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Intuitive Frequency Judgments
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Abstract

Four experiments were carried out to answer a series of questions on

how people formulate impressions of frequency for realistic, repetitive

events. In all four studies, the basic paradigm consisted of generating

(or reinforcing) prior beliefs regarding the causation of event streams,

presenting evidence inconsistent with those prior beliefs imbedded with-

in a "primary" judgment task, and measuring the perceived frequency of

the observed evidence. The principal questions were (1) whether the

prior expectations determine how much attentive effort a subject invests

in processing frequentistic evidence, (2) whether demand characteristics

of the task influence this allocation of attention, and (3) whether

individuals differ reliably in their strategies for processing fre-

quentistic data. The "realistic" task scenario (primary task) was

one of evaluating hypothetical college applicants whose credentials

included the usual array of personal and academic data. The frequen-

tistic events were applicants of a particular, easily recognized, and

culturally salient type (e.g., women; minority groups). "Prior

expectations" were created by reinforcing the actual base rates (which

were well known to most of the subjects) with additional instruction

and/or consistent preconditioning data. Subsequent evidence was dis-

crepant (usually by 15-20%) from this prior rate. While the findings

did not answer all three questions conclusively, they suggested that:

(1) prior expectations do play a significant role in subsequent estimates
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of observed event frequencies; (2) the effect can be ameliorated by

task conditions or instructions designed to shift attention to the

evidence, but much less easily than might be expected; and (3) the

tendency to process (or depth of processing) frequentistic evidence

is subject to a strong individual difference component. All these

findings are consistent with an attention-control account of intuitive

frequency records.
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Intuitive Frequency Judgments as a Function

Of Prior Expectations, Observed Evidence, and

Individual Processing Strategies

It is commonly assumed that future expectations have some basis in

past experience, particularly in the case of repetitive or "frequentistic"

events. What this implies is that an observer somehow "tags" and records

the serial property of like occurrences, and when called upon to make

judgments or decisions involving their future likelihood, draws upon

the stored records.

Basic though they may seem, the cognitive processes underlying the

formation and use of intuitive frequency records are neither simple nor

well understood. One reason is that the study of intuitive frequency

poses some unique methodological problems: the experimental task, for

example, is always a secondary one; the paradigm, one of incidental

learning. Another reason is that while it is germaine to a variety of

research areas (e.g. verbal learning, behavioral decision theory,

opinion revision), intuitive frequency is rarely of central interest.

What information has appeared on this topic has been reviewed

several times in recent years (Howell, 1973; Hintzman, 1976). The con-

sensus seems to be that each event repetition is at first encoded uniquely

in memory according to the context in which it has appeared. The initial

representation of frequency is thus a literal one consisting of "multiple

copies" of the event which are produced fairly automatically as a by-

k ____
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product of the encoding process.

The view that frequency encoding is an "automatic" process stems

largely from the general finding that pre-experimental instruction (or

subject cueing) has little if any effect on the accuracy of subsequent

FEs (Flexer & Bower, 1975; Howell, 1973). However, the highly artificial

stimuli used in traditional laboratory investigations of FE draw the

generality of this finding into question. The typical stimuli such as

CVC strings or random word lists are totally lacking in the richness

or multidimensionality that characterizes most frequentistic events in

the "real world." Underwood (1969) points out that frequency is but one

of several distinct attributes that can serve to distinguish one event

from another in memory. The frequency attribute-may be exceptionally

salient in the FE paradigm due to the simplicity of the stimuli and

demand characteristics of the experimental task. For other real world

events, the frequency attribute may not be so salient. For example,

Lichtenstein, Slovic, Fischhoff, Layman, and Combs (1978) found that a

number of biases and judgmental heuristics tend to underly subjects'

inaccurate frequency estimates of lethal events. This suggests that

people do not simply "tag" and "count" like occurrences as might be

expected on the basis of laboratory investigations. Rather, the encoding

and processing of frequentistic information appears to be, to some extent,

under attentional control.

In the real world, event repetitions are rarely, if ever, viewed

in a cognitive vacuum. The observer sees each occurrence against

:1
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a background of beliefs regarding its causation, history, and meaning.

Moreover, he is unlikely to perceive frequency as the most salient

characteristic of the task or circumstance at hand. If, then, special

"active" processing is required to transform transient "multiple impressions"

into a more lasting frequency record, it is important to learn what features

of the person, situation, or task dictate whether the extra processing

will, in fact, occur.

The experimental evidence regarding the importance of prior

knowledge is as mixed as its theoretical interpretation. One conceptuali-

zation is that current observations are simply incorporated into an

aggregate opinion in a serial fashion. Thus "prior hypotheses" are

strengthened or revised gradually and iteratively in accordance with

accumulating data. This implies no distinction between the weight accorded

prior and current information. By contrast, Whitlow and Estes (1979)

have proposed that historical evidence is subject to an obsolescence

function such that frequency estimation reflects primarily current or

recent observations. Both positions are supported by laboratory data

using tasks which undoubtedly contribute to the desired emphasis. The

point is, instances can be found in which observers rely upon prior

knowledge almost to the exclusion of event occurrences; and others can

be found in which they rely almost exclusively upon observed frequencies.

The present research derives from a somewhat different premise:

the notion, introduced previously, that specific processing is required

to transform "multiple impressions" into a more lasting frequency record.
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If this is so, the role of prior knowledge could be to control how much

attentive effort the individual invests in the transformation. Put

simply, a strong prior belief could lead the observer to pay virtually

no attention to his "multiple impressions," while a weak one could

prompt him to process them intensively. In this view, quality of

frequency judgment would reflect the interplay between prior beliefs

and demand characteristics of the task. For example, erroneous prior

beliefs would be expected to discourage the processing of observed

events which could alter those beliefs, and hence would produce poor

frequency estimates. However, if the task were somehow to signal a

change in the generator of those events, that could offset the initial

bias, encourage event processing, and improve the obtained frequency

estimate.

