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Research Highlights 32 
• 7-month-old infants show an enhanced Nc response to fearful compared to happy male 33 

faces when smelling their own father. 34 
• 7-month-old infants showed a differential processing of male but not female emotional 35 

faces irrespective of the presence of paternal odor at occipital electrodes. 36 
• Infants’ neural processing of emotional male faces differs from that of emotional female 37 

faces. 38 
• The father’s odor influences early socioemotional processing in infancy, as had 39 

previously only been shown for maternal odor. 40 
 41 
Abstract 42 
Social odor plays an important role for various facets of early development, including 43 
communication and social processing. Previous research focusing on maternal odor has 44 
shown that smelling the mother can influence face processing in general as well as emotion 45 
processing more specifically. However, it is unclear to what extent these effects are specific to 46 
maternal odor or can also be found for other familiar social odors. To address this question, 47 
we investigated the impact of the father’s odor on emotional face processing in 7-month-old 48 
infants. We recorded the infants’ EEG response to female and male happy and fearful faces 49 
while infants were exposed to either their father’s odor or the odor of a different infant’s father. 50 
Analysis of the frontocentral Nc amplitude revealed an enhanced response to fearful compared 51 
to happy male faces only when infants smelled their own father but not when they smelled an 52 
unfamiliar father. In contrast, emotion processing at the occipital N290 was not affected by the 53 
presence of paternal odor, suggesting an impact of social odor on attention allocation rather 54 
than structural face processing. Interestingly, all effects were specific to male faces, pointing 55 
to a gender-specific impact of social odor. Our findings therefore provide first evidence for an 56 
influence of the father’s odor on face processing, specifically male faces, in infancy. 57 
 58 
Keywords: social odor, face processing, emotion, EEG, infancy, development  59 
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Introduction 60 
Infants are born into a social environment and quickly learn to use social cues to gather 61 
information about their environment. While numerous studies have investigated infants’ 62 
processing of facial and vocal information, only in recent years, researchers have started to 63 
study olfaction as a source of social information in infancy. 64 
 65 
These first studies show that maternal odor appears to have a specific impact on the 66 
processing of social stimuli, in particular faces, during infancy. It increases infants’ attention to 67 
faces (Durand et al., 2013) and specifically facilitates neural categorization of faces (Leleu et 68 
al., 2020) and face-like objects (Rekow et al., 2021), while neither was the case for objects 69 
(Rekow et al., 2020). Furthermore, when exposed to their mother’s odor, infants showed a 70 
reduced response to fearful faces (Jessen, 2020), suggesting that maternal odor also impacts 71 
the processing of emotional information. Evidence regarding the specificity of the reported 72 
effects to the infants’ own mother are mixed. While Durand et al. (2020) found an impact of 73 
both, odor from the infant’s own as well as a different infant’s mother, on attention allocation 74 
to faces, Jessen (2020) found no impact of the odor of a different infant’s mother on emotion 75 
processing. 76 
 77 
In sum, initial evidence suggests an impact of maternal odor on various aspects of face 78 
processing during infancy, and different aspects might be differently susceptible to the 79 
familiarity of the maternal odor (see Düfeld et al., 2025, in press, for a discussion of the 80 
potential distinct mechanisms giving rise to these differences). However, while all studies so 81 
far have investigated the role of maternal odor, most infants are raised also by other caregivers 82 
than the mother, among them often the father. The question therefore arises whether we can 83 
observe similar effects as previously reported for maternal odor also for paternal odor. 84 
 85 
On the one hand, infants have more exposure to their mother’s than to their father’s odor. This 86 
is true for all infants since odor processing already develops prenatally, and after birth, infants 87 
show a preference for odor they were exposed to in the womb (Schaal, 1988; Schaal et al., 88 
1998, 2020; Tristão et al., 2021). Furthermore, for many infants this increased exposure to 89 
