
INTRODUCTION

The use of automated diagnostic aids is be-
coming increasingly common within a variety
of complex systems, such as aviation, nuclear
power, and health care. The ultimate effective-
ness of these aids, however, is seldom realized
because operators tend to undertrust imperfect-
ly reliable automation, resulting in its disuse
(Parasuraman & Riley, 1997; Wickens & Hol-
lands, 2000). In the case of automated diagnos-
tic aids, such disuse is often manifested in the
form of operator disagreements with the aid,
even when aided performance is statistically
more accurate than unaided performance (Wieg-
mann, Rich, & Zhang, 2001).

Disuse of automated aids can occur even
when systems are opaque (i.e., provide little or
no information to the operator upon which to
base a diagnosis; Wiegmann, 2002; Wiegmann
et al., 2001). For example, handheld analyzers
are now commonly used to help airline luggage
inspectors detect the presence of hidden contra-
band such as narcotics and explosives in pas-
senger luggage. Given that luggage is generally

opaque, operators must rely almost entirely on
the automation to perform this analysis. Al-
though such analyzers are fairly accurate, they
do have a tendency to produce false alarms.
Consequently, operators generally undertrust
these devices and have reportedly ignored ana-
lyzer alarms (Parasuraman, Hancock, & Olofin-
boba, 1997). Anecdotally, operators formulate
an opinion concerning the likelihood that a par-
ticular passenger might be dangerous and then
base their interpretation of the automated alarm
based on this hypothesis – a phenomenon known
as cognitive anchoring.

Cognitive Anchoring

A great deal of empirical evidence in cogni-
tive and social psychological research suggests
that when people are faced with discrepant in-
formation after choosing a certain hypothesis,
they have a strong tendency to bias their belief
revisions in favor of the initially chosen hypoth-
esis (Einhorn & Hogarth, 1982; Hogarth &
Einhorn, 1992; Tversky & Kahneman, 1974;
Wickens & Hollands, 2000). They often behave
as if they have attached a “mental anchor” to the
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initial hypothesis and do not easily shift it to
the alternative, giving the impression that “first
impressions are lasting.” Likewise, operators of
imperfectly reliable automation might attempt
to circumvent automation errors by generating
their own independent decisions about system
states prior to receiving information from the
diagnostic aid. Consequently, there may be a
strong a tendency for operators to “cognitively
anchor” their final decisions onto their initial
hypotheses, thus increasing the probability that
operators will disagree with an aid that provides
alternative information, regardless of the objec-
tive accuracy of the aid’s diagnoses.

Self-anchoring. Decision makers have an im-
plicit tendency to spontaneously generate their
own independent hypotheses about states of the
world based on available raw data and to anchor
their final decisions onto these initial hypotheses
(see Tversky & Kahneman, 1974). However,
opaque systems afford automation users little or
no access to raw data on which to base diag-
nostic decision making. Operators’ hypotheses
about system states are at best intuitive guesses
or “hunches.” The extent to which users of these
opaque systems will independently generate
(or guess) their own hypotheses about system
states and cognitively anchor their agreements
with an automated diagnostic aid onto these ini-
tial “hunches” is still unknown.

Automation utilization strategies are often in-
fluenced by the interaction of the user’s perceived
reliability of the automated aid and self-biases
(Dzindolet, Pierce, Beck, Dawe, & Anderson,
2001; Lee & Moray, 1992; Riley, 1989). In gen-
eral, humans tend to underestimate the reliability
of imperfect automated aids (see Dzindolet,
Pierce, Beck, & Dawe, 2002; Wiegmann et al.,
2001). This lowered perceived reliability inter-
acts with the operator’s self-biases to lead to the
choice of a particular automation utilization
strategy. Operators’ self-biases may interact dif-
ferently with perceived reliability depending on
whether these biases pertain to specific tasks or
are more generic in nature. For example, in the
context of opaque systems, the choice of a uti-
lization strategy might be influenced by general
biases about one’s abilities to generate intuitive
guesses or take risks, rather than by one’s specif-
ic ability to perform the task in the presence of
sufficient raw data. Consequently, the tendency

to self-generate anchors is likely to be a function
of both the perceived reliability of the aid and
self-confidence in one’s own abilities in a gener-
ic sense. A lower perceived reliability of the aid
is likely to produce a greater tendency to predi-
agnose system states prior to receiving informa-
tion from an aid and, hence, is more likely to
produce cognitive anchoring. In contrast, higher
estimates of self-confidence and risk-taking ten-
dencies may also increase hypothesis generation
and result in a cognitive anchoring effect.

