
  

 
  

Abstract—Behavioral researches have shown that the 
visual function can be partly restored by 
phosphene-based prosthetic vision for the non-congenital 
blinds. However, the early visual processing mechanisms 
of phosphene object recognition is still unclear. This 
paper aimed to investigate the electro-neurophysiology 
underlying the phosphene face and non-face recognition. 
The modulations of latency and amplitude of N170 
component in the event-related potential (ERP) were 
analyzed. Our preliminary results showed that (1) both 
normal and phosphene face stimuli could elicit prominent 
N170; nevertheless, phosphene stimuli caused notable 
latency delay and amplitude suppression on N170 
compared with normal stimuli and (2) under phosphene 
non-face stimuli, a slight but significant latency delay 
occurred compared with normal stimuli, while amplitude 
suppression was not observed. Therefore, it was 
suggested that (1) phosphene perception caused a 
disruption of the early visual processing for 
non-canonical images of objects, which was more 
profound in phosphene face processing; (2) the 
face-specific processing was reserved under prosthetic 
vision and (3) holistic processing was the major stage in 
early visual processing of phosphene face recognition, 
while part-based processing was attenuated due to the 
loss of the details.  

I. INTRODUCTION 
EVERAL research groups in the world have developed 
prototype visual prosthetic systems to partly restore the 

visual function by electrically stimulating the visual pathway 
of the non-congenital blinds [1-3]. Behavioral studies have 
validated the effectiveness of phosphene-based prosthetic 
vision in pattern recognition [4], text reading [5, 6] and facial 
recognition [7]. According to Humphreys [8], the phosphene 
object recognition employed two procedures: (1) the early 
visual processing of phosphene patterns, i.e., object 
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perception, and (2) the late procedure of associating 
perceived information with the models in the brain, i.e., 
object identification. From the view of cognitive psychology, 
the early visual processing was a fundamental phase in object 
recognition, particularly for an unknown phosphene object 
[9]. However, the neurophysiologic mechanisms of the early 
visual processing of phosphene objects were still unclear. 
Therefore, this study aimed to investigate the early visual 
processing mechanisms of object recognition under simulated 
prosthetic vision. 
   Event-related potential (ERP) study has been widely used 
for investigating the neurophysiologic mechanisms of object 
recognition. Neurophysiologic results on face perception 
have reported a negative-going potential in ERPs occurring 
between 170 and 200 ms after stimuli onset (N170) at 
occipito-temporal electrodes [10, 11], which was relatively 
larger for faces than that for non-face objects [12]. Some 
studies suggested the N170 component be associated with 
structural encoding process of face recognition in 
occipital-temporal areas [13]. Also isolated eyes, filtered 
faces or inverted face could elicit N170 with delayed 
latencies and/or modulated amplitudes, which was attributed 
to two mechanisms of early visual processing, i.e., holistic 
processing and part-based processing [14-16]. Therefore, we 
designed an object perception experiment using photographs 
of normal faces, normal non-face objects and their phosphene 
versions, during which electroencephalogram (EEG) was 
recorded with scalp electrodes. The amplitudes and latencies 
of N170 components were analyzed. 

II. METHODS 

A. Subjects 
Seven right-handed undergraduate students (female/male: 

2/5; age: 22 ± 4) with normal or corrected-to-normal vision 
participated in the experiments. All subjects signed a written 
informed consent and were compensated for their 
participations. 

B. Stimuli and Experimental Design 
Four categories of photographs (189 × 224 pixels) included 

10 human faces (female/male: 5/5), 10 buildings, 10 chairs 
and 10 birds (target stimuli). All face photographs were 
selected from ‘The Database of Faces’ at the AT&T 
Laboratories Cambridge (formerly ‘The ORL Database of 
faces’) [17]. A mask of 32 × 27 grids was applied to all 
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photographs except the targets to generate the corresponding 
phosphene stimuli, which could be sufficiently recognized by 
the subjects [18]. In order to maintain the same spectral 
energy of the stimulation, the background of all stimuli was 
tuned to a uniform gray level (Fig. 1).  
 