maternal odor continues after birth, as many infants are breastfed, an activity strongly 90 
influenced by olfactory processes (Porter & Winberg, 1999; Varendi et al., 1997) and 91 
necessarily linked to the mother. But even apart from breastfeeding, in many cultures, the 92 
mother is often the primary caregiver, spending on average more time with the infant than the 93 
father (Baildam et al., 2000; Harrison & Magill-Evans, 1996; Tikotzky et al., 2011). An 94 
increased exposure to the odor of the primary caregiver should lead to a higher familiarity, 95 
resulting possibly in a stronger impact on other types of social processing. In addition, since 96 
breastfeeding is an inherently positive experience (with not only a nutritious but also an 97 
emotion regulatory function (see e.g., Schaal et al., 2020; Schäfer & Croy, 2023), maternal 98 
odor is not only more familiar but also has very strong positive associations. 99 
 100 
On the other hand, social odor is a learned odor and continuously updated (Damon et al., 2021; 101 
Schaal et al., 2020; Sullivan & Opendak, 2020), which is important, since a person’s odor 102 
changes due to natural variations, for instance, in food intake and health status, but also due 103 
to artificial factors such as a new deodorant used. Importantly, previous studies investigating 104 
the impact of maternal odor on sociocognitive aspects such as face processing have not 105 
focused on a specific component of the mother’s body odor (such as mamillary odor). Rather, 106 
they considered the entire odor of the mother, encompassing different types of body odor and 107 
potentially also artificial sources of odor such as deodorant in combination, as one social odor. 108 
Hence, infants need to constantly adapt their representation of their mother’s odor, and there 109 
is no reason why postnatal learning and updating should be limited to one single odor and not 110 
also occur for other familiar odors, such as the father’s odor. While maternal odor may be more 111 
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familiar, other social odor could be familiar enough to have a similar effect on sociocognitive 112 
processing. 113 
 114 
As the familiarity of the odor on infant face processing may be of particular importance for 115 
emotion processing (Jessen, 2020; Düfeld et al., in press), our main aim was to investigate 116 
whether paternal odor impacts the neural processing of fearful faces in 7-month-old infants, as 117 
has been previously reported for maternal odor (Jessen, 2020). At 7 months, infants typically 118 
show an enhanced response to fearful compared to happy facial expressions (see e.g., 119 
Leppänen et al., 2007; Peltola et al., 2009; Vaish et al., 2008), impacting ERP components 120 
linked to structural face processing (N290, P400; De Haan et al., 2003; De Haan et al., 2007; 121 
De Haan et al., 2002) as well as attention-allocation (Nc, Conte et al., 2020; Reynolds & 122 
Richards, 2005). Based on Jessen (2020), we expected infants to show a reduction in Nc 123 
response to fearful faces when exposed to their own fathers compared to an unfamiliar father’s 124 
odor. 125 
 126 
One important aspect to consider is the gender of the face expressing the emotions. Not only 127 
do infants in many societies spend more time with their mother than their father, as mentioned 128 
above; they typically also see more female than male faces in general (Liu et al., 2015; Quinn 129 
et al., 2008; Rennels & Davis, 2008). This increased familiarity with female faces has been 130 
suggested to result in a processing bias in favor of female faces (Quinn et al., 2002; Ramsey 131 
et al., 2005; Ramsey-Rennels & Langlois, 2006; Rennels et al., 2016; Righi et al., 2014), which 132 
has prompted developmental researchers to rely on female faces as stimulus material in many 133 
studies (see e.g., (Aran et al., 2023; Vanderwert et al., 2015; Xie et al., 2019). Hence, we know 134 
little about the processing of emotions from male faces in infancy, and whether it differs from 135 
that of female faces. When investigating the role of paternal odor, however, it is essential to 136 
not only use female faces, as this would result in an inherent mismatch between olfactory and 137 
visual information. The second aim of our study is therefore to investigate the processing of 138 
male compared to female emotional facial expressions, and to what extent the impact of 139 
paternal odor is modulated by face gender. 140 
 141 
Methods 142 
Sample size and main analyses were preregistered and can be found here: 143 
https://aspredicted.org/CLG_DBM.  144 
 145 
Participants 146 

