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Abstract

Two methods of changing the strength of implicit associations between males and science
relative to females and science were evaluated in this study. Participants in each of two
experimental conditions completed a manipulation in which they sorted photos of students into
sciences and arts according to their stated major. One condition exposed participants to equal
numbers of stereotypic and counter-stereotypic images, and the other exposed participants to
predominantly counter-stereotypic images. Participants’ bias was measured with an IAT pre-
manipulation, post-manipulation, and twenty-four hours later. No significant changes in IAT
scores were observed from pre- to post-manipulation. Reasons for the results are discussed,
including the nature of the stereotype and methodological considerations. Finally, future research

directions and implications for career decisions are considered.
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Women are under-represented in a number of occupational fields, primarily science- and
math-based areas. This differential representation is not entirely due to sex differences in ability
(Baker & Jones, 1993). One explanation for the difference may be the impact of the prescriptive
stereotype that science careers are not appropriate careers for women. Implicit stereotypic
associations have been shown to be predictive of behaviours, and are more impervious to faking
or issues of social desirability than explicit attitudes (Poehlman, Uhlmann, Greenwald & Banaji,
2005). As sex-based stereotyping is affected by self-presentation biases, studying the strength of
implicit stereotypic associations may be useful. Several methods intended to change the strength
of implicit stereotypic associations have been successfully used in the past. Two notable
examples that have never been directly compared include flooding the individual with counter-
stereotypic information (e.g. Dasgupta & Greenwald, 2001), and reducing dependence on
categorical information by equal exposure to stereotypic and counter-stereotypic information
(e.g. Plant, Peruche, & Butz, 2005). The present research compares the relative effectiveness of
these two methods in reducing the implicit association of males and science relative to females

and science,

Differential Participation in Science and Math

There is a clear disparity between the sexes in participation rates in areas like physics,
engineering, math, and computer science. The US Census (1990) reported that males comprised
85% of architects, 92% of aerospace engineers, 87% of physicists, and 94% of nuclear engineers.
Tn New Zealand, a report by the Ministry of Research Science and Technology (1998) revealed
that females made ﬁp only 18.9% of all scientists and engineers in 1996. Women were more
prevalent in health professions (35.4%) and mathematics/statistics (32.9%), and least represented

in engineering (7%) and computing (21.6%).
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In an educational context there is a similar participation gap. In US colleges, males make up
66% of physical science, 65% of math and computer science, and 84% of engineering enrolments
(Nosek, Banaji & Greenwald, 2002). In New Zealand in 2003, female enrolments in tertiary
science equalled that of males in natural and physical sciences, but females were
underrepresented in areas like engineering, architecture, and agriculture (Ministry of Research
Science & Technology of New Zealand, 2003). For example, in 2006, males obtained 88% of
tertiary engineering qualifications (Tertiary Education Statistics, Education Counts NZ, 2006). In
fact, differential participation rates often exist as soon as science and math courses become non-
compulsory. US research shows male high school students are more likely than female students
to take technology, physics, and math papers, with females more likely than males to take
modern languages, English and other arts papers (Burr, 1998). In New Zealand, females are
similarly more likely than males to take languages, arts, and history, and males are more likely

than females to take calculus, physics, and technology (Education Counts New Zealand, 2007).

Differential participation is an issue for various reasons. Diversity in the workplace is a hot
topic for businesses today — a survey of 400 human resource professionals in the United States
revealed that 76% of the organizations they worked for had specific diversity practices in place,
and two-thirds provided training on diversity-related issues (SHRM Report, 2005). The
relationship between diversity and organizational performance is not straightforward, but it does
appear that diverse organizations can achieve better performance than homogenous organizations
under some conditions (e.g. if the organizational culture is inclusive and emphasizes collectivism
over individualism; Chatman, Polzer, Barsade & Neale, 1998). As demonstrated above, many
science fields are relatively homogenous by virtue of being predominantly male, so would benefit
from increased diversity in terms of sex. Interest in science fields is also decreasing generally,

meaning that organizations dealing in science must seek out new potential groups of employees
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(OECD, 2006). As women are increasing their participation in the workforce (Statistics NZ 2003,
2005), they are a viable source of new employees. Increasing the proportion of women in science
fields could facilitate an increase in science participation in general as well as allowing

previously homogenous workplaces to reap the benefits of diversity.

