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Most studies of perception assume a universal human 
nature. Indeed, some researchers assume that the per-
ceptual system of the human species works in a certain 
way, and they try to discover the principles. The fact that 
the vast majority of studies do not examine individual 
performances but average over participants in their data 
analyses is indicative of this assumption. However, over 
the last decade or so, in several studies of perception, 
researchers have tried to reverse this trend. Indeed, these 
studies have explored and commented on individual dif-
ferences in perception, often in the context of perceptual 
learning (e.g., Jacobs, Michaels, & Runeson, 2000; Mi-
chaels & de Vries, 1998; Runeson & Andersson, 2007). 
Several of these studies adopted an ecological approach 
in order to examine these differences. This approach was 
introduced by James and Eleanor Gibson in the 1960s 
(E. J. Gibson, 1963; J. J. Gibson, 1966). Although both 
Gibsons worked on a theory of perceptual learning (J. J. 
Gibson & E. J. Gibson, 1955), it was primarily developed 
by E. J. Gibson (1963). According to this ecological the-
ory, perceptual learning is a process of differentiation: 
The perceiver learns to attend to the right informational 
variable in the ambient array. The underlying idea of this 
theory is that informational variables differ in degree of 
usefulness. Nonspecifying variables relate ambiguously 
to the to-be-perceived environmental property. That is, 
there is a many-to-many relationship between the en-
vironmental property and the informational variable. 
Hence, detecting such nonspecifying variables yields in-
accuracies in the perceptual judgments of the property. 
Specifying variables, on the other hand, are variables 

that relate one-to-one to the environmental property and 
can therefore adequately constrain the perceptual judg-
ment. Thus, perceivers can improve the accuracy of their 
perceptual judgments by learning to attend to the more 
useful information. This process has been termed the 
education of attention (E. J. Gibson, 1963; J. J. Gibson, 
1966), or attunement, and has been demonstrated in sev-
eral paradigms: the visual perception of the pulling force 
of a stick figure (e.g., Michaels & de Vries, 1998), the 
visual perception of the relative mass of colliding balls 
(e.g., Jacobs et al., 2000; Jacobs, Runeson, & Michaels, 
2001; Runeson & Andersson, 2007; Runeson, Juslin, & 
Olsson, 2000), height and length perception by dynamic 
touch (Wagman, Shockley, Riley, & Turvey, 2001; Wit-
hagen & Michaels, 2005), visually guided braking (Fajen 
& Devaney, 2006), and visually guided catching (van 
Hof, van der Kamp, & Savelsbergh, 2006).

The ecologically inspired studies of perceptual learning 
focusing on individual differences have led to interest-
ing discoveries (Jacobs et al., 2000; Jacobs et al., 2001; 
Michaels & de Vries, 1998; Runeson & Andersson, 2007; 
Runeson et al., 2000; Withagen & Michaels, 2005). In-
deed, individual differences have been revealed on at least 
two levels. First, participants were found to vary in the 
informational variables they initially relied on. Second, 
during the feedback phases of the experiments, the indi-
vidual learning trajectories varied as well. That is, there 
was variation in the routes toward the mastery of the 
perceptual task. Some participants learned to exploit the 
more useful information after a relatively small number 
of feedback trials; others needed some more practice; and 
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Up to this point, the idea that perceivers vary in their 
perceptual learning capacities has not gained serious at-
tention in discussions on variation in learning. However, 
on the basis of an evolutionary analysis of perception 
and the use of information, Withagen and Chemero (in 
press) have argued that the evolutionary process proba-
bly gives rise to individual differences in perceptual sys-
tems. One of their main arguments is that in the course of 
evolution, natural selection is not likely to eliminate all 
available variation in perceptual systems in the evolving 
population.2 Hence, there is no such thing as the per-
ceptual system of a species. Rather, the perceptual ap-
paratuses of members of species vary. This means that 
perceivers are likely to vary in how well and how quickly 
they can learn a perceptual task. This idea of variation 
in perceptual learning capacities sheds some new light 
on recent findings and leads to new hypotheses. First, 
it provides an alternative explanation for the observed 
individual differences in learning trajectories. As previ-
ously mentioned, Runeson and Andersson (2007) sur-
mised these differences to be attributable to a chaotic 
search that characterizes the perceptual learning process. 
However, the hypothesis that perceivers vary in their per-
ceptual learning capacities also predicts individual dif-
ferences in the mastery of a perceptual skill. After all, if 
animals vary in their learning capacities, they are likely 
to respond differently to the same feedback, implying 
between-subjects variation in the learning paths. Second, 
and related to this, the idea that animals vary in their 
perceptual learning capacities implies that providing 
feedback will not necessarily result in a convergence of 
the participants’ perceptual performances. Indeed, one 
might even expect an increase in variation in what infor-
mation is detected: Because of the individual differences 
in perceptual learning capacities, feedback will have a 
different effect on different participants, implying that 
their perceptual performances will diverge rather than 
converge.

