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In the present paper we investigated the development of the ability to reproduce ex-
tent in elementary school students. Children were shown atarget linein aframe and
were asked to reconstruct the line in a frame of a different size. One experimental
condition involved reproducing absolute extent, i.e., drawing a line that would be
equal in length to the target line. The other condition involved reproducing relative
extent; drawing aline that would preserve the rel ation between the target line and the
frame. We found that in both conditions the length of the target and itsrelation to the
frame affected children’s responses. Yet, older children (7—9-year-olds) showed dis-
tinctive response patterns in the two conditions, indicating differentiation between
absolute and relative extent. Whereas the performance of 5-year-oldsin reproducing
relative extent was similar to that of older children, their reproduction of absolute ex-
tent reflected a compromise between the use of absolute and relative cues. These
findings extend the results of prior work suggesting an early advantage in the ability
to use relative rather than absolute extent.

The ability to use information about extent (distance or length) is an essential as-
pect of spatial reasoning. In everyday life, we are confronted with situations that
call on this ability. For example, locating points in the environment that are not
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2 VASILYEVA, DUFFY, HUTTENLOCHER

adjacent to prominent landmarks requires reasoning about distance. Comparing
objects often involves considering their lengths. The development of the ability to
use distance and length has generated substantial interest among psychologists
(Bryant, 1974; Liben & Downs, 1989; Miller & Baillargeon, 1990; Newcombe,
Huttenlocher, & Learmonth, 1999; Piaget & Inhelder, 1948/1967). The present pa-
per extends existing work by investigating the development of two critical facets
of thisability. In particular, we examine the use of relative extent, which isdefined
intermsof relation to perceptual context and absol ute extent that isindependent of
the perceptual context.

Some spatial tasksrequirethe use of relative extent information. For example, if
one hasto cut apiece of paper that isonethird of alength of asheet, one must focus
on the relation between the small piece and the larger sheet. In thistask, the result
isexpected to vary with the size of the sheet. Other tasksrequire making judgments
based on absol ute extent. For example, if one hasto cut a piece of paper of agiven
length from alarger sheet, then the size of that sheet isirrelevant. It isimportant to
develop an ahility to distinguish between relative and absolute extent and to use
them flexibly in appropriate situations. That is, one needsto be ableto either incor-
porate or ignore spatial context depending on the nature of the task. The present
study explored devel opmental changesin this ability by examining children’s per-
formance on tasks that required the use of relative versus absolute extent.

In early research on spatial development, thefocushad been on general difficul-
ties of using distance and length by young children rather than on their ability to
distinguish between absol ute and relative extent. It has been argued that the use of
distance and length cues emerges around 7-8 years of age (Piaget & Inhelder,
1948/1967; Piaget, Inhelder, & Szeminska, 1960). Later work has suggested that
the ability to code extent arose much earlier (Hermer & Spelke, 1996;
Huttenlocher, Newcombe, & Sandberg, 1994; Miller & Baillargeon, 1990). For
example, it has been shown that infants who repeatedly observed an object being
hidden in acertain location in abox looked longer when the object emerged froma
new location (Newcombe et al., 1999). In this study, the hidden object was placed
away from the edges of the box or any landmarks so children had to rely specifi-
cally on distanceinformation. Using ahabituation paradigm, researchershave also
shown that infants displayed sensitivity to the height of liquid presented in aglass
container (Gao, Levine, & Huttenlocher, 2000).

A closer look at the studies demonstrating early extent coding reveals a com-
mon feature that could be critical to children’s successful performance. These
studiestypically present children with an object that is contained within avery sa-
lient frame of reference, such as a sandbox or a container. The presence of such
frames may help children solve the task by allowing them to code an object’sloca
tion and size using relative information. For example, the object may be coded as
located about a third of a way from the left edge of the box or as taking up two
thirds of acontainer. Although it may seem that thiskind of coding may bedifficult
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(sinceit requires considering rel ations between distances or lengths), thereisaccu-
mulating evidence suggesting that children may use relative coding before they
can use absolute coding (Bryant, 1974; Duffy, Huttenlocher, & Levine, 20053).