Participants were seated comfortably in a dark 
sound-and-RF shielding room (Model: Union-Brother, 
Guangzhou, China). Stimuli included normal images, their 
corresponding phosphene versions and targets, with each one 
repeated 12 times (30 × 12 × 2 + 10 × 12 × 1 = 840 trials in 
total). Each stimulus (6.39° × 5.22° view angle) was centered 
on a black screen (Model: LXM-L19CH, Lenovo, China, 
resolution: 800 × 600, refresh rate: 60 Hz) and randomly 
presented for 500 ms with a variable inter-stimulus interval 
(ISI: 800-1300 ms). The entire procedure was divided into ten 
blocks with 84 stimuli each with 5-10 min in-between breaks. 
In each block, the number of the target stimuli ranged from 
8-16 randomly. The participants were required to count the 
number of target stimuli (i.e., birds in this study) in mind and 
to report the result at the end of each block. 

C. ERP Recordings and Data Analysis 
The EEG was recorded (NeuroScan 4.3, Compumedics 

NeuroScan, USA) via 64 electrodes (Sintered Ag/AgCl 
electrodes) mounted on a cap (Quik-Cap, Compumedics 
NeuroScan, USA) with reference to mastoid (M1&M2). Four 
ocular electrodes were used to monitor the vertical and 
horizontal eye movements at the outer canthi and left 
supraorbital/infraorbital ridges. Electrode impedances were 
kept under 5 KΩ. The sampling rate was 1000 Hz. The 
signals were off-line analyzed with EEGLAB 6.01v [19]. The 
raw EEG signal was first filtered by a 0.1-50Hz zero phase 
shift filter and an average reference was calculated for all 
electrodes. After EOG correction and EEG artifact rejection 
(≥ 100 μV), EEG was partitioned into 1200ms epochs with a 
200 ms pre-stimulus baseline plus 1000ms post-stimulus 

onset. ERPs were derived by grand averaging the trials 
corresponding to normal faces, normal buildings, normal 
chairs and their phosphene versions, respectively, before 
being digitally filtered into 0.1-30 Hz. Since the targets were 
only designed as attractors for the subjects, the ERP under 
target stimuli (birds) was not investigated.  

The amplitudes and latencies of occipito-temporal N170 
components were measured at corresponding electrode sites, 
i.e., two pairs of posterior sites (P7/P8, PO7/PO8). In order to 
minimize the influences of the earlier component of P100, the 
amplitudes of N170 were measured as the difference between 
the valley of N170 and the peak of P100 [14, 20]. Analysis of 
variance (ANOVAs) with repeated measures and paired 
t-tests were performed to check the statistic significance of 
the results, and Greenhouse-Geisser corrections were made 
when needed. Within-participant factors included category 
(chair vs. building vs. human face), stimulus format (normal 
stimuli vs. phosphene stimuli), site (PO7/PO8 vs. P7/P8) and 
hemisphere (left vs. right). The dependent variables were the 
N170 amplitude and its latency. 

III. ERP RESULTS  
All subjects reported correctly the number of target stimuli. 

Fig. 2 showed the averaged ERPs over all the subjects at PO7 
and PO8 in response to normal and phosphene faces (Fig. 2a 
& 2b), normal and phosphene buildings (Fig. 2c & 2d) and 
normal and phosphene chairs (Fig. 2e & 2f).  

A. N170 Latency 
The overall ANOVA showed that stimulus format had a 

main effect (F(1;6) = 9.425, P = 0.022) on N170 latencies, 
where the N170 components were significantly delayed 
under phosphene stimuli compared with those under normal 
stimuli. Moreover, phosphene faces caused a longer latency 
delay (14 ± 4 ms) than phosphene non-faces (building: 7 ± 1 
ms, chair: 3 ± 1 ms) (P < 0.001). While the factors of category 
(F(2;12) = 1.637, P = 0.235), site (F(1;6) = 3.776, P = 0.100) 
and hemisphere (F(1;6) = 0.566, P = 0.480) did not show any 
main effects on the N170 latencies. 

