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Span and Rate of Apprehension
in Children and Adults

MicHELENE T. H. CHI anp Davip KLAHR?

Carnegre-Metlon Unocersuy

Children and adults quantified random patterns of dots. under unlimited ex-
posure duratron. For adidts and children two distinet processes appear 1o operate.
For adults the quantitication of collections of from ane to three dots 1s essentially
etroriess. and proceeds at the rate of 46 msec per item. while the quantification
vate for from 4 to 10 dots 15 307 msee per dot. For children the same operating
runges appear o hold, however children are much slower. The lower slope is 195
mscee per dot, while the upper 15 1049, Although the results for adults and children
are similar except for the overall rates, the nature of the somorphism between
children and adults 15 unclear.

Early conceptions of the span of apprehension (e.g., Jevons, 1871} as-
sumed that there was some number, N. of discrete objects that the mind
could immediately perceive, apprehend, or recognize. That 1s. the time
to determine exactly how many such objects were present in a stimulus
contaning i objects was presumed to be a constant, independent of #,
for ail n = N. and the empirical question was the value of N.

A sertes of studies by various investigators has demonstrated fairly
conclusively that such a view of the “‘span of apprehension’” is errone-
ous (Averbach, 1963: Jensen, Reese, & Reese. 1950; Kaufman, Lord.
Reese. & Volkman. 1949; Saltzman & Garner. 1948: Von Szeliski, 1924).
Two findings. suggested by several of the studies cited, and confirmed
by our own investigations, (Chi, 1973; Klahr, 1973a) emerge. The first is
that reaction time is always an increasing function of the number of
ttems: it takes longer to “immediately apprehend’” n + | tems than n
items for all values of #. The second finding 1s that a break in the curve
relating RT to number of items occurs between three to five items.
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applied o the first 3 points, yielding a slope of 46 msec and an mtercept
of 495 msec (R* = 99.3%, RMSD = 5.4 msec}). _

For the upper curve, fit to the range n = 4 — [0, ‘Lhe s[ope‘, and ln[ii'—
cept are 307 msec, and —442 msec, respectively (R* = 98.9%.
RMSD = 65.9 msec). o o

Errors. Errors are shown at the bottom of Fig 1. Within ;he'sublt:zu}{;
range, the overall error rate 1s 0.87%. and there are no significant qm
ferences among error rates for n = | — 3. Similarly. in the counting
range. there are no significant differences in errors except for n = 10;
hoxzfever. the overall error rate for counting (8.9%} is significantly higher
than for subitizing (¢ {11} = 3.6. p < .01, l-tailed).

EXPERIMENT il

Method

Subjects. Twelve children ranging mn age from ;3—{} to 0-3 (rnf:an age:
5-8) participated n this experiment. All the children were either at-
tending nursery school or had attended nursery school. A few days be-
fore the actual expertment was run, the children were brought to the lab
to familiarize them with the apparatus and the procedure.

Stimulns materials and apparatus. The same qompulgr-controlled
apparatus was used. The sumulus materta@ were again dot-pat_ternf (u"—
| — 8) randomly displayed on the 25 possible Igcailons E)t ;a 5 x 5 grid.
The maximum angle subtended by the 5 x 5 grid was 1.5°.2 ‘

For each 1, 5 patterns were displayed. Hence. there were a total of 40
trials. After every 10 trials, a *“SMILE’" was displayed i the center of
the video monitor, at which time a break was introduced to reduce
fatigue and boredom. Each S ran through the experiment twice or a total
of 80 trials, which took approximately 30-40 mun. .

Proccd:uia The same general procedure was followed as in Expen—
ment 1. Subjects were again informed of the range of n. The subjects
were seated 60 in. in front of the monitor with the word READY
displayed, and they were toid to press a response button whenever‘they
felt ready. (The children were instructed about the meaning of the
word.) The READY sign would then disappear. followed [.5 sec later by
the dot pattern. The subjects quantified the dots and gave a verbzﬂ
response. which was then entered through the keyboard by the experi-
menter. (Once again, the word “‘count”” was not used.) Occasionally,
some subjects requested that they enter the response numbers them-
selves. in which case the experimenter made sure that no errors were
made at the keyboard.

