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Three experiments were conducted to examine whether human infants would
form a categorical representation for the spatial relation between. Experiment 1
showed that 6- and 7-month-olds familiarized with stimuli depicting a diamond
in different locations between two reference bars subsequently preferred a
stimulus displaying the diamond located outside the bars over a stimulus display-
ing the diamond located in a novel position between the bars. Experiments 2 and
3 revealed that this preference could not be attributed to a failure to discriminate
the location changes of the diamond between the bars or an a priori preference.
The overall pattern of results indicates that 6- and 7-month-olds had formed a
categorical representation for between. The findings are discussed in terms of
factors affecting development of categorical representations for spatial relation
information.

Objects encountered in the natural environment are located in spatial positions
relative to each other. For human observers to experience a coherent world, the
spatial relations of objects such as on versus off, above versus below, left versus
right, between, and inside versus outside must be represented categorically .
The categorical representation of spatial relation information is considered to
be a cognitive prerequisite for many basic mental activities (Jackendoff &
Landau, 1991; Landau & Jackendoff, 1993). For example, many human experi-
ences occur in environmental space and evidence suggests that our spatial
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memory is organized by the relative arrangement of objects, buildings, and
physical landmarks (Marzolf & Deloache, 1994; McNamara, Hardy, & Hirtle,
1989; Newcombe & Liben, 1982). Our locomotion through environmental
space is presumably guided by such spatial memories as well as by our immedi-
ate perception of the spatial layout of objects positioned on and along the fol-
lowed trajectory (Bertenthal & Campos, 1990). In addition, the formation of a
cognitive map of an environmental space is dependent on the construction of an
“overview” of the spatial relations of the objects found in that space (Hirtle &
Jonides, 1985; Kosslyn, Pick, & Fariello, 1974). Also, the comprehension of
spatial information from maps of various kinds is accompanied by the process-
ing of spatial relations among point locations and regions (Landau, 1986). Fur-
ther cognitive skills that may rely on the ability to represent spatial relations
categorically include the ability to represent object parts in particular spatial
relations during object recognition (Biederman, 1987), the maintenance of
spatial relations between individual letters, words, and lines of text during word
recognition and reading (Caramazza & Hillis, 1990), and the processing of
spatial relations between objects during identification of superordinate con-
cepts (Murphy & Wisniewski, 1989).

The usefulness and importance of representing spatial relation information
categorically raise questions about the origins and course of development of
this cognitive ability. Children and even infants encounter various objects in
numerous places and in different spatial configurations. Representing spatial
relations categorically would allow children and infants to experience objects
in organized arrangements of entities rather than as a fragmented array of units
positioned in unrelated locations (Uttal, 1996). Early categorical representa-
tion of simple spatial relations such as above versus below, left versus right, and
inside versus outside, might also enable children and infants to form spatial
“primitives” from which representations for more complex physical phenom-
ena such as support, collision, and containment could be constructed
(Baillargeon, 1995; Mandler, 1992).

Consistent with the suggestion that categorical organization in spatial mem-
ory might appear from the beginnings of development, recent research has
traced the ability to form categorical representations for spatial relation infor-
mation to children (Koenig, Reiss, & Kosslyn, 1990), toddlers (Choi &
Bowerman, 1991; Huttenlocher, Newcombe, & Sandberg, 1994), and young
infants (Behl-Chadha & Eimas, 1995; Mash, Quinn, Dobson, & Narter, 1998;
Quinn, 1994; Quinn, Cummins, Kase, Martin, & Weissman, 1996), including
neonates (Antell & Caron, 1985). With respect to the newborn work, Antell and
Caron (1985) familiarized newborns with a display containing two objects, a
square and a cross, that maintained a constant spatial configuration (square
above cross), despite changes in the absolute location of the objects in the stim-
ulus display. The neonates generalized their habituation to the same spatial
arrangement in a new location, but dishabituated to a rearrangement of the
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shapes (cross above square), suggesting that even the youngest infants
represent simple above and below spatial relations of two shapes.