B. N170 Amplitude 
The ANOVA revealed significant main effect of category 

(F(2;12) = 40.340, P < 0.001) on N170 amplitudes and 
interaction between category and format (F(2;12) =  8.821, P 
< 0.004). Both normal (5.5 ± 0.5 μV) and phosphene faces 
(5.4 ± 1.5 μV) elicited larger N170 than non-face stimuli 
(normal buildings: 2.1 ± 0.1 μV, phosphene buildings: 2.8 ± 
0.1 μV, normal chairs: 3.4 ± 0.5μV and phosphene chairs: 4.0 
± 1.0 μV) (all P < 0.05). For faces, paired t-test showed that 
N170 was significantly diminished under the phosphene 
stimuli compared with normal stimuli (P < 0.001). However, 
this effect was not significant for non-faces (buildings: P = 
0.872, chairs: P = 0.573). Main effects were also found on 
site (F(1; 6) = 11.571, P = 0.014) and hemisphere (F(1; 6) = 
6.277, P = 0.046). Paired t-test verified that the amplitudes on 
the right hemisphere (P8/PO8) were significantly larger than 

Fig. 1. The non-target stimuli included (a) normal photographs (faces, 
buildings and chairs) and (b) their corresponding phosphene versions. 
(c) Target stimuli (birds) were used as attractors in the experiment. 
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those on the left (P7/PO7) for normal faces (P = 0.008), 
phosphene faces (P = 0.014), normal buildings (P = 0.007), 
phosphene buildings (P = 0.024) and normal chairs (P = 
0.013), but not for phosphene chairs (P = 0.113). Moreover, 
interactions of category × site (F(1.022; 6.129) = 0.492, P = 

0.623), category × hemisphere (F(1.146; 6.875) = 1.924, P = 
0.212), format × site (F(1; 6) = 4.310, P = 0.083), format × 
hemisphere (F(1; 6) = 0.287, P = 0.611) and site × 
hemisphere (F(1; 6) = 3.814, P = 0.099) were not significant.  

 

        

       

       
 

 
 

Fig. 2. Averaged ERP waveforms over all the subjects for normal/phosphene faces (a/b), normal/phosphene buildings (c/d) and normal/phosphene chairs 
(e/f) at PO7 and PO8, respectively. 
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IV. DISCUSSION 
N170 component was used to investigate the early visual 

processing mechanisms of object recognition with stimulated 
prosthetic vision. Although the simulated phosphene objects 
were idealized prototypes with evenly aligned phosphenes 
and adequate phosphene numbers, useful insights on 
phosphene perception mechanisms could be discovered based 
on such simplified patterns.  

Firstly, we found that N170 was delayed by phosphene 
format for all categories tested. Such effect was far larger for 
faces than for any other categories. Similar phenomena were 
found by Itier et al. that N170 was delayed by the inverted 
stimuli [15], which implied a disruption of the processing for 
non-canonical images of objects. Since the phosphene image 
was also a kind of non-canonical image, the phosphene effect 
on N170 latencies found in our experiment confirmed such 
implication. Furthermore, such disruption of processing 
seemed to be more notable in phosphene face processing than 
phosphene non-face processing.  

Secondly, prominent N170 was elicited by both normal 
and phosphene faces, which indicated that face structural 
encoding mechanism occurred not only under normal vision 
but also under prosthetic vision. As it had been discussed in a 
handful of previous studies, this face structural encoding 
mechanism might involve a complex system composed of at 
least two separate channels, i.e., a holistic processor and a 
part-based processor, which both modulated the N170 [16]. 
In our experiments, diminished N170 was observed under 
phosphene face stimuli. Noticing the loss of details under 
phosphene face stimuli compared to normal face stimuli, we 
speculated that the decline of N170 amplitude was due to the 
suppressed part-based processing. Moreover, a slight 
decrease of N170 amplitude was also discovered by Goffaux 
et al. under low-pass filtering face stimuli compared with 
broad-pass filtering face stimuli [14], which was similar to 
our results because the absence of high-frequency details in 
phosphene stimuli could lead to the attenuation of part-based 
processor. However, the N170 amplitudes were comparable 
under both formats of non-face stimuli, which might imply 
that similar early visual processing was involved in non-face 
recognition under both stimulus formats. Furthermore, it was 
also proved that face and non-face perception processes were 
different under prosthetic vision just as they were under 
normal vision.  

In conclusion, our experimental results suggested that: (1) 
phosphene effect on latency of N170 implied a disruption of 
the processing for non-canonical images, which was more 
profound in phosphene face processing; (2) the face-specific 
processing was reserved under prosthetic vision and (3) 
holistic processing played a dominating role in phosphene 
face recognition while part-based processing was attenuated 
due to the loss of details. 
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