
This article was downloaded by: [University of Chicago]
On: 05 December 2011, At: 10:32
Publisher: Psychology Press
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Journal of Cognition and
Development
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/hjcd20

It Is All Relative: How Young
Children Encode Extent
Sean Duffy, Janellen Huttenlocher & Susan Levine

Available online: 13 Nov 2009

To cite this article: Sean Duffy, Janellen Huttenlocher & Susan Levine (2005): It Is All
Relative: How Young Children Encode Extent, Journal of Cognition and Development,
6:1, 51-63

To link to this article:  http://dx.doi.org/10.1207/s15327647jcd0601_4

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be
independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.

http://www.tandfonline.com/loi/hjcd20
http://dx.doi.org/10.1207/s15327647jcd0601_4
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


It Is All Relative:
How Young Children Encode Extent

Sean Duffy
University of Michigan

Janellen Huttenlocher and Susan Levine
University of Chicago

Two experiments tested the ability of 4- and 8-year-old children to encode the extent
of a target dowel and later discriminate between the target and a foil having a novel
extent. By manipulating the heights of containers in which we presented the stimuli
we tested whether children used the relation between the dowels and containers for
encoding extent. We found that 8-year-olds encoded extent without relying on the re-
lation between the target dowel and container but 4-year-olds only encoded the extent
of the target dowel relative to the container. This early ability to encode extent rela-
tive to an aligned standard may serve as a perceptual basis for the developing ability
to measure.

This article investigates how young children encode and retain information about
the extent of a continuous quantity. The ability to determine extent underlies many
important cognitive functions recruited in a number of everyday tasks. For exam-
ple, identifying an object as one seen earlier or establishing the quantitative equiv-
alence in length, area, or volume of different objects requires the ability to encode
and represent continuous amount. Although a significant amount of research has
focused on the origins of discrete numerical quantification in infancy and early
childhood, much less is known about how infants and young children encode infor-
mation about continuous quantities.

Older children and adults encode and retain information about extent by impos-
ing a standard or measure such as a ruler or thumb-length on a target object. The
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extent of the object is encoded as a ratio or proportion of the standard, such as 3 in.
or ½ L. This relation may be used later to compare or discriminate different objects
that differ only in extent or to reconstruct the target amount. Piaget and his col-
leagues claimed that young children do not spontaneously impose standards on ob-
jects to measure (Piaget, Inhelder, & Szeminska, 1960). They argued that imposing
a standard requires an understanding of the logic of transitive inferences, a mental
operation that Piaget claimed emerges only in the school age years. Piaget there-
fore argued that infants and young children have a very limited capacity to encode
or retain metric information about an object’s spatial extent.

In contrast to Piaget’s claim, several more recent studies demonstrate sensitivity
to extent in infants and young children. Baillargeon (1991) found that infants as
youngas4monthsaresensitive toanoccludedobject’sheight. Infantshabituated toa
rotating drawbridge dishabituate when the drawbridge appears to pass through a
portion of a solid object, indicating that the infants encoded information about the
height of that object. Newcombe, Huttenlocher, and Learmonth (2000) showed that
6-month-olds remember the location of a hidden object in a long, narrow sandbox,
demonstrating an early ability to represent distance. Gao, Levine, and Huttenlocher
(2000) found that 6-month-old infants can discriminate between two identical con-
tainers holding different amounts of liquid, suggesting that infants were sensitive to
the difference in liquid volume. A variety of studies have also demonstrated sensitiv-
ity to extent among young children (i.e., Bryant, 1974; Miller, 1989; Miller &
Baillargeon, 1990). If Piaget’s analysis is correct and infants and young children
cannotmeasure, it isunclearhowtheyencodedextent in thestudiespreviouslycited.

