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Abstract, Implicit attitudes are conceived of as formed in childhoocl. suggesting extreme stability. At the same timc, it has
been shown that implicit attitudes are influenced by srtuational factors, suggesting variability by the moment. In the present
article, using structural equation modeling, we decomposed implicit attitudes towards gay men into a person lactor and a
srtuational factor. The Intplicit Association Test (Greenwald. McGhee, & Schwartz, 1998). introduced as an instrument with
which individual differences in implicit attitudes can be measure4 was used. Measurement r.vas repeated after one week
(Experiment l) or immediately (Experiment 2). Explicit attitudes towards gay nlen as asscssed by way of questionnaires
wcre positive and stable across srtuations. Imphcit attitudes were relatively negative instead. Internal consistency of thc
implicit attitude assessment was exemplary. However. the within-situation consistency was accompanied by considerable
unexplained between-situatron vanability. Consequently, it may not bc adequate to interpret an indivrdual implicit attitude
measured at a given point in time as a person-related traiflike factor.
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Self-reports have been the tool for the attitude re-
searcher for decades now - not so much the tool
of choice, though, given a long list of well-known
crit icisms (e.g., Nisbett & Wilson, 1977). Rather it
has been the tool used because there was no alterna-
tive. The problems of self-report data hit home all
the more with socially sensitive issues, for instance,
attitudes towards gay men. Measuring implicit atti-
tr,rdes instead is a potential solution that has recently
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become very prevalent, especially using the Implicit
Association Test (IAT, Greenwald et al., 1998). On
the one hand, these implicit attitudes have been con-
sidered determined early in life and resistant to
change, even in the face of consciously endorsed di-
vergent attitr"rdes (Devine, 1989; Wilson. Lindsey, &
Schooler, 2000), suggesting to the poor human that
even if she is wil l ing to act and think in an egalitarian
way, the early-learned and deeply-rooted immediate
and uncontrollable reactions originating in her "sub-

conscious" tell a different story. On the other hand
researchers have shown that implicit attitudes and
stereotypes, in the hands of the expert, can be
changed with apparent ease by some simple preced-
ing task or situational factor, rncluding such subtle-
ties as the race of the experimenter (Lowery, Har-
din, & Sinclair, 2001). Litt le, however, is known
about the stability or variability of implicit attitudes
if they are not manipulated. This is the question we
address in the present article, using the IAT in com-
bination with confirmatory factor-analytic models to
assess attitudes towards sav men.
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The lmplicit Association Test (lAT)

The IAT's rationale is that people are able to react
fast if a pair of closely associated categories requires
one reaction and another pair, another reaction. In
this case, the category response assignment is "con-

gruent." In contrast, if closely associated categories
require different reactions so that the category-re-
sponse assignment is incongruent, reactions should
be relatively slow. The difference in reaction times
between the incongruent and the congruent task,
called the IAT effect. is taken to be an indicator of
the association between the categories used. If one
of those categories is an evaluative categor-v" (e.g.,
words are to be judged as "positive" vs. "negative"),

then the IAT effect may be an indicator of a person's
attitude towards the target categot! (e.g., "gay men"
vs. "heterosexuals").

Consider a person's average reaction time in a task
in which (a) words closely related to the "heterosex-

ual" concept (e.g., wedding) and words with a clearly
"positive" valence (e.g., good) require the same reac-
tion, and (b) words associated with "gay" and with
"negative" require a different reaction (henceforth, the
heterosexual + positive task). This reaction time is
compared to a task in which associates of "gay" and
"positive" require the one response, and associates of
"heterosexual" and "negative," the other (henceforth,
the gay + positive task). If people react faster in the
heterosexual + positive than in the gay + positive task,
then "heterosexual" and "positive" seem to be more
closely associated for them than "gay" and "positive":

Their implicit attitude toward "heterosexual" seems
more positive than towards "gay."

Table I.IAI Test-Retest Correlations Found in Previous Experiments.

Given the large effect sizes observed in [ATs, one
may hope that IATs can be used for "measuring indivi-
dual differences in implicit cognition" (Greenwald et
al., 1998, p. 1464). This would only be the case if lATs
had psychometric qualities that allowed for individual
diagnosis. Ifthese qualities could be established" then
numerous applications of the procedure are concerv-
able that may fundamentally change the field of psy-
chological assessment: For instance, which of the
managers in company X need to be sent to gender
training'? Which of the teachers in school Y show un-
acknowledged negativity towards children of different
ethnicities? A precondition for such a conception of
implicit measures is, however, that there is a large
amount of transsituational stability in the implicit atti-
tudes measured; that is, a factor should emerge that is
sometimes referred to as "person factor" and that is,
statistically, closely related to the reliability of mea-
surement. Surprising as it may seem, however, not
much work establishing IATs' psychometric qualities
has been undertaken yet.

It is clear enough by now, though, that lATs can
be used to measure group differences in implicit cog-
nition. An IAT evaluating Japanese versus Koreans
discriminated almost perfectly between Japanese and
Korean test takers (Greenwald et a1., 1998). Similar
results were shown for the evaluation of Jewish ver-
sus Christian (Rudman, Greenwald" Mellott, &
Schwartz, 1999). A gender stereotyping IAT pre-
dicted social competence ratings of stereotypically
male acting candidates in a iob interview situation
(Rudman & Glick, 2001; Steffens, Günster, & Mehl,
2001b). The implicit association of self * conscien-
tious predicted the number of errors made in a con-
centration test taken without time limits (Steffens,

Study Kind of IAT and detairs '  TTI

Banse et al .  (2001)

Bosson et al. (2000)
Cunningham et al .  (2001)

Dasgupta et al. (2000)
Dasgupta & Greenwald
(200 r )
Greenwald et al. (1998)

Greenwald & Farnham (2000)

Steffens (2002a)

Attitudes toward homosexuality; variation of procedural factors between .59
IATs, Experiment 1
Experiment 2, homogeneous sample (heterosexual males) .38
Self esteem .69
Attitudes towards black people and white people; l-week interval; corre- .31
lations among latent variables were much higher
Racial attitudes, name IAT versus picture IAT .39
Experiment 1, racial attitudes; correlation summed over groups after suc- .65
cessful attitude manipulation
Experiment 2, attitudes towards Koreans versus Japanese; extreme groups
(Korean and Japanese participants); full versus truncated Japanese names
Experiment 3, racial attitudes; male versus female names
Self esteem, Experiment l, self-affect versus self-evaluation
Experiment 2, idiographic versus generic items
Additional data, generic items, varying delays
Sel f-extraversion associat ion

.85

.46

.43

.68

.52

. 6 1

Norc. Unless mentionecl correlations were obtained w.ith an immediate retest
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2002a). Finally, an IAT was the only implicit-self-
esteem measure of seven such measures that corre-
lated significantly with several criterion variables
(Bosson, Swann, & Pennebaker. 2000).

