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An empirical argument 
that perception is non-
conceptual

1 2

1. Architecture of the mind: If perception is 
conceptual, the difference between 
cognition and perception may not be as 
fundamental as once thought.

2. Epistemology: If perception is conceptual, 
the epistemology of perceptual belief is just 
believing what we see; if perception is non-
conceptual, we need another model

3. Robot vision: If perception is non-
conceptual, then a robot whose camera fed 
directly into cognition would not be seeing
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Cognition, broadly 
construed, including 
evaluation, decision, 

expectation, reasoning, 
problem solving, 
working memory

A perceptual concept 
involves a perceptual 
way of thinking

Tactile

Visual
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Concepts involve actual 
or potential cognition, 
including the formulation 
of expectations

Not “sentence-based”: non-
linguistic creatures can 
formulate expectations
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Concepts involve actual 
or potential cognition, 
including the formulation 
of expectations

Concretely, a mental 
representation that can play a 
substantive role in working 
memory is a concept
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3 types of representation of color

• Color category
representations

• Color concepts—as 
diagnosed by a role in 
working memory

• Linguistic color concepts

4-6 months

11-12 months

3 years
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4-6 months

12 months

Color perception 
without deployment of 

color concepts

6-11 months
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• Infants 6-11 months can discriminate colors 
and have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Categories/concepts/linguistic concepts
• Adult color perception is non-conceptual too
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Categorical perception

Categorical perception: 
faster more accurate 
discrimination between 
than within categories
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Infant discrimination

4-6 month olds 
fixate so as to 
reveal color 
discrimination near 
the adult level

But quicker if from different 
color categories—allowing 
detecting their categories

Anna Franklin
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Familiarisation

Test phase
Novelty Preference
= novel / total test 
phase looking time

Habituation
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Lines linking stimuli indicate no novelty preference for hue 
pair
Gaps between adjacent stimuli indicate significant novelty 
preference
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6-11 month olds have nearly adult level of 
color discrimination

• They move their eyes to what they see 
as a different color

• Bored by same color, look to the side 
with new color

• (Oddball effect)
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Argument: 6-11 month old infants have color 
perception without showing  the abilities diagnostic of 

deployment of color concepts or protoconcepts

6-11 month old infants do exhibit the abilities that are 
at least somewhat indicative of deployment of 
concepts of shape, size and kind.
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• Infants 6-11 months can discriminate colors 
and have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Categories/concepts/linguistic concepts
• Adult color perception is non-conceptual too
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4-6 months

12 months

Color perception 
without any color 

concepts

6-11 months
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In the test phase of the experiment, all infants were shown a narrow-
screen green ball–red ball test event (Fig. 3). Prolonged looking to the
narrow-screen green ball–red ball test event is taken as evidence that
infant's individuated the objects. If those infants who saw the function
(but not the motion) pretest events were primed to attend to color dif-
ferences, they should show behavioral responses and hemodynamic re-
sponses consistent with sensitivity to color differences during the
narrow-screen green ball–red ball test event.

Methods

Participants
Infants aged 8 and 9 months participated in Experiment 1 (N = 39;

17males and 22 females;M age = 9 months, 1 day, range = 8 months,
1 day to 9 months, 28 days). Parents reported their infant's race/ethnicity
as Caucasian (n = 25), Hispanic (n = 5), Black (n = 4), or of mixed
race/other (n = 5). Fourteen additional infants were tested but eliminat-
ed from the sample because of procedural problems (n = 5) or difficulty
in obtaining an optical signal (n = 9). Infants were pseudo-randomly
assigned to the function (n = 21) or motion (n = 18) condition.

In both experiments participants were recruited primarily from
commercially produced lists. Parents were offered $5 or a lab T-shirt
for participation.