One possible explanation for this early sensitivity to extent is that although in-
fants and young children do not impose standards on objects, they may use an
available aspect of a stimulus display as a standard to help encode the extent of a
target object. For example, in the infant studies previously cited, the target object
or extent was always aligned with another object that could serve as a standard ob-
ject, such as an occluding screen (Baillargeon, 1991), a sandbox (Newcombe et al.,
2000), or a glass container (Gao et al., 2000). It is possible that in the absence of
such an aligned object, infants and young children might be unable to encode and
retain information about extent.

Huttenlocher, Duffy, and Levine (2002) explored this possibility by presenting
infants and young children with objects in the presence or absence of aligned stan-
dards. Six-month-old infants were habituated to a target dowel either in isolation,
beside a gray wooden stick, or inside a glass container. Once habituated to the dis-
play, infants were alternately presented with the target dowel and a novel dowel
that differed only in height. Infants looked longer at the novel dowel when the tar-
get and novel dowel were presented either beside the gray stick or inside the con-
tainer. However, infants did not dishabituate to the novel dowel when the dowels
were presented without an accompanying standard. This finding suggests that in-
fants used the container or the gray stick to encode the extent of the dowels.
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Huttenlocher and colleagues (2002) also tested whether 2- and 4-year-old chil-
dren could encode the extent of a target dowel in the absence of an aligned standard
in a forced-choice discrimination task. As in the infant study, children were pre-
sented with a target stimulus, either alone or inside a container. This display was
removed, and children were required to discriminate between the target dowel and
a foil dowel that differed only in height. When the dowels were presented with ac-
companying standards, children successfully chose the target dowel in the discrim-
ination task. However, when the dowels were presented without a standard object,
2-year-old children, like infants, were unable to discriminate between the target
and the foil. In contrast, 4-year-old children, like adults, demonstrated an ability to
encode the target’s height in the absence of a standard.

Although the Huttenlocher and colleagues (2002) finding demonstrated that in-
fants and young children do not encode extent in the absence of an aligned stan-
dard object, the study did not address how children use such an object when one is
present. One possibility is that although infants and young children cannot impose
an external or mental standard on an object like adults, young children may auto-
matically encode the relation between the target object and the aligned standard. If
this hypothesis is correct, then changing the size of a standard between object com-
parisons should disrupt the ability to discriminate a target object from another ob-
ject that has a novel extent. Moreover, if children only encode the extent of an ob-
ject as a relation between the object and an aligned standard, children should be
misled into thinking that two objects that differ in extent but that have the same re-
lation to their accompanying standards are identical in extent.

Another possibility is that children do not use the standard to encode relative in-
formation but that the presence of a second object such as a container merely high-
lights or accentuates the extent of a target object. In such cases, children may im-
pose an external or mental standard on the target object like adults but only fail to
do so when an object is presented in isolation. If this hypothesis is true, then the ac-
tual size of the standard or its relation to the target object should not affect the abil-
ity to encode extent.

This study tests these two possibilities by exploring how 4- and 8-year-old chil-
dren use an available standard for encoding extent in two experiments that manipu-
late the relation between a target and an aligned standard. We chose these target
age groups because Huttenlocher and colleagues (2002) found that children begin
to encode extent in the absence of an aligned standard around 4 years of age and
exhibit mature measurement by 8 years of age (Piaget et al., 1960).

In both experiments, we presented children with trials consisting of two phases:
an initial target presentation in which children are presented with a dowel inside a
container and a choice task in which the children are shown the target and a foil and
must choose the original target. In two experimental conditions and a control con-
dition we test the hypothesis that young children rely on the relation between the
initial target and its container for discriminating the target from the foil in the
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choice task. The control condition is designed to replicate the container condition
in the initial study by Huttenlocher and colleagues (2002) using the dowel stimuli
used in this investigation. Critical to this study, the containers used in the initial tar-
get presentation and choice task are identical in height in this control condition.
However, in both experimental conditions, the two containers in the choice task are
the same height as each other but differ in extent from the container used in the tar-
get presentation. This switch in container sizes between the two phases of the ex-
periment changes the relative information in the display so that the target dowel in
the choice task no longer has the same relation to the changed container as the tar-
get dowel had to the container used in the initial target presentation. Encoding only
the initial relation between the target and container provides no information for
discriminating the target from the foil in the choice task.