Quinn (1994) extended the findings of Antell and Caron (1985) by demon-
strating that 3-month-old infants were able to form categorical representations
for the above and below spatial relations of a dot and horizontal reference bar.
Infants in a Dot-Above-Bar group were familiarized with four exemplars, each
depicting a single dot in a different position above a horizontal bar. For half of
the infants in the group, each of the dots appeared in the above-left quadrant of
the square-shaped stimulus display; for the other half, the dots were shown in
the above-right quadrant of the display. The infants were then tested with two
novel exemplars, one in which the dot had been shifted to the right or left of the
familiar exemplars, whereas in the other, the dot appeared below the reference
bar. If infants formed a categorical representation for the dot appearing in the
various locations above the bar, then the novel Dot-Above-Bar exemplar was
expected to be perceived as familiar, whereas the Dot-Below-Bar exemplar
was expected to be viewed as novel and consequently preferred. These expecta-
tions are based on the well-established finding that infants from birth onwards
will display a preference for a novel stimulus following habituation to one or
more familiar stimuli (Fantz, 1964; Slater, 1995). If, alternatively, infants did
not form a categorical representation of the above relation between the dot and
the bar, and represented only information about the dot or the bar, or repre-
sented information about the dot and bar independently of each other (cf.
Cohen & Younger, 1984), then a consistent preference for one test exemplar
over the other was not expected. The same procedure and rationale was also
used to test whether infants in a Dot-Below-Bar group would form a compara-
ble categorical representation for the dot appearing in different positions
beneath the reference bar.

Infants in both groups of the Quinn (1994) study preferred the exemplar
from the novel spatial category, indicating that they had formed categorical
representations for the above and below relations of the dot and the horizontal
bar (see Mash et al., 1998, and Quinn et al., 1996, for replications). A subse-
quent control experiment supported this conclusion by showing that infants
could discriminate the position changes of the dot that occurred during famil-
iarization. In addition, the preference for the novel spatial category was not
obtained when the above versus below experiment was repeated, but just with
presentation of the dot and not the bar. This result rules out explanations of the
preference for the novel spatial category in terms of a preference for up–down
versus left–right movement of the dot or the categorical encoding of dot loca-
tions relative to an internal horizontal referent (cf. Huttenlocher et al., 1994). It
should also be noted that the novel category preferences could not be attributed
to simple generalization based on distance information because the dot appear-
ing on the opposite side of the bar was the same distance away from the famil-
iarization positions as the dot in the novel location on the same side of the bar.
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With the evidence indicating that young infants possess the ability to repre-
sent the spatial relations above and below categorically , Behl-Chadha and
Eimas (1995) investigated the formation of categorical representations for left
and right. Three- and four-month-olds were familiarized with stimulus displays
depicting discriminably different horse–zebra pairs presented in a constant
left–right relation. Across the familiarization trials, the individual exemplars of
the pairs, the horses and zebras, varied in absolute location in the stimulus dis-
play, orientation of stance (i.e. head to the left or right), and size. Infants were
then preference tested with two horse–zebra pairs that were novel in location
and size, but one pair maintained the familiar left–right relation, whereas the
other was presented in a novel right–left relation. Infants reliably preferred the
novel right–left relation, a finding that provides evidence confirming that
young infants can form categorical representations for spatial relations, in this
instance, for the left–right relations of pictorial exemplars of horses and zebras.

The present series of experiments were undertaken as a direct continuation
of research examining the abilities of young infants to form categorical repre-
sentations of spatial relation information (Mash et al., 1998; Quinn, 1994;
Quinn et al, 1996). Experiment 1 was performed to investigate whether a cate-
gorical representation for between could be formed by 6- and 7-month-old
infants. Experiments 2 and 3 were conducted to determine whether the infants
(1) had an a priori preference for the novel category test stimuli used in Experi-
ment 1, and (2) could discriminate among exemplars used to depict the spatial
relation between in Experiment 1.