Task and procedure
The infants tested in the function condition were first presented

with two pairs of pretest trials. Each pair of trials consisted of a pound
trial followed by a pour trial (Fig. 1). Each pretest trial was 30 s in dura-
tion, during which infants saw almost 4 complete cycles of the event,
pound or pour, appropriate for that trial (i.e., each event cycle was 8 s
in duration, but only 6 s of the last event cycle were seen). Each pair
of pound–pour trials was seen with a different pair of green and red
containers (Fig. 2). The green container always pounded and the red
container always poured, so that object color predicted the event in
which the object would engage. Following the pretest phase of the ex-
periment, infants were presented with a narrow-screen green ball–red
ball (GB–RB) test event on four consecutive trials (Fig. 3). Each test
trial was 20 s in duration, duringwhich infants saw two complete cycles
of the occlusion event (i.e., each event cycle was 10 s in duration). The
curtain was raised to begin, and lowered to end, each pretest and test
trial. Because analysis of optical imaging data requires a baseline inter-
val, each pretest and test trial was preceded by a 10 s baseline during
which time the curtain remained lowered to occlude the stage of the
apparatus. The infants in the motion condition were tested using the
same protocol with one exception: the infants saw motion pound–

pour pretest events rather than function pound–pour pretest events.
In the motion pretest events the nail-box (pound trials) or salt-box
(pour trials) was moved 22 cm leftward to the center of the stage (the
width of each box was 19.5 cm). Hence, in the pound trials the green
container moved up and down without coming in contact with the
nail and in the pour trials the red container made scooping and pouring
motions without acquiring and releasing salt.

Infants sat in a Bumbo® seat in a quiet, dark room and watched the
events appropriate for their condition in the puppet-stage apparatus.
Trained experimenters produced the pretest and test events live follow-
ing a precise script. Two observers, who were naïve to the condition
to which infants were assigned, monitored infants' looking behavior
through peepholes in the frames to either side of the apparatus. Each
observer held a game pad connected to a DELL computer and depressed
a button when the infant attended to the event. The looking times
recorded by the primary (and more experienced) observer were used
in data analysis. Inter-observer agreement was calculated for pretest
and test trials and averaged 94% (per trial and infant).

Total duration of looking (i.e., cumulative looking) to each pretest
and test trial was obtained. Pretest trials in which infants looked b15 s
and test trials in which infants looked b10 s were excluded from analy-
sis. This ensured that group differences in hemodynamic responses
could not be attributed to group differences in overall time spent view-
ing the pretest and test events.

Recall thatwe predicted that infantswho individuated the green and
red ball would find the narrow-screen GB–RB test event unexpected.
However, it is difficult to obtain group differences in duration of looking
to occlusion events during trials capped at 20 s trials. This necessitated
finding another, more sensitive, looking timemeasure. To assess the ex-
tent to which infants experienced a violation-of-expectation, we calcu-
lated the duration of infants' first look (i.e., time to infants' first look
away) to the narrow-screen GB–RB test event on each test trial. Typical-
ly, infants take longer to disengage, or look away, from an event they
find novel or unexpected. Duration of first look is considered a reliable
measure of attentional engagement and active information processing
(Cohen and Cashon, 2003; Olsen and Sherman, 1983; Striano et al.,
2006).

Instrumentation
The imaging equipment contained four fiber optic cables that deliv-

ered near-infrared light to the scalp of the participant (emitters), eight
fiber optic cables that detected the diffusely reflected light at the scalp
(detectors), and an electronic control box that served as the source of
the near-infrared light and the receiver of the reflected light. The control
box produced light at wavelengths of 690 nm, which is more sensitive

Test Event 

Time 

Fig. 3. The narrow-screen green ball–red ball test event used inWilcox andChapa (2004) and in Experiments 1 and 2. The ball seen to the left of the screenwas green and to the right of the
screen was red. The screen was too narrow to hide both balls simultaneously. Prolonged looking to the narrow-screen green ball–red ball test event is taken as evidence that infants in-
dividuated the objects (i.e., used the color differences to signal the presence of two objects and recognized that both objects could not fit simultaneously behind the screen; seeWilcox and
Woods, 2009 for a review of the evidence).

305T. Wilcox et al. / NeuroImage 85 (2014) 302–313

Tunnel effect: adults and adult monkeys see this 
sequence as a green ball turning into a red ball 
for narrow but not wide screen

"an absolutely compelling 
impression of continuous and 
uniform movement can be 
produced… all the observers 
agree that the movement 
behind the tunnel is as “real” 
as" motion without the 
occluder (Burke, 1952, p. 
124). 
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sponses consistent with sensitivity to color differences during the
narrow-screen green ball–red ball test event.
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In both experiments participants were recruited primarily from
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width of each box was 19.5 cm). Hence, in the pound trials the green
container moved up and down without coming in contact with the
nail and in the pour trials the red container made scooping and pouring
motions without acquiring and releasing salt.

