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It is not clearly known as to why some people identify camouflaged objects with ease compared with
others. The literature suggests that Field-Independent individuals detect camouflaged object better than their
Field-Dependent counterparts, without having evidence at the neural activation level. A paradigm was
designed to obtain neural correlates of camouflage detection, with real-life photographs, using functional
magnetic resonance imaging. Twenty-three healthy human subjects were stratified as Field-Independent (FI)
and Field-Dependent (FD), with Witkin’s Embedded Figure Test. FIs performed better than FDs (marginal
significance; p=0.054) during camouflage detection task. fMRI revealed differential activation pattern
between FI and FD subjects for this task. One sample T-test showed greater activation in terms of cluster
size in FDs, whereas FIs showed additional areas for the same task. On direct comparison of the two
groups, FI subjects showed additional activation in parts of primary visual cortex, thalamus, cerebellum,
inferior and middle frontal gyrus. Conversely, FDs showed greater activation in inferior frontal gyrus,
precentral gyrus, putamen, caudate nucleus and superior parietal lobule as compared to FIs. The results give
preliminary evidence to the differential neural activation underlying the variances in cognitive styles of the
two groups.
[Rajagopalan J, Modi S, Kumar P, Khushu S and Mandal MK 2015 Differential neural activation for camouflage detection task in Field-Independent
and Field-Dependent individuals: Evidence from fMRI. J. Biosci. 40 909–919] DOI 10.1007/s12038-015-9568-7

1.

Introduction

In an increasingly chaotic environment searching for objects is
often a challenge: Locating one’s car in a parking lot, finding
keys placed on a cluttered table, looking for socks in a cupboard, etc., are essentially visual searches wherein objects are
not hidden by design. Detecting camouflage has been considered a ‘visual search task’ in which the perceiver has to identify
target objects among the ‘distracters’ (Wolfe et al. 2002;
Troscianko et al. 2009). A recent study suggests that this type
of search involves perceptual strategy, apart from edge detection, motion perception, shape recovery and texture segregation
(Troscianko et al. 2009). Certain animals, such as chameleons,
Keywords.

cuttlefish etc., are capable of adapting camouflage patterns for
any environment they live in. Camouflage detection is a special
ability in human beings with high individual variance; while
some people detect ably, others fail to do so.
The competency of an individual to isolate and recreate a
vital feature of the image is one of the key aspects in
camouflage detection, as a camouflaged picture ever so often
exposes insufficient parts of the object/living form.
Cognitive styles such as Field Dependency and Field
Independency have been extensively studied wherein embedded objects need to be isolated. The construct of Field
Dependence/Independence (FD/I), as one of the cognitive
style dimensions (Messick 1976), was defined by Herman A
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Witkin in the mid-1940s, based on the effects of external
influences on individual perception and judgment.
Specifically, FD/I cognitive controls indicate the relationship
between visual and kinesthetic cues and the individual’s perception of the upright in a field (Witkin 1948). Field
Independents are those who could locate the upright with
relatively more reliance upon kinesthetic references, while
those contingent more on visual references are Field
Dependent (Witkin et al. 1977). The Field-Independent person
tends to articulate figures as discrete from their backgrounds
and to easily differentiate objects from embedding contexts,
whereas the Field-Dependent person tends to experience
events globally in an undifferentiated fashion (Messick 1976).
The real visual world is a continuous array of overlapping
objects and textures that need to be segmented from the
background for efficient visual search, especially so for
camouflaged targets (Boot et al. 2009; Troscianko et al.
2009). The field can be broken down into two simple areas,
the ‘target’ and the ‘distracters’ (Boot et al. 2009). Visual
search studies available in the literature have intensified the
distractors to increase the complexity of visual search; however, images used were restricted to synthetic stimuli (Wolfe
et al. 2002). The real-life scenario is copiously multifarious
than what synthetic stimuli can produce. Hence, we designed
a functional magnetic resonance imaging (fMRI) paradigm
which established the neural correlates upon camouflage
detection, comprising naturally camouflaged pictures.
Although there exists extensive literature on the perceptual
differences in FD/FI (Canelos et al. 1980; Frank and Davis
1982; Lu and Suen 1995), little attempt has been made to
substantiate this viewpoint using a biological model. It is
pertinent to examine the activation patterns in the brain of
FDs as compared to FIs during a search task involving
camouflaged objects. We hypothesized that cognitive styles
influence camouflage detection, with variance amidst FI and

Figure 2. Active photograph, difficulty score 4.2.

