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A popular view holds that older adults are more prejudiced than younger adults because they grew up in
a less tolerant era. An alternative view proposes that aging corresponds with stronger prejudice among
older adults because they have reduced capacity to inhibit biased associations that come to mind auto-
matically. To independently assess these possibilities, we modeled the processes underlying implicit
racial attitudes in samples of teenagers through people in their nineties. Results indicated that older
adults showed greater implicit bias because they were less able to regulate the automatic associations
they possessed, not because of holding stronger associations in the first place. These findings suggest that
age-related increases in racial biases, even those that are implicit, may be due to self-regulatory failure of
older adults, rather than to cohort effects.

� 2008 Elsevier Inc. All rights reserved.
Why do older people tend to be more racially prejudiced than
younger people (Danigelis & Cutler, 1991; Firebaugh & Davis,
1988; Wilson, 1996)? One possibility is that age differences in pre-
judice reflect a ‘‘generation gap” between the young and the old.
According to this idea, a person’s knowledge and evaluation of racial
groups are produced by the historical period in which he or she grew
up. Because Blacks were portrayed more negatively in the distant
than in the recent past, older people should have stronger racially
biased associations compared to younger people. This cohort ac-
count forecasts a shift in racial attitudes, as older generations dwin-
dle and younger generations replace them. If ‘‘baby boomers,”
‘‘Generation Xers,” and other recent cohorts carry their egalitarian
attitudes into old age, society will become less prejudiced.

A second explanation for age differences in prejudice is that def-
icits in cognitive resources alter the attitudinal expression of older
adults. Given that the ability to inhibit automatically activated ste-
reotypes enables people to behave non-prejudicially (Bartholow,
Dickter, & Sestir, 2006; Devine, 1989; Moskowitz, Gollwitzer, Wa-
sel, & Schaal, 1999), and inhibitory functioning declines with age
(Connelly, Hasher, & Zacks, 1991; Hasher & Zacks, 1988), losses
in inhibitory ability may increase stereotyping and prejudice dur-
ing old age, even if the underlying attitudes are of equivalent (or
even declining) strength across the life span (von Hippel, Silver,
& Lynch, 2000). This inhibitory deficits account proposes that peo-
ple of all ages have racially biased associations, but older adults are
ll rights reserved.

salkorale).
less able to suppress their associations. In other words, a younger
and older adult with the same racial attitude in mind may look
very different behaviorally because of age differences in self-regu-
latory capacity.

The cohort and the inhibitory deficits accounts of age differ-
ences in prejudice have been examined in previous research. Con-
sistent with the cohort account, large national surveys have shown
that older white Americans are more likely than their younger
counterparts to endorse negative racial stereotypes, oppose princi-
ples of racial equality, and reject social contact with minority
members (Danigelis & Cutler, 1991; Firebaugh & Davis, 1988; Wil-
son, 1996). von Hippel et al. (2000) demonstrated similar age dif-
ferences in explicit stereotyping and prejudice, and at the same
time, showed that the older adults performed more poorly on a
cognitive inhibition task than the younger adults. Moreover, inhib-
itory ability mediated age differences in stereotyping, and partially
mediated age differences in prejudice, providing initial support for
the inhibitory deficits account.

Although research findings have been consistent with both co-
hort-based differences in biased associations and age-related dif-
ferences in inhibition, it has been difficult to gauge the relative
influence of these factors. This limitation has arisen, in part, from
the use of self-report measures of stereotyping and prejudice in
the previous studies. On such explicit measures, the influence of
biased associations may be readily altered or inhibited according
to respondents’ motives to behave in a non-biased fashion (e.g.,
Fazio, Jackson, Dunton, & Williams, 1995). In other words, the mea-
sures reflect combinations of underlying associations and various
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motives that alter the expression of those associations. Conse-
quently, age differences in self-reported prejudice do not necessar-
ily indicate cohort-based differences in biased associations. In
addition, while the results of von Hippel et al. (2000) suggest that
inhibitory ability influences the expression of bias, they do not
speak to the relative roles of biased associations and inhibition in
prejudice because the former were not assessed. What is needed
is a means to measure biased associations independently of inhibi-
tion of those associations.

