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Abstract
The relationship between fixations and saccades that char-

acterize eye movements have suggested the existence of two scene
processing strategies- ambient and focal - the former is believed
to capture the context of the scene whereas the latter helps in the
detailed examination of the scene. Until recently, detailed anal-
ysis of these processing strategies have been performed only in
young adults. Recently, however, these modes were found to ex-
ist in the viewing behavior of children as well. In the current
study, we investigated two undiscovered aspects related to these
processing modes- first, we studied the combined impact of vi-
sual processing modes and observer’s age on the distribution of
gaze locations, and second, we investigated how bottom up fea-
tures of a scene influence the gaze behavior during ambient and
focal modes across age groups. These analysis were performed
over the eye tracking data collected over 50 observers of differ-
ent age groups while viewing naturalistic scenes. Explorativeness
and bit rate measures were developed to investigate the changes
in gaze distribution. The result showed that an observer is more
explorative during the focal mode than during the ambient pro-
cessing mode, while the information processing rate follows a re-
verse trend. The influence of bottom up features was investigated
using the area under the curve (AUC) metric and it was found that
the bottom-up influence was more dominant during focal than the
ambient mode for all age groups. We also investigated whether
human face attracted attention and gaze differently during am-
bient and focal mode. The result showed that face were equally
gazed during both processing modes.

Introduction
Human’s gaze behavior during scene viewing is mainly char-

acterized by fixation duration and saccade amplitude at fixated
locations. The systematic tendencies of gaze deployment were
initially identified in studies of Buswell (1935) [20], and Antes
(1974) [13], where it was observed that fixation durations in-
creases and saccade amplitudes decrease over viewing time. More
recently Unema et al., (2005) [8], reported that shorter fixations
were associated with longer saccades and conversely, longer fix-
ation was associated with shorter saccades, suggesting the exis-
tence of two processing modes: ambient and focal modes, re-
spectively. Ambient mode generally answers to the question of
‘where’ in the scene and the focal mode is concerned with ‘what’
is the nature of objects being viewed in the scene [2].

Developmental aspects of the eye movement behavior have
been extensively studied in past ([3], [4], and [5]). However, de-
velopment of scene perception is relatively unexplored but it has
been recently addressed by Helo et al., 2014, [1]. Their results
suggested that as the age of an observer increases, fixation dura-

tion decreases and saccade amplitude increases during scene ex-
ploration. In addition, the study revealed the existence of ambient
and focal processing modes in as early as 2 years of age. In an-
other study, Alper et al., 2010, [17] found that the bottom-up fea-
tures of the images guide the fixation landings more in younger
than children. Even though these studies investigated develop-
mental changes in scene viewing behavior in terms of considering
the fixation duration and saccade amplitudes, they did not stud-
ied the distribution of gaze locations. Moreover, the parametric
measures used in these studies do not suffice to make compara-
tive comments on the nature of explored region across different
age groups.

The present study aimed to investigate age-associated inter-
individual differences in the gaze behavior during ambient and
focal visual processing modes. The three major objectives of the
current study were, first, to investigate the maturation of gaze dis-
tribution during ambient and focal modes. Explorativeness and
bit rate analysis metrics were used to analyze the gaze distribu-
tion. Second, we investigated the influence of bottom-up features
of the scene during ambient and focal processing in different age
groups. Third, we studied weather a face or a head (manually la-
beled) in a scene attracts gaze differently during scene viewing
across age groups and two modes of viewing.

Method and Materials
Eye tracking data
Subjects and stimuli:- We analyzed the eye-tracking dataset col-
lected in [1].We used eye-tracking data of 50 observers from dif-
ferent age groups. All the observers had normal vision or cor-
rected to normal vision. Based on the participant’s age, they were
assigned in four age groups 4-6 year, 6-8 year, 8-10 year and adult
(mean age 29 years). We use 4 year, 6 year, 8 year and young adult
to refer to these groups in order. The experiment was conducted
on images of the dimension of 1024× 764 pixels. These images
were taken from children’s books and movies and characterized
to have an eventful background.
Apparatus and Procedure:- Remote eye tracking system Eyelink
1000 with a sampling rate of 500Hz was used to measure eye gaze
and provided the raw data which was sampled to obtain fixations
and saccades. Pictures were viewed from distance of 60 cm on
the screen having a resolution of 1024×728 pixels. Each stimu-
lus was presented for 10s in each trail.
Data Representation:- For a given age group we used classified
fixation points by all the observers to generate the saliency map
and heat map for all images as shown in Figure 1. Ambient and
focal human saliency maps were obtained by convolving a Gaus-
sian filter across the fixation locations, as in [13].
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(a) Ambient heat map (b) Focal heat map (c) Ambient saliency map (d) Focal saliency map

Fig. 1: Data Representation:- Ambient and focal saliency maps obtained by convolving the Guassian at fixation locations

(a) Labelled head locations (b) Binarized map (c) Head map (d) Bottom-up Saliency map

Fig. 2: Head map and Saliency map:- Head map generated by Gaussian convolution of the binarized map obtained from the manually
labelling of the head locations on the data. Bottom-up features are represented by bottom-up saliency map.

