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Figure 3 Group-average ERPs. 

Group-average ERPs in young (green) and older (blue) participants, for face and noise trials. (A) 
Average ERPs calculated for practice trials (without Bubble masks). (B) Average ERPs for trials 
with Bubble masks. Values reported in the subplots correspond to median latencies and 
amplitudes of the N170 component. 

 

BRAIN INFORMATION CONTENT 

To reveal the stimulus features that modulated electrophysiological responses in each 

age group, we quantified MI between pixels and ERP responses at three electrodes of 

interest: lateral-occipital electrodes over the left (LE) and the right (RE) hemisphere, and 

a midline occipital electrode (Oz, Figure 4). We found that in both groups, single-trial 

ERPs at lateral posterior electrodes were mostly modulated by pixels in the contralateral 

eye area: the left eye region was associated with ERPs recorded at the right electrode, 

and the right eye region was associated with responses at the left electrode. However, 

this association was weaker and delayed in older participants.  

At the left electrode (LE, Figure 4A, top panels), the group-average MI tended to cluster 

around the right (contralateral) eye. This effect was weaker in older participants and 

significant in a smaller number of older than young participants (Figure 4B, top panels). 

There was also some weak sensitivity to the left (ipsilateral) eye region in a few young 

participants. Sensitivity to each eye region was significantly stronger in young than in 

older participants (Figure 4C, top panels). To quantify the group effect, we averaged MI 

within the circular eye mask in each participant separately (see Figure 4 caption) and 

computed Cliff’s delta on the median difference between young and older participants. 

There was a large effect size for the group difference in MI: Cliff’s delta = 0.58 [0.21, 

0.81]. 

There was no sensitivity to any image features in noise trials for either young or older 

participants, suggesting that MI found in face trials was not due to spatial attention. No 

sensitivity in noise trials also suggests that elevated amplitudes of the N170 to textures 

in older participants do not reflect any functional processing.  

At the right electrode (RE, Figure 4A, middle panels), group-average MI was maximal in 

the region surrounding the contralateral (left) eye area in both young and older 

participants. It was, on average, significantly stronger across young compared with older 

participants (Figure 4C, middle panels). There was also a large effect size for the group 

difference in MI: Cliff’s delta = 0.57 [0.19, 0.80]. The association between the presence 
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of the contralateral eye and ERPs was also somewhat stronger at RE than at LE, in line 

with the right-hemispheric preference for face processing.  

The midline electrode (Oz, Figure 4A, bottom panels) showed generally weaker MI 

values than the lateral-posterior electrodes, and sensitivity to various face features 

(eyes, chin, mouth, nose, and forehead) in some participants in both age groups. 

Comparison of the MI values revealed stronger sensitivity to the right eye in young 

participants (Figure 4C, bottom panels). On the other hand, older participants had 

greater sensitivity to the forehead area. Additionally, on noise trials, one young and three 

older participants showed some sensitivity to face areas suggesting a low-level response 

to stimulation at this electrode (Rousselet et al., 2014). 

We made sure not to miss any effects by computing the classification image for the 

MI(PIX, ERP) across all electrodes, which showed sensitivity to the left eye region in 

both young and older participants (Figure S6 in Appendix A). 

Altogether, both in young and older participants, brain activity was mostly associated 

with the presence of the eyes at lateral electrodes, and with the presence of the eyes as 

well as other facial features at the midline electrode. Similarly to behavioural results, the 

same features were associated with ERP responses across groups. This association, 

however, was considerably stronger in young participants.  
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Figure 4 Age-related differences in ERP information content. 

(A) Group-average MI maps for young (left) and older (right) participants, displayed for the left 
(LE) and right (RE) lateral occipital-temporal electrodes, and the midline occipital electrode (Oz) 
independently for face and noise trials. The classification images for face and noise trials show 
maximum MI values across time points. RE showed significant MI to the left cheek area in 2 older 
participants in noise trials, suggesting some sensitivity to low-level image features that was 
absent in young participants. However, given the weakness and inconsistency of the effects, it 
could be a false positive. (B) Number of participants showing significant effects. The white 
number in the left upper corner of every image corresponds to the maximum number of 
participants showing a significant effect at the same pixel, whereas the number in the right upper 
corner corresponds to the total number of participants showing significant effects at any pixel. (C) 
Differences in mean MI between young and older participants. The scatterplot displayed to the left 
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of the image shows individual MI values averaged within the right eye mask (for the left 
electrode), or the left eye mask (for the right electrode). The number in each scatterplot 
corresponds to the number of young participants whose MI values were greater than the 
maximum MI value across older participants (marked as a black dashed line). The image on the 
right displays the difference between average young and older MI maps for every condition.  