Infants sat in a Bumbo® seat in a quiet, dark room and watched the
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through peepholes in the frames to either side of the apparatus. Each
observer held a game pad connected to a DELL computer and depressed
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recorded by the primary (and more experienced) observer were used
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and test trials in which infants looked b10 s were excluded from analy-
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could not be attributed to group differences in overall time spent view-
ing the pretest and test events.

Recall thatwe predicted that infantswho individuated the green and
red ball would find the narrow-screen GB–RB test event unexpected.
However, it is difficult to obtain group differences in duration of looking
to occlusion events during trials capped at 20 s trials. This necessitated
finding another, more sensitive, looking timemeasure. To assess the ex-
tent to which infants experienced a violation-of-expectation, we calcu-
lated the duration of infants' first look (i.e., time to infants' first look
away) to the narrow-screen GB–RB test event on each test trial. Typical-
ly, infants take longer to disengage, or look away, from an event they
find novel or unexpected. Duration of first look is considered a reliable
measure of attentional engagement and active information processing
(Cohen and Cashon, 2003; Olsen and Sherman, 1983; Striano et al.,
2006).
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The imaging equipment contained four fiber optic cables that deliv-

ered near-infrared light to the scalp of the participant (emitters), eight
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• (Wilcox, 1999) 4.5 month olds show 
increased looking time compared to 
wide screen if a ball turns into a box 
but not if a red ball turns into a 
green ball

• 7.5 months: use shape and kind but 
not color

• 11.5 months: use all three

6-11 month olds do 
not normally notice 

color

Normally, they 
see colors 

without noticing 
colors
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Maybe the infants 
have a concept of 
color as a 
temporary 
property of things?

34
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Kimura, A., Y. Wada, J. Yang, Y. Otsuka, I. Dan, T. Masuda, S. Kanazawa and M. K. Yamaguchi (2010). "Infants’ 
recognition of objects using canonical color." Journal of Experimental Child Psychology 105(3): 256-263.

6-8 month 
olds prefer to 
look at these

But not these

36
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Maybe the infants 
can have a 
concept or 
protoconcept of 
color with training

37

• Two rounds of training: 9.5 
month olds looked longer at the 
red ball changing into a green 
ball

• 3 rounds: 7.5 month olds
looked longer

Supporting the objection
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Training

39

Training

40

Training

Training >9.5 months transferred from 
red/green to yellow/blue and 
orange/Purple
Training < 9.5 months did not transfer

Training can lead <11 month olds to notice color.  But 
it does follow that before training they have 

concepts or protoconcepts of color as a temporary 
property of things

Or after training
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Infants normally have no 
concept or protoconcept

of color

Infants normally do not 
have conceptual color 

perception

Infants can have a 
protoconcept of 

color

Infants can have 
protoconceptual
color perception

Infants can have 
protoconceptual color 

cognition with non-proto-
conceptual perception

possibly
X

42
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Maybe the infants 
have a concept of 
color as a 
temporary 
property of things?

44 45

 215 

5.4 Generalizing identity relations over shape and color – 

Experiments A2-A3-A4 

 

5.4.1 Same-shape vs. same-color – Experiment A2 

 

The paradigm of Experiment A2 is presented in Figure 5.4. Experiments A2 

requires infants to process colored geometrical shapes as those of Experiment A1. 

However, in that task, infants need not form object representation in long-term 

memory, but solely learn and generalize the same-different relationship between two 

successively presented stimuli. The perceptual account predicts that the shape bias 

should be verified in this task as in Experiment A1. If, however, the shape bias is 

specific to the processes of formation or retrieval of object representations, no shape 

bias should be observed.  

 

 

Figure 5.4 – Paradigm of Experiments A2. Participants took 32 familiarization 

trials and 8 test trials. 