Data Analysis
In this section, we quantitatively analyze ambient-focal di-

chotomy for observers across age groups and its impact on gaze
locations in terms of explorativeness and bit rate analysis. Con-
secutively, we studied the influence of bottom-up features during
two scene exploration strategies and finally investigated the role
of human heads in attracting observer’s attention during the two
modes.

Quantitative measures to analyze developmental
changes in gaze distribution during ambient-focal
processing modes

Here we introduce the parameters used for the comparative
analysis of ambient and focal visual processing modes and sub-
sequently investigate the developmental changes in two viewing
strategies for scene viewing. We introduce two metrics to under-
stand the role of the ambient and focal mode in fixation landings
across age groups: (a) Explorativeness, which quantizes the dis-
tribution of explored region during ambient and focal visual pro-
cessing modes of observers from different age groups. (b) bit rate
metric to quantize the rate at which observers process the scene
i.e. the information processing rate during ambient and focal pro-
cessing modes.
(a) Explorativeness
Explorative behavior of an observer is his tendency to probe a
given scene. In general observers who tend to focus only on some
locations in the scene are less explorative than those who try to
explore the entire scene. The observer’s probing tendency differs
drastically during ambient and focal visual processing strategies.
This difference becomes even more prominent when we observer
the gaze behavior of observers from different age groups.

Ambient and focal saliency maps are plausible map to be
used to analyze explorative behavior of an observer as the human
saliency maps for the two modes differ with age. First order en-
tropy of ambient and focal saliency maps are used to quantify the

explorativeness of ambient and focal modes across age groups.
Formulation of the explorativeness is as following-
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Where Ag
i and Fg

i are the ambient and focal saliency maps
respectively, generated for ith image over fixation landings of all
observers in a group g. hAg

i
(l) and hFg

i
(l) are the histogram entries

of intensity value l for saliency maps Ag
i and Fg

i respectively, L is
the total number of pixels in Ag

i . The more scattered a saliency
map is i.e., the more the number of non zero pixels in the map,
the more is its entropy.

In the context of viewing behavior, higher entropy corre-
sponds to the higher explorative viewing behavior of observer as
they have more number of scattered saliency points in the scene.
Similarly, lower entropy corresponds to the less explorative be-
havior.
(b) Bit rate analysis
Exporativeness gives an idea about explored regions but does not
consider the time taken to explore the corresponding regions dur-
ing ambient and focal modes. The study reported in [8] reveals
that ambient fixations are associated with significantly shorter fix-
ation duration than the focal fixations which suggests that the vi-
sual information processed during ambient and focal modes ac-
cord to different time intervals.

The fundamental difference in ambient-focal strategies sug-
gests the requirement of a metric which can measure the rate of
visual information processing during ambient and focal scene pro-
cessing. The bit/second metric is developed for this purpose. It is
defined as the ratio of a total number of bits required to represent
the ambient and focal saliency maps of an image to the total time
associated with ambient and focal fixations.
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Fig. 3: (a):Saccade amplitude as function of fixation duration:- Irrespective of the age groups shorter fixations are associated with the
longer saccade and relatively longer fixations associated with shorter saccades (b): Frequency plot of the number of fixation in each
bin:- young observer’s distribution is more concentrated towards the average fixation of the group than children which indicates that
ambient and focal tendency changes with age

Influence of bottom-up features on the ambient and focal
processing modes

Bottom-up features of a scene include features such as color,
intensity, and orientation. These are best represented by the Ittis
saliency map [19], which extracts these features in parallel by a
set of the linear center surrounded operations similar to the visual
receptive field, and then combines their normalized value at the
later stage to obtain the conspicuous location of an image.

To study the influence of the bottom up features over the two
visual processing modes, the bottom-up saliency maps are first
thresholded to T different levels representing the different per-
centage of the most salient area of the map. These are then used to
predict ambient and fixation landings for different age groups and
the prediction performance is measured using AUC score. [11].