However, the critical manipulation in the experimental conditions concerns the
relation between the changed container and the foil dowel. In the relative foil con-
dition, the change in container size between the two phases of the experiment is de-
signed so that the foil dowel occupies the same proportion of the new container as
the target had in the original container (see Figure 1). If children only encode the
relation between the target and the container in the initial phase of the trial, they
should mistake this “relative foil” for the target dowel and thus the proportion of
trials in which children choose the target should be significantly below chance.
However, such performance does exclude the possibility that children can encode
extent without relying on relative information but may be drawn to choosing the
foil because it may appear more perceptually similar to the initial target or that
children may have misunderstood the task demands. To eliminate this possibility
we introduce the unrelated foil condition in Experiment 2. In this condition, the
foil dowel does not have the same relation or extent as the target in the initial phase
of the trial (see Figure 1). Because in this condition neither target nor foil have the
same relation to the changed container that the target had in the initial display, chil-
dren should exhibit chance performance at discriminating the target from the unre-
lated foil if they only encoded the relation between the initial target and container.
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FIGURE 1 Sample schematic trials of the three conditions used in this study.
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In the first experiment, we test 4-year-old children in the relative foil condition
and in the control condition and in the second experiment we test 4- and 8-year-old
children in the relative foil and the unrelated foil conditions.

EXPERIMENT 1

In Experiment 1, 4-year-old children were tested in two within-subjects conditions:
the control condition and the relative foil condition previously described. The con-
trol condition was included to replicate Huttenlocher and colleagues’(2002) finding
with the dowel stimuli used in this study and to determine whether children’s perfor-
mance is above chance when relative information remains consistent between the
initial target presentation and choice task. If children encode only the relation be-
tween the target and container and use that relation to determine which of the two
choice dowels shares the same absolute extent as the target then children should per-
form below chance in the relative foil condition and above chance in the control con-
dition. If children do not rely on the container as a standard but use some other strat-
egy such as imposing an external standard on the target, performance should be
identical in the two conditions. Note that both conditions use the same dowel stimuli
permitting a direct comparison of performance between the two conditions. The
only physical difference between the two conditions is whether the target and choice
containers are the same size or are different sizes.

Participants

Twenty 4-year-old children (10 boys and 10 girls) participated in Experiment 1.
The mean age of the children was 50 months (range = 42–54 months). Children
were tested at the University of Chicago Laboratory School and were given stick-
ers for their participation.

Materials

Two different sizes of glass containers (ungraduated cylinders without bases) were
used: The shorter containers were 13 cm high and the taller containers were 18 cm
high, both were 3.5 cm in diameter. The target stimuli were wooden dowels that
varied in height; each had a diameter of 3.3 cm. The heights of the dowels con-
sisted of five proportions of each container. For example, for Trial 3, one dowel had
a height of 6.5 cm (one half the height of the small container) and the other had a
height of 9 cm (one half the height of the large container). The five proportions of
each container result in five distinct stimulus combinations that were used as target
and foil stimuli in the trials in each condition. The heights of the stimulus pairs are
provided in Table 1.
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Stimuli were presented on a small stage. The base of the stage measured 12 × 24
in. (30.5 × 61 cm) and stood 24 in. (61 cm) from the ground. The back of the stage
was 20 in. (51 cm) high; black felt covered the back and base of the stage and was
draped to diminish the salience of the edges.

