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Two criteria of central importance to the identification of ar. automatic process are insensiuvity 10
competing ask loads and 10 strategy manipulation. Pasi experimeniauion using these criteria has led
to the view that judgments of frequency of occurrence are a result of an automatic process. Experi-
ment | is a reexamination of the effect of competing load. This experiment’s rasults make clear that
judgments of frequency are markedly affected by the level of difficulty of a secondary task. Results
from Experiment 2 suggest that although intention 10 code frequency may noi have an effect on
frequency judgments under all conditions. there are strategic effects on coding nonetheless. Finally.
Experimem 3 is included to show that under some conditions. in fact. one can find an effect of
intention as well. Taken together. the results that are reported question the view that frequency
judgments are the result of an autofmatic process.

There has teer a growing interest in the past several years
i idvnu{ang culomatic processes in cognition and specifying
derails of their operation. A case In point is the encoding and
judeing of freguency of occurrence of events. Hasher and Zacks
and their colicagues. as well as others, have amassed evidence
about a number of criteria that they proposed as tests for auto-
maticin of frequency coding (Hasher & Zacks. 1984). Briefly.
the evidence is this:

(a} Sensitivity 1o the frequency of events is a characteristic
that 1s demonstrabie in voung children and shows little change
with age (Atug & Hasher. 1980, Hasher & Chromiak. 1977:
Hasher & Zacks. 1679 Kausler & Puckett. 1980).

by Encoding of frequency does not benefit from practice in
12vks that require such encoding (Hasher & Chromiak, 1977
Zachs. Hasher & Sanfi. 19821,

(1 Individual differences 1n cognitive functioning do not
affect the accuracy of reports aboui frequency of occurrence
{Hasher & Zacks. 1979: Zacksetai.. 1982).

{d) Intention to code frequency docs not enhance its mem-
orabilny {Fiexser & Bower. 1975 Howell, 1973: Zacks et al..
19825 Simitarh. variauons 1o effortful encoding strategies or
instructionai manipulations will not affect the efhiciency of reg-
istering frequencs information.

ter Encoding of frequency information is not influenced by
compenng task demands (Zacks etal., 1982}

Trese criteria have led 10 the view that the encoding of fre-
quencs informatior 1¢ effortless. inflexible. and inaccessible—
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in short. that it 1s automatic (Hasher & Zacks. 1984). Perhaps
it is. However. in order to be confident about this conclusion,
one must be sure that the operational definitions of the various
criteria are properly reflecuve of the underlving characieristic
in question. Greene (1584) has recenth called some of these
criteria 1n1o guesnon. showing that as evidence for automau-
ity. some may be ambiguous. Accordingly. there is a need to
examine more carefully the evidence that has beer used 10 sup-
port the automatciny argument.

The most central evidence bearing op aulomaticity comes
from studies of the effects of competing tash demands and strai-
egy manipuiations Both theoretically and empinically. various
investigators have argued that insensitivity to these variables 1s
the hallmark of automaticity (Jonides. 1981: Naveh-Benjamin
& Jomides. 1984: Posner & Snyder. 1973: Schneider & Shiffrin,
1977. Shiffrin & Schneider. 197 7).

To begin. let us concentrate on the criterion of competing
task demands. If an automatic process 1s assumed to require
minimal mental capacity for its operation. performance of a
wask simultaneously with an automatic process should not affect
its operation. In a study reported by Zacks et al. (1982). com-
peting demand for capacity has been shown not to affect perfor-
mance on frequency judgments In this study. three groups of
subiects received different types of instructions. One group was
informed about a forthcoming frequency tes: before being ex-
posed to the test stimuli. A second group was informed about a
forthcoming recal! test on the material. and a third group was
informed about both an upcoming frequency tesi and a recall
test. The group instructed about both tests was included as a
way 1o place competing demands on subjects. Preparation for a
recall test 15 assumed to require considerable capacity. espe-
cially if sublects are using mnemonics. Zacks et al. (1982)
claimed ihat the competing demunds induced by instructing
subjects t¢ prepare for both the frequency and recall tests
sr:ould have had no impact on frequency judgments if these are
mediated by an autemauc provess. However competing de-
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mands were predicted 1o reduce performance for the free recall
tash. which was hvpothesized 10 be effortful. The resuls showed
that whereas preparing for both tasks interfered with free recall,
it had no impact on frequency judgments.