Thus far, the ecologically inspired studies focusing on 
individual differences in perceptual learning trajectories 
have all run a limited number of participants in a particular 
condition (8–10).3 Therefore, although there is evidence 
that the participants’ perceptual learning paths vary, we 
still have only a rather limited insight into the nature and 
amount of variation in these paths. To judge whether this 
variation needs to be taken seriously in the theoretical and 
empirical study of perception, a more detailed portrayal of 
individual differences is needed. Hence, what is called for 
is a study of perceptual learning that uses a significantly 
larger sample size and tries to portray the individual dif-
ferences in learning paths. The present experiment was 
designed to address those needs.

To study perceptual learning, we decided to use the 
paradigm of length perception by dynamic touch. In this 
paradigm, participants are asked to report the length of un-
seen, wielded rods. This perceptual task has proven to be a 
useful task for studying perceptual learning (Withagen & 
Michaels, 2005; see also Wagman et al., 2001, for another 
study on learning in dynamic touch). Earlier studies have 

some did not succeed in detecting that information during 
the experiment.

These demonstrations of variation are of interest for 
several reasons. First, as argued by Jacobs et al. (2000; 
Jacobs et al., 2001; see also Fajen, 2005), these findings 
cast serious doubt on the widely held assumption that all 
perceivers use the same informational variable to perform 
a (perceptual) task. Indeed, on the basis of a presumption 
of a universal human nature, many studies of perception 
and action assume that there is a single informational vari-
able that is exploited by all members of the human spe-
cies (for overviews, see Fajen, 2005; Jacobs & Michaels, 
2002; Tresilian, 1999). The finding that individuals vary in 
what informational variables they exploit, and that they can 
change in variable usage over time, suggests that this as-
sumption is mistaken. Second, and related to the first rea-
son, the demonstration of individual differences suggests 
that researchers of perception should shift focus. Instead of 
searching for a single informational variable that perceiv-
ers exploit in order to perform a task, perceptionists should 
examine the variation in what information is detected and 
try to explain it (Fajen, 2005; Jacobs et al., 2000; Jacobs 
et al., 2001; see also Cutting, 1986, 1991; Tresilian, 1999; 
van de Langenberg, Kingma, & Beek, 2006; van der Kamp, 
Savelsbergh, & Smeets, 1997). Indeed, the demonstration 
of individual differences raises several questions: How do 
we account for the between-subjects variation in learning 
paths? Why is there more variation in information usage in 
one experiment than in another? Why do perceivers learn 
to exploit the specifying information in one condition but 
not in another?

To date, several factors have been suggested to explain 
the observed variation in perceptual learning trajectories. 
For example, Jacobs et al. (2001) explored the relation-
ship between the task ecology and the learning process. 
They contrived several task environments in which the 
usefulness of informational variables varied. If the in-
formational variable that participants initially relied on 
had a high correlation with the to-be-perceived property, 
participants tended not to change in information usage 
after receiving feedback. When this correlation was 
rather weak, however, participants generally learned to 
detect the more useful information. Hence, Jacobs et al. 
(2001) concluded that whether perceptual learning oc-
curs depends partly on the usefulness of the detected 
informational variables. In a similar vein, Fajen and De-
vaney (2006) explained variation in the learning process 
in terms of the range of practice conditions. When this 
range was limited, participants generally did not learn to 
exploit the specifying information. Participants did learn 
to detect the more useful information, however, when the 
range was extended. And recently, Runeson and Anders-
son (2007; see also Runeson et al., 2000) surmised the 
individual differences in the learning trajectories to be in-
dicative of a chaotic search process among informational 
variables.1 That is, in achieving mastery of a perceptual 
skill, a perceiver tries different informational variables, 
which sooner or later results  in the exploitation of the 
specifying information.
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in the current population. In the present experiment, the 
participants were trained to perceive the length of unseen 
wielded rods. Aiming at a detailed portrayal of the indi-
vidual differences in learning, we used a relatively large 
sample size and provided each individual with a consid-
erable number of feedback blocks. In these blocks, the 
participants received visual information about the length 
of the rod following their length estimation. To precisely 
keep track of changes in information usage, there was a 
test phase after each feedback block. To reveal whether at-
tunement occurred and when, we tried to determine which 
mechanical variable constrained the participant’s length 
judgments in each test phase.

Method
Participants. Twenty-five participants (13 women, 12 men) 

volunteered to participate by giving their informed consent. Their 
ages ranged from 18 to 26 years. Nineteen participants were right-
handed; 6 were left-handed.

Apparatus and Materials. The apparatus was similar to those 
used in other studies of length perception by dynamic touch (see, 
e.g., Kingma et al., 2004; Solomon & Turvey, 1988). The partici-
pant sat on a stool. In front of the participant, there was a rail with 
a small planar surface attached. The participant could move this 
surface along the rail by rotating a small wheel with the left hand. 
On the right side of the stool, there was an armrest supporting the 
participant’s right forearm. Between the rail and the armrest, there 
was an opaque curtain that blocked the participant’s vision, so that 
the wielded rod was not visible.

