27 female, seven male;
age M = 21 years, SD = 5.1; 29 right-, five left-handed). This sample size was determined in a power
analysis based on the late N250 effect observed in Experiment 1 (paired-sample test, one-tailed, dz =
0.44, 1 - = .8) using G*Power (Faul et al., 2007). Selection criteria and compensation were identical to
Experiment 1. The study was approved by Durham University’s Department of Psychology ethics

committee.

Stimuli and procedure

Stimuli consisted of 50 images of each of six identities (four female, two male; four
undergraduate and two postgraduate research assistants in the EEG lab at the time of testing), which
were pairwise matched for gender. Each participant was tested with one pair, with one identity as the
‘to-be-learnt’ person while the other was used as the unfamiliar face. As both members of a pair were
learnt by different participants, the same images were used in the learnt and the unfamiliar conditions
across participants. Each identity served as the ‘to-be-learnt’ person for at least three participants.
Stimulus editing was identical to Experiment 1.

The experimental procedure, as well as EEG recording and data analysis, were analogous to
Experiment 1, with the exception that the learning phase was reduced to 10 minutes. Moreover, due to
UK Covid-19 regulations, and specifically the requirement to wear face masks indoors, the learning
sessions for Experiment 2 were conducted outside the Durham Psychology Department. The average

number of trials was 48 (3.3 SD, min = 36) for learnt and 48 (+2.3 SD, min = 43) for unfamiliar faces.

4.3.2. Results
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The learnt identity was rated as significantly more visually recognisable than the unfamiliar
identity, Mg = 2.12, 95% CI [1.71, 2.53], t(33) = 10.51, p < .001, dunp = 2.28 (Table 4.1).

ERP results are depicted in Figure 4.2 — 10 min. Similar to Experiment 1, the newly learnt face
elicited more negative amplitudes than the unfamiliar face in the 200-300 ms time range, Mg = 0.67 UV,
95% ClI [0.20, 1.13], t(33) = 2.91, p =.006, dunp = 0.20, 95% CI [0.06, 0.35], in the 300-400 ms time range,
Maier = 0.76 nV, 95% CI [0.10, 1.42], t(33) = 2.34, p =.026, duns = 0.24, 95% CI [0.03, 0.46], as well as in the
400-600 ms time window, Mgt = 0.82 pV, 95% CI [0.13, 1.51], t(33) = 2.40, p =.022, dunp = 0.31, 95% CI
[0.05, 0.59].

There were no significant differences between early and late N250, Mg = 0.09 uV, t(33) = 0.57,
p =.575, dunb = 0.06, early N250 and the SFE, Mgir = 0.15 pV, t(33) = 0.67, p = .506, duns = 0.09, and late
N250 and the SFE, Mgifr = 0.55 pV, t(33) = 0.32, p =.749, dunp = 0.03. These results were further
supported by Bayesian tests which revealed moderate support for the null hypothesis for the early
versus late N250, BFo1 = 4.69, error % = 0.04, early N250 versus SFE, BFo1 = 4.41, error % = 0.04, and late

N250 versus SFE comparisons, BFo1=5.19, error % = 0.04.

4.4. Experiment 3: five-minute learning phase

4.4.1. Method

Participants

We tested 34 under- and postgraduate students at Durham University (30 female, four male;
age M =19.3 years, SD = 2; 32 right-, two left-handed). Selection criteria and compensation were
identical to Experiment 1. Two participants had taken part in Experiment 2 but interacted and were
tested with different identities. The study was approved by Durham University’s Department of

Psychology ethics committee.
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Stimuli and procedure

Stimuli consisted of 50 images of each of four female identities (undergraduate research
assistants in the EEG lab at the time of testing) who were paired up as in Experiment 2. Familiarity was
balanced across participants, and each identity served as the ‘to-be-learnt’ person for at least eight
participants. Stimulus editing was identical to Experiment 1.

The experimental procedure, as well as EEG recording and data analysis, were analogous to
Experiment 1, but the learning phase was reduced to five minutes. As in Experiment 2, learning sessions
took part outside the Durham Psychology building. The average number of trials was 46 (3.9 SD, min =

35) for learnt and 46 (+4.0 SD, min = 36) for unfamiliar faces.

4.4.2. Results

The learnt identity was rated significantly higher in recognisability relative to the unfamiliar
identity, Mgt = 0.88, 95% CI [0.38, 1.39], t(33) = 3.54, p =.001, dun = 0.65, 95% ClI [0.26, 1.07] (Table
4.1).

Visual inspection of the grand average ERPs again revealed more negative amplitudes for the
newly learnt face in comparison to the unfamiliar face in all time windows of interest (see Figure 4.2 -5
min). However, the effect appeared somewhat reduced relative to Experiments 1 and 2. Analysis in the
N250 time range yielded trends towards familiarity effects, both in the 200-300ms, Mgt = 0.45 pV, 95%
Cl [-0.05, 0.95], t(33) =1.81, p = .079, dunb = 0.15, 95% CI [-0.02, 0.33], and in the later 300-400 ms time
range, Maisr = 0.50 nV, 95% Cl [-0.004, 1.00], t(33) = 2.02, p =.052, duns = 0.17, 95% CI [-0.001, 0.35].
There was a significant familiarity effect in the later 400-600 ms time range, Mgt = 0.59 nV, 95% Cl [0.13,

1.05], t(33) = 2.61, p = .014, dunb = 0.25, 95% CI [0.05, 0.45].
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Further analyses revealed no significant differences between the effects in the early and late
N250, Mgir = 0.05 pV, t(33) = 0.38, p =.709, duns = 0.03, early N250 and the SFE, Mg = 0.14 pV, t(33) =
0.65, p =.521, dynp=0.10, and the late N250 and the SFE, Mg = 0.09 WV, t(33) = 0.55, p = .584, dunb =
0.07. There was moderate support for the null hypothesis for the early versus late N250, BFo; = 5.09,
error % = 0.04, early N250 versus SFE, BFo1 = 4.48, error % = 0.04, and late N250 versus SFE comparisons,

BFo1=4.72, error % = 0.04.

4.5. Experiment 4: control experiment

4.5.1. Method

Participants

The sample consisted of 34 under- and postgraduate students at Durham University (27 female,
six male, one non-binary; age M = 19.0 years, SD = 1.3; 30 right-, four left-handed). Two additional
participants were excluded due to technical problems during EEG recording. Selection criteria and
compensation were identical to Experiment 1. The study was approved by Durham University’s

Department of Psychology ethics committee.

Stimuli and procedure

The stimuli were identical to Experiment 3. The experimental procedure was analogous to
Experiment 3 but there was no learning phase, and accordingly, all identities were unfamiliar to the
participants. Each participant was randomly assigned to one version of the experiment, in which one
specific pair of “learnt” and unfamiliar IDs from Experiment 3 was presented. Data was then analysed as
if the “learnt” ID had been familiarised, although in fact both identities were unfamiliar. The ID

combinations and the number of times each ID appeared in the two conditions were identical to
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Experiment 3 (see Experiment 2 in Wiese et al., 2019, for an analogous procedure). EEG recording and
data analysis were identical to Experiment 1. The average number of trials was 48 (4.0 SD, min = 30) for

“learnt” and 47 (£3.7 SD, min = 33) for “unfamiliar” faces.

4.5.2. Results

As expected, there was a non-significant difference in visual recognisability between the two
identities, Mgitr = 0.15, 95% Cl [-0.08, 0.38], t(33) = 1.30, p = .201, dunv = 0.15, 95% CI [-0.08, 0.40] (Table
4.1).

Visual inspection of the grand average ERPs did not suggest any differences between the
identities in any of the time windows (see Figure 4.2 - Control). Analyses confirmed this observation by
revealing no significant differences between the conditions in the 200-300 ms, Mgir = 0.10 pV, t(33) =
0.59, p =.562, dunp=0.04, 300-400 ms, Mgirr = 0.19 pV, t(33) = 1.01, p = .322, dunp = 0.06, and 400-600 ms
time ranges, Mairr = 0.08 uV, t(33) = 0.36, p =.724, dunb = 0.03. Additionally, we ran Bayesian tests to
examine our a priori prediction of non-significant differences between the two conditions which
revealed a moderate support for the null hypothesis in the 200-300 ms, BFo1 = 4.64, error % = 0.04, 300-

400 ms, BFo1=3.42, error % = 0.04, and 400-600 ms time windows, BFo; =5.13, error % = 0.04.