It is a different question, however, whether a test
that shows expected group differences measures reli-
ably enough to allow for individual diagnosis.
Whereas the reliability of many instruments used in
implicit social cognition research has not yet been
investigated thoroughly, some implicit memory tests
which are similar to those instruments have been
found wanting with regard to their reliability (Buch-
ner & Brandt, in press; Buchner & Wippich, 2000;
Meier & Perrig, 2000). We deem the assessment of
IAfs' reliabilities much more important than that of
other measures used in implicit social cognition be-
cause these other measures typically show such small
effect sizes that individual diagnosis is out of the
question in the first place. When evaluating IATs'
psychometric qualities, it is important to keep in
mind that the IAf is not a single standardized re-
search instrument, but a whole farnily of tests that
do not necessarily have more in common than Likert-
type scales assessing different subjects, so that it may
be "necessary to evaluate the psychometric proper-
ties of any new implementation of the IAT" (Banse,
Se ise ,  &  Zerbes ,2001,  p .  146) .

The little data that are available on IATs' reliability
are presented in Table I (also see Dovidio, Kawa-
kami, & Beach, in press; Greenwald & Nosek, 2001).
Given these diverse test-retest correlations. individual
diagnosis based on implicit attitudes seems rather un-
reliable. Many factors influencing reliability have not
been investigated yet (e.g., length of lAT, stimuli). In
one of the few studies that were directly aimed at test-
ing an IAT's reliability, Cunningham, Preacher, and
Banaii (2001) arrived at the conclusion that, with ap-
propriate measurement models, the IAT could be re-
garded as a reliable measurement instrument. Using
structural equation modeling techniques that are not
described in much detail in their very concise article,
they showed that even the lowest IAT test-retest corre-
lations ever reported (as low as r - .16) contain a size-
able stable component, in addition to a large measure-
ment error. As far as we can tell from the descriptions
in their article, these authors decomposed the IAT
variance into two components only, namely, a transsit-
uational and an error component, thus ignoring the
possibility that the IAT. at any given occasion. may ad-
ditionally measure a consistent situational factor. In-
deed, recent research manipulating situational factors
has shown that the IAT is sensitive to situational varia-
tions. West Germans show a stronger implicit prefer-
ence for this ingroup if ingroup identificatron was
primed before taking the IAT (Kühnen, Schiessl,
Bauer, Paulig, Pöhlmann, & Schmidthals, 2001). Im-
plicit attitudes towards black people are less negative
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if positive black and negative white figures have been
reviewed prior to attitude assessment (Dasgupta &
Greenwald, 2001). Implicit attitudes towards the el-
derly, as measured in the IAI, were more positive if a
good + elderly association was practiced before taking
the IAf (Karpinski & Hilton,2001). Similarly, the im-
plicit stereotype of women as weak was reduced if a
strong woman had been imagined in a mental imagery
task before the IAT was taken (Blair Ma. & Lenton,
2001). What if no attempt at manipulating the situa-
tion is made'? We investigated whether the IAf mea-
sures a random person-situation interaction, too.

Confi rmatory Factor-Ana lytic
Models Assessing Stabil ity and
Change

Standard assessments of reliability have been criti-
cized on various grounds (e.g., Bohrnstedt, 1993).
Model-based reliability analyses are clearly prefera-
ble. Our approach is similar to that of Cunningham et
al. (2001) in being based on latent variables. Specifi-
cally, we used a family of models introduced and dis-
cussed by Steyer (1989; see also Steyer, Majcen,
Schwenkmezger, & Buchner, 1989). Essentially, these
models are structural equation models that implement
certain theoretical assumptions in terms of testable
model restrictions. The minimal data structure that is
needed to apply these models consists of two measure-
ments of the same property at each of two measure-
ment occasions. Within each occasion. the two mea-
surements may be obtained by the common odd-even
split of a test into two test halves, resulting in four
measurements. Three different models were fit to
these four measurements in the experiments described
further on, the reliabilit-v* model, the stabilirv model,
and the c'onsistenc-,- model. The classical reliability
model (see upper panel of Figure 1) assumes that the
four measurements can be conceptualized as equiva-
lent measurements of one single underlying true-score
variable, t. Similar to the approach taken by Cunning-
ham et al. (200 I ), all variance not accounted for by the
true-score variable t is error variance (denoted by e1,
in Figure 1, where i represents the measurement occa-
sion and 7 represents the test half within a measure-
ment occasion). The reliability model assumes that
there is no situation-specific variance in measure-
ment; that is, all variance that is not error variance is
due to the transsituational factor. If these assumptions
hold, the reliability model will fit the data. We used
the 12 statistic and the root mean square error of ap-
proximation (RMSEA) to evaluate model fit, which is
considered good if the RMSEA < .05 (see Bollen &
Long, 1993; Kaplan, 2000).
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The stabil ity model (center panel of Figure 1) as-
sumes that two different. but correlated true-score
variables t1 and t2 generated the data at the first and
second occasion, respectively. If this model fits the
data, then the most interesting parameter is the corre-
lation between the true-score variables, which may
be obtained from the standardized solution when fit-
t ing the model to data. The higher this correlation,
the more reliable is the measurement over time. or
the more stable is the construct being measured.