 

TIME COURSE OF INFORMATION PROCESSING 

Knowing what face areas were mostly associated with brain activity, we then 

investigated how this relationship unfolds over time. We found that processing of the 

same facial information was delayed by 40 ms in older participants compared to young 

participants.    

To obtain the time courses of information processing, we saved the maximum MI across 

all pixels in the classification image computed at every time point, and then compared 

these time courses between age groups (Figure 5B). We observed a significant delay of 

40 ms in MI peak latencies in older compared to young participants at both lateral 

electrodes (CI of the median difference in ms = [28, 65] at LE, [23, 57] at RE). At LE, MI 

peaked at 166 ms [159, 175] in young and at 205 ms [195, 241] in older participants 

(Figure 5B, top panel). At RE, peak latencies occurred at 164 ms [158, 168] in young, 

and 204 ms [184, 221] ms in older participants (Figure 5B, middle panel). 

Using a measure similar to Rousselet et al. (2009, 2010), we found that it took older 

participants 23 ms [14, 33] more to integrate 50% of their MI time course at RE (median, 

young = 180 ms [174, 187]; older = 204 ms [197, 211]), and 25 ms [9, 38] at LE (median, 

young = 183 ms [172, 200]; older = 205 ms [201, 214]). 

As expected from the classification image analysis, the MI peak was significantly smaller 

across older participants at both lateral electrodes. At LE, the peak MI amplitude in older 

participants was about 58% [36, 89] that of young participants, and 57% [42, 82] at RE.  

MI peaked shortly before the peak of the N170 at both lateral electrodes in young 

participants (LE: 10 ms [4, 24]; RE: 8 ms [0, 16]), similarly to what was reported in 

Rousselet et al. (2014). This relationship, on the other hand, was not present across 

older participants (LE: 0 ms [-31, 8]; RE: 5 ms [-4, 18]).   

We made sure not to miss any local maxima of information by plotting maximum MI 

across pixels and all electrodes in both young and older participants. The time courses 
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were very similar to those obtained for the displayed electrodes (Figure S6 in Appendix 

A). 

Further evidence that we did not miss group effects which might have been localised in 

different brain regions in the two groups came from running a multivariate MI on all 

electrodes in each group. Comparing the maximum MI and its latency between young 

and older participants revealed similar results to those obtained with the electrodes of 

interest (see Table S1 in Appendix A). 

Using the whole-scalp MI results, we found that MI was maximum at posterior-lateral 

electrodes in both groups (Figure 5C). MI tended to be more right-lateralised across 

older participants (lateralisation index for face trials = -0.18 [-0.31, -0.05] in young, -0.23 

[-0.37, -0.09] in older participants). The group difference was not significant (young-older 

= 0.07 [-0.07, 0.21]).    

In order to understand when the ageing differences in MI first occurred, we quantified MI 

onsets using causal-filtered data (Figure 5A). The median onsets were 129 ms in young 

participants at LE [109, 149], and 137 ms [128, 146] at RE. In older participants, MI 

onsets occurred slightly later: at 154 ms [137, 172] at LE, and at 151 ms [138, 164] at 

RE. Onsets of MI were significantly delayed by 25 ms [-46, -5] in older than in young 

participants only at LE. Although MI onsets were also delayed by 13 ms [-24, 1] in older 

participants at RE, the group difference was not significant.  

There was also no significant difference in MI peak latencies (group difference: 3 ms [-

13, 19]) between groups at the midline electrode: the latencies were observed at 162 ms 

[154, 180] in young and 154 ms [148, 172] in older participants (Figure 5B, bottom 

panel). Peak amplitude in older observers was 100% that of young participants 

(amplitude difference = -0.1 [-14, 14] units).  