4.6. Exploratory Analysis

To fully explore the data beyond the predicted effects at a priorly defined electrode positions
and time windows, mass univariate analyses of the within-participant comparisons of learnt versus
unfamiliar faces were run for each time point and channel for all four experiments (see Figure 4.3). The
strongest familiarity effects were observed in the 10-minute condition (Experiment 2). Systematic

differences between the newly learnt and the unfamiliar identities began approximately 200 ms after
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stimulus presentation. In Experiment 3, stronger familiarity effects were observed over the central and
parietal channels, presumably reflecting the opposite end of the dipole underlying occipito-temporal
effects. No systematic differences were observed in our control experiment (Experiment 4). We note
that (i) given the exploratory nature of the approach, the results reported here should be replicated
before any strong conclusions can be made, particularly as (ii) none of these effects survived a
correction for multiple comparisons using the False Discovery Rate procedure (Benjamini & Hochberg,

1995).
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Figure 4.3. Mass univariate analyses for the within-group comparisons for each experiment.
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4.7. Discussion

The present series of experiments investigated how much time it takes to form a new image-
independent face representation in real-life interactions with a new person. Using ERPs and the N250
familiarity effect as an index of visual familiarity, we examined whether robust, image-independent
recognition could be established following a brief real-life encounter in response to novel, highly
variable images of the newly learnt person. Significant learning effects were observed after a 30-minute
(Experiment 1) and a 10-minute (Experiment 2) social encounter, while only trends were found in the
N250 following a five-minute interaction (Experiment 3). These findings suggest that initial face
representations build up within 5-10 minutes in everyday life encounters, and accordingly that we learn
new faces very easily and quickly. Additionally, no difference between conditions was detected in a
control experiment (Experiment 4), confirming that the observed effects in Experiments 1-3 indeed
resulted from the social interaction before testing rather than from learning during the test sessions.

The current results substantially extend previous lab-based research (Andrews et al., 2017;
Kaufmann et al., 2009; Tanaka et al., 2006; Zimmermann & Eimer, 2013) by demonstrating face learning
under more naturalistic conditions. Importantly, while in the present study within-person variability
during learning was restricted to the specific conditions of a single encounter (e.g. providing no changes
in lighting, make-up, or hair), the images used at test were taken in widely different environmental
conditions. Moreover, test images also depicted longer-term changes in the faces themselves, and on
the basis of these two factors, it seems reasonable to conclude that test images contained substantially
more variability relative to the learning session. Our finding of clear learning from limited variability
under these testing conditions has important theoretical implications.

Theoretical models on face learning and recognition have formulated two different but not
mutually exclusive views about the type of information stored in a newly established face

representation. Burton and colleagues (2005) suggested that forming a new representation can be
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conceptualised as an averaging process across different instances. More specifically, the authors
suggested that by averaging across different instances of the face, random variability (e.g. caused by
different lighting, facial expressions, viewing angles etc.) would be filtered out, while information crucial
to the identity of the face should be present in all instances, and should therefore emerge during the
averaging process. In later work, Burton and colleagues (2016) have argued that variability should not be
treated as noise but instead contains important identity-specific information. For instance, how a
specific face appears to change with different light is not random but depends strongly on the individual
shape and surface reflectance information. While the former average-based view construes face
representations as abstract from any specific instance, the latter view implies that multiple instances or
“snapshots” of a given facial identity are stored in a face representation, and that recognition occurs if a
stimulus is similar to any of these instances.

The present results seem to be easier to integrate with an abstract rather than an instance-
based account. As noted above, participants in the present study were exposed to the new face in only
one specific situation, and yet recognised it from widely varying images. It therefore appears that
participants had extracted information during the learning session that allowed recognition in very
different circumstances. Crucially, as the newly learnt face had never been experienced in the conditions
reflected in the test stimuli, participants could not possibly have an instance-based representation of
these particular conditions. For instance, the participants could not have a snapshot of what the face
looked like in lighting different from the learning situation because they had never seen the face in
different lighting. Accordingly, we suggest that some form of invariant facial information was extracted
in the learning session.

To our knowledge, this is the first study looking at the time course of real-life face learning. Our
findings suggest that the establishment of robust, image-independent representations that allow for

recognition from novel everyday images occurs during the first five to 10 minutes of a social interaction.
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Interestingly, the magnitude of the effects observed after 10 and 30 minutes was comparable suggesting
that the variability experienced throughout the first 10 minutes is informative, while additional time
from the same encounter does not provide detectable further benefit. It therefore appears that the
variability experienced in the two conditions was very similar despite the difference in exposure
duration. In other words, the different viewing angles, expressions etc. observed in the initial five to 10
minutes of exposure provided sufficient within-person variability to build an initial representation, while
longer exposure to the person presumably repeated these views and did not contribute novel
information to enhance learning. This suggestion is consistent with previous research which has
highlighted enhanced learning following exposure to high as opposed to low variability while exposure
duration was kept constant (Murphy et al., 2015; Ritchie & Burton, 2017).

It has to be noted that we only observed a trend in the earlier N250 time window (200-300 ms),
which would have been significant had we decided to run one-sided tests before data analysis (which
would have been possible, as we had clear a priori predictions about the direction of the effect).
Moreover, the familiarity effect then became significant in the following late N250 time window (300-
400 ms). In combination, this suggests to us that learning effects were present in the N250 time range in
Experiment 1. Aa a potential explanation for the observed trend, we note that fewer participants (N =
24) were tested relative to the following experiments (N = 34). We started our study with assumptions
about effect sizes and statistical power derived from previous experiments (Andrews et al., 2017), which
we then adapted based on the results of Experiment 1. It thus seems plausible that the observed trend
would have been significant with larger N (as in Experiments 2-4).

While reliable learning effects were detected following a single session of real-life familiarisation
in the present study, the observed N250 effects were smaller than those elicited by well-known
celebrities (Andrews et al., 2017; Gosling & Eimer, 2011), personally highly familiar faces (Wiese,

Hobden, et al., 2022; Wiese, Tlttenberg, et al., 2019), and friends known for about two months (Popova
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& Wiese, 2022). Accordingly, while five to 10 minutes of social interaction appear sufficient for the initial
establishment of face representations, more exposure to someone’s idiosyncratic variability,
presumably ideally spread out across several different encounters, is needed to strengthen these
representations to the level of highly familiar faces. Recently, face recognition research has been shifting
from a binary approach to familiarity, which compares familiar to unfamiliar faces, towards investigating
how different levels of familiarity are represented in the brain (e.g. Ambrus et al., 2021; Andrews et al.,
2017; Bobes et al., 2019; Li et al., 2022; Ramon & Gobbini, 2018; Wiese, Tlttenberg, et al., 2019; Wiese,
Hobden, et al., 2022). The present results add to these findings and support theoretical accounts that
conceptualise familiarity as a gradual rather than a bi-valent, dichotomous category (Kovacs, 2020;
Kramer et al., 2018).

As expected, brief exposure to a pre-experimentally unfamiliar person did not result in a clear
SFE over and above the effect in the earlier time windows. While there was a significant difference
between the newly learnt identity and the unfamiliar face in the SFE time window, the magnitude of the
effect was substantially smaller than the SFE in response to highly familiar faces (Popova & Wiese, 2022;
Wiese, Anderson, et al., 2022; Wiese, Hobden, et al., 2022; Wiese, Tittenberg, et al., 2019). It appears
that the N250 learning effects in the present study continue into the later time window but unlike
previous studies with highly familiar identities, the difference between familiar and unfamiliar faces
does not increase, indicating that no substantial additional processing is taking place following visual
recognition. This is consistent with the finding that moderately familiar faces, such as university
lecturers (Wiese et al., 2019) or celebrities picked by the experimenters (Wiese et al., 2022) do not elicit
a prominent SFE, and that the effect is only small in magnitude after approximately two months of
personal familiarity (Popova & Wiese, 2022), i.e. after substantially more exposure than tested in any
experiment of the present study. The present finding is also in line with the assumption that the SFE

reflects the integration of visual with additional semantic and/or episodic knowledge. Although some
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identity-specific knowledge will be available following an initial brief interaction, it can arguably be only
sparse, and may either be insufficient or insufficiently integrated with visual information to elicit the
effect. Accordingly, substantially more prolonged and repeated exposure is needed to observe a clear
SFE (Popova & Wiese, 2022).