For our situation of two measurements at each of
two measurement occasions, the consistency (lower
panel of Figure l) and stabil ity models are data
equivalent in that both models imply the same theo-
retical variance-covariance matrix. However. each
model has the advantage of delivering information
that the other obscures. Whereas the correlation be-
tween the latent variables is shown only in the sta-
bil i ty model, the consistency model allows us to de-
compose the true-score variance at each measure-
ment occasion into two additive components. The
first, situational component represents the variance
that  is  speci f ic  to  the measurement  occasion.  1, .  The
second component is the variance that is common to
the two true-score variables t1 and t2, [. This second
component is a stable, transsituational component,
the person effect. This model puts us in the position
to compare how much of the true-score variable is
accounted for by situational effects and how much
is stable across measurement occasions. That is, in
addition to the error variance estimated. a variance
component is estimated that is not random noise, but
situation-specific (or a situation-person interaction),
and a third component that is stable across situations.
Obviously, the situational component should be as
small as possible ./br a good instrument that mea-
sures q stable constrrzc'l. Note that apart from this
pragmatic advantage, the consistency model may be
regarded preferable to the stability model because it
assumes explicitly that the same underlying latent
variable (in the present case: a stable implicit atti-
tude) is being measured at the two occasions.

Attitudes Towards Gay Men

Fernald (1995) gives a comprehensive review of atti-
tudes towards, stereotypes of, and behavior towards
gay men. Both the correlates of negative attitudes
towards gay men and many cultural and individual
determinants of anti-gay attitudes and behavrors are
well-known. Analyses of the polls over the last
twenty years show that attitudes towards gay men are
getting less negative in industrialized countries such
as the USA and Germany (see Steffens & Wagner,
2002, for a review). This trend is reflected in ques-
tionnaire findings assessing attitudes towards homo-
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sexuals or towards gay men or lesbians (e.g., Herek,
1994). However, implicit attitudes might not be that
positive. As of this writing, there appears to be only
one published study looking at attitudes towards ho-
mosexuals in general (Banse et al., 2001). In the
following experiments, we assessed attitudes towards
gay men both implicitly using an IAT and explicitly
using questionnaires. The two measurement occa-
sions were one week apart in Experiment I but only
10 minutes in Experiment 2.

Experiment 1

We expected to find implicit negativity towards gay
men (i.e., an IAT effect) in that participants react
faster in the heterosexual * positive task than in the
gay + positive task. This effect should be replicated
a week later. Implicit and explicit assessments of atti-
tudes should be reliablv reolicated after a week.

Method

Pa rtici pa nts

Of the 103 students of the University of Trier, who
participated for course credit at the first measure-
ment occasion, a total of 84 (19 male) returned one
week later. They were not informed about the topic
of the experiment beforehand. Their mean age was
23 years (SD : 3.6). According to a Kinsey scale
ranging from I (exclusively heterosexual) to 7 (ex-
clusively homosexual), about 20oÄ of them were not
heterosexual, that is, they checked values of 3 or
more. We included these participants in the sample
in order not to reduce variance and thus provoke low-
ered estimates of reliabilitv.

Mater ials

Two sets of stimuli were needed as IAT items. words
for the target category and words for the evaluative
category. For the evaluative category, adjectives with
distinctly positive and negative valence were selected
from German word norms (Hager & Hasselhorn,
1994). Words were selected such that they had no
obvious relation to the concepts "heterosexual" or
"gay" (see Steffens, Banaji, Jelenec, Wender, Anheu-
ser, Goergens, Hülsebusch, Lichau, & Still, 2001a;
Steffens & Plewe, 2001). The length of adjectives
was between four and six letters. On a scale from
-20to 20 the average rating ofthe negative and pos-
itive adjectives was -12 and 15, respectively.

O 2003 Hoerefe & Huber Publishers

Pairs of names were used as instances of the
target category in order to facilitate unambiguous as-
sociations. Name pairs were introduced as couples,
two male names for gay couples (Christian + Felix;
Lukas + Mark; Thomas + Philip; Daniel + Lars; Jörg
+ Erik) and a male and a female name for heterosex-
ual couples (Michael + Sarah; Laura * Paul; Jochen
+ Sophie; Julia + Sven; Nils + Lisa). All names were
very common and typical of 20 to 40 year olds in
Germany. For each female name in the heterosexual
couples' list, a male name was selected for the gay
couples' list that was parallel with respect to the
length (in terms of syllables) and associated ethnicity
(e.g., having a "Northern" connotation). The rest of
the male names were also pair-wise parallel regarding
these criteria, and it was randomized which pair
member was assigned to the gay couples' list.

We developed an ad-hoc explicit attitude ques-
tionnaire that consisted of 28 statements. Ten of
these were about gay men (e.g., "Gay men should be
allowed to adopt children") and were randomly
mixed with questions concerning attitudes towards
moderately related concepts (sexuality, gender-stere-
otypic behavior, authoritarianism, and conservatism).
The final question always concerned participants'
sexual orientation.

Procedure

Participants were tested individually in experimental
cubicles equipped with iMacs. The presentation of
the instructions, the explicit questionnaire, and the
IAf was controlled by a computer program (Steffens,
1999a). The explicit attitude questionnaire was ad-
ministered first. In order to minimize the influence
of self-presentational factors on the responses, parti-
cipants were guaranteed that their responses could
not be associated with their names at any time. The
questions were presented one at a time in an indivi-
dual random order. Participants responded by indi-
cating, on a 9-point scale, how much they agreed
or disagreed with each statement. The final question
concerned sexual orientation.

For the IAT, participants were informed that their
task was to categorize words as belonging to the cate-
gory displayed at the top left or right screen corner by
pressing, as quickly as possible, the respective re-
sponse key. There were 20 trials in each ofthree prac-
tice tasks (see Greenwald et al., 1998). The congruent
and the incongruent task each consisted of2 blocks of
40 trials. The first half of the participants received the
congruent, heterosexual + positive task first. The
other halfofthe participants first received the incon-
gruent, gay + positive task. Within each task, category
instances were brought into an individual random or-
der. Category assignment to the left or right response
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key was counterbalanced. The reaction-stimulus in-
terval was 400 ms. Errors resulted in an appropriate
visual feedback. Participants received feedback on er-
rors and reaction times after each block of trials.

After the first session. participants were sche-
duled to return one week later (plus or minus one
day) at the same time of day (plus or minus one
hour). An anonymous individual code (a combina-
tion of letters in parents' names, etc.) assured that
participants received the identical randomized input
file again. Afterwards, participants were offered an
explanation as to the purpose of the experiment.