However. the results of this experiment are problematic for
two reasons: First. if frequency judgments themselves are medi-
ated by accessing information about 2 memory trace that also
serves as the basis for recall (Hinizman & Block. 1971 Howell.
1973). one may not particularly expect that preparation for a
free recall test should impede frequency judgment perfor-
mance. Second. there is no direct way of scaling the amount of
cognitive demand induced by the different kinds of test prepara-
uon.

There is another report of an experiment measuring the effect
of competing 1ash demands on freguency judgments whose re-
sults do not suppon the automaticity contention. In this experi-
ment. by Kausler. Wright. and Hakami (198!). judgments
about frequency were oblained under two conditions. In one,
subjects were asked 1o prepare for just an upcoming frequency
judgment task. In the other. subjects had to perform an ancil-
lary case-monitoring task in addition to preparing for fre-
gquency judgments. Resulic showed that the group that per-
formed both tasks was less accurate in its frequency estima-
nons. a result that is inconsistent with an automaticity
hypothesis. However. the results of this study cannot be taken as
definite evidence about automaticity because it could be argued
that the reduced performance in the dual task was due to an
effect of “structural™ interference by the competing task. It
could be that performing the anctllary case-monitoring task in-
volves the same mental mechanisms (e.g.. rehcarsal of recent
information) as frequency coding. If so. the frequency judg-
ments would be less accurate because of such specific interfer-
ence. not because the same pool of general processing capacity
wis being taxed by the case-monitoring task (see Kahneman.
1973: Posncr & Boies, 1971).

Another experiment that is relevant to the tssue of competing
demands was reported by Fisk and Schneider (1984). Although
their results also show reduced performance in judging fre-
guency with heavy competing loads. the effect is not easily inter-
pretable because the conditions with the different loads also
differed in instrucuions about the frequency test.

In short. there 1s still need for a test of the effect of competing
demands on frequency judgments. This test should include a
primary task that requires attention to frequency of occurrence
for various events and a secondary task that varies in difhculty.
Efiects of secondary 1ask load on performance of the primary
task would establish an effect of competing demands. Further-
more. by varying secondary task difficulty and finding an effect
of thi¢ variation. one could be confident that the interference of
the secondary task on the primary task was due to more than
structural interference. Thus. an experiment of this sort would
be relevant 1o the issue of whether frequency coding meets the
criterion of insensitivity to competing load. which is one hall-
mark of an automatic process.

The first experiment meets this need. Subjects were required
1o engage in a digit-counting task while preparing for a test of
frequency =stimation. The load of the secondary task was varied
by varving the difficulty of the counting task. In the easiest load

condition. subjects had to count forward by Is. In a mare
difficult load condition. subjects had to count backward by 3g.
and in the most difficult condition. they had 10 count backward
by 11s.

Before proceeding. let us comment on a feature of all the ex-
periments to be reponed concerning treatment of the data,
There has been a remarkable lack of uniformity in analvsis of
frequency judgments in past work. Early experimenters were
concerned largely with analysis of the deviation of judged from
actual frequencies (e.g.. Rose & Rowe. 1976: Rowe. 1974).
Later. Flexser and Bower {1975) introduced the use of a correla-
tion berween judged and actual frequency as a measure of per-
formance. Their rationale was that a correlation would assess
the discriminability of the judgments rather than some absolute
deviation that the judgments may kave had from the actual fre-
quencies (a kind of constant error). Since then. investigators
have used a mixture of these different measures with little dis-
cussion of the information provided by each (e.g. Greene,
1984).

Some reflection about the value of each measure reveals that
there are three important pieces of information that one should
extract from the relationship between judged and actual fre-
quency (assuming. as is usually the case. that the relationship is
linear or nearly s0). One is the slope of the function relating
estimates to actual frequencies. This slope is an indizator of sen-
sitivity 1o variauons in frequency. As the slope becomes closer
and closer 1o unity. one can conclude thai subjects are more and
MOTe sensitive 10 varianons in presented frequency.

A second measure of interest is the deviation of each judg-
ment from the mean judgment for a giver preseniation fre-
quency. Larger deviations obviously imply less consistency in
Judgments and therefore less reliability.