The four experiments reported here were designed to explore various

implications of the attention-control hypotheses for frequency judgment

in a realistic setting. Realism, in this case, refers principally to

the complexity and believeability of the primary task, and to the

secondary or incidental nature of frequency estimation. Given a

situation in which repetitive events are easily defined and naturally

encoded at some level (but not necessarily as frequencies), the issue

was whether prior beliefs and demand characteristics of the task control

the formation of a frequency record.

The first question of interest was simply whether frequency esti-

mation is affected by prior beliefs and, if so, in what fashion. The
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second was how the task might operate to control level of attention

accorded the frequency characteristic. And the third, which arose as a

result of attempts to answer the first two, was whether people differ

systematically in their inclination to process frequentistic evidence.

In all four studies the situation was constructed such that prior

beliefs were at variance with the observed evidence (actual event

frequencies). Inferences as to the role of particular variables in the

processing of frequentistic evidence were drawn on the basis of how

closely the estimates corresponded to prior vs. observed frequency

information.

Experiment 1

This study was designed to test the assumption that prior beliefs

about generaters of frequentistic events influence the allocation of

attentive effort in a FE task.

A primary task was developed in which evaluators (subjects) were

required to study and rate the admissions credentials of a large number

of hypothetical college applicants. The secondary or incidental

frequency information was thus carried by the distinguishing characteristics

of the applicants (e.g. race, sex, etc.). The basic approach consisted

of a preconditioning session, during which subjects observed a sample of

80 profiles that were strictly representative of the Rice applicant pool,

and an experimental session, during which they saw an altered sample.

Alteration was in terms of the proportion of minority-group and female

applicants; subject groups differed in the number of applications they

i A
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saw at the altered level and in the magnitude of the alteration. The

primary issue of concern was whether FE's obtained in the experimental

session (Session 2) would indicate some accomodation toward the "new"

evidence or whether subjects would be predisposed to respond as they

had in the conditioning phase (Session 1), indicating a lack of sensi-

tivity to changes in frequentistic data and/or a strong reliance on

prior beliefs.

Method

Subjects. One hundred and twenty undergraduates from introductory

and intermediate level psychology courses volunteered for the present

study. In exchange for their participation, all subjects received bonus

points toward their final course grades.

Materials and procedures - Session I. Subjects were instructed to

function as undergraduate admissions committee members in deciding on

the acceptability of 60 hypothetical applicants. The applicants differed

in terms of sex, race, and standing on standard admissions criteria

such as teacher and counselor recommendations, rank in graduating class,

National Merit Qualifying Test, and the Scholastic Aptitude Test. The

profiles were representative of the actual Rice applicant population.

Basically, subjects were required to study the information contained in

the profiles and to assign each applicant a rating on a 7 point scale

ranging from "outstanding" to "reject." As the "primary task," this

rating procedure insured that some attention was paid to all the

pertinent characteristics of each event (applicant). Accurate repre-

1
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sentation of the various attributes was designed to reinforce the

subjects' prior beliefs regarding the nature of the applicant pool.

Following the evaluation task, subjects responded to a brief questionnaire

"proportedly" developed to assess attitudes and perceptions of the

undergraduate admissions process. Embedded within the questionnaire were

items designed actually to measure their beliefs about the frequencies

of females and minority group members in the applicant pool. These

estimates provided a baseline for assessing the impact of the subsequent

manipulations.

Materials and procedures - Session 2. In the second, or experimental session

subjects reviewed either 20, 40, 60 or 80 additional applicant profiles

for which the frequencies of female and non-caucasian applicants were

either (a) identical to their prior beliefs, as assessed in Session 1,

(b) 10% greater than previously believed, or (c) 20% greater. The

resulting experimental design consisted of the factorial combination of

4 levels of applicant sample size and 3 levels of frequency shift with

10 subjects per cell. Estimated frequencies (in percent) of females

and minority group members contained in the Session 2 sample served as

the dependent measures. It should be emphasized that the experimental

materials were fully individualized in Session 2. That is, each sub-

ject reviewed a unique applicant pool which had been generated in

accordance with distributional estimates obtained in Session 1, and then

manipulated on the basis of cell assignment.

...........
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Results and Discussion

Session 1 data were analyzed for subject agreement on the two

frequency estimates of interest. Because standard deviations were

lower for the estimates of females in the observed samples (9.11% vs.

10.76% for minorities) the female estimate was considered the more

appropriate index for the study of experimental effects.

The influence of shifts in the evidence on estimates produced

by the various groups is shown in Figure 1, a plot of error scores.
1

Figure 1 about here

Had subjects processed the observed evidence and used it exclusively in

their frequency estimates, error in the amount of the "no-shift" con-

ditions (roughly 19%) would have been expected under all conditions.

On the other hand, had they relied entirely upon their prior beliefs,

error would have been expected to increase in direct proportion to the

amount of the shift (10% and 20%). Had they altered their prior

opinion gradually as inconsistent evidence accumulated, a trend over

number of observationswould have been expected in which large initial

error would converge on the "no-shift" level.

First, no reliable convergence developed, although a tendency in

that direction does seem possible in the 10% condition. The analysis of

variance indicated that neither the number of observations, E(3,108) = .60,

= .613, nor its interaction with shift, E(6,108) = 1.81, p = .100,

approached significance. Secondly, error did increase significantly as

_________________
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a function of shift magnitude, F(2,108) s 6.42, P = .002, although it is

clear from Figure 1 that the mean differences did not generally approach

the magnitude expected if the evidence were totally ignored. And

finally, the amount of unsystematic variance obtained both between and

within groups makes further speculation on the underlying cognitive

processes unwise. In short, the findings suggest that event (or rather

event-characteristic) frequency information is processed to a degree

even in this very demanding, very complex decision scenario; however,

prior beliefs also play a substantial role, and the manner in which the

two are integrated is not clearly evident.