* This dilferent visual angle was the result of usiag a dilferent model video monitor @
Experniment 11,




438 CHI AND KLAHMR

Resulrs

Latencies. A plot of the mean RT s across 12 subjects as a function of
i 1s shown in Fig. i. An obvious break in the curve seems to occur
between n = 3 and 4. This is supported by the fact that a significant quad-
ratic component exists for n =1 —4 (F{1.33) = 15.23, p < .01},
whereas no significant quadratic trend exists for v = | — 3. Hence. a
lincar regression was fit to the first 3 pomts, yielding a slope of 195.2
msec and intercept of 744.4 msec (R* = 94.2%. RMSD = 39.4 msec).
Least-square At was also applied to the upper curve (7 = 4 — 7) with
n = § excluded. because subjects tended to guess or estimate that a pat-
tern of dots was 8 whenever 7 or 8 dots appeared. This is supported in
part by the observatton that the error rate for 7 1s much greater than for
8 141.4% vs 29,19, The slope and mntercept forn = 4 — 7 are 1049 msec
and —1773 msec (R® = 99.1%%. RMSD = {09.6 msec). ({f » = 8 15 m-
cluded in the analysis. the resulis are: siope = 881 msec, imter-
cept = —934 msec, R* = 93.9%, RMSD = 256.8 msec.)

Errors. The overall error rate within the subitizing range (n = 1 ~ 3)
1s 1.57%. Error rates in the range (n = [ - 4) are not significantly dif-
ferent from each other (although the RT's are much slower for n = 4).
For n =4 —7 there s a significant increase 1n error rates
(F(1.33) = 31.9, p < .01). and the overall error rate, 22.8%. s signifi-
cantly higher than the error rate n the subitizing range ({11} = 5.8.
p < 01, I-tailed).

DISCUSSION

In both adults and young children, there appear to be (at least} two
disunct quantification processes. One process. operating almost er-
rorlessly on the range below 1 = 4 15 about 5 to 6 times as rapid as the
other, which operates on the range above n = 3.

Because of the similar characteristics of quantification processes in
children and adults (such as location of the break. ratio of the slopes.
and ervor patternsj it is tempting to suggest that the same underlymg
processes are operating in both age groups, and that children are just
slower by a constant ratio over the entire range. However such specula-
tions are probably premature, for they are inconsistent with other es-
timates we have of processing rates m children and adults.

For example. we know from subjective reports, other experimental
work (Beckwith & Restle, 1966). and some mformation processing
modeis (Klahr, 1973b) that the adult upper siope probably :'ep;:esenis the
time to group and subitize subsets of dots while computing a running
sum. However, most of our children could not yvet add, and in most
cases one could observe them overtly enumerating one-by-one. When
asked what they did on the upper ranges, children usually reported that
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These results suggest that adults use two distinct processes for deter-
mining quantity. One process, called subttizing, 1s used to quantify the
first three or four items. It operates at approximately 50 msec per item.
The other process. called counting, is used for more than three or four
items. It operates at approximetely 300 msec per item.

The existence of these two distinct processes for quantification, and
their central relation to more general quantitative concepts (Klahr & -
Wallace, 1973) raises the question of their ontogeny. The purposes of
this study are to compare the quantification processes 1n adults and
young children, to see if two such distinct processes also emerge for
children, and to determine the rates and ranges of these processes.

Results of previous mvestigations suggested that several procedural
variations might affect the functional relation between reaction time and
1. The experiments to be reported here were part of a series in which ef-
fects of visual angle, eye movements, numeral naming time, and range of
n were investigated with adult subjects (Chi, 1973; Klahr, 1973a). In this
paper, we compare the results of only one of the adult experiments with
the results of a replication on 5-year-old children.

EXPERIMENT I

Method

Subjects. Twelve adults, students and faculty from the Psychology
Department, participated as volunteers. Three of the twelve subjects had
previously participated in a pilot study.

Materials and apparaties. The materials consisted of random patterns
of one to ten dots presented on a standard video monitor controlied by a
DDP-116 real-time digital computer. Subjects responded by saying the
number of dots they saw, thus {riggering a voice actuated relay which
was sensed by the computer. Latencies were measured by the computer
to the nearest millisecond from the time the dot pattern appeared on the
screen until the relay was actuated.