Forced anchoring. Under some conditions, in-
dividuals might be required to publicly commit
to their diagnosis prior to receiving additional
information from other sources. Such might be
the case with a physician speaking with a patient
during an initial consultation or a luggage in-
spector declaring to a passenger the detection of
contraband in order to justify opening the piece
of baggage. Public expressions of a diagnosis
can produce cognitive dissonance, or feelings of
discomfort, when information that contradicts
the original hypothesis is provided (Festinger,
1957). In order to reduce dissonance, an indi-
vidual often becomes more convinced that his
or her original choice or belief was correct and
expresses a greater preference for the original
belief (Oshikawa, 1970). According to Brehm
and Cohen (1962), public commitment to a
belief makes it extremely difficult to nullify this
dissonance-arousing commitment. Consequent-
ly, procedures that require automation users to
document their diagnosis prior to receiving in-
formation from the aid might produce a strong
anchoring effect and subsequent disagreements
with an aid when the aid provides an alterna-
tive hypothesis. This forced anchor effect may
be much stronger than is the hypothesized self-
anchoring effect described earlier.

Purpose of the Present Study

The purpose of the present study was mani-
fold. The first three objectives were to examine
(a) automation users’ tendencies to generate
their own independent hypotheses about system
states given a completely opaque system, (b)
their propensity to anchor their agreements with
a diagnostic aid onto these self-generated hy-
potheses, and (c) the extent to which this self-
anchoring is related to perceived aid reliability
and self-confidence.
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To address these issues, we gathered par-
ticipants’ (n = 50) self-ratings of abilities and
risk-taking tendencies. The participants then
performed a series of trials in which they repeat-
edly diagnosed the validity of pump failures
using only information provided to them by an
automated diagnostic aid. They provided their
diagnosis of the failure only after receiving infor-
mation from the aid and then rated their con-
fidence in their diagnosis. Participants then
completed a questionnaire that asked them to
indicate their perceived reliability of the aid
and to estimate the number of trials, if any, dur-
ing which they generated a diagnosis of the
pump failure prior to receiving the feedback
from the aid. Based on past and recent models
of automation trust (Dzindolet et al., 2001; Lee
& Moray, 1992; Riley, 1989) and cognitive an-
choring (Einhorn & Hogarth, 1982), we hypo-
thesized that (a) participants would have an
implicit tendency to guess or “prediagnose” sys-
tem failures prior to receiving information from
the diagnostic aid; (b) post hoc estimates of pre-
diagnosis would be negatively correlated with
participants’ agreements with the aid, indicat-
ing a self-anchoring effect; and (c) prediagnosis
estimates would be negatively correlated with
participants’ perceived reliability of the aid and
positively correlated with their self-ratings of
ability and risk-taking tendencies.

Another objective of the present study was to
explore whether requiring automation users
to publicly document their diagnosis prior to
receiving information from the aid would pro-
duce a stronger anchoring effect than would
self-generated anchors. To accomplish this ob-
jective, we had an additional group of partici-
pants (n = 25) perform the same series of trials.
However, on each trial, participants in this group
were required to indicate their own diagnosis be-
fore receiving the aid’s diagnosis. They were then
given a second opportunity to revise their diag-
nosis after receiving information from the aid.