Experiment 2

As a completely between-subjects design, the first study avoided

any possibility that attention might be cued to the secondary task by

repeated frequency estimations. Such a design, however, does not permit

the tracking of individual estimation functions as evidence is accumu-

lated. By contrast, a within-subjects design permits a closer inspection

of the estimation shift, but raises the possibility of unwanted cueing

(Slovic & Lichtenstein, 1971). For this reason, Experiment 2 was

designed as a within-subject study of frequency shifts, but cueing or

attention-manipulation was included as a second (between subjects)

variable. The object here was to determine whether individual FE

functions reflected the shift in evidence frequencies, and if so,

whether the change was abrupt or gradual. Further, if cueing were an

important factor, those conditions with the more explicit instructions

O
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would be expected to produce the most consistent shift functions.

Method

Subjects. Forty undergraduates from upper level psychology courses

volunteered to participate in exchange for bonus points toward their

course grades.

Materials and procedure. The primary task was the same as in

Experiment 1: subjects served as admissions committee members who

rated a large number of hypothetical college applicants. In contrast

to Experiment 1, subjects made four frequency estimates, one after each

block of 20 observations. To justify the repeated estimates, in-

structions specified that the blocks represented applicants from four

different geographical areas within the United States. Of course,

several distractor questions were also presented in each set to preserve

the "face-validity" of the cover story.

Subjects were seated in a cubicle and presented with a set of

written instructions. In addition to the primary task information,

these instructions either did or did not provide additional information

of two kinds: an explicit secondary task (FE) description, and prior

data on the population characteristics. Thus four groups were formed

on the basis of the presence or absence of the additional information.

In cases where explicit task information was provided, subjects were

told that they might be required to recall, among other things, the

proportions of female and minority group applicants contained in the

four evidence blocks. Specific generator information consisted of a

ma
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detailed description of admissions statistics compiled over a 10-year

period. It was hoped that these statistics would lead to the formation

of or reinforce existing strong beliefs about the applicant population.

After reading the instructions, the subjects worked through the profiles

(displayed on a CRT) at their own pace.

The experimental design consisted of a 2 (secondary task info, no

secondary task Info ) x 2 (generator info, no generator info) x 4

(frequency estimates) model with repeated measurements on the last factor.

Results and Discussion

When generator information was supplied, subjects were told that

ordinarily 25% of the Rice applicant population was non-caucasian. Yet

each of the four evidence blocks actually contained 45% non-caucasian

applicants, a shift of 20% above the stated value. The frequency esti-

mates obtained from those who had been exposed to the generator information

did not differ in any substantive way from those who had not received

the information, F(,36) = .31, p = .578. There are at least two plausible

explanations for this finding. First, the majority of subjects who

received generator information simply may not had attended to it and

therefore their responses reflected only the evidence or some prior

beliefs about the applicant population. Second, the impact of the

generator information manipulation may have been diffused because the

information was already "common knowledge." That is, some may have

entered the study with strong beliefs about the proportion of minorities

in the applicant population. This interpretation is supported by the
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finding reported previously that 120 undergraduates believed, on the

average, that 24.75% of applicants were non-caucasian (S - 10.77), an

estimate quite close to the population value of 25%. Due to the possible

diffusion of the generator manipulation, the attention-control function

of prior beliefs remains unclear.

Secondary task information also failed to influence obtained

responses reliably: mean frequency estimates (in percent) for the cued

and non-cued conditions were 37.22 and 38.49 when collapsed across the

four evidence blocks. This difference was not statistically significant,

L(1,36) = 0.12, p = .730.

Post-experimental interviews revealed that subjects had no doubts

about the intent of the study; they believed that they were involved in

the investigation of undergraduate attitudes and perceptions of the

admissions process--and that was all. Furthermore, no one suspected that

there was interest in their abilities to recall the frequencies of

particular profile dimensions. This was not expected in view of the

fact that 20 subjects had been given specific instructions informing them

that they would be called upon to make frequency judgments. Apparently,

task cueing had nominal, if any, impact on subjects and therefore any

inferences concerning its effects on frequentistic processing strategies

should be guarded. This finding does suggest, however, that the use of

the within-Ss design is totally appropriate for the present study. As one

woul4 expect on the basis of findings already discussed, the Task Info X

Generator Information interaction did not account for an appreciable

1 f. ' IL - '
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amount of variance in FEs, L(1,36) = 0.64, p = .428.

Analyses of individual response profiles indicated a tendency for

subjects to adjust FEs toward the evidence with greater exposure to it.

Collapsed across between-subject conditions, the mean frequency estimates

(in percent) for evidence blocks l(though 4 were 36.48, 36.08, 39.26 and

39.65 respectively. These means differed significantly, L(3,108) -

3.10, p = .030. The significance of this difference was due largely to

a single component of the test: the comparison of frequency estimates

from blocks 1 and 2 with blocks 3 and 4. The test of this individual

component documented the discontinuous shift toward the evidence that

occurred between evidence blocks 2 and 3, F(l,108) = 9.14, P = .003.

While these findings are striking, they are unrelated to the between-subject

manipulations employed in the study. However, the fact that there were

no between-group differences in patterns of frequency estimates should

not be taken as an indication of large-scale agreement, and adherence to

the evidence. On the contrary, there was variability in both the

accuracy and patterning of frequency responses.

Cluster analysis was used to identify different processing strategies

that were unrelated to the a priori groupings defined by the presence

or absence of task and generator information. A standard clustering

routine described by Johnson (1967) was used to compute a standardized

distance matrix for the 40 response profiles obtained in the study.