We used three distinct sets of rods. To prevent the participants 
from simply learning to identify individual rods, two sets of rods 
were used in the feedback phases, and one set was used in the test 
phases. Each set contained carbon pipes and uniform, solid rods 
made of steel, aluminum, or wood. By varying the diameters and 
the lengths of the rods, we contrived three distinct sets. Each rod had 
an 11.5-cm plastic handle at one end, which was separated from the 
rod by a disk. This handle prevented the participant from feeling the 
material the rod was made of or its diameter.

The properties of the rods (both geometrical and mechanical) 
are provided in the Appendix.5 We were primarily concerned with 
the nonspecifying variables I1 and M. These are the two mechani-
cal variables that have been found to underlie length perception of 
horizontally wielded rods, at least when the variables are computed 
with respect to the end of the rod (Kingma et al., 2004; see note 5). 
For the test set, we chose the collection of rods so that I1 and M had 
low correlations with actual length (see Table 1). This means that the 
specifying and nonspecifying variables were disentangled, making it 
easier for us to determine whether the participants relied on a non-
specifying or a specifying informational variable. For the feedback 
sets, on the other hand, the collections of rods were chosen so that 
I1 and M had moderate correlations with actual length (see Table 1). 
We were primarily interested in the perceptual learning process in 
the animal’s natural environment. It is our contention that in such 
an environment, there are often several informational variables that 
correlate moderately with, but are not specific to, the relevant envi-
ronmental property (cf. Tresilian, 1999). Consequently, to warrant 
the ecological validity of the study, a moderate correlation between 
several nonspecifying variables and the to-be-perceived property is 
called for.

Procedure. The experiment consisted of seven test blocks and 
six feedback blocks, and was conducted over the course of  3 con-
secutive days. On each day, there were two feedback blocks, each of 
which was followed by a test block. To determine the participant’s 
initial perceptual performance, there was an additional pretest on the 
first day. In each block, the participants were to estimate the length 
of the handheld rod. They were to position the planar surface so 
that it coincided with the felt maximum distance reachable with the 

revealed that novice perceivers tend to rely on mechanical 
variables that correlate with rod length but are not specific 
to it. Indeed, at present, several nonspecifying mechanical 
variables have been implicated in length perception by dy-
namic touch. In the pioneering study of length perception 
by dynamic touch, the major principal moment of inertia 
(I1) was found to underlie length judgments (Solomon & 
Turvey, 1988). In subsequent work, Fitzpatrick, Carello, 
and Turvey (1994) showed length perception by dynamic 
touch to be constrained by both I1 and I3, the minor 
principal moment of inertia. And recently, in a study by 
van de Langenberg et al. (2006; see also Kingma, Beek, 
& van Dieën, 2002; Kingma, van de Langenberg, & Beek, 
2004), perceivers relied on I1, the first moment of mass 
distribution (M), and the zeroth moment of mass distribu-
tion (m). More precisely, van de Langenberg et al. found 
that which mechanical variables their perceivers exploited 
depended on the mechanical context in which the length 
was to be judged.

In an environment consisting of homogeneous rods 
made of materials with different densities, all these me-
chanical variables relate ambiguously to the length of a 
rod. After all, these mechanical variables are all func-
tions of the rod’s length, radius, and material density. This 
means that rods of equal length can differ in I1, I3, M, 
and m, and that rods that are identical in these mechanical 
variables can differ in length. Therefore, several experi-
mental studies have demonstrated that perceivers exploit 
nonspecifying variables when perceiving rod length.

Withagen and Michaels (2005), however, demonstrated 
that if feedback on the length estimations was provided, 
several participants learned to detect information that was 
more useful. The experimenters contrived a task ecology 
consisting of carbon pipes and homogeneous rods made 
of wood, aluminum, and steel, with several mechanical 
variables being specific to length. Consider, for instance, 
the ratio of the first moment of mass distribution to the 
zeroth moment of mass distribution,

 
M
m

m L/2
m

,
 

(1)

where m is mass and L is length. Because mass cancels, 
the ratio of M to m is related one-to-one to rod length. 
That is, rods of the same length have the same M/m, even 
when the rods are made of materials with different densi-
ties.4 Withagen and Michaels found that if participants 
received feedback on their length judgments, several 
participants learned to detect a mechanical variable that 
specified length. Hence, given the general reliance on 
nonspecifying mechanical variables, and given the per-
ceivers’ capacity to come to rely on a specifying mechani-
cal variable, the paradigm of length perception by dy-
namic touch is useful for studying perceptual learning.