Performance of participants in this forced an-
chor group was compared with the performance
of participants in the nonforced anchor group by
dividing participants in the nonforced anchor
group into high (n = 25) and low (n = 25) self-
anchor conditions based on their self-reported
tendency to prediagnose pump failures. Based
on the theories of public commitment (Brehm

& Cohen, 1962) and cognitive dissonance (Fes-
tinger, 1957), we hypothesized that (a) partici-
pants in the forced anchor group would disagree
with the diagnostic aid more often than partici-
pants in both the high- and low self-anchor con-
ditions; and (b) participants in the forced anchor
group would be more confident in their diag-
noses and would provide lower estimates of the
aid’s reliability in order to rationalize their high-
er disagreement rates, thereby reducing their
feelings of cognitive dissonance.

METHOD

Participants

A total of 75 undergraduate and graduate
students from the University of Illinois at
Urbana-Champaign completed all phases of the
experiment. Participation was voluntary, and
all participants were paid $6.00/hr for their
participation. The total participation time did
not exceed 1.5 hr.

Tasks and Procedures

Participants began the experiment by com-
pleting a preexperimental questionnaire that
asked them to rate their problem-solving and
decision-making abilities, as compared with an
average college student, using a Likert scale that
ranged from –4 (worse than most) to 0 (about
the same) to 4 (better than most). Participants
also rated their risk-taking tendencies as com-
pared with other college students using a scale
that ranged from –4 (less risky than most) to 0
(about the same) to 4 (riskier than most).

Participants then performed 200 trials of a
computer simulation task that required them to
repeatedly diagnose the validity of pump fail-
ures within a waste-processing facility. The
simulation was developed using Visual Basic for
MS-DOS and presented using a desktop com-
puter equipped with a 22-inch (55.9-cm) color
monitor and standard keyboard. The control
panel in the computer simulation contained two
radial-dial pressure gauges and an alarm indi-
cator. At the onset of every trial the gauge bars
appeared to move over a range of readings and
the alarm light was shown as green. After a
delay of 5 s, the system appeared to fail as the
alarm light changed from a steady green to a
flashing red. The gauges stopped moving, and
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the text “SYSTEM FAILURE” was displayed
above the alarm light. A true system failure oc-
curred in half of the trials (i.e., 50% true failure
rate). Following the system failure, the program
presented an automated diagnostic aid to help
the user determine if the failure was true or
false. The nonforced anchor group (n = 50) was
instructed to consult the aid immediately upon
the onset of the pump failure alarm and to pro-
vide their diagnosis of the failure only after re-
ceiving information from the aid. Activating the
diagnostic aid was followed by the appearance
of an interim screen with the message “Please
wait,” which remained on the screen for approx-
imately 5 s, followed by the diagnostic aid’s con-
clusion as to whether or not the pump had really
failed. After receiving the aid’s diagnosis, these
participants input their answer using the Y key
to indicate that “yes,” the system had really
failed, or the N key to indicate that “no,” the sys-
tem had not failed.

For the forced anchor group (n = 25), the ac-
tivation of the aid was followed by the appear-
ance of the question “While waiting for the aid’s
diagnosis, IN YOUR OPINION has the system
really failed (y/n)?” After the participant had
input a response, the screen with the message
“Please wait” appeared for 5 s, followed by the
diagnostic aid’s conclusion. After receiving the
aid’s diagnosis, these participants were again
prompted to input their diagnosis using the Y
key to indicate that “yes,” the system had real-
ly failed, or the N key to indicate that “no,” the
system had not really failed.

Participants in both groups indicated their
confidence in their final diagnosis on a Likert
scale ranging from 1 (no confidence) to 5 (very
confident). Feedback was given as to whether
the diagnosis was correct, and the score was up-
dated by awarding 10 points for a correct diag-
nosis or subtracting 10 points for an incorrect
answer. For all participants, the likelihood of
the aid presenting either a correct (hit or correct
rejection) or an incorrect diagnosis (miss or
false alarm) was .80 and .20, respectively. Prior
to testing, participants were assigned to either
the nonforced or forced anchor groups using
quasi-random assignment procedures (Cook &
Campbell, 1979). No participants were given
any information about the true (80%) reliabil-
ity of the aid.