EXPERIMENT 1

To investigate whether young infants were able to form a categorical represen-
tation for the spatial relation between, two groups of 6- to 7-month-olds were
familiarized with four instances, each depicting a single diamond appearing in
a specific location between two reference bars. One group, displayed in Figure
1, was exposed to stimuli in which the two reference bars were vertical col-
umns. The other group, represented in Figure 2, was shown stimuli with the
bars displayed as horizontal rows. For half the infants in the column group, the
diamond appeared in each of the four corners of an imaginary rectangle located
in the top half of the space between the columns (panel A of Figure 1), whereas
the other half were presented with the diamond appearing in each of the four
corners of an imaginary rectangle in the bottom half of the space between the
columns (panel B of Figure 1). Similarly, for infants in the row group, the dia-
mond appeared in the familiar locations in either the left or right halves of the
area between the rows (panels A and B of Figure 2). During the novel category
preference test, all infants were presented with a stimulus depicting a single
diamond in a novel position between the bars paired with a stimulus depicting a
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single diamond either to the left or right of the columns, or above or below the
rows. As was the case for the studies discussed in the introduction (i.e. Quinn,
1994), the prediction was that infants should display a preference for the novel
category exemplar (depicting the diamond outside the bars) if they could form a
categorical representation for the diamond between the bars during familiariza-
tion. However, if the infants were unable to form a categorical representation
for the diamond between the bars, then one would not expect a preference for
either test stimulus on the basis that both would be equally novel.

Method

Participants. The participants were 16 infants with a mean age of 186.94
days, SD = 11.52 days. There were 10 boys and 6 girls. No infants were lost due
to fussiness, position preference of > 95% looking time to one compartment of
the display stage during familiarization and test trials, or failure to compare the
two stimuli shown during test trials.
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FIG. 1. Panels A and B display familiarization stimuli (a composite of the four Diamond-Between-
Columns exemplars) and test stimuli used to determine whether infants could form a categorical repre-
sentation for Diamond-Between-Columns in Experiment 1. The test stimulus depicted on the right is a
composite of the two Diamond-Outside-Columns exemplars.



Stimuli. The stimuli were based on materials used by Quinn et al. (1996) to
investigate categorical representation of the spatial relations above and below
by infants. The stimuli consisted of black press-on elements affixed to square
white cards (17.7cm or 30.1°) per side cut from Bainbridge #80 posterboard.
Each stimulus contained two 15.5cm (26.9°) × 0.9cm (1.7°) bars (each com-
posed of a row of individual square elements, 0.9cm or 1.7° per side, spaced
0.6cm or 1.1° apart) that were positioned either vertically or horizontally across
the card. Each stimulus also contained a diamond that was 0.9cm (1.7°) per side
in various locations between or outside of the bars.

Each infant was familiarized with the diamond appearing in each of four cor-
ners of an imaginary rectangle located either in the top or bottom half of the area
between the vertical bars (columns), or in the left or right half of the area
between the horizontal bars (rows). The familiar diamond locations are shown
in the left panels of Figures 1 and 2. The centre-to-centre distance between the
top and bottom diamonds of each rectangle located between the columns was
5.0cm (9.3°), whereas the distance between the left- and right-side diamonds
was 3.5cm (6.5°). The centre-to-centre distance between the top and bottom
diamonds of each rectangle located between the rows was 3.5cm (6.5°),
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FIG. 2. Panels A and B display familiarization stimuli (a composite of the four Diamond-Between-
Rows examplars) and test stimuli used to determine whether infants could form a categorical representa-
tion for Diamond-Between-Rows in Experiment 1. The test stimuli depicted on the right is a composite
of the two Diamond-Outside-Rows exemplars.



