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Tachistoscopic word recognition can be conceptualized as a situation
in which S has to select a previously learned response from a set of
alternative responses. Information from various sources can be used
by S in arriving at the correct response. 3 experiments, in which recog-
nition thresholds for target words were correlated with measures of
information content and degree of congruity of their pre-exposure con-
texts, were conducted to evaluate the hypothesis that the amount of
information that S needs from the tachistoscopically presented stimulus
varies inversely with the amount of available relevant contextual in-
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formation.
support for the hypothesis.

While it is perhaps rash to suggest
that the human organism is nothing
but a communication channel, con-
ceptual analyses of behavior are often
aided by analogies between experi-
mental paradigms and communication
situations. Consider, for instance,
the experiment in which recognition
thresholds are determined for tachis-
toscopically presented words. The
S's task in the experiment can be
conceived of as the selection of re-
sponses from a more or less well-
defined set of previously learned and
integrated responses. This response
selection is guided by various sources
of information, both controlled and
uncontrolled, that are available to S.

! Now at Goucher College.

Data from the experiments were interpreted as providing

One such source of information lies
in the tachistoscopically presented
stimulus word. Probability of correct
response increases monotonically with
exposure duration, expressing the
direct relation between amount of
stimulus information available from
the tachistoscopic exposure and the
duration of the exposure, but the
amount of information available is
relatively independent of the amount
of information contained in the stimu-
lus (Miller, Bruner, & Postman, 1954 ;
Tulving, 1963).

Given a systematic relation between
exposure duration and the amount of
information available from the stimu-
lus, measures of recognition threshold
can be thought of as reflecting the
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amount of stimulus information that
S needs for response selection. In
these terms, then, all systematic
variability in recognition thresholds
indicates differential availability of
information from other sources.

The S can sometimes select the
correct response in the complete
absence of stimulus information (Gol-
diamond & Hawkins, 1958 ; Smock &
Kanfer, 1961). This observation, and
the fact that complete but incorrect
responses conveying some information
often occur prior to the veridical
report (Bricker & Chapanis, 1953),
provide ample evidence for the uti-
lization of information from other
sources. The existence of thesc
sources has long been known, and
terms such as set, hypothesis, and
expectancy have been used to refer
to them.

It is reasonable to assume that
different sources of information are
complementary to one another in
the sense that if one source provides
much information then less informa-
tion is needed from other sources.
The experiments reported in the
present paper were designed to evalu-
ate the hypothesis that visual dura-
tion threshold (VDT), reflecting the
amount of stimulus information
needed by S, varies inversely with the
amount of information provided by
the context of the target word. In
the first experiment, VDT was meas-
ured as a function of length of pre-
exposure contexts that were either
congruous or incongruous with the
target word. The second experiment
provided quantitative measures of
two properties of contexts: informa-
tion content, and degree of congruity
with the target word. In the third
experiment, covariations among VDT
of target words and the two dimen-
sions of contexts were examined.
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[xpERrRIMENT 1

Grammatical sequences of words
and letters are redundant : S can often
guess the word or letter that follows
a given sequence. The accuracy of
such guesses increases with increasing
length of preceding context, up to a
limit of 5-10 words (Aborn, Ruben-
stein, & Sterling, 1939) or 30-35
letters (Burton & Licklider, 1955).
Increasing the length of context nar-
rows the range of possible alternatives
or increases the amount of information
that is available to S about the target
word. If, in a tachistoscopic experi-
ment, VDT is directly related to the
amount of stimulus information
needed by S to make the correct
response, and if the amount of this
information varies inversely with the
amount of relevant information avail-
able from other sources, then it would
be expected that VDT for words ap-
pearing in presence of context would
decrease with increasing length of the
context.

Increasing the length of context
increases the amount of relevant
information about the target word
only if the context is congruous with
the target word, that is, if the word
following a given context does not
violate the rules of the language with
which Ss are familiar. 1f the target
word is incongruous with the context,
then increasing the length of the con-
text would be expected to decrease
the amount of relevant information
and to increase recognition threshold
for the target word shown tachis-
toscopically.