64 7-month-old infants were invited to participate in the study. Data of 30 infants (age at 147 
appointment 1: 209 ± 6 days (mean ± SD), range: 199 - 225 days; age at appointment 2: 217 148 
± 6 days, range: 206 – 231 days; 15 girls) were included in the final sample for the main 149 
analysis. 31 infants were excluded because they did not contribute at least 10 artifact-free trials 150 
per condition at each appointment (n=26), did not show up for the second appointment (n=3), 151 
because of technical problems (n=2), and an Nc amplitude more than 2 SD from the mean 152 
across all conditions (n=3). The sample size of n=30 was determined a priori (see 153 
preregistration) and allowed us to detect effects of f=.22 with a power of .8. For the 154 
corroborating analysis using general linear mixed models, we included all infants who 155 
contributed at least 10 artifact-free trials for at least one appointment (n=41). 156 

Infants were recruited via the maternity ward at the Universitätsklinikum Schleswig-Holstein in 157 
Lübeck, were born full-term (gestation weeks 37 to 42), had a birth weight of at least 2500 g, 158 
and no known visual or neurological deficits or other known significant health problems. 159 

https://aspredicted.org/CLG_DBM
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The study was conducted according to the Declaration of Helsinki and approved by the ethics 160 
committee at the University of Luebeck. Written informed consent was obtained from the 161 
guardians of the infant prior to data collection. Parents received a reimbursement of 35 Euro 162 
in total for their participation as well as a small toy for the infant. 163 

Visual Stimuli 164 

Infants were presented with a total of 24 colored photographs from the FACES database 165 
(Ebner et al., 2010), showing 6 women (actress-ID: 010, 034, 040, 054, 063, 069) and 6 men 166 
(actor-ID: 008, 049, 062, 066, 114, 167) between 19 and 31 years. Each person was shown 167 
once with a happy and once with a fearful expression, and expressions had been recognized 168 
with an accuracy above 90% in a prior rating study (Ebner et al., 2010). 169 

 Odor Manipulation 170 

To manipulate the presence of paternal odor, we employed the “worn t-shirt paradigm” (see 171 
Figure 1 for general procedure), in which paternal odor was captured by using worn cotton t-172 
shirts, as successfully used in previous studies (see e.g., Durand et al., 2013; Jessen, 2020). 173 
Prior to the scheduled appointment, participating families were provided with a white, same-174 
sized, 100% cotton t-shirt in a zip-lock bag. All t-shirts were pre-washed in the same way with 175 
a skin-friendly and unscented detergent (Persil Sensitive Gel). The infants’ fathers were asked 176 
to wear the t-shirt during sleep for three consecutive nights, storing it in the zip-lock bag 177 
throughout the day. Additionally, the fathers were instructed to use their usual toiletries and 178 
refrain from using any new soap, perfume, etc. or change their eating and drinking habits 179 
during these days. After odor exposure, the t-shirt was stored in a household freezer to 180 
preserve its odor (Lenochova et al., 2009), only removed again on the testing date, and brought 181 
along to the experiment by the parent. Parents were asked to freeze the t-shirt for at least one 182 
day, which all families did. For practical reasons and to further conserve the odor, we kept all 183 
t-shirts in the lab’s freezer (-16 °C) between appointments to swap them between father-infant-184 
dyads for the stranger odor condition. Each t-shirt was used twice, once for the paternal odor 185 
condition for the father’s own child and once for the stranger odor condition for a different 186 
infant. The t-shirt used in the father condition was not previously used in the stranger condition. 187 

 188 

 189 

Figure 1. Experimental Set-up and Design. Ⅰ The fathers wore a t-shirt for three nights in a row 190 
before coming to the experiment. At one appointment, infants were exposed to their father’s odor, while 191 
at the other, they were exposed to a stranger’s odor (order randomized). During the EEG recording, the 192 
t-shirt was positioned over the infant’s chest area while the infant was sitting in a car seat in front of a 193 
computer screen. Ⅱ In the right part, a sample of one trial of the stimulus presentation as well as 194 
examples of all four stimulus categories are shown (A: female happy, B: male happy, C: female fearful, 195 
D: male fearful). 196 

 197 
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 198 

Design 199 

The experiment followed a within group design (2 x 2 x 2 design) with the factors Odor (father, 200 
stranger), Emotion (happy, fear), and FaceGender (male, female). Infants were tested on two 201 
separate EEG appointments within 4 weeks’ time. All infants were exposed to their father’s 202 
odor on one appointment and a stranger’s odor on the other appointment, with the order being 203 
counterbalanced across participants. 204 