Postexperimental Questionnaire

After the completion of 200 trials, partici-
pants were administered a brief postexperimen-
tal questionnaire that required them to estimate
the diagnostic aid’s actual reliability using a
percentage scale that ranged from 0 to 100. In
addition, participants in the nonforced anchor
group were asked to estimate the number of
trials (0–200) during which they had mentally
made their own diagnosis before receiving the
aid’s diagnosis.

RESULTS

Overview of Analyses

The analysis data consisted of two phases.
The first phase examined the effects of self-
anchoring on participants’ agreements with the
diagnostic aid and included data only for par-
ticipants in the nonforced anchor group. The
second phase examined the effects of public
commitment on cognitive anchoring and in-
cluded data for both the nonforced anchor and
forced anchor groups. Analyses were performed
using SPSS 10.0.1 for Windows, and a p value
of .05 or less (two tailed) is implied when ef-
fects are reported as significant. Effect sizes for
between-group comparisons are reported using
either Cohen’s d, with values of .20, .50, and
.80 reflecting small, medium, and large effects,
or Cohen’s f, with values of .10, .25, and .40
reflecting small, medium, and large effects, re-
spectively (Cohen, 1988).

Data screening. The data were examined to
check for outliers and fit between data distrib-
utions and assumptions of multivariate analysis
(Tabachnik & Fidell, 2001). The variables were
examined separately for the nonforced anchor
and forced anchor groups. There were no sig-
nificant outliers in the data. “Prediagnoses esti-
mates” were originally square root transformed
to reduce the slight positive skew in the distrib-
ution of scores. However, the transformation did
not significantly alter the results. Therefore, for
clarity purposes, the untransformed raw data
were retained for further analysis.

Phase 1: Nonforced Anchor Group

Agreement probabilities. Participants in the
nonforced anchor group disagreed with the



336 Summer 2005 – Human Factors 

automated aid on an average of 14% of the tri-
als, resulting in an average agreement probability
of .86. Agreement probabilities varied consid-
erably across participants, ranging from a low of
.45 to a high of 1.00. Three participants never
disagreed with the aid throughout the experi-
ment. Table 1 presents the correlations between
agreement rates and other key variables collect-
ed in this study for participants in the nonforced
anchor group.

Post hoc estimates of prediagnosis. Partici-
pants estimated that they tended to prediagnose
system failures on an average of 53, or 26.5%,
of the trials. These estimates varied considerably,
ranging from a low of 0 to a high of 200 (100%)
trials. Eight participants reported that they did
not generate any prediagnoses at all, whereas 1
participant reported generating prediagnoses on
all 200 trials. Prediagnosis estimates were signif-
icantly and negatively correlated with agreement
scores (r = –.594, p < .001). Thus an increase in
the tendency to prediagnose system failures was
associated with a significant decrease in agree-
ments with the aid.

Perceived reliability. Participants, on average,
estimated the diagnostic aid to be about 76.3%
reliable. Perceived reliability was significantly
positively correlated with agreement rates (r =
.295, p < .05). However, reliability estimates
were not significantly correlated with estimates of
prediagnosis.

Individual difference measures. Self-stated
ratings of risk-taking tendencies correlated sig-

nificantly with both prediagnosis estimates (r =
.324, p < .05) and agreement rates (r = –.353,
p < .05). However, participants’ ratings of
decision-making and problem-solving skills did
not correlate significantly with either prediag-
nosis estimates or agreements.

Decision confidence. Decision confidence was
calculated for all 50 participants on agreement
trials and for 47 participants on disagreement tri-
als (3 out of 50 participants never disagreed with
the aid). Confidence ratings on trials in which
participants agreed with the aid (M = 3.23, SD =
0.84) were generally higher than on trials in
which they disagreed with the aid (M = 2.94,
SD = .84), t(46) = 2.78, p < .01, d = .35. Confi-
dence ratings on agreement and disagreement
trials, however, were not significantly correlated
with agreement rates, prediagnosis estimates,
or perceived reliability of the aid. Confidence
ratings were positively correlated with ratings
of both risk-taking tendencies and decision-
making ability (see Table 1).