Notice that. contran to the recommendation of Flexser and
Bower (1975). coefiicients of discriminatior (correlations of es-
timated against actua! frequencyi arc not sefficient to distin-
guish between the above two measures of interest. Correlation
coefhicients are sensitive 1 both the slope of the hine relating
the two vanables of interest and the vanabihity of the dawa
points. This 1s most easily seen by examining the equation of
the Pearson r: r = K{(Sx/Sy). If the variable v is fined. as it ts in
typical studies of frequency (because frequency is treated as an
independent variable). then this equation makes clear that r is
directly related 1o the siope and inverseh related to vanability
In yv. In short. ris ambiguous by itself about the first two mea-
sures that we propose

A third measure of interest 1s the absolutc magnitede of the
Judgments compared te the actuzi frequencies. This reveals
whether subjects are sensitive 10 the range of frequencies thas
were actually presented and whether their judgments of fre-
quency tend to underestimate or overesumate the actuai fre-
quencies. Of course. it i1s of value 1o compare these absolute
magnitudes between various experimental conditions as well as
comparing them to the obiecuvely presented frequencies.

Given this analysis. 1t scems mosi appropriate to consider re-
sults of a freguency yudgment eaperiment in a way tha allows
all three measures of performance to be examined The analy-
sas presented below are consisiznt with this recommendation.
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Experiment |
Method
Subjects The subects were 3( undergraduate students at Ben-Gu-

rion Unnersity of the Negev who were paid for their participatuon.

Ma:erigis and apparatus. The pool of words used 1¢ construct the
simulus list for the study phase of the experiment consisted of 42 two-
syilable high-frequency Hebrew words. Seven of these words appeared
once in the list. 7 twice. and so on. with the last 7 appearing six times.
irn addiuon to these 147 sumuli. & additional words were added to the
beginning of the hst and $ 10 the end to absorb primacy and recency
efiects. raspectively. In addiuon. 4 words were added to the beginning
of the lisi for practice. Aliogether. then. there were 161 words in the
stimulus list for the study phase of the experiment. These words were
presented sequentially viz slide projector There were several orders of
these shides ali of whick were random with the constraints that repeti-
tions of a word were separated by at least 4 other words and that the
words that were repe.ted appeared aboui equally in the two halves of
the list.

Procedure. There were three groups of 10 subjects each. Each subject
was tested individually. Before the study phase of the experiment. sub-
jects were told that they would have to perform two tasks during the
presentation of the words. The first was 10 pay attention to the words in
order t¢ prepare for the upcoming frequency judgment test. To assure
tha! subsects actually paid at least minimal attention to the words. thes
were asked 1o read each word aloud when 1t appeared. The second task
was 10 count once for each stide appearance. starting with a specific
number Subjects in one group were told to count forward by s starting
with the number 1.146. Subects in the second grour were told to count
hackwards by 3s starting with 1.250. and subsects in the third group
were 10ld 10 count backwards by 115 startiing with 1 %25, Subjects in all
groups were told ta pay atiention equally to the word and the counting
1asks. Afier the practice trials. there were almost no errors in the count-
1ng tash.. and the errory were evenly distributed across conditions. (Mean
number of errors was 1%, 2%, and 3.5%. respectively.)

Ir order 10 b sure that the digit~counting tasks were ordered in
difficulty as described. a preliminary experiment was performed Each
of 24 subjects was ashed 10 count as fast as passible for | min forward
by 1s(~i condition}. bachkward by 3s (~3 condition). or backward by
lisc=1! conditioni The order of the threc counting tasks was counter-
baiznced The mean number of digits counted was 28.6. 18.1. and 10.9
for the respective tasks There were sipnificam difierences in the number
of digits tha: subrects were abie to count. 12, 21 = 47.6. p < .01. Sub-
Jects were on the average abic 1o count significantly more digits in the
-1 condition than ir the — 3 condition, F{i. 21) = 32.1, p < .01, and
they wers able to coum significantly more digits in the ~2 condition
than in the - 13 condition, Fl1. 211 = 49.3, y < .0i Thesc results as-
sured us thai the difhicuity of the counting condiuions was as hypothe-
sized

Duning the study phase of the main experiment. the words were pre-
sented at a rate of one word per 4 s in one of the several random orders.
Foliowing the iast word of the list. the experimenter engaged subiects in
approvimately 2 min of consversation before the second phase of the
expxriment began

The second phase of the experiment consisted of a frequency test for
whict there were 84 words. the 42 words prasented in the study phase
pius 47 distracior words that met the same criteria as the test words but
that had not heer presented during the studs phase. These 84 words
were randomby inierrmixed. Subjects were given a sheet with these
wards. and they were asked 10 give a value of zero te six for each word.
& vaiur thar represented the judged frequency of appearance of each
word dunng the siudy phas of the eaperimen:. Subiecis were told ex-

MOSHE NAVEH-BENJAMIN AND JOHN JONIDES

Table |
Mean Siopes and Siandard Deviations of Frequency Judgments
as a Function of Load Condizion

Standard
Siope deviation
Load condition M SD M SD
+1 0.51 0.18 1.13 0.22
-3 0.33 0.14 1.458 0.24
-1l 0.21 0.13 1.40 0.26

plicitly that half of the words on the frequency tesi had not appeared
during the study phase.