Cluster memberships were determined on the basis of inter-vector distances

in Euclideon space. A hierarchical inclusion model was used in the present

I
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study that involved the systematic reduction of N (where N = the number

of Ss) response vectors to a single response vector that best represented

the data. The reduction entailed N-l stages, where at each stage the

two vectors exhibiting the greatest homogeneity were combined. The

reduction process was terminated at a pre-determined point of compromise

between theoretical parsimony (i.e. number of clusters extracted) and

empirical distinctiveness of the clusters. Clusters derived from these

procedures are depicted by functions (a) and (c) in Figure 2. Function

(b) indicatesthe responses that would be expected from individuals main-

taining perfect frequency records based on the evidence, whereas function

(d) represents the responses expected of those relying solely on

generator information.

Insert Figure 2 about here

Inspection of Figure 2 reveals several differences between the

response profiles of clusters 1 and 2. The most obvious differences

are seen in the FEs based on the first two evidence blocks; members of

cluster 1 seemed to attend to the evidence (a trend that continued

throughout the task) while the cluster 2 membership provided estimates

more in line with what would be expected of those relying exclusively

on prior information. The response profile for cluster 2 is characterized

by a marked shift toward the evidence between blocks 2 and 3. Moreover,

the shift appears discontinuous as would be expected if a shift in

attention were involved.

. . . .. ~~~~~~~~~ ' ... ' " - ' TI' ,-, -
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Insert Table 1 about here

The composition of the cluster memberships is given in Table 1. As

expected on the basis of the ANOVA discussed earlier, the memberships

of both clusters are evenly distributed among the four Task/Generator

conditions. This implies the presence of individual differences in

frequentistic processing strategies that are not necessarily controlled

by task demands or prior generator beliefs. However, it should be

reiterated that the study did not produce solid conclusions regarding

the impact of task cueing and generator information on processing strategies.

Unfortunately, it is not clear whether those who received generator

information actually processed it, did not believe it, or "knew it any-

way." Similarly, responses on the post-experimental questionnaire

indicated a lack of cognizance of, or serious attention to,the explicit

task information provided. Apparently, subjects found the task scenario

so credible and inherently interesting that the peripheral aspects of

the study (i.e. from the Ss' perspective) such as the Task/Generator

manipulations simply were not regarded as important. This, of course,

is a positive gesture from the standpoint of task realism. The studies

described in the pages that follow were conducted to obtain a clearer

view of the FE revision process as well to obtain an unobscured assess-

ment of the effects of task cueing (i.e. direction of attentive effort).

Experiment 3

In the studies described thus far, subjects were either exposed to

_ _ _ _ _ _ -1.
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a representative prior sample of college applicants in one session and

shifted to an altered sample in another session, or they were given

prior information verbally followed immediately by a non-representative

sample. In neither case were they allowed to experience the frequency

shift directly in the course of a single experimental session. It is

possible that the perceived contrast between prior and experimental

frequencies is not as pronounced under delayed conditions. Therefore,

the present experiment was designed to incorporate the shift within a

single session and thereby eliminate the delay. In a larger sense, the

purpose of the study was to determine whether, under optimal conditions,

subjects process the frequency attribute of realistically complex events

in the course of performing the primary task. A negative outcome would

suggest that subjects are not inclined to record specific event frequencies

in such tasks.

Method

Subjects. Twenty undergraduates from introductory psychology courses

volunteered to participate in this experiment and were paid $2.50.

Materials and procedures. As in the previous study, subjects were

told that they would be evaluating applicants from different geographical

regions within the United States and were then presented with an 80-item

conditioning sample composed of 40 males and 40 females. Individual

beliefs regarding the proportion of females were measured, but the main

thrust of the conditioning trials was to generate realistic prior

beliefs (50% female). In fact, the conditioning task was structured



Intuitive Frequency Judgment

19

explicitly to emphasize the sex characteristics.

Subjects were given 160 3" x 5" index cards representing the appli-

cant population under study and were instructed to sort the first 80

(i.e. conditioning sample) into four piles; (1) accepted males, (2) re-

jected males, (3) accepted females, and (4) rejected females. Subjects

were aided in their initial FEs by the fact that the true proportion

of females in the conditioning sample could be deduced simply by observ-

ing the relative heights of the four card stacks that resulted from the

sorting procedure. That is, subjects could see that collapsing across

accept/reject categories would yield two card piles (male/female) that

were of equal height. This procedure was used to instill a relatively

concrete representation of pre-shift generator characteristics. After

the individual pre-shift beliefs were measured, subjects were instructed

to sort the remaining 80 cards into accept and reject piles only, thereby

eliminating an important cue in determining the proportion of females

in subsequent evidence blocks. The remaining 80 profiles were evaluated

in four blocks of 20 observations each as in previous studies. Thirty

percent of the applicants in each block were female; a 20% shift from

the conditioning sample. After each of the post-shift blocks, subjects

were required to make the same FEs as they did after observing the pre-

shift evidence. Cumulative graphs were maintained for each subject's

estimates so that he or she could observe previous estimates at any time

and could monitor the development of the individualized profile.
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Results and Discussion

As expected, the concrete representation of pre-shift generator

characteristics led to generally accurate beliefs regarding the pro-

portion of females in the applicant population. A mean pre-shift

estimate of 48.25% was obtained. This compares with the generated

frequency of 50%. A standard deviation of 4.94 indicated close agree-

ment on these estimates. Success in establishing the desired prior belief

made the 20% shift in the experimental sample a meaningful one. Of

course it was also possible to observe the course of individual profiles

on pre- and post-shift estimates.

