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Abstract. People could extract mean expression of multiple faces pretty pre-
cisely. However, the mechanism of how we make such ensemble representation 
was far from clear. This study aimed to explore how faces in the foveal and 
extrafoveal vision contribute to the ensemble representation and whether the 
emotion of faces modulates the contribution. In the experiment, the expressions 
of foveal and extrafoveal faces were independently manipulated by changing 
the ratio of happy vs. angry faces. The participants reported whether the overall 
emotion was positive or negative. The results showed that faces in the foveal 
vision were given more weight than those in the extrafoveal vision in ensemble 
emotional representation. In addition, the ensemble perception was more accu-
rate when faces in the extrafoveal vision were positive. These findings have 
great implications for the emotional design in interactive systems, especially 
when there are multiple users or multiple avatars presented on the screen.  

Keywords: Ensemble representation, Facial expression, Foveal vision, Extra-
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1 Introduction 

Emotion is very important in our interaction with people as well as computers in eve-
ryday life. Recognizing users’ emotions is the first step towards using emotions to 
improve adaptive performance of computers. Usually, the research on emotion recog-
nition has been focused on a single person or an isolated face. However, in some oc-
casions, like group studies or multiplayer games, there might be a number of people 
interacting with computer system at the same time. Nevertheless, the mechanism of 
how we acquire such ensemble representation was far from clear. For example, not all 
faces could fall into the foveal vision at a time, but little work concentrated on the role 
of locations in the visual field in ensemble perception. In this study, we aimed to in-
vestigate what the roles foveal faces and the extrafoveal faces play respectively  
in ensemble representation for facial expressions. It has great implications for the 

                                                           
* Corresponding author. 



 Different Roles of Foveal and Extrafoveal Vision in Ensemble Representation 165 

 

emotional design in interactive systems, especially when there are multiple users or 
multiple avatars presented on the screen.  

Previous studies have demonstrated that observers can extract the mean emotion of 
multiple faces rather precisely [1-3]. This ability is robust and flexible, operating even 
on sets containing as many as 24 faces shown for only 100 ms [4]. However, when the 
set size is relatively large, observers cannot focus on all the faces simultaneously shown 
at one time. During normal viewing, our eyes direct a sequence of images to the fovea 
when sampling the visual scene and the fovea is a small region of the retina that corres-
ponds to the central 2° of the visual field [5]. When the exposure time of face set was 
sufficient (e.g., a set of four faces shown for 2000 ms [2]), the observers could have 
time to freely scan every face; but if the set made up of large number of faces was 
shown very briefly [4], the observers could only glimpse a few faces or even some parts 
of a face. In the latter condition, when some faces or some features of one face occupy 
the fovea, on one fixation, other faces in the set would project extrafoveally.  

The visual system indeed has the ability to detect or recognize emotional facial ex-
pressions at extrafoveal visual field, but the performance declined with increased 
eccentricity [6-8]. Neuroimaging study have shown that the affective modulation of 
early ERP components exists for both centrally and peripherally presented pictures, 
but the latter was lower in amplitude and slightly delayed [7]. The declined perfor-
mance and neural response may be due to low visual acuity and low contrast sensitivi-
ty of extrafoveal vision [9]. The parvocelullar system which mainly begins in central 
part of the retina is particularly sensitive to contrast and high spatial frequency, like 
the detail of objects [10]; on the contrary, the magnocellular system which essentially 
originates from peripheral parts of the retina is less effective in contrast detection, but 
possesses a high temporal resolution [11-12]. According to these facts, it can be spe-
culated that faces would be processed differently in the extrafoveal vision, contrast to 
in the foveal vision. 

However, little is known about whether the foveated faces and the nonfoveated 
faces would contribute differently to ensemble representation for facial expressions. 
To our best knowledge, only one study paid attention to the relationship between 
eccentricity and the averaging of emotional expressions [13]. They asked the observ-
ers to judge the emotional intensity of the target face, which was shown isolated or 
surrounded by flankers, and the face (set) was presented either centrally or extrafo-
veally. The results revealed that judgment of the target face was less accurate and 
leaned more towards the average emotion of the flanker set when presented in the 
extrafoveal location. It seems to suggest that the impact of extrafoveal ensemble faces 
on individual recognition was greater than that of central ensemble faces. But it re-
mains unclear as for the roles of the extrafoveal faces and foveal faces in ensemble 
representation. To tackle this issue, participants were instructed to report the ensemble 
emotion of a face set in the present study, instead of judging on one target face. We 
also developed a new display that both foveal and extrafoveal vision can be used, and 
that was different from gaze-contingent display [14-15], which restricted the observ-
ers to use central vision only or peripheral vision only. In addition, the central four 
faces would always occupy the foveal visual field by carefully manipulating the  
visual angle, and the remained surrounding faces would fall out of the fovea on one 
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fixation. With this kind of display, the study could explore how observers represented 
the mean emotion when some faces were in foveal location while the other faces were 
in extrafoveal location.  

