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) ABSTRACT

~Two exper iments sought to determine whether, and if so
how; pertformance varies as a tunction at the manner in which a
progressively unfolding decision problem is displayed cuer time. A
hurricane~tracking scenario was adapted to the “optional-stapping”
paradigm; such that subjects elected to continue sampling information or
ta make a terminal decision (evacuate or stay) at successive paints in
the storm’s development based upon cumulative evidence and future
expectations. The display manipulation was minimal in that it applied
only to non-predictive historical data (position information). Despite
this canservative test; display farmat had a significant effect when
time pressure was involved: subjects reached earlier and better terminal
decisiaons under the anmalog (graphic) than the numerical farmat
(Experiment 2). The difterences reduced to nonsigniticances under
sel|f-pacing (Experiment 1); although signitficant improvements were
abtained by use of a simpie aiding device (caiculation ot “worst case”

probabilities). Results are generally consistent with Hammond’s

Cognitive Consistency Then:zﬂr\

o
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Schwartz and Howel | 3
INTRODUCT ION

Advances in computer technology provide the system designer with

numergus options for the visual encoding and display ot infarmation.

Even the |east sophistocated machines offer a variety of formatting

capabilities including bath alpha-numeric and graphic presentation

modes .

Considerably less advanced; howevers is cur understanding of how
best to use these capabilities. Designers often side-step the issue by
incorparating multipie modes and self-selection teatures into the
display = in efttect, leaving the decision up ta the user. Uhiie
tlexibility is obviously the only answer when the same information has
multiple users and uses; it can prove costly when operatars are under
speed and/or ivad stress. Selection itselt can take time and “mental
capacity;” and there is no inherent reason to believe that users are
even aware of which mode produces the best results. Thus; when task
requirements are tairly well defined, format decisions might better be
programmed into the system design—if, in addition, the basic functions
relating format to cperatar pertormance were known.

As we just noted, however, this last ”it” is a rather big onre. It
has |Iong been recognized that display tormat can have a protound; thoush
task—-dependent, intluence on human pertormance (Hitt, 1961; Schultz,
1961; Smith; 1963; Smith & Aucellia, 1983). Stili tor relatively tew
kinds ot tasks could our present knowledge be considered adequate for
making specitic design recommendations. Notable exceptions:; in addition
to Hitt’s early map-reading work; are recent studies on |ook-up tasks
(Tullis, 1981, 1983, 1984) and on prababilistic judgments (Galdsmith &

Schvaneveidt; 19815 Wickens & Scott, 1983). In the former; Tuiiis has
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achieved considerable success predicting keying pertormance and
subjective ratings based on six objective display measures. In the
latter, subjective weighting ot cues has been shoun to vary as a
tunctian af alpha—-numeric vs. graphic display mades.

The fact that analog or graphic presentation sometimes produces
super ior performance has been attributed to “holistic” processing:
peaple are able to integrate or interpret the infarmation in a graphic
display “at a glance” whereas they tend to deal with alpha=-numerics
sequentially (Golidsmith & Schvaneveidt; 1981; Wickens & Sentt, 1983).
In this vein; Humqond (1980) has propased that format is one of several
task features that promote either an “analytic” or “intuitive” cognitive
approach ta judgment.

The present research sought to extend the graphic (anmalog) vs.
aipha—-numeric comparison to another practically impartant task domain:
the so-called gptional~stopping decision problem. The principal
teature of this task is that; unlike the one—-shot decision problems
favored in iaboratory researchs the operator (DM) acquires information
aver time and at cost, deciding when 3s wei| as how to act. In
a8 sense, each problem involves a sequence of decisions, each stage ot
which requires a choice between “keep—sampling” and “terminal—-action”
alternatives. Cost and payonff functions are generally such that DM can
reduce the uncertainty of the decision prabliem oniy at the expense ot
the marginal utility of his/her ultimate choice (i.e., information is

castly).

The practical signiticance of this kind ot task is that it
represents a common decision situation in which time is important; a

situation encountered in military, medical; poiitical, lecal and

1>

-
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manager ial contexts. A military commander or corporate CEO:; tor
exampie, can be completely certain of an adeversary’s intentions it he
or she elects to wait until all tactical options have become futile!
Though exaggerated; this example illustrates a common failing revealed
in both the laboratory and in anecdotal reports trom “the field:” human
DM’s tend to postpone action too long (i.e.; to oversample) in such
situations (Comnnolly & Gilanis, 1982; Hershman & Levines 1972; Levine,
Samet, & Brahlek; 1975).