Procedure 205 

Prior to the lab visit, participating families were sent a set of four questionnaires and asked to 206 
fill them in at home and bring them along for the first appointment: the German short version 207 
of the Infant Behavior Questionnaire (IBQ-R) (Gartstein & Rothbart, 2003; validated in 208 
(Vonderlin et al., 2012), the Edinburgh Postnatal Depression Scale (EPDS) (Cox et al., 1987), 209 
and the Early Motor Questionnaire (EMQ) (Libertus & Landa, 2013), and a lab internal 210 
questionnaire (LAB-Q), obtaining information on parameters pertaining to the infant and their 211 
environment. Relevant to the current analysis, parents were asked (a) whether the infant had 212 
ever been, and if so, was still, breastfed, and (b) how many hours the mother respectively the 213 
father spend with the infant on an average day. 214 

All experiments in the lab were carried out by two female experimenters, who refrained from 215 
using perfume or perfumed products on the day of the testing to avoid odor contamination 216 
during the experiment. Upon arrival at the lab, families and infants were given time to 217 
familiarize themselves with the lab environment and the two experimenters. Parents were 218 
informed about the exact procedure of the experiment, had the opportunity to ask questions, 219 
and signed a consent form. For all except one appointment, the infant was accompanied by 220 
their mother, sometimes additionally by the father or other family members. 221 

Testing took place in a light-attenuated room, with consistent conditions (closed blinds and 222 
dimmed light) maintained across sessions to minimize external variability. The room was 223 
thoroughly aired between each measurement session. 224 

Preparation for the EEG recording was done while the infant was sitting on their parent’s lap. 225 
An elastic cap (BrainCap, Easycap GmbH) with 27 AgAgCl electrodes arranged according to 226 
the international 10-20 system was used for recording, and skin-friendly, slightly warmed EEG 227 
gel was applied to reduce impedances ideally below 20 kΩ. The EEG signal was recorded at 228 
a sampling rate of 500 Hz using a BrainAmp MR Plus amplifier and BrainVision Recorder 229 
Software (Brain Products). During the measurement, data were referenced to the Cz electrode. 230 

After EEG preparation, the infants were seated in an age-appropriate car seat (Maxi Cosi 231 
Pebble), which was placed on the lab’s floor in a semi-reclining position. For the father's odor 232 
condition, a t-shirt worn by the father was placed over the infant’s chest area, whereas for the 233 
stranger’s odor, a t-shirt worn by the father of one of the other infants was used. The t-shirt 234 
was folded vertically and placed horizontally, with the armpit area facing towards the infant's 235 
chin as well as nose, making sure that the axillary area was as close to the chin as possible to 236 
maximize odor exposure. During the recording, the t-shirt was maintained in the proper position 237 
and loosely secured by the seat’s safety belts. If possible, both, the experimenter placing the 238 
t-shirt and the accompanying parents, were blind to the odor condition, except in six cases, 239 
where this was not possible for practical reasons (such as parents having forgotten to bring 240 
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the t-shirt along for the first appointment). All other parents were not debriefed until after the 241 
second experimental session. 242 

A 24-inch monitor (resolution 1680X1050, refresh rate: 60Hz) was positioned at a distance of 243 
60 cm from the car seat at a height of approximately 35 cm from the ground to the bottom edge 244 
of the screen. Two loudspeakers were positioned on either side of the monitor. Furthermore, 245 
a small camera was placed on top of the screen to monitor the infant's attention and to exclude 246 
any trials in which the infant was too inattentive or did not look at the screen. 247 

The experiment was implemented using the software Presentation (version 22.1). Images were 248 
presented in isolation at the center of the screen on a grey background at a size of 24 x 30 cm. 249 
A trial started with a fixation cross, shown for 300 ms, followed by the face stimulus for 800 250 
ms, and a jittered inter-trial interval of 800-1200 ms (see Figure 1). The infants saw a maximum 251 
of 216 trials, arranged in nine blocks, consisting of 24 trials each with 12 happy and 12 fearful 252 
faces. Blocks were presented subsequently without interruption. Stimuli were shown in a 253 
pseudo-randomized order, with no condition repeated more than once. The order of visual 254 
stimuli was randomized for each infant and for each of the two measurement appointments. 255 
To redirect the infants’ attention to the screen, colorful, dynamic video clips accompanied by 256 
ringtones could be presented by the experimenter as attention-getters whenever the infant 257 
looked away. 258 