Predicting agreement scores. We performed
multiple regression analyses to explore the con-
tribution of participants’ prediagnosis estimates
in predicting their agreements with the aid. The
first analysis utilized a stepwise, forward-entry
regression procedure to determine which var-
iables accounted for the greatest amount of
variance in agreement scores. The predictor
variables included prediagnosis estimates, per-
ceived reliability, confidence ratings on agree-
ment and disagreement trials, and estimates of

TABLE 1: Means, Standard Deviations, and Correlations Between Objective and Subjective Measures in
the Nonforced Anchor Group (n = 50)

Variable Pre-diag Agree Conf-agree Conf-disag Reliability Risk Prob Dec
Mean 0 .53 0.86 3.23 2.94 76.3 4.52 1.64 1.52
(SD) (0.53) (0.15) (0.84) (0.84) (16.07) (2.2) (1.5) (1.7)

Pre-diag –.594** .101 .172 –.084– .324* .149 .008
Agree .012 –.123– *.295* –.353** .067 –.083–
Conf-agree .633 .056 .253* .071 *.282*
Conf-disag .018 .261* .068 *.237*
Reliability –.143** –.013– *–.308**
Risk **.304** **.320**
Prob **.566**
Dec.

Note. Pre-diag = prejudgments made by the self-anchor group; Agree = agreement rates; Conf-agree = confidence on agreement
trials; Conf-disag = confidence on disagreement trials; Risk = self-ratings of risk-taking tendencies; Prob = self-ratings of problem-
solving abilities; Dec = self-ratings of decision-making abilities.

**p < .01, *p < .05 based on a two-tailed test.
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ability and risk-taking tendencies (Table 2). Re-
sults revealed that prediagnosis estimates were
the strongest predictor of agreement scores,
followed by perceived aid reliability. No other
variables significantly contributed to the model,
which accounted for 39.8% of the variance in
agreement scores.

The second regression analysis utilized a
hierarchical regression approach (Cohen & Co-
hen, 1983) in which perceived reliability, con-
fidence ratings, and self-ratings of ability and
risk-taking tendency were entered into the equa-
tion first, prior to prediagnosis estimates. This
procedure allowed for the unique contribution
of prediagnosis estimates in predicting agree-
ment scores to be assessed after accounting for
variance explained by these other variables (see
Table 3). Before prediagnosis estimates were
entered into the equation, confidence on agree-
ment and disagreement trials, perceived relia-
bility, and risk-taking scores were all significant
predictors of agreement, resulting in a regres-
sion model that accounted for 27.2% of the
variance in agreement scores. When prediagno-
sis scores were entered into the equation, risk-
taking scores remained a significant predictor,
and problem-solving scores also emerged as a
significant contributor to the prediction of agree-
ment scores. However, prediagnosis estimates
still explained the largest amount of variance in
participants’ agreement scores. The resultant
regression model accounted for 52.1% of the
variance in agreement scores.

Predicting estimates of prediagnosis. In order
to determine which variables were the strongest
predictors of prediagnosis estimates, we conduct-
ed sequential regression analyses by the method

of backward elimination, in which perceived
reliability, self-ratings of ability, and confidence
ratings were entered into the equation. Consis-
tent with the correlational analysis presented
previously, these regression analyses indicated
that participants’ rating of their risk-taking ten-
dencies was the only significant predictor of pre-
diagnosis scores. The best resultant regression
model accounted for only 9% of the variance in
prediagnostic estimates.

Phase 2: Forced Anchor Versus Self-Anchor

In order to compare the performance of par-
ticipants who reported self-generating prediag-
noses with that of participants who were forced
to prediagnose (publicly commit) pump failures,
we performed a median split on prediagnosis
estimates, dividing participants in the nonforced
anchor group into low self-anchor (n = 25) and
high self-anchor groups (n = 25). The mean
prediagnosis score for the low and high self-
anchoring groups was 15 (SD = 15.26) and 91
(SD = 51.48), respectively. Anchoring condition
(forced anchor, low self-anchor, and high self-
anchor) was treated as the between-groups fac-
tor in subsequent analyses.