Another purpose of this study was to investigate whether the role of the extrafoveal 
faces in the ensemble emotional representation would be enhanced or weakened by 
the emotional valence. It was evident that recognizing negative expressions (like an-
ger, fear and sadness) is impaired when presented peripherally, whereas recognition 
of happiness suffered the least from peripheral presentation and was comparable with 
foveal performance [16]. However, controversy remains whether the extrafoveal vi-
sion favors for happy faces or for the negative faces. When an emotional face paired 
with a neutral face was shown in bilateral extrafoveal vision, happy face was identi-
fied faster than negative face indicated by shorter saccade latencies [17]; but the study 
adopting attention probe technique showed an advantage in rapid orienting of atten-
tion towards negative face, but not positive face [18]. There is also evidence suggest-
ing that positive and negative faces showed similar efficiency in attentional capture, 
although both were more effective than neutral faces [19]. In general, it is far to reach 
a consistent conclusion on the role of extrafoveal facial emotions. Furthermore, few 
studies have focused on the attentional bias of ensemble representation for multiple 
facial expressions. So far, only one study found a positive bias of ensemble emotional 
representation, but did not explore whether ensemble emotional representation suf-
fered from extrafoveal vision [4]. Therefore, the relationship between ensemble repre-
sentation and extrafoveal emotion requires further investigation. 

In the present study, we used happy and angry faces as emotion stimuli to investi-
gate whether the foveal faces and the extrafoveal faces contribute differently in en-
semble representation for multiple emotional expressions and whether there was an 
advantage for extrafoveal happy face or angry face in ensemble coding. Similar as 
Yang et al [4], we used face images from different people rather than morphed images 
of one person. We hypothesized that faces in the foveal vision, compared with faces 
falling out of the fovea, would be given higher weight in ensemble representation for 
facial expressions. Therefore, when the emotion of foveal faces was incongruent with 
that of extrafoveal faces, observers would judge the overall emotion based more on 
foveal faces. For the second question, there might be several possibilities: (a) The role 
of extrafoveal happy faces rather than angry faces was less impaired in the averaging 
of facial expressions, because the happy faces in the extrafoveal vision enjoyed an 
advantage in identification [16-17], (b) the role of extrafoveal angry faces rather than 
happy faces was less impaired in the ensemble representation for facial expressions, 
because the angry faces captured attention better than happy faces in the extrafoveal 
vision [18] , and (c) the role of extrafoveal happy and angry faces was impaired to the 
same extent, because the advantages were for both sides were comparable [19]. 

2 Method 

2.1 Participants 

Forty-six volunteers (19-26 years old; 23 females) participated in the experiment. All 
of them had normal or corrected-to-normal vision and were paid for their time. Four 
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participants did not properly respond to the face set (two responded too fast, and two 
too slow, which exceeded three standard deviations). Final analyses were based on the 
remaining 42 participants. 

2.2 Stimuli 

We selected 32 color photographs of faces from BU3DFE database [20], including 8 
happy male faces, 8 happy female faces, 8 angry male faces and 8 angry female faces. 
All images were scaled to the same mean luminance and root-mean-square contrast 
[21]. Each face image subtended a visual angle of 1.97° × 1.97° at a viewing distance 
85cm, and was presented against a black background. 

Faces were presented in a 4 × 4 invisible grid, and the set of 16 face images occu-
pied 6.40° × 6.53° of visual angle. For the central four faces, they occupied 3.98° × 
4.02° of visual angle, falling into the foveal visual field (1.5mm diameter, about 4.3 
degree [22]) and the eccentricity of each was 1.44° from the fixation point (Figure 1). 
The mean emotion of central four faces and that of surrounding twelve faces was 
independently manipulated by changing the ratio of happy to angry faces (Table 1). 
The ratio of happy vs. angry faces in the whole set was 3:1, 5:3, 3:5, or 1:3. Due to 
the number of surrounding faces outweighed that of central faces, the overall emotion 
of the whole set was always consistent with that of surrounding faces.  

Face images in each set were randomly selected with two constraints: (1) an equal 
number of male and female models were presented in each set, and (2) no two images 
in each set were of the same model. 

 

Fig. 1. Experiment procedure and stimuli. In the sample face set, the mean emotion of central 
four faces is positive and that of surrounding faces is also positive. It is a congruent condition. 
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2.3 Design 

The design involved two within-subject factors: congruency (congruent vs. incongru-
ent) and extrafoveal emotion (positive vs. negative).     