Design

The main dependent variables were the reaction
times in the IAT and the scores on the exnlicit atti-
tude questionnaire. Independent variables were task
congruency and measurement occasion (both within
subiect).

Results

In both experiments, following Greenwald et al.
(1998), the first two reactions of each block of IAT
trials were not analyzed and reaction times below
300 and above 3000 ms were recoded to the respec-
tive values. Reaction times associated with incorrect
responses were included. For all analyses, the reac-
tion time data were log-transformed. However, Fig-
ure 2 shows the more familiar untransformed data.
The outlier treatment (see Miller, 1991; Ulrich &
Miller, 1994') and the data transformation did not af-
fect the pattern of results in the general linear model
analyses of the data. Prior to structural equation
modeling, the log-transformed data were carefully
screened and found to correspond well to a normal
distnbution in both experiments reported. Addition-
ally, bivariate screening showed that relationships be-
tween variables were linear (see Kline, 1998).

All significance tests were conducted with cr ( .05,
and individual p values are omitted for significant
effects. The partial squared correlation, R2n lwhich
captures, by definition, the relation between the vari-
ance of the predicted scores and the variance of the
observed scores) is reported as an indicator of the
effect size (see Cohen, 1977). Excluding the non-
heterosexual participants did not change the results
of the statistical tests. However, as one would expect,
average attitudes towards gay men were less tolerant
if analyses were performed excluding them.

Experintental Ps.t,chobgy 2003; Vol. 50(1): 33-218
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Figure 2. Mean untransformed reaction times in Ex-
periments I and 2, separately for the congruent and
incongruent task and for Occasion I and 2. Error
bars reflect standard errors of means.

lmpl ic i t  Att i tude Measurement:  React ion Time
Analyses

The average error rate was .044. The upper panel of
Figure 2 shows the means of the untransformed reac-
tion times in the congruent (heterosexual + positive)
and incongruent (gay + positive) task, separately for
the first (Occasion I ) and the second measurement
occasion (Occasion 2). The typical IAT effect is ob-
vious from the fact that response times were longer
in the incongruent than in the congruent task. Re-
sponses were faster at Occasion 2, but the difference
between the congruent and the incongruent task was
not changed. A 2 x 2 analysis of variance (ANOVA)
on the log-transformed reaction times with task con-
gruency and measurement occasion as within-subject
variables confirmed a significant effect of task con-
gruency (the IAT effect). F1l. 83) - 94.19, Ä2p - .53,
and an effect of measurement occasion. F(1. 83) :

! lncongruent

Experiment 1

Experiment 2
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IAT I I
IAT 12
IAT 2I
IAT 22

Table 2. Sample Covariances (Lower Triangular Mat-
rix Including the Diagonal) and Correlations (Upper
Triangular Matrix) for the IAT Odd-Even Test
Halves at Occasion 1 and 2 in Experiments I and 2.

Experiment 1 (delay 1 week)
IAT 1I IAT 12 IAT 21 IN 22

four IAT measurements can be conceptualized as
equivalent measurements of one single underlying
true-score variable must be rejected.

Stabilin" Model. The stability model assumes that
two different, but correlated true-score variables t1
and"r2 generated the data at the first and second mea-
surement occaslon, respectively. Four parameters
were estimated. When we fitted a variant of this
model that assumed essential r-equivalence of the
four measured variables, the fit was very good,
x?6)  :6 .17 ,  RMSEA:  .02  (90% conf idence in -
terval: .00-.15). We therefore need not reject this
model and the assumptions it implies. This model's
most interesting parameter in the present context is
the correlation between the two true-score variables
t1 and t2, which may be obtained from the standard-
ized solution. This correlation is .56 (see the left half
of the middle panel of Figure 3).

Consistenc'y Model. We also fitted the consis-
tency model to the data. To reiterate, the consistency
and stabilrty models are data equivalent in the pre-
sent situation, which implies identical model fit.
However, the consistency model has the advantage
of decomposing the true-score variance at each mea-
surement occasion into components that represent
the variance specific to the measurement occasion,
f, and the variance common to the two true-score
variables, E. This second component is a stable,
transsituational component, which is obviously
closer to the concept of one "trait-like" factor (a
transsituationally stable attitude towards gay men ln
the present case) underlying the measurements than
the idea of two different. but correlated factors of the
stability model.

The results for the consistency model are depicted
in the lower panel of Figure 3. Clearly, the proportion
of the variance of both r, and t2 accounted for by
the transsituational variable E (19.04) is not much
larger than the proportion accounted for by the situa-
t ion-specif ic var iables E (14.51 and 15.13),  as the
model on the right shows. In other words, our IAI
measurements at each measurement occasion do not
only contain the usual measurement error, but they
also contain a sizeable component that is situation
specrfic and not a "trait-like" attitude.

realizations of one latent variable, it also assumes that the
four measured variablcs are essentially t-equivalent (cf.
Steyer. 1989). This is why the error conponents rij were
restricted to be equal. The t-equivalence assumption is
very reasonable as both test halves used the sarne number
of items - in fact, the very same items. Nevertheless, we
also fitted a variant of the reliability model in which the
fbur measured variables were assumed to be only r-conge-
neric (see Steyer, 1989). This model, in which the vari-
ances of the error components were free to vary, did not
l i t  the data, ci ther. 12(5) - 73.16 (Experiment l) ,  ancl
X'(5) - 150.92 (Experiment 2).
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41 .1231 .  7834 .467 5  .4749
33.2289 13.1161 .L03 .3857
19.7839 20.2293 42.9188 .Bt6I
19 .8068 16 .3554 34 .5213 +  r  .Oqqg

Experiment 2 (delay 10 minutes)
IAT 1I IAT 12 IAT 21 IAT 22

IAT 11
IAT 12
IAT 2I
IAT 22

. 5 3 1 1  . 5 4 1 8

.s455 .5264
2s.4266 B4q!
19.7337 21.2908

136.93, R'p - .62, but no interaction between these
variables. F < l.

lmpl ic i t  Att i tude Measurement:  Rel iabi l  i ty Analyses

Internal Consistency. After computing IAT effects
for the log-transformed reaction times separately for
each of the 20 stimulus words (cf. Steffens & Plewe.
2001), we found a very good internal consistency of
.88 and .89 (Cronbach's cr) for the first and second
measurement occasions, respectively.