THE PRESENT EXPERIMENT

The primary goal of the experiment was to portray 
individual differences in perceptual learning capacities. 
As previously mentioned, an evolutionary perspective 
on perception suggests that such differences are present 
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the variance in perceived length significantly better than the other 
variable. Only when there was a significant difference between the 
two correlations did we conclude that the participant had relied on a 
specifying or a nonspecifying variable (depending on which of the 
correlations was higher).

Results
As expected, there were substantial individual differ-

ences in the learning trajectories. Although all but 3 par-
ticipants (Participants 2, 7, and 19) relied on a nonspecify-
ing variable in the pretest, their perceptual performances 
diverged over the course of the experiment. Participants 
varied in whether they responded to the feedback, when 
they responded to the feedback, how they responded to 
the feedback, whether they learned to detect the specify-
ing information, how quickly they learned to detect this 
information, and how firmly they maintained reliance on 
informational variables. However, for the sake of clarity 
in the presentation of our findings, we have divided the 
participants into three groups: the learning group, the no-
learning group, and the intermediate group.

The learning group consists of the participants who 
detected the specifying information in at least one test 
phase (see Figure 1). Although, strictly speaking, Par-
ticipant 8 did not learn to detect the specifying informa-
tion (i.e., the correlation of perceived length and actual 
length was never significantly higher than the correla-
tion of perceived length and the most highly correlated 
nonspecifying variable), we assigned this participant to 
the learning group. This was done because Participant 8 
showed considerable improvement in the length judg-
ments—especially in comparison with the participants 
in the no-learning and intermediate groups. Although the 
remaining 4 participants all learned to exploit the speci-
fying information, their learning paths showed consider-
able variation. For example, in line with earlier studies 
(Jacobs et al., 2000; Jacobs et al., 2001; Runeson & An-
dersson, 2007; Withagen & Michaels, 2005), the number 
of feedback trials that the participants needed in order 
to learn to exploit specifying information varied exten-
sively. Participant 2 was the quickest learner, followed 
by Participants 1, 10, and 19. Furthermore, and also in 
keeping with the aforementioned studies, we found that 
the discovery of specifying information did not guar-
antee that participants would rely on this information. 
For example, Participant 10 detected the specifying in-
formation in the fifth test phase but did not stick to this 
variable in subsequent test blocks. Also, Participants 1, 
2, and 8 showed drops in the accuracy of their perceptual 
performances after the specifying variable was discov-
ered. Apparently, the perceptual learning process does 
not consist in a progressive convergence on the specify-
ing information.

The no-learning group comprised 10 participants (see 
Figure 2). These participants generally relied on a non-
specifying variable during the experiment, and feedback 
did not seem to have any effect on these participants. The 
fact that a substantial number of participants were almost 
unaffected by the feedback suggests that the no-learners 

rod. Because a change in information usage was likely to be accom-
panied by a change in the wielding behavior (see Riley, Wagman, 
Santana, Carello, & Turvey, 2002), the participants were allowed 
to wield the rod freely and to hold it loosely in their hand. The only 
restriction we imposed was that the participants were not allowed to 
touch the curtain or the floor.

The test phases consisted of 26 trials. Each test rod was offered 
twice, and the order of presentation was randomized. After each 
judgment, the participant was instructed to reposition the planar sur-
face at the proximal end of the rail. The feedback blocks consisted 
of 24 trials. After the participants positioned the surface at the felt 
distance reachable, they were allowed to touch the curtain with the 
rod. This touching led to a curtain displacement that provided visual 
information about the position of the distal end of the handheld rod 
and, thus, about the accuracy of the perceptual judgment. Indeed, 
the distance between the position of the planar surface (the esti-
mated distance reachable) and the curtain displacement (the actual 
distance reachable) informed the participants about the error in their 
perception of length. As in the test phases, the surface was to be 
repositioned at the proximal end of the rail after each trial. Half of 
the participants started each day with Feedback Set 1 and ended 
with Feedback Set 2. The other half started with Feedback Set 2 fol-
lowed by Feedback Set 1. In each feedback phase, the rods were 
offered twice in a random order. Between the blocks, there was a 
small break.

Analyses. As mentioned earlier, the aim of the experiment was 
to examine individual differences in perceptual learning paths, so, 
contrary to most studies of perception, we did not average over 
participants in our analyses. Instead, we examined the perceptual 
performances of each individual for each test phase. To determine 
whether individuals changed the information they exploited, we ad-
opted the method developed by Jacobs et al. (2000; see also Witha-
gen & Michaels, 2005, for an earlier exploitation of this method 
in the dynamic touch paradigm, which is identical to the one used 
here). For each individual and each test phase, we computed the 
Pearson product–moment correlations of perceived length with ac-
tual length and the nonspecifying variables I1 and M. However, in 
computing the correlations, we used the logarithms of each of these 
variables. The reason was that the relationship between perceived 
length and the nonspecifying variables (most notably I1) was ex-
pected to be nonlinear. To determine whether a participant had relied 
on a specifying or a nonspecifying variable, for each test phase, we 
compared the correlation of perceived length and actual length with 
the correlation of perceived length and the most highly correlated 
nonspecifying variable (I1 or M ). We performed a t test for depen-
dent correlations (Bruning & Kintz, 1987) to determine whether the 
difference between these two correlations was significant. A sig-
nificant difference indicates that one informational variable explains 