Underlying Reasons for Differential Participation

It is generally accepted that environmental factors like stereotyping (rather than simply
biologically determined ability) have a strong influence on females’ career choices (Baker &
Jones, 1993; OECD, 2006). Sex-based stereotyping tends to have a prescriptive component,
involving an expectation that group members ought to exhibit traits and behaviours that conform
to the stereotype, and a value judgment about individuals who do or do not conform (Prentice &
Carranza, 2002). That is, people who conform to sex-based stereotypes are rewarded (by
acceptance, positive evaluation and so on), and those who violate the stereotypes are punished
(by discrimination, negative evaluation, and so on). This social conditioning teaches individuals
what behaviours, traits, and occupations are appropriate for their sex (Prentice & Carranza,
2002). There are a number of areas where the effect of the stereotype associating males with

science can be seen (Correll, 2001).

Early in life, individuals begin to experience reminders that science is an inappropriate career
choice for women. For example, Crowley, Callanan, Tenebaum and Allen (2001) found that
parents were three times more likely to explain science museum exhibits to male children than to
female children. In addition, Tiedemann (2000) found that when parents endorsed the stereotype
that males are better at science than females, they and their daughters both believed the daughter

had less math ability. All sorts of media can serve as reinforcement for the stereotype, including
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software programs, posters on classroom walls, television programs and advertisements (for a

meta-analysis see Oppliger, 2007).

When the sex-gap in participation becomes too extreme, occupations can become sex-typed,
and this can lead to the opposite sex being less interested in and less likely to enter that
occupation (Heilman, 1979). This is the case with many science and math based fields, which are
sex-typed as male (Greene, Sullivan & Beyard-Tyler, 1982). Nosek (1999) argued that the
avoidance of opposite sex-typed occupations occurs because of a conflict between gender
identity, stereotype endorsement, and interest in science. Most women develop a strong
association between self and female long before they have to choose a field of study (Crombie,
Sinclair, Silverthorn, Byrne, DuBois & Trineer, 2005). In addition, the stereotype that males are
better at science than females creates a strong association between males and science, and a
correspondingly strong, but negative, association between females and science (Nosek, 1999).
This association also develops early, in children as young as five to eight years old (Stroeher,
1994, Miller & Budd, 1999). The third component of this situation is the strength of association a
female develops between herself and science. A woman with a strong female-self association,
and a strong negative female-science association, will have a weak or negative self-science
association to maintain consistency. This is based on Heider’s (1959, as cited in Nosek 1999)
balance theory, and has been supported by Nosek et al. (2002). This suggests that some females
may choose to avoid science due to beliefs about sex rather than interest. This is a critical area
where stereotype reduction research can play a role. If the association between males and science
can be weakened, a benefit may be that females no longer have to avoid science to maintain the

balance between gender identity and the association of sex and science.
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Another area where the influence of the stereotype can be seen is in situations that elicit
stereotype threat. Stereotype threat occurs in performance situatioﬁs when an individual is aware
of stereotypes that predict their poor performance (Schmader, Johns & Barquissau, 2004). It has
been shown that when stereotypes about females’ poor math performance are made salient,
females perform worse on math tests (Spencer, Steele & Quinn, 1999; Davies & Spencer, 2005)
and show less interest in future participation in math (Davies, Spencer, Quinn & Gerhardstein,
2002). If mere awareness of the stereotype can create these effects on female performance and
interest in participation, it follows that decreasing or inhibiting activation of the stereotype, even
temporarily, may alleviate these effects. Research into short-term stereotype change may thus

have practical implications for stereotype threat reduction.

Those females who do choose science careers may experience sexual harassment and
discrimination as a result. A number of researchers have shown that women in predominantly
male occupations and workplaces are sexually harassed more than women in balanced or
predominantly female occupations / workplaces (Fitzgerald, Drasgow, Hulin, Gelfand & Magley,
1997; Glomb, Munson, Hulin, Bergman & Drasgow 1999; Mansfield, Koch, Henderson, Vicary,
Cohn & Young, 1991). Harassment creates working conditions that have been linked to work
disruption, loss of job motivation, dread of work, and turnover intentions (Jensen & Gutek,
1982), which suggests that females may be motivated to leave male dominated careers and
organizations. The relevance of this to the study of stereotypes should be clear. Women who
violate sex-based stereotypes such as the male-science one are more likely to experience sexual
harassment than are stereotype-conforming females. Stereotype change research then becomes an
important part of reducing the incidence of sexual harassment in the workplace. If science is
made into a sex-neutral occupation, then women should not be discriminated against or harassed

for choosing that occupation.
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Stereotype Change Research