Table 1. Ratio of happy vs. angry faces in the foveal and extrafoveal vision respectively and 
the corresponding mean emotion of foveal and extrafoveal faces 

Foveal Extrafoveal Foveal Extrafoveal 
Congruency1 

H vs. A H vs. A emotion emotion
4:0 8:4 Positive Positive C 

4:0 2:10 Positive Negative IC 

4:0 0:12 Positive Negative IC 

3:1 9:3 Positive Positive C 

3:1 7:5 Positive Positive C 

3:1 3:9 Positive Negative IC 

3:1 1:11 Positive Negative IC 

1:3 11:1 Negative Positive IC 

1:3 9:3 Negative Positive IC 

1:3 5:7 Negative Negative C 

1:3 3:9 Negative Negative C 

0:4 12:0 Negative Positive IC 

0:4 10:2 Negative Positive IC 

0:4 4:8 Negative Negative C 

2.4 Procedure 

Each trial began with a 500ms fixation point at the center of the screen, followed by a 
set of faces presented for 100ms. Due to the short duration, participants were unlikely 
to execute a saccade (minimal saccade latency is about 150 ms [23]) to make the  
                                                           
1 C denotes congruency and IC denotes incongruency. When the mean emotion of the foveal 

and extrafoveal faces are both positive or negative, it is the congruent condition. When the 
mean emotion of the foveal is positive whereas that of extrafoveal faces is negative, or vice 
versa, it is the incongruent condition. 
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surrounding 12 faces in the foveal vision. Immediately after the face set disappeared, 
participants were prompted to indicate whether the overall emotion of previous face 
set was positive or negative by pressing corresponding keys (“A” for positive and “L” 
for negative, vice versa).  

Participants completed 280 trials, with 120 trials evenly divided into two congruent 
conditions and 160 trials evenly divided into incongruent conditions. There were 16 
practice trials before the main experiment. 

3 Results 

3.1 Accuracy 

The accuracies were calculated for each subject and each condition based on whether 
the subjective report conforms to the mean emotion of the whole set. A repeated-
measure of ANOVA (congruency and extrafoveal emotion) was conducted. The  
results showed that the accuracy was significantly higher when the foveal and extra-
foveal emotion were congruent than incongruent (F (1, 41) = 162.54, p<.001,  = 
.80), and the accuracy was significantly higher when extrafoveal faces were happy 
than those were angry (F (1, 41) = 9.79, p<.01,  = .19); but there was no interac-
tion of congruency by extrafoveal emotion (F (1, 41) <1) (Figure 2). A t-test revealed 
that the accuracy was significantly lower than the chance level in the incongruent 
conditions (t (41) = -7.49, p< .001; t (41) = -5.92, p< .001).  

 

Fig. 2. Mean accuracies and RTs as a function of congruency and extrafoveal emotion. Error 
bars indicate ±1 standard error. Star marks indicate significant results. 

3.2 Reaction Times 

The reaction times for correct responses for each condition are shown in Figure 2. We 
conducted a 2 (congruency) by 2 (extrafoveal emotion) analysis of variance 
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(ANOVA) for repeated measures. The analysis revealed that the reaction times were 
faster when the foveal and extrafoveal emotion were congruent than incongruent (F 
(1, 41) = 24.70, p<.001,  = .38); but there was no difference between extrafoveal 
happy face and extrafoveal angry face condition in reaction times (F (1, 41) = 3.10, 
p=.086,  = .07) nor interaction between congruency by extrafoveal emotion (F (1, 
41) <1). 

4 Discussion  

The present study showed that the foveal faces were given more weights than extrafo-
veal faces in ensemble representation. When the emotion of foveal faces and extrafo-
veal faces were incongruent, emotion in the foveal vision contributed more to the 
averaging, although the overall emotion was consistent with extrafoveal emotion ra-
ther than foveal emotion, so the accuracy was much lower and reaction times were 
much slower in incongruent conditions compared with congruent conditions. Besides, 
compared to extrafoveal angry faces, we were more sensitive to extrafoveal happy 
faces, and the happy expressions enhanced the role that extrafoveal faces played in 
ensemble representation.  

4.1 Foveal Faces Contribute More to Averaging Facial Expressions 

We found a below chance performance of ensemble representation when the foveal 
emotion and the extrafoveal emotion were incongruent, and indicated that subjects did 
not acquire a correct ensemble emotional representation of the face set. Since the 
overall emotion was always consistent with the extrafoveal emotion, the wrong re-
sponse may suggest that subjects were prone to judge the overall emotion based on 
the foveal emotion, which was opposite to the extrafoveal emotion.  

