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Wickens's (1970) release-from-proactive-interference procedure was used to estimate develop
mental differences in the encoding of spatial-orientation information from pictorial stimuli. 
Forty subjects from each of three grade levels-first grade, sixth grade, and college-par
ticipated in the study. Results indicated proactive interference buildup for all grades; however, 
proactive-interference release was suggested only for the sixth-grade and college subjects. The 
results are discussed in terms of Hasher and Zacks's (1979) views concerning automatic encod
ing of spatial information from stimuli. 

The present study was prompted by Hasher and 
Zacks's (1979) suggestions that spatial information is en
coded automatically from stimuli and that developmen
tal changes in this kind of encoding should be minimal. 
Partial support for this view was provided in a recent 
study by Park and James (1983), who found that chil
dren in grades one, three, and six demonstrated above
chance incidental memory for the spatial location of 
items. In contrast with Hasher and Zacks's suggestion, 
however, age differences were detected: Older children 
showed better incidental spatial-position memory than 
did younger children. 

This study provides an additional appraisal of devel
opmental differences in the encoding of spatial informa
tion. Spatial attributes such as position (e.g., Mandler, 
Seegmiller, & Day, 1977; Park & James, 1983) and shape 
(Hale & Morgan, 1973; Yussen, Levin, DeRosa, & 
Ghatala, 1976) have been studied frequently. However, 
little evidence about children's encoding of spatial
orientation information from stimuli can be gleaned 
from the literature. Piaget and Inhelder (1965) reported 
that the acquisition of horizontal and vertical concepts oc
curs sometime after the age of 8 or 9 years (also see 
Brainerd, 1978). This finding suggests that the assessment 
of spatial-orientation encoding offers an excellent test of 
Hasher and Zacks's (1979) developmental-invariance 
hypothesis of spatial-attribute encoding. Thus, in the 
present study, the encoding of spatial-orientation infor· 
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mation about pictorial stimuli was estimated using the 
release-from-proactive-interference (PI) procedure devel
oped by Wickens (1970). The Wickens procedure was se
lected because it is believed to measure a kind of 
automatic encoding; that is, the subject's encoding 
of stimulus-attribute information occurs without in
tention or conscious awareness (see Wickens, 1970). An 
important methodological consideration in this study 
was the selection of stimulus objects that were not asso
ciated with typical or characteristic orientations. Be
cause the spatial-orientation dimension was equally ar
bitrary for all the stimuli , orientation could be manipu
lated freely, without regard to violation of standard po
sitions of the objects used. 

METHOD 

Design and Subjects 
The design of the experiment consisted of a 3 (grade: Iust 

grade vs. sixth grade vs. college) x 2 (condition: control vs. shift) 
x 2 (orientation : horizontal vs. vertical) x 5 (trial: Trial 1 to 
Trial 5) factorial. Forty students from each of three grade 
levels-Iust grade (modal age = 6 years), sixth grade (modal 
age = 11 years), and college (modal age = 18 years)-participated 
in the study. The children attended schools serving a middle
socioeconomic-status white community, and the adults were 
drawn from a university subject pool. 

Materials and Procedures 
The materials consisted of 15 black·(m-white line draw

ings of common objects (feather, bullet, oar, paintbrush, hatpin, 
pencil, match, log, screw, safety pin, key, nail, knife, bat, and 
hammer). These objects were homogeneous as to shape and were 
clearly recognizable in either vertical or horizontal depiction. 
Each drawing was mounted individually on a 10 x 10 cm piece 
of cardboard. During the experiment, a unique set of triads, 
yoked across the factors of grade level, condition, and trials, was 
constructed for each subject. Triad membership was determined 
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by a random selection (without replacement) of items from the 
list. Triad membership was constrained such that items did not 
share an obvious association or common first letters with the 
verbal labels. 

The subjects were tested individually. Each trial in the task 
involved the sequential presentation of each member of the triad 
at a 2-sec rate. As each item was presented, the experimenter la
beled the picture and the subject repeated the label aloud. A 15-
sec filled retention interval involving a simple numerical rating 
task (see Kee & Helfend, 1977) followed the presentation of the 
triad. During the 10-sec recall interval that immediately followed 
the retention interval, the child was asked to recall the triad. 
Each subject received five such trials. Stimulus presentation was 
manual and was timed with a stopwatch. 

Subjects from each grade were assigned randomly to either a 
control or a shift condition. Control~ondition subjects received 
five trials of triads in which the objects were depicted in the 
same spatial orientation (vertical or horizontal). Shift~ondition 
subjects received four trials of triads in which the items were de
picted in one spatial orientation and a fifth trial in which the 
orientation of the objects was changed. The orientation of the 
objects was counterbalanced across conditions, and the triads 
presented to the shift<ondition subjects on Trial 5 were iden
tical to those presented to the subjects in the respective yoked 
control condition. 