Relatedly, our results can be interpreted in the context of a recent neuroscientific account
(Kovacs, 2020), which suggests that face and identity learning is accompanied by establishing
representations not only in core face processing regions (such as the inferior occipital lobe and the
lateral fusiform gyrus), but also in anterior temporal regions (reflecting semantic knowledge), the medial
temporal lobe (for episodic memory), the temporo-parietal junction and the inferior parietal lobe (for
personality traits and attitudes), as well as the insula and amygdala (for emotional responses). Critically,
this account differentiates various categories of familiarisation, ranging from purely visual over
contextual to closer personal familiarity. According to this system, face learning in the present study
would arguably be categorised as at least contextual familiarisation, which is suggested to contain
(some) semantic, episodic, and personality information about the to-be-learnt person. As noted above,
however, familiarity effects in later time ranges associated with semantic and episodic processing were
not prominent. Moreover, purely image-based, i.e. visual familiarisation has been shown to result in the
same basic ERP effect — with more negative amplitudes for learnt relative to unfamiliar faces in the N250
time range (Andrews et al., 2017), arguing against the idea that familiarity as reflected in the N250 effect
depends on a specific type of familiarisation (see also Wiese, Hobden, et al., 2022). In conclusion, it
appears that a single, brief interaction with a new person is insufficient to establish contextual
representations as suggested by Kovacs (2020).

Our findings also seem to deviate to some extent from those of Ambrus and colleagues (2021),
who reported that personal familiarisation resulted in stronger effects relative to purely perceptual

learning. It should be noted, however, that, in addition to the different familiarisation procedures, the



100

amount of exposure was substantially larger in the personal condition of Ambrus et al. (2021), which
arguably reflects a quantitative rather than a qualitative difference for various types of familiarisation.
Relatedly, while in our study familiarity effects were observed between 200 and 400 ms, Ambrus and
colleagues (2021) found evidence for familiar face representations only after 400 ms. At present, it is
unclear what underlies these differences between studies. One might speculate that the shorter
learning time in the present study relative to Ambrus et al. (2021; one hour on each of three consecutive
days) explains the absence of a clear SFE. As noted above, however, even two months of familiarity are
not sufficient to elicit the full effect (see Popova & Wiese, 2022), which renders this possibility unlikely
to us. A further potentially important difference between studies lies in the substantial image repetition
in Ambrus et al. (2021). Image repetition generally decreases ERP familiarity effects (see Wiese,
Anderson, et al., 2022; Wiese, Tiittenberg, et al., 2019), and it may also reduce the sensitivity to detect
such effects with other EEG-based methods.

As outlined in previous paragraphs, the present findings advance our current understanding of
how face representations develop and show that a more ecologically valid experimental approach can
be used to overcome limitations of purely laboratory-based face learning studies (e.g. Burton, 2013). It
should be noted that this increased ecological validity is particularly reflected in the learning phase of
our experiments as it consisted of a naturalistic conversation, including natural distances and face sizes
for the learner. Images used at test contained natural within-person variability but were presumably
presented at a smaller visual angle than during naturalistic interactions. Nevertheless, our findings have
potential implications for more applied fields, and in particular, for research interested in the reliability
of eyewitness testimony, as they contribute knowledge about the degree of familiarity necessary for
reliable identification. However, any potential implications are limited by several important factors.
While we reported clear familiarity effects immediately following a brief exposure, the time between

initially meeting a person for the first time and the need to recognise this person later is usually much



101

longer in applied scenarios. It is unclear how stable the familiarity effects observed in the present
experiments are over time, and initial evidence suggests that newly learnt faces are likely forgotten
within 24 hours without additional training (Kramer, 2021).

As a limitation, we further note that it is unclear how much time our participants spent looking
at the ‘to-be-learnt’ face. Confederates had to ensure that their faces were visible, but no specific
instructions were given to the participants regarding the social encounter. We purposefully did not
provide the participant/confederate pairs with a task that might have enforced focusing on the face to
allow for a more naturalistic interaction. Therefore, it is not possible to decide on the basis of the
present results whether the similar effects observed in the 10- and 30-minute conditions were caused
by a similar amount of time spent looking at the ‘to-be-learnt’ person or whether additional fixations in
the longer condition did not provide additional useful information. Future studies are needed to clarify
these questions.

In conclusion, the present study is the first to present electrophysiological evidence for the
minimal time of exposure to a new person that allows the recognition of their face from novel images.
We found evidence for image-independent face recognition after five- to 10-minute interactions with a
stranger, while 20 additional minutes of exposure did not result in learning effects over and above those
observed after ten minutes. These findings provide new insights into the time course of face learning
and the initial formation of robust image-independent representations. Moreover, our results seem to
support the formation of abstract rather than instance-based representations after an initial encounter

with a new facial identity.
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5. General Discussion

5.1. Summary of experimental work

The aim of this thesis was to investigate how familiarity develops in real life. This was achieved
by adopting short- and longer-term face and identity learning procedures, in which familiarity ranged
from five minutes to just over two years. In all experiments, the new identities were learnt in naturalistic
settings through exposure to within-person variability and person-related knowledge. The first two
experimental chapters investigated long-term learning of identities which were continuously and
frequently encountered in everyday life. The final experimental chapter focused on short-term learning
in which familiarity was limited to a single, brief social interaction. The recognition stage in all
experiments consisted of the presentation of highly variable images in order to test the robustness of
any new representations. Event-related brain potentials (ERPs) were used to examine how increasing
familiarity affects visual face recognition (N250 familiarity effect) and the integration of visual with
additional person-related knowledge (Sustained Familiarity Effect, SFE).

Chapter 2 investigated the development of face and identity representations during the first two
years of familiarity cross-sectionally. Year 1, 2, and 3 undergraduate students were tested with images
of a friend they had met at university and photos of a close friend from home, approximately two
months after the start of the academic year, translating into two, 14, and 26 months of familiarity for
the university friend for Year 1, 2, and 3, respectively. As expected, two months of knowing a person
were sufficient for the establishment of robust face representations (as measured with the N250). The
identity-specific representations (as measured with the SFE) at two months of familiarity, on the other
hand, were weak and substantially smaller than those elicited in response to someone known for much
longer (i.e. the friend from home). Importantly, both types of representations got further refined with

increasing familiarity, from two to 14 months of knowing a person. At 14 months of familiarity, they
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appeared to be fully developed, with no significant increase occurring afterwards. While in long-term
friendships the exposure to new visual and person-related information, arguably, continues beyond the
first year of familiarity, this new information does not appear to result in substantial changes to the
already-established representations. These findings suggest that the first year of familiarity is therefore
crucial for the formation of both visual and identity representation.

Consequently, Chapter 3 focused on how familiarity develops during the first eight months after
meeting someone. Using a longitudinal design, a group of first-year undergraduate students were tested
approximately one, five, and eight months after the start of the academic year with images of a friend
they had met at university. Familiarity effects were present in the N250 at the earliest time point of the
study — after one month of familiarity. Additionally, a clear SFE was observed suggesting that one month
of familiarity is sufficient for the establishment of robust identity-related representations. While this
conclusion may appear to contrast with the findings in Chapter 2, the effect size of the SFE was very
similar to the one reported at two months of familiarity in the cross-sectional study, and clearly within
its confidence intervals. Importantly, further refinement of the visual face representations (as examined
using the N250) was observed following the first month of knowing a person, and these representations
appeared to be fully developed at five months of familiarity. In contrast, no substantial increase in the
SFE was observed over the time span of the study, suggesting that the integration of visual with identity-
relevant knowledge builds up more slowly and that the full development takes longer than eight months
of familiarity. These results further refine the findings from Chapter 2 and extend our knowledge of the
times course over which people become familiar in daily life.