FD individuals for detection ability, brain activation pattern
being the outcome measure.
2.

Experimental procedures
2.1

Subjects

Twenty-three right-handed healthy individuals (11 males and 12
female, age range 18–31years) were chosen for the study.
Subjects had no clinical evidences of stroke, head injury, cardiovascular disease, and history of drug dependence, hypertension,
and neurological/psychotic disorder/cognitive impairment. They
also showed no cortical infarctions on T2-weighted MR images.
The local ethics committee approved the study and written informed consent was obtained from all participants after the procedures had been fully explained.
2.2

Behavioral measures

Witkin’s Embedded Figure test was employed to stratify FD
and FI individuals (Witkin 1971). The response time in
seconds was recorded and individuals were grouped based
on the mean score for sampled Indian population: male:
687.10 s; female: 1206.10 s. Individuals scoring higher than
the mean score were FI and lower were FD.
2.3

Figure 1. Baseline photograph.
J. Biosci. 40(5), December 2015

Stimulus standardization

Sixty natural camouflage photographs were downloaded from the
Google search engine and were fit into PowerPoint presentation.
A total of 16 raters (8 raters had vast experience in studies on
camouflage and visual search, and 8 raters were naïve to the
purpose, were previously explained the concept of camouflage
detection) were asked to rate each photograph on the basis of the
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Table 1. Behavioral data of participants
Cognitive Style

Subjects

Witkin’s EFT Score

Performance Score on 22

RSPM

Offline Score on 24.05

F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.I
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.
F.D.

F_1
M_1
M_2
F_2
F_3
F_4
F_5
F_6
F_7
F_8
F_9
F_10
M_2
M_3
M_4
M_5
M_6
M_7
M_8
M_9
M_10
F_11
F_12

450.5
463.08
465.21
573.26
606.28
625.04
635
694.08
715.5
721.33
900.49
998.59
824.16
890.59
909.84
928.19
1187.66
1266.65
1386
1435.51
1780.12
1891.51
2582.08

18
15
14
17
16
11
14
15
13
17
14
9
13
11
14
14
17
15
10
11
9
15
12

48
46
48
39
49
51
46
51
45
54
41
49
45
49
45
43
43
39
42
51
43
38
33

18.48
13.66
13
17.19
15.52
10.54
11
12
11.74
15.59
11
8.74
11.33
7.74
11.87
12.19
15.59
12.99
6.61
8.67
6.94
13.4
10.8

F.I., Field-Independent; F.D., Field-Dependent; F, Female; M, Male.

difficulty level of camouflage detection. Pictures were rated
untimed, on a 5 point difficulty scale with 0 being the least and
5 being the most difficult camouflage for detection. 25 pictures
which had a difficulty score greater 2.4 were chosen for the
paradigm.
2.4

fMRI procedure

fMRI was carried out using 3-tesla whole-body MRI systems
(MagnetomSkyra, Siemens, Germany). Functional images
were acquired using echo-planar T2*-weighted sequence.
Each brain volume consisted of 36 interleaved 3 mm thick slices
with 0.6 mm inter slice gap and parallel to AC-PC axis (TE=36
ms; TR=3000 ms; FOV=220 mm; flip angle=90°; voxel size=
3.3 × 3.3 × 3 mm). Paradigm (BABABABABAB) with alternating phases of activation (A) and baseline (B) was chosen.
114 sequential image volumes (belonging to five cycles + one
baseline for eliminating T1 saturation effects and acclimatization of the patient to the gradient noise) were taken. Each block
in the active phase consisted of 7 photographs – 2 natural
photographs without having any camouflage and 5 with camouflage. Of the 5 camouflaged pictures in each active phase, the
1st and 2nd were in between 2.47 to 3.4 difficulty level; pictures