Previous research has found that not all items in a set contribute the same to the 
mean. The mean size estimations would bias towards the size of the attended item [24], 
and the emotional outliers in a set of faces would be discounted in the summary repre-
sentation [25]. Besides, a recent eye movement study showed that the perceived ensem-
ble expression is based on the particular faces that are fixated when the faces are  
randomly arranged [26]. In the present study, we are the first to explore the role of fo-
veal and extrafoveal vision in ensemble representation for facial expressions. Consistent 
with hypothesis, the foveal faces played a much more important role in the ensemble 
representation compared with extrafoveal faces. The central four faces got the fixation 
and enjoyed the foveal vision; while because of limited duration time, the surrounding 
faces could not be fixed and were only exposed extrafoveally. The magnocellular sys-
tem which essentially originates from peripheral parts of the retina was low in sensitivi-
ty to high spatial frequency [12], and removal of high spatial frequency would lead to 
great impairment in discriminating and recognizing facial expressions [16].  

The faces in the extrafoveal vision are not only detected or recognized worse [6, 8], 
but are also down weighted in the ensemble representation, even though the number 
of extrafoveal faces are much larger. This result also suggests that the statistical prop-
erties of a set of items are not always extracted automatically, since the mean emotion 
of multiple faces should not be affected by foveal or extrafoveal vision. But there is a 
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potential alternative that it is the difference of difficulty in foveal and extrafoveal 
processing that counts the different role of foveal and extrafoveal in the ensemble 
represenation, if the duration time was extended a little (but still within the minimal 
saccade latency) or the number of extrafoveal faces were reduced, observers might 
extract the mean emotion in a parallel way with distributed attention and then the 
different roles of foveal and extrafoveal vision might disappear. This alternative re-
mains to be investigated in further research. 

4.2 Advantage of Extrafoveal Happy Faces 

Although the role of extrafoveal faces in the ensemble representation was impaired, 
the present study demonstrated that the role of extrafoveal happy faces was less im-
paired, compared with extrafoveal angry faces, no matter the congruency. So, the 
ensemble representation does not shut the door completely to the extrafoveal emotion. 

The advantage for extrafoveal happy faces might due to physical feature saliency as 
well as positive affect. All the happy face images we used in the present study had a 
smile with an open mouth. It might be not necessary to recognize a happy face, but 
just detect the salient smile [16]. Especially when multiple happy faces were shown 
together, the open mouth with white teeth would be rather salient. On the other hand, 
some researchers pointed out that apart from featural processing, the affective 
processing plays a role that the priming effect of extrafoveal happy faces emerged at 
750ms rather than 250ms [14]. In the present study, we are not aimed to explore 
whether the featural or affective processing contribute more to the advantage for 
extrafoveal happy faces, but it is worth further investigation and especially when there 
are multiple extrafoveal happy faces. 

Then, why did not the angry faces enjoy an advantage in the extrafoveal vision? 
There are several possibilities. Firstly, the participants in the present study were gen-
erally in low level of anxiety and the angry faces might be only minor threatening. 
Different from the vigilance for severe threat [27], low vulnerable groups are prone to 
avoid the minor threat [28], so the processing of extrafoveal angry faces might be 
inhibited rather than strengthened. Secondly, the angry faces in the extrafoveal vision 
were not that salient compared with extrafoveal happy faces, and the physical saliency 
competed against the affective significance. Last but not least, extrafoveal angry faces 
hold attention and lead to a “disengagement deficit” from such stimuli [29], so 
processing extrafoveal angry faces might come at a cost. Future work will be needed 
to clear these possibilities and found out why there was an advantage for extrafoveal 
happy faces compared with angry faces. Maybe, we could use more threatening sti-
muli, like fearful faces, as well as anxious participants, to explore whether the advan-
tage for extrafoveal happy faces still exist or whether there would be an advantage for 
extrafoveal negative faces instead. 

4.3 Implications of the Present Study 

The study found that foveal faces contribute more to the ensemble representation for 
facial expressions, and the extrafoveal happy faces were less impaired compared  
with extrafoveal angry faces. It also gives a new insight to the emotional design in 
interactive systems. For multiple users’ interaction with computer, the computer has 
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to combine the overall emotional information from all these users, but may give  
different weights to each individual. Users who stay closer to the screen may be more 
involved in interacting with the computer, so it makes sense for the computer to give 
more weights to the emotion expressed by these users when analyzing the overall 
emotional state of the users. 

In addition, if there are multiple avatars showed on one screen, the designers should 
taker users’ attentional capacity and visual field into consideration. Our visual system 
has limited attentional and short-term memory capacity [30-31]. If there is too much 
information on the computer screen, our brain may take use of the statistical regulari-
ty to condense the redundant information [32], but the extrafoveal information will be 
down-weighted or ignored to a large extent. So, the most important information or the 
key avatars should be arranged in the foveal or near the foveal vision of users. 

On the other hand, the happy faces or other positive information shown extrafo-
veally play a more important role compared with extrafoveal negative information. 
When receiving a negative feedback from the computer, the users may feel better if 
there was also something positive, even if not presented at the corner of the screen. 
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