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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 (Sus-
tained 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.

1. Introduction

The accurate and efficient recognition of a person’s face as well as
the retrieval of identity-specific semantic, episodic, and affective infor-
mation 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 famil-
iarity. While for instance recognising or matching pictures of unfamiliar
faces is often surprisingly error-prone in seemingly ideal conditions (e.g.
Bruce, Henderson, Greenwood, Hancock, Burton & Miller, 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, Wilson, Cowan & Bruce, 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 resolu-
tion of EEG marks the technique as ideal for studying this type of
cognitive architecture and thus face and person recognition (Ambrus,
Kaiser, Cichy & Kovacs, 2019; Campbell, Louw, Michniak & Tanaka,
2020; Yan & Rossion, 2020); see Olivares, Iglesias, Saavedra,
Trujillo-Barreto & Valdés-Sosa, 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 et al., in press) and personally
familiar faces (Pierce, Scott, Boddington, Droucker, Curran & Tanaka,
2011; Wiese, Anderson, Beierholm, Tiittenberg, Young & Burton, 2022;
Wiese, Tiittenberg, 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 & Bur-
ton, 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,
Burton, Schweinberger & Wiese, 2017; Kaufmann et al., 2009; Tanaka,
Curran, Porterfield & Collins, 2006; Zimmermann & Eimer, 2013).
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While these findings can provide information about how quickly a face is
initially learned, they do not capture real-life learning over longer pe-
riods. In real life, familiarity builds up gradually over multiple en-
counters, and representations of newly learned faces are presumably
refined through repeated exposure in varying circumstances (Burton,
Kramer, Ritchie & Jenkins, 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 and 600 ms (Wiese, Tiittenberg, et al., 2019). Due to
its occipito-temporal scalp distribution and modulation by level of fa-
miliarity (Wiese et al., in press), 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 should test
learning through real-life social interactions in which knowledge grad-
ually 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; Pal-
ler, Gonsalves, Grabowecky, Bozic & Yamada, 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 col-
leagues (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, Eick, Kaiser & Kovacs, 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 accu-
mulated exposure should be similar for home friends, it should sys-
tematically increase for university friends across year groups. We
expected significant effects of visual recognition, with more negative
N250 amplitudes for home and university friends relative to unfamiliar
faces, in all groups. More importantly, we tested whether the N250 fa-
miliarity 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

Biological Psychology 170 (2022) 108312

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. Method
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, Erdfelder, Lang &
Buchner, 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 et al.
(2019) (paired-sample t-test, one-tailed, dz = 0.8, 1 - § = 0.95). 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 Edin-
burgh Handedness Inventory (Oldfield, 1971). All participants provided
written informed consent and received either course credit or a mone-
tary compensation of £ 8 per hour. The study was approved by Durham
University’s Psychology ethics committee.

2.2, Stimuli

Prior to the experiment, participants provided 50 photos (i.e. natu-
rally varying “ambient” images) each of a friend known from university
and of a friend from home (i.e. not known from university),1 with the
exception of six participants who were close friends (known from uni-
versity) 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 (Wil-
lenbockel, Sadr, Fiset, Horne, Gosselin & Tanaka, 2010; see Fig. 1a).

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 partici-
pant, 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 butterflies were pre-
sented in random order using E-prime (Psychology Software Tools,
Pittsburgh, PA). Each photo was displayed in the centre of the screen at a

1 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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Fig. 1. a) Example ambient images from three identities (IDs). Images are published with the permission of the depicted persons. b) Trial structure of the experiment.

visual angle of 3.6° x 5.4° for 1000 ms and followed by a fixation cross
with 1500-2500 ms presentation time (2000 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
(Fig. 1b). This task arguably captures face recognition in a more natu-
ralistic 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 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.

2.4. 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 blink correction. Data were segmented into
epochs from — 200-1000 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 separately for each experimental condition. Following
analysis procedures from previous studies (Wiese, Tiittenberg, et al.,
2019), mean amplitudes from 200 to 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
(CIs): 90% CIs for n2p were calculated using an online calculator
(https://effect-size-calculator.herokuapp.com); Cohen’sd was bias-
corrected (dynp) and calculated for repeated measures t-tests using the
mean standard deviation rather than the standard deviation of the dif-
ference as denominator, while the pooled standard deviation was used
for independent t-tests (Cumming, 2012). 95% ClIs for dy,, were calcu-
lated 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 indi-
vidual 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 Year 2, as well as Year 2 and Year 3; see
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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,
Wetzels, Borsboom, van der Maas & Kievit, 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/g9kvw/). 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.

