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The Implicit Association Test (IAT) assesses relative strengths of
four associations involving two pairs of contrasted concepts
(e.g., male-female and family-career). In four studies, analyses
of data from 11 Web IATs, averaging 12,000 respondents per
data set, supported the following conclusions: (a) sorting IAT
trials into subsets does not yield conceptually distinct measures;
(b) valid IAT measures can be produced using as few as two
items to represent each concept; (c) there are conditions for which
the administration order of IAT and self-report measures does
not alter psychometric properties of either measure; and (d) a
known extraneous effect of IAT task block order was sharply
reduced by using extra practice trials. Together, these analyses
provide additional construct validation for the IAT and suggest
practical guidelines to users of the IAT.

Keywords: implicit social cognition; Implicit Association Test; atti-
tudes; Internet; methodology

The resurgence of interest in unconscious mental pro-
cesses may be attributed to the availability of new mea-
surement tools. Measures of implicit cognition differ
from self-report in that they can reveal mental associa-
tions without requiring an act of introspection (Banaji,
2001; Bargh, 1997; Fazio, Sanbonmatsu, Powell, &
Kardes, 1986; Greenwald & Banaji, 1995; Wilson,
Lindsey, & Schooler, 2000). In recent years, the Implicit
Association Test (IAT; Greenwald, McGhee, & Schwartz,
1998) has been used to study implicit social cognition in
part because of its ease of implementation, large effect
sizes, and relatively good reliability (Greenwald &
Nosek, 2001). Despite its popularity, there are many

issues of design, analysis, and interpretation of IAT
effects that are not yet understood. Numerous laborato-
ries are tackling varied issues such as the processes
underlying IAT effects (Mierke & Klauer, 2003;
Rothermund & Wentura, 2004), the effects of proce-
dural features such as stimulus exemplars (De Houwer,
2001; Steffens & Plewe, 2001), situational and temporal
stability (Blair, 2002; Schmukle & Egloff, in press), the
relationship between implicit and explicit measures
(Hofmann, Gawronski, Gschwendner, Le, & Schmitt,
2004; Nosek, 2004), and maximizing effectiveness of
scoring procedures (Greenwald, Nosek, & Banaji, 2003).
In addition to understanding the nature of implicit
social cognition, these investigations offer pragmatic
recommendations for maximizing the effectiveness of
IAT design. The present article continues this method
improvement effort by examining four questions
concerning IAT procedures and application.

With more than 120 papers using the IAT in print in
the 6 years since its original publication, there exists a
healthy degree of variation in the procedures employed
across studies and laboratories. Such procedural varia-
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tions introduce innovative ways of thinking about the
IAT’s task features and interpretation and have intro-
duced many improvements to the original design. Ran-
dom procedural variability also has the potential to
introduce risks such as reducing the burden of providing
a rationale for methodological variations, of allowing
the effects of arbitrary procedural decisions on resulting
data to go unnoticed, and of reducing the comparability
of results across studies. In this article, some common
design parameters are examined directly to provide an
empirical basis for making methodological decisions
about one’s research objectives with the IAT.

Implicit Association Test

In line with the basic tenets of theories of associative
learning and representation, the IAT rests on the
assumption that it ought to be easier to make the same
behavioral response (a key press) to concepts that are
strongly associated than to concepts that are weakly asso-
ciated (Greenwald et al., 1998). The IAT procedure
obliges respondents to identify stimulus items and cate-
gorize them into one of four superordinate categories.
Association strengths are measured by comparing the
speed of categorizing members of the superordinate cat-
egories in two different sorting conditions. For example,
because the concepts “Old” and “Bad” tend to be more
strongly associated than the concepts “Old” and “Good,”
respondents are able to identify and categorize items
faster in a condition in which items representing “Old”
and “Bad” share the same response compared to a condi-
tion in which items representing “Old” and “Good”
share the same response.

The IAT’s procedure has five steps (or blocks), with
Steps 3 and 5 providing critical data.

Step 1: Learning the concept dimension. First, respon-
dents sort items from two different concepts into their
superordinate categories (e.g., faces of Young people for
“Young” and faces of Old people for “Old”). Categoriza-
tions are made using two keys on a computer keyboard
that are mapped to the superordinate categories (e.g.,
the “a” key for “Old,” the “;” key for “Young”) and stimu-
lus items appear sequentially in the middle of the
computer screen.

Step 2: Learning the attribute dimension. In Step 2,
respondents perform the same task with the same two
keys but now sort items representing two poles of an
attribute dimension (e.g., terrible, nasty for “Bad” and
wonderful, beautiful for “Good”).

Step 3: Concept-attribute pairing 1. In the third stage,
these two sorting tasks are combined such that, on alter-
nating trials, respondents are identifying a face as Old or
Young and then a word as Good or Bad. In this case, one

key (“a”) is the correct response for two categories (Old
and Good) and the other key (“;”) is the correct response
for the other two categories (Young and Bad). Respon-
dents first perform a block of 20 trials with these sorting
rules (often referred to as the “practice” block). After a
brief pause, they repeat it for a second block of 40 trials
(often referred to as the “critical” block).

Step 4: Learning to switch the spatial location of the concepts.
In the fourth stage of the task, only stimulus items for the
target concepts (Old and Young) are sorted for 20 trials,
but this time the key assignment is reversed. In the pres-
ent example, Old items would now require a “;” key
response and Young items would require an “a” key
response.

Step 5: Concept-attribute pairing 2. In the fifth stage of
the task, respondents sort items from both the attribute
and target concept categories again, except that the
response key assignments now require Young and Good
items to be categorized with one key and Old and Bad
items to be categorized with the other key, the opposite
association from the earlier block. Respondents sort
stimulus items with this response assignment for 20 trials
and then again for 40 more trials.

The IAT effect is calculated using latency data from
Steps 3 and 5. In the above example, sorting the stimulus
items faster when Old and Bad (and Young and Good)
share a response key than the reverse pairings indicates a
stronger association strength between Old and Bad (and
Young and Good) compared to the reverse mapping, or
an automatic preference for Young relative to Old.
Greenwald et al. (2003) describe the scoring algorithm
for calculating the IAT effect in detail. It involves calcu-
lating the difference in average response latency
between the two sorting conditions and dividing by the
standard deviation of all latencies for both sorting tasks.
Thus, the IAT score (called D) is a cousin of Cohen’s d
calculation of effect size for an individual’s responses in
the task.1

Goals

This article addresses four questions:

Question 1: Can analytic methods separate the IAT’s mea-
sure of relative association strength into two separate
measures of association strength? All attitude assessment
occurs in a particular context that influences the result-
ing response (Schwarz, Groves, & Schuman, 1998). The
IAT is conceptually similar to an explicit measure that
asks a question about one group or idea in comparison
to another. Although the IAT is structured as a relative
measure, for many research questions it is desirable to
seek separate assessments of single concepts. For exam-
ple, distinguishing ingroup favoritism (e.g., Democrats
liking Democrats) from outgroup derogation (e.g.,
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Democrats disliking Republicans) requires that evalua-
tions of the ingroup and outgroup be assessed sepa-
rately. Some researchers have analyzed subsets of IAT
trials with the aim of obtaining separate evaluations of
two target concepts in the IAT, but it is unclear if the
structure of the IAT permits this aim. Study 1 tested
whether this analytic strategy is empirically justified.