Because this investigation did not involve between-subject

measures, the data seemed especially well suited for the profile categori-

zation or clustering procedure described in Experiment 2. Recall that

the procedure combines response vectors on the basis of inter-vector

distances in Euclidean space. Using essentially the same inclusion

criteria as in the previous experiment, two systems were identified as

best representing the response profiles of the 20 subjects. The two

systems are plotted as functions (a) and (c) in Figure 3. Function (b)

reflects the evidence, or the actual proportions of females contained in

each of the evidence blocks. Using function (b) as a reference, it is

Insert Figure 3 about here

clear that the 11 members of system 2 processed the evidence throughout

the task.2  It is interesting to note that roughly 25% of the subjects

. ... . ... ... -- / -i , I
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in Experiment 2 also appeared to perceive the frequency shift immediately

and continue to track the evidence throughout the task. The nine members

comprising system I demonstrate a markedly different response pattern.

While both systems reflect the frequency shift between blocks 1 and 2,

only system 2 appears to sustain evidence processing. After the second

evidence block, system 1 estimates shift discontinuously away from the

evidence (toward pre-shift levels) and then settle back to the approxi-

mate midpoint between prior beliefs and the evidence. One may be

inclined to challenge the representativeness of system 1 because of its

counter-intuitive nature and lack of consonance with any model of

systematic opinion revision. Yet inspection of the individual response

profiles comprising the system shows it to be highly representative.

In fact, there was close agreement among subjects within the system 1

as evidenced by standard deviations of 2.20, 8.46, 4.64, 5.59 and 6.61

for the respective evidence blocks. This compares with standard

deviations of 5.39, 7.57, 7.69, 6.11 and 9.39 for system 2 estimates.

One possible explanation for the unusual shape of function (a) is that

for members of system 1 the intuitive frequency record is not maintained

and updated automatically; rather frequency processing is activated by

perceived frequentistic shifts occurring between contiguous evidence

blorks. In the absence of such shifts, these individuals may maintain

(or revert to) their prior generator beliefs. One implication of this

view is that individuals who use this strategy would be largely unreceptive

to low magnitude frequency shifts, or a progressive series of gradual

shifts. Clearly, before pursuing this line of speculation much further,

L ~ ~ ~~~~~ ~ ~~~~~~~ .................-- - ---- T -, ', -
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it will be necessary to replicate (perhaps in other contexts) the response

patterns described above and perform more precise analyses of the cognitive

processes underlying individual differences in responsivity to frequentistic

data.

In general, then, the results of Experiment 3 support the viability

of the present task scenario for studying realistic frequency processing.

They show that under optimal presentation conditions people can and do

encode incidental frequency evidence for salient characteristics of

complex events even when clearly engrossed in the primary task. Moreover,

when they react to a frequency shift, subjects do so abruptly rather

than gradually, a finding that is more consistent with an attention-

control model than with an evidence-aggregation model. It suggests that

when prompted to attend to (or process more deeply) the salient features

of repeated events, people are prone to discount or abandon their prior

beliefs rather than adjust them systematically as the new evidence is

acquired. The findings also support the earlier conclusion that people

differ in their inclination to process (or persist in processing) fre-

quentistic evidence.

Experiment 4

The final experiment in this series was conducted to clarify the

relationship between pre-experimental task cueing and individual frequency

processing strategies. Recall that in Experiment 2 there was little

evidence to suggest that prior cueing influences strategies in any

substantive way. However, it was suspected that the manipulation was
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either too subtle or that the attention control exerted by the primary

task was too complete to allow any variation in "incidental" frequency

coding. Therefore, the general task scenario was modified in Experiment

4 to insure the diversion of some attentive effort to the secondary

(frequency estimation) aspects of the task. Having shown in Experiment

3 that ongoing task features can contribute to the processing of frequency

evidence, the question here was whether prior cueing can have the same

effect. This should be the case if the chief cognitive element is

attention.

Method

Subjects. Twenty four undergraduates from introductory and inter-

mediate level psychology courses volunteered to participate in the present

study. Each received $2.50 for his/her participation.

Materials and procedures. Subjects were presented with the standard

primary-task instructions plus a brief script that detailed some of the

"controversies" inherent in undergraduate admissions decisions. Basically,

they were told that applicant sex and race were attributes that received

considerable attention for reasons of quotas, affirmative action programs,

and so forth. It was suggested that in order to be an "effective and

influential committee member one must possess a command of the admissions

data," particularly those data pertaining to the relative proportions

of females and Blacks rejected. These instructions were reinforced by

a subsequent statement explicitly requiring subjects to attend to the

race and sex of applicants they chose to reject, and by the warning that
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their performance as admissions committee members would be assessed on

the basis of (a) their consistency in rating, and (b) their ability to

recall the race and sex of the applicants they chose to reject. This

evaluative element was introjected to further encourage allocation of

some attention to the secondary (frequency) task. Thus after being

cued on the necessity to encode frequency information for the rejected

group, the subjects sorted the 80 applicant profile into piles labeled

accept and reject.

Following the completion of the task, two cued FEs were obtained

by querying subjects on the absolute numbersof females and Blacks that

were rejected. What the subjects did not know was that they would be

called upon to make the same FEs for the group they chose to accept, a

non-cued sample. The design, therefore, consisted of a simple within-

subjects comparison of two cueing conditions and two cued variables

(sex vs. race).

Results and Discussion

Subjects sorted the applicant profiles according to their individual

rating policies; therefore, the actual composition of the accept and

reject piles varied across subjects. An initial step in this analysis

was to tabulate the frequencies of females and Blacks actually contained

in the piles, and then to compare these values with the estimates provided.

The discrepancies between estimates and tabulated values were coded in

terms of percent deviation. Four deviation scores were derived for each

subject (cued vs. non-cued estimate x sex vs. race variable).
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As expected, there was no reliable difference between the FEs of

females and Blacks after collapsing across cueing conditions, F(1,22) =

1.07, a = .312. But there was a substantial difference in the accuracy

of FEs for cued and non-cued samples. The mean deviation (in percent)

between tabulated and estimated values was 39.87 for the cued sample

compared with a mean of 73.73 for the non-cued sample. The difference

associated with task cueing was highly significant, L(1,22) = 9.00,

= .007. This finding offers strong support for the view that demand

characteristics of the task can direct attentive effort to the processing

of the frequency attribute of an event.