Procedure and design. Subjects were seated 60 1n. in front of the
video monitor, placed at eye level, with a voice actuated microphone | ft
off to the right, and a response button at a comfortable distance to the
left. Subjects were informed of the range of n. At the start of each trial,
the word “READY"" was displayed in the center of the screen. The sub-
jects were instructed to fixate the “A™ in “READY" and then to press
the response button whenever they felt ready. After a 1.5-sec delay the
dot pattern appeared on the screen. The subjects were instructed to
respond by saying as quickly and as accurately as possible, the number
of dots they saw. (The word ‘‘count’ was carefully avoided in the m-
structions.) The subject’s response actuated the relay and removed the
pattern from the screen. The message “ENTER #° was next displayed




436 CHI AND KLAHR

and the subject s reported number was then entered through a kevboard
connected to the computer. Then "READY™ ;'eappezu‘ed.h )

Patterns were generated by randomly distributing dots on the intersec-
tons of a 53 x5 gnd. The grid lines were approximately .43 in. apart.
The subjgects sat 60 1n. away from the display. so that the patterns were
within foveal view, subtending a visual angle of less than 1.8°. Dot loca-
tions were determined prior to display. so that all dots in a pattern ap-
peared simultaneously. For each value of nn (1 = n = 10). 16 patterns
were presented in a random sequence. Subjects took from 15 to 30 min
o c]ompiete all 160 trials. There were three rest periods of at least 1 mn
cach.

Results

Latencies. Mean error free RT's averaged over all 12 subjects are
plotted in Fig 1. Due to the apparent slope discontinuity in the region
of 3= =3, separate analyses of variance and trend analysis \;ere
performed for n = | — 3, 0 = 1 — 4, etc., until a significant quadratic
component appeared. The subitizing range was defined by the first
appearance of o guadratic trend. Then a linear regression was run inde-
pendently over the upper and lower subranges of .

A significant quadratic read appeared for n = | — 4 (F(1,33) = 15.9,
p <08 but not for n = 1 — 3. Therefore. a least squares fit was
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they counted. Thus the adults and children are likely to be utilizing dif-
ferent processes over the upper ranges.

As for the lower ranges, it is unclear how to interpret the children’s
data. Is it “*slow" subitizing? Both adults and children report that they
“just know™” the lower responses (‘**My head told me’” said one child.)
However the 195 msec rate for children is comparable to the 230 msec
rate of numeral recitation for 5-year-olds; for adults, recitation rate 1s
about 200 msec (Landauer, 1962), four times the acult subttizing rate.

Our results indicate that i order to study the development of the span
of apprehension. one should replace that venerable notion with the con-
cept of quantification processes. Other investigators (Gelman, 1972
Schaeffer, Eggleston, & Scott. 1974) have begun to demonstrate the im-
portance of distinguishing between large and small number processing
capacity in young children. Regardless of what processes underlie these
quantification operators, the results presented here warrant close exami-
nation by experimenters interested in pursuing developmental studies
where quantities are involved, such as conservation and class inclusion.

REFERENCES

Averbach, E. The span of apprehension as 4 funchion of exposure duration. Journal of
Vierbal Learmng and Verbal Behavior, 1963, 2, 60-64.

Beckwith, M.. & Restle, F. Process of enumeration. Psychologreal Review, 1966, 73,
EXyaeEEY

Chi, M. T. H. Subitizing without cye movements. Paper pgesented at the 81st Annual Con-
vention, APA, Division 3, Monueal, August 1973,

Gelman, R. Logical capacity of very yvoung children: Number mvariance rules. Child
Development, 1972, 43, 75-80,

jensen. E. M.. Reese. E. P.. & Reese, T. W. The subitizing and counting of visually
presented fields of dots. Journal of Psychology, 1950, 30, 363-392,

jevons, W. S. The power of numerical discnimination. Nature (Londany, 1871, 3, 281-282,

Kaulman. E. L., Lord, M. W., Reese, T. W., & Volkmann, I. The discrimmation of visual
number. American Jowrnal of Psychology, 1949, 62, 498.525.

Klahe, D. Quantification Processes. In W, Chase (Ed.), Viswal Information Processing.
New York: Academuic Press, 1973a.

Klahr. D. A production system for countsng, subituzmg and adding. in W. Chase (Ed.),
Visaal fuformation Processig, New York: Academic Press. 1973,

Kinhr, D., & Wallace, J. G. The rale of quantification operators m the development of
conservation of quantity. Cognitive Psychology, 1973, 4, 301-327.

Landuuer, T. Rate of implicit speech. Perceptial and Motor Skills, 1961, 15, 646.

Saltzman, i. J.. & Garner, W, R. Reaction tme #s a measure of span of attention. The
Journal of Psychology, 1948, 25, 227-241.

Schaeffer. B.. Espleston, V. H.. & Scott. §. L. Number development i young children.
Coguittve Psvehology, 1974, 6, 357-379.

Von Szeliski, V. Relation between the quantiy percerved and the time of perception.
Journal of Expertmenial Psychofogy, 1924, 7, [35.147.

ReceiveD: June 11, 19741 ReEVISED: September 3, 1974,