Role of human heads in seeking observer’s attention dur-
ing the two modes

A study in [10] on eye movement data of fifteen observers
(18-35 years) over 1003 natural images revealed that observers
frequently fixated on faces in scenes. This result helps in the de-
velopment of a better computational model of visual attention by
considering faces in the generation of feature maps. In order to
develop age adopted saliency models, it gets important to inves-
tigate the role of human heads/faces across age groups. The fi-
nal objective of this study is to investigate how the human’s head
(manually labeled) attracts observer’s attention during two pro-
cessing strategies. For the same, we generated a head map for
the scene. Further, these maps are used to evaluate the prediction
performance for ambient and focal fixation landings.

To generate head maps first the head locations in a scene are
manually labeled for all the images in the dataset, further these
manually labeled locations are binarized, and finally Gaussian
blurring is used to minimize the effect of the sharp boundaries
around the head locations in the binary map. The results of these
steps for a sample image are shown in Figure 2. AUC based mea-
sures are used for this purpose.

Data preprocessing: fixation classification: -
In order to understand the maturation of fixation distribu-

tion during two modes, fixations were classified in ambient and
focal following the same steps as reported in [1][8]. The focal
and ambient population of the fixations is decided based on the
relationship between fixation duration and saccade amplitude. To
examine this relationship we plotted average value of saccade am-
plitude within bins of the size 20 ms for all the fixations up to 400
ms. It can be clearly seen from Figure 3(a) the fixations across all
age groups can be broken down into two distinguishable subsets,
one characterized by significantly larger saccades compared to the
other. Further to statistically validate the results, MANOVA anal-
ysis was performed. The results reported this effect significant
across all the age groups (adults- F(1,14) = 15.31,p < 0.001, 8
year- F(1,14) = 7.46,p = 0.016, 6 year- F(1,14) = 5.51,(p <
0.043), 4 year- F(1,14) = 6.07,p < 0.027).

A bar graph of a number of fixations in each bin was plot-
ted to understand the distribution of a number of fixations across
bins. As can be seen in Figure 3(b), the fixations distribution grad-
ually become less spread with increasing age which implies, the
fixations converge towards the average value of fixation duration
with increasing age of an observer. In other words, the percent-
age of fixations with exceptionally high and low fixation duration
decreases with increasing age.

Results
We identified fixations in two classes across age groups and

formalized the metric to quantify the gaze distributions in terms
of explorativeness and bit rate. Here we report the results of these
analyses in order to understand developmental changes occurring
in these two processing modes.

Ambient and Focal Explorativeness
Explorativeness was measured for different age groups dur-

ing different processing modes. It was found that the explorative
behavior does not only vary for focal and ambient processing
modes but it is also influenced by an observer’s age. The com-
parative results of explorativeness are the following:
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Fig. 4: Ambient and focal explorativeness is measure by the entropy of the respective saliency maps. (a) Ambient vs. focal: The bar graph
shows the focal explorativeness is significantly higher than ambient. (b) Ambient explorativeness vs age: Age impact is not significant
for ambient explorativeness during childhood. (c)Focal explorativeness vs age: fixations distribution are significantly different among
age groups.

p<0.001

2.5

2

1.5

1

0

p<0.001 p<0.001
p<0.001

Focal

6year4year 8year young(29 years)

Ambient

b
it

 r
a

te

0.5

(a)

No Significant Difference

4year

range − 1.26 to 1.51

b
it

 r
a

te

6year 8year young(29 years)
age

ambient

1.1

1.2

1.3

1.4

1.5

1.6

1.7

(b)

6year 8year4year

range − 0.27 to 0.32

b
it

 r
a
te

age

p<0.001

p<0.001

p<0.001

p=0.8279

p=0.007 focal

0.24

0.26

0.28

0.3

0.32

0.34

0.36

young(29 years)

(c)

Fig. 5: Results of the bit rate analysis (a) Ambient vs. focal bit rate: Ambient information processing rate is significantly higher than the
focal. (b) Ambient rate vs age: There is no significant impact of the age during ambient scene processing rate. (c) Focal rate vs. age:
The focal rate of scene processing significantly increases with observer’s age.