Table 1 
Correlations Between the Logarithms of  

the Candidate Variables and Actual Length

   Length  I1  M  

Feedback Rod Set 1

Length - .694 .486
I1 - - .966
M - - -

Feedback Rod Set 2

Length - .678 .489
I1 - - .973
M - - -

Test Rod Set

Length - .185 .138
I1 - - .948

 M  -  -  -  
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such information in that feedback session. Furthermore, 
Participant 22 returned to the use of a nonspecifying vari-
able after having failed to discover the specifying infor-
mation. Participants 6, 7, 12, 14, 17, 21, and 25, on the 
other hand, did not demonstrate this return to the variable 
that they had initially exploited. Indeed, these participants 
had relatively low correlations with actual length and the 
nonspecifying variables I1 and M in the second half of 
the experiment. This may indicate that these participants 
switched between these variables in later test blocks, or 
that they relied on an informational variable that we did 
not consider.

In summary, we conclude that there are strong in-
dividual differences in the learning paths. The fact that 
the participants’ perceptual performances diverged after 
feedback suggests that their perceptual learning capaci-
ties varied.

DISCUSSION

In the experiment reported here, perceivers were trained 
to estimate the length of unseen wielded rods. Using a rel-
atively large sample size, we aimed at gaining insight into 

observed in earlier studies (e.g., Jacobs et al., 2000; Ja-
cobs et al., 2001; Michaels & de Vries, 1998; Runeson & 
Andersson, 2007; Withagen & Michaels, 2005) were not 
simply outliers. Indeed, our results indicate that a signifi-
cant part of the population maintains reliance on nonspec-
ifying information when this allows moderate perceptual 
performance.

The 10 participants in the intermediate group were 
affected by the feedback, but they did not succeed in 
learning to detect the specifying information (see Fig-
ure 3). Despite this common factor, there was substantial 
between- subjects variation in this group. First, partici-
pants varied in when they responded to the feedback. The 
perceptual performances of Participants 5, 7, and 21 were 
clearly affected by the first feedback block. Participants 
6, 14, 16, and 22, on the other hand, maintained reliance 
on a nonspecifying variable in the first phases of the ex-
periment. Apparently, participants varied in how quickly 
they were able to take advantage of feedback information. 
Second, there was variation in how participants responded 
to feedback. For example, Participant 7 learned to exploit 
a nonspecifying variable in the first feedback block. Other 
participants (Participants 5 and 21) learned not to exploit 

0

.2

.4

.6

.8

1.0
C

o
rr

el
at

io
n

Participant 1 Participant 2

* * * * * *
*

0

.2

.4

.6

.8

1.0
Participant 8

C
o

rr
el

at
io

n

1 2 3 4 5 6 7

Number of Test Block

Participant 10

*
* * *

1 2 3 4 5 6 7
0

.2

.4

.6

.8

1.0

Number of Test Block

C
o

rr
el

at
io

n

Participant 19

* *
Length
I1

M

Learning Group

Figure 1. The learning group’s correlations between the length judgments and I1, M, and actual 
length in the test phases. In the blocks marked with an asterisk, there is a significant difference ( p  
.05, two tailed) between the correlation of perceived length with actual length and the correlation of 
perceived length with the most highly correlated nonspecifying variable.



INDIVIDUAL DIFFERENCES IN PERCEPTUAL LEARNING    69

Participant 3 Participant 4

0

.2

.4

.6

.8

1.0

C
o

rr
el

at
io

n

Participant 9

Participant 13

Participant 18 Participant 20

0

.2

.4

.6

.8

1.0

C
o

rr
el

at
io

n

1 2 3 4 5 6 7

Number of Test Block

Participant 23

Participant 11

0

.2

.4

.6

.8

1.0

C
o

rr
el

at
io

n

1 2 3 4 5 6 7

Number of Test Block

Participant 24

0

.2

.4

.6

.8

1.0

C
o

rr
el

at
io

n

Participant 15

0

.2

.4

.6

.8

1.0

C
o

rr
el

at
io

n

* * * * * * *
*

* *
*

* * *

*
* * * * * * * * * * * *

* * * * * * *
* * *

*
*

*
*

*

*
* * * *

*
* *

*
* *

* * * *
* * * * *

* *
*

No-Learning Group

Length
I1

M

Figure 2. The no-learning group’s correlations between the length judgments and I1, M, and actual 
length in the test phases. In the blocks marked with an asterisk, there is a significant difference ( p  
.05, two tailed) between the correlation of perceived length with actual length and the correlation of 
perceived length with the most highly correlated nonspecifying variable.
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Figure 3. The intermediate group’s correlations between the length judgments and I1, M, and ac-
tual length in the test phases. In the blocks marked with an asterisk, there is a significant difference 
( p  .05, two tailed) between the correlation of perceived length with actual length and the correla-
tion of perceived length with the most highly correlated nonspecifying variable.
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as on the long term (i.e., in everyday perceptual tasks), it 
is quite likely that different members of a species will rely 
on different informational variables.