For the purpose of analysis, disagreement
rates and corresponding agreement scores for
the forced anchor group were computed using
only trials during which there was an opportu-
nity for disagreement (i.e., the aid generated a
diagnosis that differed from participants’ pre-
liminary diagnosis). This method differed slight-
ly from that used to calculate agreement scores
for the self-anchor groups, which involved cal-
culating agreement across all 200 trials. Ideally,
agreement scores for the self-anchor group

TABLE 2: Summary of Stepwise Forward-Entry Regression Analysis for Vari-
ables Predicting Agreement Probabilities in the Nonforced Anchor Group

r2 sr2 pr2 Significance

Step 1
Prediagnosis .3147 .3147 .3147 .000

R2 = .353; model significance: p < .005

Step 2
Prediagnosis .3147 .3170 .2798 .000
Reliability .1176 .1218 .0835 .017

R2 = .413; ∆R2 = .060; model significance: p < .005

Note: r2 = variance in agreement accounted for with other predictors; sr2 = variance in agreement
uniquely accounted for; pr2 = percentage of variance not accounted for by other predictors.
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should have been calculated in the same way
as for the forced anchor group. However, there
was no way to identify the trials in which par-
ticipants in the self-anchor groups privately
generated prediagnoses, so different methods
were used to compute agreement scores for
these groups.

Agreement probabilities. Participants in the
forced anchor group disagreed with the auto-
mated aid on an average of 19% of the trials,
resulting in an average agreement probability of
.81 (SD = .14). Agreement scores in the forced
anchor group were compared with agreement
scores of participants in the low and high self-
anchor groups using a one-way between-groups
analysis of variance (ANOVA). Results revealed
a significant effect for treatment group, F(2,
72) = 7.92, p < .005, f = .47. Post hoc t tests re-
vealed that agreement scores were significantly
lower in the high self-anchor (M = .78, SD =
.18) than in the low self-anchor group (M = .93,
SD = .08), t(48) = 3.81, p < .001, d = 1.1.
Agreement scores in the forced anchor group
(M = .81, SD = .15) were also significantly lower
than agreement scores in the low self-anchor
group, t(48) = 3.76, p < .001, d = 1.09, indicat-
ing a cognitive anchoring effect. Overall agree-
ment probabilities did not differ significantly

between the forced anchor and high self-anchor
groups, t(48) = .51, p = .62, d = .15, indicating
that public commitment did not strengthen the
anchoring effect.

Perceived reliability. Results of a one-way
between-groups ANOVA on reliability estimates
revealed a significant difference among the relia-
bility estimates made by the three groups, F(2,
72)=3.82, p< .05, f= .33. Post hoc tests revealed
that participants in the forced anchor group had
significantly lower and consequently less ac-
curate reliability estimates (M = 66.93, SD =
13.62) than did the low self-anchor (M = 76,
SD = 16.55), t(48) = 2.12, p < .05, d = .61, and
high self-anchor groups (M = 77.4, SD = 13.24),
t(48) = 2.76, p < .01, d = .8. The low self-anchor
and high self-anchor groups did not differ signifi-
cantly in their reliability estimates, t(48) = 0.33,
p = .74, d = .1.