Given the potential maladaptiveness of human sampling tendencies
and the suggested advantages at the analog-graphic display mode which
wouid seem particularly salient in a progressively untolding scenario,
the optionai-stopping task appeared to represent an ideal vehicle tar
the expioration of format effects. The aim of the present stﬁdies;
therefore; was to determine whether sampiing tendencies, decisian
guality; and/or decision efficiency vary systematicaflly with display
tormat. Two experiments were conducted: one under self-paced and the
other under torced-paced conditions. 1f the two formats do encourage
diftfterent cognitive strategies (e.q. ”haolistic” and ”intuitive” vs.
“sequential” and “analytic”); then onre would expect time pressure to
exacerbate any abservaed pertormance ditterences.

EXPERIMENTS

The abject ot both studies was simply to determine whether
manipulation ot display tormat (graphic vs. numeric mode) alters
sequential decision behavior in a manner consistent with the
hypothes ized differences in cognitive processing. [n particular, does
an analag version at a develaping scenario induce less sampiing; tfaster

or more efficent proccesings and more time—-sensitive decision quaiity
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than the numeric version ot the same information? Experiment 1 was
cons idered exploratory in that; despite some prior pilot work: it was
the tirst full-blown study using a new task and methadoiosy. Thus
sel f-pacing was used rather than pre-selected ﬁiminss and a second
variable (presence vs.absence of a decision aid) was crossed with
display format in an attempt to define key task parameters far use in
subsequent studies.

Experiment 2 was the immediate benetficiary of this deveiopmental
work. Forced pacing was introduced and manipulated on the basis of
Experiment 1 results. In most other respects, however; the methodology

far the two studies was identicai. Consequentiy, the common features

will be described tirst tollowed by a separate account of Experiments 1
and 2.

COMMON METHOD
Syb jects

A total of 92 undersraduates recruited from psycholiosy courses at
Rice University participated in one at the two studies. Each served tor
one Or two experimental sessions in exchanse for course credit or $4.00
per sgssian. The sexes were represented approximately equally in all
groupsi otherwise assignment was randomized. Experiment 1 called for 56
sub_jects; Experiment 2, for 35.

Task

Each sub_ject was required to monitor a series of simulated
hurricanes in their advance toward a heavily populated target area
(city). Storm paths were described with reference to an B (iongitude) x

7 (latitude) arid as iliustrated in Figure 1. They progressed trom left
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Insert Figure 1 about here

(longitude 7) to right (iongitude O0) in step~wise fashion, and subjects
were required to make one at three responses after each advance:

wait (i.e.» postpone any terminal action)s gvacuate (i.e., order

tota! abandonment ot the city); or stay (i.e.s minimize the

potential losses associated with decision delay as in committing to
intensified protective measures rather than retreat).

Uncertainty in the storm’s path was introduced by building into
each advance a .3 probability of unit latitudinal movement in either
direction (thereby setting the probability ot its remaining at the same
latitude equal to .4). The net result of this feature was that the
madal ending point of the population af storms was the target locations
but the a priori probability of this occurrence was iaw (p=
.190). For purposes af simpiicitys the vaiue components ot the task
were all transiated inta a common lives lost index. Waiting reduced
the effectiveness of subsequent evacuation and added a small prtgressive
ioss of its own; staying carried a huge igss it the starm hit the city>
but none of it did not; evacuating averted this maximum ioss, but was

more costly as time grew short. The specitic tunctions used were as

tol lows:
Waiting = 0 lives per advance tor iongitude 7-5;
20 lives per advance for |ongitudes &4-1.
Staying = 1500 lives it hit; O it not

Evacuatian = 300 + [3(8 - Longitude)] iives.
Brietty, then, the subject’s task was to decide when tD stop

cathering informatian and, at that pogints; which action to take based
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upon (a) the storm’s current locations; and (b) the subjective
expectation ot costs associated with the various options in that
situation. The subject observed the entire course af each hurricane
toward it’s tinal (Latitude 0) destination. However,; instructions
emphasized that there would be a number of storms to monitor, and that
the subject should attempt to minimize the loss of |ife over the
entire sessign. [t was explained that because hurricanes are not
comp letely predictables; the “best” decision would not always result in a
tavorablie outcome; and “poor” ones would sometimes win out. Since these
tluctuations would even out over the course of a sessions the subject
was advised to concentrate on lang—run cansequences. To reinforce this
Perspectiver a cumulative loss “score” was maintained and displayed
continuously over the session.

The formal structure af the tasks as just described; produced the

expected (ass pattern shown in Table 1. The vaiues were chosen in a

Insert Table 1 abaut here

manner designed to avoid the “flat maximum probiem” (i.e.; a structure
in which most of the options produce very similar marginal results), and
to distribute the “correct” decision over the aptions in a tairly
realistic tashion (i.e.,» early waiting fol lowed by evacuation or

staying depending on location). Whereas subjects were caretully
instructed in the loss tunctions associated with the three options and
the rule governing probability ot latitude shitts (i.e.; p = .35 .4,

.3)s they were not shown the actual values in Table 1.