Chaotic Search Process, Individual Differences  
in Motivation, or Variation in Perceptual 
Learning Capacities?

We interpret the individual differences in the learning 
paths to be evidence of variation in perceptual learning ca-
pacities. But are there other explanations for our results? 
In this section, we explore two alternative explanations 
for our findings: Runeson’s chaotic search hypothesis and 
the idea that humans are differently motivated to learn a 
perceptual task.

As mentioned in the introduction, Runeson and Anders-
son (2007; see also Runeson et al., 2000) suggested that 
individual differences in the mastery of a perceptual task 
are indicative of a chaotic search among informational 
variables. Can this hypothesis also account for our data? 
Although some of our results could also be explained in 
terms of a chaotic search process, we believe that this hy-
pothesis cannot account for some of our important ob-
servations. Runeson’s hypothesis of a chaotic search is a 
statement about the nature of the perceptual learning pro-
cess: The perceiver will simply try different variables and 
might sooner or later discover the more useful informa-
tion. Hence, the chaotic search hypothesis predicts varia-
tion in how perceivers respond to feedback. This means 
that the different paths of the participants in the learning 
group can be accounted for in terms of a chaotic search 
process. In addition, the fact that the 10 participants in 
the intermediate group did not succeed in discovering 
the specifying information could also be indicative of a 
chaotic search process. After all, such a process does not 
guarantee that the perceiver will ever detect the specify-
ing information. Indeed, the nature of this process implies 
that whether this information will be discovered is basi-
cally a matter of chance. However, Runeson’s hypothesis 
of a chaotic search cannot account for the fact that our 
participants varied in whether and when they responded to 
the feedback. Indeed, the demonstration that a substantial 
number of participants were unaffected by the feedback 
is not attributable to a chaotic search process among vari-
ables. This also holds true for the fact that participants 
varied in when they responded to feedback.

One could argue that the variation in whether and when 
participants responded to feedback was the result of indi-
vidual differences in motivation. After all, motivation to 
learn a perceptual task is likely to facilitate the process 
of attunement. Motivation may well be a necessary pre-
requisite for perceptual learning to occur. We believe that 
the observed individual differences in learning trajecto-
ries were partly attributable to between-subjects variation 
in motivation. Humans do vary in many dimensions, and 
motivation to learn and perform a perceptual task is cer-
tainly one of them. However, the omnipresent variation in 
the human species also implies that it is unlikely that the 
individual differences in the learning paths are exclusively 
the result of differently motivated participants. Indeed, 

the nature and amount of individual differences in percep-
tual learning capacities. The experiment was motivated by 
a theoretical study that suggested that from an evolution-
ary perspective, members of a species are likely to vary 
in this capacity. We indeed found substantial between-
 subjects variation in the learning trajectories. Although at 
a fine grain of analysis the participant’s paths were unique 
with respect to each other, we divided the participants into 
three groups. Forty percent of the participants proved not 
to be sensitive to the feedback and generally relied on 
nonspecifying information during the whole experiment. 
Another 40% of the participants changed their perceptual 
judgments after being provided feedback, but they did not 
succeed in discovering the specifying information. And 
20% of the participants learned to detect the specifiying 
information over the course of the experiment. We took 
this variation in the learning paths as evidence for indi-
vidual differences in perceptual learning capacities.

In what follows, we discuss the implications of our 
findings in relation to recent discussions on variation in 
perception. We conclude with speculations on perceptual 
learning capacities.

Individual Differences in Perception
As mentioned in the introduction, several recent stud-

ies of perceptual learning have already emphasized indi-
vidual differences in perception (e.g., Jacobs et al., 2000; 
Jacobs et al., 2001; Michaels & de Vries, 1998; Runeson 
& Andersson, 2007; Runeson et al., 2000). Contrary to a 
still dominant assumption in the study of perception and 
action, these studies have suggested that there is no such 
thing as the informational variable that participants use 
to perform a certain (perceptual) task. Rather, members 
of species vary in the information that they detect. Fur-
thermore, perceivers often change the information they 
use over time.