There were also no differences in group effects after computing MI using different 

methods (see Supplementary Results in Appendix A). 
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Figure 5 Time-courses of the maximum MI across pixels. 

(A) Causal-filtered data. Time-courses of average MI values are presented for young (green) and 
older (blue) participants, for face trials only. The vertical lines mark the onset of the group effect. 
(B) Non-causal-filtered data. Time-courses of average MI values are presented for both face and 
noise (insets) trials. The vertical lines mark median latencies of maximum MI in both groups, 
obtained for face trials. The two panels on the right display individual participants’ time-courses. In 
all graphs, shaded areas correspond to 95% confidence intervals around the 20% trimmed mean. 
(C) Group-averaged topographic maps. 

 

Finally, we looked at the onsets of afferent activity to the visual cortex (Figure 6), using 

the ERPSTD data. Using Global Field Power (GFP), a measure similar to ERPSTD, Foxe 

and Simpson (2002) found that the mean onset latency of the first visual component C1 

(said to represent initial occipital cortex activation) occurred at ~56 ms after stimulus 

presentation. Here, the onsets occurred at 68 ms [64, 72] in young participants, and at 

69 ms [62, 75] in older participants and were possibly delayed with respect to this in 

Foxe and Simpson (2002) due to our stimuli not being optimal to elicit a C1. Importantly, 

we found no difference in the onsets of afferent activity across the two groups (difference 

= -0.5 ms [-7, 5]), suggesting there was no general delay in the onset of visual cortical 

activity in older participants.  
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Figure 6 Onsets of afferent activity to the visual cortex. 

Thin grey lines show individual participants’ ERPSTD (µV/cm2), the thick line shows the group 
average, and the shaded areas show 95% confidence intervals around the group mean. The 
vertical lines mark the onset of cortical activity in each group. 
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ERP FEATURE-OF-INTEREST ANALYSIS 

So far, we have shown that the variability in single-trial ERP distributions was associated 

with the presence of the eyes in both young and older participants. However, this 

association was significantly weaker and delayed in older compared with younger 

participants at posterior lateral electrodes, and very similar across groups at the midline 

electrode.  

Previously, we have also shown that in young participants, amplitude and latency 

distributions of single-trial ERPs were modulated by pixels in the eye area, but the N170 

latency carried significantly more information about the contralateral eye than its 

amplitude, particularly at the right electrode (Rousselet et al., 2014). Here, we sought to 

investigate whether coding of the contralateral eye by the N170 latency was preserved in 

ageing. To this end, we used the same approach as in the behavioural analysis where 

we defined features of interest: the eye contralateral to the recording electrode, and the 

eye ipsilateral to the recording electrode. We then correlated single-trial Bubble masks 

with each feature, and computed MI between features and single-trial ERP distributions. 

Then, similarly to behavioural analysis, we split the correlation values for each feature of 

interest into 10 bins, and averaged the ERPs corresponding to each of the bins, 

separately for the left and right lateral electrodes. Presence of the eyes was associated 

with larger and earlier N170 at both electrodes in young participants. In contrast, in older 

participants, only the amplitude was modulated by the presence of the eyes (Figure 7A).  
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Figure 7 ERP modulation as a function of eye visibility in face trials. 

(A) Feature-of-interest analysis. A left-eye mask (red) was correlated with Bubble masks on each 
trial. These correlation values where then binned, where bin 1 (purple) corresponds to no visibility 
of the left eye through Bubble masks; and bin 10 (yellow) corresponds to high visibility of the eye. 
(B) Rows correspond to face trials in young and older participants at the left electrode (top two), 
and at the right electrode (bottom two). Columns correspond to ERP modulations as a function of 
the visibility of the contralateral eye (blue) or the ipsilateral eye (purple). In young, but not in older 
participants, presence of the contralateral eye was associated with earlier and larger N170, 
particularly at the right electrode. (C) Effects of eye visibility on the latency and amplitude 
differences between the 10th (high information) and the 1st (low information) bin ERPs, at the left 
(top) and right (bottom) lateral electrodes. Amplitude and latency modulations by the presence of 
the contralateral eye (blue) and ipsilateral eye (purple) are presented in both plots. Amplitude 
differences are expressed as proportion of the 1st bin ERP amplitudes, i.e. amplitude difference of 
50% means that amplitude of bin 10 ERPs was 150% the size of the amplitude of bin 1 ERPs. 
Filled circles correspond to median ERP modulations across young participants; squares show 
medians across older participants, and empty circles show group differences in median of the 
pairwise differences. Vertical and horizontal bars correspond to 95% confidence intervals. 
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To quantify this effect, we computed the N170 amplitude and latency in every participant 