[Py & e oo .
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The display was used primarily to indicate the present location and
history of each storm. The format manipulation involved an anaiog
representation as illustrated previously (see Figure 1) and a numeric

representation as shown in Figure 2. In both cases a cumulative loss

Insert Figure 2 about here

record tor the session was displayed in identical aipha-numeric farm at
the bottom ot the CRT.

It should be noted that in the present version of the tasks a Monte
Carlo procedure was used to generate storm paths. Thus there was no
reliable trend information in the historical ”track” of a hurricane.
One woulds; ot course, expect an analog format to be most advantageous
when such information exists, and we intend to expiore that pussibility
in future research. For present purpases; however; the intent was to
tocus on the most rudimentary aspect ot the displayed information
(current pasition)—an aspect for which there would be no inherent
advantage favaring the analog mode. In fact,; it anythings the analng
mode was considered to be at a slight disadvantage in that, based on
their extra—exper imental experience; subjects might be encouraged to
read more into the “tracks” than the data warranted.

A tinal aspect of the task used in one condition ot the tirst
experiment was a decision aiding feature. This feature consisted of
presenting the subject, at each point in each problems with an updated
calcuylation gt the probabilities ot the starm hitting the city ftrom its

current position and each remaining position that it could assume. This

i
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information was also presented numerically, but on a separate display
fram the position intormatian.

Stimuli and ratus -

Patterns of storm movement were generated randomly within the
constraints noted earlier using a Mante Carlo procedure. A TRS-80 Model
2 microcomputer controlled the stimulus presentations displayed the
intormation (on its CRT), and recorded the performance measures (when;
wheres and what response was made). The program was designed such that
each response resuited in a display of the option selected, an update af
the storm’s progress (one step to the right); and a repetition ot the
three respanse agptians far the new positian. fFolfowing a terminal
decision (stay or evacuate)s; the updates continued automatically at
a deliberate pace until the storm’s ultimate dispositian was
established. At that point; the session “score” was updated and, atter
a briet deiay: the next storm was introduced.

EXPERIMENT 1
Design and Procedure

Two variables at two levels each were combined factarially in a
between—group design. Oisplay format (numeric vs. graphic) was crassed
with aiding (present vs.absent) to form tour groups ot 14 subjects each.
As noted earlier; the aiding manipulation invalved making available to
sub jects the simple probability of the storm hitting the city from each
remaining location

Each subject tracked SO storms in a single session. The first 10
canstituted a block of practice trials. Fallowing a short break, the 40

exper imental trials proceeded in blocks ot 13; 13 and 14 respectively
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with simijar breaks introduced atter the 13th and 26th trials. The
entire process; including the initial expianation, required slightly
more than one hour. Althougsh generated randomiy (see above): the same
set of storm patterns was administered to each of the four groups; with
order ot appearance balanced across groups. This was done to control
for the possibility ot specific pattern and sequence eftects.

Three principal measures were taken: (a) information sampiing

ar the point at which a terminal decision was reached; (b) decisian
accuracys ar the correspondence of DM’s respornse to that of the EV
maximization model at each chaoice point; and (c) latency; or the
delay between the dispiay update and the key—entered decision at each
choice paint. While subjects were aware that al! three were being
recorded; that overt calculations were prohibited, and that unnecessary
delays were to be avoided; the emphasis was on decision quality rather
than speed. For purposes of anaiysis; these measures were summarized in
various ways as described in the next section.
RESLLTS AND DISCUSSION

Display ettects

No signiticant main eftects or interactions attributablie to the
tormat difterence were obtained on any gf the measures. This is not too
surprising given the minimal amount ot information that was subject to
tormat manipulations, the lack of time pressures; the emphasis an
accuracys and the pertormance variability typical ot such tasks. As
indicated earlier; the main purpase ot the study was to establish a set
ot task conditions within which we might explore the farmat variable in

a meaningful way; not in the format variable itself.

I.A _.L
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Despite these limitations, however; there were some indications
that tormat is worthy Dt study. For example; subjects tended to sample
more information (i.e., tq postpane a terminal decision ianger) under
the alphanumeric display (a mean of 5.18 vs. 4.95 "tems), and-—at least
in the aided condition = to respond more siowly (mean RT = 521 msec vs.
465 msec). Since the two formats produced virtually identical levels of
accuracy (77.2% tor graphic vs. 76.8% for alphanumeric): the implication
is that the alphanumeric mode induced iess eftficient processing.
However; it benefited more consistently fram aiding than did the graphic
condition> which showed almost none. In the case of terminal
(Yevacuate” or “stay”) decisianss the additional information pravided by
aiding increasesd response latency by an average 256 msec. for the
alphanumeric dispiay but not at all for the analog dispiay, an
interaction that approached signitficance, F(1,52) = 2.88, p = .075.