Finally, Chapter 4 focused on brief real-life learning to investigate how quickly we learn faces in
an initial real-life encounter. In a series of three experiments, participants interacted with a pre-
experimentally unfamiliar person. This was followed by an EEG testing session in which they were

presented with never-before-seen images of the newly learnt person and of an unfamiliar identity.
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Importantly, while within-person variability during learning was limited to the differences which can be
observed during a single encounter (e.g. different facial expressions, gaze, speech movement, views),
the images used at the recognition stage contained additional environment-related variability (e.g.
lighting, camera characteristics) and longer-term changes (e.g. differences in weight, health, hairstyle).
Therefore, the images used at test arguably contained more variability than what was experienced
during the learning stage, providing a robust test for the flexibility of the newly acquired
representations. Clear N250 familiarity effects were present after a 30-minute and a 10-minute
encounter, and a trend was evident after a five-minute interaction. Moreover, the magnitude of the
effects reported after 10 and 30 minutes of face learning was very similar, suggesting that 20 extra
minutes from the same first encounter with a person do not further refine the visual face
representations. A final control experiment was conducted in which the ERPs elicited by the images used
in the five-minute experiment were recorded with no learning session prior to testing, so both identities
presented were unfamiliar to the participants. The clear absence of any difference between identities
strongly suggests that the learning effects reported in the first three experiments were due to the
interaction before the testing session, and not related to learning based on the images presented during
the EEG session. These studies suggest that a brief five to 10-minute interaction is sufficient for the
formation of robust visual representations, and the differences in variability observed at learning and
test provide support for the abstract nature of the newly acquired representations. This series of studies
therefore provides novel insights into the initial establishment of face representations in naturalistic
conditions.

Together, these experiments demonstrate that face learning occurs quickly in everyday life, as a
10-minute social encounter is enough for the formation of face representations. However, a single brief
interaction is not sufficient for the full development of the N250 familiarity effect, and even after one to

two months of familiarity, the visual face representations are not fully developed. Face learning appears
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to end around five months after first meeting a person, given frequent exposure, at which point the
representations reach the level of highly familiar faces. An initial integration of visual with additional
person-related information develops over the first month of knowing someone, and then gradually

builds up until it reaches a plateau between eight and 14 months of familiarity.

5.2. How do the present studies relate to and extend previous work?

5.2.1. What have we learnt about face and person learning?

This thesis presents the first experiments systematically looking at the time course of face and
person learning in everyday life. Previous research largely focused on the different cognitive stages (e.g.
Bruce & Young, 1986; Schweinberger & Neumann, 2016) and brain areas (e.g. Gobbini & Haxby, 2007;
Haxby et al., 2000) involved in familiar face processing and the differences between different types of
familiarity (e.g. Alzueta et al., 2019; Bobes et al., 2019; Natu & O’Toole, 2011; Ramon & Gobbini, 2018;
Sugiura, 2014; Wiese et al., 2022). However, not much is known about when the initial face and identity
representations are first established and how they develop over time. Recently, Kovacs (2020) proposed
a model of how people become familiar based on neuroimaging data. This model suggests that person-
related information emerges gradually in the brain with increasing familiarity and leads to changes in
the core face network and the extended system. The present experiments provide critical information
about the time course of this process by focusing on the development of visual representations and the
integration of person-related knowledge.

The series of experiments in Chapter 4 demonstrates that the visual face representations
emerge after an initial social interaction with an unfamiliar person in as little as 10 minutes. These
findings are consistent with previous EEG research which has demonstrated visual recognition following

a single laboratory-based learning session (Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al.,
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2006; Zimmermann & Eimer, 2013). They also extend recent work adopting real-life learning procedures
(Ambrus et al., 2021; Sliwinska et al., 2022) by showing that a single, brief naturalistic interaction is
sufficient to learn a new face. In an attempt to find the minimum exposure time which results in the
establishment of visual representations flexible enough to generalise to novel, highly variable images,
the effect of exposure duration on the acquired representations was also explored. Interestingly, no
clear difference in the magnitude of the effect was observed between 10- and 30-minute exposures. In
everyday life, faces are learnt through exposure to within-person variability (Bruce, 1994; Burton, 2013;
Jenkins & Burton, 2011; Ritchie & Burton, 2017). It appears that the first 10 minutes of the encounter
provided rich and diagnostic information about how the face varies, and additional exposure during this
initial interaction did not produce any meaningful benefits. Despite not observing further refinement of
the representations with prolonged exposure, the acquired representations after 10 minutes were not
fully developed and had not reached the same level as those for highly familiar faces. The N250 effects
reported here were smaller than those elicited by highly familiar faces (e.g. Andrews et al., 2017; Wiese
et al., 2019, 2022) and presumably, the limited within-person variability present during this single
interaction with the newly learnt person did not enable the participants to efficiently recognise the face
from all of the highly variable instances presented at the testing session. An additional study, testing
behavioural recognition following a 10-minute interaction, would be necessary to confirm these
speculations and shed more light on how well the ambient images were recognised. Overall, however,
Chapter 4 suggests that a naturalistic 10-minute interaction is sufficient for the initial development of
visual face representations, but that more experience with the face is necessary to further refine them.
Chapter 3 and Chapter 2 examined face learning over substantially longer time periods — eight
months and two years, respectively, and investigated how the visual representations develop following
their initial establishment. Both studies observed robust visual representations at their earliest testing

timepoint — one (Chapter 3) and two (Chapter 2) months of familiarity. Interestingly, the effect size for
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the N250 effect recorded at one month of familiarity (duns = 0.27) was similar to the one observed after
a brief 10-minute interaction (dun, = 0.22°)%. While the visual representations develop very quickly during
the initial social encounter, the additional exposure during the first month which involves seeing the
person on many separate and variable occasions (as our participants reported daily exposure to their
new friend) does not appear to contribute much to the development of the effect. Therefore, the first
interaction with a new person seems to provide exposure to variability that is highly diagnostic of the
facial identity, and subsequent exposure during the following month seems to result in substantially
slower learning. Importantly, however, in Chapter 4 testing took place immediately following the
learning task. It is possible that the representations acquired during the brief exposure would be less
robust after a month as previous research has shown a steep decline in face recognition performance of
a newly learnt face in the first 24 hours following the learning session (Kramer, 2021). Presumably, while
subsequent exposure following the first interaction does not result in an immediate substantial increase
of the familiarity effect, it likely promotes the stability of the representation and its retention in long-
term memory. An additional study with multiple learning and testing sessions on different days could
further test the initial acquisition of face respresentations. The N250 observed at 2 months of familiarity
(dunb = 0.43), on the other hand, was bigger than the familiarity effect recorded at one month. Thus, it
appears that the additional month of exposure contributed to more refined representations, and that
with frequent interactions, the visual representations are slowly but gradually becoming stronger over
time. While, presumably, the variability experienced between 10 minutes and one month, on one hand,
and one and two months, on the other hand, would be very similar, the N250 correlate might not be as
sensitive to keep track of this small but constant accumulation of visual familiarity resulting in no visible

increase in the effect over the first month but a slight increase from one to two months.

5 The effect size dunb was averaged across the 200-300 ms and 300-400 ms time windows.
6 The between-experiment comparisons should be interpreted with caution due to wide confidence intervals for
the dunbin all studies.
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Additionally, Chapter 3 and Chapter 2 demonstrated that the visual representations keep
getting refined following the first one and two months of familiarity. In Chapter 2, we observed an
increase in the N250 effect between two (dun = 0.43) and 14 months (duns = 0.65) at which point the
visual representations were fully established as there was no subsequent increase from 14 to 26 months
(dunb = 0.76) of familiarity. Chapter 3 then refined these conclusions by showing a significant increase in
the visual representations over the first eight months of familiarity. This was evident in a trend for a
significant increase in the familiarity effect from one to five months and no difference between five and
eight months, pointing towards a refinement of the visual representations within the first five months of
familiarity but not afterwards. In line with this interpretation, the visual representations at five months
of familiarity (duno = 0.73) had reached the level of highly familiar faces (Wiese, Hobden, et al., 2022;
Wiese, Tittenberg, et al., 2019) and of friends known for about 14 months. These findings suggest that
face learning ends at five months of familiarity, given regular exposure’. Therefore, it appears that the
first five months of getting to know someone provide enough within-person variability to build
representations which allow the reliable and robust recognition of the person from highly variable
images. While visual exposure to the newly-learnt person continues beyond these five months and the
visual representations need to accommodate for changes in visual appearance which take place over
longer time periods (e.g. ageing, weight fluctuations), subsequent exposure presumably changes the
representation but does not extend it. In other words, we may not continue to add more “snapshots” of
what the person looks like to the representation but instead, those which are no longer useful are
replaced. As an analogy, a computer folder containing images increases in size with the addition of extra
images, but if images are instead replaced with new ones, the content changes but the size of the folder

remains the same. Overall, these findings suggest that the initial development of visual face

" This is the best estimation, given the present data. Future research will hopefully clarify if face learning really
ends at five months of familiarity.
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representations occurs very quickly - during the first encounter with the new person, and then fully
develops during the first five months of getting to know that person.