Alternative rules: 
• Same shape predicts 

something interesting
• Same color predicts 

something interesting

12 month olds 
learned this one

Jean-Remy 
Hochmann

Even if color were a 
temporary property of 
things, same color at a 
time can predict 
something interesting

46
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However, in that task, infants need not form object representation in long-term 

memory, but solely learn and generalize the same-different relationship between two 

successively presented stimuli. The perceptual account predicts that the shape bias 

should be verified in this task as in Experiment A1. If, however, the shape bias is 

specific to the processes of formation or retrieval of object representations, no shape 

bias should be observed.  

 

 

Figure 5.4 – Paradigm of Experiments A2. Participants took 32 familiarization 

trials and 8 test trials. 

Unlike the tunnel effect, this 
task requires 

47

• Infants 6-11 months can discriminate colors and 
have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Categories/concepts/linguistic concepts
• Adult color perception is non-conceptual too

48

P
Pè Q

Putting these 
together to deduce Q 
requires maintaining 
them in working 
memory

Or longer 
with active 

maintenance

“Working memory, which is the ability to briefly retain and 
manipulate information, is the fundamental basis of cognition" 
(Nieder, 2016, p. 374).

49
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Although working memory is a cognitive capacity, it often 
involves perceptual materials, especially spatial aspects

50

(Tremoulet, Leslie, & Hall, 2000) 

<12 month olds: surprised at a change in in 
shape but not color.  
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125NUMERICAL IDENTITY IN INFANCY

FIG. 3a. Schematic representation of the Property/Kind condition: familiarization event and
the expected and unexpected outcomes in Experiment 2.

to the side, revealing either two objects (expected outcome) or one object
(unexpected outcome). After the first trial, the stage was cleared, and a new
screen concealing the same two toys was lowered. The second trial with this
set of toys involved two familiarization emergences to each side before the
screen was removed to reveal the opposite outcome of the first trial. The
whole procedure was then repeated with the second pair of toys. The order
of toy pairs (duck/ball vs elephant/truck), the order of outcomes (1,2,2,1 or
2,1,1,2), and which toy was the single outcome were counterbalanced across
subjects.
Spatiotemporal condition. The spatiotemporal condition was identical to

the property/kind condition except for one difference. The infants saw the
same introductory trials involving the cup and the camel. But before each set

a301$$0625 03-25-96 21:32:54 cogpa AP: Cog Psych

Xu & Carey, 1996

Babies use shape and 
kind information in 
forming expectations 
about number months
earlier than they use 
color

53

<12 month old does not expect 2 things

Xu, Carey & Welch, 1999

Babies use shape 
and kind information 
in forming 
expectations about 
number months
earlier than they use 
color

54
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FIG. 3a. Schematic representation of the Property/Kind condition: familiarization event and
the expected and unexpected outcomes in Experiment 2.

to the side, revealing either two objects (expected outcome) or one object
(unexpected outcome). After the first trial, the stage was cleared, and a new
screen concealing the same two toys was lowered. The second trial with this
set of toys involved two familiarization emergences to each side before the
screen was removed to reveal the opposite outcome of the first trial. The
whole procedure was then repeated with the second pair of toys. The order
of toy pairs (duck/ball vs elephant/truck), the order of outcomes (1,2,2,1 or
2,1,1,2), and which toy was the single outcome were counterbalanced across
subjects.
Spatiotemporal condition. The spatiotemporal condition was identical to

the property/kind condition except for one difference. The infants saw the
same introductory trials involving the cup and the camel. But before each set
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6-11 months: 
• normally, do not notice color
• no color representations in working memory 

hence no color concepts

55

Why don’t these 
paradigms show they 
do notice color?

56
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I am using a sense of ‘notice’ that involves 
cognitive categorization of the sort required 
for formulating expectations in paradigms 
such as these:
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FIG. 3a. Schematic representation of the Property/Kind condition: familiarization event and
the expected and unexpected outcomes in Experiment 2.

to the side, revealing either two objects (expected outcome) or one object
(unexpected outcome). After the first trial, the stage was cleared, and a new
screen concealing the same two toys was lowered. The second trial with this
set of toys involved two familiarization emergences to each side before the
screen was removed to reveal the opposite outcome of the first trial. The
whole procedure was then repeated with the second pair of toys. The order
of toy pairs (duck/ball vs elephant/truck), the order of outcomes (1,2,2,1 or
2,1,1,2), and which toy was the single outcome were counterbalanced across
subjects.
Spatiotemporal condition. The spatiotemporal condition was identical to

the property/kind condition except for one difference. The infants saw the
same introductory trials involving the cup and the camel. But before each set
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5.4 Generalizing identity relations over shape and color – 

Experiments A2-A3-A4 

 

5.4.1 Same-shape vs. same-color – Experiment A2 

 

The paradigm of Experiment A2 is presented in Figure 5.4. Experiments A2 

requires infants to process colored geometrical shapes as those of Experiment A1. 