During the measurement, the mother (in one case the father) remained in the same room but 259 
was seated approximately 1.5 m behind the infant, so as not to influence the testing or distract 260 
the infant from the visual stimuli. The parent was instructed not to interact or engage with the 261 
infant during the experiment, and one experimenter remained in the room at all times. If the 262 
father also came along to the appointment, he waited in an adjacent room during the 263 
experiment, except for the one case, where the father was in the room while measurement 264 
took place, as he was the only accompanying parent. 265 

EEG Processing 266 

Preprocessing and further analysis of the EEG data was done using Matlab 2022b (The 267 
MathWorks, Inc., Natick, MA) and customized scripts as well as the FieldTrip toolbox 268 
(Oostenveld et al., 2011). 269 

All trials were segmented into one-second epochs around the time window of interest (200 ms 270 
pre- to 800 ms post-stimulus onset). The data were re-referenced offline to the linked mastoids, 271 
correspondingly the mean of TP9 and TP10. Subsequently, a bandpass filter was applied, 272 
ranging from 0.2 Hz to 20 Hz. All electrode channels deviating more than two standard 273 
deviations from the mean in at least 50 % of the segments were identified and interpolated 274 
using spherical spline interpolation; this was the case for at least one electrode in 26 out of 60 275 
data sets. 276 

After interpolation, all trials in which the standard deviation exceeded 80 µV at any electrode 277 
in a sliding window of 200 ms were excluded from further analysis. The remaining data were 278 
inspected visually to screen for any remaining artifacts and any trials in which the infant did not 279 
attend to the screen based on the video recording were excluded from further analysis. Infants 280 
had to provide a minimum of at least 10 artifact-free trials per condition (female-happy, male-281 
happy, female-fearful, male-fearful) at each of the two appointments to be included in the final 282 
sample for the main analysis. 283 

 284 
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Table 1. Trial information. Overview of the mean trial number based on odor exposure (father and 285 
stranger). Shown are mean ± standard deviation. 286 

 female happy female fearful male happy male fearful 

Father Odor 25 ± 9 26 ± 9 24 ± 8 24 ± 10 

Stranger Odor 23 ± 8 24 ± 9 24 ± 8 25 ± 8 

 287 

ERP Analysis 288 

For the main statistical analysis, initially data from a total of 33 7-month-old infants were 289 
included. 290 

Following preprocessing, the data were statistically analyzed in Matlab (version 2022b) and 291 
Jamovi (version 2.3.28). The Nc response was analyzed at frontocentral electrodes (F3, Fz, 292 
F4, C3, Cz, C4) in a time window of 400 to 800 ms after stimulus onset. The N290 was 293 
analyzed in a time window of 100–300 ms and the P400 in a time window of 300–500 ms after 294 
stimulus onset at occipital electrodes (O1, O2). Both, electrodes and time windows, 295 
corresponded to the preregistration and were determined prior to data collection. In addition, 296 
we also analyzed the P400 in a time-window of 280 – 430 ms based on visual inspection. 297 

For Nc, N290, and P400, mean responses were computed over the respective time windows 298 
and electrodes. Three participants had a mean Nc amplitude of more than 2 standard 299 
deviations from the mean across all conditions, and were excluded from further analysis. Data 300 
from the remaining 30 participants were entered into a repeated measures ANOVA with the 301 
within-subject factors Emotion (happy, fearful), FaceGender (female, male), and Odor 302 
(paternal, stranger). As post-hoc tests, Student’s t-tests are computed. Effect sizes are 303 
reported as partial eta squared (η2p) and Cohen’s d. 304 

In addition and to corroborate the findings from the repeated measures ANOVA in a larger 305 
sample, we computed a general linear mixed model, which allowed us to include the data from 306 
infants who only contributed a sufficient number of trials at one appointment. Here, we did not 307 
exclude entire participants as outliers but only those data points which were more than 2 308 
standard deviations from the mean (i.e., we excluded single conditions for individual infants). 309 
Using the GAMLj package (version 2.4.0) in jamovi, we computed the following model (plus 310 
the interactions between the three factors) for all three ERP components: 311 

ERPamplitude ~ 1 + Odor + FaceGender + Emotion + (1 | SubjectID) 312 

where SubjectID was included to account for interindividual variance. The model also included 313 
all interactions between the three factors Odor, FaceGender, and an Emotion. 314 