Results and Discussion

Several measures of performance were compared across con-
ditions. The first measure is the slope of the regression line fit
to the estimates. This measures the discriminability among the
presented frequencies. A higher siope is an indication of greater
discriminability among the actual frequencies of presentation.
A linear regression analysis was performed on each subject's
judged estimates. regressing estimated on actual frequencies,
and the resulting slopes were compared across load conditions.
The values for these averaged slopes can be seen in Table .
Analysis of thesc slopes revealed a significant effect of load. F(2.
27)=15.13, p < .001.

It is also possible 10 examine how the different load condi-
tions affected the absolute level of frequency estimates. Each
subject’s estimates were averaged across each of the actual fre-
quencies te vield mean absolute frequency esuimates that were
then averaped across subiects in each load condition. The mean
estimated frequencies for each of the load groups are shown in
Figure | as a funcuon of actual frequency. The results show that
the heavier the competing task load. the lower the absolute level
of judged frequencies. This trend was confirmed by
an analysis of variance {ANOVA). F{2. 27) = 8§22 p < .0l
(MS, = 0.95).

The third measure of performance provides information
about the degree to which the frequency judgments dispersed
around the mearn judgments (a measure of the rehability of the
Jjudgments). For each subject. a standard deviation was calcu-
lated of the estimates given for each actual frequency. These
standard deviations were then averaped across the actual fre-
guencies within each subject 10 vield one mean standard devia-
tion per subject. Table | presents the resulting means of these
values for the different load conditions. 1t shows that dispersion
was the largest for the two heaviest competing Joad conditions.
This was confirmed by an anova, F12.27) = 490, p < .05

Ahogether. the resulis are quite clear: The heavier the load of
the competing 1ask. the worse the performance on the frequency
judgment task by any of the measures used. The encoding of
frequency information ts affected by competing tash demands
i hine with Kausleretal’s (19811 study. This result is not con-
sistent with the claim that fraquency coding is automauc.

e . - -
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Experiment 2

The second experiment focused on the second major crite-
rion of automatic processes. According to this criterion, inten-
tion 1o code frequency. or manipulation of strategy used in cod-
ing frequency. should have no effect on estimations.

Consider first the effect of intention to code freguency on
later judgments. Pievious research that has compared inten-
tional with incidental instructions has been mixed. Some inves-
tigators have found no effect ar all of this manipulation (e.g..
Flexser & Bower. 1975; Howell. 1973). whereas others (e.g..
Greenc. 1984) have found such an effect. There are some prob-
lems with the studics that have not found an efiect of intentionai
instructions on frequency judgments, a result which has been
taken as support for the automaticity of frequency coding.
These problems are summarized by Greene (1984). To mention
1ust the maior one, Greene suggests that incidental instructions
have been inappropriately operationalized. He claims that the
appropriate way to use incidental instructions is by involving
subiects in a task in which the learning of the items themselves
will be incidental (pure incidental condition?, in contrast 10 pre-
vious studies that manipulated only the intent to learn the fre-
quency attribute uself. When comparing intentional with pure
incidental instructions. Greene (1984) found an advantage of
intentionai over incidental instructions.

Pruponents of the automaticity position could claim that we
have 10 be cavnious i accepting Greene's results, however. The
wd. in which he aperauonalized an incidental instruction has
problems of its own. He did so by using the digit-recall para-
digm of maintenance rehearsal (Glenberg, Smith, & Green.
1977, Rundus. 19771 In this paradigm. subyects were presented
words for a later frequency test as rehcarsal distractors in a
Brown-Peterson task. In the incidentai condition, they were en-
cauraged to forget the words as quickiy as possible because their
atlegad tash was to remamber the digits that were presented on

each trial. The probiem with this paradigm is thar the incider.-
tal condition is actually an intentiona! forgetting condition.
This might be oo extremne a wav of having subjects pay ne ai-
tention to the frequency of words. (Kausler. Lichty, & Hakami.
1984. using a similar procedure obtained no effect of intention-
ality. although a ceiling effect in the digit task might have beer
troublesome.) We prefer a2 more neutral incidental condition
but onc that is also truly incidental.