In recent years, implicit measures of prejudice have become a
popular way to measure bias independently of motivations to inhi-
bit the expression of biased associations (for a review, see Fazio &
Olson, 2003). These measures are meant to assess the extent of
biased associations of which people may be unaware and that they
may not personally endorse. Importantly, responses on these mea-
sures also are meant to be difficult or impossible to alter with con-
scious intent. Using one such measure (the Implicit Association
Test or IAT; Greenwald, McGhee, & Schwartz, 1998), a large study
(Nosek, Banaji, & Greenwald, 2002) reported a positive correlation
between age and implicit racial prejudice. To the extent that these
responses were impervious to inhibitory efforts, these data provide
the strongest support yet for cohort-based differences in prejudice.
That is, if participants’ responses could not reflect inhibitory ef-
forts, then the age differences were likely due to differences in
the extent of biased associations.

However, although implicit measures surely restrict the role of
inhibitory processes more so than do self-report measures, even
here, self-regulatory abilities affect task performance (Conrey,
Sherman, Gawronski, Hugenberg, & Groom, 2005; Gonsalkorale,
von Hippel, Sherman, & Klauer, 2009; Sherman et al., 2008; see also
Bartholow et al., 2006). Thus, implicit measures, in and of them-
selves, do not provide the key to separating underlying biases from
inhibitory processes. In an attempt to address this issue, we have
developed and validated a method to assess the independent con-
tributions of biased associations and inhibition of those associa-
tions on implicit task performance (see Sherman et al., 2008 for a
review). We used this method (known as the Quadruple process
or Quad model) in the present research to estimate the indepen-
dent contributions of biased associations and regulation of those
associations in producing observed aging effects on an implicit
measure of prejudice. In so doing, for the first time, we were able
to examine independently the extent to which age differences in
prejudice reflect differences in biased associations, differences in
inhibitory abilities, or a combination of the two.
1 During this period, a total of 271,013 White respondents reported their age and
completed the race IAT. The participant sample in the current study included the
White respondents aged over 70 (N = 352) and 2200 respondents from each of the
other age groups.

2 Although non-White individuals also visited the IAT demonstration site, the smal
number of older Hispanic, Asian, and Native American respondents prevented
analysis of the relationship between age and prejudice in these ethnic groups. Among
Black respondents, IAT scores did not significantly increase with age group
F(1,7) = 0.64, p = .43. Thus, there was no evidence to suggest that there were age
differences in Black individuals’ implicit attitudes toward their ingroup.
The Quad model

The Quad model is a multinomial model (see Batchelder & Rie-
fer, 1999) designed to estimate the independent contributions of
multiple processes from responses on implicit measures of bias
(for reviews of this approach, see Sherman, 2006; Sherman et al.,
2008). According to the model, responses on implicit measures of
bias reflect the operation of four qualitatively distinct processes:
Activation of Associations (AC), Detection (D), Overcoming Bias
(OB), and Guessing (G). The AC parameter refers to the degree to
which biased associations are automatically activated when
responding to a stimulus. All else being equal, the stronger the
associations, the more likely they are to be activated and to influ-
ence behavior. The D parameter reflects a relatively controlled pro-
cess that discriminates between appropriate and inappropriate
responses. Sometimes, the activated associations conflict with
the detected correct response. For example, on incompatible trials
of implicit attitude measures (e.g., trying to associate Black faces
with positive words in an IAT), automatic associations (e.g., be-
tween outgroups and negativity) conflict with detected correct re-
sponses. In such cases, the Quad model proposes that an
overcoming bias process resolves the conflict. As such, the OB
parameter refers to self-regulatory efforts that prevent automati-
cally activated associations from influencing behavior when they
conflict with detected correct responses. Finally, the G parameter
reflects general response tendencies that may occur when individ-
uals have no associations that direct behavior, and they are unable
to detect the appropriate response. The Quad model and the con-
struct validity of its parameters have been extensively validated
in previous research (see Beer, Stallen, Lombardo, Gonsalkorale,
Cunningham, & Sherman, 2008; Conrey et al., 2005; Gonsalkorale
et al., 2009; Sherman et al., 2008).