Taken tagethers these tendencies appear consistent with the
“holistic~analytic” processing distinctians; althoush by no means
constituting substantial evidence for it.

Other task-induced eftects. As has been reported in previcus
research; (e.g.; Hershman & Levine; 19705 Levine et al., 1975) subjects
tended to postpone a terminal decision beyond the optimal stopping point
(defined as that position at which EV far “act” tirst exceeds that for
“wait”). The mean difference between actual and optimal points af
action was +.39, a ditterence significantly above zerg: t(55) = 3.54; p
< .001. Interestingiy; sampling tended tp increase signiticantly rather
than decrease over trial blocks; while performance accuracy and latency
both improved sianiticantiy (see Table 2).Thus, what might be construed

as overcauticusness trom the perspective ot an ideal processar may

-
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actually have been cigse ta optimal for the human processor: DM’s

Insert Table 2 about here

appeared to make gsoocd use of the “oversampled” intarmation. The fact
that subjects sampled mare and became more efticient with practice also
suggests that they took the task seriously and did not succumb to
boredom ettects as has been reported in some earlier studies (e.s.:
Levines; et al.s 1975). Respaonding thaughtiessly or carliessly simply to
“get it over with” would have produced deciining petarmance over blacks.

The present data support an earlier tinding by Levine et al. (1975)
that terminal decisions are siower than sampling decisions. In the
present study the difterence was highly signiticant even without
including the earlier storm positions where vitually all choices were to
“wait” and were made very fast (thereby intlating the “wait” vs.
“terminal” decision latency ditterence). A more meaningful and
conservative compariscn |imited toc the last four storm pasitians yielded
mean latencies af S10 msec. tor waiting and 712 msec. for terminal
decisionss; F(1,51) = &.93; p < .012.

Firnaily, the presence of a decision aid raised the mean accuracy of
all decisigns fram 75.25% to 79.50%s a ditterence significant at F(1,52)
=4.88) p = .011. Of course these mean values also reflect the
dispropartionate influence of early, easy “wait” decisionsi by contrast
accuracy for the critical last four positions averaged 55.00% and 42.70%

tor unaided and aided conditions respectiveiys F(1,52) = 46.12, »<.017.
While mean latency for the aided decisions in these positions averaged
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122 msec longer than for the unaided ones, and the ditfference was

principally vested in the numeric display mode, neither ettect was
statistically reliable (although; as noted eariier; the interaction

approached signiticance).

The main conclusions to be drawn from Experiment 1, then, are (a)
that the hurricane tracking task constitutes a promising vehicle far
expioration of display tormat and other design variables on sequential
decision bekaviar; (b) that aiding can imprave accuracy but at a cost in
time» (c) that the range of conditions over which tforced pacing can
meaningful |y be intraduced into the task extends rouahly from .3 sec. to
2.0 sec. per decision;, and (d) that the tendency to “oversampie” or
pustpone terminal actiom in optional stopping is not necessarily

maladaptive trom the human perspective. In addition despite the
absence ot conditions (especially time pressure) that would be expected

to induce display format effects; nonsignificant trends consistent with
such ettects did appear. The second study; therefore; was designed to
provide an explicit test of the farmat variable by introducing forced
pacing.
EXPERIMENT 2
Design and Procedure -
The chiet ditfferences between this study and Experiment 1 were that

the display format variable was manipulated within subjects; forced

pacing was introduced as a between—sub_jects variable, and (in view of

its demands on processing time) the aid was nat used. The desisn was

thus a mixed mode! involving the factorial combination of dispiay format

(anaiog vs.numeric) x order of display administration (AN vs. NA) x
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trial blocks (3) x time stress (300, 700, and 1430 msec/update). Tuweive
sub jects were assigned randomly to each ot the three pacing groups.

The procedure was identical to that used in Experiment 1 except
that more practice trials were administered (13), and more storms were
inciuded in each experimental black (29). Since the total number of
trials was increased from S0 to 200, (100 trials per display mode), each
subject participated in two sessions rather than one. The first
included instructions; practice, and the first three experimental .
blocks; the second; the last three blocks plus the debrieting. All i
trials in a given session were performed under one ot the two tormats.

