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• Despite evidence of adult-like specialised neural response to faces from early in development, these processes continue to develop across childhood.
• The face inversion effect is a hallmark of specialised face processing – enhanced processing of upright compared to inverted faces – taken as evidence for holistic processing of upright faces.
• Neural markers of the face inversion effect (larger N170 response to inverted cf. upright faces) are not reliably present in children under 11 years (often reversed) [1].
• One model of the N170 response proposes that it reflects the activation of an eye detector alongside a neural inhibition process that supports holistic processing [2].
• Young children preferentially attend to, and rely upon, information around the mouth in upright faces cf. adults who reliably focus on the eyes [3].
• Here we ask if developmental differences in feature use contributes to the distinct neural FIE profiles seen in children.
• Multi-experiment explorative study: eye-tracking (not presented here), EEG and new behavioural matching task.
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Matching	Task

Participants: 19 adults (11 female, mean age= 25.68), 18 older children (12 & 13yr olds, 7 female, mean age: 12.67), 21 younger children (8 & 9yr olds, 11 female, mean age: 8.48). Recruited 
and tested in London primarily from the CBCD database. 

Stimuli: 12 face identities (6 female) selected from the Chicago face database data-base [4] under constraint that the location of two key internal features (the eyes and mouth) were 
equidistantly matched across identities. Internal face area was extracted via a mask (symmetrical about the vertical midline) such that no hair or external face contour information was retained. 
Luminance and contrast normalised via the SHINE toolbox [5]. 2 identities used for practice, 10 in the experiment. 

P100 component (O2 shown)

Illustrative stimuli: Upright and inverted faces at three fixation locations (nose, mouth, eyes)

Prediction
Main effect of face orientation in adults (generally, expect it to be smaller for mouth fixation) –
similar pattern for older children. Opposite effect of face orientation in younger children for 
eyes/nose fixation. 

Key ANOVA results (Peak to Peak analysis)
• Significant interaction of orientation by group (F(2,55) = 3.3, p = 0.045,η!" =.106) 
Main effect of orientation for adults and older children (p<0.01), no effect of orientation in 
younger children (p=0.3). 

• Significant interaction of orientation by fixation location (F(2,110) = 3.9, p = 0.024, η2

=.065). Effect of orientation on all fixation locations (eyes, nose: p<.001, mouth: p<0.03). 

• No 3-way interaction of these factors (p = 0.78) 

Methods: Modelled on CFMT [9] – with 
one target and three foils. Upright and 
inverted trials blocked (18 trials per block, 
ABBA). Final block of trials with added 
noise (18 trials each, AB). 6 target faces –
balanced gender. 
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Procedure: Participants passively viewed upright and inverted faces presented such that different vertical locations 
were at fixation to systematically force participants to foveate the nasion (at the centre of the eyes), the nose and the 
mouth. Participant task was to respond to letters shown at fixation on a small number of trials (A/K). 350 trials (50 per 
experimental condition, 50 letters). Breaks every 50 trials with motivational games and encouragement [6]. Same task 
run in the eye tracker and the EEG (eye tracker first with two face sizes – matching the EEG and larger as standard). 
Design: Participant age group (3 levels) x Orientation (2 levels) x Fixation location (3 levels) 
EEG Methods
Recording: 32/64 channel Easycap (standard 10-20 system; 64 for adults), Impedance <20kOhms, AFz ground, online referenced to FCz (re-referenced to 32 average), 500Hz sampling
Pre-processing: 0.1 - 40 Hz Filter, bad channels interpolated, epoched between -0.2 and 0.5 seconds and baseline corrected, automatic data rejection based on threshold (-100-100 µV)
Post-processing: Focus on two early visual components previously linked to selective face processing: the P100 (electrodes O1 and O2) and N170 peak to peak (electrodes P7 and P8). 
Hypothesis: Largely exploratory to characterise responses. Expect to replicate established results for nasion & nose fixation (inverted > upright in adults and older children). 

Results	– EEG	Study
N170 component (P8 shown)

Key ANOVA result
• 3-way interaction: orientation by fixation location x group 
(F(4,110) = 16.9, p<0.001, η!" =0.38)

Adults
Inverted > Upright for fixation on eyes or nose (p<0.001)
Upright > Inverted for fixation on mouth (p=0.002)

Older children
Inverted > Upright for fixation on eyes or nose (p<0.012)
No difference for fixation on mouth (p=0.20) 

Younger children
Inverted > Upright for fixation on nose or mouth (p<0.010) 
No difference for fixation on eyes (p=0.08). 

Individual data: 
• Fixation on nose: 

• Fixation on mouth: 

• Fixation on eyes:
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Younger Children Older Children Adults

Summary & Discussion
There was no three way interaction of fixation location, orientation and group on the N170. Classic absence 
of FIE for younger children and a smaller FIE for the mouth fixation vs. nasion or nose (similar to [2], see 
also [7,8]). Interestingly, there was a 3 way interaction at the P100. Varying fixation location resulted in 
markedly different P100 response in adults to mouth fixation vs. nose or nasion with the opposite response 
pattern observed for young children. Future work will apply mass univariate testing to more fully characterize 
these differences and consider them alongside eye tracking findings. 

Sample: Same participants, 
same testing session (pre EEG).

Results: On noise trials: 
Orientation x Group interaction 
(F(2,58) = 3.52, p=0.032, η!" = 
0.11). Significant orientation 
effect for adults & older 
(p<0.002), not younger (p=0.28). Younger Children Older Children Adults

Results: Significant correlation 
between age in months (child groups) 
and performance on upright noise trials 
(up: r=0.4, p=0.008, inv: r= 0.09, p=.6)

Discussion: Behavioural correlate of 
neural profile. Performance 
improvement is tied to improved 
accuracy for upright faces (see [10]). 
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