In the current study, a large number of White participants aged
between 11 and 94 completed the race version of the IAT (Green-
wald et al., 1998). The IAT is a reaction-time measure that has been
widely used to assess implicit evaluations across a range of atti-
tude domains (Greenwald et al., 1998; Nosek et al., 2002). Based
on previous findings (Nosek et al., 2002), we predicted that older
adults would show greater bias on the IAT than younger adults.
More importantly, we used the Quad model to distinguish between
the cohort and inhibitory deficits accounts. If age differences in im-
plicit prejudice are due to cohort effects, process estimates of Asso-
ciation Activation should be higher for older adults than for
younger adults. On the other hand, if inhibitory deficits are respon-
sible for age-related increases in implicit prejudice, Overcoming
Bias should decline with increasing age. In addition to the primary
aim of testing the cohort account against the inhibitory deficits ac-
count, we also were able to examine age differences in Detection
and Guessing. Thus, our modeling approach allowed us to examine
the relative influence of the four processes in accounting for age
differences in implicit racial bias. The advantage of this approach
is that, unlike previous research, we were able to assess the under-
lying processes simultaneously and independently in a single task.

Method

Participants

Participants were 15,752 (M age = 37.41, SD = 18.36,
range = 11–94) White individuals who visited the IAT demonstra-
tion website (http://implicit.harvard.edu/; Nosek et al., 2002) be-
tween December 2002 and May 2006.1,2 For the analyses reported
here, participants were split into eight age groups: 11–15, 16–20,
21–30, 31–40, 41–50, 51–60, 61–70, and 71+.

Materials and procedure

After providing demographic information (age, gender, race/
ethnicity, and educational level), participants completed the race
version of the IAT. In the IAT, participants used two keys to catego-
rize 12 target images (six Black faces, six White faces) and 16 eval-
uative words (eight pleasant, eight unpleasant). They were
instructed to make their classifications as quickly and accurately
as possible. They first completed two 20-trial practice blocks, in
which they discriminated pleasant from unpleasant words, and
Black from White faces. The third and fourth blocks were critical
l

,
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blocks consisting of 20 and 40 trials, respectively. Participants
were instructed to press one key whenever they saw a picture of
a White person or a pleasant word, and another key whenever they
saw a picture of a Black person or an unpleasant word. The keys
used to categorize Black and Whites faces were switched in the
remaining blocks. The fifth block was a practice block in which par-
ticipants discriminated Black from White faces. In the last two
blocks, ‘‘Black” shared a response key with the evaluative dimen-
sion ‘‘unpleasant.” Participants who respond more quickly when
‘‘Black” shares a key with ‘‘unpleasant” (‘‘compatible” trials) than
when it shares a key with ‘‘pleasant” (‘‘incompatible” trials) are
thought to have an implicit preference for Whites relative to Blacks
(Greenwald et al., 1998). Category labels remained on the top left
and right of the screen throughout the task, while stimulus pic-
tures and words appeared in the center of the screen. A red ‘‘X” ap-
peared whenever participants made an error, and they were
required to correct it before moving on to the next trial. The order
of the critical blocks was counterbalanced across participants.

Results

To examine age differences in implicit prejudice and processes,
we calculated mean IAT scores and parameter estimates as a func-
tion of participant age group.

IAT scores

IAT effects were computed using the algorithm described by
Greenwald, Nosek, and Banaji (2003). This algorithm was designed,
in part, to control for differences in overall speed of responding,
and has been shown to minimize the effects of age-related slowing
on the IAT. Higher IAT effects indicate stronger implicit pro-White
preference. As shown in Fig. 1, IAT bias increased with increasing
age group, indicating that older participants had a stronger implicit
preference for Whites relative to Blacks than younger participants,
F(1,7) = 32.74, p < .01.