In addition to intenuon. there is also a need to examine other
strategic manipuiations to test their effect on frequency judg-
ments. The one on which we focused is the leve] of processing
applied to the stmulus words. because there have been some
attempits in the past to study the effects of this variable on fre-
quency judgments {e.g.. Greene. 1984: Rowe. 1974: Rowe &
Rose. 19771 Although these experiments have shown some
effects of level of processing. the measures of frequency perfor-
mance have been incomplete. as we argued above.

To address these issues. in Experiment 2 we manipulated
level of processing in conjunction with intention. As such. the
experiment is a replication and extension of Greene (1984). Ac-
cording to the automaticity view of frequency coding. neither
intenuion o code irequency nor level of processing should afect
the fidehty of the frequency judgments.

Method

Desigr. The experiment consisted of two phases During the first
phase. subects were seguenually presenied a hist of words and asked 10
write dowr associates for each. One variahle in the experiment was the
kind of associate that was to be gencraied: Half of the subjects were 10
provide as mam different acousuc associanons {rhymes! as they could
for each word presented. whereas the othier half were to provide as many
semantic associates as they could durine the intemval when each word
was presented. The other variabie wac the tearning paradigm: Half of
the subrects were 1018 nothing of the later freguency test, (they were Jed
1o believe that we simpls needed W ereate a new 8ot of association norms
for another purpose;. whereas the other Ralf were toid that the words of
the firsi prase would b presented apain and on that occasion the
would have toyuder how freGuenth each had appoared in the firsi phase.
These two variables resulted in four groups of subiects altogether be-
cause the design was compicteds berween subjecte. The second phase of
the eaperimeni consisted of a frequency test given to all subjects.

Sutects One hundred and mincten undengraduate students at the
University of Michigan i77: and Ber-Gurion University (423 partici-
pated as part of a course reguirement. Siudents from each university
were distribuled approximateiy eguallhy among experimental condi-
uons

Maicriais There were 46 onz- and two-sylisble common Englisn or
Hebrew nouns used as stimuli {frequency greater than 20 per miliion 1n
Kutera & Frances. 1967, Eight words appesred in the stimulus e at
each of s fregquencies. from one te six. s tha: there were 168 toh2ns
in the ist. 1 addion. & words appzured ai the beginning as pracuce, £
words appezred afier the practice words 1o absort any primacy effect.
and § words appeared at the list's end 10 overcoms any recency effect.
The order o appearance o the 168 critical words was randomized with
1Ne same CONSIraIfils as in Experiment 1.

There wer: 46 addinonal words with the samce characleristics as those
of the sumutus list. Thess were intermixed randomiby with the 4K crivical
words of the stimulus l1st tu create & st 0F 9t words for the freguency
test.

Fricedqure Subiects were tested in eight groups with 10 to 23 subiects
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Results and Discussion

The reported results include only 117 of the 119 subjects.
Two subjects in the incidental learning groups were exciuded
from the analvsis because they suspecied the final frequency
1est.

The same performance measures used in Experiment | were
calculated for the present data. The first measure was the mean
slopw of the regression lines fit to each subject’s data. The mean
values for these slopes for each condition are presented in Table
2. The analysis revealed a significant effect of levels of process-
ing. M1, 1131 = 7.29. p < .01. There was no reliable effect of
lzarning instructions. FU1. 113} = 0.13, nor was there a signifi-
cantinteraction of the twoe vanables. F{1. 113) = 0.35.

The compartson of the above variables for the absolute level
of frequeney esumates showed the same trend as the siopes.
These results car: be seen in Figure 2. A three-way ANOV A re-
vealed a significant eflect of levels of processing. AL, 113) =
16.68, p < .01 (MS, = 0.79). and neither an effect of intenuion
0% a8 0089 FespEcively (415, = 0.79). The effects of actual
frequency and the interaction of actual frequency and levels of
processing were both significant, RS, 565) = 120.7, p < .01,
and K15, 565) = 4.04, p < .01, respectively (MS, = 0.16).

A« for the dispersion of the frequency judgments. the average
standard devianons for cach subject (which were obtained by
avcroring the mean of the standard deviations for each actual
fregueneyiwere calculated. Table 3 presents the values for these
deviauons for cach group. The results show that there is a trend
for scmantic processing 10 lead 1o more reliable judgments.
However. ANOVaAs reveal thai neither of the variables, nor the
interaction between them, had a significant effect. Fi1. 113) =
0.61 for levels of processing. Ft1. 113 = 1.39 for learning in-
strucuions. and (1. 113) = 0.02 for the interaction.