In real life, getting to know someone does not only consist of perceptual familiarisation, as faces
are learnt in parallel to person-related semantic/episodic knowledge. Personally familiar faces activate a
wide neural network in a more elaborate way than purely experimentally learnt faces (Kovacs, 2020;
Ramon & Gobbini, 2018). The studies in this thesis therefore also explored the integration of visual with
additional person-related knowledge as an important aspect of the transition from a stranger to a
friend. This was possible in Chapters 2 and 3 because of the use of personally familiar, socially relevant
identities that were seen on a regular basis, which allowed us to examine the development of familiarity
in real life. Previous research has largely relied on comparisons between different types of familiarity
(e.g. personally familiar versus famous identities) to reach conclusions regarding the impact of the level
of familiarity on the brain (e.g. Ambrus et al., 2021; Andrews et al., 2017; Caharel et al., 2002; Karimi-
Rouzbahani et al., 2021; Wiese et al., 2019). The experiments presented in Chapter 2 and Chapter 3
which track how the ERP correlates of familiarity change over time substantially extend our current
knowledge of the impact that the degree of familiarity has on identity representations by investigating
the development of familiarity for the same type of identities both cross-sectionally (Chapter 2) and
longitudinally (Chapter 3).

The findings suggest that the person-identity representations which involve the integration of
relevant semantic, episodic, and affective information take longer to initially emerge relative to the
visual representations. This is based on the observation from Chapter 4 of robust familiarity effects
following a brief learning procedure only in the earlier N250 time range related to visual familiarity with
no subsequent increase in the effect in the later face-processing stages. While during the naturalistic
interaction which was part of the learning phase of the study, the participants would have acquired

some person-related knowledge about the newly learnt person, this information was either not
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sufficient or not sufficiently integrated to substantially affect the later (SFE) stages related to semantic
and episodic processing (dunb = 0.31). In contrast, the representations observed after one month of
familiarity (duno = 0.60) were substantially stronger indicating that after one month of knowing a person
a sufficient amount of person-related knowledge has been accumulated. Similarly to the visual
representations, at this point, the SFE is not as robust as the effect elicited by highly familiar people
(Wiese, Hobden, et al., 2022; Wiese, Tiittenberg, et al., 2019) and the refinement of this later processing
stage continues with subsequent exposure. It appears that the build-up of person-related information is
very rapid over the first two months of familiarity but slows down afterwards. This is based on the lack
of increase in the SFE over the course of the study reported in Chapter 3. Hence, the initial exposure to
person-related information during the first one/two months is highly informative and readily integrated
with the visual representations, but subsequent information only builds up the representation very
slowly. The integration of person-related knowledge then reaches a plateau by 14 months of familiarity.
This demonstrates that similarly to face learning, identity learning does not continue indefinitely, and
representations do not get substantially refined with continuous exposure.

The present experiments investigated the time course over which visual and person-related
information develops with increasing familiarity. Taking into account the conclusions discussed above, in
Figure 5.1., | propose a model which collates the findings from all three studies conducted as part of this
thesis. This model follows the process of getting to know someone from the very first meeting with a
new person to a long-term friendship. Overall, the present results suggest that while the first five
months are crucial for the full development of robust face representations, the integration of person-

related knowledge to the level of highly familiar faces takes just over a year.
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Meeting a new person
first 5-10 minutes — _—( initial establishment of the visual representations

1 month = =
{ identity representations first emerge )

2 months —f _
—( further refinement of the visual representations )
5 months = :_4( visual representations fully developed )

8 months =
4( further refinement of the identity representations )
1 year 2 months = —( identity representations fully developed )
w

Long-term friend

Figure 5.1. Proposed model of the time course of face and identity learning in everyday life.

5.2.2. What have we learnt about the ERP correlates associated with familiar
face recognition?

In addition to the discussed theoretical contributions of how people become familiar in
everyday life, the experiments reported here contribute to our understanding of the ERP correlates
related to familiar face processing. They provide information regarding the minimal exposure and
degree of familiarity necessary for the effect to be elicited and the trajectory of the development of the
two effects. The N250 is very sensitive to face learning and a single 10-minute exposure is sufficient for
the initial establishment of robust face representations. This supports the conclusions of previous
laboratory-based ERP studies (Andrews et al., 2017; Kaufmann et al., 2009; Tanaka et al., 2006;
Zimmermann & Eimer, 2013). For the SFE, on the other hand, prolonged acquisition of information

related to the new friend is needed to reliably elicit the effect (in the sense of an enhanced amplitude
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difference following the N250 time window), which is in line with previous research failing to observe an
SFE for only moderately familiar people, i.e. lecturers and disliked celebrities (Wiese, Hobden, et al.,
2022; Wiese, Tittenberg, et al., 2019). It appears that one month of daily real-life exposure is enough to
elicit a clear SFE. Both effects are modulated by familiarity in a gradual rather than binary manner, as
guantifiable differences were observed between the different levels of familiarity, supported by the
effect sizes which generally increased with familiarity from 10 minutes to 14 months.

The results also indicate that the two ERP familiarity effects follow different trajectories of
development. Both develop substantially initially, but in the case of the N250, this happens during the
first exposure, while the SFE first emerges after approximately one month of interaction. The
development of both effects then slows down in the following months resulting in only gradual
refinement of the familiarity effects. The N250 further develops during the first five months and then
reaches a plateau, while the SFE keeps increasing following the full development of the N250 and
reaches a plateau after just over one year of close familiarity. This difference in the temporal course of
development of these two effects contributes to the argument that despite the similar scalp
topography, these two effects reflect two at least partly different processes. Wiese and colleagues
(2019) interpreted the SFE to reflect the integration of visual with additional person-related knowledge.
While the specificity of this effect to faces and the exact processes that underlie the SFE are beyond the
scope of the current work, the pattern of results of the present experiments is consistent with the
current understanding of what the SFE represents.

The question regarding the neural basis of the two effects remains open. The occipito-temporal
scalp distribution of these two familiarity effects suggests a neural generator in the ventral visual stream
but the low spatial resolution of EEG prevents inferences regarding the precise anatomical locations of
the effects (e.g. Olivares et al., 2015). On the other hand, fMRI’s excellent spatial resolution has been

very useful in the localisation of the processes underlying familiar face processing. Based on models of
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face perception, the core and extended face systems are expected to underpin these familiarity effects
(Gobbini & Haxby, 2007; Haxby et al., 2000), with more familiar faces activating the areas from the
extended network to a higher extent (Kovacs, 2020). The fusiform gyrus is often seen as the main
generator of the N250 effect (Kaufmann et al., 2009), while a recent study demonstrated that the right
occipital face area plays a causal role in the differentiation between familiar and unfamiliar faces (Eick et
al., 2021). The SFE, on the other hand, due to its late peak and modulation by degree of familiarity, is
likely to incorporate post-perceptual processing carried out in the extended face network and fed back
to the core face-processing network. This is consistent with the present findings which observed an

increase in the SFE following the full development of the N250 effect.

5.3. Methodological and practical implications

Previous neuroscientific research on face learning and recognition has largely ignored two key
aspects of the real-life phenomenon. First, studies have largely relied on artificial or tightly controlled
stimuli, thereby neglecting the importance of within-person variability for both learning and recognition
stages (e.g. Burton, 2013). Second, they have used laboratory-based familiarisation procedures which
cannot produce the same widespread neural representations of identities learnt in real life over long
time periods (Kovacs, 2020). As a result, past research can only provide limited information about how
we really get to know people in everyday life. Recently, studies looking at face learning have started to
address these limitations by implementing short- (Ambrus et al., 2021; Sliwinska et al., 2022) and long-
term (Campbell & Tanaka, 2021) real-life learning procedures. The experiments in this thesis continue
this shift towards more ecologically valid paradigms by introducing three different (quasi-)experimental
procedures studying face learning as it happens in real life. The current results demonstrate that such
procedures are feasible to implement and can provide novel insights into the transition from unfamiliar

to familiar face processing.



