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Short-term memory for figural items as a function
of the number of variable dimensions

STEFAN SLAK
University of Toledo, Toledo , Ohio

A total of 108 undergraduates were given a memory span task for figural items varying in
one, two, or three dimensions. Memory span in item units significantly decreased, and memory
span in bits of information significantly increased as functions of the increase in the number
of variable dimensions and bits of information per item. Results are interpreted as additional
evidence that the constant chunk hypothesis is wrong and as further extension of previous data
on univariate and bivariate information storage.

In summarizing some of the data on unidimensional and
multidimensional absolute judgments, Miller (1956) noted
that the channel capacity depends not only on a particu
lar dimension used but also on the number of simultane
ously used dimensions. The channel capacity of human
observers increases as the number of simultaneously vari
able dimensions increases. McCormick (1970, p. 91) also
states that , in combinations of dimensions, the maximum
information that can be transmitted is noticeably greater,
ranging from 3.5 bits to as high as 7.2 bits. Beebe-Center,
Rogers, and O'Connell (1955) , for example, measured
the channel capacity of human observers for concentra
tions of sucrose alone , salt alone, and sucrose and salt
combined and found that the channel capacity in bits of
information was 1.7 for salt alone and sucrose alone, and
2.4 for the two combined. Slak's (1969) review of the
available data suggested an increase in the channel capac
ity with additional dimensions , but at a decreasing rate .
It also has been noted that information transmission rate
in memory processes is inferior to that in perception
(Weltner, 1981).

This effect of dimensionality led Slak (1971) to test
memory span for univariate and bivariate figural items
(with color and shape as dimensions) . He found that the
memory span in bits of information was higher in the
bivariate condition, but the span measured in terms of
items was lower in the bivariate condition as compared
with the univariate condition. Replication with different
dimensions yielded the same results (Slak, 1974). Because
bivariate items had twice as high information content in
bits as univariate items had, the results showed that
memory span was limited neither to a given amount of
information nor to a given number of items or chunks.
Although Miller (1956) prematurely concluded that
memory span depends on number of items or chunks
(constant chunk hypothesis) regardless of information con
tent, Slak's data showed that memory span is conjointly
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limited by the number of chunks and by the amount of
information contained in those chunks.

A different experimental paradigm resulted in the same
conclusion. Slak, Hirsch, and Syrja (1979) instructed the
subjects to randomize univariate or bivariate items.
Redundancy (inverse of the proportion of maximum pos
sible information) was higher in the bivariate condition,
showing that items containing more information are more
difficult to randomize, but the information production rate
(total information produced per unit of time) was higher
in the bivariate condition. Again, the information process
ing ability increased with increased information per item,
but at a slower rate than the increase in information per
item (as the redundancy data indicate).

The third experimental paradigm yielding analogous
results was phonemic recoding of figural items (Slak,
1972; Slak, Kelley, & Skibski, 1979). In the control con
dition, subjects learned to name the two dimensions used
with two natural language words, and in the experimen
tal condition they learned to name them with a two
phoneme syllable: a consonant, standing for one dimen
sion, and a vowel, standing for the other dimension. The
prelearned code reduced the length of verbal representa
tion of the same amount of information. Such reduction
in verbal representational redundancy led to an increase
in memory span for figural items, but the increase in
memory span was inferior to the amount of decrease in
representational redundancy. The preceding results are
related to similar earlier experiments with phonemic
recoding of digital information (Slak, 1970) and to earlier
work of Glanzer and Clark (1962) who noticed that in
formation representable with fewer words is more easily
processed.

In the above examples , two types of chunking are in
volved . In the studies on univariate and bivariate items
(e.g . , Slak, 1971), items may simultaneously vary in two
dimensions. An example of unidimensional variation is:
"red," " blue," "green," . .. or "triangle," " square,"
"star," .. . An example of bivariate sequence is: "red
triangle," "green star," "blue square," ... (actual
figures and colors, not words). Such combining of two
dimensions into a single item may be called stimulus
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chunking, because the chunking is done before items are
presented to the subject . A chunk in this case is a new
gestalt, presumably perceived as a unit rather than as a
set of components. In the studies on phonemic recoding,
on the other hand, the subject learns the phonemic code
first so that he/she can recode the items into a much
shorter verbal representation than the one provided by the
natural language. For two dimensions, line orientation and
the number of lines, the natural language representation
of "two horizontal lines" can be encoded phonemically
as " may" (Slak, 1979). In this case, the chunking is done
by the subject according to a preleamed code and has been
called the process of reduction of representational
redundancy.