Although the present study is nothing more than a de-
tailed portrayal of the individual differences in perceptual 
learning paths, it has, we believe, important implications 
for the discussion of individual differences in perception. 
Among other things, the study provides another argument 
for taking individual differences seriously in the theo-
retical and empirical study of perception. Earlier studies 
of perceptual learning have sometimes concluded that 
perceivers may initially vary in the information they ex-
ploit, but that perceivers will generally converge on the 
more useful informational variables after feedback (see, 
e.g., Jacobs & Michaels, 2002). Hence, they expect that 
between-subjects variation in the information that is de-
tected occurs primarily over the short term. The present 
study casts doubt on this idea. All but 3 participants relied 
on a nonspecifying variable in the pretest. However, after 
feedback, their perceptual performances diverged. The 
fact that a substantial number of participants were almost 
unaffected by the feedback suggests that a general conver-
gence on the specifying information would not have oc-
curred even if more feedback had been provided. This in-
dicates that individual differences in the information that 
is detected are not confined to the short term. Rather, also 
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It is important to note that this variation does not imply 
that a scientific theory of the use of informational vari-
ables is impossible. The fact that animals are unique does 
not mean that one should formulate a theory for each and 
every individual, rendering any generalization impossible. 
Rather, the individual differences suggest that in explain-
ing variation in what information is used, one should in-
corporate organismal factors as well. In fact, the ongoing 
discovery of factors that determine information usage 
indicates that, as with other variable organismal features 
(e.g., height, weight, intelligence, development), the use 
of information is under the influence of several environ-
mental and organismal factors. Hence, a theory of the de-
tection of information should explain how the interplay 
of these factors determines what information is relied on 
(Withagen & Chemero, in press).

At present, we are far from this type of naturalistic 
theory of the use of information. Presumably, we have not 
revealed all of the factors that are involved. Indeed, we 
have only begun scrutinizing factors that possibly deter-
mine what information is exploited. For example, as pre-
viously mentioned, participants are likely to vary in their 
motivation to learn and perform a task, and the effects of 
this variation on what information is exploited needs to be 
examined. In addition, it is not unlikely that the observed 
variation in the learning trajectories is partly influenced 
by genetic factors. Earlier studies have revealed that there 
is a genetic component underlying normal variation in 
several psychological traits (see, e.g., Fox, Hershberger, 
& Bouchard, 1996; Plomin, 1990; Ramus, 2006). And 
recent work on cultural differences in perception and at-
tention suggests that there is also a cultural component to 
the determination of what information is used (see, e.g., 
Nisbett, 2003; Nisbett & Miyamoto, 2005). Furthermore, 
substantial work is needed to develop a theoretical frame-
work that is capable of explaining how multiple organ-
ismal and environmental factors jointly determine what 
information is exploited. However, to our minds, devel-
opmental systems theory is a very promising approach 
in developing such an account. According to this theory, 
organismal features, including (perceptual) skills, evolve 
through the mutual interaction of several factors (see, e.g., 
Ingold, 2000; Oyama, 1985, 2000; Oyama, Griffiths, & 
Gray, 2001; Thelen & Smith, 1994). Hence, it is the entire 
system of interactions that needs to be taken into account 
in the understanding of the development of a skill. Apply-
ing the principles of developmental systems theory to the 
study of perceptual learning is, we believe, likely to help 
in the development of an account of how the interplay of 
factors determines what information is detected.

Perceptual Learning Capacities
Although we have been discussing the fact that partici-

pants vary in their perceptual learning capacities, we have 
not been very precise about what this variation comprises. 
In the remainder of this article, we will speculate about 
individual differences in this capacity.

As touched on earlier, one feature that perceivers 
might vary in is the ability to take advantage of feed-

as mentioned in the introduction, an earlier evolutionary 
analysis of perception suggested that perceivers vary in 
how well and how quickly they can learn a perceptual 
task. The individual differences in the learning trajectories 
are also likely to reflect this variation. Indeed, the differ-
ences in whether and when participants responded to the 
feedback indicate that perceivers vary in their capacity to 
take advantage of feedback information. Hence, although 
we recognize that participants are differently motivated 
to learn the task, we believe that the observed between-
subjects variation in the learning trajactories provides evi-
dence for the idea that members of a species vary in their 
perceptual learning capacities.

How to Account for Variation  
in the Information That Is Detected

The present study also has implications for the discus-
sion about how to explain variation in what information 
is detected. In fact, the study adds another determinant to 
the growing list of factors that have been implicated in de-
termining what information is detected. Earlier studies of 
variation in information usage focused primarily on envi-
ronmental factors. In the growing body of work on percep-
tual learning (Fajen & Devaney, 2006; Jacobs et al., 2000; 
Jacobs et al., 2001; Michaels & de Vries, 1998; Runeson 
& Andersson, 2007; Runeson et al., 2000; Wagman et al., 
2001), feedback has been revealed to be an important fac-
tor that induces changes in information usage over time. 
In fact, Jacobs and Michaels (2007) recently developed 
a rather sophisticated theoretical framework that aims at 
capturing how feedback guides a perceiver through an in-
formation space. And in line with Cutting’s (1986, 1991) 
directed perception theory, several studies have shown 
that what information is detected depends on the envi-
ronmental context. For example, and as mentioned in the 
introduction, van de Langenberg et al. (2006) showed that 
which mechanical variables constrain length perception 
by dynamic touch depends on the mechanical context in 
which the task has to be performed (for other examples, 
see Cutting, 1991; Tresilian, 1999).