Decision confidence. Confidence ratings
were examined using a 3 × 2 mixed ANOVA in
which group (low self-anchor, high self-anchor,
and forced anchor) was the between-groups fac-
tor and response type (agree vs. disagree) was
the within-subjects factor. The results of this
analysis revealed a significant main effect of re-
sponse type, F(1, 69) = 18.32, p < .001, f = .6,
as well as for group, F(2, 69) = 3.32, p < .05,

TABLE 3: Summary of Hierarchical Regression Analysis for Variables Predicting
Agreement Probabilities in Nonforced Anchor Group

r2 sr2 pr2 Significance

Step 1
Conf-agree .0042 .0806 .0640 .020
Conf-disag .0128 .0045 .0346 .083
Reliability .1108 .0835 .0666 .018
Problem solving .0023 .0272 .0204 .181
Decision making .0121 .0004 .0003 .863
Risk taking .1030 .1218 .1011 .004

R2 = .202; model significance: p < .005

Step 2
Conf-agree .0007 .0376 .0188 .224
Conf-disag .0151 .0034 .0016 .720
Reliability .1176 .0605 .0309 .121
Problem solving .0024 .1176 .0635 .028
Decision making .0190 .0306 .0151 .274
Risk-taking .1475 .1246 .0068 .024
Prediagnosis .3147 .3226 .2275 .000

R2 = .483; ∆R2 = .281; model significance: p < .001

Note. Conf-agree = confidence on agreement trials; Conf-disag = confidence on disagreement tri-
als; r2 = variance in agreement accounted for with other predictors; sr2 = variance in agreement
uniquely accounted for; pr2 = percentage of variance not accounted for by other predictors.
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f = .33. On average, confidence ratings were
higher on agreement trials (M = 3.15, SD = .87)
than on disagreement trials (M = 2.81, SD =
.88), t(71)=4.24, p< .001, d= .39. However, con-
trary to cognitive dissonance theory, confidence
ratings in the high self-anchor group (M = 3.31,
SD = .73) were significantly higher than in the
forced anchor group (M=2.78, SD=.86), t(48)=
2.32, p < .05, d = .66, and in the low self-anchor
group (M = 2.86, SD = .74), t(48) = 2.13, p <
.05, d = .61. Low self-anchor and forced anchor
groups did not differ significantly in their confi-
dence estimates, t(48) = 0.35, p = .725, d = .1.

Individual difference measures. Self-ratings of
problem-solving skills, decision-making abilities,
and risk-taking tendencies were analyzed using
a series of one-way between-groups ANOVAs.
Analysis of risk-taking ratings revealed a signif-
icant effect of experimental group, F(2,72)=3.22,
p < .05, f = .3. Consistent with the correlational
analyses presented previously, participants in the
high self-anchor group had higher self-ratings
of risk-taking tendencies (M = 5.2, SD = 2.02)
than did participants in the low self-anchor
group (M = 3.84, SD = 2.17), t(48) = 2.29, p <
.05, d = .65. However, given that participants
were randomly assigned to either the nonforced
or forced anchor groups, neither the high nor
the low self-anchor group differed significantly
from the forced anchor group (M = 4.64, SD =
1.44) on self-ratings of risk-taking tendencies.
Groups also did not differ significantly on ratings
of problem-solving or decision-making skills.

DISCUSSION

The results of the present experiment suggest
that even under conditions of extreme system
opacity, automation users may tend to guess at
the cause of a system failure and then anchor
their agreements with a diagnostic aid onto
these initial “hunches.” Most participants peri-
odically prediagnosed system failures prior to
receiving a diagnosis from the aid, and a greater
propensity to self-generate diagnoses was associ-
ated with significantly lower levels of agreement
with the aid. Furthermore, prediagnosis esti-
mates were found to be a better predictor of
agreement rates than were all other personal and
trust variables collected in this study. Together,
these findings support the cognitive anchoring

hypothesis that automation users who make
their own independent diagnoses before receiv-
ing information from an aid are often inclined
to prefer their initial diagnoses to those provid-
ed by the aid.