However, in that task, infants need not form object representation in long-term 

memory, but solely learn and generalize the same-different relationship between two 

successively presented stimuli. The perceptual account predicts that the shape bias 

should be verified in this task as in Experiment A1. If, however, the shape bias is 

specific to the processes of formation or retrieval of object representations, no shape 

bias should be observed.  

 

 

Figure 5.4 – Paradigm of Experiments A2. Participants took 32 familiarization 

trials and 8 test trials. 57

Maybe the infants’ color 
constancy is too poor to support 
expectations of color
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FIG. 3a. Schematic representation of the Property/Kind condition: familiarization event and
the expected and unexpected outcomes in Experiment 2.

to the side, revealing either two objects (expected outcome) or one object
(unexpected outcome). After the first trial, the stage was cleared, and a new
screen concealing the same two toys was lowered. The second trial with this
set of toys involved two familiarization emergences to each side before the
screen was removed to reveal the opposite outcome of the first trial. The
whole procedure was then repeated with the second pair of toys. The order
of toy pairs (duck/ball vs elephant/truck), the order of outcomes (1,2,2,1 or
2,1,1,2), and which toy was the single outcome were counterbalanced across
subjects.
Spatiotemporal condition. The spatiotemporal condition was identical to

the property/kind condition except for one difference. The infants saw the
same introductory trials involving the cup and the camel. But before each set
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5.4 Generalizing identity relations over shape and color – 

Experiments A2-A3-A4 

 

5.4.1 Same-shape vs. same-color – Experiment A2 

 

The paradigm of Experiment A2 is presented in Figure 5.4. Experiments A2 

requires infants to process colored geometrical shapes as those of Experiment A1. 

However, in that task, infants need not form object representation in long-term 

memory, but solely learn and generalize the same-different relationship between two 

successively presented stimuli. The perceptual account predicts that the shape bias 

should be verified in this task as in Experiment A1. If, however, the shape bias is 

specific to the processes of formation or retrieval of object representations, no shape 

bias should be observed.  

 

 

Figure 5.4 – Paradigm of Experiments A2. Participants took 32 familiarization 

trials and 8 test trials. 
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Training

In the test phase of the experiment, all infants were shown a narrow-
screen green ball–red ball test event (Fig. 3). Prolonged looking to the
narrow-screen green ball–red ball test event is taken as evidence that
infant's individuated the objects. If those infants who saw the function
(but not the motion) pretest events were primed to attend to color dif-
ferences, they should show behavioral responses and hemodynamic re-
sponses consistent with sensitivity to color differences during the
narrow-screen green ball–red ball test event.

Methods

Participants
Infants aged 8 and 9 months participated in Experiment 1 (N = 39;

17males and 22 females;M age = 9 months, 1 day, range = 8 months,
1 day to 9 months, 28 days). Parents reported their infant's race/ethnicity
as Caucasian (n = 25), Hispanic (n = 5), Black (n = 4), or of mixed
race/other (n = 5). Fourteen additional infants were tested but eliminat-
ed from the sample because of procedural problems (n = 5) or difficulty
in obtaining an optical signal (n = 9). Infants were pseudo-randomly
assigned to the function (n = 21) or motion (n = 18) condition.

In both experiments participants were recruited primarily from
commercially produced lists. Parents were offered $5 or a lab T-shirt
for participation.