whereas the distance between the left- and right-side diamonds was 5.0cm
(9.3°). The centre-to-centre distance between the diamonds closest to the bars
and the bars themselves was 2.0cm (3.8°). The location of the novel exemplar
from the familiar category was 6.4cm (11.8°) down or up from the average of
the familiar diamond locations between the columns, e.g. the centre of the
imaginary rectangle, or 6.4cm (11.8°) right or left from the average of the
familiar diamond locations between the rows. The location of the novel cate-
gory exemplar was 6.4cm (11.8°) left or right of, or above or below, the rectan-
gle’s centre. Because the location of the diamond in both the novel exemplar
from the familiar category and the novel category exemplar was the same dis-
tance from the average of the familiar diamond locations, any observed prefer-
ence for the novel category exemplar cannot be attributed to simple
generalization based on distance information. The novel exemplar from the
familiar category was also located 3.9cm (7.3°) from either column or row, and
the novel category exemplar was located 2.5cm (4.7°) outside the closest col-
umn or row. The diamond locations in the test stimuli are shown in the right
panels of Figures 1 and 2.

Apparatus. Each infant was tested with a portable visual preference appa-
ratus adapted from the one used by Fagan (1970). The apparatus is essentially
an enclosed viewing chamber with a hinged gray display stage that contains
two compartments to hold the stimuli. The stage is illuminated by a 60Hz fluo-
rescent lamp shielded from the infant’s view. The centre-to-centre distance
between the compartments is 30.5cm. A 0.625cm peephole located midway
between the stimulus compartments permitted observation and recording of the
infant’s visual fixations.

Procedure. The infants were individually brought to the laboratory by a
parent and seated in a reclining position on the parent’s lap. An experimenter
moved the apparatus over the infant, keeping the infant’s head centred with
respect to the middle of the display stage. As soon as the infant was properly
aligned and apparently at ease, the familiarization trials were begun. At the start
of a trial, the experimenter loaded the appropriate stimuli from a nearby table
into the compartments of the display stage, elicited the infant’s attention, and
closed the stage, thereby exposing the stimuli to the infant. The centre of the
display stage was approximately 30.5cm in front of the infant while the stimuli
were being viewed. During a trial, the experimenter observed the infant
through the peephole, and recorded the infant’s fixations to the left and right
stimuli by means of a 605 XE Accusplit stopwatch held in each hand. The crite-
rion for fixation was observing corneal reflection of the stimulus over the
infant’s pupil. Inter-observer reliability of the corneal reflection procedure is

REPRESENTATION FOR  BETWEEN 575



high (see for example, Cohen & Strauss, 1979; Haaf, Brewster, de Saint Victor,
& Smith, 1989; O’Neill, Jacobson, & Jacobson, 1994), with estimates in the
first author’s laboratory averaging 0.92 (Quinn, 1994; see also, Bomba, 1984;
Eimas & Miller, 1992; Spencer, Quinn, Johnson, & Karmiloff-Smith, 1997). In
Experiments 1 and 2, two experimenters were used to record fixations, one dur-
ing familiarization and another during test trials. Both experimenters were
trained observers. The experimenter measuring fixations during test trials was
unaware of the stimulus information that the infant had been shown during
familiarization . Experiment 3 involved measuring spontaneous (i.e. a priori)
preferences and required only a single experimenter to measure fixations. The
single experimenter was naive with respect to the hypotheses under investiga-
tion.