General Discussion

One of the central questions in the present series of experiments

concerned the role of prior beliefs or expectations in the determination

of how much attentive effort a subject invests in processing frequen-

tistic data. The present findings suggest that prior beliefs about

frequency generators play a major part in the allocation of attentional

resources; particularly in the absence of task-related cues indicating

a "need" to process frequency data more deeply. Subjects in Experiment 1

were not particularly responsive to (U% or even 20% shifts in the frequency

of female applicants although, at 20%, they appeared to process some

of the discrepant evidence. The insensitivity of subjects to frequency

shifts, regardless of the number of observations made, casts doubt on

the generality of previous findings (e.g. Hashier & Chromiak, 1977;

Howell, 1973) suggesting that frequency information is encoded automatically.

.4
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As suggested earlier, the discrepancy between the present and previous

findings may be due to differences in task complexity. The frequency

attribute or "tag" was one of several attributes comprising the complex

and realistic stimuli used in the present study. As predicted, the

determination of whether or not the frequency attribute is processed

appears to be under attentional control. In Experiment 1, the secondary

task was minimally cued--subjects had no reason to suspect that frequency

was a relevant attribute of the events they observed. Consequently, the

"tag" or frequency representation was not encoded and subsequent FEs re-

flected the retrieval of information on similar events or explanatory

"heuristics" stored previously (i.e. "prior beliefs").

Demand characteristics of the task do, however, seem to influence

the allocation of attentive effort in the processing of the frequency

attribute. Subjects in Experiment 1 provided a single FE which, for the

most part, reflected their own prior beliefs. However, in Experiment 2,

a majority exhibited a discontinuous shift toward the evidence after

reviewing three evidence blocks. Initially, subjects in Experiment 2

were faced with the same incidental learning task as those in the pre-

ceeding study. Yet upon making a second FE, a proposition of the form

"I have been asked to make FEs twice so far ... frequency must be

important!" may have been deduced.3'4  Propositions about which aspects

of a task are most critical probably operate to regulate attentive-

effort. In Experiment 2, the correct proposition could not have been

deduced before the onset of the third evidence block. The improvement
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of FE performance that occurred after block 3 provided evidence that

frequency processing had been initiated perhaps in direct response to a

deduction regarding the "true purpose" of the study.

One obvious interpretation of the findings reviewed thus far is

that demand characteristics influence task performance by way of the

formation of subjectively-based propositionsregarding the nature and

purpose of the experimental task. In turn, these propositions lead to

the allocation or distribution of attentional resources in such a way

as to maximize overall task performance. This view clearly implies the

presence of a "utility" factor involved in attention allocation.

Navon and Gopher (1979) have argued that utility is a powerful determi-

nant in cognitive resource allocation. The basic idea is that people

determine what the performance criteria are for a particular task and

then allocate resources such that the most important aspect of a task

receivesthe greatest amount of attentive-effort.

In Experiment 4, the utility for processing frequency attributes

was manipulated directly through the encouragement of subjects to

monitor the frequency with which females and Blacks were rejected.

The utility of frequency processing was further enhanced by the "threat"

of evaluation. Subjects were informed that their performance as

admissions committee members would be assessed on the basis of their

abilities to recall the cued data. As expected, FE performance was

substantially better for these cued data (i.e. number of females and

Blacks rejected). This finding offers support for the assumptions

I .. . ... ' L II
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(a) that demand characteristics operate to direct attentive effort, and

(b) that frequency attributes are not processed automatically, but

rather selectively on the basis of perceived utility.

The final question of major importance to the present series of

studies concerns the existence of individual strategies for processing

frequentistic data. The hierarchical clustering performed on data

from Experiments 2 and 3 revealed three distinct response patterns:

(1) an immediate and sustained shift toward the new evidence, (2) a

strong resistance to new evidence in favor of prior beliefs and (3) a

discontinuous shift toward evidence only after extensive exposure to it.

These differences can also be explained within the context of an

attention-control representation of frequency processing. Recall that

the stimuli used in each of the four experiments were multidimensional

and that the primary task (i.e. one of applicant evaluation) was fairly

demanding. Clearly the general task scenario consumed a substantial

amount of attentive capacity. If one assumes that there are individual

differences in the amount of attentive capacity available, then it is

reasonable to assume that there is variability in the reserve attentive

capacity available for the secondary task (i.e. FE). The disparity in

secondary capacities alone could account for individual differences in

processing strategy. Differential or idiosyncratic interpretations of

demand characteristics together with variable (subjectively-based)

utilities associated with task performance may have accounted for still

more individual variation in processing strategy.
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Conclusion

Frequency estimation is undoubtedly a highly important cognitive

capability. It underlies critical decision making activities such as

choice, probability estimation/and prediction. Moreover, it forms the

core of the expectancy which, in turn, is central to broader constructs

such as motivation and satisfaction. A more complete understanding of

all these areas will come a step closer with the development and refine-

ment of adequate models of frequency estimation. The attention-control

account of frequency presented here seems to be a promising framework

for future research, particularly in view of its apparent power to

explain both task- and subject-related differencesin frequency estimation.

I
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Footnotes

1. Points representing cells in common shift conditions are joined to

illustrate certain trends.

2. The final FE in System 2 appears to indicate a substantial departure

from the evidence. However, the magnitude of the departure is due

largely to the presence of an extreme value. One subject, for

whatever reason, believed that only 2% of the final evidence

block was female, an estimate 2.23 standard deviations beyond the

mean.