Question 2: Is there an optimal number of stimulus items per
category in the IAT? Decisions about the number of stim-
uli used to represent each category in the IAT are often
arbitrary, being determined in part by the ease of gener-
ating suitable exemplars. Study 2 examined the impact
of varying the number of items used to represent catego-
ries. This item has the pragmatic benefit of resolving
whether IAT measures are appropriate even when cate-
gories have few words or exemplars that could sensibly
represent it (e.g., gay-straight).

Question 3: Does the order of presenting IAT and self-report
measures affect the outcome of either measure? In stud-
ies that use both IAT and self-report measures, decisions
must be made about the order of presenting study mate-
rials. In a meta-analysis of IAT studies, Hofmann et al.
(2004) observed that the correlation between the IAT
and self-report was stronger when self-report came first.
However, that observation was based on comparisons be-
tween experiments, not from a comparison of condi-
tions established through random assignment. Study 3
experimentally investigated the effects of measurement
order.

Question 4: Can the unwanted influence of order of IAT per-
formance blocks be reduced? From the very first uses of
the IAT, it has been known that the IAT effect is usually
biased toward indicating greater strength of associative
pairings involved in the first of the two combined tasks
(Greenwald & Nosek, 2001). For example, in an age IAT,
participants who first sort Old with Bad and Young with
Good and then sort the reverse configuration show a
stronger indication of implicit preference for Young
over Old than participants who first sorted Old with
Good and Young with Bad. Study 4 tested a procedural
change designed to reduce this extraneous influence.

Data Source and Treatment

Two Web sites2 served as the data source for the four
studies reported in this article. Completing a test and a
related questionnaire required about 10 min of partici-
pants’ time. Afterward, respondents received a summary
of their task performance along with a summary of previ-
ous respondents’ results. In addition to typical debrief-
ing materials, the Web site provided information about
implicit social cognition more generally and provided
answers to frequently asked questions. (For further dis-
cussion of the use of Internet-based data for such pur-
poses, see Greenwald et al. [2003]; for a more general
discussion about the Internet as the source of data col-
lection, see Kraut et al. [2004] and Nosek, Banaji, and
Greenwald [2002a].)

The large samples used for the present research (Ns
range from 4,447-27,220; see Table 1) provided suffi-
cient power to guarantee that virtually all inferential
tests would yield statistically significant results. In fact, all
11 samples in this article had a power value exceeding
.99 to detect effects of d = .10 (n required = 3,675), r = .10
(n = 1,828), and q = .10 (n = 3,677), with a two-tailed test
at p = .05 (Cohen, 1988). Consequently, the emphasis in
the report is on effect size rather than significance level.

Three types of effect sizes are reported in this article.
Cohen’s d is used to standardize the magnitude of differ-
ence between means. The product-moment correlation
coefficient, r, is an effect size measure reflecting the
strength of covariation between two variables. And
finally, to estimate the magnitude of difference between
two correlations coefficients, the measure q was used.
Cohen (1988) established conventions for interpreting
effects as small, moderate, or large of .2, .5, and .8 for d
and of .1, .3, and .5 for both r and q. As a guideline for this
article, r and q effects less than .05 and d effects less than
.10 are not discussed in detail for their implications for
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TABLE 1: Summary of Data Collection Dates, Sample Size, and Mean Effects for the 11 Implicit Association Tests (IATs) Comprising the Data
Samples for Studies 1-4

Task Start Date for Sample End Date for Sample Total N Excluded N IAT D Mean Effect IAT D SD Effect Size (d)

Yale IAT Web site
Bush-Gore attitude 11/15/01 10/29/02 7,639 265 .03 .64 .05
Black-White attitude 3/18/02 10/29/02 21,925 540 .52 .51 1.02
Gender-Science stereotype 4/30/02 10/29/02 11,911 341 .42 .49 .86
Old-Young attitude 3/18/02 10/29/02 12,574 294 .62 .46 1.35

Tolerance.org Web site
Asian-White stereotype 11/15/01 6/17/02 4,447 156 .37 .55 .66
Black-White attitude 11/15/01 6/17/02 17,050 309 .45 .54 .84
Old-Young attitude 11/15/01 6/17/02 7,186 182 .48 .45 1.07
Dark-Light attitude 11/15/01 6/17/02 5,254 124 .35 .48 .73
Gender-Science stereotype 11/15/01 6/17/02 12,269 377 .46 .49 .93
Native-White stereotype 5/9/02 10/29/02 4,495 149 .20 .60 .34
Gay-Straight attitude 3/18/02 10/29/02 27,220 960 .44 .57 .78



measurement, analysis, and interpretation of IAT
effects.

Method

Characteristics of respondents. Respondents found the
publicly available Web sites through a variety of means,
including media coverage, hyperlinks from other sites,
recommendations from others, links from search
engines, or word of mouth. Data were taken from four
tasks available at the Yale IAT Web site and seven tasks
available at http://tolerance.org between November 15,
2001, and October 29, 2002 (see Table 1), representing a
significant proportion of the data collected during this
time frame. These tasks were selected to be representa-
tive of the variety of IAT applications for measuring
implicit attitudes and stereotypes. Approximately 90%
of respondents completed the demographic items. Of
those responding (a) 66% were female and 34% were
male; (b) 1% were American Indian, 5% were Asian, 6%
were Black, 5% were Hispanic, 74% were White, 1%
were biracial (Black and White), 4% were multiracial,
and 3% were other ethnicities; (c) 60% were less than 25
years of age, 35% were between 25 and 50, and 4% were
older than 50; (d) 29% had a high school diploma or
less, 57% had some college or a bachelor’s degree, and
14% had an advanced degree; (e) 89% were from the
United States; 6% were from Britain, Canada, or Austra-
lia; and 5% were from other countries; and (f) 48% con-
sidered themselves to be slightly to strongly liberal, 31%
moderate, and 21% slightly to strongly conservative.
Across the 11 tasks, 131,970 completed IATs comprised
the data sets.

Materials and Apparatus

IATs were presented via the Internet using Java and
CGI technology. A small program (Java applet) was auto-
matically downloaded to the respondent’s computer.
The program used the respondent’s computer resources
to present stimuli and record response latencies avoid-
ing dependence on the speed of the Internet connec-
tion for accuracy of measurement. Accuracy of with Java
applets is limited to the operating system’s clock rate
(e.g., 18.2 Hz for Windows-based machines). This limita-
tion was not an obstacle because of the nonsystematic
nature of the resulting noise, the strong effects elicited
by the IAT, and the substantial reduction of error magni-
tude achieved by averaging data across trials.

Implicit measures. The IATs measured implicit attitudes
and stereotypes of a diverse range of social targets. Each
of the tasks is described in brief, specifying the construct
being measured along with the target and attribute con-
cepts used in the measure: (a) Ethnic-national stereotype 1
(Native-White): Native American/White American target
concepts represented by faces and the attributes American/

Foreign represented by words and images; (b) Ethnic-
national stereotype 2 (Asian-White): European/Asian con-
cepts represented by faces and the attributes American/
Foreign represented by images; (c) Race attitude (Black-
White): African Americans/European Americans target
concepts represented by faces and the attributes Good/
Bad represented by words; (d) Skin color attitude (Dark-
Light): Dark-Skinned/Light-Skinned people category
labels and target concepts represented by faces and the
attributes Good/Bad represented by words; (e) Sexual
orientation attitude (Gay-Straight): Gay People/Straight
People represented by words and images and the attrib-
utes Good/Bad represented by words; (f) Gender-Academic
Domain stereotype (Male-Female): Male/Female categories
represented by words and the attributes Science/Liberal
Arts represented by words; (g) Age attitude (Old-Young):
Old/Young categories represented by faces and Good/
Bad represented by words; and (h) Political candidate atti-
tude (Gore-Bush): Al Gore/George W. Bush represented
by names and faces and Good/Bad represented by
words.