RESULTS 

The dependent variable selected for analysis was the 
number of correct responses given by the subjects on 
each test trial. Figure 1 presents the results for this vari
able as a function of grade, condition, and trial. Analysis 
of performance on Trials 14 provides evidence of PI 
bUildup. A significant trial effect was observed, which 
indicates a decline in recall between Trial 1 and Trial 4 
[F(3,342) = 71.00, P < .01] This main effect was quali
fied by a significant grade x trial interaction [F(6,342) = 
3.54, P < .01], which suggests that this decline over 
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Figure 1. Mean number of correct responses as a function of 
condition, trial, and grade. 

trials was largest for the college subjects (Trial 1 to 
Trial 4 difference = 1.73 items), followed by the sixth
grade (Trial 1 to Trial 4 difference = 1.08) and the first
grade (Trial 1 to Trial 4 difference = 1.00) subjects. A 
Simple-effects analysis indicated significant trial effects 
within each of the grade levels, which implicates PI 
buildup. A final significant effect observed in the Trials 
14 analysis was for grade [F(2,114) = 19.21, p< .01]. 
Pairwise comparisons (a = .05) indicated that the recall 
performance of the first-grade subjects was lower than 
that of the sixth-grade and college subjects and that the 
performance of the sixth-grade subjects did not differ 
from that of the college subjects. 

Release from PI is implicated if a performance im
provement in the shift condition and a performance de
cline or no change in performance in the control condi
tion occur between Trial 4 and Trial 5 (see Wickens, 
Moody, & Dow, 1981, for a recent discussion of the 
locus of this release-from-PI effect). An analysis of vari
ance for Trial 4 performance versus Trial 5 performance 
indicated significant condition x trial [F(I ,114) = 20.38] 
and grade x condition x trial [F(2,114) = 7.11] interac
tions (ps < .01). Descriptively, it appears that PI release 
was evident for the sixth-grade and college subjects, but 
not for the first-grade subjects. Within-grade analyses in
dicated a significant condition x trial interaction for the 
college group [F(I,38) = 45.91, p < .01], but not for 
the sixth-grade [F(I,38) = 2.30, p > .10] or the first
grade (F < 1 )group. Because of the release from PI sug
gested in Figure 1 for the sixth-grade subjects, two addi
tional analyses were conducted for that age group. On 
Trial 5, a recall difference faVOring the shift condition 
over the control condition was detected, and higher re
call on Trial 5 than on Trial 4 was observed in the shift 
condition (ps < .05). Both of these significant results 
implicate reliable PI release within the sixth-grade group. 
The Trial 4 versus the Trial 5 analysis also indicated sig
nificant effects for grade, condition, and grade x condi
tion (all ps < .05). These effects, however, did not serve 
to qualify conclusions reached about developmental dif
ferences in release from PI. 

DISCUSSION 

The results of this study suggest automatic encoding of spatial
orientation information by college and sixth-grade subjects. Cal
culation of percentage of PI release according to the formula sug
gested by Wickens (1970) indicates clearly that the college group 
was associated with more PI release-hence the more salient en
coding of spatial-orientation information relative to that of 
sixth-grade subjects (percentage of PI release: college subjects = 
89%; sixth-grade subjects = 68%). The absence of PI release for 
the first-grade subjects suggests that, under the present task con
dition, spatial-orientation information may not be automatically 
extracted. The task conditions used in this study are similar to 
procedures we have used in previous release-from-PI studies that 
have documented both semantic and structural encoding in chil
dren of ages comparable to those in this study (see Kee & Helfend, 
1977, and Kee & DeHaven, Note 1). Thus, it is unlikely that our 
procedures are insensitive, per se, to attribute encoding in young 
children. One possibility, however, is that the 2-sec exposure of 



triad members may not have been sufficient for the younger 
children to abstract the spatial-orientation information from the 
stimuli, because young children may have less efficient visual 
processing (see Hoving, Spencer, Robb, & Schulte, 1978). Alter
natively, retrieval factors could be partially responsible for the 
absence of PI release in the first-grade subjects. 

The observed developmental increase in release from PI may 
reflect age-related changes in strategic encoding. That is, older su b
jects may be more likely to notice the spatial orientation of ob
jects and may deliberately encode this information. Informal 
postexperimental questioning of subjects, however, did not pro
vide any evidence to support this view. It may be that younger 
children can be prompted to encode spatial-orientation informa
tion from pictorial stimuli if task conditions are arranged appro
priately. Furthermore, automatic encoding of spatial-orientation 
information may be more likely for objects that are associated 
with typical or canonical orientations. These possibilities cer
tainly should be explored in future work. 

Recall that Hasher and Zacks (1979) suggested that spatial in
formation may be encoded automatically. The present study in
dicated clearly that both older children and adults appear to au
tomatically encode the spatial orientation of pictorial stimulus 
items. Contrary to Hasher and Zacks's contention that develop
mental differences should be minimal in such automatic encod
ing, evidence for spatial-orientation encoding in younger (first
grade) children was not provided. Finally, it will be recalled that 
children's acquisition of the concepts of horizontal and vertical 
occurs sometime after the age of 8 or 9 years (Piaget & Inhelder, 
1965). Although the acquisition of these concepts has been 
studied in tasks that were quite different from the memory pro
cedures used in this study, the similarity of the developmental 
shifts observed across tasks suggests that children's ability to en
code spatial-orientation information may reflect more general 
age-related changes in cognitive development. 
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