It is evident that there are very good reasons why more women should enter science careers,
and several stereotype-based reasons why they do not. Stereotyping can be beneficial as it saves
time and effort in interpersonal interactions, by allowing inferences to be made about people
based on their group membership (Patterson & Bigler, 2006). However, this particular stereotype
is problematic because it influences the career choices of women in restrictive ways. Until the
stereotype is lessened or eliminated, there will still be barriers to entry into science careers for
women. It is important to conduct research on how this stereotype might be changed or its impact
on women reduced. The examples above highlight some of the varied areas that stereotypes
affect, including sex-typing, stereotype threat and sexual harassment. Research into how best to
change stereotypes may therefore be an important step towards encouraging more women into

science.

Stereotypes can be measured explicitly and implicitly (Rydell, McConnell, Mackie, & Strain,
2006). An individual is aware of their explicit stereotypes, and can manipulate their expression.
Most measurement of explicit stereotypes consists of asking individuals to self-report their level
of endorsement of a particular stereotype. Because individuals can manipulate the expression of
their explicit stereotypes, their expression is often subject to a number of moderating factors,
including self-presentation biases (Gregg, Banaji, & Seibt, 2006). In studies looking at socially
sensitive topics, individuals may report less stereotype endorsement than they actually have,
which will affect the ability to predict behaviour based on expressed explicit attitudes. In
contrast, individuals cannot directly report or manipulate the implicit expression of stereotypes,
often because they are unaware of the strength of their implicit associations (Fazio & Olson,

2003). Because of this, indirect measurement techniques may be a better means of capturing the
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strength of an individual’s stereotypes, especially for stereotypes that are subject to social
desirability forces. Implicit and explicit attitudes correlate quite highly under some conditions
(e.g. domains that are not socially sensitive, such as a preference for flowers versus insects,
Greenwald, McGhee & Schwartz, 1998). Further (and discussed below), implicit measures of
stereotyping have been shown to be predictive of behaviours beyond those predicted by explicit
stereotype endorsement. Implicit measures of stereotype strength therefore have valuable
research implications for topics like sex-based stereotypes, and for that reason, the remainder of

the discussion here focuses on implicit stereotypes.

There is a wide range of measures of the strength of implicit stereotypes, but probably the
most widely known and frequently used measure today (Fazio & Olson, 2003) is the Implicit
Associations Test (IAT; Greenwald et al 1998). The IAT traditionally measures the strength of a
person’s associations between two contrasting categories and an attribute dimension (e.g. the
concepts of Blacks and Whites and a positive/negative attitude), but has also been used to
measure the strength of association between two sets of categories, such as male/female and
arts/science (e.g. Nosek et al 2002). That is, an IAT might measure how strong an association a
person has between males and science and females and arts, relative to how strong their
association is between females and science and males and arts. This strength of association is
based on response times to stereotypic and counter-stereotypic information. An IAT score then
represents the ‘bias’ a person has, where a larger score represents a larger difference in relative
association strength between the two alternate pairings of categories. Greater detail about the

procedure of the IAT is described in the method section of this thesis.

IATs are popular because they are easy to use with a variety of topics, have good reliability

and are particularly difficult to fake on (Poehlman et al 2005; Nosek, Smyth, Hansen, Devos,
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Lindner, Ranganath et al, 2007). Cunningham, Preacher and Banaji (2001) and Nosek and Banaji
(2001) found strong correlations between IAT scores and various other established implicit
stereotype measures. The relationship between implicit and explicit attitudes and stereotype
endorsement is moderated by a number of variables such as self-presentation and strength of
endérsernent (Nosek, 2005). However, a large study by Nosek (2005) examining the relationship
between IAT scores and explicit stereotype endorsement in 57 content domains (including
relative liking of presidential candidates Gore versus Bush, hip hop versus classical music, and
Whites versus Blacks) found quite strong correlations in some domains, and a reasonably strong

average correlation across all 57 domains.