Eight infants were randomly assigned to each of two groups, defined by the
familiar category, Diamond-Between-Columns (Figure 1) or Diamond-
Between-Rows (Figure 2). All infants in the Diamond-Between-Columns
group were administered four 15sec familiarization trials. On each trial, these
infants were presented with two identical copies of a stimulus pattern in which a
single diamond appeared between vertical bars. For half of the infants in the
Diamond-Between-Columns group, the diamond appeared over the course of
the four familiarization trials in each of the four corners of an imaginary rectan-
gle located in the top half of the area between the bars (i.e. one corner location
per trial). The order of presentation of the four diamond locations was random-
ised for each infant over the course of the four familiarization trials. Immedi-
ately after the familiarization trials, two 10sec test trials were administered in
which a novel stimulus from the Diamond-Between-Columns category was
paired with a stimulus from a novel spatial category (i.e. Diamond-Outside-
Columns). In the familiar category test stimulus, the diamond appeared in a
location below the centre of the imaginary rectangle. In the novel category test
stimulus, the diamond was moved the same distance, but to a location left or
right of the rectangle’s centre and outside the bars. It is important to note that
both test stimuli were in one sense equally novel in that the diamond was moved
an equivalent distance away from the average position of the diamond during
familiarization . The left–right positions of the familiar and novel category
stimuli on the display stage were counterbalanced across infants on the first test
trial and reversed on the second test trial. For the other half of infants in the
Diamond-Between-Columns group, the familiarization trials had the diamond
appearing in the four corner positions of an imaginary rectangle located in the
bottom area between the vertical bars. These infants were tested with a familiar
category exemplar in which the diamond appeared above the rectangle’s centre
and a novel category exemplar in which the diamond was located the same dis-
tance left or right of the rectangle’s centre. The Diamond-Between-Rows group
testing conditions were symmetric to those of the Diamond-Between-Columns
group.
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Results and Discussion

Familiarization Trials. Individual looking times were summed over the
left and right copies of the stimulus on each trial and then averaged across the
first two trials and last two trials. The mean looking times for the Diamond-
Between-Columns and Diamond-Between-Rows familiarization conditions
are shown in Table 1. An analysis of variance (ANOVA), Trial Block (1–2 vs
3–4) × Familiarization Condition (Columns vs Rows), performed on the indi-
vidual looking time scores, revealed only an effect of Trial Block that was sig-
nificant, F(1,14) = 5.39, p < .05, indicating that the decline in looking times
observed in both experimental groups was reliable. Using the standard opera-
tional definition of habituation as a decline in responsiveness with repeated
stimulation (Cohen & Gelber, 1975), this decrement in looking time provides
support that infants in both groups had habituated during familiarization . Nei-
ther the effect of Familiarization Condition, nor its interaction with Trial Block,
were significant, F(1,14) < 1.0, p > .05, in both cases.

Preference Test Trials. Each infant’s looking time to the novel category
test stimulus was divided by the looking time to both test stimuli and then con-
verted to a percentage score. The mean novel category preference scores for the
Diamond-Between-Columns and Diamond-Between-Rows familiarization
conditions are shown in Table 1. As can be seen, t tests comparing the prefer-
ence scores to 50% revealed the performance of both groups to be reliably
above chance. Infants presented with stimuli depicting a diamond in different
locations between two reference bars reliably preferred a stimulus depicting the
diamond outside the bars over a stimulus depicting the diamond in a novel posi-
tion between the bars. These results indicate that 6- to 7-month-old infants
could form a categorical representation for the between relation of a diamond
and two reference bars, oriented either vertically as columns or horizontally as
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TABLE 1
Mean Fixation Times During the Familiarization Trials and Mean Novel

Category Preference Scores During the Preference Test Trials in
Experiment 1

Fixation Time (secs)
————————————–
Trials 1–2 Trials 3–4 Novelty Preference

Familiarization ————— ————— ——————————
Category M SD M SD M SD t

a

Columns 7.03 (2.83) 6.02 (3.68) 65.77 (14.22) 3.14**
Rows 7.05 (3.07) 5.35 (2.80) 64.40 (18.30) 2.22*
Combined 7.04 (3.18) 5.68 (3.18) 65.08 (15.85) 3.81***

t
a

for mean vs chance; p < .05, one-tailed, **p < .01, one-tailed, ***p < .005, one-
tailed.



rows. To provide further support for this conclusion, Experiment 2 was per-
formed to examine 6- to 7-month-olds’ abilities to discriminate the location
changes of the diamond within the familiar category (i.e. between the bars) and
Experiment 3 was conducted to examine whether 6- to 7-month-olds might
have an a priori preference for the novel category test stimuli (i.e. a diamond
outside the two reference bars).