 315 
Results 316 
Sample 317 

Infants in the main sample spent on average 21.0 ± 3.04 (mean ± standard deviation) 318 
hours/day with their mother and 9.29 ± 4.26 hours/day with their father, and all infants spent 319 
more time with their mother than with their father. At the time of the first appointment, 22 (out 320 
of 30) infants were still breastfed. 321 

 322 
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ERP analysis 323 
We computed a repeated measures ANOVA with the factors Odor (father, stranger), Emotion 324 
(happy, fearful) and FaceGender (female, male) for the Nc, the N290 and the P400. 325 
 326 
For the Nc, we observed an interaction between all three factors (F(1,29) = 6.48, p=.016, 327 
ηp²=0.18; see Figure 2), revealing an interaction between Emotion and Odor for male (F(1,29) 328 
= 7.99, p= .008, ηp2=0.22) but not for female faces (F(1,29) = 0.61, p=0.44, ηp²=0.02). When 329 
smelling their father, infants showed an enhanced Nc response to fearful male compared to 330 
happy male faces (t(29) = 2.45, p=.021, d=0.45, fearful = -18.48 ± 17.5 µV [mean ±SD], happy 331 
= -8.55 ± 12.9 µV). When smelling a stranger, infants did not differentiate between the two 332 
emotions (t(29) = -0.99, p=.33, d=-.18). 333 

For the N290, we observed an interaction between FaceGender and Emotion (F(1,29) = 5.149, 334 
p=.031, ηp²=0.15; see Figure 3), but this interaction was not further influenced by Odor (p>.23). 335 
Only for male faces, infants showed a larger N290 amplitude for happy compared to fearful 336 
faces (t(29) = -2.13, p=.042, d=-0.39, fearful = 7.00 ± 7.17 µV, happy = 3.78 ± 6.24 µV). 337 

For the P400, we observed a marginally significant interaction between FaceGender and 338 
Emotion (F(1,29) = 4.16, p=.051, ηp²=0.13; see Figure 3) between 300 and 500 ms as defined 339 
a priori. For male faces, infants showed a more positive P400 for fearful compared to happy 340 
faces (t(29) = -2.12, p=.042, d=-0.39, fearful = 10.3 ± 10.9 µV, happy = 5.4 ± 10.6 µV). In the 341 
exploratory time window of 280 – 430 ms based on visual inspection, we observed the same 342 
pattern of results (FaceGender*Emotion: F(1,29) = 4.364, p=.046, ηp²=.013; male faces: t(29) 343 
= -2.05, p=.050, d=-0.37, fearful = 8.55 ± 10 µV, happy = 4.30 ± 9.7 µV; female faces: t(29) = 344 
0.42, p=.677, d=0.08, fearful = 4.93 ± 7.2 µV, happy = 5.59 ± 9.2 µV). 345 

Including breastfeeding experience as a factor in the model (Breastfeeding (yes, no), coding 346 
whether the infant was still breastfed at the time of the first appointment) did not change the 347 
outcome, nor did including time spent with the father (z-scored) as a covariate. 348 

To corroborate these analyses, we computed a linear mixed model for the larger sample of 349 
infants (i.e., n=41, including all infants who contributed ten trials per condition for at least one 350 
appointment). Our model yielded the same results for the interaction 351 
FaceGender*Odor*Emotion on the Nc (b = -12.20, SE = 5.88, t(261.5) = -2.08, p = .039), the 352 
interaction FaceGender*Emotion on the N290 (b = 4.05, SE = 2.05, t(254.5) = 1.98, p=.048) 353 
and the interaction FaceGender*Emotion on the P400 (b = 4.94, SE = 2.75, t(263.0) = 1.79, p 354 
= .074), confirming results from the repeated measures ANOVA in the increased sample. 355 

 356 
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 357 

Figure 2. ERP responses at the central electrodes. Shown are the ERPs for the Nc response at 358 
frontocentral electrodes (F3, Fz, F4, C3, Cz, C4; marked by black dots) to male and female faces in the 359 
two emotion conditions, happy (blue) and fearful (orange), in both the father’s odor condition (left panel) 360 
as well as the stranger’s odor condition (right panel). While no difference in response was observed for 361 
female faces and the stranger’s odor condition, infants show an enhanced Nc response to male fearful 362 
compared to male happy faces in the father’s odor condition. Next to the ERP curves, topoplots of the 363 
EEG signal across all electrodes averaged in the time window of interest (400-800 ms) post stimulus 364 
onset are presented. 365 
  366 
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 367 