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
Fig. 2), which was most clearly evident at occipito-temporal electrodes
(Fig. 2c¢). Critically, the SFE appeared more pronounced for home than
university friends in Year 1 students, but not in the two other groups.

An ANOVA in the N250 time range revealed a significant interaction
of familiarity by year group, F(4, 114) = 2.52,p = .045, npz =.081, 90%
CI [.001,.143]. Paired-sample t-tests (see Table 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 unfa-
miliar 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 uni-
versity 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 in-
crease 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 famil-
iarity by year group interaction, F(4, 114) = 3.22, p = .015, np2 =.102,
90% CI [.011,.169]. Follow-up t-tests (see Table 1) in Year 1 revealed
significantly more negative amplitudes for university friends relative to
unfamiliar faces, and for home friends versus unfamiliar faces. Impor-
tantly, and in line with our a priori predictions, more negative ampli-
tudes 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, 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.

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% CI
[.48,.86], for university friends in comparison to unfamiliar faces. In
Year 3, reliable effects were detected in 11/20 participants, P = .55,
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95% CI [.34,.74], for home friends versus unfamiliar faces, and in 16/20
participants, P = .80, 95% CI [.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% CI
[.34,.74], for home friends versus unfamiliar faces, and in 7/20 partic-
ipants, P = .35, 95% CI [.18,.57], for university friends versus unfa-
miliar faces. In Year 2, reliable familiarity effects were reported in 13/20
participants, P = .65, 95% CI [.43, 82], for home friends relative to
unfamiliar faces, and in 16/20 participants, P = .80, 95% CI [.58,.92],
for university friends in comparison to unfamiliar faces. In Year 3,
reliable effects were reported in 16/20 participants, P = .80, 95% CI
[.58,.92], for home friends versus unfamiliar faces, and in 19/20 par-
ticipants, P = .95, 95% CI [.76,.99], for university friends versus unfa-
miliar 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 Fig. 3a). These effects were observed not only at left and right
occipito-temporal channels, but also (polarity-reversed, see Fig. 2¢ and
Supplementary Material) over central and parietal channels, likely
reflecting the opposite end of the same underlying dipole. Correspond-
ing effects were not observed in Year 2 or Year 3.

Similarly, exploratory mass univariate tests of the between-group
comparisons largely confirmed the results of the confirmatory analysis
reported above (see Fig. 3b). Specifically, clearly larger familiarity ef-
fects 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 be-
tween 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 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 unfa-
miliar 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, dynp = 0.66, 95% CI [0.03, 1.31], and valence
scores became significantly more positive, t(38) = 2.08, p = .044, dynp
= 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 dypp < 0.43; see Supplementary Material). The Year 1 group rated
their home friends as significantly more arousing relative to their uni-
versity friends, t(19) = 5.60, p < .001, dyp = 1.54, 95% CI [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 > 0.539). Finally, none of the
differences between unfamiliar and familiar faces in the rating task
correlated with ERP familiarity effects (see Table 3).

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 demon-
strate that both visual representations of facial identity and of person-
related knowledge build up with increasing levels of familiarity and
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Fig. 2. a) Grand average event-related potentials (ERPs) at left and right occipito-temporal channels TP9 and TP10 for university friends, home friends, and un-
familiar faces for each year group. b) Mean (and 95% CIs; dashed lines) difference between conditions (university minus home, unfamiliar minus university, un-
familiar 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 (400-600 ms) time windows (spherical spine interpolation, 110 equidistant projections). D) Individual (symbols) and mean familiarity
effects with 95% CIs (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.
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Table 1
Results of independent and paired-samples t-tests. Y1 = Year 1, Y2 = Year 2, Y3 = Year 3.