1

Experiment 2

Using the standard operational definition of categorization as equivalent
responding to discriminably different entities (e.g. Smith & Medin, 1981), it
becomes necessary to establish that 6- and 7-month-old infants could discrimi-
nate the location changes of the diamond (between the bars) that were used to
present distinct exemplars of the familiar between category in Experiment 1. In
Experiment 2, each infant was familiarized with a single member of the Dia-
mond-Between-Columns or Diamond-Between-Rows categories, and then
preference tested with the familiar stimulus paired with a novel stimulus from
the same category.

Method

Participants. The participants were 16 infants with a mean age of 182.88
days, SD = 11.32 days. There were 10 boys and 6 girls. One additional infant
was tested but not included in the data analysis because of a position preference
of > 95% looking time to one compartment of the display stage during familiar-
ization and test trials.
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1
We actually began our investigation into the categorization of the spatial relation between by

infants by testing a group of 3- and 4-month-olds, an age level that has been shown capable of
forming categorical representations of above versus below (Quinn, 1994), and left versus right
(Behl-Chadha & Eimas, 1995). Sixteen 3- and 4-month-olds were administered the same familiar-
ization and novelty preference test procedure used in Experiment 1 with 6- and 7-month-olds. The
mean looking times for the first and second trial block of familiarization were 8.11 (SD = 4.02)
and 6.07 (SD = 3.80) for infants presented with Columns, and 8.64 (2.63) and 6.76 (3.34) for in-
fants presented with Rows. An ANOVA, Trial Block × Familiarization Condition, performed on
the individual looking times revealed only a reliable effect of Trial Block, F(1,14) = 4.527, p =
.049, indicating that infants had habituated to the familiar stimulus information. The mean novel
category preference scores for the Diamond-Between-Columns and Diamond-Between-Rows
familiarization conditions were 52.17 (SD = 17.73) and 48.22 (SD = 15.74), neither of which was
reliably different from chance, p > .10, one-tailed, in each case. Thus, 3- and 4-month-old infants
did not provide evidence of having formed a categorical representation for the spatial relation
between under the same testing conditions used with 6- and 7-month-olds in Experiment 1, and
used with 3- and 4-month-olds in previous studies that demonstrated formation of a categorical
representation of above and below (Mash et al., 1998; Quinn et al., 1996).



Stimuli. The stimuli were the same as those used in Experiment 1.

Procedure. The within-category discrimination tests were designed on the
basis of the categorization tests of Experiment 1. In Experiment 1, each infant
was familiarized with four exemplars, each containing a diamond in one of four
corners in the top or bottom half of the area between the columns, or in the left
or right half of the area between the rows. The novel instance of the familiar cat-
egory shown during test trials contained a diamond shifted down or up from the
diamonds shown between the columns, or a diamond shifted right or left from
the diamonds shown between the rows. In Experiment 2, each infant was tested
for discrimination between two of the five exemplars used to represent the
familiar category in a given familiarization and preference test condition. The
pair of exemplars was randomly chosen for each infant, as was which member
of the pair would serve as the familiar stimulus. Familiarization consisted of
four 15sec trials, during which the familiar stimulus was shown in each com-
partment of the display stage. Immediately after familiarization , the familiar
stimulus was paired with the novel stimulus for two 10sec test trials. The left–
right positioning of the novel stimulus was counterbalanced across infants on
the first test trial and reversed on the second test trial. Half of the 16 subjects
were tested with Diamond-Between-Columns exemplars, the other half with
Diamond-Between-Rows exemplars.