Three of the IATs (Old-Young, Gender-Science,
Black-White) appeared at two demonstration Web sites.
Summary data for each task are listed in Table 1. Calcula-
tion of the IAT effect followed procedures described by
Greenwald et al. (2003) and contained the following
main features: (a) error trials were removed and
replaced with the mean of that performance block plus a
penalty of 600 ms and (b) individual trial response laten-
cies less than 400 ms were removed before analysis. Also,
respondents for whom > 10% of the trial responses were
less than 300 ms were removed from the analysis (see the
“Excluded N” column in Table 1).3 The standard devia-
tion of all response trials was used to calculate IAT
effects, even for analyses using only subsets of the task tri-
als. This introduced the possibility of extreme scores.
Therefore, an additional exclusion criterion of drop-
ping IAT scores at least 6 SDs away from the mean (an
absolute value > 4.5) was added to eliminate very
extreme outliers. This correction resulted in the
removal of approximately 0.4% of the data.

Limitations of Web Data

Self-selection. Because the data were collected at dem-
onstration Web sites that were publicly available and pri-
marily for educational purposes, the sample was self-
selected. As a consequence, the sample cannot be said to
be representative of any definable population. Yet, the
very large N, greater sample diversity than most types of
data collections, variety of measures (8 unique, 11 total
tasks), use of experimental manipulations, high power,
and focus on methodological questions make this data
set useful for the current purposes.
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Multiple participations by individual respondents. Visitors
to the demonstration Web sites were encouraged to try as
many of the tasks as they wished. Multiple data points
from single respondents pose obvious threats for statisti-
cal analyses that make the assumption of independence
of observations. However, the overall large number of
respondents for each task reduces the potential impact
of this threat. Also, previous investigations of data from
these Web sites indicated that the inclusion or exclusion
of multiple task performances from single respondents
did not influence reported effects (Nosek, Banaji, &
Greenwald, 2002b). Furthermore, a preliminary survey
item asked respondents to report how many IATs they
had completed previously. This measure was used to test
the effect of prior experience on IAT performance, a
potential extraneous influence.

STUDY 1: CAN ANALYTIC METHODS SEPARATE THE IAT’S

MEASURE OF RELATIVE ASSOCIATION STRENGTH INTO

TWO SEPARATE MEASURES OF ASSOCIATION STRENGTH?

The IAT is assumed to be a measure of the relative
strength of association between concept-attribute pairs.
For example, in a flower-insect attitude IAT, the measure
yields the combined strength of Flower + Good/
Insect + Bad associations compared to the strength of
Flower + Bad/Insect + Good associations. However,
researchers might reasonably be interested in a simpler
comparison, such as the relative strength of Flowers +
Good and Flowers + Bad, obtained separately from that
for Insect + Good and Insect + Bad. In occasional publi-
cations, researchers have sought to interpret a portion of
data collected within the IAT as meaningfully revealing
such association measures for such subsets of blocks
(e.g., Baccus, Baldwin, & Packer, 2004; de Jong, Pasman,
Kindt, & van den Hout, 2001; Gemar, Segal, Sagrati, &
Kennedy, 2001).

Gemar et al. (2001), for example, examined implicit
associations involving self-other (Me and Not Me) and
valence. In the hope of examining evaluations of self sep-
arately from evaluations of other, Gemar et al. extracted
two scores from each condition. They calculated average
latencies for Me + Good responses when they required a
single response and separately calculated an average
latency for Not Me + Bad responses that shared the alter-
nate response. Likewise, in the other condition, they cal-
culated separate average latencies for Me + Bad
responses and Not Me + Good responses. This way, the
authors interpreted the comparison of Me + Good and
Me + Bad latencies as a measure of self-evaluation and
the comparison of Not Me + Good and Not Me + Bad as a
measure of other-evaluation.

This analytic approach has attractive face validity in
that it appears reasonable to analyze data for only one
attitude object to get an assessment of evaluations

toward that attitude object. Despite its appeal, the com-
parative response format that is part of the IAT design
may actually result in every response capturing a compo-
nent of the relative comparison between attitude
objects. Using a multitrait/multimethod approach
(Campbell & Fiske, 1959), we examined whether analyz-
ing subsets of the IAT can yield meaningful indicators of
separate attitude measures of the two target concepts.

Multitrait/multimethod comparison of IAT and self-report
measures. The attitude construct has been hypothesized
to have distinct implicit and explicit components, the
former linked more closely to indirect measures such as
the IAT and the latter to self-report (Greenwald &
Banaji, 1995; Wilson et al., 2000). The evidence suggests
that implicit and explicit attitudes are related but dis-
tinct constructs (Cunningham, Nezlek, & Banaji, 2004;
Cunningham, Preacher, & Banaji, 2001; Greenwald &
Farnham, 2000; Nosek & Smyth, 2004) and multiple
moderators predict the strength of that relationship
(Nosek, 2004). That is, implicit and explicit measures
appear to have shared and unique attitude components.

The fact that implicit and explicit attitudes are related
presents an opportunity to examine the construct valid-
ity of the analytic decomposition strategy of the IAT
using a comparison to self-reported attitudes. Following
the logic of the classic multitrait/multimethod matrix
(Campbell & Fiske, 1959), implicit-explicit correlations
should be maximized when measuring attitudes toward
the same attitude object. That is, given that there is a rela-
tionship between implicit and explicit attitudes, if the
IAT can be decomposed into single-category attitudes,
then those individual attitudes should be more strongly
related to same-trait explicit measures than cross-trait
explicit measures. Implicit-explicit correlations need
not be high but the comparative magnitude of correla-
tions should conform to whether implicit and explicit
measures are assessing the same or different attitude
objects.4

Method

Materials. Data for four tasks at the Yale Web site were
used to test whether the trial-subset analytic method can
extract separate assessments of association strength with
the IAT (Bush-Gore, Black-White, Gender-Science, and
Old-Young). Additional analyses of the other seven data
sets appearing in this article directly replicate the effects
reported for these four data sets.

Calculating measures of relative versus separate association
strengths with the IAT. Three IAT scores were calculated
for each task. Using the Election 2000 task as an exam-
ple, separate scores for Bush and Gore attitudes were cal-
culated. Calculation of the relative Bush-Gore IAT score
followed the standard format—all trials were retained.
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Calculation of the Bush IAT score used only trial laten-
cies involving categorization of items referring to
George Bush and evaluative terms sharing a response
key with Bush. Likewise, calculating the Gore IAT score
used only trial latencies involving categorization of items
referring to Al Gore and evaluative terms sharing a
response key with Gore.