ERP measure Effect Maitr 95% CI df t P dunb 95% CI

N250 Y1: uni vs unfam 1.42 [0.74, 2.09] 19 4.40 < 0.001 0.43 [0.20, 0.69]
Y1: home vs unfam 1.60 [0.95, 2.25] 19 5.19 < 0.001 0.50 [0.26, 0.77]
Y1: uni vs 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 < 0.001 0.65 [0.40, 0.94]
Y2: home vs unfam 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 2.19 .041 0.24 [0.01, 0.48]
Y3: uni vs unfam 2.53 [2.09, 2.97] 19 11.98 < 0.001 0.76 [0.51, 1.07]
Y3: home vs unfam 2.10 [1.38, 2.83] 19 6.09 < 0.001 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: Y1 vs 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: Y1 vs Y3 0.50 [— 0.43, 1.44] 38 1.09 .284 0.34 [— 0.28, 0.97]

SFE Y1: uni vs unfam 1.45 [0.51, 2.40] 19 3.22 .004 0.53 [0.17, 0.92]
Y1: home vs unfam 2.46 [1.46, 3.47] 19 5.16 < 0.001 0.84 [0.44, 1.30]
Y1: uni vs 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 < 0.001 0.95 [0.59, 1.38]
Y2: home vs unfam 2.81 [1.77, 3.85] 19 5.65 < 0.001 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, 3.63] 19 11.93 < 0.001 1.53 [1.02, 2.15]
Y3: home vs unfam 3.19 [2.39, 3.98] 19 8.38 < 0.001 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 2.92 .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]

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 fa-
miliarity. 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 signifi-
cant increase. At the same time, no significant differences were detected
between Year 2 and 3. Hence, while two months of familiarity are suf-
ficient to establish robust, image-independent face recognition, the un-
derlying 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 inter-
acting 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 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 (dypp = 0.53) was smaller
than the effect elicited by highly familiar faces reported by Wiese et al.
(2019) (dynp = 1.08) and Wiese, Hobden, et al. (in press) (dypp = 0.92)
but similar to those reported for somewhat less familiar identities, such
as favourite celebrities (dynp = 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 pro-
cesses. This assumption appears justified as the difference curve for
highly familiar faces (see e.g. Fig. 2b, but also Wiese et al., 2019; Wiese,
Hobden, et al., in press; Wiese et al., 2022) typically shows two peaks.
Critically, we have demonstrated that the earlier (N250) and later (SFE)
parts of the familiarity effect respond differently to experimental ma-
nipulations (e.g. Wiese, Ingram, Elley, Tiittenberg, Burton & Young,
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 assump-
tions about the timing or location of effects. This analysis largely
confirmed the procedures and results discussed above by (i) not sug-
gesting systematic familiarity effects earlier than 200 ms, while at the
same time suggesting (ii) that familiarity effects after 600 ms 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
600 ms (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.
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Fig. 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.
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Table 2
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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 M SD Valence M SD Arousal M SD Visual Interaction Mdn IQR Social Contact Mdn IQR
University Friend Year 1 4.55 0.94 1.65 0.49 2.60 0.60 50.00 50.00
Year 2 5.00 0.00 1.30 0.57 2.10 0.97 50.00 50.00
Year 3 5.00 0.00 1.10 0.31 1.80 1.06 51.00 50.00
Home Friend Year 1 4.80 0.89 1.451.23 1.65 0.59 31.00 41.00
Year 2 5.00 0.00 1.10 0.31 1.65 0.87 30.25 42.00
Year 3 5.00 0.00 1.10 0.31 2.051.19 21.00 41.25
Unfamiliar Face Year 1 2.201.37 2.90 0.31 4.35 0.99 1 0.00 1 0.00
Year 2 1.951.15 2.90 0.64 4.05 0.76 10.00 10.00
Year 3 1.80 1.15 3.15 0.49 4.150.88 10.00 10.00

Table 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 -0.145 .268 -0.054 .684 -0.149 .254 .011 .932
Valence 179 .170 .106 418 227 .082 .090 .495
Arousal -0.047 721 -0.165 .207 122 .353 -0.180 .168
Visual Interaction -0.217 .096 -0.023 .862 -0.120 .361 -0.066 .616
Social Contact -0.078 .555 .090 494 -0.060 .649 142 .279

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 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., in press), 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 understanding by providing novel
information about establishing and refining face and person represen-
tations. Previous studies on face learning have largely focused on what
information is learned from a face (e.g. structural versus surface
reflectance information; Itz, Schweinberger, Schulz & Kaufmann, 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 repre-
sentations 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 estab-
lishment of face and person representations and might choose longitu-
dinal experiments 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 et al., 2019) and valence (see Wiese,
Hobden, et al.,, in press) 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 familiarity,
drive the SFE. While we have discussed the latter possibility in detail
elsewhere (see Wiese 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 pref-
erable 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 fa-
miliarity 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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