and every feature, for the lowest (bin 1) and the highest (bin 10) correlation values, 

separately for the left and right electrode. We defined the N170 as the first local 

minimum in the time window 150 to 250 ms following stimulus onset in ERPs low-pass 

filtered at 20 Hz using a fourth order Butterworth non-causal filter. We then computed the 

differences between high and low amplitude and latency values for each group 

separately. Results are presented in Figure 7B.  

At the left electrode, the N170 in young participants was 12 ms [8, 17] earlier when the 

contralateral eye visibility was high compared to low, and 6 ms [2, 10] earlier when the 

ipsilateral eye visibility was higher. On the contrary, the N170 latency to the contralateral 

eye was not significantly modulated in older participants (difference = -1 ms [-9, 6]), and 

was delayed by 4 ms [1, 8] when the ipsilateral eye visibility was higher. At the right 

electrode, these effects were even stronger. The N170 was 24 ms [17, 31] earlier in 

young and only 5 ms [2, 11] earlier in older participants when more of the left eye was 

visible. The ipsilateral eye had opposite effects in the two groups: in young participants, 

the N170 latency to the presence of the right eye was shorter by 2 ms [1, 4], but longer 

by 4 ms [1, 8] in older participants.  

We then directly tested the interaction between age and latency modulation, i.e. whether 

the difference in latency modulation by the presence of the contralateral eye versus the 

ipsilateral eye differs between the two age groups. Finally, we computed the effect size 

estimates for the group difference in the latency modulations at each electrode. We 

found a significant group effect at the right (difference: -9 ms [-16, -3]), but not the left 

electrode (difference: 2 ms [-5, 9]). This means that presence of the contralateral eye 

had a stronger effect on the N170 latency modulation in young participants, but not older 

participants, in the right hemisphere. This effect was not found in the left hemisphere. 

Altogether, the results suggest a differential ageing effect on eye coding mechanisms 

across hemispheres. 

In terms of age effects on amplitude modulation (Figure 7B), the only significant group 

effect was found at the left electrode for Bubble visibility of the right eye: this was 

associated with 153% [140, 166] larger N170 amplitude in young, and 191% [157, 225] 

larger amplitude in older participants (Cliff’s delta, -0.41 [-0.76, -0.02]; for group 

differences in latency and amplitude refer to Table 4). Other amplitude modulations were 

similar across the two groups (Tables 4 and 5).  
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In summary, our feature-of-interest analysis suggests modulation of the N170 latency 

and amplitude as a mechanism involved in face detection in young participants. This 

mechanism changes with ageing. Specifically, while face detection is associated with 

modulation of the N170 amplitude, there is no modulation of latency in older adults. Our 

results also point to the right hemisphere as the site where the mechanism is localised. 

Table 4 Effect size estimates for eye coding by the N170.  

Effect size estimates for group differences (young-older) in N170 latency (LAT) and amplitude 
(AMP) for different facial features visibility, at left (LE) and right electrode (RE). Values 
correspond to median latencies expressed in milliseconds, and median difference (percentage 
points) in amplitude. Square brackets indicate 95% confidence intervals. A corresponding Cliff’s 
delta estimate is shown in italics. 

 N170 LAT N170 AMP 

 LE RE LE RE 

Left eye -11 [-16, -7] 

-0.79 
[-0.97, -0.56] 

-16 [-24, -11] 

-0.77 
[-0.92, -0.52] 

7 [-14, 22] 

0.16  
[-0.24, 0.58] 

-10 [-31, 17] 

-0.16  
[-0.54, 0.20] 

Right eye -11 [-18, -3] 

-0.48 
[-0.80, -0.11] 

-7 [-12, -4] 

-0.71  
[-0.92, -0.44] 

-40 [-64, -3] 

-0.41  
[-0.76, -0.02] 

2 [-17, 14] 

0.03  
[-0.39, 0.41] 

 

Table 5 Amplitude modulation by eye visibility.  