Analysis Strategy

For each task, separate explicit ratings were collected
for each attitude object. For example, participants rated
their liking for George Bush and Al Gore on separate
scales. A difference score between the two ratings com-
prised the relative explicit preference measure for Bush
versus Gore. If the IAT can be decomposed, then single-
category IATs should show the strongest correspon-
dence with explicit assessments of the same attitude
object, whereas the relative IAT should show the stron-
gest correspondence with relative explicit assessments
between the two attitude objects. That is, implicit-
explicit correlations should be strongest when the mea-
sures are assessing the same attitude object. In the pres-
ent case, there are three attitude objects being assessed
implicitly and explicitly—attitudes toward Bush, atti-
tudes toward Gore, and attitudes toward Bush relative to
Gore. Whether the correlation between implicit and
explicit attitudes is large or small, comparatively, the
Bush IAT should show the strongest relationship with
explicit Bush attitudes and somewhat weaker relation-
ships with explicit Gore attitudes and explicit Bush rela-
tive to Gore attitudes because the latter two are different
attitude objects. Likewise, comparatively, the Gore IAT
should show the strongest relationship with explicit
Gore attitudes and somewhat weaker relationships with
explicit Bush attitudes and explicit Bush relative to Gore
attitudes. Finally, comparatively, the Bush-Gore IAT
should show the strongest relationship with explicit
Bush versus Gore attitudes and somewhat weaker rela-
tionships with the separate explicit Bush attitude and
explicit Gore attitude. This decomposable prediction is
presented visually in the top right panel of Figure 1.

If the IAT is not decomposable, then parsing the data
into a Bush IAT and a Gore IAT will be irrelevant for the
nature of the associations measured—the separate and
relative IAT measures will all be measuring the same atti-
tude construct—a relative preference of Bush versus
Gore. In this case, all three IAT calculations (Bush IAT,
Gore IAT, Bush-Gore IAT) would show similarly strong
relations with the relative Bush versus Gore explicit atti-
tude measure because it is the same attitude object (mea-
sured explicitly) and somewhat weaker relationships
with explicit Bush attitudes and explicit Gore attitudes
because they are different attitude objects. In other
words, if the IAT is not decomposable, then the pattern

of implicit-explicit correlations will be constant across
trial subsets even if only trial responses from a single tar-
get category are examined. The pattern of correlations
for the nondecomposable hypothesis is presented in the
top left panel of Figure 1.

Results and Discussion

The four lower panels in Figure 1 present the patterns
of correlations for the four tasks between the single-
category and relative explicit attitude measures and the
single-category and relative IATs for each task. If the IAT
can be decomposed into separate attitude measures,
then correspondence should be maximized when the
IAT score and self-report are measuring the same atti-
tude object (pattern in top right panel). If the IAT is not
decomposable, then implicit-explicit correspondence
should not vary as a function of the subset of trials com-
prising the IAT scores (parallel lines as shown in top left
panel). The pattern across tasks clearly matches the ide-
alized, nondecomposable pattern. The correspondence
between the IAT and criterion variables does not vary as
a function of the match between measurement types.5

All three versions of the IAT appear to be measuring a
single construct, not three different constructs. This
indicates that the IAT cannot be analytically decom-
posed into separate assessments of association strengths.
In other words, each response trial in the IAT appears
indicative of the IAT effect as a whole, not an effect of the
individual category or exemplar abstracted from the
context of the task.6

Conclusion. Study 1 provides evidence that analytic
decomposition strategies do not enable separate assess-
ments of association strengths for the IAT’s target con-
cepts. This suggests that each trial response in the IAT,
whatever the category membership of the exemplar,
reflects some aspect of the relative comparison between
the two target concepts. In addition, the data indicate
that the predictive utility of the IAT will be maximized
when criterion variables parallel the relativity built into
the IAT. Measurement of single-category attitudes may
require using a different measurement tool designed for
such purposes, such as the Go/No-Go Association Task
(GNAT; Nosek & Banaji, 2001) or the Extrinsic Affective
Simon Task (EAST; De Houwer, 2003).

STUDY 2: IS THERE AN OPTIMAL NUMBER OF

STIMULUS ITEMS PER CATEGORY IN THE IAT?

Greenwald et al. (1998) noted that IAT effect magni-
tudes were unchanged when using only 5 exemplars per
category compared to 25. Since then, little attention has
been paid to the number of stimuli needed for designing
an effective IAT. On one hand, increasing the number of
exemplars may assist in providing a more accurate repre-
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sentation of its superordinate category and reduce the
likelihood that respondents could learn to categorize
stimuli on the basis of feature recognition rather than
the meaning of the concept. On the other hand, decreas-
ing the number of exemplars may help to avoid diluting

the representation of the superordinate category by
avoiding stimulus items that do not directly capture the
category meaning. Furthermore, if the IAT is psycho-
metrically sound even in conditions with very few stim-
uli, then researchers will have more flexibility in IAT
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Figure 1 Predicted and actual zero-order correlations among IAT and explicit attitudes or stereotypes calculated relatively or separately for indi-
vidual target concepts.

NOTE: The top two panels illustrate the predicted correlations of relationships if the Implicit Association Test (IAT) cannot be analytically decom-
posed (left) and if the IAT can be decomposed into separate association strengths (right). The bottom four panels present the observed effects for
Bush-Gore, Black-White, Gender-Science, and Old-Young measures (Study 1).



design, especially for conditions in which very few sensi-
ble exemplars are available for the target concepts of
interest.

In Study 2, we experimentally varied the number of
exemplars comprising the task and measured its effect
on the magnitude of the IAT effect, reliability, relation-
ship with self-reported attitudes, and resistance to extra-
neous influences (i.e., average response latency, order of
task pairings, IAT experience).

Method

Materials. The experiment was conducted on three
tasks providing replications across content domains
(Black-White, Gender-Science, Old-Young from the Yale
Web site). The Black-White task consisted of 6 exemplars
(i.e., Black and White faces) for the Black and White cat-
egories and up to 8 exemplars (e.g., wonderful, terrible)
for the Good and Bad attributes, for a total of 28 items.
The Gender-Science task consisted of up to 8 exemplars
for each of the four categories: Male, Female, Science,
and Liberal Arts (e.g., man, woman, physics, history), for
a total of 32 items. The Old-Young task consisted of up to
6 exemplars (i.e., Old and Young faces) for the Old and
Young categories and 8 exemplars for the Good and Bad
attributes, for a total of 28 items.

Procedure

After selecting the task, respondents were randomly
assigned to a between-subjects condition that varied the
number of stimulus items. For the Black-White task, the
6 exemplars representing the Black and White catego-
ries were held constant and the number of items repre-
senting the Good and Bad attribute categories was
manipulated across four conditions: 8 exemplars each
(28 total stimuli), 4 exemplars (20 total), 2 exemplars
(16 total), and 1 exemplar (using the category labels
“Good” and “Bad” as the stimulus items; 14 total).7 For
the Gender-Science task, the number of stimuli for both
categories and attributes was manipulated across four
conditions: 8 exemplars each (32 total stimuli), 4 exem-
plars each (16 total), 2 exemplars each (8 total), and 1
exemplar (using the category labels “Male,” “Female,”
“Science,” and “Liberal Arts” as the stimulus items; 4
total). For the Old-Young task, the 8 items representing
the Good and Bad attribute categories were held con-
stant and the number of items representing “Old” and
“Young” was manipulated across two conditions: 6 exem-
plars each (28 total stimuli) and 2 exemplars each (20
total stimuli). For conditions in which only a subset of
the total stimuli were used (e.g., 4 of the 8 available
exemplars), the exemplars were divided into subgroups
such that, across subjects, all exemplars were used in
equivalent amounts for each of the conditions.

Evaluation Criteria

Four criteria were used to evaluate the IAT for Studies
2 through 4: effect magnitudes, internal consistency, vul-
nerability to extraneous influences, and relation to self-
report. These follow evaluation criteria that were estab-
lished by Greenwald et al. (2003).