The purpose of the present study was to extend the find
ings on the effect of stimulus chunking from two dimen
sions to three dimensions. It was predicted that as the num
ber of simultaneously varying dimensions increases from
one to two to three , the memory span in bits of informa
tion increases and the memory span in item units decreases
as a function of number of dimensions.

METHOD

Subjects
A total of 108 volunteer undergraduate students of both sexes were

randomly assigned to three experimental conditions of36 subjects each.

Apparatus
A Hunter timer for control of stimulus presentation and intertrial in

terval was connected to a slide projector for presentation of stimuli on
a screen about 3 m distant from the subject.

Design
The design was a unifactorial one with independent groups for the

three experimental conditions : univariate , bivariate, and trivariate .

Procedure and Tasks
In a given trial , a subject was presented with a sequence of figural

items on a screen . Each item was presented for 2 sec with l-sec inter
tr ial intervals . The sequence length increased from 2 to 12 items, each
length presented once . After each sequence presentation, the subject
recalled at his/her own pace all the items he/she could by drawing them
in a column with the same number of cells as the sequence length.

In the univariate condition , the items varied in one of the three dimen
sions: orientation of line (horizontal or vertical), number of lines (one or
two parallel), and shape of lines (straight or S-curved). Each of the three
possible variable dimensions was used with 12 of the 36 subjects as
signed to the condition . Each of the 12 subjects for a given variable
dimension was given a different combination of the variable dimension
and the values of other fixed dimensions . The order of items in a list
was completel y randomized.

In the bivariate condition , items varied along two dimensions (orien
tation plus number; orientation plus shape; or number plus shape). There
were six possible combinations of two variable dimensions and values
of the fixed dimension, each one used with 6 of the 36 subjects in the
condition . The order of items in a list was completely randomized.

In the trivariate condition, all three dimensions were variable (one
combination) yielding eight possible stimulus alternative s completely
randomized for all 36 subjects in the condition.

In the univariate condition , each item was worth one bit of informa
tion (two alternatives); in the bivariate condition , two bits of informa
tion (four alternatives); and in the trivariate condition, three bits of in
formation (eight alternatives) .

Scoring
For each subject, memory span for sequence length was determined

by adding the number of sequence lengths correctly reproduced to a
value of 1.5 (2 was the shortest sequence length used). This addition
yielded memory span in item units. To obtain memory span in bits of
information, the memory span in item units was multiplied by I in the
univariate condition , by 2 in the bivar iate condition, and by 3 in the
trivariate condition.

RESULTS AND DISCUSSION

The average memory span in terms of items for univari
ate, bivariate, and trivariate conditions was 8.11, 5.08,
and 4.02 , respectively . The overall differences between
conditions were significant [F(2,105) = 27.69 , P < .01].
Differences between each two conditions were also sig
nificant [univariate vs. bivariate, F(I, 105) = 11.4,
P < .01; univariate vs. trivariate, F(l ,105) = 172.49,
P < .01; and bivariate vs. trivariate , F(l,105) = 11.53,
P < .01] .

In terms of bits of information, the average memory
span for uni-, bi-, and trivariate conditions was 8.11,
10.16, and 12.06, respectively . The overall differences
were significant [F(2,105) = 27.69, p < .01]. The differ
ences between individual means were also significant
[F(l,105) = 14.83, 55.40, and 12.90 , respectively ,
(p < .01)].

In conclusion , memory span in item units significantly
decreased and memory span in bits of information sig
nificantly increased as a function of the increase in the
number of variable dimensions from one to three . The
results are consistent with previous data on univariate and
bivariate dimensions and represent extension of findings
to three dimensions .

The data of this experiment show again that the popu
lar constant chunk hypothesis based on indirectly reported
data obtained from a single subject (Miller , 1956) and al
ready part of the "introductory psychology" culture (e.g. ,
Rumelhardt, 1977, p. 177) is wrong . Memory span does
not depend merely on the number of items or chunks, but
also on the amount of information contained in them.
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