3 and 4 were between 3.5 to 4.20 difficulty level; and the last
picture was between 4.27 to 5.0 difficulty level. Baseline
consisted of 5 non-camouflaged photographs in every block.
Each photograph was presented for 3s which was
followed by an image consisting of a quadrant on a white
background for 2s. Every camouflaged photograph was
ensured to represent no more than one embedded object.
Stimuli were presented using fMRI hardware from
NordicNeuroLab (http://www.nordicneurolab.com/
Products_and_Solutions/nordic_fMRI_solution/
index.aspx).
2.5

Subject instructions

Subjects were briefed on the concepts of camouflage using
two camouflaged pictures with ratings 0.8 and 4.2. In the
baseline (B), no responses were required from the subjects
and they had to just view the non-camouflaged pictures
(figure 1). In the active phase (A) subjects were required to
respond only on identification of camouflage (figure 2) using
a four-button response device. The left thumb and left index
finger buttons of the response device corresponded for the
Left Visual Field, and right thumb and right index buttons
J. Biosci. 40(5), December 2015
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Table 2. Brain regions significantly activated in the Active and Baseline contrast in Field-Independent subjects (p<0.001, voxel 77,
AlphaSim corrected)
Hemisphere
L

R
L
R

L

R
L

Localization of peak voxels

MNI Coordinates

Middle Occipital Gyrus
SPL (7A)
Inferior Parietal Gyrus
hIP3
hIP1
Broadmann Area 2
SMA
Broadman Area 6
Broadman Area 6
PrecentralGyrus
Middle Occipital Gyrus
SPL(7A)
SPL (7PC)
Broadman Area 2
hIP3
Bradman Area 44
Inferior Frontal Gyrus (P.Triangularis)
Middle Frontal Gyrus
Th-Prefrontal
Hipp(CA)
Th-Prefrontal
Th-Temporal

−33
−18
−27
−24
−36
−39
9
3
−24
−33
36
21
30
39
21
−51
−39
−39
6
12
−9
−12

−82
−61
−46
−73
−43
−31
23
14
−4
−4
−79
−64
−52
−43
−55
11
23
29
−13
−34
−4
−25

1
55
49
37
37
46
58
61
67
64
16
55
61
61
52
34
25
34
1
4
4
19

T-value (peak voxel)

Cluster size (no. of voxels)

7.86
6.94
6.42
5.96
5.37
5.22
6.32
6.29
7.78
6.57
5.50
5.31
4.38
4.34
4.29
6.69
6.42
6.13
6.72
5.56
5.55
4.42

556

186
167
165

136

118

MNI: Montreal Neurological Institute.

Table 3. Brain regions significantly activated in the Active and Baseline contrast in Field-Dependent subjects (p<0.001, voxel-17
AlphaSim corrected)
Hemisphere

Localization of peak voxels

R
L

Broadman Area 2
LoubleVIIa Crus I (Hem)
Broadman Area 17
hIP3
SPL(7PC)
hIP2
SPL (7P)
Fusiform Gyrus
hOC4 (V4)
Broadman Area 6
Superior Frontal Gyrus
Insula Lobe
Superior Medial Syrus
PrecentralGyrus
Broadman Area 44

R
L
L

MNI: Montreal Neurological Institute.
J. Biosci. 40(5), December 2015

MNI Coordinates
45
−45
−3
−39
−45
−48
−12
−30
−24
3
30
−33
−6
−51
−57

−40
−52
−85
−40
−46
−37
−70
−61
−8
8
2
17
17
2
11

58
−35
−5
43
58
40
55
−14
−8
64
67
7
43
31
13

T-value (peak voxel)

Cluster size (no. of voxels)

13.51
12.06
11.71
10.92
10.70
10.49
9.96
9.90
9.89
13.12
12.19
9.90
9.87
8.57
5.03