Effect magnitudes. Larger IAT D effect magnitudes for
theoretically predicted effects were considered
desirable.

Internal consistency. A measure of internal consistency
was calculated by correlating IAT D effects for the first
block of 20 trials of the two pairing conditions and the
second block of 40 trials of the two pairing conditions. As
an evaluation criterion, higher internal consistencies
were considered desirable. In Study 4, internal consis-
tency was calculated for self-reported attitudes and ste-
reotypes by calculating the correlation between the com-
parative rating and warmth ratings described below.

Resistance to extraneous influences. Resistance to effects
of three known extraneous influences on IAT effects—
average response latency (McFarland & Crouch, 2002),
task pairing order, and experience with the IAT—also
served as evaluation criteria (Greenwald et al., 2003).
Better performing IAT measures should be less affected
by these extraneous influences. Average response
latency was calculated by averaging response latencies
across all trials in the two pairing conditions. Task pair-
ing order was a between-subjects factor in which respon-
dents were assigned to perform the two pairing condi-
tions in one of two orders. Also, respondents were asked
if they had previously performed an IAT. Following
Greenwald et al.’s (2003) observation that experience
effects were strongest between “0” and “1 or more,” the
experience with the IAT factor was coded as a dichoto-
mous variable of no previous experience versus some
previous experience. Correlations (Pearson rs) between
the extraneous factors and IAT effects served as evalua-
tion criteria, with values closer to zero suggesting better
performance.

Self-report measures. Product-moment correlations
between IAT effects and explicit measures served as a
final criterion for evaluating IAT measures. As discussed
previously, implicit and explicit attitudes appear to be
distinct but related constructs (Cunningham, et al.,
2001; Greenwald & Farnham, 2000; Nosek & Smyth,
2004), with implicit-explicit correlations ranging from
near 0 to more than .7 (Nosek, 2004).

For any two conceptually related measures, reducing
measurement error will necessarily increase the
observed correlation between the measures to more
closely approximate the “true” relationship between the
variables. For example, height and weight are distinct
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but positively correlated constructs. Assessments of
height and weight to the nearest millimeter and milli-
gram will result in stronger height-weight correlations
than would assessments to the nearest meter and kilo-
gram. As long as the error between measures is
uncorrelated, measurement error leads to underestima-
tion of the true correlation between variables. Given the
significant procedural differences between the IAT and
self-report measures, it is unlikely that their correlation
is due to method covariance (see also Nosek & Smyth,
2004). Therefore, the best IAT design will minimize
measurement error and therefore maximize relations
with known covariates, such as self-reported attitudes.

Associated with each IAT, respondents received a
questionnaire that included items assessing their atti-
tudes or beliefs about the target categories and some
demographic information. Three items were of direct
interest for the present studies. Respondents rated their
explicit preferences or stereotypes toward the target cat-
egories on a 5- or 9-point scale. For example, for the atti-
tude measure for Old-Young preferences, the scale
ranged from I strongly prefer young people to old people to I
strongly prefer old people to young people. The two other
explicit items were 11-point warmth rating thermome-
ters in which the two target concepts were rated inde-
pendently: “Please rate how warm or cold you feel
toward the following groups (0 = coldest feelings, 5 = neu-
tral feelings, 10 = warmest feelings).” The difference be-
tween the two warmth ratings served as the score. The
two self-report measures were standardized and then
averaged.

Results and Discussion

Table 2 presents effect magnitudes, relations to self-
report, internal consistencies, and resistance to extrane-
ous influence data for the three IATs separated by “num-

ber of exemplar” conditions. Somewhat surprisingly, the
number of exemplars used to represent the categories
did not have a strong impact on IAT effects until very few
stimuli were used per condition. Effect magnitudes for
the Black-White task showed only slight variation
whether 8, 4, 2, or 1 exemplar(s) represented the catego-
ries “Good” and “Bad” (d range = .99 to 1.05). Also, the
effect magnitude for the Old-Young task declined only
slightly when the six exemplars representing each of the
categories “Old” and “Young” were reduced to only two
per category (d = .09). Effects did begin to decline more
noticeably in the Gender-Science task when just two
stimuli were used to represent each of the four catego-
ries (d = .85 compared to d = .97 when four stimuli repre-
sented each category) and then showed additional
declines in the one-exemplar condition in which only
the category labels served as exemplars (d = .60). These
data suggest that until only a minimal number of stimuli
are used, IAT effect magnitudes are relatively unaffected
by the number of exemplars representing each category.

Across tasks, relationships between the IAT and self-
reported attitudes were relatively consistent whether
eight, four, or two items represented the categories. The
average variation in implicit-explicit correlations of q =
.04 across tasks is almost completely explained by lower
correlations for the one-exemplar condition when only
the category label was used. Likewise, split-half
reliabilities and relationships between attribute and cat-
egory effects were very stable with the exception of the
one-exemplar conditions, which were noticeably lower
(average r for one-exemplar conditions = .43; average r
for all other conditions = .58).

Varying the number of stimuli representing each cate-
gory had little effect on three known extraneous influ-
ences of IAT effects. Although effects of pairing order
varied somewhat depending on the number of stimuli,
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TABLE 2: Effects of Manipulating the Number of Exemplars Representing Each IAT Category (Study 2)

Effect Magnitude Internal Consistency Extraneous Influences

No. of No. of IAT IAT
Stimuli in Stimuli in IAT D Implicit- Practice- Attribute-

Target Attribute Mean Effect Explicit Test Concept Overall Pairing IAT
Task Categories Categories Effect IAT D SD Size (d) Corr Corr Corr Speed (r) Order (r) Experience (r)

Black-White attitude 6 8 .53 .53 1.01 .33 .55 .63 –.02 .07 –.10
6 4 .54 .51 1.05 .35 .55 .63 –.02 .09 –.12
6 2 .52 .53 .99 .34 .56 .63 –.02 .10 –.14
6 1 .47 .46 1.01 .27 .43 .53 –.08 .04 –.07

Gender-Science 8 8 .47 .49 .96 .23 .53 .62 .04 .13 –.11
stereotype 4 4 .48 .49 .97 .24 .54 .62 .01 .21 –.09

2 2 .43 .51 .85 .24 .53 .63 .05 .15 –.11
1 1 .26 .43 .60 .17 .33 .44 .02 .03 –.09

Old-Young attitude 6 8 .64 .45 1.43 .15 .51 .59 .11 .07 –.22
2 8 .60 .47 1.29 .11 .52 .60 .12 .19 –.19

NOTE: IAT = Implicit Association Test.



those effects were not consistent across tasks. The effects
of pairing order appeared to increase with fewer stimuli
for the Old-Young task (r = .07 to r = .19) but decreased
with fewer stimuli for the Gender-Science task (average
r = .16 for “8,” “4,” and “2” conditions to r = .03 for “1”
condition) and the Black-White task (average r = .09 for
“8,” “4,” and “2” conditions to r = .04 for “1” condition).

Conclusion. Variation in the number of exemplars rep-
resenting the attributes and categories had little impact
on effect magnitude, reliability, or relations with self-
report until categories were represented by only a single
exemplar—the category label. Even in this circum-
stance, interpretable, although weaker, IAT effects
emerged. IATs with only two items representing each
attribute and category showed effects only slightly less
robust than those using eight items per attribute and
category.