Method

General design—Thresholds for target
words were determined under 10 experimental
conditions provided by orthogonal combina-
tions of five lengths (0, 1, 2, 4, and 8 words)
and two levels of congruity (*‘congruous’’ and
“incongruous’) of context. FEach of the 10
Ss employed in the experiment was tested
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TABLE 1

CoxTeEXTs axD CORRESPONDING TARGET \WORDS

Sentence No. Context Target Word
1 The actress received praise for being an outstanding PERFORMER
o 2 Three people were killed in a terrible highway P COLLISION
3 The escaped soldier was captured and court-martialed
for DESERTION
4 | Far too many people today confuse communism with SOCIALISM
5 | She likes red fruit jams of strawberrv and RASPBERRY
. 6 I The skiers were buried alive by the sudden AVALANCHE
7 _} AMany u)lnrgui flowers and stately elms lined the BOULEVARD
8 ‘ Medieval knights in battle were noted for their GALLANTRY
__9 More money buyvs fewer products during times of INFLATION
10 ‘ The loud piercing screams occurred with regularly in-
creasing FREQUENCY

under all conditions. Ten different target
words, selected on the basis of a small pilot
study, were used throughout the experiment,

Stimulus words and contexts—Twenty-nine
nine-letter, three-syllable nouns occurring
four times per million (Thorndike & Lorge,
1944) were sclected for pretesting in order to
arrive at a relatively homogeneous group of
target words. For all these words VDTs
were obtained from 11 Ss, graduate students
in psychology. The order of presentation of
the words was sUstematically changed over
Ss. On the basis of the data from this small
pilot study, 10 words, having similar median
thresholds and showing least inter-S wvari-
ability, were selected as target words for the
main experiment.

Each of the 10 target words was used in
construction of a 9-word sentence, with the
target word as the final word in the sentence.
The preceding words in the sentence con-
stituted the 8-word congruous context for
the target word. These contexts and their
corresponding target words are shown in
Table 1.

Contexts of Lengths 4, 2, and 1 were
constructed by omitting the first four, first
six, or first seven words, respectively, from
each eight-wourd context. Absence of anv
context constituted the condition of Length 0.

Incongruous contexts of various lengths for
a given target word consisted of congruous
contexts of other target words, This pro-

cedure was based on the assumption that all
target words, except the one that was used
in the construction of a given sentence, would
be incongruous with other contexts.

Subjects and procedure.—Ten female under
graduate psyvchology students served as Ss
in this experiment. Their age range was from
18 to 23 yr., with the median age of 20.
None had had any experience in psychological
experiments. They had normal vision, cor-
rected or uncorrected,

Each § was tested individually. In-
structions to Ss included a statement that the
words they were to identify “actually follow
sequences of words,"” that parts of these
sequences would be shown to them on most
trials, and that the knowledge of the sequences
may help them to recognize the words. All
Ss were encouraged to guess when in doubt
about the identity of the target word. \'DTs
for four practice words were determined for
each S prior to the main part of the experi-
ment in order to absorb the most striking
practice effects.

The contexts were typed in upper case
letters and shown to Ss in the upper part of
the pre-exposure field of the Gerbrands
mirror tachistoscope. The target words were
also typed in upper case letters and presented
for controlled duratiuns in the exposure field.
The level of background luminance in both
fields was held constant at 2 ft-c (Macheth
illuminometer reading).
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16, 1. Visual duration threshold as a function of length of context
for congruous and incongruous contexts.

VDTs were measured by the ascending
method of limits. Each target word was
exposed initially at 10 msec. and exposure
durations were increased in successive steps
of 10 msec, until Sgave the veridical report.
At each level of duration two exposures were
given. If S correctly identified the word on
the first exposure at 60 msec., for example,
VDT was recorded as 60 msec., if identifica-
tion followed the second exposure at that
level, VDT was recorded as 635 mser.

