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Presentation-rate effects and age differences
in children’s free recall

JAMES W. HALL and MARGARET B. TINZMANN

Northwestern University, Evanston, lllinois

In two experiments, free recall of lists of familiar unrelated words was higher for sixth-graders
than third-graders and for lists presented four times at a 1-sec rate than once at a 4-sec rate be-
fore testing. In neither experiment did the interaction between age and presentation rate ap-
proach significance. Thus, the age difference in recall apparently was due not to differences in
rehearsal strategies, but principally to semantic memory differences that influence the memorial
effectiveness of initial perceptual operations as well as rehearsal.

In a typical free-recall (FR) task, the study interval fol-
lowing each item may be viewed as a period during which
memory input is continuous, driven first by relatively au-
tomatic perceptual operations and then by study (rehear-
sal) activities that are deliberately initiated and guided by
the subject (Craik & Lockhart, 1972). It has been this sec-
ond source of memory input, subject-controlled study ac-
tivities, that has received the bulk of empirical and theo-
retical attention over the past decade or so. This has been
particularly true in developmental psychology, in which
quite strong positions have been taken regarding the im-
portance of rehearsal strategies in accounting for develop-
mental differences in recall. Probably the most extreme
position in this respect has been taken by Brown (1975),
who argued that substantial developmental differences are
found only for tasks susceptible to strategy use and are
due to that use (also see Brown, Bransford, Ferrara, &
Campione, 1983, and Campione, Brown, & Bryant,
1985).

There seems to be ample evidence that increases in the
use of effective rehearsal strategies do occur and are
related to increases in recall performance. Of these strate-
gies, the one that appears to be most critical for FR of
unrelated words under ordinary conditions is a kind of
review strategy in which each study interval is used to
rehearse some earlier list items in addition to the item just
presented (see Ornstein & Naus, 1978). However, there
also is reason to expect substantial developmental differ-
ences to be found under circumstances in which such re-
hearsal strategies are not involved. That is, Brown’s
(1975) position seems to give short shrift to the develop-
mental implications of changes in the nature of semantic
networks activated by perceptual processing. There is little
doubt that such activation occurs prior to the initiation
of subject-controlled rehearsal and that it results in sub-
stantial memory input. And there is no doubt that there
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are substantial developmental increases in the richness of
semantic networks (e.g., Chi, 1978). It also is clear that
recall depends heavily on the amount or degree of seman-
tic processing (e.g., Craik & Tulving, 1975), which, other
things being equal, may be expected to vary with the rich-
ness of the semantic networks that are activated.

On the basis of the above reasoning, one would expect
substantial developmental differences in FR correspond-
ing to the developmental differences in semantic memory
whether semantic activation derives from strategic rehear-
sal or from initial perceptual processing. There are, in
fact, data that confirm that expectation. Wilkinson and
Koestler (1983) found a substantial superiority of 19-year-
olds over 11-year-olds in FR of unrelated words presented
at the rate of 1 sec per item, a rate that was selected par-
ticularly to eliminate strategic rehearsal. Although Wilkin-
son and Koestler provided no direct evidence that stra-
tegic rehearsal did not occur, there is independent evi-
dence from Stoff and Eagle (1971) that a 1-sec presenta-
tion rate is not sufficient for adults to fully implement
effective rehearsal activities. At the very least, such a rate
would seem to offer a very minimal opportunity for such
activities.

A critical question not addressed by Wilkinson and
Koestler’s (1983) experiment is whether the age differ-
ences in FR would have been even larger if the presenta-
tion rate had been slower and, therefore, more conducive
to the execution of rehearsal strategies. If age differences
in recall are due chiefly to such strategy differences, pre-
cisely such an interaction would be expected. The two
experiments reported here examined that possibility by
administering a FR task, using lists of unrelated familiar
nouns, to children in Grades 3 and 6 and under one of
two presentation conditions. In one condition, lists were
presented once at the rate of 4 sec per item. In the sec-
ond condition, a 1-sec rate was used, and to equate total
study time (TST), the lists were presented four consecu-
tive times before testing. This step of holding TST con-
stant while varying presentation rate (and frequency) was
taken to avoid scaling problems that otherwise might com-
plicate interpretation of an age X presentation rate inter-
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action or the absence thereof. The scaling problem would
arise because FR would be far higher after a single presen-
tation at a 4-sec rate than after a single presentation at
a 1-sec rate. Unequivocal evaluation of a possible inter-
action under such conditions is not possible (see Baron
& Treiman, 1980, and Loftus, 1978).

The only substantial difference between the two experi-
ments was that assignment to rate conditions was reversed
from Experiment 1 to Experiment 2. Thus, the two ex-
periments are reported together here.

METHOD

Subjects and Design

Experiment 1. The subjects were 32 Grade 3 [mean chronological
age (CA) = 8.3 years] and 32 Grade 6 (mean CA = 11.9 years) chil-
dren in a public elementary school near Chicago. In each grade, 16 chil-
dren were assigned to the 1 X 4 condition, in which each of four lists
was presented once at a 4-sec rate, and 16 were assigned to the 4 X
1 condition, in which each list was presented four times at a 1-sec rate
before testing.

Experiment 2. Experiment 2 was conducted 5 months after Experi-
ment 1, and used the same subjects. The design of Experiment 2 was
the same as that of Experiment 1, except that the assignment of rate
condition to subjects was reversed. Thus, the subjects who served in
the 1 X 4 condition in Experiment 1 served in the 4 X 1 condition in
Experiment 2.