Another interest regarding stimulus exemplars is the
extent to which their semantic and evaluative properties
influence IAT effects. Results from an additional study
using these data sets suggested that using different
exemplars from a homogeneous set of items does not
influence IAT effects, but exemplars that influence the
construal of the category labels do affect IAT scores.8

This reinforces a similar point made elsewhere regard-
ing the importance of selecting appropriate exemplars
to represent the attributes and categories of direct inter-
est (Govan & Williams, 2004; Mitchell, Nosek, & Banaji,
2003; Steffens & Plewe, 2001). Coupled with the present
findings, this suggests that, all else being equal, selecting
a small number of exemplars that are excellent repre-
sentations of the target category will lead to better con-
struct validity than selecting a large number of exem-
plars that are weak representations of the target
category.

STUDY 3: DOES THE ORDER OF PRESENTING IAT

AND SELF-REPORT MEASURES AFFECT THE OUTCOME

OF EITHER MEASURE?

The preceding studies focused on features of the IAT
procedure itself. However, IATs are frequently adminis-
tered alongside other measures such as questionnaires.
Does completing the IAT and perhaps gaining insight
that one is showing a bias in a particular direction influ-
ence responding on a subsequent explicit measure of
preference or stereotype? Alternatively, does increasing
the accessibility of explicit attitudes or beliefs by admin-
istering explicit measures before implicit measures alter
the effects observed on the IAT? In an interesting meta-
analysis of the relationship between implicit and explicit
attitudes, Hofmann et al. (2004) observed a small differ-
ence in implicit-explicit correlation when the self-
reported measures preceded the IAT (K = 25, r = .24)

than when the IAT preceded self-report (K = 40, r = .17).
A limitation of this observation is that it was correl-
ational, based on a between-studies comparison, rather
than an experimental manipulation. Because research-
ers self-selected whether to use one order or the other, it
is possible that choice of order was influenced by fea-
tures of the attitude objects (e.g., perceived vulnerability
to self-presentation). Furthermore, whereas measure-
ment order may have influence under some conditions,
that influence may not be consistent. In Study 3, we
experimentally manipulated the order of IAT and self-
report measurement to examine the influence of order
on both measures.

Method

Measurement order was manipulated between sub-
jects in three independent tasks (Black-White, Old-
Young, and Gender-Science from the Yale Web site).
After respondents selected a task, they were randomly
assigned to receive the IAT or self-report measure first.
Procedures, measures, and evaluation criteria mirrored
those presented in Study 2.

Results and Discussion

Table 3 presents IAT and self-report effect magni-
tudes, relations between IAT and self-report, internal
consistencies, and relations between IAT and extrane-
ous factors for three tasks (Black-White, Gender-Science,
Old-Young) separated by the order of presentation. The
average effects across evaluation criteria reveal that the
order of presentation of implicit and explicit materials
had a minimal effect on both measures. In fact, average
effects were near zero for all of the evaluation criteria,
including IAT effect magnitudes (d = .02), explicit effect
magnitudes (d = .06), implicit-explicit correlations (q =
.00), implicit internal consistency (q = .00), explicit inter-
nal consistency (q = .00), and resistance to extraneous
effects of overall speed (q = .00), task pairing order (q =
.02), and experience with the IAT (q = .02). While show-
ing little or no effects due to order of measures on aver-
age, small influences were observed on the magnitude
of IAT (d = –.12) and self-report (d = .14) measures of
Gender-Science stereotypes. The conclusion suggested
by the current evidence is that the order of measure-
ment does not have a strong influence on IAT or self-
report for any of the evaluation criteria.

Despite the consistent lack of influence of order on
the IAT and self-report, the specific nature of this mea-
surement context may reduce the generality of this con-
clusion. For one, before completing any of the measures,
respondents were aware that stereotypes and attitudes
toward a particular category were going to be measured.
It is possible that stronger effects of order would be
observed if the target concepts were not known until
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measurement commenced. Reports from another large
data set (N > 11,000), however, suggest that this is not the
case. Nosek (2004) randomly assigned Web respondents
to one of 57 different attitude object pairs and to mea-
surement order. The order of IAT and self-report had no
appreciable effect on the correspondence between
implicit and explicit attitudes (Nosek, 2004). So, fore-
knowledge (or lack thereof) does not appear to
introduce an effect of measurement order.

A second potentially important feature of the present
study context is that the implicit and explicit measures
were straightforward. Explicit measures consisted of 10
or fewer items about the attitude object and 8 or fewer
items measuring demographic characteristics (e.g., age,
sex, and ethnicity). More involved or extended assess-
ment of explicit preferences or beliefs may have a stron-
ger effect of subsequently measured implicit attitudes by
making those explicit preferences more accessible
(Fazio, 1995) or by some other psychological mecha-
nism. Even so, the study reported by Nosek (2004) had
25 to 29 self-report questions about the attitude object
and still did not reveal an effect of measurement order.

There are, however, experimentally demonstrated
effects of measurement order suggesting that, under
some conditions, order will matter. For example, in one
study, Bosson, Swann, and Pennebaker (2000) reported
an effect of order between implicit and explicit mea-
sures. That study involved eight implicit and four ex-
plicit assessments in a single session. Also, demonstra-
tions that implicit associations are influenced by
previously performed tasks, contextual cues, and the
immediate situation show the relevance of prior or cur-
rent events on the IAT (Blair, 2002; Blair, Ma, & Lenton,
2001; Dasgupta & Greenwald, 2001; Lowrey, Hardin, &
Sinclair, 2001; Mitchell et al., 2003). IAT scores may be
influenced by preceding self-report when the report

changes the context of measurement or alters the under-
lying associations.

Finally, although speculative, the order of implicit
and explicit measures may have a stronger effect on atti-
tudes and stereotypes that are relatively new, unstable, or
ambivalent because the self-report could make certain
evaluations more accessible when explicit measures are
first or the experience of performing the implicit mea-
sures may be seen as relevant information for generating
a self-reported preference when implicit measures are
first.

Conclusion. The present study suggests that the effects
of measurement order may not be a consistent or reli-
able effect as suggested by the Hofmann et al. (2004)
meta-analysis. Minimal effects of task order were ob-
served in measurement contexts whether the target atti-
tude objects were known in advance and when the self-
report measure consisted of almost 30 attitude-relevant
questions. Also, performing the IAT before self-report
does not appear to induce reactance or assimilation ten-
dencies in subsequent self-report. Even so, because some
experimentally demonstrated order effects do exist,
there must be moderators that will predict the influence
of measurement order. Until those moderators are iden-
tified, researchers should carefully consider measure-
ment order, especially for situations in which self-report
or IAT measures are extensive or when the attitude
objects are relatively novel, unstable, or likely to elicit
ambivalent responses.

STUDY 4: CAN THE UNWANTED INFLUENCE OF

ORDER OF IAT PERFORMANCE BLOCKS BE AVOIDED?