Results and Discussion

Familiarization Trials. Mean looking times for the Diamond-Between-
Columns and Diamond-Between-Rows familiarization conditions are shown
in Table 2. An ANOVA, Trial Block × Familiarization Condition, revealed
only a significant effect of Trial Block, F(1,14) = 5.97, p < .05, thereby indicat-
ing that looking time had again reliably declined during the course of the famil-
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TABLE 2
Mean Fixation Times During the Familiarization Trials and Mean Novelty

Preference Scores During the Preference Test Trials in Experiment 2

Fixation Time (secs)
————————————–
Trials 1–2 Trials 3–4 Novelty Preference

Familiarization ————— ————— ——————————
Stimulus M SD M SD M SD t

a

Columns 7.45 (2.72) 6.00 (3.25) 57.48 (10.98) 1.93*
Rows 7.12 (3.70) 6.15 (3.90) 62.84 (16.68) 2.18*
Combined 7.28 (3.14) 6.08 (3.47) 60.16 (13.91) 2.92**

t
a

for mean vs chance; *p < .05, one-tailed, **p < .01, one-tailed.



iarization trials, and that the older infants had habituated to the familiar
stimulus.

Preference Test Trials. The mean preference scores for the novel stimulus
for the Diamond-Between-Columns and Diamond-Between-Rows familiariz-
ation conditions are shown in Table 2. The means were well above 50% and t
tests comparing the mean scores to chance revealed both to be statistically
reliable. Infants familiarized with a stimulus depicting a diamond between the
reference bars preferred a stimulus depicting the diamond in a novel position
between the bars over the familiar stimulus. These results indicate that 6- and 7-
month-old infants were able to discriminate the exemplars from within the Dia-
mond-Between-Columns and Diamond-Between-Rows categories, and that
the novel category preference scores observed in Experiment 1 were unlikely to
have arisen from within-category discrimination failure.

EXPERIMENT 3

Experiment 3 was designed to examine one other alternative interpretation of
the results of Experiment 1, namely, whether the novel category preferences
might have occurred because of an a priori preference for the test stimuli in
which the diamond appeared outside the reference bars. A group of 6- to 7-
month-olds was thus presented with the test stimulus pairs used in Experiment
1, but without familiarization . Each infant was given two 10sec test trials that
paired a stimulus depicting the diamond between the bars with a stimulus
depicting the diamond outside the bars.

Method

Participants. The participants were 16 infants with a mean age of 189.31
days, SD = 16.27 days. There were 10 boys and 6 girls. One additional infant
was tested but did not complete the procedure due to fussiness.

Stimuli. The stimuli were the test stimuli used in Experiment 1.

Procedure. Each infant received two 10sec trials during which a Dia-
mond-Between-Bars stimulus was paired with a Diamond-Outside-Bars stim-
ulus. The test stimulus pairings were the same ones presented to the 16 infants
of Experiment 1. These pairings are shown in the right halves of Figures 1 and
2.

Results and Discussion

A preference for the Diamond-Outside-Bars stimulus was determined for each
infant by dividing the time that this stimulus was observed by the total looking
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time to both stimuli. The score was then converted into a percentage by multi-
plying by 100. The mean preference scores for the Diamond-Outside-Columns
and Diamond-Outside-Rows conditions were 50.34 (SD = 11.46) and 48.52
(SD = 11.66). Neither of the mean scores differed reliably from chance or from
each other. The combined mean of 49.43 (SD = 11.20) also did not differ sig-
nificantly from chance. These results provide evidence that the 6- and 7-month-
old infants did not have an a priori preference for stimuli that depicted a dia-
mond outside the reference bars. The reliable novel category preference scores
observed in Experiment 1 were thus not likely to have occurred because of a
spontaneous preference for the novel category test stimuli.

GENERAL DISCUSSION

The present series of experiments were undertaken to determine if infants in the
age range from 6 to 7 months could form a categorical representation for the
spatial relation between. Experiment 1 showed that the infants could form a cat-
egorical representation for between when familiarized with four stimuli depict-
ing a diamond in different positions between two bars, and preference tested
with a stimulus displaying a diamond in a novel location between the bars
paired with a stimulus displaying a diamond outside the bars. The infants pre-
ferred a Diamond-Outside-Bars exemplar after familiarization with Diamond-
Between-Bars exemplars. Experiments 2 and 3 revealed that the preference for
Diamond-Outside-Bars test stimuli observed in Experiment 1 did not occur
because of a failure to discriminate the location changes of the diamond
between the bars or because of an a priori preference. Taken together, the
results of the experiments indicate that infants by the age of 6–7 months can
form a categorical representation for the between spatial relation of a diamond
and two reference bars.