Task and procedure
The infants tested in the function condition were first presented

with two pairs of pretest trials. Each pair of trials consisted of a pound
trial followed by a pour trial (Fig. 1). Each pretest trial was 30 s in dura-
tion, during which infants saw almost 4 complete cycles of the event,
pound or pour, appropriate for that trial (i.e., each event cycle was 8 s
in duration, but only 6 s of the last event cycle were seen). Each pair
of pound–pour trials was seen with a different pair of green and red
containers (Fig. 2). The green container always pounded and the red
container always poured, so that object color predicted the event in
which the object would engage. Following the pretest phase of the ex-
periment, infants were presented with a narrow-screen green ball–red
ball (GB–RB) test event on four consecutive trials (Fig. 3). Each test
trial was 20 s in duration, duringwhich infants saw two complete cycles
of the occlusion event (i.e., each event cycle was 10 s in duration). The
curtain was raised to begin, and lowered to end, each pretest and test
trial. Because analysis of optical imaging data requires a baseline inter-
val, each pretest and test trial was preceded by a 10 s baseline during
which time the curtain remained lowered to occlude the stage of the
apparatus. The infants in the motion condition were tested using the
same protocol with one exception: the infants saw motion pound–

pour pretest events rather than function pound–pour pretest events.
In the motion pretest events the nail-box (pound trials) or salt-box
(pour trials) was moved 22 cm leftward to the center of the stage (the
width of each box was 19.5 cm). Hence, in the pound trials the green
container moved up and down without coming in contact with the
nail and in the pour trials the red container made scooping and pouring
motions without acquiring and releasing salt.

Infants sat in a Bumbo® seat in a quiet, dark room and watched the
events appropriate for their condition in the puppet-stage apparatus.
Trained experimenters produced the pretest and test events live follow-
ing a precise script. Two observers, who were naïve to the condition
to which infants were assigned, monitored infants' looking behavior
through peepholes in the frames to either side of the apparatus. Each
observer held a game pad connected to a DELL computer and depressed
a button when the infant attended to the event. The looking times
recorded by the primary (and more experienced) observer were used
in data analysis. Inter-observer agreement was calculated for pretest
and test trials and averaged 94% (per trial and infant).

Total duration of looking (i.e., cumulative looking) to each pretest
and test trial was obtained. Pretest trials in which infants looked b15 s
and test trials in which infants looked b10 s were excluded from analy-
sis. This ensured that group differences in hemodynamic responses
could not be attributed to group differences in overall time spent view-
ing the pretest and test events.

Recall thatwe predicted that infantswho individuated the green and
red ball would find the narrow-screen GB–RB test event unexpected.
However, it is difficult to obtain group differences in duration of looking
to occlusion events during trials capped at 20 s trials. This necessitated
finding another, more sensitive, looking timemeasure. To assess the ex-
tent to which infants experienced a violation-of-expectation, we calcu-
lated the duration of infants' first look (i.e., time to infants' first look
away) to the narrow-screen GB–RB test event on each test trial. Typical-
ly, infants take longer to disengage, or look away, from an event they
find novel or unexpected. Duration of first look is considered a reliable
measure of attentional engagement and active information processing
(Cohen and Cashon, 2003; Olsen and Sherman, 1983; Striano et al.,
2006).

Instrumentation
The imaging equipment contained four fiber optic cables that deliv-

ered near-infrared light to the scalp of the participant (emitters), eight
fiber optic cables that detected the diffusely reflected light at the scalp
(detectors), and an electronic control box that served as the source of
the near-infrared light and the receiver of the reflected light. The control
box produced light at wavelengths of 690 nm, which is more sensitive

Test Event 

Time 

Fig. 3. The narrow-screen green ball–red ball test event used inWilcox andChapa (2004) and in Experiments 1 and 2. The ball seen to the left of the screenwas green and to the right of the
screen was red. The screen was too narrow to hide both balls simultaneously. Prolonged looking to the narrow-screen green ball–red ball test event is taken as evidence that infants in-
dividuated the objects (i.e., used the color differences to signal the presence of two objects and recognized that both objects could not fit simultaneously behind the screen; seeWilcox and
Woods, 2009 for a review of the evidence).