Indeed, recent studies have indicated that infants may rely on relative informa-
tion to judge extent. In one study, following habituation to atarget object, infants
looked longer at anovel object that differed from the target in height when the ob-
jects were presented in containers (Huttenlocher, Duffy, & Levine, 2002). Infants
did not look longer at anovel object when both objectswere presented alone, with-
out asalient frame of reference. Further work examined more closely the mecha
nisms underlying early extent coding by pitting absolute size against relative size
(Duffy, Huttenlocher, Levine, & Duffy, 2005b). Infants who were habituated to a
dowel, which was one-third the height of a container, looked longer at the same
dowel presented in a different container, apparently because the size relation be-
tween the dowel and container changed, even though the absol ute size of the dowel
remained constant. These findings suggest that infants may encode extent only rel-
ative to a surrounding frame.

An important question arising from the findings with infantsis at what point in
development children can encode extent without relying upon relative information
provided by asalient frame of reference? To examine the use of absolute extent in
older children, Duffy et al. (2005a) conducted a study with 4- and 8-year-olds. In
the study, children had to decide which of two choice dowels was exactly the same
height asatarget dowel. The target dowel was presented in acontainer of aparticu-
lar height, and the choice dowels were presented in containers of another height.
Note that the task of identifying the dowel identical to the target called for the use
of absolute information (disregarding the size of the container). The results dif-
fered for the two age groups. Four-year-olds did not choose the dowel of the same
height asthetarget. I nstead, they tended to choose the dowel that had the same pro-
portional relation to the container asthe target had to its container. Eight-year-olds
were ableto identify the dowel identical to the target even though it was presented
in adifferent size container. Their successful performance in the presence of mis-
leading relative information suggests that they encoded extent without relying on
the relation between the dowel and the container.

To summarize, the review of recent work suggests that the initial coding of ex-
tent takes advantage of relational cues. Rather than using absolute and relative ex-
tent flexibly depending on which oneiscalled for by agiven task, preschoolers ap-
pear to rely on relative information. In contrast, the performance of 8-year-olds
shows evidence of their reliance on absol ute information, suggesting that this abil -
ity emerges at some point during early school years. However, there is a lack of
systematic research in this age range. The developmental course of the ability to
use absol ute extent remains to be specified. Furthermore, even when children start
using absolute extent, it remains to be determined how the level of their perfor-
mance on “absolute” tasks comparesto thelevel of performance ontasksinvolving

20

25

30

35

40



10

15

20

25

30

35

40

4 VASILYEVA, DUFFY, HUTTENLOCHER

the use of relativeinformation. The present study aimstofill thegap in existing re-
search by investigating developmental changesin the use of absolute and relative
extent between 5 and 9 years of age.

In designing this study, we took into account several limitations of prior work
on children’s extent coding. Many previous studies used methodologies that al-
lowed only for a coarse-grained analysis of responses. For example, in the forced
choi ce paradigm the dependent variableiswhether the child choosesthe correct al-
ternative (Duffy et a., 2005a; Huttenlocher et al., 2002; Jeong, 2003). Thus, chil-
dren’s performance can only be compared to chance, limiting the types of conclu-
sionsthat can be drawn about the relation between absolute and relative coding. In
other choice tasks pitting absolute against relative size, children often can make
crude relative judgments by identifying a stimulus as being “larger” or “smaller”
than another one (Bryant, 1974; Spinillo & Bryant, 1991). Thus, discrimination
tasks do not provide detailed information about the magnitude of children’s errors
or factors affecting their accuracy.

Several studiesthat established an early emergence of extent coding used meth-
odologies that do not allow usto determine whether children relied on absolute or
relative information, or both, to solve the task. In these studies, children judged or
reproduced object location within the same frame of reference in which the object
was originally placed (e.g., Huttenlocher et a., 1994; Newcombe et al., 1999).
However, in order to distinguish between the uses of absolute and relative coding,
one must vary the frame of reference. If children code relative extent, their re-
sponses should vary systematically with the frame of reference, but if they code
absolute extent, their responses should not be as strongly affected by the frame
change. Finaly, to explore the relation between absolute and relative strategies, it
isessential to use parallel tasks that call for either absolute or relative coding. Ex-
isting research does not allow for a direct comparison of performance across the
two domains since the studiesfocusing on either relative or absolute coding vary in
their designs.