 368 

Figure 3. ERP responses at the occipital electrodes. Shown are the ERPs for the N290 and P400 369 
responses at occipital electrodes (O1, O2; marked by black dots) to male and female faces in the two 370 
emotion conditions, happy (blue) and fearful (orange), in both the father’s odor condition (left panel) as 371 
well as the stranger’s odor condition (right panel). For both components, there seems to be no odor 372 
effect, irrespective of familiarity. However, infants showed a more positive amplitude in response to 373 
fearful compared to happy male faces. Next to the ERP curves, topoplots of the EEG signal across all 374 
electrodes averaged in the time window of interest (100-300 ms) post stimulus onset are presented. 375 
 376 
Discussion 377 
We investigated the impact of the father’s odor on the processing of fearful and happy facial 378 
expressions in 7-month-old infants. Infants who smelled their father showed an enhanced Nc 379 
response to male fearful compared to male happy faces, while no difference in Nc response 380 
was observed for either female faces or infants smelling a different infant’s father. Furthermore, 381 
on the N290 and P400 response, we found no influence of paternal odor but infants showed a 382 
more positive amplitude in response to fearful compared to happy male but not female faces. 383 
 384 
Paternal odor enhances Nc response to fearful male faces 385 
As predicted, the presence of paternal odor had an impact on emotion processing in 7-month-386 
old infants by influencing the Nc response to fearful faces. Hence, paternal odor does influence 387 
sociocognitive processing in infancy, as had previously only been shown for the mother’s odor 388 
(Durand et al., 2020; Jessen, 2020). This effect was specific to the Nc component and not 389 
observed at the occipital components N290 or P400. As the Nc has been linked to attention 390 
allocation (Ackles & Cook, 2007; Conte et al., 2020), this suggests that paternal odor affected 391 
attention related processes rather than perceptual or structural processing of faces 392 
predominantly observed at occipital electrodes (De Haan et al., 2003; De Haan et al., 2007). 393 
 394 
Interestingly, this effect was specific for male faces, and did not modulate processing of female 395 
facial expressions. Several explanations for this pattern are possible. While it has previously 396 
been suggested that infants learn to associate faces with odor (Leleu et al., 2020; Rekow et 397 
al., 2020), thereby facilitating face categorization, it may be the case that this association is 398 
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gender-specific. If infants have learned to associate male faces with male odor and female 399 
faces with female odor, paternal odor might specifically influence the processing of male faces. 400 
Since social odor differs markedly between men and women (Mutic et al., 2016; Penn et al., 401 
2007; Russell, 1976; Troccaz et al., 2008), it seems plausible that infants may also be sensitive 402 
to this difference. 403 
 404 
Another explanation could be general processing differences between male and female faces. 405 
While we did not find an effect of paternal odor on occipital face processing, also here, we only 406 
observed differential emotion processing for male faces. This suggests a more general 407 
difference in emotion processing between male and female faces, irrespective of odor. Since 408 
most prior studies investigating emotional face processing in infants used only female faces 409 
(Aran et al., 2023; Vanderwert et al., 2015; Xie et al., 2019) or did not systematically compare 410 
the processing of male and female faces (Hoehl & Striano, 2008; 2010), we know little about 411 
how infants process emotions from male faces. However, since infants show a processing bias 412 
for neutral female faces (e.g., Marquis & Sugden, 2019; Righi et al., 2014), it is likely that 413 
infants also process emotional information differently. 414 
 415 
A likely interpretation of the present pattern of results is therefore that infants overall showed 416 
a structural differentiation between fearful and happy male faces, which was further modulated 417 
at an attentional level by the presence of paternal odor. 418 
 419 
Absence of differential emotion processing when smelling an unfamiliar father 420 
An interesting difference to previous work using maternal odor is the fact that we found an 421 
enhanced response to fearful faces in the presence of the father’s but not a stranger’s odor, 422 
while the reverse pattern has been reported for maternal odor (i.e., an enhanced response to 423 
fearful faces only in the presence of a stranger’s but not the mother’s odor, Jessen, 2020). 424 
 425 
One explanation for this different pattern could be differences in odor familiarity. Infants in our 426 
sample spent on average twice as much time with their mother compared to their father (20.9 427 
vs. 9.21 hours/day), making the mother the primary caregiver. Hence, while the father’s odor 428 
certainly is familiar (as shown by the reported odor effect), it is likely less familiar than the 429 