Focal is more explorative than Ambient:- Explorativeness mea-
sure showed that observers were more explorative during the focal
mode than in the ambient mode. The same observation was found
in all age groups. Paired t-test showed that the explorativeness
measure was statistically significant between the ambient and fo-
cal modes in all age groups (p < 0.001-for all age groups) as in
Figure 4(a).
Focal explorativeness increases with age:- The result showed
that focal explorativeness increased with age. Explorativeness
of adults were significantly higher than the children (p < 0.001)
(ANOVA analysis results reported in Figure 4(b)). However the
changes in explorative behavior for ambient processing mode was
not significant during childhood as can be seen in Figure 4(c).

Ambient and Focal Bit Rate Analysis
Having analyzed the explorative behavior of observers, their

capability of quickly grabbing the scene context during ambient
mode and detailed processing of scene during focal mode was
measured in terms of Bit rate metrics. Similarly to the explo-
rativeness analysis comparisons was performed between two vi-
sual processing modes and over different age groups.
Information processing rate is higher in ambient mode:- The
rate of the visual information processing was higher in ambient
mode than in the focal mode (ambient range- 1.26 to 1.51, fo-

cal range- 0.27 to 0.32) and it was true for all age groups. The
statistical values are indicated in Figure 5(a).
Focal rate increases with observer’s age:- It is also observed that
the rate of visual information processing during ambient mode
was same across age groups. On the contrary, the information
processing during focal processing increased with age. The sta-
tistical values are indicated in Figure 5(b), and (c).

Role of the bottom-up features and head locations
in attracting the gaze during ambient and focal
mode

Area under the curve (AUC) metrics was used to measure
the bottom-up influence during ambient and focal scene process-
ing modes. Bottom-up saliency map was used to report the pre-
diction performance of the ambient and focal fixation landings.
Our experiment indicated that the focal mode was more bottom-
up than ambient for all age groups, i.e., bottom-up saliency maps
are more suitable to predict the focal maps as compared to the am-
bient maps. In order to validate these results the paired t-test was
performed between AUC values of the ambient and focal process-
ing for all the age group; statistical values for which are indicated
in Figure 5.

Head maps were used to investigate the influence of head
locations during ambient and focal modes among different age
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Fig. 6: Bottom-up and head map influence over ambient and focal modes for different age. AUC score 0.5 is for random performance

groups by measuring the AUC values. The result revealed that the
head locations in scenes attracted the observer’s attention equally
under the two processing modes for all age groups, except for the
observers of four years of age. The statistical significance values
are indicated in Figure 6.

Discussion and Conclusion
In the current work, our aim was to investigate developmen-

tal changes in gaze distribution during the two visual processing
modes, ambient and focal, across four age groups. The explo-
rativeness and bit rate analysis metrics were formulated to quan-
tify the gaze behavior of observers. Explorativeness measures the
spread of fixations while bit rate helps to quantify the fast grab-
bing and detailed analysis capability of observers during ambient
and focal modes, respectively.

Our results revealed that an observer is more explorative dur-
ing the focal than the ambient mode of scene viewing and that
the explorativeness during the focal mode increases with age of
an observer. Similar results were reported in [19] where devel-
opment of visual cognitive functions during scene viewing was
analyzed by examining the exploratory eye movements of 4 to 16
years old observers using two metrics - a total number of gaze
points (TNGP) and eye-scanning length (TESL) of gaze points.
These result suggested that both TNGP and TESL increases with
age suggesting the useful biologic markers for estimating the de-
velopment of visual cognitive function

Ambient maps are characterized by fewer fixations with
shorter fixation duration and the converse is true for focal
maps([1], [2], and [8]). However, there is no evidence to the rela-
tionship between the proportion of fixations and total fixation du-
ration in two modes. Bit-rate metric was developed to parametrize
this relation and to examine the developmental changes in this be-
havior. The results of our study suggested that an observer has
higher information processing rate during the ambient mode as
compared to the focal mode and this is true for all age groups.
Further, information processing rate in focal mode increases with
age.

Next major contribution of our work was to demonstrate the
impact of bottom-up features over eye movements during ambient
and focal modes across the age groups. The results suggested that
focal mode is more bottom-up than ambient across all age groups.
The results of this study are in agreement with previous findings
reported in [2], which also suggested that focal visual processing
mode is more bottom-up than ambient for young adults. Simi-
larly, the influence of bottom-up features was investigated by [1]
during the early and late phases of viewing, which showed that
early phase was more influenced by bottom-up than late phase in
older groups.

Finally, we investigated whether an observer is more likely
to allocate attention to face or head locations during the ambient
or focal processing mode. The results suggested that except for
the youngest children (4-year) head locations had a similar impact
on attracting the gaze locations during ambient and focal modes
of viewing. One similar study reported in [7] revealed that faces
attract gaze independent of a task.
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