RESLLTS AND DISCUSSION

Display Ettects

Under the pressure ot forced pacing, both stopping point
(information sampiing) and decision accuracy were influenced in the
predicted ways by the display format manipulation. The pattern of these
etfects is best understood by considering together the analyses aof

overall decision accuracy: late decision accuracy (i.e. the last

tfour longitude positions); and sampling (see Tables 3 and 4). Since

timing was control led; iatency was no longer a salient index.

Insert Tables 3 and 4 about here

Looking tirst at the accuracy measures; it is apparent that the
analog format praoduced comsistentiy superior performance; particularly
under the more stresstful pacing conditipns and in the critical later
stages of each storm (i.e.; the last ftour positions where both terminal

and sampiing decisions were well represented). In the ogverall
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araiysis (Table 3a) where storm position (early vs.late) was included as |
{ a separate variable; it is clear that the effect was |imited primarily
to the later decisions. In facts; early decision accuracy was near .
pertect since; as noted previously; the tendency during the storm’s ?
formative stages was to postpone actions a decision that was aimost
always correct (95% averall). This ceiling ettect did not operate in .

the |ater stases since the subject had to give serious consideration to
all three options; and mean accuracy dropped to S0%. Combining
insensitive sarly positions with sensitive later ones, the main etfect ..
of tormat was reduced to nonsignificance (p=.098); by contrast,

separating early and later positions revealed highly signiticant

(p<.001) position and pasition x format interaction etfects. The format -
x stress interaction was aiso sufficiently robust to withstand the

diluting influence of eariy pasitions (p = .014), indicating that, as

expected, the analog superiority was |imited to the more stressful -

conditions. In fact,; the averal!l accuracy under the slowest condition

R P A

was similar to that under selt-pacing (Experiment 1) where it will be
recal ied there was no signitficant format effect.

A separate analysis of accuracy for later decisions (i.e.» thaose
made during the last four storm positions) revealed a highly significant
tormat etfect (p < .001, see Table 3b). However, despite the fact that
the anaiog superiority again seemed more pronounced under the more
stressful caonditions, the format x stress interaction failed to reach
significance (p=.37). A passible explanation is that since format was ,F
manipulated within subjects; order ot presentation may have moderated
the eftect suftticiently to have cbscured the interaction. The marginal

signitficance ot the second-order interaction (p=.064) supports this

-~ . L . R . ; - L P
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passibility. In any case) given the results from the ocveral!l analysis

and from the selt-pacing conditian emplioyed in Experiment 1, the most

conservative conclusion is that analog superiority is more |ikely to

- Qccur when time pressure is involved than when it is not.

%. Turning to the sampling data, Table 4, it is apparent that:

I once asain, the overall tendency was to oversample (see Table 4b) in

this case by an average of 1.49 updates; or nearly a tourfold increase

El gver that for Experiment 1 (i.e., 0.39). Thuss; the mere exsistence of
time pressure for making individual decisions, and the consequent

reduction in opportunity to process the available informations; appears

to have caused subjects to seek maore intormation. As in Experiment 1,
the trend was for sampling to increase with experience, but in this
case the effect was |imited to the numeric tarmat (the format x trial
blocks interaction was highly significant). There was aisoc a tendency
for stress level to moderate the eftect, but this infliuence was neither
systematic nor easily interpretable. The satest conclusian with respect
to dispiays therefore; is that the numerical tormat promotes an increase
in sampling aver trial blacks; but that this format effect is a
reiatively small modulation in a very large tendency tor time stress to
promote oversampling. Since overall accuracy was about 7% [ower

than for the comparable condition in Experiment 1, this dramatic

increase in aversamp!ing does not appear to have been very praductive.
Moreover; the absence ot any positive relationship between the

conditians that increased sampling and improved pertormance in the *
present sStudy suggests thats unlike Experiment 1, stress—induced
oversampling is nat functionai. Apparentiy people are not able to make

apod use ot the additiomal information that they feel they need. In
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contrast; it will be recalled that they did make good use of
“guersampied” information under the non-stressful selt-pacing canditians
ot Experiment 1.

Other Task—-indyced ettects. As may be seen in Table 3, the
time-stress manipulation produced a systematic decrease in accuracy:
particuariy tor the later (more sensitive) decision positions (Table
3b). The main etfect of this variable was highly signiticant in bath
analyses, as was its interaction with position in the overall analysis.
While; as noted previousiy, farced pacing per se apprears to have
induced a substantial increase in the tendency to oversampie (0.37 vus.

1.49 updates); the specific rate of ftorced pacing did not yieid a

signficant main effect on either sampling measure (see Table 4). The
update rate; did, however; amp|ity the format effect significantiy as
discussed earlier.
GENERAL CONCLUSIONS

It, as hypothesized, anaiog representation ot an evoiving decision
problem encourages a more “holistic” processing strategy (or converselys
numeric representation a more “analytic” one), we would expect better
pertormance with an anaiog format as time pressure exceeded some
critical level. This expectation was borne out in the present findings.
Under se!f-pacing and the iowest forced-pacing conditions, farmat had
littie effect on decision accuracy; at higher levels of time stress; a
signiticant analiog superiority emerged.