The present study addressed the limitations of prior work by examining chil-
dren’s performance on parallel tasks that involved reproducing absolute or relative
extent. In our reproduction task, children were presented with a target line in a
frame and were asked to reconstruct the line in aframe of a different size. In one
experimental condition (“Absolute length”), children were instructed to draw a
line that was equal in length to the target line. In the other condition (“Relative
length”), children were instructed to reproduce the relation between the line and
the frame that they had originally seen. We examined children’s performance to
determine how absolute cues (the line length) and relative cues (the relation be-
tween the line and the frame) affected their performance in each condition. Given
thereliance of infants and preschoolers on rel ative extent, we were particularly in-
terested in exploring the effects of relative cues on the performance of our partici-
pantswho varied inagefrom 5 and 9 years. Using areproduction task allowed usto
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quantify the effect of relativeinformation on reproducing absolute and relative ex-
tent and to compare this effect across age groups.

METHOD

Participants

The participants were recruited from elementary schools in the greater Chicago
area. All participating schools served predominantly middle-class families. The
sample included 36 five-year-olds (16 girls, 20 boys, mean age 65 months, age
range 60—69 months), 39 seven-year-olds (20 girls, 19 boys, mean age 90 months,
age range 84-95 months), and 39 nine-year-olds ( 21 girls, 18 boys, mean age 114
months, age range 108-121 months).

Materials

The stimuli were presented ona 17" screen of alaptop computer. On each trial, the
child first saw arectangular frame (henceforth referred to as* original frame') with
alineinsideit, asshownin Figure 1. Theline was always attached to the bottom of
the frame and extended vertically. These stimuli appeared on the screen for 5 sec
and then disappeared. Following a 3 sec delay during which the screen was blank,
the child saw anew rectangular frame (henceforth referred to as‘ response frame')
without any lineinsideit. The positions of the frames on the screen were generated
randomly with the restriction that the original and response frames could not oc-
cupy the same position on any giventrial. The child’'stask wasto draw alineinside
the response frame by pressing the marked keys on the computer keyboard. One

Original frame Response frame

FIGURE 1 An example of experimental stimuli.
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6 VASILYEVA, DUFFY, HUTTENLOCHER

key was marked with an upward arrow and was used to increase the size of theline.
When the child first pressed this key, the line grew upward originating at the bot-
tom of theresponse frame. The other key was marked with adownward arrow and
was used to decrease the size of the ling, if the child needed to adjust his or her
response.

The rectangular frames had a constant width, 30 pixels, but varied in length.
Fivedifferent framelengthswere used, i.e. 144, 216, 288, 360, and 432 pixels. The
linesthat were drawn within the original frame also varied in length; they were 72,
144 or 216 pixels. Since crossing these three line lengths with all possible combi-
nations of original and response frames would result in too many trials for chil-
dren, we selected a subset of thesetrialsfor the present study. In the subset, wein-
cluded all trials that had the middie-size frame, 288 pixels-long, as the original
frame. Thisallowed usto have response frames that were either smaller or greater
than the original frame and at the same time equidistant from the original. Thus,
two response frames (144, 216) were smaller than the origina frame and two re-
sponse frames (360, 432) were greater than the original frame. We also used are-
sponse frame (288) that was the same as the original one. These five combinations
of frame sizeswere crossed with threelinelengths. One of the combinations (from
288-144 pixel frame) could not be used with a216 pixel line because the line was
bigger than theresponse frame. Therefore, thistrial waseliminated, resultingin 14
maintrials. In addition, werandomly selected 8-filler trialsfrom remaining combi-
nations of frame sizes and line lengths. We included them so that children did not
always see the 288-pixel frame asthe original. All 22 trials used in the experiment
arelisted in Table 1.

Procedure

In every participating classroom, students of each gender were randomly assigned
to either Absolute or Relative condition. It was not practical to test conditions
within subject because thiswould have resulted in alarge number of trials making
thetask long and tiring for children. In each condition, children received five prac-
tice trials in which they were familiarized with the procedure followed by 22 ex-
perimental trials. The computer program administering thetest generated the order
of experimental trialsrandomly. The child was seated in front of the computer. The
experimenter who sat near the child introduced the procedure, carried out the dem-
onstration and practice trials, and monitored the child during the experiment.
Children in the Absolute condition were told, “You will see a box with a stick
insideit. Then it will disappear and you will see a new box. Sometimes that new
box will be the same asthefirst one and sometimesit will be different. Your jobis
to draw the same stick as you just saw.” Following this introduction, five practice
trials were administered. On the first practice trial, the experimenter showed the
child how to use the two marked keys “to make the stick bigger or smaller.” On
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TABLE 1
Combinations of Frame Sizes and Line Lengths Presented to Children; All
Sizes Provided in Pixels (32 Pixels =1 cm)