305T. Wilcox et al. / NeuroImage 85 (2014) 302–313

Yields good enough 
constancy to be surprised 
by this, even for 7.5 month 
olds

60

• Infants 6-11 months can discriminate colors and 
have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Categories/concepts/linguistic concepts
• Adult color perception is non-conceptual too

62

On average, children know 4 basic color words 
by 3 years, 3 months

Mabel Rice

Teaching experiment: Group of 2-3 year 
olds who knew no color words were taught 
the difference between ‘red’ and ‘green’.  
For most children, learning this difference 
took over 1000 trials over several weeks.
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“I attended carefully to the mental development of my 
young children, and with two or as I believe three of 
them, soon after they had come to the age when they 

knew the names of all common objects, I was startled by 
observing that they seemed quite incapable of affixing 

the right names to the colors in colored engravings, 
although I tried repeatedly to teach them. I distinctly 
remember declaring that they were color blind…”

Farbendummheit
(Nagel, 1906) 

64 65
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• Infants 6-11 months can discriminate colors and 
have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Categories/concepts/linguistic concepts
• Adult color perception is non-conceptual too

67

Why aren’t color categories a 
kind of concept? No role in 

thought or 
reasoning

68

Whatever you call this 
difference it is of 
fundamental 
importance

69
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• Infants 6-11 months can discriminate colors and 
have categorical perception of colors

• Infants 6-11 months do not normally notice 
colors

• Color and working memory
• Color language comes in at age 3
• Adult color perception is non-conceptual too

70 72

Infants have non-conceptual color perception, 
but what about adults?
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(1)Replacement of non-conceptual 
categories with concepts

(2)Preservation of non-conceptual 
categories but modified by top-down-
influence 

(3)Dualism adults have both non-
conceptual and conceptual color 
perception.  

75

Hajonides, J. E., A. C. Nobre, F. van Ede and M. G. Stokes (2021). "Decoding visual 
colour from scalp electroencephalography measurements." NeuroImage: 118030.
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• Back of the head
• Contralateral

77 78

“… activity in posterior electrodes contralateral to the decoded stimulus were 
the primary contributors to the decoding of both features, suggesting that 
visual sensory processing was the main source of decodable signals, ruling out 
alternative explanations of colour decoding, such as verbal labelling.“

79

• Back of the head
• Contralateral
• Fast: 150-350 ms

80

Color agnosia

The most interesting cases

• Normal color perception and color categorization
• Little or no ability to note when objects are colored 

with their characteristic colors or naming the colors of 
objects, i.e. deficits in perceptual color concepts

81

Siuda-Krzywicka, K., C. Witzel, M. Taga, M. Delanoe, L. Cohen and P. Bartolomeo (2019). "When colours split from objects: The 
disconnection of colour perception from colour language and colour knowledge." Cognitive Neuropsychology: 1-15.

This result "challenges the hypothesis 
that adult color categorization and color 
naming depend on the same set of 
neural processes" (Siuda-Krzywicka, 
Witzel, Chabani, et al., 2019, p. 
2475). 

Categorization did not predict naming and naming 
did not predict categorization
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The time it takes to move one’s eyes to a target of a 
different color category is the same for both hemispheres, 
350 ms

Presumably, conceptual processing in addition to 
perceptual processing would take additional time

No advantage for left hemisphere, as would be expected 
for verbal concepts

83

(1)Replacement of non-conceptual 
categories with concepts

(2)Preservation of non-conceptual 
categories but modified by top-down-
influence 

(3)Dualism, the view that adults have 
both non-conceptual and conceptual 
color perception.  

84

Are the 
perceptual 

representations of 
color different at 
different stages?

Evidence equivocal

85

• 6-11 month infants normally have color 
perception without color concepts

• There is some evidence that adult color 
perception does not involve an extra 
conceptual representation

But none of this shows that high level perception or 
object perception are nonconceptual

92

• Infants can see colors at near adult 
levels at 4-6 months and they 
perceptually categorize colors

• Infants can use shape, size and kind 
information in forming expectations and 
as inputs to rules at least 6 months 
earlier than they normally use color 
information

• Two years later, most children do not 
know the basic color words and many 
children don’t seem to know what color-
talk is about

• Substantial reasoning with color seems 
to happen at the same time as learning 
color words

6-11 month old 
infants have 

color 
perception 

without color 
concepts

Summary
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1. Architecture of the mind: If perception is 
conceptual, the difference between 
cognition and perception may not be as 
fundamental as once thought.

2. Robot vision: If perception is non-
conceptual, then a robot whose camera fed 
directly into cognition would not be seeing

3. Epistemology: If perception is conceptual, 
the epistemology of perceptual belief is just 
believing what we see; if perception is non-
conceptual, we need another model
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