Amplitude modulation for left and right eye visibility, at left (LE) and right (RE) electrode. 
Amplitude differences are expressed as proportion of the 1st bin ERP amplitudes, i.e. amplitude 
modulation of 137% means that amplitude of the 10th bin ERPs was 137% the size of the 
amplitude of the 1st bin ERPs. Square brackets indicate 95% confidence intervals. 

 Young Older 

 LE RE LE RE 

Left eye 137%  

[125, 150] 

153%  

[132, 175] 

129%  

[111, 150] 

161%  

[141, 181] 

Right eye 153%  

[140, 166] 

133%  

[124, 142] 

191%  

[157, 225] 

131%  

[113, 149] 
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DISCUSSION 

To understand visual information processing in ageing, we must start by asking what 

facial information the aged brain processes and when. Here, for the first time in a sample 

of older participants, we address these two questions by using reverse correlation to link 

facial stimulus space to behavioural and brain responses.    

In the current study, we found that older adults used pixels around the eyes to detect 

faces, similarly to young adults. In particular, pixels around the left eye were associated 

with faster reaction times in both young and older participants. However, older adults 

were heavily dependent on the presence of the eyes to accurately detect faces, whereas 

young adults used any feature. These results suggest older participants used a different 

strategy to detect faces – they might be focusing on higher contrast information 

contained within the face, in line with previous studies showing that older adults require 

more contrast to detect and discriminate between faces (Lott, Haegerstrom-Portnoy, 

Schneck, & Brabyn, 2005; Owsley, Sekuler, & Boldt, 1981). The results pertaining to 

group differences in modulation of accuracies, however, should be treated with caution 

because young participants performance on Bubble trials was above 90% and, as such, 

could be regarded as being at ceiling. Given this high accuracy the task might not have 

been sensitive enough to elicit modulations of accuracy by face feature in young adults. 

As such, if performance of young participants was brought down, there might just as well 

be an observable association between presence of the eye, or other feature(s) and 

correct responses.  

Having established what information participants use to perform a face detection task, 

we quantified when that information was coded in the brain. In young and older 

participants alike, we found that single-trial ERPs are mostly associated with the 

presence of eye pixels contralateral to the recording lateral-occipital electrodes. This 

association (measured with Mutual Information) was also stronger at right hemisphere 

electrodes in both groups, in line with the right hemisphere dominance for face 

processing (Sergent, Ohta, & MacDonald, 1992). However, Mutual Information (MI) was 

significant in a smaller number of older than young participants and weaker in older 

participants. MI time courses also peaked about 40 ms earlier in young than in older 

participants suggesting that processing of the same face feature is weaker and delayed 

in ageing. Altogether, our results of delayed diagnostic information processing seem to 

be in line with the theory of slowed information processing in ageing (Salthouse, 1996). 

These results, together with behaviour, suggest a double-dissociation in age-related 

changes to face processing: a stronger reliance on the eyes in making behavioural 
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judgments is coupled with weaker and delayed brain sensitivity to these features in older 

adults, relative to young adults.  

The MI results were not due to our selection of electrodes. We made sure not to miss 

any effects by running the MI analysis on all electrodes and visualising maximum MI 

across electrodes in a classification image and a time course. Whole-scalp results, 

however, were very similar to those obtained on the electrode of interest (RE) suggesting 

that occipital-lateral electrodes showed maximum sensitivity to the eye region in both 

young and older observers.  

The age-related delay in processing of the eye could not be attributed to the presence of 

Bubbles either. Bubbles can be thought of as a form of masking procedure that degrades 

the visual input and has been suggested to entail object completion (Tang et al., 2014). 

Processing occluded stimuli by the visual system may require additional resources to 

perform the task, leading to longer processing times (Sekuler, Gold, Murray, & Bennett, 

2000). As such, any delay observed in a sample of older adults could be due to a 

combination of factors: a genuine slowing down of processing speed, as well as an 

increase in the time needed to process the occluded stimulus with respect to young 

adults. However, our ERP results show that the processing time of Bubbled images 

compared with full images was not different in young and in older participants. 