5058

3701

151

Differential activation in camouflage detection
corresponded for the Right Visual Field – the corresponding
4 quadrants of the visual field. The subject was required to
press appropriate buttons matching with the location of the
camouflaged object in the photograph. If the camouflaged
object/animal was positioned at the center, all 4 response
buttons need to be pressed.
2.6

fMRI data analyses

Pre- and post-processing of the functional MRI scans
were performed using SPM8. One sample T-test for

913

group analysis was performed for Active phase vs
Baseline contrast in both FI and FD subject groups
(FWE corrected; p<0.05). To find the difference in the
BOLD activation pattern among the two groups, a twosample T-test was carried out. A corrected threshold of
p<0.05 was derived from a combined threshold of
p<0.001 for each voxel and cluster size threshold of
16 voxels as obtained for FI vs FD and FD vs FI
contrast for Active phase vs Baseline conditions using
the AlphaSim program in REST software (resting state
fMRI data analysis toolkit) (Song et al. 2011), as no
cluster survived on applying FWE correction. This ap-

Figure 3. Glass brain and rendered view of brain regions significantly activated in Active vs Baseline (AmB) contrast in FieldIndependent subjects.
J. Biosci. 40(5), December 2015
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proach of combining voxel probability threshold with a
non-arbitrary minimum cluster size threshold protects
against false-positives (Type 1 error) based on the assumption that meaningful activation in fMRI is spatially
clustered (Forman et al. 1995). For a given voxel-level
threshold, the required minimum cluster size for between
group analysis was determined by Alphasim via Monte
Carlo simulation. The anatomical representation of the
clusters was related to cytoarchitectonic maps as implemented in the SPM (Statistical Parametric Mapping)
Anatomy Toolbox (Eickhoff et al. 2005).

2.7

Offline response rating

To avoid the influence of experimental stress and guessing, offline responses were also taken (table 1).
PowerPoint presentation with slide transition intervals
as used in the fMRI was used to present the paradigm.
Subjects were asked to identify the camouflage with a
stencil for all the photographs that were responded during acquisition. Scores were awarded after crosschecking for the right identification with the online
response obtained by Nordic software.

Figure 4. Glass brain and rendered view of brain regions significantly activated in Active vs Baseline (AmB) contrast in Field-Dependent
subjects.
J. Biosci. 40(5), December 2015
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The first picture, the average of the responses of all the
raters, has the lowest difficulty rating of 2.47, with a score of
0. For all other photographs, their respective scores were
determined by subtracting their difficulty rating from the
lowest difficulty (2.47) [e.g. photograph with 2.67 difficulty
grade, was given an offline score of 0.2 (2.67 minus 2.47);
photograph with 2.73 difficulty grade, was given an offline
score of 0.26 (2.73 minus 2.47)].
2.8

Performance scoring

Correct identification of the camouflage and its position was
given a score of 1, whereas incorrect/non-identification was
scored 0.
3.
3.1

compared to FD subjects. Alternatively, greater activity was
obtained in BA 44, precentral gyrus, putamen, caudate nucleus and superior parietal lobule in FD verses FI contrast
(table 5; figure 6)

3.2

Behavioural measures

The scores of Witkin’s Embedded Figure Test, Performance
Score and Offline Rating are tabulated (table 1).The performance Score of FI subjects was greater than that of FD
subjects with marginal significance (p=0.054) (using SPSS
version 20.0). There was no significant difference between
Offline ratings between the two groups.