The failure of 3- and 4-month-old infants to provide evidence of formation
of a categorical representation for between (reported in Note 1) is interesting in
light of evidence that 3- and 4-month-old infants formed categorical represen-
tations for above and below when presented with quite similar stimuli and pro-
vided with the same amount of familiarization experience (Quinn, 1994; Quinn
et al., 1996; Mash et al., 1998). It could be that young infants failed to provide
evidence of representing the between relation in the present study because
there was just more information to encode (i.e. two bars instead of one in the
case of above vs below), and that if given more familiarization time, a categori-
cal representation for between would be formed. Although an experiment that
provides the infants with additional familiarization time with each exemplar
will be needed to either confirm or reject this possibility, the evidence pres-
ently available argues against the looking time hypothesis. Three- and four-
month-olds already displayed a reliable decrement in looking time during the
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course of the familiarization trials that is consistent with the presence of
habituation.

An alternative hypothesis is that 3- and 4-month-olds are not yet capable of
forming a categorical representation for between on the grounds that it is a
cognitively more complex spatial relation than above versus below. This sug-
gestion is consistent with a proposal by Huttenlocher and Newcombe (1984)
who, in a review of the literature on spatial memory in children, distinguished
between location coding in relation to a single landmark and location coding in
relation to a set of landmarks that constitute a local spatial framework (see also
Weist & Uzunov, 1990). Huttenlocher and Newcombe concluded on the basis
of the evidence “that children progress from coding in terms of a ... landmark,
to coding in terms of local frameworks” (p. 109). It is possible that the categori-
cal distinction that young infants make between above and below is analogous
to location coding in relation to a single landmark—the diamond’s location is
coded relative to the horizontal bar. In contrast, the categorical representation
of between appears to involve location coding in relation to two bars, one on
each side of the diamond, and in this respect may be more like framework cod-
ing. By this reasoning, the developmental difference in the formation of cate-
gorical representations for above versus below and between during infancy
appears to foreshadow the developmental difference between location coding
in relation to a landmark or framework during childhood.

It will be useful to determine in future work how 6- and 7-month-old infants
would perform if the “reverse” categorization experiment were conducted. The
infants could initially be presented with the diamond appearing in different
locations outside the bars, and then preference tested with the diamond appear-
ing in a novel location outside the bars paired with the diamond appearing in a
novel location inside the bars, that is, in the novel between spatial relation. If 6-
and 7-month-olds are indeed sensitive to the spatial relation between, then the
preference should now reverse and infants should display a preference for the
diamond appearing inside the bars.

It will also be important in subsequent investigations to determine the degree
of abstraction of the categorical representation that can be formed by 6- and 7-
month-old infants for the spatial relation between. Previous research has estab-
lished that 6- and 7-month-olds, but not 3- and 4-month-olds, can form abstract
categorical representations for above and below that are independent of the par-
ticular objects displaying these relations, thereby providing evidence for a spe-
cific-to-abstract developmental trajectory (Quinn et al., 1996). The question
thus becomes whether 6- and 7-month-olds can form an abstract categorical
representation for between that is not bound to the specific objects depicting the
relation, or whether such an abstract representation must await several months
of further development, either maturationally or experientially based. More
generally, does the ability to form more abstract representations for spatial
relations (and possibly for other categories, cf. Mandler & McDonough, 1993)
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become available at about 6–7 months of age? Or, alternatively, is there a com-
mon specific-to-abstract trend in the development of categorical representa-
tions for spatial relations (and perhaps for other relations between objects, cf.
Cohen & Oakes, 1993)? An object-variation version of the between categoriza-
tion task (i.e. different object is presented on each familiarization trial, and a
novel object is presented on the test trials, cf. Quinn et al., 1996) administered
to a group of 6- to 7-month-olds would provide a beginning towards answering
these questions.
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