Reliability Model. Before calculating covariances,
we multiplied all differences between log-trans-
formed response times by 100 to avoid small num-
bers. Test halves were created using the odd-even
method. Table 2 shows the sample covariances and
correlations for the four measurements; that is, the
two IAT test halves at both measurement occasions
(with "IAT 12" denoting the "second" test half at the
first measurement occasion). The reliability model
was fit to these data, testing whether the four mea-
surements can be conceptualized as equivalent mea-
surements of one single underlying true-score vari-
able r ("attitude towards gay men"). Two parameters
were estimated. This classical reliability model did
not fit the data, X2(8) - 73.76. root mean square error
of approximation (RMSE A) - .32 (90% confidence
interval: .25-.38). The left half of the upper panel
of Figure 3 shows the standardized solution of this
model, with parameters estimated and variances set
to l. The right half of the upper panel depicts the
same model, but with the parameters set to I and the
variances estimated.r Thus, the assumption that the

3 7 . 5 9 8 5  . 9  t 6 0
34.3146 31.324s
16.4305 t6.804' �7
15.3304 14 .8399

I The variant of the reliability model illustrated in Fig-
ure 3 not only assumes that the measured variables are the
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Table 3. Partial Product-Moment Correlations Between the Implicit and Explicit Attitude Measures at Measure-
ment Occasion I and 2. Controllins for Task Order.

4 l

Experiment I
lAT, Occasion 1 IAf. Occasion2 EQ, Occasion 1

lAT, Occasion 2
EQ, Occasion I
EQ, Occasion 2

.50

.08
, )

.29

.44 .87

IAT. Occasion I
Experiment 2

IAT. Occasion 2 ATG, Occasion I

lAT, Occasion 2
ATG, Occasion 1
ATG, Occasion 2

.52

.29

.33
) 1

.29 .92

Note. Significant correlations are shown in bold print.
The explicit attitude measurcmcnts were scores on a 1O-item ad-hoc questionnaire (EQ, Experiment l) and on Herek's
(1994) log-transfbrmed ATG (Experiment 2).

Expl ic i t  Att i tude Measurement:  Ouest ionnaire Data

An analysis of the explicit data showed that the 10
statements measuring attitudes towards gay men had
a satisfactory internal consistency (Cronbach's a :
.79 and a - .77 at Occasion I and 2, respectively).
Within a range between 10 and 90 ( 10 signifying the
most positive attitude), the average attitude score was
42.43 (SD - 10.34) and 43.36 (SD - 9.99) at Occa-
sion 1 and 2, respectively. In spite ofthat satisfactory
internal consistency, model-based analyses were not
possible for the explicit attitude data of both experi-
ments reported.

Table 3 shows the correlations of the explicit and
implicit attitude measures within and across mea-
surement occasions. There were substantial correla-
tions between the explicit and the implicit attitude
measures, especially at Occasion 2. The test-retest
correlation for the explicit attitude measurement was
high (.87) and clearly higher than that for the implicit
IAT measure (.50). In fact, a test for correlated but
nonoverlapping correlations showed that these corre-
lations were significantly different, : : -4.93 (see
Raghunathan, Rosenthal, & Rubin, 1996).

Sexual orientation was indicated by each partici-
pant at each measurement occasion. The reliability
of this explicit one-item questionnaire was far from
perfect, Spearman's a : .19.

Discussion

Participants reacted considerably faster when "het-

erosexual" and "positive" were assigned to the same
response key than when "gay" and "positive" were
assigned to one key. This suggests an implicit prefer-
ence for heterosexual over gay. Furtheq we replicated
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others' findings of moderate correlations between
lATs and explicit measures, and we found that the
IAT effect (despite being a difference-based mea-
sure) has a very high internal consistency. Thus, the
IAT properties that can be analyzed within one mea-
suremenl occasion are very promising.

However, if a delay of one week between mea-
surement occasions is introduced. the correlation be-
tween the IAI effects was rather low at the level of
the measured variables. At the level of latent vari-
ables, the stability model showed that the true-score
variable of the first measurement occasion did not
predict much more of the variability in the true-score
variable at the second measurement occasion. The
consistency model revealed that slightly less than
half of the variance of the true-score variables at
each measurement occasion was situation-specific.
This stands in sharp contrast to the explicit measure
of attitudes towards gay men. At the level of the mea-
sured variables, the correlation between the question-
naire responses was much higher.  This disirepancy
is even more surprising if one considers that our
questionnaire was constructed in a rather ad-hoc
fashion and exhibited lower internal consistency than
the IAT did.

One reason why explicit attitude measures appear
more consistent than perhaps they really are may be
carry-over effects. Either the explicit attitude is con-
strued similarly at different points in time, or partici-
pants remember their previous replies and reply simi-
larly in order to appear consistent. Perhaps in con-
trast to the explicit attitudes, a variety of as-yet-un-
known situational factors influences implicit
attitudes. If this were so, they would indeed more
resemble the mixture of trait-like and state-like com-
ponents that our models suggest than their explicit
counterparts. This is plausible given the recently re-
ported interactions of IAI effects with situational
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factors (Blair et al., 2001; Dasgupta & Greenwald,
2001; Karpinski & Hilton, 2001; Kühnen et al.,
2001;Lowery et a1.,2001).  Thus, i t  is perfect ly rea-
sonable that the correlation between the measure-
ment occasions separated by a week was not higher
than that observed in our Experiment l. Many un-
controllable influences on these implicit attitudes
may have been present. If this were so, higher corre-
lations should be obtained on an immediate retest.
We investigated this possibility in Experiment 2.