Design and Procedure

Experimental trials consisted of two parts: an initial target presentation of a target
stimuli inside a container and a choice task in which the child had to discriminate
the target dowel from a foil dowel, both of which are presented inside containers.
Each child was tested in the control condition and the relative foil condition, each
condition consisted of 5 trials. In the control condition, the containers used in the
initial target presentation and choice task were identical in height; in the relative
foil condition, the containers used in the initial target presentation differed in
height from the choice task containers by 5 cm; however the two choice task con-
tainers were identical to each other. This manipulation resulted in a stimulus set for
which the foil dowel had the same relation to the changed container as the target
had in the initial container. Each participant discriminated the same 5 stimuli com-
binations twice: once in the control condition and once in the relative foil condi-
tion. However, we counterbalanced which of the two dowels served as the target or
the foil within each subject so that if a child saw the taller dowel as a target in the
control condition, they would see the shorter dowel as a target in the relative foil
condition. Likewise, the size of the containers were counterbalanced so that in half
of the relative foil trials the taller container was used in the initial target presenta-
tion and the shorter container in the choice task and the change in size of the con-
tainers reversed on the remaining trials. One trial (Stimulus Set 5) could not be
counterbalanced this way and was presented in the same manner for all children.
For this stimulus set, the target stimulus was always the short dowel in the small
container because counterbalancing the change in container size on this trial would
result in a choice task in which the target dowel would be taller than the shorter
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TABLE 1
Stimuli Dimensions for Experiments 1 and 2

Stimulus Set Smaller Dowel Stimuli Larger Dowel Stimuli

1 1.6 2.3
2 4.3 5.9
3 6.5 9.0
4 8.6 11.0
5a 11.4 15.8

aSee note in the design and procedure sections for Experiments 1 and 2 re-
garding counterbalancing for this trial.
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container. Trials were presented in two pseudorandomized orders where container
height (short container in initial target presentation; tall container in discrimination
task and vice versa) was yoked.

Participants were led into a quiet room adjoining their classrooms and were
asked to hold a stuffed-animal dog. The experimenter stood behind the stage facing
the child. Participants were told

We’re going to play a little game with my dog Toby. Do you know how dogs
like to hide bones? Well, Toby hides his bones underneath these toy blocks.
Then he puts the block in one of my glasses. [Experimenter manipulates the
animal so it appears to put a block in a container then shows the participant
the bone through the bottom of the container.] Sometimes I like to trick
Toby, so when he isn’t looking I put his block in a different glass. [Experi-
menter places block from the original container to the novel container].
Now, your job is to help Toby find his bone. You need to remember the exact
size of the block where he hid his bone. When I show you these two glasses
[Experimenter presents the target block and a foil in the novel-sized contain-
ers]. I want you to point to the block where Toby hid his bone. Remember,
you have to point to the block that is the same exact size as the one where
Toby hid his bone.

Children were asked to repeat the story to verify its comprehension.
Two practice trials were given using stimulus sizes that were not used in the ex-

periment. On each trial, the experimenter placed a dowel in a container on the stage
for 7 sec and said, “This is the one where Toby hid his bone.” The target was then
removed and after a delay the target and foil were presented. The experimenter
then said, “Now point to the block where Toby hid his bone.” After the child
pointed, the experimenter lifted the container to reveal the hidden bone. After these
two trials the actual experiment began. Test trials were identical to the practice tri-
als with the exception that the correct choice was not revealed.

Results and Discussion

A response was coded as correct if the child pointed to the dowel with the same
extent as the target. An arcsin transformation was performed on proportion cor-
rect scores for each child in each condition. A split-plot analysis of variance
(ANOVA) was performed with sex and order as between-subject factors and
condition as a within-subjects factor. This analysis yielded a significant main ef-
fect of condition, F(1, 16) = 53.95, p < .001, with no other significant effects or
interactions. The main effect of condition reflected significantly lower perfor-
mance between the relative foil and control conditions. However, the critical
analysis is the comparison of performance to chance (.50). In the control condi-
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tion, the proportion (and standard error) of trials where children correctly chose
the target was .82 (.038), which is significantly greater than chance, t(19) = 9.2,
p < .001. In the relative foil condition, the proportion of correct responses was
.34 (.043), which is significantly less than chance, t(19) = – 3.65, p < .01.