Specifically, even though processing of the Bubbled stimuli was delayed with respect to 

full images by about 20 ms in both young and older participants, there was no interaction 

between age and masking condition. In both practice (unmasked) and Bubble (masked) 

trials, the N170 latency to face images in older participants was delayed by about 20 ms 

(18 ms in practice trials and 22 ms in Bubble trials) with respect to that in young 

participants. This is in line with a recent study (Bieniek et al., 2013) showing that even 

though stimulus luminance affects the entire ERP time course in both young and older 

participants, it does not affect age-related differences in processing speed.  

On the other hand, there is some indication that ageing may indeed affect perception of 

partially occluded objects on a behavioural level. For example, older participants were 

less accurate and needed more stimulus information in tasks requiring perceptual 

closure (Cremer & Zeef, 1987; Salthouse & Prill, 1988; Whitfield & Elias, 1992), 

perceptual organization (Kurylo, 2006), contour integration (Roudaia et al., 2008) or 

perception of incomplete/fragmented figures (Danziger & Salthouse, 1978; Lindfield & 

Wingfield, 1999; Lindfield, Wingfield, & Bowles, 1994). Lower accuracy was not due to 

diminished retinal illuminance associated with ageing (e.g. because of senile miosis or 

increased lenticular density), but rather due to some general inefficiency in utilizing 
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segment information as effectively as young adults (Danziger & Salthouse, 1978; 

Salthouse & Prill, 1988). The reason for such age-related deterioration in performance 

on tasks involving perception of fragmented pictures or perceptual closure remains 

elusive, but it has been suggested that perceptual difficulties arise as a result of slowing 

within a neural network (Salthouse & Meinz, 1995; Salthouse, 1996). According to this 

hypothesis, slowing of the network responsible for a given task arises as a result of 

heightened noise or variability associated with the internal stimulus representation in the 

neural system (Salthouse & Lichty, 1985). This increased internal noise hypothesis has 

recently been tested behaviourally in studies investigating face perception across 

different views in older adults (Habak et al., 2008; Wilson, Mei, Habak, & Wilkinson, 

2011). Results showing an increase in bandwidths for head orientation and a drop in 

performance were in line with the hypothesis that decreased neural inhibition between 

neural representations of different face views contributed to an increase in internal noise 

(see also Bennett, Sekuler, & Sekuler, 2007), albeit these studies did not measure neural 

inhibition directly. Evidence for increased internal noise, leading to a lower signal-to-

noise ratio comes from monkey single-unit recordings (Schmolesky et al., 2000; Wang et 

al., 2005; Yang et al., 2008) and, indirectly, from fMRI studies in humans showing 

broader tuning of neural responses in ventral visual brain regions (Park et al., 2004, 

2012).  

The decrease in neural inhibition could explain the elevated responses to noise trials in 

the current study. We already reported that older adults show large N170-like responses 

to textures (Rousselet et al., 2009) and observed similar responses here. By 

investigating the information content of these noise trials in the current study, we shed 

some light on the potential origins of these responses. Specifically, we show that there 

was no significant information content on noise trials in either young or older participants. 

Lack of any information content on noise trials in the current study suggests that older 

adults are not processing textures as faces. Therefore, the large amplitude to textures 

might rather reflect some general activation to a visual stimulus without functional 

significance. Furthermore, lack of information on noise trials suggests that MI results on 

face trials were unlikely to be due to spatial attention to the eye region. If this were the 

case, we would have expected to observe some sensitivity to the eye area in noise trials 

as well. However, the effects of potential age-related differences in controlling spatial 

attention should not be ruled out completely. For example, a recent EEG study identified 

an age-related reduction of right-hemispheric control of spatial attention in a line 

bisection task (Learmonth, Benwell, Thut, & Harvey, 2017), in agreement with the 

“hemispheric asymmetry reduction in older adults” (HAROLD) model (Cabeza, 2002) 
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which proposes that cognitive function that are highly lateralised to one cerebral 

hemisphere in young adults become generally less lateralised in older adults. Although 

our results show that MI was right-lateralised in both young and older adults alike, this 

measure might not be sensitive enough to measure attentional biases in the two groups. 