A persistent methodological artifact for the IAT is the
order of task performance blocks (Greenwald & Nosek,
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TABLE 3: Effects of Varying the Order of Implicit and Explicit Measures (Study 3)

Implicit Effect Magnitude Explicit Effect Magnitude Internal Consistency Extraneous Influences

IAT D IAT Explicit Explicit Implicit- IAT
Mean IAT Effect Mean Explicit Effect Explicit Practice- Explicit Overall Pairing IAT

Task Effect D SD Size (d) Effect SD Size (d) Corr Test Reports Speed (r) Order (r) Experience (r)

Black-White attitude
Implicit first, explicit second .51 .51 1.01 .40 1.27 .31 .32 .53 .71 –.02 .13 –.09
Explicit first, implicit second .52 .52 1.01 .39 1.33 .29 .34 .54 .70 –.03 .11 –.08
Gender-Science stereotype
Implicit first, explicit second .39 .48 .80 .91 .84 1.05 .25 .50 .64 .06 .16 –.11
Explicit first, implicit second .45 .49 .91 .80 .80 .98 .21 .52 .63 .08 .11 –.09
Old-Young attitude
Implicit first, explicit second .65 .46 1.41 .46 1.33 .35 .12 .53 .61 .12 .14 –.21
Explicit first, implicit second .61 .46 1.32 .42 1.34 .32 .14 .50 .62 .11 .13 –.20
Average effects
Implicit first, explicit second .52 .48 1.07 .59 1.15 .57 .23 .52 .65 .05 .14 –.14
Explicit first, implicit second .53 .49 1.08 .54 1.16 .53 .23 .52 .65 .05 .12 –.12

NOTE: IAT = Implicit Association Test.



2001). For example, respondents who first complete the
condition where Insects are paired with Bad and Flowers
are paired with Good will show some interference in per-
forming the second condition. As a consequence, those
respondents will show a stronger preference for flowers
relative to insects than respondents who first sort In-
sects + Good and Flowers + Bad. Klauer and Mierke
(2004) suggest that this effect may be due to after-effects
of task-switching that are present in conditions that
require the same response for nonassociated categories
(incompatible) to a greater extent than conditions that
require the same response for associated categories
(compatible). Whatever its cause, this measurement arti-
fact produces undesirable error in IAT measurement. In
this section, we examine the effects of pairing order and
test a methodological innovation to remove its influence
from the IAT.

To review, the standard format of the IAT involves five
blocks of sorting trials. Following the current example,
the first block would typically contain 20 trials of sorting
Flowers and Insects into their respective categories. The
second block contains 20 trials of sorting Good and Bad
terms into their respective categories. The third block
contains 20 trials of sorting Flowers + Good terms on one
key and Insects + Bad terms on the second key, a pause,
and then another 40 trials of the same sorting condi-
tions. In the fourth block, respondents again sort Flow-
ers and Insects for 20 trials, but this time on the opposite
keys from the first three blocks. The fifth block contains
20 trials of sorting Insects + Good terms on one key and
Flowers + Bad terms on the second key, a pause, and 40
more trials of the same sorting conditions. The third and
fifth blocks described above are typically counterbal-
anced between subjects (giving rise to the task pairing
order effect).

If the pairing order effect is due to the interference
caused by learning an initial response set and subse-
quently needing to replace it with a new response set,
then extra practice with the new response set may reduce
this effect. Our strategy to eliminate the order effect was
to increase the number of trials in the fourth block in
which the sorting instructions for target concepts has
been reversed. In Study 4, we varied the number of trials
in the fourth block by increments of 5 trials between 20
and 40 trials for five different tasks. We tested whether
adding trials to this block was sufficient to make the mag-
nitude of the IAT effect equivalent between pairing
order conditions.

Method

Materials. The manipulation of practice trials was con-
ducted on five different tasks (Old-Young, Asian-White,
Gender-Science, Black-White, and Dark Skin-Light

Skin) from those available at http://tolerance.org, pro-
viding multiple replications.

Procedure. The number of practice trials for the fourth
block varied across five between-subjects conditions (20,
25, 30, 35, 40 trials). Each of the five conditions was
administered multiple times in 1- to 3-week intervals for
each of the five tasks. Also, at any given point in time, no
two tasks were in the same condition.

Results and Discussion

The impact of pairing order on effect magnitude, reliability,
relationship with explicit attitudes and stereotypes, and resis-
tance to extraneous influences. Initial tests showed that the
experimental manipulation of practice trials only influ-
enced the magnitude of IAT effects and not the other
evaluation criteria: internal consistency, resistance to
extraneous influence, and implicit-explicit correspon-
dence (all ds and qs < .05, most near 0). Therefore, Table
4 summarizes the evaluation criterion by the IAT pairing
order after collapsing across the between-subjects
manipulation. The effect of the manipulation on effect
magnitudes appears in Figure 2 and is discussed in the
next section.

The “compatible” block was operationally defined as
the response pairing that was completed fastest for the
majority of respondents. The influence of pairing order
on effect magnitude underrepresents its “typical” mag-
nitude because the reported means collapse across the
conditions designed to reduce its impact (see the 20 tri-
als condition in Figure 2 for the “typical” effect of task
order). Even so, larger effects tended to be observed
when the compatible block of the task was performed
first compared to second (average d = .18). However, the
influence of pairing order on other evaluation criteria
was weak. Performing the compatible task first was asso-
ciated with nondifferentiated relations between implicit
and explicit preferences (average q = .02), internal con-
sistency (average q = .00), vulnerability to extraneous
influences of overall speed (average q = –.01) and experi-
ence with the IAT (average q = –.03). This suggests that,
across five independent content domains, one pairing
order does not provide a better estimate of the underly-
ing construct than the other. The impact of pairing
order appears to have exclusive influence on the magni-
tude of IAT effects and not on its reliability, relations with
self-report, and vulnerability to some extraneous influ-
ences. Next, we examined whether increasing the num-
ber of reverse single-discrimination practice trials was
sufficient to reduce or eliminate the effects of pairing
order on effect magnitude.

Removing the order effect by adding trials to the single dis-
crimination practice block in the second half of the IAT. Figure
2 presents the magnitude of the order effect by the
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number of trials in the reverse single discrimination
practice block for five tasks and the unweighted average
of the effects for those tasks. Elimination of the order
effect would be seen if the magnitude of the order effect
was equal to 0. The sharp decline in effect magnitude
across conditions shows that increasing the number of
practice trials had a strong influence in reducing the
order effect from an average r of .15 with 20 practice tri-
als to an average r of .03 with 40 practice trials. This sim-
ple change in the task procedure was sufficient to virtu-
ally eliminate the extraneous effects of pairing order.

Of interest, although the order effect was certainly
reduced for the Gender-Science task (r = .25 down to r =
.17, a 54% reduction in shared variance), it was not elimi-
nated. There are too many differences between tasks to
isolate the specific reason for the persistence of an order
effect for the Gender-Science task. One obvious candi-
date, however, is that whereas most tasks used pictures or
faces to represent the target categories and words to rep-
resent the attributes, the Gender-Science task was the
only one that used words to represent all four categories.
It is possible that tasks with only a single stimulus modal-
ity will show more unrelenting influence of pairing
order than tasks with multiple stimulus modalities. At
present, this hypothesis is speculative.