If children did not use the initial relation between the target and container in the
encoding phase of the test trial, performance in the choice task should have been
identical in both conditions, as children discriminated between the same target and
foil dowels. The significant difference in performance between conditions sug-
gests that in both conditions, children used the initial relation between the target
and container to identify the target from the foil in the choice task. However, al-
though using the relation in the control condition resulted in correct responses in
the discrimination task, using this initial relation in the relative foil condition re-
sulted in incorrect responses in the discrimination task.

If the target’s extent is encoded only relative to the container, and only the rela-
tion is used to discriminate the target from the foil, it follows that performance in
the two conditions should be symmetric with respect to chance. However, we
found that children correctly choose the target in the control condition more often
than they incorrectly choose the foil in the relative foil condition. The difference
between performance in the control condition (.82) and the additive complement
of performance in the relative foil condition (.66) is significant, t(19) = 3.43, p <
.01. One possible explanation for this finding is that children can encode extent
without relying on the relation encoded in the initial display but are unable to in-
hibit choosing the relative foil in the discrimination task due to its perceptual simi-
larity to the target in the initial display. Children may misunderstand the task and
choose the relative foil even though the task explicitly asks children to choose the
dowel that has the same extent. A second possibility is that the control condition is
conceptually simpler than the relative foil condition. Because the correct choice
has the same relation to the container as the target in the initial display in the con-
trol condition, choosing the target dowel does not involve the additional step of in-
hibiting the relation encoded in the initial portion of the test trial.

To address these possibilities and provide a stronger test of the hypothesis that
children use only the relation between the initial target and container to later dis-
criminate the target from a foil, Experiment 2 introduces the ’unrelated foil’ condi-
tion in which using the relation established in the initial display would lead to
chance performance in the discrimination task. If children encode information
about the extent of the target without relying on the relation established from the
initial display, they should exhibit above-chance performance at choosing the tar-
get in the unrelated foil condition. However, if children do rely on the relation to
encode extent, children’s performance should be at chance in this condition as nei-
ther the target nor the foil has the same relation to the new container as the relation
between the target and container in the initial display.
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EXPERIMENT 2

In Experiment 2, we tested 4- and 8-year-olds to determine whether children be-
fore and after the emergence of conventional measurement skills are equally influ-
enced by the relative information provided by an available standard. Both age
groups were tested with the relative foil condition introduced in Experiment 1 and
the unrelated foil condition shown in Figure 1.

Participants

Forty children (20 boys and 20 girls) participated in Experiment 2. There were two
age groups: twenty 4-year-olds (M = 49 months; range = 45–52) and twenty
8-year-olds (M = 98 months; range = 94–104). Children were tested at the Univer-
sity of Chicago Laboratory School and were given stickers for their participation.

Materials and Apparatus

The materials and apparatus were identical to Experiment 1.

Design and Procedure

Children were tested with the two within-subjects conditions (the relative foil and
unrelated foil conditions), each consisting of five trials. The trials in the unrelated
foil condition were created by using the same dowel stimuli as were used in the rel-
ative foil trials but using the smaller set of dowels in the larger containers and vice
versa. This manipulation disrupted the relation between the foil and the changed
containers so that neither the target nor the foil shared the same relation to the
changed container as the target in the initial container. The procedure and cover
story were identical to that used in the relative foil condition. In the unrelated foil
condition, a modification of Stimulus Set 5 was necessary as the 15.75 cm dowel
was taller than the shorter container. In this stimulus set, the foil was a 7 cm tall
dowel that had the same difference in extent between the target and foil (4.4 cm) as
the difference between the target and foil in the relative foil condition. This trial
was always conducted with the taller container in the encoding portion and the
shorter containers in the discrimination portion of the test trial.