Interestingly, our behavioural results suggested that both the left and the right eye 

regions were important for correct responses in older participants. However, with the 

present design it is not possible to say whether it was any eye available on a given trial 

that was associated with correct responses, or whether it was an integration of 

information from both eyes, and whether such integration (if found) was associated with 

a compensatory recruitment of the left hemisphere in older adults. Future studies should 

address this issue, for example by employing independent Bubbles sampling in the two 

visual hemifields and other paradigms aimed at testing feature integration. 

The relationship between diagnostic information and the peak of the N170 has only been 

investigated in a sample of young participants so far (Ince, Jaworska, et al., 2016; 

Rousselet et al., 2014; Schyns et al., 2007). Specifically, coding of the eye starts well 

before the peak of the N170 (Rousselet et al., 2014; Schyns et al., 2007), and the N170 

peaks when information diagnostic to the task at hand (e.g. the mouth in expressiveness 

task) has been integrated (Schyns et al., 2007). In a face detection task, since the 

contralateral eye provides the diagnostic information, the N170 peaks earlier and is 

larger in amplitude when visibility of the eye is higher (Rousselet et al., 2014). In the 

current study, we extended those results to a sample of older participants. Specifically, 

using reverse analysis we found that higher eye visibility was associated with larger 

amplitude of the N170 in older participants. However, there was no modulation of 

latency, contrary to young participants. Latency and amplitude modulation of the N170 

by the contralateral eye was also larger in the right hemisphere in young, but not older 

participants, suggesting an age-related difference in coding of the eye by the N170.  

Recently, Ince et al. (2016) also found that the rebound from the N170 peak codes the 

transferred ipsilateral eye from the other hemisphere, suggesting that the N170 reflects 

coding and transfer functions of an information-processing network involving both 

hemispheres. These results further support the notion that the peak of the N170 cannot 

be interpreted as an isolated event and that traditional ERP peak analyses should be 

abandoned in favour of investigating the entire time course of feature sensitivity 

(Rousselet & Pernet, 2011; Rousselet, Pernet, Caldara, & Schyns, 2011; Schyns et al., 

2007).  
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To go beyond peak measurements, Rousselet et al. (2009, 2010; Bieniek et al., 2013, 

2015) used an alternative measure that takes into account both the latencies and 

amplitudes of the entire ERP waveform, providing a cumulative index of the speed of 

visual processing. They reported that the earliest stage of image structure processing is 

spared in ageing, with onsets of face sensitivity taking place around 90 ms post-stimulus 

regardless of age. Ageing effects began at around 120 ms following stimulus onset and 

were the strongest at around 190 – 200 ms, with older adults being about 50 ms slower 

than young adults. Here, using a similar cumulative sum approach, we found that it took 

older participants only about 20 ms more to integrate 50% of their MI time course about 

contralateral eye sensitivity. In previous studies, older participants’ maximum sensitivity 

to image structure was also spread over two time windows, one weaker around the same 

time as in young participants (100 – 200 ms post-stimulus) and one stronger, after 200 

ms. As opposed to our results, the maximum sensitivity to image structure was also 

equally strong in both groups.  

Results from previous studies left it unclear whether the second period of sensitivity 

reflected involvement of a different mechanism in older adults, e.g. top-down control 

(Gazzaley et al., 2008; Grady, 2008), or slowing down of visual processing with age. If 

the latter were true, this could mean that, in older participants, the later time window 

might become functionally equivalent to the N170 time window in young participants. 

Here, we shed some light on this question by showing that the same information 

(contralateral eye sensitivity) is processed in the same time window of the N170 in young 

and older participants, but this processing is weaker and delayed in ageing. Our results 

also lack the second period of sensitivity found in previous studies, which might be the 

effect of applying Bubble masks to the images. As such, it would be interesting to 

compare how contralateral eye sensitivity is affected by ageing with the use of a different 

experimental manipulation. For example, visibility of the eye could be parametrically 

manipulated by adding different levels of phase noise to the eye region, thereby 

providing a direct comparison to results obtained previously (Rousselet et al., 2009, 

2010; Bieniek et al., 2013, 2015).  