Materials and Procedure

Experiment 1. From a pool of 48 highly familiar, one-syllable nouns,
four lists of 12 words each were formed by random assignment. The
lists were read into a tape recorder either four consecutive times in the
same order at a 1-sec rate or one time at a 4-sec rate. Each word was
pronounced once, as clearly and as quickly as possible. The idea was
to minimize the time between the onset of articulation and the onset of
effective perceptual processing.

The experimental session began with an explanation of the task, fol-
lowed by playing of the first list, and then by a 1-msec test period in
which the child gave recall orally. The first list was regarded as prac-
tice and was not scored. The remaining three lists then were presented,
each followed by a test period, in just the same way as for the practice list.

Experiment 2. A new pool of 48 words similar to those in Experi-
ment 1 was constructed for Experiment 2. In all other respects, the
materials and procedures were identical for the two experiments.

RESULTS AND DISCUSSION

In each experiment, a presentation rate X grade level
ANOVA was applied to the sum of recall scores for the
three nonpractice lists; the means of the scores are shown
in Table 1. In each experiment, recall was significantly
(p < .05) higher at Grade 6 than at Grade 3 and for the
1-sec than for the 4-sec presentation rate [Fs(1,56) =
14.18 and 5.41 for grade level and 10.00 and 5.95 for
presentation rate, MSes = 11.02 and 18.97 for Experi-
ments 1 and 2, respectively]. In neither experiment did
the presentation rate X grade level interaction approach
significance.

The overall superiority of the faster presentation rate
is consistent with adult studies that have compared the
same presentation rates (Hall, Smith, Wegener, & Un-
derwood, 1981, Experiment 2; Roberts, 1972). In the Hall
et al. experiment, TST was equated by covarying the
number of list presentations prior to testing, as in the

Table 1
Mean Recall Percentages

Experiment 2

Grade Experiment 1
Level 4 x 1 1 X4 4 x 1 1 X 4
3 41 33 38 29

present experiments. In Roberts’s experiment, TST was
equated by covarying list length. The similarity of the
results using these different procedures to equate TST sug-
gests that indeed the 4-sec rate is slower than is optimal
foradult FR. That finding in the present experiment sug-
gests the same conclusion in the case of children of the
ages studied here. Apparently, for both adults and chil-
dren, the study activities in which subjects typically en-
gage following identification of an item begin to decline
in memorial effectiveness well within 4 sec following
presentation. At that point, they are considerably less ef-
fective (per unit of processing time) for FR than is the
perceptual processing that occurs immediately following
presentation, presumably with little if any conscious
guidance.

It is particularly interesting that the degree of superi-
ority of the older children did not differ statistically as
a function of presentation rate. This was not entirely un-
expected, in view of Wilkinson and Koestler’s (1983)
earlier finding of a substantial superiority of 19-year-olds
over 11-year-olds at rapid presentation rates that appeared
to eliminate strategic rehearsal. Although the present ab-
sence of a significant interaction raises the usual issues
regarding acceptance of the null hypothesis, the weight
of the evidence suggests that presentation-rate effects on
FR of unrelated words are similar across this particular
age range. This conclusion is buttressed by an experiment
just completed by the second author (Tinzmann, 1984),
wherein there again was no hint of an interaction between
presentation rate and age. In that experiment, presenta-
tion was visual at rates of 1.2, 2.4, and 4.8 sec per item,
and the subjects were children in Grades 4 and 8.

What is implied with respect to memory development
by the above result? First, the substantial age difference

- in FR at the 1-sec presentation rate seems most likely to

be chiefly the result of differences in the nature of the
semantic networks that are activated in a relatively auto-
matic fashion by perceptual operations. Such an interpre-
tation is consistent with current theoretical positions that
acknowledge input from such activation (e.g., Bradshaw
& Anderson, 1982), with the apparent time requirements
of effective subject-controlled activities (Stoff & Eagle,
1971), and with evidence on semantic memory
(knowledge) development (Chi, 1978).

It is generally acknowledged that the effectiveness for
FR of subject-controlled study activities also depends on
semantic processing (e.g., Lockhart, Craik, & Jacoby,
1976). One would expect, then, that even if the rehearsal
activities of the older and younger children were identi-
cal, the memorial consequences of those activities would
differ because of differences in semantic networks acti-



vated by those deliberate study behaviors. Thus, the pat-
tern of results obtained here seems to be just what would
be expected on the basis of developmental changes in
semantic memory characteristics without any additional
assumptions regarding strategic rehearsal differences. Of
course, the latter differences also may have existed and
even may have played some part in producing the recall
differences at the slower presentation rate. However, that
part seems to have been a minor one in view of the ab-
sence of a significant presentation rate X age interaction.

It is important to note that the above conclusion may
be quite restricted in its generality. It seems likely that
the relative importance of semantic memory and strategic
rehearsal differences varies with the age range involved
as well as with task characteristics. With respect to the
latter, it is perhaps pertinent that little of the evidence cited
by Brown et al. (1983) and Campione et al. (1985)
regarding the importance of strategy development comes
from studies involving FR, especially FR of unrelated
words; probably the most impressive evidence pertains
to memory for order information. Thus, the presentation
rate X age interaction that was not present here might
obtain with tasks such as serial recall or FR of catego-
rized lists, or even with the present tasks if an older group
of subjects were included. We believe that presentation-
rate manipulations offer a promising approach to the in-
vestigation of these questions regarding the source of de-
velopmental differences in memory.
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