Conclusion. Results from Study 4 suggest that adding
additional practice to the reversed single discrimination
practice block will reduce pairing order effects, and even
eliminate them. This constitutes an important improve-
ment to construct validity because it reduces or removes

one of the most persistent extraneous influences on IAT
effects. Even with the added practice, the effect was not
eliminated completely for the Gender-Science task.
Until the moderating factor of this effect is identified,
added practice trials and continued use of pairing order
counterbalancing will ensure minimal influence of this
irrelevant factor.
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TABLE 4: Effects of Varying the Order of Compatible and Incompatible Blocks (Study 4)

Effect Magnitude Extraneous Influences

IAT D IAT Implicit- IAT Overall IAT
Task Mean Effect IAT D SD Effect Size (d) Explicit Corr Internal Consistency Speed (r) Experience (r)

Black-White attitude
“Compatible” block first .45 .54 .84 .33 .56 –.09 –.03
“Incompatible” block first .46 .53 .87 .40 .59 .04 –.17

Old-Young attitude
“Compatible” block first .53 .46 1.16 .18 .47 .01 –.16
“Incompatible” block first .44 .44 .99 .21 .45 .06 –.15

Gender-Science stereotype
“Compatible” block first .56 .47 1.19 .20 .51 –.01 –.05
“Incompatible” block first .35 .48 .72 .25 .53 .02 –.05

Asian-White stereotype
“Compatible” block first .39 .56 .70 .20 .60 .07 –.06
“Incompatible” block first .33 .54 .61 .18 .59 .10 .07

Dark-Light attitude
“Compatible” block first .38 .47 .81 .30 .50 .08 –.15
“Incompatible” block first .33 .50 .66 .24 .50 –.11 –.01

Average effects
“Compatible” block first .46 .50 .94 .24 .53 .01 –.09
“Incompatible” block first .38 .50 .77 .26 .53 .02 –.06

NOTE: IAT = Implicit Association Test.

Figure 2 Magnitude of the pairing order effect by the number of re-
sponse trials in the reverse single discrimination block for
Black-White, Old-Young, Gender-Science, Asian-White, and
Dark Skin-Light Skin Implicit Association Tests (IATs). A
value of zero indicates the absence of a pairing order effect
(Study 4).



GENERAL DISCUSSION

In four studies, we investigated methodological issues
relevant to the design, analysis, and interpretation of the
IAT. The results provide an empirical basis for informing
decisions about procedural design in studies that use the
task. The findings can be summarized as follows:

Question 1: Can analytic methods separate the IAT’s mea-
sure of relative association strength into two separate
measures of association strength? Study 1 demonstrated
that the relative nature of the IATs procedural format
cannot be undone via analytic methods. Even when sub-
sets of its trials are the focus of analysis, the IAT remains a
relative measure of association strengths. This result re-
inforces the importance of selecting the appropriate
comparison category in the IAT. Researchers interested
in assessing associations with a single target concept
should use a method designed for that purpose (e.g., De
Houwer, 2003; Nosek & Banaji, 2001).

Question 2: Is there an optimal number of stimulus items per
category in the IAT? Study 2 showed that IAT effects
could be observed with stimulus sets that are comprised
only of the category labels for the task. This observation,
however, comes with an important caveat that these IATs
show less robust effects than tasks with at least two stimuli
per category. Decisions about the number of stimuli to
use for an IAT can be based on pragmatic concerns, with
at least four stimulus items per category appearing to be
ideal but two items per category being sufficient. The
most effective IATs will use stimulus items that are easily
identified as members of the superordinate category, are
not confounded with other categories in the task, and
are representative of the concept of interest. Likewise,
category labels should directly reflect the construct of in-
terest and maximize the ease with which respondents
can identify the category membership of each stimulus
item.

Question 3: Does the order of IAT and self-report measures
affect the outcome of either measure? In Study 3, little
to no effect on magnitude of implicit and explicit mea-
sure means was observed as a function of order in which
the implicit and explicit measures were presented. This
contrasts with a recent meta-analysis (Hofmann et al.,
2004) that was limited to between-study comparisons
of task order. The results of the present study suggest
that performing the IAT before self-report does not in-
duce reactance or assimilation effects in subsequent self-
report. And, coupled with supplementary analyses of an-
other large data set (Nosek, 2004), the lack of measure-
ment order effects cannot be attributed to self-selection
of tasks or foreknowledge of content domain of the
study. However, the generality of these observations may
be constrained by evidence for measurement order ef-
fects when situational or contextual factors are altered
(Blair, 2002; Bosson et al., 2000). Practical concern
about the presentation order of implicit and explicit
measures may be unnecessary when the measures are
relatively short and simple and where responses to the
target concepts are likely to be stable and unambivalent.
Nevertheless, the cautious strategy of counterbalancing

order of administration of measures may be soundest
when there is no compelling reason to favor one order.

Question 4: Can the unwanted influence of order of IAT per-
formance blocks be reduced? One of the most robust
and well-documented extraneous influences on the IAT
is the order of task performance blocks. In Study 4, we re-
produced this widely observed effect of pairing order
and provided evidence that a simple procedural change
can dramatically reduce its influence. Doubling the
number of trials in the reverse single-discrimination
block of trials from 20 to 40 (in Step 4 of the five-step IAT
procedure) reduced the overall impact of task order to r =
.03. This procedural change has the desirable conse-
quence of minimizing an often-significant extraneous
influence on IAT effects. Of importance, for one task,
Gender-Science stereotype, the order effect did decline
with this procedural adjustment, but it did not disap-
pear. We speculated that pairing order effects are more
robust with IATs using lexical stimuli exclusively.

Conclusion

The necessary link between theory and method in sci-
ence makes the rigorous examination of method of criti-
cal importance for the advancement of theory. Pragmati-
cally, attention to methodological questions can
increase efficiency with which the collective research
enterprise can focus on theoretical questions. In this
article, four studies presented data with pragmatic impli-
cations for the design, analysis, and interpretation of the
Implicit Association Test. With much still to learn about
the IAT, we hope that these results will accelerate theo-
retical exploration of implicit social cognition.

NOTES

1. The difference between Cohen’s d and the Implicit Association
Test (IAT) D measure is that the standard deviation in the denominator
of d is a pooled within-treatment standard deviation. The present D
computes the standard deviation with the scores in both conditions,
ignoring the condition membership of each score.

2. These sites were previously located at http://www.yale.edu/
implicit/ and http://tolerance.org/. At the time of writing this article,
those two sites have been replaced by http://implicit.harvard.edu/.

3. A bug in recording some of the latencies in error trial responses
required the error replacement strategy discussed by Greenwald,
Nosek, and Banaji (2003) rather than retaining the error trial latencies
as is.

4. In fact, justification of a conceptual distinction between implicit
and explicit attitudes requires that implicit and explicit measures each
capture distinct, attitude-relevant variation (Banaji, 2001). Such a con-
ceptual distinction does not, however, require that implicit and explicit
attitudes be completely unrelated. The fact that implicit and explicit
attitudes are related merely eliminates the most extreme form of disso-
ciation—that they are exclusive constructs.

5. The slightly higher implicit-explicit relationships for the stan-
dard relative IAT calculation compared to the single-category IAT cal-
culations is attributable to the fact that the relative IAT score uses twice
as many trials and is thus more reliable than the other two measures.
When the difference in reliability is controlled, the three lines are hori-
zontal for all four tasks.

6. A reviewer suggested that the decomposition strategy may work
for self-esteem measures (similar to those used by researchers previ-
ously; Gemar, Segal, Sagrati, & Kennedy, 2001) even though it did not
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for various attitude object pairs that we tested. We tested this possibility
with a large sample of self-esteem IAT data reported by Banaji and
Nosek (2004; N = 6,229). That analysis replicated effects reported here.

7. The single exemplar category label condition was introduced to
the Black-White and Gender-Science tasks partway through the data
collection after preliminary analysis of the effects suggested that it
would be of interest as a comparison. The results reported in this arti-
cle include data from both before and after this extra condition was
included. Results and interpretations were the same using only the
data collected after including this last condition.

8. A report of this follow-up study is available at http://briannosek.
com.
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