The order of presentation of diffcrent

lengths of context of target words was svs-
tematically counterbalanced over Ss. The
order of presentation of congruous (C) and
imcongruous (1) contexts, however, followed
the same arbitrarily selected flixerd pattern

for all 8s;: CICCIICICI.

Resulis

The results of Exp. I are sum-
marized in Fig. 1. Mean VDT is
plotted as a function of length of pry-
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exposure context for both congruous
and incongruous contexts. It can be
readily seen that mean VDT decreases
with increasing length of congruous
context and increases with increasing
length of incongruous context.
Analyvsis of variance of VDT meas-
ures adds statistical support for the
impression gained from Fig. 1. The
interaction between length and type

of context is highly significant:
F (4, 81) = 1235, p < .01. Individ-
ual analyses of the two curves

separately also vield signifcant F

ratios for length of context: for
congruous context, I (4, 35) = 11.47,
p < .01; for incongruous context,
F (4, 33) = 444, p < .01. These
analyses permit us to draw the con-
clusion that increasing the length of
congruous context facilitates tachis-
toscopic identification of words, while
increasing the length of incongruous
context interferes with it.

ExpririvixT |

In Exp. 1 only two levels of con-
gruity were examined. It is obvious,
however, that congruity is a con-
tinuous variable rather than a dichoto-
mous one. Furthermore, the data
were averaged over 10 different con-
texts at cach level of length of context.
It is quite possible that different
contexts of a given length wvary
considerably in degree of congruity
with respect to selected target words,
both within the set of congruous and
within the set of incongruous con-
texts. Quantification of degree of
congruity between each context and
its designated target word would
presumably permit a somewhat more
detailed analysis of the relation be-
tween congruity and VDT,

Similar considerations are relevant
to the second dimension of context
varied in Exp. [, namely its length.
While it is clear that the constraining
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power of context varies with length,
the relation may be different for
different contexts. Mloreover, since
we manipulated length in Exp. | only
in order to vary the amount of
information conveved by the context,
it seemed useful to determine the
constraining power of various in-
dividual contexts.

Measurement of Comgruity and Con-
textual Infermation

Degree of congruity between a context
and a given target word can be measured
simply in terms of relative frequency
with which the target word occurs as a
response in a large group of Ss who
receive no stimulus information, that 1s,
in a guessing situation. If all Ss guess
the target word correctly, the congruity
1s maximum, if none of them does so,
the congruity is minimum. [If cach S is
permitted only one guess, then the
measure of congruity (C) is given by the
proportion of Ss who guess the target
word correctly.

Amount of the constraining power of
the context, that is the amount of in-
formation conveyed bv the context, can
vary independently of congruity, since
it is specified without regard to the
target word. It can be estimated from
the distribution of responses in different
response categories given by a large
group of Ss. Many different measures
could be used to assign a numerical
value to the information content (I) of
a context. In the present experiment,
the following measure was used :

o
Zu; log n,

S

[1]
In this formula, n; refers to the frequency
of a given response 2 in the distribution
of N responses, where cach of N in-
dividuals gives one response. The
formula is a restatement of the formula
for redundancy in a set of events as used

in the mathematical theory of communi-
cation (McGill & Quastler, 1955):

H(x)

i k= maxH(.\.T)

[2]
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The measure of I, as given by Formula
1 can vary between zero and unity, the
former value representing the maximum
amount of uncertainty in Ss' responses
and hence minimum amount of informa-
tion in the context, and the latter valuc
representing minimum uncertainty in Ss’
responses and hence maximum amount of
information conveyed by the context.

Method

Each of the 50 contexts used in Exp. 1
(3 lengths X 10 sentences), followed by a
Llank space, was mimeographed on a small
slip of paper. Different slips were stapled in
haphazardly varied orders into small book-
lets, Each booklet contained 10 slips, Vive
of these were irrelevant for the purpose of the
present experiment, although similar in
nature. ‘The other 5 represented Hhve
different lengths of cuntext assuciated with
different stimulus words. Ten bhooklets ex-
hausted all 50 contexts used in Exp. I. A
total of 1,000 booklets was prepared.