Results and Discussion

For the ANOVA an arcsin transformation was performed on the proportion of cor-
rect scores for each child in each condition. A split plot ANOVA was performed
with age, order, and sex as between-subject factors and condition (relative foil and
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unrelated foil) as the within-subjects factor. There was a significant main effect of
age, F(1, 32) = 61.49, p < .001, with 8-years-olds significantly outperforming
4-year-olds. In addition, there was a significant interaction between age and condi-
tion, F(1, 32) = 54.23, p < .001, such that there was a difference in performance be-
tween the two conditions for the 4-year-olds but there was no difference in perfor-
mance between conditions for the 8-year-olds. There were no other significant
effects or interactions.

As in Experiment 1, the critical analysis is children’s performance compared
with chance (.50). For the 4-year-olds, proportion of trials where the child chose
the target in the relative foil condition was .33 (.04), which is significantly less than
chance, t(19) = – 4.07, p < .001. Performance in this condition therefore replicated
the performance of children in the relative foil condition of Experiment 1. How-
ever, in the unrelated foil condition, the proportion of trials in which children chose
the target was .56 (.05), which does not differ significantly from chance, t(19) =
1.33, p > .15. This demonstrates that when neither the target nor the foil share the
same relation to the new container as the target and the original container,
4-year-old children do not discriminate the target from the foil.

In contrast to the 4-year-olds, 8-year-olds performed well above chance in both
conditions; in the relative foil condition, performance at choosing the target was
.82 (.04), t(19) = 9.20, p < .001, and for unrelated foil condition performance was
.78 (.04), t(19) = 8.06, p < .001. Thus, 8-year-olds did not rely only on the relation
between the target dowel and the container for discriminating the target from the
foil in the discrimination task. Rather, these children may impose an external or
mental standard on the target dowel. The 8-year-olds’ performance on this task
may be attributable to understanding the conventions and logic of measurement, as
by the age of eight most children have been exposed to discrete unit measurement
techniques in school or at home. In addition, their ability to ignore the misleading
relative information may also be attributable to a more domain-general shift in
cognitive style, an issue we return to in the discussion.

These findings address the issue of the asymmetric performance between the
two conditions in Experiment 1. Because the unrelated foil does not maintain the
same relation to the changed container as the initial target in the original container,
there should be no bias toward choosing the foil stimulus based on its perceptual
similarity to the target. Hence, if children could impose a mental or external stan-
dard on the target, they would not choose the foil in the unrelated foil condition but
exhibit above-chance performance. The fact that the 4-year-olds’performance is at
chance suggests that young children are not imposing an external or mental stan-
dard and that the relation between the initial target and container is crucial for suc-
cessfully discriminating the target from the foil. The asymmetric performance ob-
served in Experiment 1 may be related to the conceptual simplicity of the control
condition compared to the conceptual difficulty of inhibiting the initial relation in
the relative foil condition.
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GENERAL DISCUSSION

Prior work has shown that young children can encode the extent of a continuous
quantity earlier than they acquire conventional measurement skills. However, no
study has directly addressed the mechanism by which young children encode ex-
tent. The two experiments reported here support the hypothesis that 4-year-old
children rely on the relation between a target object and a perceptually available
standard object to encode extent.

The early ability to encode an object’s extent may resemble conventional mea-
surement in that both require encoding extent relative to a standard object. Yet,
there are important differences between relative encoding of extent and mature dis-
crete-unit measurement. A critical aspect of the ability to use conventional mea-
surement is an understanding that the size of the standard must remain constant
across target comparisons. We found that children can encode the extent of a target
when the standard’s extent remains constant across encoding and discrimination
portions of the test trial. Under such conditions, encoding the relation between a
target object and a perceptually available standard is sufficient for discriminating
one object from another that differs in extent. When the extent of the standard ob-
ject is changed, children no longer successfully retain information about an ob-
ject’s extent. However, the errors that children make are not random: 4-year-olds
chose the foil dowel with the wrong extent but the same relation to the new con-
tainer as the target had in the initial display. This reliance on relative information
also explains why 4-year-olds perform at chance when neither target nor foil has
the same relation as the target in the initial display.