While one might argue that the obtained accuracy diftferences;
thoush statistically signiticant; were relatively small (on the order ot
S~8% in the critical later pasitions); it shouid be recognized that the

exper imental test was intentionally very conservative. The only

9!

e 2
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information that was subject to the format manipulation was the
progressive location ot the storm; there was no predictability in its
“track” or path. Since such information (i.e.; spatial trends) would
naturally favor an analos format; one can only expect the difterences
obtained here to become magnitied under the more realistic task
situation. What the present studies shows thens; is that display format
can attect decision pertormance in very subtle ways. Not only can it
bring out aspects of a data set (such as trend intormatiaon) that are
ptherwise ditficult to perceive—the weli-established and relatively
abvious Ycompatibility” phenamenon—it can alter the decision maker'’s
whole approach to information processing. In a sense it can alter
his/her processing “set.”

Another noteworthy tinding involved sampling behavior. Consistent
with previous studies; the present results again reveaied a tendency for
subjects to delay action beyond the optimal decision point—in eftect,
to buy too much intformation. However; these tindings quality the
generalization in several important respects. First; a numeric format
tends to amplity the effect. Secondly, the oversampling effect may nat
always be as maiadaptive as it seems; particularly it one takes the
decision-maker rather than an “objective” madel! as the pagint ot
reterence. That is, the overall etfectiveness of human decisions can
improve beyond the paint where an ”ideal decision-maker” would stoe
sampiing. Lastly,» however; the present data suggest that under time

pressure, the tendency toward maladative oversamp!ing increases.

Under the non—-stressful conditions ot Experiment 1, sub_jects seemed to
derive res! value from the informatiaon they received after they “should

have acted)” whereas under the stressful conditions of Experiment 2,




Schuartz and Howel | ' 20

their pertformance did not improve at all as a result ot such
intormation. Admittediy; the evidence for this last conclusion is
circumstantial at best-——the present wark was not directed explicitly
toward this issue. Nanetheless; it would appear sufficientiy important,

theoretically as well as practicallys to warrant further investigation.

—il
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TABLE 1
The Expected Loss Association with each Response Option at the various

Hurricane Positians¥®

Latitude Longi tude Response Option
Z & 5 4 3 2 1%
77 61 40 &0 Stay
1 . . ; 97 81 &0 80 Wait
348 395 448 S07 Evacuate
187 178 182 175 &0 Stay
2 . . 187 192 194 194 80 Wait
327 348 395 448 507 Evacuate
272 288 310 358 400 540 Stay
3 . 265 281 308 336 373 580 Wait
312 327 348 395 448 507 Evacuate
286 307 334 371 440 S50 &40 Stay
4 278 298 325 360 403 507 &80 Wait
303 312 327 348 395 448 s07 Evacuate

e PP————
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TABLE 1 (Continued)

The Expected Loss Associated with

Hurricane Positions*

each Response Option at the various

Latitude Lonaitude
272 288 310
S 265 281 308
312 327 U8
1872 178
& . . 187 192
327 %8
77
7 97
348

Waivues are rounded to the nearest unit.

182

194

61
a1

400

373

175

194

&

Respgnse Optian

=20

S07

sa7

sa7

Stay
Wait

Evacuate

Stay
Wait

Evacuate

Stay
Wait

Evacuate

-
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Table 2

Mean Performance over Trial Blocks for the Three Principal Measures

(Exper iment 1)

Measure Trial Blocks Signiticance Test

-
N
1w

1. Stopping point 4.92 S.06 5.23 FE(2, 104) = 5.00, p<.009

(no. of abservations)

2. Accuracy 6% 6% 80% E(2, 104) = 3.87, p=0.024

3. Latency(ms)x* 608 450 351 F(2, 104) = 149.44, p<0.001

# Inciudes bpth sampling and terminal decisions aver all positions.
Since eariier and sampling (Ywait”) decisions far outnumber iater and
terminal decisions, and the former tend to be about 200 ms. shorter than
the jatter, these means are biased toward the sharter latencies (see

text).