Original Frame Response Frame Original Line
Maintrids 288 144 72
288 216 72
288 288 72
288 360 72
288 432 72
288 144 144
288 216 144
288 288 144
288 360 144
288 432 144
288 216 216
288 288 216
288 360 216
288 432 216
Filler trials 144 216 144
144 288 72
216 144 72
216 288 72
360 288 216
360 432 144
432 288 216
432 360 216

each practicetrial, the child first saw the original framewith aline, and thenthere-
sponse frame. When the child finished producing the response line, the experi-
menter pressed the ‘Return’ key and the space bar, which brought the origina
stimulus back. The experimenter encouraged the child to compare the line in the
origina framewith theresponseline. If thelineswere noticeably different, the ex-
perimenter helped the child adjust the response stick to make it like the target. All
children provided evidence of understanding the procedure by the end of the prac-
ticetrials. Following the practice trials, the experimental trials were administered.
They were essentially parallel to the practice trias, except that no feedback was
provided. That is, after the child finished drawing the line, the experimenter said,
“OK, now you will see another box with a stick. Look carefully. Remember, you
will need to draw the same line in the new box,” and proceeded to the next trial.
Inthe Relative condition, the experimental procedure was similar except for the
instructionsthe children received. They weretold, “ You will see abox with astick
inside it. Then it will disappear and you will see a new box. Sometimes that new
box will be the same asthefirst one and sometimesit will be different. Your jobis
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to draw the stick so that it will take up the same part of the box asin the picturethat
you just saw.” During the practice trials, the experimenter further explained the
meaning of this instruction. When the child was done drawing a line in the re-
sponseframe, the experimenter pressed the key bringing the original stimulus back
to the screen. The experimenter encouraged the child to compare the original
line-and-frame stimulus with the response. If needed, the experimenter helped the
child adjust the response stick so that the response line had the samerelative length
asthetarget. Asfor the Absolute condition, all children provided evidence of un-
derstanding the procedure by the end of the practice trials, and the practice trials
werefollowed by the experimental trialsinwhich children received no feedback.

RESULTS

Below we present aset of analysesin which children’s performance was examined
acrosstwo experimental conditions. First, we analyzed thelength of responselines
to determine whether responses in each condition varied with the length of the tar-
get and whether they wereinfluenced by the frame size. Next, we examined the ac-
curacy of children’s performance, using areproduction task allowed usto directly
measure how far the responses of each age group deviated from the correct abso-
lute and relative response. Combined data from these analyses provided a compre-
hensive picture of developmental changes in children’s ability to reproduce abso-
lute and relative length.

Examining the Length of Response Lines: Effects
of Stimuli Characteristics

The statistical analyses focused on children’s performance on the main trials on
which the original frame was 288 pixels-long whereas response frames varied in
length, as described in Table 1. An analysis of variance (ANOVA) was conducted
with response length as the dependent variable and with four independent vari-
ables; two between-subject factors (child’'s age and experimental condition) and
two within-subject factors (target length and frame change). In reporting the re-
sults, we should first point out that age did not systematically affect response
length, producing no main effect or interactions, all p’'s> .05. The factorsthat did
show main effects were target length, F(2, 216) = 750.07, and frame change, F(4,
432) = 233.51, both p's < .05. To explore the nature of these effects, we conducted
pair-wise comparisons using the L east Significant Difference (L SD) method. This
analysisindicated that the average responses for all three-target lengths were dif-
ferent from one another, p's < .05; longer target lines corresponded to longer re-
sponse lines. Also, the average responses for each type of frame change differed
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from one another, p’s< .05; theincreasein frame size led to longer response lines
whereas the decrease in frame size led to shorter response lines.

In addition to main effects of target length and frame change, therewas asignif-
icant interaction between these factors, F(8, 864) = 16.28, p < .05. Simple effect
testswere conducted to compare the effects of frame change for each target length.
We found that frame change had a greater effect on children’s responses with
larger targets (144, 216 pixels) than with the smallest target (72 pixels). Spe-
cifically, in all comparisons involving larger targets, average responses for differ-
ent types of frame change were significantly different from one another, p’'s < .05.
However, when the target was 72 pixels-long, significant differenceswere not seen
in al comparisons; there was no difference between the two types of frame de-
crease (288-144 and 288-216), p > .05.