3. This adheres closely to the logic of the propositional encoding theory

of frequency representation as delineated by Anderson and Bower (1974).

4. Recall that in post-experimental interviews, subjects did not report

an awareness of the importance placed on FEs. Yet, this finding

does not preclude the possibility that they had generated hypotheses

concerning the nature of the task which, in turn, affected the

allocation of attentive effort.
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Table 1

Composition of Cluster Memberships

Condition Cluster

1 2

Generator Info. Task Info. 2 8

No Task Info. 2 8

No Generator Info. Task Info. 4 6

No Task Info. 3 7

Total 11 29
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Figure Captions

Figure 1. Accuracy of frequency estimates as a function of

shift magnitude and number of post-shift observations.

Figure 2. Response profiles obtained from hierarchical clustering

procedures with profiles which would be expected from

strict adherence to the evidence or prior generator

information.

Figure 3. Profiles consisting of pre- and post-shift responses

obtained from hierarchical clustering procedures

in relation to a plot representing the evidence as

presented to the sdbjects.

_ _ _ _
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Figure 1. Accuracy of frequency estimates as a

function of shift magnitude and number

of post-shift observations.
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Figure 2. Response profiles obtained from hierarchical

clustering procedures with profiles which

would be expected from strict adherence to

the evidence or prior generator information.
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Figure 3. Profiles consisting of pre- and post-shift responses

obtained from hierarchical clustering procedures in

relation to a plot representing the evidence as pre-

sented to the subjects.

7-V-
_71



A7

OFFICE OF NAVAL RESEARCH

Code 455

TECHNICAL REPORTS DISTRIBUTION LIST

OSD Department of the Navy

CDR Paul R. Chatelier Mr. Arnold Rubinstein

Office of the Deputy Under Secretary Naval laterial Command
of Defense NAVMAT 08D22

OUSDRE (E&LS) Washington, D.C. 20360
Pentagon, Room 3D129
Washington, D.C. 20301

Dr. Gary Poock Director

Operations Research Department Analysis and Support Division
Naval Postgraduate School Code 230

Monterey, CA 93940 Office of Naval Research
800 North Quincy Street
Arlington, VA 22217

Department of the Navy
Director

Director Naval Analysis Programs
Engineering Psychology Programs Code 431
Code 455 Office of Naval Research
Office of Naval Research 800 North Quincy Street
800 North Quincy Street Arlington, VA 22217
Arlington, VA 22217 (5 cys)

Director
Mr. Warren Lewis Operations Research Programs
Human Engineering Branch Code 434
Code 8231 Office of Naval Research
Naval Ocean Systems Center 800 North Quincy Street
San Diego, CA 92152 Arlington, VA 22217

Dr. A. L. Slafkosky Director
Scientific Advisor Statistics and Probability Program
Commandarrt of the Marine Corps Code 436
Code RD-I Office of Naval Research
Washington, D.C. 20380 800 North Quincy Street

Commanding Officer Arlington, VA 22217

MCTSSA Director
Marine Corps Base Information Systems Program
Camp Pendleton, CA 92055 Code 437

Office of Naval Research
800 North Quincy Street

Dean of Research Administration Arlington, VA 22217
Haval Postgraduate School
Monterey, CA 93940 HQS, U.S. Marine Corps

ATTN: CCA40 (Major Pennell)
Washington, D.C. 20380



Department of the Navy Department of the Navy

Dr. Bruce Wald
Mr. Phillip Andrews Communications Sciences Division
Naval Sea Systems Command Code 7500
NAVSEA 0341 Naval Research Laboratory
Washington, D.C. 20362 Washington, D.C. 20375

Dr. Robert G. Smith

Special Assistant for Marine Office of the Chief of Naval

Corps Matters Operations, OP987H

Code 100M Personnel Logistics Plans

Office of Naval Research Washington, D.C. 20350

800 North Quincy Street
Arlington, VA 22217 Naval Sea Systems Command

Personnel & Training Analyses Office

Commanding Officer NAVSEA 074C1
ONR Branch Office Washington, D.C. 20362
ATTN: Dr. J. Lester
Building 114, Section D Commander
666 Summer Street Naval Electronics Systems Command
Boston, MA 02210 Human Factors Engineering Branch

Code 4701
Commanding Officer Washington, D.C. 20360
ONR Branch Office
ATTN: Dr. C. Davis Dr. Arthur Bachrach
536 South Clark Street Behavioral Sciences Department
Chicago, IL 60605 Naval Medical Research Institute

Bethesda, MD 20014

Scientific Advisor to DCNO (MPT) CDR Thomas Berghage
OP OlT (Dr. Marshall) Naval Health Research Center
Washington, D.C. 20370 San Diego, CA 92152

Commanding Officer
ONR Branch Office Naval Training Equipment Center

ATTN: Dr. E. Gloye ATTN: Technical Library

1030 East Green Street Orlando, FL 32813

Pasadena, CA 91106 Human Factors Department

Office of Naval Research Code N215

Scientific Liaison Group Naval Training Equipment Center
American Embassy, Room A-407 Orlando, FL 32813
APO San Francisco, CA 96503

Dr. Alfred F. Smode

Director Training Analysis and Evaluation

Naval Research Laboratory Group

Technical Information Division Naval Training Equipment Center

Code 2627 Code N-OOT

Washington, D.C. 20375 (6 cys) Orlando, FL 32813

il e
-. .tm.-



Department of the Navy Department of the Army

Dr. George Moeller Dr. Edgar M. Johnson
Human Factors Engineering Branch Organizations and Systems Research
Submarine Medical Research Lab Laboratory
Naval Submarine Base U.S. Army Research Institute
Groton, CT 06340 5001 Eisenhower Avenue