Results

4.

fMRI results

3.1.1 Camouflage detection Active vs Baseline (AmB) contrast: Tables 2 and 3 summarize the regions of the onesample T-test for the above contrast for FI and FD
subjects respectively. Activations were obtained in
many areas including superior and inferior parietal lobules, thalamus, and regions of occipital and frontal
lobes, in the case of FI subjects. On the other hand,
FD subjects showed wide spread activation in terms of
cluster size in regions such as cerebellum, occipital
lobe, and parts of superior and inferior parietal lobules
(figures 3 and 4)
3.1.2 Direct comparison of Field-Independent and FieldDependent subjects: For AmB condition, table 4 summarizes
the bilateral activity in primary and secondary visual areas,
thalamus, cerebellum, inferior and middle frontal gyrus
found in FI vs FD contrast suggesting the additional areas
recruited by FI subjects for task performance (figure 5) as

Discussion

The visual system faces a number of potentially important challenges when target and distracter objects are
placed within the context of a visually complex background (Wolfe et al. 2002), which is generally the case
with camouflage detection. Identifying camouflage involves detection of location, polarity and orientation of
small edge segments, and ‘resolving border ownership,
i.e. identifying those edges that belong to a single object
and rejecting others that belong to the background’
(Lamme 1995). An individual necessitates certain visual
search skills to be able to perform this task. Studies
have shown that FIs are efficient searchers using parallel
processing, whereas FDs are inefficient searchers using serial
processing (Boot et al. 2009). Incidentally, two-sample T-test
of Performance Score suggests that the difference between
their performances tends to be significant (p=0.054). The
results may indicate the enhanced searching proficiency of FI
over FD; however, the sample size is too small to draw a
conclusion.

Table 4. Brain regions significantly activated in the Active and Baseline contrast for Field-Independent as compared to Field-Dependent
subjects (p<0.05,16 voxel AlphaSim corrected)
Hemisphere

Localization of peak voxels

L

Area 17
Area 18
Area 17
Th−Temporal
Lobules I-IV hem
Area 18
Inferior Frontal Gyrus (P.Triangularis)
Middle Frontal Gyrus

R
R
L
L
L

MNI Coordinates
0
−3
12
3
−6
−21
−51
−39

−73
−67
−67
−10
−43
−52
17
20

−2
1
4
4
−5
1
25
46

T-value (peak voxel)

Cluster size (no. of voxels)

2.79
2.79
2.54
2.88
2.15
2.24
2.33
2.04

95

91
38
23

MNI: Montreal Neurological Institute.
J. Biosci. 40(5), December 2015
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The selection of complex stimuli, such as objects,
from cluttered environments presents a complicated
problem during real-world visual search. Objects present
at unspecified locations may have near infinite number
of possible visual appearances. Despite these difficulties,
the detection of highly familiar object categories (e.g.
people or cars) in natural scenes has been shown to be
remarkably fast (Wolfe et al. 2002). The abovementioned study, however, isolated parts of the visual
field (e.g. cars, people, etc.) which attenuates the

complexity of the natural scene. Therefore, to obtain
neural activation for camouflage detection it was necessary to present natural camouflage, i.e. a portion captured from the visual field, without dissolving its
integrity. Consequently, we included photographs which
depicted natural camouflage preserving its veracity.
Although our subjects were randomly selected, we found
most of the FI subjects to be females and FD subjects to
be males. This limitation persisted even after screening
60 subjects using Witkin’s Embedded Figure Test. The

Figure 5. Glass brain and rendered view of brain regions showing whole brain activation map for regions that responded in Field
Independents as compared to Field-Dependent subjects.
J. Biosci. 40(5), December 2015
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study was not aimed at validating Witkins EFT, nevertheless the result arises questions on the categorical
gender preference between FIs and FDs in Indian
population.
In fMRI, common areas such as primary visual cortex
have been found to be activated by all subjects. The
neurons in mammalian primary visual cortex V1 (Area
17) exhibit edge detectors (Thorpe et al. 1996) and have
shown to play a role in figure-ground segregation
(Lamme 1995) essential for camouflage detection. In
the frontal lobe, we found activations primarily in BA
6. Brodmann Area 6, which is the classical motor area,
is activated as our active phase had a motor task and the
baseline did not. The left inferior frontal gyrus (BA 44),
which is a classical language processing centre, is also
shown to be involved in colour perception (Siok et al.
2009) and the categorical processing of visuo-spatial
information (Hugdahl et al. 2006). Colour perception is
the key in detecting crypsis camouflage as the deception
is based on merging colours. FD subjects show higher
activation in Area 44, confirming the extensive utilizations of regions that help FD cope with the task.
Further, the frontal lobe integrates different brain regions
and is involved in the processing of higher-order cognitive processes like reasoning and judgment (Tripathi
et al. 2008). The fronto-parietal network, which was
activated in both FD and FI, may be attributed to
sustained and possibly selective attention, and working
memory (Moore et al. 2012).
The activity in the superior parietal lobule may possibly be attributed to visual attention and visuo-spatial
processing required for camouflage detection
(Vandenberghe et al. 2001). The dorsal stream of the
visual cortex projects to the posterior parietal cortex and
has been implicated in the analysis of visual space
(Goodal and Milner, 1992). Moreover, once an object
is detected, shape perception is required for object identification. Symmetry assessment plays an important role
in three-dimensional reconstruction/recovery of a two-