The present study shows that besides environmental 
factors, there is also an organismal factor involved in 
determining what information is detected. Participants 
varied in whether, when, and how they responded to the 
feedback. Again, this indicates that animals vary in their 
perceptual learning capacities. This conclusion has sev-
eral implications. Importantly, it questions the assumption 
of a universal human nature that underlies most studies 
of perception.6 Even studies of variation in what infor-
mation is exploited have assumed a universal perceptual 
mechanism. For example, several studies have tried to 
reveal (lawful) relationships between environmental con-
ditions and what information is exploited (see, e.g., Cut-
ting, 1991; Tresilian, 1999). However, in doing so, they 
have assumed that all members of a species act the same 
in the same environmental context. Revealing substantial 
individual differences in the learning paths, the present 
study, however, suggests that the perceptual apparatuses 
of members of a species vary.
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the chaotic search hypothesis. However, the oft-reported 
fluctuations in what information is exploited provide evi-
dence for Runeson’s hypothesis and question the idea that 
feedback guides a perceiver systematically to the more 
useful information. Hence, to settle this issue and, more 
generally, to develop a fully fledged theory of attunement, 
further research is required. The present study shows that 
in developing this theory, individual differences in the 
learning process need to be recognized. The variation in 
whether, when, and how perceivers respond to feedback 
appears to be ubiquitous.
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APPENDIX 
Properties of the Rods Used in the Feedback and Test Blocks

Length Diameter m M I1 I3  104

  Material  (m)  (m)  (kg)  (kg  m)  (kg  m2)  (kg  m2)

Feedback Rod Set 1

1 aluminum 0.60 0.010 0.127 0.038 0.015 0.016
2 aluminum 0.70 0.010 0.150 0.053 0.025 0.019
3 steel 0.30 0.010 0.173 0.026 0.005 0.022
4 steel 0.50 0.010 0.309 0.077 0.026 0.039
5 steel 0.70 0.010 0.432 0.151 0.071 0.054
6 wood 0.60 0.012 0.044 0.013 0.005 0.008
7 aluminum 0.60 0.014 0.249 0.075 0.030 0.061
8 aluminum 0.40 0.016 0.215 0.043 0.011 0.069
9 aluminum 0.70 0.016 0.384 0.135 0.063 0.123

10 aluminum 0.80 0.016 0.438 0.175 0.094 0.140
11 carbon 0.50 0.020 0.064 0.016 0.005 0.055
12 carbon 0.80 0.020 0.103 0.041 0.022 0.089

Feedback Rod Set 2

1 aluminum 0.50 0.010 0.105 0.026 0.009 0.013
2 steel 0.40 0.010 0.233 0.047 0.012 0.029
3 steel 0.60 0.010 0.371 0.111 0.045 0.046
4 aluminum 0.60 0.012 0.183 0.055 0.022 0.033
5 wood 0.50 0.012 0.038 0.010 0.003 0.007
6 wood 0.70 0.012 0.053 0.018 0.009 0.009
7 aluminum 0.70 0.014 0.284 0.099 0.046 0.069
8 aluminum 0.80 0.014 0.323 0.129 0.069 0.079
9 aluminum 0.30 0.016 0.164 0.025 0.005 0.053

10 aluminum 0.50 0.016 0.273 0.068 0.023 0.087
11 carbon 0.40 0.020 0.050 0.010 0.003 0.043
12 carbon 0.60 0.020 0.067 0.020 0.008 0.057

Test Rod Set

1 steel 0.61 0.008 0.232 0.071 0.029 0.080
2 steel 0.71 0.008 0.271 0.096 0.046 0.102
3 steel 0.81 0.008 0.309 0.125 0.068 0.114
4 wood 0.81 0.012 0.064 0.026 0.014 0.125
5 wood 1.01 0.012 0.080 0.040 0.027 0.136
6 steel 0.61 0.012 0.524 0.160 0.065 0.158
7 steel 0.71 0.012 0.610 0.217 0.102 0.094
8 aluminum 0.91 0.016 0.494 0.225 0.136 0.110
9 carbon 0.71 0.020 0.093 0.033 0.016 0.012

10 carbon 0.91 0.020 0.119 0.054 0.033 0.014
11 carbon 1.01 0.020 0.132 0.067 0.045 0.019
12 carbon 1.11 0.020 0.145 0.081 0.060 0.022
13 carbon 1.21 0.020 0.158 0.096 0.077 0.025

(Manuscript received April 2, 2008; 
revision accepted for publication July 10, 2008.)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