Based on frameworks of automation trust
(see Dzindolet et al., 2001), we expected a lower
level of perceived aid reliability to produce a
greater tendency to prediagnose system failures,
whereas higher estimates of self-abilities were
predicted to increase the likelihood of hypoth-
esis generation. However, neither estimates of
the aid’s reliability nor self-estimates of problem-
solving ability reliably predicted participants’
prediagnosis estimates. Nonetheless, partici-
pants’ self-rated risk-taking tendencies were re-
lated to an increase in participants’ proclivity to
prediagnose system failures and subsequently
disagree with the aid. Given that there was no
additional information upon which to base a
diagnosis, participants disagreeing with aid might
be better conceptualized as “gambling” rather
than problem solving (Wiegmann, 2002). Hence
risk-taking tendencies were the best predictor
of the tendency to prediagnose system failures.
However, additional research is needed to ex-
amine participants’ actual conceptualization of
the task.

Public Commitment and Cognitive
Anchoring

According to cognitive dissonance theory,
public expressions of a belief can produce cog-
nitive dissonance when information that con-
tradicts the belief is provided subsequently
(Festinger, 1957). In order to reduce dissonance,
an individual expresses a greater preference for
the original belief (Oshikawa, 1970). Therefore,
requiring automation users to publicly express
their diagnosis prior to receiving information
from the aid should encourage cognitive anchor-
ing. Indeed, participants who were required to
indicate their diagnosis prior to consulting the
aid, on average, disagreed with the aid more of-
ten than did participants who reported a below-
median level tendency to self-generate their
own diagnoses. However, contrary to cognitive
dissonance theory (Festinger, 1957), partici-
pants who reported a propensity to self-generate
prediagnoses disagreed with the aid equally as
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often as those who were required to publicly doc-
ument their diagnoses. On one hand, perhaps
the forced anchor manipulation utilized in this
study was not “public” enough to create a strong
dissonance effect. On the other hand, the self-
anchoring effect might be much stronger than
was originally expected.

Based on cognitive dissonance theory, we
expected participants in the forced anchor group
to be more confident in their diagnoses and to
express lower estimates of the aid’s reliability
in order to reduce their feelings of cognitive dis-
sonance. This hypothesis was partially support-
ed. Participants in the forced anchor group had
significantly lower estimates of the aid’s reliabil-
ity than did participants in the high self-anchor
group. However, participants in the high self-
anchor group had higher ratings of decision con-
fidence than did participants in the forced anchor
group. One possible explanation for these dis-
parate findings is the fundamental attribution
error (Harvey, Town, & Yarkin, 1981; Krull,
2001). Specifically, automation users may at-
tribute the cause of their cognitive anchoring and
agreements with an aid differently, depending
on whether the reason for generating prelimi-
nary diagnoses is mandated or freely chosen.
Users who freely choose to self-generate pre-
liminary diagnoses may reduce dissonance by
believing that they are more likely to be correct.
The lack of a public commitment may not give
them an opportunity to reassess the accuracy of
their decisions, thereby inflating their confidence
(Block & Harper, 1991). Conversely, users who
are required via procedures to generate a prelim-
inary diagnosis may reduce their cognitive dis-
sonance by believing that the aid is unreliable.

Practical Implications

The results of the present study suggest that
operators in opaque complex systems may some-
times guess at the cause of system states and
anchor their agreements with an aid onto this
initial “hunch,” even if aided diagnosis is statis-
tically more accurate than unaided diagnosis.
Such a utilization strategy could have grave
consequences in high-risk domains, such as avi-
ation, defense, and health care, in which users
may actively ignore information provided by
automated aids in preference for their own in-
correct decisions. However, the extent to which

real-world users of automated aids will engage
in cognitive anchoring is likely to be a function
of a variety of factors, including their need to
be in control of the situation, the availability of
additional sources of information, and the con-
sequences associated with correct and incorrect
decisions (Dzindolet et al., 2002). The present
study used a relatively contrived situation in
which the consequences of wrong guesses (i.e.,
losing points) were not comparable to those
faced by a physician, who cannot afford to mis-
diagnose an illness by incorrectly utilizing infor-
mation from an automated aid, or by a naval
commander who must accurately assess the
source of a radar track before firing a missile.
Therefore, additional research is needed to ex-
plore the generalizability of the present findings
to more real-world scenarios before methods
and procedures for ensuring appropriate auto-
mation utilization can be developed.
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