dimensional image for perceiving the shape of the object
(Pizlo 2008). Further, the superior parietal lobule has
been shown to play a significant role in symmetry
judgment (Wolfe et al. 2002; Bhattacharya et al.
2006). Superior Parietal lobules were activated by all
subjects but the two-sample T-test indicates its surplus
activity in FD subjects.
Although the cerebellum was found to be activated in
both the groups, the two-sample T-test revealed its activity mainly in FI. The cerebellum has been shown to
be associated with visual attention (Allen et al. 1997;
Chang et al. 2006), and in particular, some regions of
the cerebellar vermis have a high density of dopaminergic receptors and transporters (Melchitzky and Lewis
2000), which have direct relevance to attention
(Stoodley and Schmahmann 2009).
The thalamus was found activated in FIs alone. The
role of the thalamus as a relay centre is well
established. Additionally, it was found in verbal working memory, primary memory (Moore et al. 2012) and
is an important node linking the cerebellum to the
sensory cortices and association areas in the frontal
and prefrontal cortex (Steriade and Llinas 1988; Haber
and McFarland 2001). The activity obtained from twosample T-test in regions such as thalamus-prefrontal,
thalamus-temporal and the bilateral activity of Area 17
and 18 may be regarded as key contributors for FIs
enhanced performance.
We conclude that FI and FD have differential activation pattern, hence the disparity in their processing style
with respect to camouflage detection. This differential
processing may be responsible for the better performance
of FI subjects with additional recruitment of regions.
Observations indicated that FI performed better than
FD in their detection ability (p=0.54). The position of
camouflage seems to affect the detection rate in both the
groups; this needs to be further investigated with additional counterbalanced pictures. However, there are certain limitations of the present exploratory study that

Table 5. Brain regions significantly activated in the Active and Baseline contrast for Field-Dependent as compared to Field-Independent
subjects (p<0.05, voxel-16 AlphaSim corrected)
Hemisphere

Localization of peak voxels

L
R
R
L

Area 44
Precuneus
PrecentralGyrus
Putamen
Caudate Nucleus
Superior Parietal Gyrus
Area 1

R

MNI Coordinates
30
9
45
−21
−12
48
27

−2
−58
5
17
14
−40
−43

36
25
37
1
13
61
70

T-value (peak voxel)

Cluster size (no. of voxels)

2.62
2.75
2.54
2.91
1.78
3.28
2.21

69
43
36
33
23

MNI: Montreal Neurological Institute.
J. Biosci. 40(5), December 2015
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Figure 6. Glass brain and rendered view of brain regions showing whole brain activation map for regions that responded in Field
Dependents as compared to Field-Independent subjects.

must be addressed. First, the absence of motor task in
the baseline might have resulted in unmatched motor
activation (though too small to be picked up) in the
active phase-baseline contrast. Second, the presence of
majority of females in FI group and males in FD group
resulted in an uneven gender distribution among the two
groups. The gender differences, if any, in neural activation patterns for the performance of Witkin’s EFT needs
further exploration.

J. Biosci. 40(5), December 2015
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