The above results indicate that in reproducing aline, children are sensitive to
the length of that line and, at the sametime, areinfluenced by the context in which
thelineis presented. Note that the effect of frame changeis generally indicative of
relative coding; an accurate response in the Absol ute condition should reflect only
thetarget length and not the frame size. If wefind that the effect of frameis compa-
rable across conditions, it would suggest that regardless of whether children are
asked to reproduce absol ute or relative length, they carry out the same type of pro-
cessing. A critical question then becomes whether there are any differencesin the
pattern of performance across the two conditions. Indeed, we found that condition
interacted with frame change, F(4, 432) =42.18, p<.05, asillustrated in Figure 2.

Simple effect tests showed that in the Relative condition, responses produced
with different types of frame change were all significantly different from one an-
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FIGURE 2 Average response length in the two conditions as a function of frame change.
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other, p’s<.05. In contrast, in the Absolute condition only the two extreme cases
of frame change (288-144 and 288—432) produced responses significantly differ-
ent from each other and from the no-change trials (288-288), p's < .05. The ef-
fect-size statistics (partial eta-squared) indicated that in the Relative condition,
frame change accounted for alarge proportion of the variance in response length,
%2 = .81, whereas in the Absol ute condition, it accounted for a smaller proportion
of thevariance, 2,2 = .45. Thus, although frame change affected responselengthin
both conditions, the effect was much stronger in reproducing relative rather than
absolute length.

Examining Performance Accuracy: Developmental Changes
in Reproducing Extent

Inthisanalysis, we examined how far children’s responses deviated from acorrect
response on each trial. Note that the analysis of accuracy may provideinformation
not available from the analysis of response length. For example, athough we
found that the average response length was not affected by age (that is, younger
children did not produce linesthat were systematically larger or smaller than those
produced by older children), age may play acritical role in the accuracy of chil-
dren’s responses. We calculated accuracy scores as the absolute difference be-
tween the child’s actual response length and the correct response on each trial. In
the Absol ute condition the correct responseisidentical to thelength of theoriginal
line. In the Relative condition, the correct response is the product of the original
line length and a scale factor (ratio of the response and original frame).

An ANOVA was carried out with accuracy scores as the dependent variable and
with the same independent variables as in the analysis above, i.e., target length,
frame change, age and experimental condition. Similar to the findings with re-
sponse length, the results showed main effects of target length, F(2, 216) = 63.32,
and frame change, F(4,432) = 5.66, both p’'s < .05. Pair-wise comparisons using
L SD method indicated that the errors were significantly different for all three tar-
get lengths; the smaller the target, the greater the accuracy. With respect to the ef-
fect of frame, the accuracy was greater on trials when there was no frame change
compared to any type of frame change, p's < .05.

In contrast to the findings with response length, age significantly affected chil-
dren’s accuracy, F(2, 108) = 33.85, p < .05. Pair-wise comparisons using the LSD
method showed that all three age groups were significantly different from one an-
other, al p’'s<.05. The ANOVA also revealed asignificant effect of experimental
condition, F(1, 108) = 23.32, p < .05. Children made larger errorsin the Absolute
than in the Relative condition. This pattern held in all age groups; therewasno in-
teraction between age and condition, p > .05.

It should be pointed out that although age was a significant factor in the overall
analysisof accuracy, it did not affect accuracy on asubset of trialswhere there was
no frame change. Thiswas shown by an ANOVA with errors on same-frametrials
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asthe dependent variable and with target length, age, and condition asindependent
variables. Theonly significant finding in thisanalysiswasthe main effect of target
length, F(2, 216) =52.60, p < .05. Pair-wise comparisons using L SD methodsindi-
cated that the average errorsfor all three-target lengthswere significantly different
from one another, p’s < .05; reproducing larger targets led to greater errors. The
lack of the effect of condition isnot surprising since on same-frametrialsthe abso-
lute response is the same as relative response. The lack of age effect on children’s
accuracy on the same-frametrialsis noteworthy; it hasimplicationsfor the under-
standing of developmental changes in the ahility to reproduce length. Our results
indicate that the ability to remember and reproduce a line presented in the same
context does not undergo significant changes between 5 and 9 years of age
whereas the ability to reproduce alinein anew spatial context improves substan-
tially during this period.