Alexandria, VA 22333
Navy Personnel Research and
--Development Center Technical Director
Manned Systems Design, Code 311 U.S. Army Human Engineering Labs
San Diego, CA 92152 Aberdeen Proving Ground, 11D 21005

Commanding Officer U.S. Army Aeromedical Research Lab
Naval Health Research Center ATTN: CPT Gerald P. Krueger
San Diego, CA 92152 Ft. Rucker, AL 36362

ARI Field Unit-USAREUR
LCDR W. Moroney ATTN: Library
Code 5514P C/O ODCSPER
Naval Postgraduate School HQ USAREUR & 7th Army
Monterey, CA 93940 APO New York 09403

Mr. Merlin Malehorn Department of the Air Force
Office of the Chief of Naval
Operations (OP 102) U.S. Air Force Office of Scientific

Washington, D.C. 20350 Research
Life Sciences Directorate, NL

Department of the Army Boiling Air Force Base
Washington, D.C. 20332

Mr. J. Barber
HQS, Department of the Army Dr. Donald A. Topailler
DAPE-MBR Chief, Systems Engineering Branch
Washington, D.C. 20310 Human Engineering Division

USAF AMRL/HES
Dr. Joseph Zeidner Wright-Patterson AFB, OR 45433
Technical Director
U.S. Army Research Institute Air University Library
5001 Eisenhower Avenue Maxwell Air Force Base, AL 36112
Alexandria, VA 22333

Dr. Gordon Eckstrand
Director, Organizations and AFHRL/ASM

Systems Research Laboratory Wright-Patterson APB, OH 45433
U.S. Army Research Institute
5001 Eisenhower Avenue Foreign Addressees
Alexandria, VA 22333

North East London Polytechnic
The Charles Myers Library
Livingstone Road
Stratford
London El5 2LJ
ENGLAND



Department of the Navy

Navy Personnel Research and
Development Center

Code 305
San Diego, CA 92152

Navy Personnel Research and
Development Center

Management Support Department
Code 210
San Diego, CA 92151

CDR P. M. Curran
Code 604
Human Factors Engineering Division
Naval Air Development Center
Warminster, PA 18974

Mr. Ronald A. Erickson

Human Factors Branch

Code 3194
Naval Weapons Center
China Lake, CA 93555

Dean of the Academics Departments
U.S. Naval Academy
Annapolis, MD 21402



Foreizn Addressees Other Ormanizations

Professor Dr. Carl Graf Hoyos Professor Judea Pearl
Institute for Psychology Engineering Systems Department
Technical University University of California-Los Angeles
8000 Munich 405 Pilgard Avenue
Arcisstr 21 Los Angeles, CA 90024
FEDERAL REPUBLIC OF GERMANY

Professor Howard Raiffa
Dr. Kenneth Gardner Graduate School of Business
Applied Psychology Unit Adminstratton
Admiralty Marine Technology Harvard University
Establishment Soldiers Field Road

Teddington, Middlesex TW1l OLN Boston, MA 02163
ENGLAND

Professor Douglas E. Hunter
Director, Human Factors Wing Defense Intelligence School
Defence & Civil Institute of Washington, D.C. 20374

Environmental Medicine
Post Office Box 2000 Dr. Robert R. Mackie
Downsview, Ontario M3M 3B9 Human Factors Research, Inc.
CANADA 5775 Dawson Avenue

Goleta, CA 93017
Dr. A. D. Baddeley
Director, Applied Psychology Unit Dr. Gary McClelland
Medical Research Council Institute of Behavioral Sciences
15 Chaucer Road University of Colorado
Cambridge, CB2 2EF Boulder, CO 80309
ENGLAND

Human Resources Research Office
Other Government ARencies 300 N. Washington Street

Alexandria, VA 22314
Defense Documentation Center
Cameron Station, Bldg. 5 Dr. Miley Merkhofer
Alexandria, VA 22314 (12 cys) Stanford Research Institute

Decision Analysis Group
Dr. Craig Fields Melo Park, CA 94025
Director, Cybernetics Technology
Office Dr. Jesse Orlansky

Defense Advanced Research Projects Institute for Defense Analyses
Agency 400 Army-Navy Drive

1400 Wilson Blvd Arlington, VA 22202
Arlington, VA 22209

Dr. Arthur I. Siegel
Dr. Judith Daly Applied Psychological Services, Inc.
Cybernetics Technology Office 404 East Lancaster Street
Defense Advanced Research Projects Wayne, PA 19087

Agency
1400 Wilson Blvd Dr. Paul Slovic
Arlington, VA 22209 Decision Research

1201 Oak Street
Eugene, no 7&l,



Other Organizations

Dr. Ward Edwards, Director Mr. Richard J. Heuer, Jr.
Social Science Research Institute 27585 Via Sereno
University of Southern California Carmel, CA 93923
Los Angeles, CA 90007

Dr. Amos Tversky
Dr. Charles Gettys Department of Psychology
Department of Psychology Stanford University
University of Oklahoma Stanford, CA 94305
455 West Lindsey
Norman, OK 73069 Dr. Gershon Weltman

Perceptronics, Inc.
Dr. Kenneth Hammond 6271 Variel Avenue
Institute of Behavioral Science Woodland Hills, CA 91364
University of Colorado
Room 201 Dr. Meredith P. Crawford
Boulder, CO 80309 American Psychological Association

Office of Educational Affairs
Dr. Ronald Howard 1200 17th Street, N.W.
Department of Engineering-Economic Washington, D.C. 20036

Systems
Stanford University
Stanford, CA 94305

Dr. Clinton Kelly
Decisions and Designs, Inc.
8400 Westpark Drive, Suite 600
P. 0. Box 907
McLean, VA 22101

Journal Supplement Abstract Service
American Psychological Association
1200 17th Street, N.W.
Washington, D.C. 20036 (3 cys)



IA

I-

I

I

_______ A.