Experiment 2

Clearly, the most interesting finding of Experiment
I was the small proportion of variance in implicit
attitudes, measured with the lAT, that is accounted
for by a transsituational "trait-like" variable given a
mere week between measurement occasions and no
attempt at manipulating implicit attitudes. In Experi-
ment 2, we optimized the conditions for measuring
stability in implicit attitudes (a) by reducing the in-
terval between measurement occasions from one
week to just ten minutes, and (b) by doubling the
number of items to which participants responded in
the IAI on the combined discrimination tasks - it
could be that too few trials were administered in Ex-
periment 1 for participants to reach a "plateau" of
stable reaction time differences. A further change
was that instead of using names of fictitious couples
with only a learned association to the target cate-
gories, we used words that were stereotypically (and
thus pre-experimentally) associated with the target
categories. This was done in an attempt to make the
relation between the target categories and the to-be-
categorized instances more meaningful. As of now,
much is unclear about the role of stimuli in the IAT
(Steffens et al., 2001a). Our stereotypically associ-
ated words could only be classified in relation to the
attitude targets, whereas participants may, in the
course of the experiment, learn other classification
rules for names (e.g., "if female, then left"), ignoring
the targets. Such a strategy could lower retest corre-
lations. In addition, rather than using an ad-hoc con-
structed questionnaire, a translation of the 10-item
version of the Attitude Toward Gay Men Scale (ATG,
Herek, 1994) was used in Experiment 2.

Method

Participa nts

A total of 107 students (27 male) at the University
of Trier volunteered or participated for course credit
without being informed beforehand about the topic

Experimental Psychology 2003: Vol. 50(1): 33-18

of investigation. Their mean age was 23 years (SD -

3.4). According to the Kinsey scale, 2loÄ of them
were not heterosexual.

Mater ials

The materials were those used in Experiment l, with
the following exceptions. Instead of name pairs,
items stereotypically associated with the target cate-
gories were presented, selected after pilot studies for
previous research in our laboratory (Steffens, 1999b,
2002b). The average rating of the 'heterosexual'

items (Casanova, Prostitution, Kirche, Kinder, Schei-
dung Casanova, prostitution, church, children, di-
vorce) was not more positive (cf. Steffens & Plewe,
2001) than that of the gay items (George Michael,
Stricherszene, outen, Künstler, Tunte - George
Michael, male prostitution, outing, artist, drag
queen). A translation of the l0-item version of the
ATG (Herek, 1994) was administered as the explicit
measure of attitudes towards gav men.

Procedure

The procedure was identical to that of Experiment l,
with the following exceptions. At the first measure-
ment occasion, the IAT and the AfG were adminis-
tered. The critical part of the IAT itself was extended,
resulting in 4 instead of 2 blocks of 40 trials of the
congruent and incongruent IAT tasks. Participants
then rated their own sexual orientation. Roughly ten
minutes separated the first and second measurement
occasion. The second measurement was identical to
the first except that sexual orientation was not as-
sessed again.

Participants read newspaper articles between
measurements. Half of them read one article that pre-
sented a dislikable heterosexual person and another
that presented a likable gay man, the other half read
two articles unrelated to the topic of investigation.
Which articles participants read did not affect the
implicit and explicit attitude measures, their psycho-
metric properties, correlations, or covariances in any
detectable way. Therefore, the variable is omitted in
the present article.

Design

The main dependent variables were the reaction
times in the IAT and the scores on the explicit atti-
tude questionnaire, the ATG. The independent vari-
ables were task congruency and measurement occa-
sion (both within subject).
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Results

lmpl ic i t  Att i tude Measurement:  React ion Time
Analyses

The average error rate was .048. The lower panel of
Figure 2 shows the untransformed reaction times in
congruent and incongruent tasks, separately for the
first and the second measurement occasions. The
IAT effect (the difference between congruent and in-
congruent trials) was larger at Occasion 1 than at
Occasion 2.

A 2 x 2 ANOVA on the log-transformed reaction
times with task congruency and measurement occa-
sion as within-subject variables confirmed that there
was a significant IAT effect, F(1, 106) - 59.67, R2e:
.36, an effect of measurement occasion, F(1, 106) -
140.56,- R2p - .57, and an interact ion, F(1, 106) -
8.46, Rrp - .07. Tests of simple main effects showed
an IAT effect at  Occasion 1, F(1, 106) -  53.56, A2p:
.34, and at Occasion 2, F(\ ,  106) -  39.28, R'n :  .27 .

lmpl ic i t  Att i tude Measurement:  Rel iabi l i ty Analyses

Internal Consistencv. Cronbach's a for the IAT scale
was .93 and .90 for the first and second measurement
occasions, respectively. Thus, the internal consis-
tency of the IAT was exceptionally good and even
somewhat higher than in Experiment I - which is to
be expected given the doubled number of reactions.

Reliubilitl^ Model. The lower half of Table 2
shows the sample covariances and correlations for
the IAT test halves. As in Experiment 1, the reliabil-
ity model (see the upper panel of Figure 4) did not
fit the data, 1218; : 110.15, RMSEA - .44 (90%
confidence interval: .38 .50).

Stabilir,n Model.ln contrast to the reliability model,
the stability model, assuming essentially t-equivalent
measured variables, fit the data very well, 1216; -
5.31, RMSEA < .01 (90% confidence interval: .00-
.12) (see the middle panel of Figure 4). The correla-
tion between the two true-score variables 11 and 11
("attitude towards gay men at Occasion I and 2") was
.61 (see the model on the left). This is a negligible im-
provement over the same correlation reported for Ex-
periment 1 (.56), considering that the inter-test in-
terval was reduced from I week to just l0 min.

Consi,ttenc:v Model.The results for the consistency
model are depicted in the lower panel of Figure 4. The
results for the first measurement occasion are similar
to those of Experiment 1 in that a large proportion of
the variance ofthe true-score variable t, is accounted
for by situation-specific effects ( 18.34; see the model
on the right). In fact, the proportion ofthe variance of
t1 that is accounted for by the transsituational factor f
( 15.85) is even somewhat smaller than the proportion
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accounted for by the situation-specific factor f1. In
contrast, a large amount of the variance of 12 (which is
smaller than that of t1), almost B0%, is accounted for
by the transsituational factor.

Explicit Attitude Measurement: ATG Data

Cronbach'.s a of the lO-item AfG was .83 and .85
for the first and second measurement occasion,
respectively, indicating that the internal consistency
of this measurement instrument was acceptable.
However, an analysis of the summary score com-
puted across the lO-item ATG showed that this score
was not distributed normally (skewness > 1.21).
This was due to a noticeable floor effect in that our
participants preferred the egalitarian end ofthe rating
scale (see also Steffens, 2002b). We log-transformed
the scores to obtain a better approximation to a nor-
mal distribution. Means of the untransformed/log-
transformed data were 24.79 (SD - 12.52)13.10
(sD - .47) and 24.34 (SD - 13.12)13.06 (SD - .sl)
at Occasion I and 2, respectively.