To further understand the nature of children’'s errors, we carried an additiona
analysisaddressing the question, “Wereresponsesin each condition closer to those
expected based on absolute or relative coding?’ For each trial in both conditions
we cal culated two scores: ‘an absolute error’, the deviation of the child’sactual re-
sponse from the ideal absolute response, and ‘arelative error’, the deviation of the
child’s actual response from the ideal relative response. To illustrate how these
scores were calculated; consider atrial where the child was shown a target line
72-pixels-long in aframe that was 288-pixels-long, followed by aresponse frame
that was 144-pixels-long. On this trial, the ideal absolute response would be
72-pixels-long and the ideal relative response would be 36-pixels-long. If the
child’s actual response on thistrial happened to be 66 pixels, then the absolute er-
ror was 6 and the relative error was 30.

An ANOVA was carried out on children’s errors with age and condition as be-
tween-subject factors and with error type (absolute vs. relative) as awithin-subject
factor. The ANOVA revealed amain effect of error type, F(1,108) = 35.20, p <.05.
Critical for the interpretation of this main effect, there was an interaction between
error type and condition, F(1,108) = 120.21, p < .05. Asillustrated in Figure 3, re-
sponses in the Absolute condition were closer to the ideal absolute responses than
totheideal relative responses whereasin the Relative condition the pattern was re-
versed. Note that the difference between the two error types was less pronounced
in the Absolute condition, suggesting that in reproducing absolute length, there
may have been a substantial influence of relative information.

A further clarification comes from the finding of a three-way interaction be-
tween error type, condition and age, F(2, 108) = 11.28, p < .05. Simple effect
tests indicated that in the Relative condition al age groups produced responses
that were closer to the ideal relative than to the ideal absolute response. How-
ever, in the Absolute condition, only the two older age groups produced re-
sponses that were closer to the ideal absolute than to the ideal relative response.
As shown in Figure 4, the responses of the youngest group, 5-year-olds, were
not closer to the ideal absolute responses, in fact, they tended to be somewhat
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FIGURE 3 Deviation from the ideal absolute versus ideal relative response, across age
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FIGURE 4 Deviation from the ideal absolute versus relative response, separately for each
age group.

closer to the ideal relative response although this difference did not reach statis-
tical significance, p > .05.

DISCUSSION
The present study compared children’s performancein reproducing either absolute

or relative extent of an object. In thefirst step of analysis we examined the effects
of stimuli characteristics (Iength of thetarget line and the relation between theline
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and theframe) on children’ sresponses. Theresultsreveal ed certain commonalities
across the two experimental conditions. In particular, the responsesin both condi-
tions varied systematically with the length of the target line; larger targets corre-
sponded to larger responses. Further, the relation between the line length and the
frame size affected children’ s performance. In both conditions, responselinesvar-
ied systematically in the direction of preserving this relation. For example, if the
response frame was larger than the original frame, children tended to produce re-
sponse lines that were larger than the original line.

Interestingly, the effect of relative information was particularly pronounced in
reproducing longer lines. One possible explanation of thisfinding isthat thelonger
the linethe closer it isto the edge of the frame. Thus, the relation between the lon-
ger line and the frame may have been more salient making it easier to use thisin-
formation in reproducing the line. Another possible explanation of the observed
pattern hasto do with the psychophysical principle positing that judgmentsinvolv-
ing larger magnitudes are associated with greater uncertainty leading to larger er-
rors (Gescheider, 1985; Stevens, 1957). Indeed, we observed lower accuracy on
trialsinvolving longer target lines. In the face of uncertainty in reproducing the ab-
solute extent of thelonger target, children may be morelikely to rely on other types
of information, namely on the target’s relation to the frame.

The effects of stimuli characteristics discussed so far highlight commonalities
between the two conditions: in reproducing both absolute and rel ative extent, chil-
dren’sresponses refl ected the length of the target line and the relation between the
line and the frame size. Note that the effect of frame sizeis generally indicative of
relative coding. The fact that we observed this effect in both conditions raises a
question of whether, in the presence of a salient frame of reference, our partici-
pants even distinguished reproducing absolute length from reproducing relative
length. Our data provide clear indications that children did differentiate between
the two tasks. We found that even though the responses always reflected the rela-
tion between the line and the frame, the contribution of this factor varied substan-
tially across experimental conditions. In particular, in all age groups frame change
had a much greater effect on performancein reproducing relative extent thanin re-
producing absolute extent.