T e~ -
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’ Tabie 3

A Summary ot Major Display Etfects Expressed in Percent Correct
(Exper iment 2) -

A. OMVERALL ACCLRACY

Stress Level (Updates/sec)

Dispiay Storm
;
F Format Position .& 1.4 3.3 Mean -
Early 92 96 93 F4(3)
k Ana log Late 8 a3 47 53
Mean 7S S 70 73
b
Early 98 s F4 96
Numer ic Late 57 45 42 47
Mean 77 70 &8 71
Mean 75 72 &9 73

(1) Stress F(2, 30) = 4.48; p=0.017
(2) Format E£(1, 30) = 2.92, p=0.098 (ns)

> (3) Position F(1, 30) = 1068.56; p<0.001 ) i

(4) F xS F(2, 3D

4.92, p=0.014

(5) F x P E(1, 30) = 12.40, p=0.001 ]

(6) S x P E(2, 3O

5.92, p=0.007 q
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B. LATE ACCLRACY

Stress Level (Updates/s)

Oispliay
Format Order .6 1.4 3.3 Mean
AN &0 92 47 S3
Analog NA S 58(3) 93 &3 48 47 51
Mean S8 S3 47
AN S8 S1 43 53
Numeric N& S5 57 38 45 41 42 45
Mean 57 45 42
Mean 57 49 4S

(1) Format E(1, 30)

(2) Stress F(2, 30)

(3) F xS E(Z, 30) = 2.11, p=1.39 (ns)

15.47, p<0.001

11.84, p<0.001

(&) F x S x Order F(2; 30) = 3.00, p=0.0&4 (ns)

S3(2)

47

47

" ;.L ._.A__Ahg__ .

dncabai b

e

- A
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Table 4

Summary of Major Sampling Effects ExpressedNumber of Uepdates Prior to a

Terminal Decision (Experiment 2)

A. ACTUAL SAMPLING

Stress Level dates/sec)

Display Trial
Format Block - 1.4 3.3 Mean

1 4,72 S.04 S.0aa 4.92(2)
Analog 2 4.bb 5.05 5.01 4.1

3 4.86 S.00 4.88 4.91

Mean 4.75 5.03 4.96 4.91 -

1 S.17 4.70 4.87 4.91
Numer ic 2 5.49 4.71 S.09 S.16

3 5.51 4. 72 5.30 5.18

Mean 5.39 4.78 S.08 5.08
Mean S.07 4.90 5.02 4. 79

(1) Format x Stress F(2; 30) = 4.38, p=0.021

(2) Format x Trials F(2; 60) = 3.58, p=0.034




>
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B. OVERSAMPLING (ACTUAL-OPTIMAL)

Stress Leve| (Updates/s)

Display Teial

Format Block - 1.4 3.3 Mean
1 1.02 1.17 2.15 1.45

Analog 2 .80 1.08 1.40 1.08
3 1.82 71 1.78 1.44
Mean 1.22 .98 1.78
1 1.57 1.53 1.38 1.49

Numer i & 2 2.17 1.33 1.59 1.70
3 2.11 1.74 1.48 1.78
Mean 1.95 1.54 1.48

Mean 1.58 1.26 1.63

(1) Format £(1, 15) = 3.39, p=D.0B5 (ns)

(2) F x Stress F(2, 15) = 3.08, p=0.076 (ns)

(3) F x Trials F(2, 30) = 7.45, p<0.003

(4) S xT E(a: 30) = 4.34; E(D.UD?

() F xS x TE(4, 30) = 7.22, p<0.001

1.72

1.66

1.49
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Due to clerical error, an eerly, unedited version of Technical Report # 84- 1 (Office of Naval
Research Contract # NOOO14-82-C-0001, Work Unit NR1978-074) was relessed and
distributed. Upon receipt of this errata statement, Technicel Report #84- 1 should be

gi; considered complete. The statement includes the following:

C 1) The evacuation cost formula on page 7 should reed:

5% Evecuetion = 300 + [3 X (8 - longitude)]? lives.

0 2) Figures 1 and 2.

. 3) Tebles 1, 3a, 3b, 46, and 4b.

o 4) Contrary to the report's running head, David R. Schwartz is its sole author.
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o ABLE 1 K
R,
. The Expected Loss Associated with each Resnonse Option at the Various .
l‘“‘ Hurricane Positions™ -
3 ;
:\ -
.’" Latitude Longitude Response !
Option K
z 6 3 4 3 2 i '
. . . 77 61 40 60 Stay
! »
L 1 . . . 97 81 60 80 wait
o »
,% . . . 348 395 448 507 . Fvacuate v
\} {
r
- . . 187 178 182 175 60 Scay .
{' -
N 2 . . 187 192 194 194 80 wait .
b . . 327 348 395 448 507 Evacuate
A4 K
) .
} . 272 288 310 3358 400 360 Stay ‘
X
- 3 . 265 281 308 336 371 580 Wait
: . 312 327 348 395 a48 507 Fvacuate b
\ R
“ 'l
' ¢
A )
, 286 307 334 371 440 550 660 Stav
M - 278 298 1325 360 403 307 680 wait '