All correlations between explicit and implicit atti-
tude measures were of almost medium size according
to Cohen's (1977) standards (see Table 3). The test-
retest correlation for the explicit attitude measure-
ment was again very high (.92) and significantly
higher than the test-retest correlation for the implicit
measure ( .52),  z -  -7.30.

Discussion

The IAT and the ATG differed drastically with re-
spect to their stability. The plain test-retest correla-
tions are already quite informative. In spite of the
fact that scores on the l0-item ATG were so skewed
that they had to be log-transformed in order to show
an acceptable approximation to a normal distribu-
tion, log-transformed scores from the first and se-
cond measurement occasion correlated highly. This
may not be awfully surprising considering that only
a few minutes separated the occasions. However, the
152-item IAT effects from the first and second mea-
surement occasion correlated rather poorly. Even at
the level of latent variables, the stability model
showed that the correlation between the true-score
variables of the first and second measurement occa-
sion was rather low. Note that this is so even though
the internal consistency of the IAT was very good.
Again, there were medium correlations between the
IAT and explicit measures.

In contrast to Experiment 1, in Experiment 2 we
found a smaller IAT effect at the second as opposed
to the first measurement occasion. Smaller IAI ef-
fects in a second IAT administered immediately after
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a first, related one have been observed in other, as
yet unpublished experiments in our laboratory. The
shortened delay between tests thus seems responsible
for this finding. ln line with this suspicion, in Ex-
periment 1, too, we found a larger IAT effect for the
first as opposed to the second blocks administered
at each measurement occasion, with a similar-size
interaction as for IAIs in Experiment 2 (F(1, 8l) :
4.58, Ä2p :  05)

In sum, the results of Experiment 2 replicate those
of Experiment 1. ln contrast to that experiment, there
is little reason to believe that meaningful changes in
implicit attitudes occurred between the measure-
ments, given the small delay in Experiment 2. Both ex-
periments together nourish the suspicion that what the
IAT measures is not confined to a trait-like. transsitua-
tionally stable, individual implicit attitude.

General Discussion
"The mediating role of one's attitudes on one's beha-
vior moved from being described in terms of a con-
scious and intentional retrieval of one's attitude from
memory, to a demonstration of automatic attitude acti-
vation and influence," summarized Bargh ( 1997, p. 5).
Consequently, "efficient assessment of individual dif-
ferences in implicit social cognition" seemed to be
"perhaps the most significant remaining challenge" in
social cognition research a few years ago
(Greenwald & Banaji, 1995, p. 20). This goal can only
be obtained if a stable, person-related factor in im-
plicit attitudes can be identified and measured reliably.
Our experiments focused on the stability of implicit
attitudes towards gay men measured with an IAT. IAT
scores were compared to ( l) the same scores on a de-
layed retest, (2) the same scores on an rmmediate re-
test, and (3) scores on explicit attitude tests. The
within-occasion internal consistency and the split-half
correlation of the IAT were remarkable, especially
given the fact that IAT scores are difference scores. In-
deed, IAT scores were clearly superior to those on the
explicit tests we used. We also found medium correla-
tions with attitudes as measured in those explicit tests.
These results join the emerging canon of findings in-
dicating the IATs' validity for attitude measurement -
when data are evaluated at a group level. However, the
main finding of our experiments is that the test-retest
correlation of an IAT assessing implicit attitudes, as
obtained directly or estimated in a structural equation
model, was rather low (.50 < ? < .62), even when the
IAT was replicated immediately.

One might suspect that the low test-retest correla-
tions are due to the fact that our sample was rela-
tively homogenous with regard to the attitudes they
held at least if we can trust the explicit tests to
reveal the "true" attitudes (which, of course, we do
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not). If efforts were made to select a sample ranging
from extremely positive to extremely negative atti-
tudes towards gay men, larger test-retest correlations
may be found. In addition, randomization and coun-
terbalancing may have lowered correlations (see
Banse et al., 2001). Although this is possible in prin-
ciple, we do not believe it to play a major role be-
cause we did not simply find low correlations. We
found that the IAT's test-retest correlation was much
lower than the split-half correlation, and also much
lower than the test-retest correlation for the explicit
test. ln other words, testing was highly reliable at
any given point in time, or with an explicit measure,
despite possibly restricted variance in the sample.
But what was measured on the implicit task seems
to differ from one testing to the next, even if mea-
surement occasions were only a few minutes apart.

We changed several aspects simultaneously be-
tween Experiments 1 and 2. We believe that the
cross-experimental consistency of the findings points
to their generality: Rather low test-retest correlations
were found independently of the length of the IAI, of
the concept associates used, and ofthe delay between
measurement occasions. Thus. the transsituational
factor that we found seems very stable. However, it
may also be possible that several effects cancelled
each other out. and that a more substantial transsitua-
tional factor would be found with some other combi-
nation of these factors. As a sidenote, we tried sev-
eral ways of "cleaning up" the data in order to
increase the test-retest correlation (e.g., exclude the
first block of trials in each task), but in vain.