Our results showed substantial developments in reproducing extent during the
early school period. One type of change concerned the overall level of perfor-
mance. We found that in reproducing both absolute and relative extent children’s
accuracy improved substantialy between 5 and 9 years of age. To better under-
stand the nature of this improvement, we examined separately the responses on a
subset of trials in which children reproduced a line in the same-sized frame. We
found that on this subset of trials, age did not significantly affect accuracy. This
finding indicates that the overall increase in accuracy across trials was not sim-
ply due to the fact that older children had a better ability to remember the length
of the target line or had greater manual skills involved in drawing lines on a
computer screen. Rather, it shows that the observed age-related differences re-
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flected improvement in the ability to reproduce a line in a different spatial con-
text (i.e., a different-size frame). That is, children became better at ignoring
changes in spatial context when reproducing absolute length; they also became
more accurate in taking into account changes in spatial context when reproduc-
ing relative length.

Developmental changes revealed in the present study concerned not only the
overall accuracy level but also the pattern of responses acrossthe two experimental
conditions. This age-related change was most strikingly revealed in the analysis
comparing responsesin each condition to theideal absolute and relative responses.
Consider first the performance of the older children, 7- and 9-year-olds. In these
age groups, the responses on the absolute task were closer to the ideal absolute
than to the ideal relative response whereas responses on the relative task showed
the opposite pattern. Thus, even though in reproducing absolute extent children
were influenced by relative information, the effect was not strong enough to turn
“absolute responses’ into “relative responses’. At the same time, it should be
noted that children showed greater accuracy at reproducing relative length than at
reproducing absolute length. Thus, 7- and 9-year-olds have not yet attained the
samelevel of skill in using absolute and relative extent even though they are capa-
ble of carrying out either task.

Whilerelative cues affected performance on the absolute task in all age groups,
the effect was strongest in 5-year-olds. In fact, in contrast to the older children, the
responses of 5-year-oldsin the Absol ute condition were as close to theideal abso-
lute asto theideal relative response. However, this does not mean that 5-year-olds
do not distinguish between the two types of extent. If they engaged in the same pro-
cesses on both absolute and rel ative tasks, their performance would beidentical in
the two conditions. Yet thiswas not the case astheir responsesin the Relative con-
dition were not equidistant from the ideal absolute and relative responses; instead
they were closer totheideal relative responses. It seemsthen that 5-year-oldsare at
the beginning stages of differentiating between absolute and relative tasks. Al-
though their performance on the absol ute task was different from that on the rela-
tivetask, they did not yet show adistinct pattern of absolute responses observedin
older groups. Rather, their responses on the absolute task reflected a “compro-
mise” between absolute and relative information.

Combined with the findings from earlier studies, the present results provide a
picture of the developmental trgjectory that begins with the relative coding of ex-
tent and proceedsthrough agradual emergence of the ability to use absol ute extent.
The work with infants and preschool ers shows their complete reliance on relative
information even in tasks that require the use of absolute extent (Bryant, 1974;
Duffy et a., 2005a; Huttenlocher et al., 2002). Our findings indicate that 5-year-
olds begin to show evidence of differentiation between absolute and rel ative tasks.
The ability to ignore spatial context increases substantially between 5 and 9 years
of age, but even 9-year-olds continue to show the influence of relative information
in reproducing absol ute extent. In fact, the work with adults suggeststhat the effect
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of spatial context persists well beyond elementary school years (Rock &
Ebenholtz, 1959; Witkin, 1962). In a classical study by Rock and Ebenholtz
(1959) where adults were shown alinein a square frame and were asked to repro-
ducethat linein asquare of adifferent size, their responses reflected the influence
of relative cues.