The Ss were 1,000 undergraduate students
enrolled in various psychology courses at the
Uiniversity of Toronto.  Testing was con-
dueted in six large classes as a parc of regular
classroom procedure.  Each N received a
hooklet and was instructed to complete the
blank on ecach page of the hooklet with an
English word "best suited” to the words
preceding it. In the case of no context, that
is blank pages, Ss were simply asked to
write the first word that came to mind.

Since each booklet contained 5 of the total
set of 30 contexts, responses to each of the
30 contexts were obtained from 100 Ss. The
procedure used resulted in a =omewhat un-
desirable confounding of contexts and S5,
but in view of the necessity for reasonably
large samples it nevertheless seemed prefer-
able to testing a sample of 10,000 Ss that
would have wvielded the sime amount of
uneonfounded data.

Results

For each of the 30 contexts, indexes
of both I and C were calculated. The
amount of information conveved by
the context () was computed accord-
ing to Formula 1. the degree of
congruity between context and target
word (C) was given by the relative
frequency of responses corresponding
to the target word for each context.
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Table 2 shows values of I and C for
all 50 contexts. The rows represent
the 10 sentences as given in Table 1,
the columns indicate the length of the
context, the upper number in each
cell shows I, and the lower number
shows C.

As can be seen from Table 2, mean
I increases monotonically with length
of context. The relation between
length of context and I for individual
contexts, however, wvaries greatly
among contexts. In some cases there
islittledifference in I between lengths
2 and 4 (Sentences No. 5 and 6), but
in some cases the difference is quite
pronounced (Sentences No. 1 and 4).
Other examples of such interaction
between contexts and length in de-

‘termining the amount of redundancy

in Ss' responses can be easily dis-
covered in Table 2.

Table 2 also shows that mean C
increases monotonically with length
of context. Variability in C among
different contexts is noticeable at
greater lengths of context. It 1s ab-
sent for Length 0 and small for Length
1 because of the fact that probabilities
of correct guesses are at or near zero
for these lengths.

Although both mean I and mean C
increase with length of context, the
two variables are relatively independ-
ent of cach other. For instance,
the product-moment correlation coeffi-
cicnt between I and C for the 20
contexts at Lengths 4 and 8 is +.439.
Other lengths are ignored in this
calculation since their C values are
mostly zero or else very small.

It is obvious, of course, that the
extent of the correlation between [
and C is largely a matter of the
selection of a sample of contexts and
target words. One can casily obtain
a sample in which the correlation
would be wvery high. Given a par-
ticular sample, however, the covaria-
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TABLL 2

MiAsURES 0F CONTEXTUAL InFORMATION (1) AND CoONGRUITY BEIWEEN CONTEX
AxD TARGET Worp (C) For 50 CoxTEXTs Uskp vy Exp. 1

Sentence i
No. ] —-—
0 1 2 | 4 8
1 .07 31 23 49 40
00 .03 .02 .01 .33
2 .08 .36 e 69 .83 )
.00 .00 01 .01 .05
3 .06 23 34 47 51
.00 .00 .07 12 .36
E .08 .24 .20 .58 .59
.00 00 03 .56 .56
5 .04 1 53 53 .62
.00 .00 .19 52 .59
6 .07 27 21 .20 .78
.00 .00 .00 00 79
7 .07 b 37 A7 47
.00 .00 00 .04 21
8 .07 24 18 .25 .55
.00 .00 .00 .01 .01
9 .10 RE 23 a7 68
.00 00 .00 06 43
10 .06 .12 18 27 45
.00 02 N2 23 13
Mean J 07 .21 .28 A3 .59
Mecan C .00 01 N4 10 e 11

Note.—The upper number in each cell of the table shows I, the Tower number shows

tion between VDT and I, and between
VDT and C, can be determined. This
was undertaken in Exp. I11.

ExPERIMENT 111
Method

The 20 contexts at Lengths 4 and 8 and
their congruous target words, as used in
Exp. I, constituted the materials of Exp. ITL.
Fifty female students between 19 and 30 yr.
of age, enrolled in various psychology courses
at the University of Toronto, served as Ss.
None had participated in Exp. I and II.