The trend for all three meusures (which was significant for
twoi opposes the contention that frequency coding is automate
because level of processing had an effect on judgments. This
rephicates the effect of levels of processing reported by Greens
(1944 under sumewhat different instrucuons.

Recenth Hasher ang Zacks ¢ 19844 have claimed that previ-

1L tOUK SUDJECES 10 generate associations. In a foliow-up experi-
ment. we had subjects engage in the same task but on an ad lib
basis. This experiment’s results showed that it took much longer
10 generate acoustic than semantic associates. If this time
difference s another index of covert rehearsal activity. one
would predict betier frequency judgmeni performance in the
acoustic condition. Quite the contrary. we once agairn found fre-
quency judgments in the semantic condition 10 be superior. For
all these reasons. we conclude that the effect of levels of process-
ing i1s due 10 just that. not 1o covert rehearsal.

The results for the intention variable are more problematic.
On the one hand they agree with many of the previous studies
that have shown no effect of intention on the coding of fre-
quency informanion. But on the other hand. they are a1 odds
with the results reported by Greene (19841 We believe that the
effect reported by Greene (1984) could hinge on the unigue pro-
cedure he used. in which an effect might be atiributed 16 the
intentional forgetting characteristic of the incidental condivon.

There s another feature of our experiment that characierizes

6
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all failures 1o demonstrate an effect of intention. Our expern-
ment and others have included fairly long presentation times of
310 S s for the siimulus items. The onh study of intention 1o
usc short times (0.6 s} was by Fisk and Schneider (1984)." As
they discussed. it may be that modification of long-term mem-
ory traces for word frequency occurs only in the first few sec-
onds of processing. Afier this. encoding processes may be in-
fiexible. so that further attempts to modify frequency codes will
praduce little or no change. This would account for failures to
find an effect of intention at long presentation times and also
for the large effect reported by Fisk and Schneider (1984) for
short presentation times.

This account of the effect of time on freguency coding may
also be relevant to Experiment 1. Perhaps the effect of compet-
ing demand in that experiment is actually mediated by varia-
tion in the ume available for processing frequency. Heavy de-
mand effectively reduces processing ime from the nominal pre-
sentation time of 4 s to something shorter. According to this
hypothesis. a time less than 4 s would not be sufficient to achieve
optimal frequency cading.

Experiment 3 was designed to test this hypothesis directly.
It included variation in intentionality instruction. but it also
inciuded variation ir presentation time of the words. If the hy-
pothesis is correct. short presentation times {less than approxi-
mateh 4 s) will lead 10 an effect of intention. Ata longer presen-
tation time. however. there should be no such effect (e.g.. Hasher
& Zacks, 1979).

Experiment 3
Meihod

Subrects Sixtv-sin undergraduale students at Ben-Gunion Uinversits
of the Nogey were paid for their parucipauon.

Muaienals ana appararus The matenals and apparatus were identical
10 that of Experiment | except for the use of a imer and shutter that
was attuched 10 the shde projecior to control exposure imes. Evposure
umes were 1. 2, or 4 s, and the intershide 1merval was approximaich
ls.

Procedure Subiects were tested 1n groups of two to four The instruc-
tions in cach group forewarned subjects about the exposure umes deste-
nated for that group Subjects in the intentional condinon were t0ld to
capect a frequency Iost at the end. whereas subjects 1t the incidenta!
group were told 1o pay attenuon to the words in order 1¢ answer some
questions about them later (this sort of incidemtal instruction aliowed
us (e mure neariy rephcais the tvpical incidental conditions sn previous

Table 3
Mear: Stanaard Deviations of Judgmenis as a Function of Level
of Processing and Learnung Instructions

Level of processing

Semantic ATQUSIC
Learning rnstructhions M Sh Af D
Inod=ntal 1.05 0.22 112 0.5
i .16 0.24 121 02"

Table 4
Mean Siope Vaiues as a Function of Learning
Insiructions and Exposure Time

Exposure time

Is 2s 4s

Learning instructions M SD M SD M SD

Incidental 040 0.17 045 012 0.
Intentional 0.5 0.19 058 013 05

experiments) One third of the subjects saw eack word for | s. one third
for 2 s. and onc third for 4 s.

Following hist presentation. subjects were engaged in conversation for
about 2 min. afier which they were given the same frequency test as in
Experiment |

Results and Discussion

The reported results include onhy 60 of the 66 subjects. Six
subjects. two in each of the incidental Jearning groups. were
excluded from the analysis because they suspected the finaj fre-
quency test. Altogether. therefore. the following analvsis in-
cludes six groups of 10 subjects each.

in order to 1est the hypothesis that exposure duration modu-
lates the effect of intention in the specific munner mentioned
earher. three planned comparisons were performed for each
measure of performance. These analvses involved comparison
of intentional to incidental conditions at each of the three levels
of exposure time.