These findings suggest that young children do not encode information about an
object’s absolute extent, only the relation between an object’s absolute extent and
the absolute extent of an available standard. However, by the age of 8 years, chil-
dren no longer rely solely on the relation provided by an available standard and can
ignore misleading relative information provided by an available standard. It is pos-
sible that their understanding of measurement allows them to impose a mental or
external standard on the initial target dowel.

Huttenlocher and colleagues (2002) found that the ability to determine extent in
the absence of a standard begins to emerge around the age of four. However, the
4-year-olds in this study still only relied on the initial relation between the dowel
and container. This discrepancy may reflect the fragile nature of the emerging abil-
ity to ignore relative information provided by an aligned standard object. In the ab-
sence of such an object, 4-year-olds may be able to encode extent by imposing a
standard on the target. However, in the presence of an aligned standard, children
may rely on an earlier strategy of automatically encoding extent relative to this
standard. One possible explanation for this phenomenon is that younger children
tend to be influenced by contextual information to a greater extent than older chil-
dren or adults. Witkin (1962) demonstrated this phenomenon using a variety of
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tests such as the rod-in-frame task showing that young children are field-depend-
ent in cognitive style and that over the course of development become increasingly
field-independent. If the containers are perceived as the target’s context, it may be
more difficult for children to ignore this relative information provided by the stan-
dard even though they have the cognitive capacity to impose an external standard
on the target.

Adults also rely on the more primitive strategy of encoding extent relative to an
available standard but only under perceptually impoverished conditions. Rock and
Ebenholtz (1959) demonstrated that adults are influenced by misleading relative
information in estimating the absolute extent of a line in an experimental task
where participants saw a 3 in. target line in a 9 in. rectangular frame. The partici-
pant reproduced the absolute length of the line in a 27 in. frame. The task was con-
ducted with luminous lines and frames in a darkened room to control for the influ-
ence of other possible external cues. Rock and Ebenholtz (1959) found that the
mean response was around 6 in., indicating that the relation between the target line
and frame influenced participants’ judgment of the absolute extent of the line.

The finding of this research may help to explain early success on tasks in which
infants and children encode the extent of continuous quantities such as length, dis-
tance, or volume. In these studies it is generally the case that the target object was
aligned with a second object that could be used to establish the relative extent be-
tween the object and part of the stimulus display. In addition, the presence of such
standards may explain the discrepancy between the Piaget and colleagues (1960)
claimed that measurement emerges in the school age years and later findings of in-
fant sensitivity to extent. The Piaget and colleagues (1960) finding of late emerg-
ing sensitivity to extent occurred in a condition in which a standard was neither
present nor aligned with the target but required the child to physically impose the
standard on the target object.

The results of this study may also have implications for studies in other domains
of quantification. Most studies that explore infant and young children’s under-
standing of discrete number do not control for the fact that changes in discrete
number covary with changes in continuous amount (Clearfield & Mix, 1999). It is
possible that infants and young children rely on a continuous variable such as area
to encode changes in amount on tasks that test discrete number knowledge.
Changing the discrete number of objects on an array also changes the relation be-
tween the amount of ’object’and the amount of ’array’ in the display, and it may be
this change in relation, rather than a change in number, that infants and young chil-
dren use to discriminate changes in set size. Future work on early number knowl-
edge should control for this confound by carefully controlling for the relation be-
tween the objects and the array across changes in discrete number.

Learning to impose a standard that is neither perceptually present nor aligned
may be the conceptual challenge for the development of conventional measure-
ment techniques (Nunes & Bryant, 1996). Encoding extent relative to an available,
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aligned standard may be an ontogenetically primitive skill that leads to the mature
ability to measure. The conceptual challenge for the emergence of measurement
skills may originate in a shift in strategy from relying on standards obtained from
the immediate perceptual environment to imposing external standards (such as rul-
ers) on a target extent.
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