mother’s odor and hence might have a different impact on other social processes. This 430 
experience-driven account would be in line with research on face processing, which suggests 431 
that the amount of time infants spend with their father impacts their processing of male vs. 432 
female faces (e.g., Gredebäck et al., 2012; Liu et al., 2015). It might be the case that the 433 
father’s odor draws attention but does not have the same buffering effect as maternal odor due 434 
to lower exposure. In this respect, the observed difference would be explained by different 435 
responses to primary vs. secondary caregiver rather than maternal vs. paternal odor. We did 436 
not find direct evidence for such an exposure-based explanation in our data – including time 437 
spent with the father in the model did not have an impact on the results. However, since in all 438 
cases, the mother spent more time with the infant than the father, the variance in the sample 439 
might be too small to detect an effect of exposure. Hence, future studies including infants with 440 
larger variation in parenting exposure and a larger overall sample could shed further light on 441 
an experience-based account underlying an odor impact. 442 
 443 
Another potential influence could have been the mother, who was present during the 444 
measurement. As in previous studies on maternal odor (e.g., Durand et al., 2020; Jessen, 445 
2020; Leleu et al., 2020), the mother was instructed to remain behind the infant at a distance 446 
to avoid any influence of her odor, but remained in the testing room at all times. However, in 447 
contrast to previous studies, this implied that the odor donor (i.e. the father) was absent, while 448 
in studies on maternal odor, the odor donor was in the room. This may have inadvertently 449 
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caused a mismatch between the presence of one caregiver (the mother) while infants smelled 450 
the absent caregiver (the father), which in turn could impact concomitant face processing. 451 
 452 
Absence of differential emotion processing for female faces 453 
While infants showed a differential response to fearful compared to happy male faces at both, 454 
occipital and central electrodes, we found no evidence for emotion discrimination from female 455 
faces. This lack of a discrimination effect contrasts with many prior studies who reported 456 
enhanced response to fearful female faces as central and/or occipital electrodes (e.g., Aran et 457 
al., 2023; Peltola et al., 2009; Xie et al., 2019) in comparable age groups. 458 
 459 
It may have been the case that – in addition to influencing the processing of male faces – 460 
paternal odor hampered the processing of female faces. If male odor is indeed associated with 461 
male faces, both, father’s as well as stranger’s odor, create a mismatch with female faces, 462 
which may have an impact on face processing, as has been reported for audiovisual emotion 463 
processing in infancy (Grossmann et al., 2006; Vogel et al., 2012). 464 
 465 
Another interpretation might be that the use of male and female faces as stimulus material 466 
caused infants to pay more attention to male faces as the less familiar stimulus, which may 467 
have resulted in a reduced processing of information from female faces. However, such an 468 
account would contradict the assumed attentional bias for female face (Quinn et al., 2002; 469 
Ramsey et al., 2005; Rennels et al., 2016; Righi et al., 2014). Furthermore, prior studies using 470 
both, male and female faces, did report differential processing at central and/or occipital 471 
electrodes (Hoehl & Striano, 2008, 2010), providing evidence against such an explanation 472 
(though the factor gender was not systematically investigated and the effect may have been 473 
driven by male or female faces). 474 
 475 
Clearly, future studies are needed to shed further light on the mechanisms behind the observed 476 
pattern. A first important step would be to directly compare the impact of maternal to that of 477 
paternal odor in the same sample of infants and using the same set of visual stimuli. 478 
Furthermore, a more systematic investigation of the infants’ familiarity with male vs. female 479 
faces in general and the time spent with mother vs. father in particular is necessary to address 480 
the role of familiarity for the influence of paternal odor on face processing. 481 
 482 
Conclusion 483 
In recent years, several studies have explored the impact of maternal odor on sociocognitive 484 
processing in infancy. Here, for the first time, we provide evidence that this impact is not limited 485 
to maternal odor, but that paternal odor influences infants’ processing of emotional faces as 486 
well. Interestingly, the observed effects were specific to male faces, and suggested a stronger 487 
emotion discrimination in the presence of paternal odor. Our results therefore provide an 488 
important first step for our understanding of the role different types of social odor play in early 489 
human development. 490 
 491 
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