The first measure was the mean siope of the line regressing
estimated agzinst actual frequencies. Each subject’s data were
regressed individually producing a siope estimate for that sub-
rect. These were then averaged across subiects in each condition.
The date are piesented in Table 4 by icarning insiructions and
exposure imes The slope esiimaies for the inientional groups
were significantly higher than those for the incidental groups
for the 1-s and 2-s exposure time conditions but not for the 4-s
condimon. Planned comparisons for each exposure time reveal:
#18) = 2.23, p < .05, for the shoriest exposure time; 1(18) =
2.20. p < .05, for the intermediate exposure time: and /(18) =
0.58. ns. for the longest exposure time.

The second performance measure on which comparisons
were made was that of the mean estimates themselves. These
are shown 1n Figure 3. 1n which we plot mean ssuimates for cach
learning instruction condition and exposure time. Comparing
conditions at each eaposure time by a twe-way ANOVa revealed
the following: For the shortest exposure time thers was no effect
of instructuior condinon. F(1. & = .16 (AS, = (.70} there
was a signtficant effect of actual frequency. F(S. 903 = 10.09.
p< .01 tAS, =025, and a significani efect of the interaction

~gn

of instruction condiiion and actual fregquency. A3, 90 = 2.52,

. showed a
sentauion for

Hinizman (1970} using general memory instru
ik interaction betweer froguency angd duraton of
rniervals between Zand € s
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e s enenss un SupciIVTILY OF pertormance of the intentional
over the incidental instructions. For the inmermediate exposure
time. again there was no effect of instruction condition. F{I.
18) = (.68 (AS, = 0.60). a significant effect of actual frequency.
F5.90)=12.71.p <.01 (MS, = 0.21). and a significant interac-
tion of instruction condition and actual frequency. F(5. 90) =
243, p < .03 (MS, = 0.21). For the longest exposure time there
was a significant effect of actual frequency, F15.90) = 11.1,p <
.01 (AMS, = 0.31). but neither an effect of instruction, A1, 18) =
0.64 (AMS, = 0.83). nor of the interaction of the two variables,
F(5.90) = 0.58 (MS, = 0.31).

The final measure of perfor mance was the mecan vanability
of estimates. For each subicct. a standard deviation was caicu-
lated of the estimates given for each actual frequency. These
standard deviations were then averaged across the actual fre-
guencies for each subject to vield one mean standard deviation
per subject. The resulting means of these values are listed in
Table & by intertion condition and exposure ume. Planned
comparisons for each cxposure time showed significant differ-
ences in favor of the intentionai condition for the shortest expo-
sure tme. (181 = 2.24. p < .05, and no differences for inierme-
diate and long exposure times. £ 18) = 0.90 and 0.39. respec-
tively. The trend here is the same as with the other measures:
Although there is no effect of initention for the longest exposure
ume. there 18 such an effect for the shortest exposure time.

We have rephicated previous failures to find an effect of inten-
ton ai the 4-s exposure time. By contrast. the shorter exposure

Table £
Mean Standard Deviacions of Judgments as ¢ Function of
Learning Insiruciions and Exposure Time

Exposure ume

Is RIS as

L earming instrucuons M SD M SD M SD

26 026 116 0.24
i0s 03 122 030

Incrgental !
Interyonal .13

e e

v Y% 1

Genera! Discussion

The results of all three experiments seem quite clear. The first
experiment showed that encoding of frequency information is
influenced by competing task demands. Increasing the load of
a competing task causes a decline in the accuracy of frequency
judgments. These results are ai odds with one of the main cri-
tenia suggested by Hasher and Zacks (1979, 1984)and by Zacks
et al. {1982) to test whether frequency coding is based on the
operation of automatic processes.

The results of the second experiment showed that a specific
strategy manipulation (i.c.. levels of processing) afifected the en-
coding of frequency information. which is also at odds with a
mMajor criterion of automatic pro<essing.