Yo 5

N 103 312 327 348 395 448 307 Fvacuate
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TABLF 1 (Continued)
The FExpected l.oss Associated with each Resoonse Ootion At the Various

Hurricane Positions™

Lacitude Longitude Response
HUption
z [} 3 4 A 2 i
. 272 288 310 158 400 560 Stayv
5 . 265 281 308 336 3713 580 Wait
. 312 327 348 395 448 507 Evacuate
J
. . 187 178 182 175 60 Stayv
6 . . 187 192 194 196 80 wait -
. . 327 348 395 448 507 Evacuate
. . . 77 61 40 60 Stay
7 . . . 97 81 60 80 Wait
. . . 348 19% 448 307 Evacuate

*Values are rounded to the nearest unit.
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TABLE 1
A Summarv of Mator Displav Fffects Fxpressed in Percent Correct
(Experiment 2)
A. OVERALL ACCLRACY
Stress level (lipdates/sec)
Displav Storm
Format Position .6 i.a 3.3 Mean
Early 92 96 93 94
Analog Late 58 33 &7 33
Mean 75 75 70 73
Early 94 95 9% 9%
Numeric Late . 57 435 42 48
Mean 77 70 68 72
Mean 76 72 69 72
(1) Stress F(2,30) = 4.63, p = 0.017
(2) Format F(1,30) = 2.92, p = 0.098 (ns)
(3) Position~5(1.30) = 1068.36, p < 0.001
(4) F x S F(2,30) = 4.92, p = 0.014
(3) F x P F(1,30) = 12,40, p = 0.001
(6 S x P F(2,30) = 5,92, p = 0,007
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B. LATE ACCURACY

Stress level (lipdates/sec)

Displayv
v Format Orderx .6 1.4 3.3 Mean
: .
Y
%
AN 60 52 47 573 )
;: Analog NA 36 53 48 52 :}
% -
r ‘.
: Mean 58 53 a7 33 EJ
’ ‘]
L} -
L (.
f, AN 58 51 +3 51 e
. (4
1 Numeric NA 55 38 4l a3
Mean 37 a5 a2 w8 .
) N
» 5
i r
§ ’
. I3
Mean 37 49 a3 50 ;
: ;
3 (1) Format F(1,30) = 15.47, p < 0.001
h (2) Stress F(2,30) = 11.84, p < 0.001
5 (3) F xS F(2,30) = 2.11, p = 1.39 (ns) ‘
¥ "
5 (4) F x S x Order F(2,30) = 3.00, p = 0.064 (ns)
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TABLE 4

2)

Prior to a Terminal Decision (Experiment

A. ACTUAL SAMPLING

Stress Level (lipdates/sec)

LA TR0 LA RARASMAT A AT A WA A A A

LA il it Ak A4" S5 I
DI T A et

Summarv of Major Sampling Effects Exnressed as the Number of LUndates

(1) Format x Stress F(2,30) = 4.38, p = 0.021

(2) F x Trials F(2,60) = 3.58, p = 0.034

Display Trial
Format Block .0 1.4 3.3 Mean
i L.72 5.04 5.00 4.92
Analog 2 «.66 5.05 5.01 4.91
3 “.86 5.00 4.88 «.91
Mean .75 5.03 4.96 4.91
1 5.17 4.70 4.87 4.9i
Numeric 2 3.49 4.91 5.09 35.16
3 5.51 4.72 5.30 5.18
Mean 5.39 4.78 5.08 5.08
Mean 5.07 4.90 5.02 5.00

AR -'.'1
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B. OVFRSAMPLING (ACTUAL-OPTIMAL) p
c
Stress Level (lipdates/sec) !
Disolav Trial E
rormat Block -6 [ 3.3 Mean e
'
l .02 117 2,05 1.453 "
Analog 2 .80 i.05% 1.40 1.08 R
1 1.82 L7 1.78 .46 )
~
Mean 1.22 .98 i.78 1.33 :
1 1.57 1.53 1.38 1.49 %
Vumeric 2 2.17 1.33 1.59 1.70 i
LY
3 2.11 1.7 1.48 1.78 .
Mean 1.95 1.54 1.48 1.66 ]
¢
Mean i.58 1.26 1.63 1.49 ")
e
(i) Format F(1,13) = 3.39, p = 0.085 (ns) >
N
(2) F x Stress F(2,15) = 3.08, p = 0.076 (ns)
(3) F x Trials F(2,30) = 7.45, p < 0.003 )
(4) S x T F(4,30) = 4.36, p < 0.007 ;
(3) F xS xTF(6,30) = 7.22, p < 0.001 ;
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