Quad model parameter estimates

The structure of the Quad model is depicted as a processing tree
in Fig. 2. In the tree, each path represents a likelihood. Processing
parameters with lines leading to them are conditional upon all pre-
ceding parameters. For instance, Overcoming Bias (OB) is condi-
tional upon both Activation of Associations (AC) and Detection
(D). Similarly, Guessing (G) is conditional upon the lack of Activa-
tion of Associations (1-AC) and the lack of Detection (1-D).
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Fig. 1. IAT bias as a function of age. Higher scores indicate a stronger preference for
Whites relative to Blacks.
The conditional relationships described by the model form a
system of equations that predict the number of correct and incor-
rect responses in different conditions (e.g., compatible and incom-
patible trials). The model’s predictions are then compared to the
actual data to determine the model’s ability to account for the data.
A v2-estimate is computed for the difference between the pre-
dicted and observed errors. In order to best approximate the model
to the data, the four parameter values are changed through maxi-
mum likelihood estimation until they produce a minimum possible
value of the v2. The final parameter values that result from this
process are interpreted as relative levels of the four processes.
For a complete description of data analysis within the Quad model,
see Conrey et al. (2005).

The overall error rate for the IAT was 6.5%. Two AC, one OB, one
D, and one G parameter were estimated for each age group. One AC
parameter measured the extent to which associations between
‘‘Black” and ‘‘unpleasant” were activated in performing the task,
and the other AC parameter measured the extent to which associ-
ations between ‘‘White” and ‘‘pleasant” were activated in perform-
ing the task. The G parameter was coded so that higher scores
represent a bias towards guessing with the positive (‘‘pleasant”)
key.

One of the difficulties with modeling large datasets is that the
v2 test is dependent on sample size, such that minute deviations
from the model can jeopardize model fit when power is high (see
Bollen & Long, 1993). Not surprisingly, the Quad model did not
fit our large dataset. However, the effect size of this difference be-
tween the data and the model’s predicted data was small, w = 0.05,
indicating satisfactory fit when controlling for power.

Fig. 3 displays mean parameter estimates as a function of par-
ticipant age. Testing for parameter differences between adjacent
age groups revealed the following significant effects at p < .01
(i.e., Dv2(1) > 6.64). Black-unpleasant AC was significantly lower
for the 31–40 group than for the 21–30 group. White-pleasant
AC decreased with increasing age between the 21–30 and 51–60
age groups. This does not support the pattern predicted by the co-
hort hypothesis that would expect stronger Activation of Associa-
tions among older participants to match the stronger IAT effects
among the same participants. In contrast, starting from the 41–
50 group, the Overcoming Bias parameter declined as age in-
creased, demonstrating that older participants were less able to
regulate their activated associations than were younger partici-
pants. Detection significantly increased between adjacent age
groups up until the 51–60 group, whose D estimate was not signif-
icantly different to that of the 61–70 group. However, D was signif-
icantly lower for the 71+ group compared to the 61–70 group. The
only effect for Guessing was that it was higher for the 51–60 group
than for the 41–50 group.3

Discussion

These findings indicate that age-related differences in perfor-
mance on measures of implicit racial bias arise from differences
in the ability of older and younger adults to regulate automatically
activated associations. Contrary to the cohort account, automatic
Activation of Associations was not stronger among the older age
groups. Indeed, the AC parameters diminished significantly with
3 When each individual subject performs relatively few trials (as in the current
se), parameter estimates derived from aggregated data are more accurate than

arameter estimates derived from each participant separately (e.g., Cohen, Sanborn, &
hiffrin, 2008). As such, our analyses utilized aggregated data. Nevertheless, analyses
ased on individual-level parameter estimates produced results nearly identical to
ose produced by aggregate analyses, except that OB, D, White-pleasant AC, and

lack-pleasant AC each had a significant quadratic relationship with age. Individual-
ca
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level data are available from the authors on request.