The Ss were randomly divided into two
equal groups. VDTs for target words in
presence of four-word contexts were de-
termined for Ss in Group I, and those in
presence of eight-word contexts were oh-

tained from Group 1. Each § viclded one
VDT for cach of the 10 target words. ‘The
order of presentation of target words was
systematically varied among Ss to minimize
any sequential effects.  All other conditions
of the experiment were identical with those
in Exp. L.

Results

Table 3 shows mean VDTs for all
10 target words associated with four-
word and eight-word contexts. Table
4 shows product-moment correlation
coefficients among mean VDT, I, and
C for 10 target words and for both
lengths of context.

Correlation between

VDT

mean
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TABRLL 3

Meas VisuaL DUuraTioN THRESHOLDS FOR 10
TARGET WORDS PRESENTED IN PRESENCE
oF Four-WoRp axD EIGHT-WoRD
PriE-ExPosURE CONTEXTS

Mean Threshold (msee.)

Taurget Waortl =
Four-Word Eight-Word

Context Context
PERFORMER 80 67
COLLISION 81 80
DESERTION 69 65
SOCIALISM G B R
RASPBERRY 52 47
AVALANCHE 48 35
BOULEVARD N8 | Tl
GALLANTRY 79 04
INFLATION 70 63
FREQUENCY Ol 73
M 09.2 63.9

§ote.—Each threshold value is based on data from
25 Sa.

and C is negative and highly signifi-
cant for both sets of context lengths.
Other correlations are small and not
significant. When the effects of I are
partialed out, correlation coefficients
between mean VDT and C change
very little (—.918 and —.968 instead
of —.928 and —.970). Partial cor-
relations between mean VDT and I,
with the effect of C eliminated, how-
ever, become —.087 and —.019 for
four-word and eight-word contexts,
respectively., When the data are

TABLE 4

Propuct-MomexT CorRRELATION COEFFI-
CIENTS AMONG Mean VDT, I, axn C
Miasures For THE TARGET WoRDS
AssSOCIATED WITH FOUR-WORD AND
Eicur-Worp CONTEXTS

l Four-Word Kight-Ward
Context Context
I ¢ I (&
Mean VDT | —.357 | —.928 | —.275 | —.970
I 352 279

| qu_e._--r_(!l} = _765 ix necessary for significiner at

NIl LULVEINU ANy G lal.D vavriL s

pooled for all 20 contexts, the puture
remains essentially the same: correla-
tion between mean VDI and C is
—.931: between mean VDT and [,
—.349; and between I and C, +.439.

Thus it seems that of the two
dimensions of context, C accounts for
a large proportion of variance in mean
VDT, while [ does not covary with
mean VDT,

[DiscussioN

The results of both Exp. I and III are
quite consistent. They show that length
of context or the amount of information
conveyed by context, per se, is irrelevant
to recognition threshold of target words.
The length of context, as examined in
Exp. |. seems to be important only
insofar as it changes the degree of con-
gruity betwcen context and the target
word. Similarly, as shown in LExp. III,
there is no covariation between VDT
and contextual constraint if the effects
of congruity are necutralized, but co-
variation is high between VDT and con-
gruity even if contextual constraint is
partialed out. Thus, it is not just the
amount of information in the context
that determines the case of tachistoscopic
recognition of the target word, but rather
the amount of relevant information.

If we assume that the degree of con-
gruity reflects the amount of relevant
information available from the context,
and threshold reflects the amount of
stimulus information that S needs for
correct response, then the present find-
ings can be regarded as providing full
support for the hypothesis that sources
of stimulus information are interchange-
able with sources of contextual informa-
tion. The role of the discriminative
stimulus in experiments on tachistoscopic
identification of verbal material, there-
fore, 'is simply to provide information
about the response to be selected that is
not available from other sources. In
Coldiamond and Hawkins' (1958) Vexi-
erversuch, according to the present
argument, ‘‘background” information
wae snfficient in many cases to provide