The primacy of using relative extent over absolute extent may seem counter-
intuitive given the logical complexity of the two tasks. Encoding absolute extent
requiresfocusing upon only the size of thetarget object, whereas encoding relative
extent requires considering the size of that object, the size of the frame, and there-
lation between the two. Clearly, the use of relative extent in infants and preschool-
ers cannot be based on a mathematical computation of ratios for distances or
lengths. However, it is possible that the early extent coding involves aform of per-
ceptually based judgment that registers the relation between the object and its sur-
roundings. The advantages of this early ability to use relational information are
highlighted by research on early quantitative development (Resnick & Singer,
1993; Singer-Freeman & Goswami, 2001; Sophian, 2000). Thisresearch suggests
that young children use perceptually based proportional reasoning (in which they
compare relations between distances and sizes) to solve avariety of taskslong be-
fore they learn formal procedures for solving proportions.

However, as the ability to encode relative extent emerges as early as infancy,
performance on relative tasks continues to improve through elementary school
years. It is possible that younger children encode relations in a rather coarse-
grained manner, and later on their coding becomes more fine-tuned leading to an
increasein accuracy. Thispossihility isconsistent with the findings of spatial map-
ping studies, which require the use of relative distance cues. Even though pre-
schoolers produce nonrandom responses on such tasks demonstrating sensitivity
to distance presented on the map, their accuracy islow (Vasilyeva& Huttenlocher,
2004). Thelevel of performance on mapping tasksimproves gradually throughout
the elementary school (Liben & Downs, 1989; Uttal, 1996).

The improvement in the use of relative extent during this period could be actu-
aly related to the acquisition of mathematical knowledge about ratios (Nunes &
Bryant, 2004; Wearne & Hiebert, 1989). Quantitative relations captured in ratios
are often introduced in a spatial visual way (Clements & Bright, 2003; National
Council of Teachers of Mathematics, 2000). Children generally begin with simple
spatial ratios in second grade (e.g., half a square, third of a pi€). In fourth grade
they learn about the correspondence between spatially presented proportions and
abstract ratios (e.g., ¥, ?). Thisexperience may promote performance on arelative
task leading to continuous improvements throughout the elementary school.

As indicated above, the mechanism of coding extent as arelation between the
object and its context allows children to solve avariety of tasks. It may work well
even in situationsthat call for the use of absolute extent, aslong as the context re-
mains constant. For example, measuring the amount of sugar that goesinto adish
as half acup will produce consistent results as long as one uses the same cup. Yet
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when the context changes, asit did in the present study, the relative strategy leads
to biased performance on the absolute task. Thus, at some point in development it
isimportant to learn how to useinformation about absol ute extent and to minimize
the effect of immediate spatial context on judging or reproducing size. The find-
ings with adults pointing to the influence of relative information on absolute judg-
ments probably should not be taken to suggest that adults do not have a concept of
absolute size distinct from that of the relative size. When equipped with measure-
ment tools, they are capable of judging and reproducing absolute size or distance.
Even without measurement tools adults are quite accurate in reproducing absolute
extent (Kitayama, Duffy, Kawamura, & Larsen, 2003). An important question is
when and how this ability is acquired?

The present findings indicate that substantial improvementsin the use of abso-
lute information take place during the elementary school years. Theincreaseinthe
accuracy of absolute coding may be facilitated by the development of cognitive
skills during this period. In particular, around 5 years of age children show signifi-
cant progress in their ability to ignore irrelevant aspects of stimuli (e.g., Muller,
Zelazo, Hood, Leone, & Rohrer, 2004; Zelazo, 2004), which may help them con-
sider atarget object independently of the frame size. Further, the increased use of
absolute extent may be related to the emergence of transitive inferences over the
early elementary years, which is an important conceptual prerequisite for under-
standing quantitative invariance (Miller, 1989; Piaget et a., 1960). It isalso possi-
blethat children’s educational experiencesplay arolein the growth of their ability
to use absolute extent. Specifically, the acquisition of measurement skills and es-
pecialy practice in measuring objects presented in different spatial contexts may
help children gain the ability to focus on the size of the object independently of its
context (Clements & Bright, 2003; Miller, 1989).

More work is needed to examine directly the relation between formal learning
experiences and children’s ability to judge and reproduce extent. It would beinfor-
mativeto seeif activitiesdesigned to increase children’s conceptual understanding
of measurement may also lead to improvementsin their ability to code and repro-
duce extent without measurement tools. For example, the use of tasks in which
children measure with different standards (a ruler vs. a yardstick) or unit sizes
(centimetersvs. inches) might help children devel op the distinction between abso-
lute and relative extent.
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