Fig. 2. The Quadruple process model (Quad model). Each path represents a likelihood. Parameters with lines leading to them are conditional upon all preceding parameters.
The table on the right side of the figure depicts correct (

p
) and incorrect (X) responses as a function of process pattern and trial type. In this figure, the response bias refers to

guessing with the positive key.
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Fig. 3. Quad model parameter estimates as a function of age (OB = Overcoming
Bias, D = Detection, G = Guessing, AC = Activation of Associations).
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increasing age across some groups, and never increased with
increasing age. Instead, as predicted by the inhibitory deficits ac-
count, Overcoming Bias decreased with age. It appears that the old-
er adults exhibited stronger prejudice on the implicit measure
because they were less able to inhibit their activated associations.
These findings suggest that age differences in implicit racial bias
are due to age-related losses in inhibitory deficits rather than to co-
hort effects.

The inhibitory deficits account proposes that the aging process
strips older adults of their ability to effectively regulate automatic
associations. Considerable evidence points to the conclusion that
controlled inhibitory processes are impaired in old age (Connelly
et al., 1991; Hasher & Zacks, 1988). However, an alternative inter-
pretation could be that the older adults lacked motivation and
were not engaged in the task. This possibility is unlikely for two
reasons. First, older adults may actually be more concerned with
impression management than younger adults (von Hippel et al.,
2000), which would increase motivation to perform the task accu-
rately. Second, estimates of Detection increased between the ages
of 15 and 50, even as IAT bias also was increasing. Thus, diminished
D cannot account for increased IAT bias. This age-based dissocia-
tion between OB and D is consistent with previous research (Rosa-
no et al., 2005) showing that not all forms of controlled processing
diminish with age. Rather, age-related deficits in cognitive control
appear to be related primarily to self-regulatory processes.

A possible limitation of the current study is that, because the
sample was comprised of self-selected internet users, participant
characteristics may have accounted for the observed pattern of re-
sults. Although we did not have detailed information on partici-
pant demographics, we did have information on one potentially
important variable: level of education. On average, the younger
participants had completed fewer years of formal education than
the older participants, even when we restricted the sample to
age groups for which every member was old enough to have ob-
tained a higher degree, F(1,4) = 20.01, p < .01. However, education
was not related to the size of the IAT effect in the whole sample.
Among those participants aged over 30, there was a small negative
correlation between level of education and IAT bias (r = �.05).
Moreover, the effect of age group on IAT scores remained signifi-
cant when we included years of education as a covariate,
F(1,7) = 39.66, p < .01. Thus, it is clear that differences in education
did not account for the effect of age on implicit attitudes. Never-
theless, it is possible that other, unmeasured demographic vari-
ables may have influenced the results. Future research should
incorporate detailed demographic variables to rule out their
effects.

This caveat notwithstanding, our current and previous findings
(e.g., Sherman et al., 2008) suggest that acting in non-prejudicial
ways may require effortful control over automatically activated
associations (Devine, 1989; Monteith, Ashburn-Nardo, Voils, &
Czopp, 2002). This has implications for younger as well as older
people, because age is not the only source of variability in inhibi-
tory functioning. For example, when they are intoxicated (Easdon
& Vogel-Sprott, 2000), under cognitive load (Wegner, 1994), or
when their circadian arousal is low (May & Hasher, 1998), younger
adults are less able to inhibit distracting thoughts and restrain
inappropriate responses on cognitive tasks. In fact, it has been
found that younger adults who are under cognitive load perform
at similar levels on cognitive tasks as older adults who are not un-
der cognitive load (Macrae, Schloerscheidt, Bodenhausen, & Milne,
2002). These factors that impair the efficiency of inhibitory mech-
anisms also have been linked to greater stereotyping and racially
biased responding in younger adults (Bartholow et al., 2006;
Bodenhausen, 1990). In other words, younger adults whose inhib-
itory capacity is constrained by situational factors may exhibit as
much prejudice as older adults.

In the United States and other developed nations, older people
are occupying a growing proportion of the population. While poli-
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cymakers and community leaders grapple with the economic and
health implications of the aging population, our study points to
an important social challenge; that, as the population ages, biased
behavior may become an increasingly common social problem.
Older people appear to be prone to responding prejudicially, not
because they have more biased associations than younger people,
but because they have more difficulty suppressing the associations
that they do possess. This suggests that future strategies for pro-
moting positive intergroup relations will need to focus not only
on changing people’s biased associations, but also on training them
how to control their expression.
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