In conclusion, here we show for the first time that the information content of early visual 

ERPs in older adults does not differ from that of young adults. Specifically, the 

contralateral eye region modulates ERPs in young and older adults alike, although the 

processing of the eye is weaker and delayed in ageing. This finding is coupled with an 

increased reliance on the presence of the eyes in the image on a behavioural level, 

suggesting a dissociation of behavioural and brain responses in older adults. 
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Furthermore, eye visibility modulates only the N170 amplitude in older adults, but both 

the latency and amplitude in young adults.  
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CHAPTER 3: AGE-RELATED DIFFERENCES IN EYE SENSITIVITY 

WITH AND WITHOUT THE FACE CONTEXT 

INTRODUCTION 

In order to understand whether young and older adults use the same facial information to 

perform a face detection task, and when this information is processed in the brain, we 

have recently used a Bubbles paradigm (Gosselin & Schyns, 2001) coupled with reverse 

correlation (Jaworska et al., in prep). Participants were presented with images of faces 

and textures revealed through ten Gaussian apertures placed randomly on each trial. By 

correlating reaction times with stimulus information in single trials, we have shown that 

young and older participants alike responded faster when the left eye was visible through 

the Bubble masks (Jaworska et al., in prep). However, older participants relied on the 

presence of the eyes much more to make correct responses, whereas any face feature 

was sufficient for young participants (Jaworska et al., in prep). Presence of the 

contralateral eye in the image also modulated single-trial brain activity measured with 

electroencephalography (EEG) in both young (Rousselet et al., 2014; Schyns et al., 

2007; Van Rijsbergen & Schyns, 2009) and older adults (Jaworska et al., in prep). 

However, this association was weaker and delayed in older participants. As such, we 

have shown that in a face detection task, processing of the same diagnostic information 

(the contralateral eye) was slower in ageing.  

Since only partial image information is presented through the Bubble masks, it has been 

suggested that the use of this technique may force the observer to attend to features 

rather than process the face as an overall gestalt, and that diagnostic information might 

not generalize to other experimental paradigms (Neath & Itier, 2014). Furthermore, older 

adults have been shown to perform worse on face recognition when the stimulus is 

degraded (Grady, Randy McIntosh, Horwitz, & Rapoport, 2000), as well as on object 

recognition from fragmented pictures (Danziger & Salthouse, 1978; Lindfield & Wingfield, 

1999; Lindfield, Wingfield, & Bowles, 1994) or in tasks requiring perceptual closure 

(Cremer & Zeef, 1987; Salthouse & Prill, 1988; Whitfield & Elias, 1992). In line with these 

findings, older participants in our previous study were also generally less accurate in 

detecting a face from Bubbled images (Jaworska et al., in prep).  

As such, two questions remain unanswered. First, would behavioural and EEG sensitivity 

to the visibility of the eye generalize beyond the Bubbles paradigm? Secondly, would 

age-related delay in processing of the eye still be present in a less degraded stimulus? 
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To answer these questions, we employed a new experimental paradigm in which we 

manipulated eye visibility parametrically by introducing phase noise into the eye region. 

Previously, Rousselet et al. (2008, 2009) manipulated the visibility of full face images by 

randomizing their phase spectra in a parametric manner, and reported phase effects that 

reached maximum in the time window of the N170 in young participants (Rousselet, 

Pernet, et al., 2008). In older participants, sensitivity to phase information peaked in two 

time windows: one early (<200 ms) and one late (>200ms, Rousselet et al., 2009). In the 

current study, alongside manipulating the eye visibility, the rest of the face remained 

intact, thereby providing a “face context” and a more ecologically valid stimulus than 

Bubbled images. We then compared the results with a complementary condition in which 

the eye visibility was still manipulated but the rest of the face was phase-randomized 

(“face context absent”). This condition was related to the Bubbles stimulus such that only 

a portion of the image was revealed through an eye aperture, but it differed in that only 

the eye region was revealed on each trial, and a smaller proportion of the face area was 

revealed than through Bubble masks. 

Our hypotheses were that eye sensitivity in both face contexts would be associated with 

ERP modulation in the time window of the N170 in young adults, and that this sensitivity 

would be delayed in older adults.  

  