114

These findings also have potential real-life implications for forensic settings. Eyewitness
testimony is very challenging and error-prone because it involves recognising a person, quite often seen
only briefly, in different settings to which they were first encountered and often across substantial
(sometimes deliberate) variations in appearance (e.g. Steblay et al., 2003; Wells et al., 1998). Improved
understanding of the initial development of visual representations, and in particular, the minimal
exposure leading to recognition from multiple highly variable images of the newly learnt person is of
interest to and can inform eyewitness testimony practices. However, any potential practical implications
of the results from Chapter 4 are, at the moment, limited by several key factors. First, the visual
representations were tested shortly after the brief exposure. In applied settings, the delay between
exposure and the need to recognise the person is substantially longer, and currently it is unclear how
stable the effects are over time. Second, in the study, the learning phase consisted of a brief one-to-one
social encounter. More research is needed to track the development of face representations in busy
environments in which people are likely to be more distracted. Additionally, in applied settings, people
often need to identify someone with whom they have not interacted, so future research needs to
investigate whether social interaction contributes to the initial establishment of the visual
representations observed in the present experiments.

Objective and reliable measures of familiarity elicited without an overt response could be used
in settings in which someone might want to conceal familiarity with a specific individual or might not be
capable of communicating familiarity (e.g. small children or individuals with locked-in syndrome or
dementia). While the effects reported in the N250 correlate are usually small, the SFE is a good
candidate as the effect is robust and highly reliable in individual participants (Wiese, Anderson, et al.,
2022; Wiese, Tlttenberg, et al., 2019). Additionally, the SFE is present even when an individual is trying
to actively deny familiarity (Wiese, Anderson, et al., 2022) and allows a high specificity regarding the

exact time range and electrode sites at which the effect will be the strongest. The present findings,
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however, demonstrate that the effect is not as robust and sensitive during the first year of familiarity. In
Chapter 2, the proportion of reliable effects in individual participants increased from P = .35 at two to P
=.80 at 14 months of familiarity. Therefore, to be able to detect familiarity effects in individual
participants with reasonable accuracy, the identity needs to be known for at least 14 months.
Additionally, before the SFE can be used as an index of familiarity with populations unable to overtly
report familiarity, additional research is needed to investigate whether the effect is as reliable in other
age groups, as, for instance, age-related deficits have been observed in the N250r in healthy older

participants (Wiese et al., 2017).

5.4. Limitations and directions for future research

A limitation of the present thesis and the more ecologically valid paradigms used here is the lack
of control regarding the quality and quantity of exposure. It is challenging to obtain an objective
measurement of familiarity for friends known for a long time (Chapter 2) and to precisely track exposure
over long time periods (Chapter 3). Additionally, while in Chapter 4 the exposure duration to the person
was timed, it is unclear exactly how much time the participants spent looking at the face of the person
and what sort of information they learnt about the face during the social encounter. It also remains
unknown how the different types of non-visual identity-specific information (episodic, semantic,
affective) contribute to the development and magnitude of the identity representations. While long-
term face and identity learning is difficult to investigate in strict laboratory conditions, there are
strengths and limitations for both purely laboratory-based and more ecologically valid approaches, and
a combination of both is needed to shed light on how faces become familiar.

Another limitation of the current work is that it does not take into account individual differences
in face learning. It is well-established that face recognition ability is a continuum, ranging from very poor

recognition in people with prosopagnosia to excellent recognition abilities in super-recognisers (e.g.
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White & Burton, 2022). Therefore, there will be differences between participants in their face learning
skills, with some being better and some worse than average learners. Similarly, there will be variability
between learnt identities, as characteristics such as the distinctiveness (Kaufmann & Schweinberger,
2012) or attractiveness of a face (Wiese et al., 2014) make some faces easier to learn than others.
Additionally, prior experience is likely to also have an impact, as, for instance, people more easily
remember faces which resemble someone they already know (Hancock, 2021). The investigation of
these sources of variability was beyond the scope of the present experiments due to the sample sizes,
which are typical for ERP research but too small to test for the additional factors discussed here. It,
however, represents an interesting avenue for future work and a logical next step for the face learning
studies from Chapter 4.

Another interesting question which emerges from the current work is about the stability of the
established face and identity representation in the absence of further exposure. As briefly discussed
earlier, an improved understanding of the process of forgetting has crucial implications for forensic
settings. Additionally, a change in the N250 and SFE over time in the absence of additional exposure can
shed some light on the nature of face and identity representations. For instance, in Chapter 2, one of the
groups observed a larger N250 for friends with whom the participants reported interacting more
frequently at the time of testing. This suggests that recency of exposure, in addition to the cumulative
level of familiarity, might also play a role in the robustness of the representations. This pattern was not
present for the SFE time range suggesting that the neural representations of identity-specific knowledge
are more robust over time than the visual representations in the absence of frequent interactions.
However, as this observation was not predicted and not present in the other year group, more support

for this conclusion is needed.



117

5.5. Conclusions

In sum, the current thesis presented novel (quasi-)experimental approaches to study the neural
basis of short- and long-term face and identity learning in a more ecologically valid way as compared to
previous laboratory-based studies. The results presented here improve our knowledge of how people
become familiar in everyday settings and add a time dimension to our theoretical understanding of face
and identity learning, focusing on both the visual representations (as reflected in the N250 familiarity
effect) and the integration of person-related knowledge (as reflected in the SFE). In addition to these
theoretical contributions, the present findings have also potential real-life implications for forensic
settings. Future research should investigate the impact of individual differences on face and identity
learning and the developmental trajectory of face and identity representations in the absence of

subsequent exposure.
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6. Appendices

6.1. Chapter 2. Supplementary Material

Performance

Due to technical issues during testing, the behavioural responses of one participant were not
recorded. For the remaining participants, accuracy was close to ceiling during the butterfly detection
task, hit rate = .99, SD = .02, false alarm rate < .01, SD = .005. The mean reaction time for correct

responses was 503 ms, SD = 63.6.

Event-related potentials

A mixed-model ANOVA for the N170 (140-180 ms) with within-participant factors hemisphere and
familiarity and a between-participant factor year group yielded a significant main effect of familiarity,
F(2,114) =3.22, p =.044, n,* = .053, 90% CI [.001, .123], while the familiarity by year group interaction
was non-significant, F(4, 114) = 0.43, p =.790, n,” = .015, 90% CI [.000, .032]. Relative to unfamiliar
faces, university friends elicited significantly more negative amplitudes, Mg = 0.42 puV, 95% CI [0.08,
0.76], t(59) = 2.47, p = .017, dunb = 0.13, 95% CI [0.02, 0.24], and a corresponding trend was observed for
home friends, Mqirr= 0.32 pV, 95% Cl [-0.04, 0.68], t(59) = 1.78, p = .081, dun, = 0.10, 95% CI [-0.01, 0.22].
University and home friends did not differ, Mg = 0.10 uV, 95% Cl [-0.23, 0.43], t(59) = 0.63, p = .532, dunb
=0.03, 95% ClI [-0.07, 0.14]. The familiarity effect in the N170 time range for university friends and the
corresponding trend for home friends might suggest that familiarity can be observed before the N250
time range (i.e. earlier than 200ms). Of note, however, the observed effects were very small and were
only statistically significant (or close to significant) when all 60 participants were entered into the

analysis. Due to inconsistencies regarding the N170’s sensitivity to familiarity in previous research and
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the very small effects observed here, we conclude that the first reliable and clear familiarity signal
occurs in the N250 time range.

An ANOVA in the N250 time range revealed significant main effects of familiarity, F(2, 114) =72.57,
p < .001, n,% = .560, 90% CI [.455, .629], and hemisphere, F(1, 57) = 26.00, p < .001, n,? = .313, 90% CI
[.152, .447], while the year group main effect was non-significant, F(2, 57) = 0.65, p = .525.

An ANOVA in the SFE time range yielded significant main effects of familiarity, F(2, 114) = 88.38, p <
.001, n,% = .608, 90% ClI [.510, .671], hemisphere, F(1, 57) = 11.87, p = .001, n,% = .172, 90% CI [.047,
.311], and year group, F(2, 57) = 3.38, p = .041, n,2 = .106, 90% CI [.002, .221].