There are two conclusions that can b drawn from the resuls
of Experiment 3. The first 15 that the effect of load in Experi-
ment | was not dug simph to a decrease in the ume lefi for
processing of freguency informauvon afier the load tashs had
been completed. We conclude this because presentation time
had relatively little eficct on freguency tudgmente with inten-
uonal instructions 1n Experiment 3 (recall that Experiment |
was also run under intentional instructions!. Instead. the results
of Experiment | arc¢ probabh more directly atiributable to er-
ther decreased momentany capacits devoted to freguency cod-
ing or to less effecuve coding strategies with heavier compeung
demands. In either casc. the results remasn at odds with a major
criterion for automaticity suggssted by Hasher and Zacks
(1979).

The second conclusion o be derived from Experiment 3 s
that the suggestion proposed by Fisk and Schneider (1984} has
some merit: Automatc encoding of ¢vent freguency mar be an
“early asymptote” conirolied process. That 1s. modihication of
long-term memory for freguency informauon may occui onl
in the hrst few seconds of processing. before it reaches an as-
vmptotic level. Before reaching this level. inteation 1o code fre-
quency has an impact or later iudgments. This effect couid be
mediated by eitner the amoun! of efort expended. by the 1vpe
of straiegy used. or by both.

One point aboui the sugzesied measures of freguency udg-
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ments. Although it turned out that in our expeniments all three
measuras converged 1n the same direcuion. this might not have
been the case One can conceive of manipulations that will
affect onhv the absolute level of performance. for example. but
not the discriminability of the judgments (reflected in the siopes
of the funcuons). Changing the instructions concerning the
range of frequencies to be used in the test phase might have this
effect. The convergence of ali three measures used in our work
is. thus. a robust indication of the differences we obtained.

Altogether. the picture that emerges from this work is consis-
tent with the picture that has been developing from the research
of Fisk and Schneider (1984) and Greene (1984). Two major
criteria for automaticity are not satisfied for judgments of fre-
quency: They are neither insensitive to competing task demand
nor insensitive 10 manipulation of strategy.

Is frequency coding automatic. then” There are three an-
swers: The first 1s to argue that frequency coding 1s probabhy not
an automatic process because it violates some of the conditions
claimed to be necessary criteria for automaticity (Greene.
1984). This interpretation shouid be viewed with caution for
two reasons. First. frequency estimation is a task that has been
subjected 10 tests of several criteria for automaticity. and it mav
satisfv some of these criteria (Hasher & Zacks. 1984} Second.
there has been no convincing argument that each of the criteria
frequentls mentioned as a condition for automaticity is really a
necessary ¢condition. Rather. the most compelling demonstra-
tons of aulomatic processing are those that have relied on
strength 1o number. Unuit there 1s pood theoretical reason to
rely on one of another criterion. it is imprudent 1o reject the
conclusion that a process 1« automatic simph because it is not
consisient with some of the currently popular criteria. A princi-
pled argument for the choice of crivical crueria ts necessary first
tsee Jomdes. Naveh-Bermamin, & Palmer. 1982, for a discussion
of this 1ssue).

processes are es distinet as once thought. Perhups there 1s a con-
unuum hinking completch automatic and nonautomatic pro-
cesses. The difierences among poinis on this continuum may be
onhy 2 matter of degrec. Hf so. then vur results show that fre-
auency coding 1s not ai the extremehy sutomatc end of this
continuum. as provioushy argued. Were 11 18 located 1s 2 ques-
uon that cannot be addressed without o principled understand-
ing of how the criteriz suggested {07 automane processes can be
uszd 10 order the processes on the cortineum when some cri-
terie are satisfied and others arc not (for 2 retated discussion.
se¢ Zacks. Hasher, Alba. Sanfi. & Rose, 1984).

The third answer 10 whether treguenday judgments are med-
ated by ar zutomatc mechanism 1s e gueshon whether the
quastion 18 appropnate It should be obwvious that there are
many processes involved both e coding freguency information
al the tme of presentation and o reirigving informaton at the
tme of testing ¢ produce ssumzotes. For examipie. thers may be
contribuitons of direct ynd indirect mechanisms of coding that
accumulate counts of freguency (Unaerwood. 1969 and that
rely on other aspects of memory iraces i Hintzman & Block.
1971 Howell. 19731 Although some of these procaesses may
domrnate under certain condinens. all may parucipate tc some
extent Some of thase provesses may be sutoman and some
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not. Qur rescarch involved manipulation of variabies that had
their mos: direct effect on the coding process (e.g. having 10
count at the same time that the words were presented). This
research indicates that some aspect of coding is not automatic.
Perhaps the most ibuminating research at this point would be
to further partition ali the processes involved in generating fre-
quency judgments o assess their characteristics. In short. a finer
grained analysis of the frequency judgment 1ask should be the
order of the day.
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