There may be another feature of the IAT that
could reduce its reliability. Practice resulted in faster
reactions on the second lAf than on the first. Partici-
pants may benefit from practice to different degrees,
and some may benefit more in incongruent tasks
than in congruent ones. If this were so, correlations
between IAT effects in adjacent blocks of trials
should be higher than correlations between IAI ef-
fects in nonadjacent blocks of trials. Consistent with
this assumption, the correlation between the IAf ef-
fect in the second block of the first IAT and the adja-
cent IAT effect in the first block of the second IAT
was .53 in Experiment 1. Instead, the correlation be-
tween the IAT effect in the first block of the first
IAT and the IAT effect in the second block of the
second IAT was .18, which is significantly lower, z:
3.01. Thus, there seems to be gradual rather than
abrupt change in IAf effects over practice. Given this
finding, which measurement is to be trusted? That
based on early, nonadapted behavior or that based on
the "plateau" that a particular participant reaches? A
definite answer to this question is beyond the scope
of the present article, but this answer is important if
the IAf is ever to be applied outside the laboratory.
For the data of Experiment 2, we calculated IAT ef-
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fects based on subsets of the eight blocks of IAT
trials, and we compared their correlations (con-
trolling for task order) with explicit attitudes, partici-
pant sex, and participant sexual orientation. Numeri-
cally, the highest correlations were found for the IAT
effect summed over Blocks 2 to'7 (e.g., the obtained
correlations with the ATG were .33 and .36 at Occa-
sion 1 and 2, respectively). While the increase in cor-
relations was moderate, we conclude, in line with the
difference in internal consistencies between Experi-
ments 1 and 2. that more reliable data are obtained
in longer as opposed to shorter IATs. These analyses
suggest that there is gradual change in the size ofthe
IAI effect over the course of an IAT (or several
IATs). The IAT effects over the first dozens of reac-
tions (which are routinely excluded from analyses)
seem to be the least related with (explicit) attitudes.
The subsequent reactions are in part explained by
explicit attitudes and behavior, but they still contain
a method factor related to learning that best cancels
out if many data points are analyzed.

For IATs, most other authors have reported test-
retest correlations in the same order of magnitude as
those found here (see Table 1). When compared to
established tests of personality traits (e.g., Steyer et
al., 1989), the transsituational component of IATs
looks quite small. Cunningham et al. (2001) carried
out a series of experiments that pursued similar aims
as the research reported in the present article. The
most important difference between their approach
and ours is that we modeled situational factors in
addition to the transsituational one by assessing test-
retest correlations as compared to split-half correla-
tions. Cunningham et al., observing standardized
weights of .38 to .73 on the IAl-related paths, arrived
at the conclusion that "after correction for measure-
ment error, implicit attitude measures proved consis-
tent across time and across measures" (p. 169).

However, it depends on the purpose of measure-
ment how high a standard one must impose on a
measurement's reliability (see Brown, 1983; Pedha-
zur & Schmelkin, 1991). For individual diagnosis.
very high standards are typically required. Whereas
some authors consider a test-retest-correlation above
.60 "marginally acceptable" (Gliner & Morgan,
2000, p. 313), others go as far as suggesting levels
of .85 or even .90 (Brown, 1983; Kelley, 1927) as
acceptable. If we posit that the correlation between
the true-score variables should be at least .80, and if
we fit a variant of the stability model to the data with
the correlation between r1 and T2 set to .80, we arrive
at a significant reduction in model fit, as compared
to the model without that restr ict ion. Xr( l )  :  11.71
and 1211) - 12.83 in Experiment I and 2, respec-
tively. That is, our data are not compatible with the
assumption that the correlation between the true-
score variables is .80. Howeveq one might argue that
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such high standards apply only to fields where estab-
lished measures are used for diagnostic purposes in
applied contexts. Implicit attitude measurement cer-
tainly is not such a field. Thus, Greenwald and Farn-
ham (2000) propose that an IAf test-retest correla-
tion of .55 is satisfactory.fitr research purposes, and
we agree: Reliabilities in that order of magnitude
may be considered sufficient for assessing differ-
ences between groups.

An illustration of our results with a focus on indi-
vidual scores can be found in Table 4. We ;-trans-
formed the IAI effects obtained in Experiments I
and 2 at each measurement occasion and recoded
them onto a 5-point scale ranging from 'very nega-
tive' to 'very positive' so that roughly the same
number of participants (between l5oÄ and 25%) fell
into each of those five intervals. Take Experiment 2:
Less than one third of our 107 participants would
have received the same diagnosis about their "im-

plicit homophobia" as a few minutes before. Only
half of the 20 participants who would certainly have
been singled out for "homophobia training" on the
basis of their Occasion 1-scores seemed that homo-
phobic at Occasion 2. Howeveq l2 other participants
"became" very homophobic at Occasion 2. For com-
parison, the log-ATG scores of two thirds of our
participants, similarly transposed onto a 5-point
scale. were identical on Occasion I and 2.

We are of one voice with other research groups in
claiming that, beyond any doubt, a transsituational at-
titude-related factor is measured by an lAT. However,
this stable factor is not dominant enough to warrant
interpretations of IAT effects at the level of the indivi-
dual.  Our dala make a very strong point against using
individual differences in IAT scores for diagnosis or
intervention, and we think the data presented in Cun-
ningham et al. (2001) should be interpreted accord-
inslv. Either our IAT is not a reliable enough measure-

I Our model-based analyses suggest a lot of change in
imnlicit attitudes from one measurement occasion to the
ncit. One may always object against model-based ap-
proaches that the conclusions depend on the specific
model used and the assumptions implied. Therefore" as an
alternative. a coefficient of reference reliability, /-,1, wäS
computed for the IAT eff-ect. This coefficient relates vari-
ability that is due to change on the one hand to variability
due to change and error combined on the other (Schweizer,
1988). Change is estimated by means of the test-retest cor-
relation coefficient, error is estimated by means of the cor-
relation coefficient of the combined odd-even halves of
both tests. A resulting coefficient of r,s : .93 for Experi-
ments I and 2 indicated a high degree of reference reliabil-
ity, that is, much change and little error in IAI effects from
the first to the second measurement occasion. This was
fbund despite the fact that measurement occasions were in
such temporal proximity in Experiment 2. These supple-
mentary analyses corroborate our model-based findings of
a substantial situational factor.
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Table 4. "Attitudinal" Transitions From the First Measurement Occasion to the Second for a
Attitude Scale Ranging From Negative to Positive, for Experiments I and 2.
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Experiment 2
Implic:it attitude, Occasion I Negative

Implicit attitude, Occasion 2:
Moderately Neutral Moderately

negatrve positive
Positive

Negative
Moderately
Neutral
Moderately
Positive

negatlve

positive

1 0
7
3
I
I

o
8
5
4
I

3
/,|

5
o
I

0
I
u

4
8

I
3
5
J

B
Nole. The number of participants w'ith "stable attitudes" is presented in italics

ment instrument for individual diagnosis, or there is
more to implicit attitudes than a stable, trait-like com-
ponent (see Kühnen et aI.,2001), or both.
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