A measure of the SFE which was corrected for potential differences in the earlier time range was
calculated by subtracting N250 amplitudes from the SFE (N250-corrected SFE; see Wiese, Hobden, et al.,
2022). A mixed-model ANOVA revealed significant main effects of familiarity, F(2, 114) = 24.32, p < .001,
Ne’ =.299, 90% CI [.180, .393], and hemisphere, F(1, 57) = 14.63, p < .001, n,* = .204, 90% CI [.067, .343],
and a significant hemisphere by familiarity interaction, F(2, 114) = 5.87, p =.004, n,* = .093, 90% CI [.019,
.175]. The main effect of year group, F(2, 57) = 1.69, p = .193, n,* = .056, 90% CI [.000, .153], and the
year group by familiarity interaction, F(4, 114) = 0.67, p = .614, n,*> = .023, 90% CI [.000, .051], were non-
significant. Relative to unfamiliar faces, analyses revealed significantly more negative amplitudes for
university, Mg = 0.37 pV, 95% Cl [0.08, 0.66], t(59) = 2.57, p = .013, duns = 0.18, 95% CI [0.04, 0.32], and
home friends, Mqirr = 1.01 pV, 95% Cl [0.72, 1.30], t(59) = 6.97, p < .001, dunp = 0.48, 95% Cl [0.32, 0.65].
Additionally, home friends elicited significantly more negative amplitudes than university friends, Mgt =
0.64 uV, 95% Cl [0.34, 0.93], t(59) = 4.3, p < .001, dun, = 0.30, 95% CI [0.15, 0.45]. The observed main
effect of familiarity suggests additional processing of identity information in the later time window, over
and above the processes reflected in the N250. At the same time, this analysis did not yield a significant
interaction with year group, which might be interpreted as suggesting that the differences between year

groups occurred mostly in the N250 time range and were then carried over into the later time window.
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We note, however, that such an interpretation cannot explain that in Year 1 university and home friends
did not differ in the N250, whereas home friends elicited more negative amplitudes in the SFE. We,
therefore, conclude that the uncorrected SFE reveals important findings, which would have been missed
by an exclusive focus on corrected data.

Finally, to analyse P600f, mean amplitudes from 400-600ms were calculated at Pz (see Figure 6.1a
and 6.1b). A mixed-model ANOVA revealed a significant main effect of familiarity, F(2, 114) =29.24, p <
.001, ny? =.339, 90% CI [.218, .431], while the familiarity by year group interaction was non-significant,
F(4,114) =1.66, p = .165, n,* = .055, 90% CI [.000, .106]. Analyses revealed more positive amplitudes for
university friends relative to unfamiliar faces, Mgirr= 0.93 uV, 95% CI [0.59, 1.28], t(59) = 5.43, p < .001,
dunb = 0.44, 95% Cl [0.26, 0.62], and for home friends versus unfamiliar faces, Mgifr= 1.35 puV, 95% Cl
[0.97,1.72], t(59) = 7.17, p < .001, dunb = 0.64, 95% CI [0.43, 0.85]. Additionally, home friends elicited
significantly more positive amplitudes than university friends, Mairr= 0.41 uV, 95% Cl [0.04, 0.79], t(59) =
2.21, p =.031, dynp = 0.18, 95% CI [0.02, 0.35]. As the crucial interaction of familiarity by year group was
not significant, this analysis supports our suggestion of non-identical processes underlying the P600f and
the SFE.

Exploratory mass univariate analyses of the within-group contrasts of university and home friends
versus unfamiliar faces confirmed our main findings of less pronounced familiarity effects for university
friends in the Year 1 group relative to those observed for home friend and the effects elicited by
university friends in the two other groups (see Figure 6.1c). No systematic differences between the two

familiarity effects were observed in the Year 2 and 3 groups.
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Figure 6.1. Exploratory ERP results. a) Grand average event-related potentials at mid-parietal electrode

Pz for university friends, home friends, and unfamiliar faces for each year group. b) Mean (and 95% Cls;

dashed lines) difference between conditions (university minus home, unfamiliar minus university,

unfamiliar minus home) at Pz. c) Mass univariate analyses for the within-group comparisons for each

year group.

Rating task

See Table 6.1 for a list of all tests run on the ratings for familiarity, valence, and arousal and

Table 6.2 for visual and social interaction.

Table 6.1. Results for familiarity, valence, and arousal. ESCI only provides Cls for d values between -2

and 2 (see Cumming, 2012; p. 306-307).

df t p dunb 95% Cls

Familiarity Year 1 Uni vs Home 19 0.82 425 0.26 -0.39,0.93

Year 1 Uni vs Unfam 19 5.79 <.001 1.93 1.06, 2.92

Year 1 Home vs Unfam 19 7.26 <.001 2.17

Year 2 Uni/Home vs Unfam 19 11.90 <.001 3.61

Year 3 Uni/Home vs Unfam 19 12.43 <.001 3.77

Uni: Year 1 vs Year 2/Year3 38 2.13 .040 0.66 0.03,1.31

Home: Year 1 vs Year 2/Year 3 38 1.00 .324 0.31 -0.31,0.94
Valence Year 1 Univs Home 19 0.75 464 0.20 -0.35,0.77

Year 1 Uni vs Unfam 19 8.75 <.001 2.94

Year 1 Home vs Unfam 19 5.25 <.001 1.55 0.81, 2.39

Year 2 Uni vs Home 19 1.71 .104 0.42 -0.09, 0.95

Year 2 Uni vs Unfam 19 8.72 <.001 2.53

Year 2 Home vs Unfam 19 11.57 <.001 3.44

Year 3 Uni vs Unfam 19 17.96 <.001 4.81

Year 3 Home vs Unfam 19 15.16 <.001 4.81

Uni: Year 1 vs Year 2 38 2.08 .044 0.65 0.02,1.29

Uni: Year 2 vs Year 3 38 1.38 .176 0.43 -0.19, 1.06

Home: Year 1 vs Year 2/Year 3 38 1.23 .226 0.38 -0.24,1.01
Arousal Year 1 Uni vs Home 19 5.60 <.001 1.54 0.84,2.35

Year 1 Uni vs Unfam 19 6.72 <.001 2.06

Year 1 Home vs Unfam 19 10.28 <.001 3.19

Year 2 Uni vs Home 19 2.02 .058 0.47 -0.02, 0.98
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Year 2 Uni vs Unfam 19 7.07 <.001 2.15
Year 2 Home vs Unfam 19 9.04 <.001 2.81
Year 3 Uni vs Home 19 2.03 .056 0.21 -0.01, 0.45
Year 3 Uni vs Unfam 19 9.65 <.001 2.33
Year 3 Home vs Unfam 19 8.39 <.001 1.93 1.21,2.79
Uni: Year 1 vs Year 2 38 1.97 .057 0.61 -0.02,1.25
Uni: Year 2 vs Year 3 38 0.94 .355 0.30 -0.33,0.92
Home: Year 2 vs Year 3 38 1.21 234 0.38 -0.25,1.01
Table 6.2. Results for visual interaction and social contact.
u p r 95% Cls
Visual Interaction  Year 1 Univs Home <.001 923
Year 1 Uni vs Unfam <.001 .896
Year 1 Home vs Unfam <.001 .750
Year 2 Uni vs Home <.001 .868
Year 2 Uni vs Unfam <.001 .950
Year 2 Home vs Unfam <.001 .950
Year 3 Uni vs Home <.001 .850
Year 3 Uni vs Unfam <.001 .950
Year 3 Home vs Unfam <.001 .950
Uni: Year 1 vs Year 2 188.0 .758 -0.09 -0.35,0.23
Uni: Year 2 vs Year 3 148.0 .165 0.31 0.02,0.54
Home: Year 1 vs Year 2 144.5 134 -0.26 -0.54, 0.03
Home: Year 2 vs Year 3 116.5 .023 0.39 0.09, 0.66
Social Contact Year 1 Uni vs Home .006 .581
Year 1 Univs Unfam <.001 .923
Year 1 Home vs Unfam <.001 .950
Year 2 Uni vs Home .012 .539
Year 2 Uni vs Unfam <.001 .950
Year 2 Home vs Unfam <.001 .950
Year 3 Univs Home <.001 777
Year 3 Uni vs Unfam <.001 .950
Year 3 Home vs Unfam <.001 .950
Uni: Year 1 vs Year 2 200.0 1.000 0.00 -0.30, 0.28
Uni: Year 2 vs Year 3 179.0 .583 0.15 -0.17,0.41
Home: Year 1 vs Year 2 178.0 .565 0.10 -0.25, 0.40
Home: Year 2 vs Year 3 160.0 .289 0.18 -0.13, 0.50
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6.2. Chapter 3. Supplementary Material

Performance
In all three sessions, during the butterfly detection task, accuracy was close to ceiling, hit rate =
0.996, SD = .02, false alarm rate < .002, SD =.01. The mean reaction time for correct responses was 472

ms, SD =70.8.

Event-related potentials

Repeated-measures ANOVA in the 140-180 ms time range with within-subject factors session (1,
2, 3), hemisphere (left, right), and familiarity (friend, unfamiliar ID) was run to investigate for any
familiarity effects in the N170. There was a significant main effect of familiarity with more negative
amplitudes reported in response to the unfamiliar face, Maitr = 0.29 puV, 95% Cls [0.01, 0.58], F(1, 15) =
4.78, p = .045, ny? = .242, 90% CI [.003, .475] while the session by familiarity interaction was non-
significant, F(2, 30) = 1.39, p = .265, n,* = .085.

We further explored the data by analysing the N250-corrected SFE (calculated by subtracting the
N250 amplitudes from the SFE to correct for potential differences in the earlier time range; see (Wiese,
Hobden, et al., 2022). There was a significant main effect of familiarity with more negative amplitudes
elicited in response to familiar IDs relative to non-familiar faces, Mgis = 0.76 puV, 95% Cls [0.38, 1.15], F(1,
15)=17.6, p <.001, ny,> = .541, 90% CI [.202, .694]. There was also a significant hemisphere by familiarity
interaction with bigger familiarity effects reported over the right hemisphere, Mg = 0.92 uV, 95% Cls
[0.43, 1.42], F(1, 15) = 15.8, p = .001, ny* = .514, 90% CI [.175, .678). The main effect of session, F(2, 30) =
2.53, p =.096, np? = .144, and the session by familiarity interaction, F(2, 30) = 1.20, p = .314, n,*> = .074,

were non-significant.
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Rating task
See Table 6.3 for a list of all tests run on the ratings for familiarity, valence, and arousal and

Table 6.4 for frequency of interaction.

Table 6.3. Results for familiarity, valence, and arousal. All df = 15. ESCI only provides Cls for d values
between -2 and 2 (see Cumming, 2012; p. 306-307). S1 = Session 1, S2 = Session 2, S3 = Session 3, Fam =

Familiar, Unfam = Unfamiliar.

t Jo] dunp 95% Cls
Familiarity S1: Fam vs Unfam 10.18 <.001 3.41
S2: Fam vs Unfam 13.18 <.001 4.27
S3: Fam vs Unfam 15.25 <.001 5.12
Fam:S1/53 vs S2 1.00 333 0.34 -0.36, 1.05
Unfam: $1 vs 52 0.32 J57 0.10 -0.56, 0.77
Unfam: 52 vs S3 0.32 51 0.06 -0.33, 0.46
Unfam: 51 vs 53 0.15 882 0.05 -0.67,0.78
Valence S1: Fam vs Unfam 5.37 <.001 2.00
S2: Fam vs Unfam 4.07 .001 1.37 0.57, 2.30
S3: Fam vs Unfam 5.37 <.001 2.22
Fam:S1wvs 52 0.89 388 0.25 -0.33,0.84
Fam: 52 vs 53 0.68 509 0.20 -0.41, 0.82
Fam:S1vsS3 0.37 718 0.08 -0.38, 0.55
Unfam: 51 vs 52/53 0.44 .669 0.14 -0.52, 0.81
Arousal S1: Fam vs Unfam 8.35 <.001 2.36
S2: Fam vs Unfam 5.68 <.001 1.64 0.86, 2.57
S3: Fam vs Unfam 4.47 <.001 1.69 0.76, 2.77
Fam:S1wvs 52 0.81 432 0.25 -0.39,0.92
Fam:51vsS3 1.00 333 0.34 -0.36, 1.08
Unfam: 51 vs 52 0.52 .609 0.13 -0.38, 0.65
Unfam: $2 vs 51 0.64 530 0.18 -0.39, 0.76
Unfam: 51 vs S3 0.27 791 0.06 -0.40, 0.53
Table 6.4. Results for frequency of interaction.
P r
S1: Fam vs Unfam < .001 .955
52: Fam vs Unfam <.001 926
S3: Fam vs Unfam < .001 906
Fam: 51 vs 52 625 250
Fam: 52 vs 53 250 433

Fam: 51 vs S3 .063 559
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6.3. Chapter 4. Supplementary Material

Performance

Experiment 1: Due to technical issues during testing, the behavioural responses of the
participants were not recorded. Please note that the participants’ accuracy during the butterfly
detection task in the other three experiments was close to ceiling with very low false alarm rates.

Experiment 2: The responses of five participants were not recorded due to technical issues. For
the remaining 29 participants, accuracy was close to ceiling during the butterfly detection task, hit rate =
.99, SD = .02, false alarm rate < .01, SD = .004. The mean reaction time for correct responses was 508
ms, SD = 81.2.

Experiment 3: Technical issues prevented the recording of the data of one participant. For the
remaining participants, the accuracy at ceiling levels, hit rate = 1.00, SD = .00, false alarm rate < .01, SD =
.003, with a mean reaction time for correct responses of 508 ms, SD = 60.3.

Experiment 4: The responses of one participant were not recorded because of technical issues.
For the remaining participants, accuracy was close to ceiling, hit rate = .99, SD = .03, false alarm rate <

.001, SD = .002. The mean reaction time for correct responses was 473 ms, SD = 65.2.

Event-related potentials

To further explore the data, repeated-measures Analysis of Variance (ANOVA) with the within-
participants factors hemisphere (left, right) and familiarity (newly learnt, unfamiliar) were run for the
N170 correlate (140-180 ms) for each experiment. Additionally, we investigated the effect of
hemisphere by running repeated-measures ANOVA separately for the early (200-300 ms) and late N250

time ranges (300-400 ms), as well as for the SFE (400-600 ms).
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Experiment 1
An ANOVA in the N170 time window revealed a non-significant main effect of familiarity, F(1,
23) =1.07, p = .312, ny? = .044, and a non-significant hemisphere by familiarity interaction, F(1, 23) =
0.94, p =342, n,? = .039.
There was a non-significant hemisphere by familiarity interaction in the early N250 time range,
F(1,23)=0.09, p =.768, n,> =.004, the later N250 time range, F(1, 23) = 1.15, p = .295, n,% = .048, and

the SFE time window, F(1, 23) = 0.55, p = .465, n,? = .023.

Experiment 2

In the N170 time window, there was a significant main effect of familiarity with more negative
amplitudes elicited by the newly learnt face, Mgir = 0.35 uV, 95% Cls [0.01, 0.70], F(1, 33) =4.28, p =
.047, np? =.115, 90% CI [.001, .287]. The hemisphere by familiarity interaction was non-significant, F(1,
33) =0.50, p = .483, np? = .015.

The hemisphere by familiarity interaction was non-significant in the 200-300 ms, F(1, 33) = 0.08,
p =.775, np? = .003, and 300-400 ms time ranges, F(1, 33) = 0.55, p = .466, ny? = .016. Analysis in the
later 400-600 ms window, however, yielded a significant interaction, F(1, 33) = 4.23, p = .048, n,% =.114,

90% CI [.001, .285], with larger familiarity effects over the right hemisphere.

Experiment 3
There was a non-significant main effect of familiarity in the N170 time window, F(1, 33) =1.80, p
=.189, np? = .052. The hemisphere by familiarity interaction was also non-significant, F(1, 33) = 0.25, p =

619, 2 = .008.
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The hemisphere by familiarity interaction was non-significant in the early N250, F(1, 33) = 1.66,
p =.206, np? = .048, late N250, F(1, 33) =2.77, p = .105, ny* = .078, and the SFE, F(1, 33) =0.10, p =.752,
Np? = .003.

Experiment 4

An ANOVA in the N170 time range revealed a non-significant main effect of familiarity, F(1, 33) =
0.19, p = .669, np? = .006. An additional Bayes repeated-measure ANOVA provided moderate support for
the null hypothesis, BFo; = 3.76, error % = 4.10. The hemisphere by familiarity interaction was non-
significant, F(1, 33) = 0.004, p = .948, ny? = .0001.

A non-significant hemisphere by familiarity interaction was found in the early N250, F(1, 33) =
0.46, p = .504, np? = .014, and late N250 time windows, F(1, 33) = 0.39, p = .536, Ny> =.012, and the SFE,

F(1,33) =0.45, p = .509, n,? = .013.
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