A recent meta-analysis of implicit attitude studies showed that scores on an IAT predicted a
wide range of outcomes including social judgments, physiological responses, and social
behaviours (Poehlman et al, 2005). Specific examples from this meta-analysis include measures
of implicit racial stereotypes predicting individuals’ preferences for a White over a Black partner
on an intellectual task (Ashburn-Nardo, Knowles & Monteith, 2003) and negative nonverbal
behaviours towards a Black confederate (McConnell & Leibold, 2001). There are not many
studies specific to the stereotype that males are better suited to science than females. However,
Nosek et al. (2002) found that stronger stereotypic IAT scores were associated with higher
relative performance on the standardized US college admission tests (SATs) for math ability than
for verbal ability for males, but worse relative performance for females. In addition, Kiefer and
Sekaquaptewa (2007) showed that for females, having a stronger implicit association of males
and science relative to females and science predicted worse performance on the final exam for a
calculus course and less interest in a math career. These findings held even after controlling for
SAT scores and prior course performance. Explicit stereotype endorsement did not predict

performance or career interest.
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Research on a direct link between changing implicit attitudes and resulting changes in
behaviour is sparse. In a series of studies, Kawakami, Phills, Steele, and Dovidio (2007)
established that a training program, which required participants to push a joystick away in
response to an image of a White individual, and pull the joystick towards them in response to an
image of a Black person, resulted in lower implicit negative attitudes towards Blacks. They then
showed that after participating in the training task, participants showed less stereotyped
nonverbal behaviours in an interaction with a Black confederate than did a control group. The
combination of these findings suggests that the training task may have changed participants’
implicit attitudes and thus their behaviour, however no firm conclusions can be made as this link

was not directly established.

In general, Poehlman et al. (2005) showed that both explicit and implicit attitudes
successfully predicted behaviours in a number of areas. Explicit attitudes were a better predictor
than implicit attitudes in areas like political preferences and brand-related choices, but implicit
attitudes were a better predictor of stereotype related behaviour. The predictive value of explicit
attitudes was weaker in socially sensitive situations and where predicted behaviours were hard to
control, whereas implicit attitudes predicted equally well across socially sensitive and non-
sensitive areas, and across a range of controllable and uncontrollable behaviours. The above
evidence shows that the strength of implicit stereotypic associations relative to the strength of
counter-stereotypic associations is measurable by IATs, and that measure is predictive of a range
of behaviours. These findings, especially the studies that establish predictive validity of the male-
science stereotype, support the notion that changing implicit stereotype strength is an important

part of opening the field of science to females.
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Both stereotype malleability (temporary change) and permanent or long-term change are
important areas of research. Reducing or eliminating the stereotype permanently could allow
people to choose their career based on interest rather than beliefs about the appropriateness of
that career for their sex. This may involve other mechanisms beyond what is required to
temporarily change stereotypes. However, progress on complete elimination of the stereotype is
likely to be slow. Spence and Buckner (2000) found very similar endorsement of sex stereotypes
about instrumentality and expressivity in 1974 and 1996, despite undeniable cultural and
legislative changes in that time period. Stereotype malleability is useful in the interim as it creates
an immediate change in the stereotype, which may result in temporary behaviour changes. Most
research has focused on immediate outcomes — for example, Blair’s (2002) review of fifty-one
studies of stereotype malleability included only three studies that measured implicit attitudes a
day or more later. In circumstances where stereotype minimisation is important (e.g. in a job
interview or where stereotype threat is an issue), methods of temporary change may be of great
value. Two successful approaches to affecting the expression of implicit stereotypes in the short-

term will be discussed below and used in the present research.

Counter Stereotypic Exposure

The first approach considered in the present research is the use of counter-stereotypic
exposure to change the relative strength of stereotypic and counter-stereotypic associations.
Following the environmental association model (Karpinski & Hilton, 2001), implicit attitudes are
considered to be a result of the associations an individual experiences throughout their life. These
associations can come in various forms, from seeing more male than female scientists, to hearing
more stereotypic than counter-stereotypic comments, jokes, and so on. An individual who

experiences more male-science pairings than female-science pairings will thus have a stronger
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implicit stereotype than an individual who has had a more stereotype-neutral set of experiences.
Following this logic, flooding an individual with counter-stereotypic experiences until the
number and strength of associations becomes balanced ought to eliminate the stereotype.
Empirical evidence has generally been favourable towards this method, and several examples are

given below to demonstrate its success.

Karpinski and Hilton (2001) used the stereotype that older people are viewed more
negatively than young people. They gave participants an IAT to measure implicit negative
attitudes about the elderly relative to youth, showed participants a series of either all counter-
stereotypic or all stereotypic word pairs, and then gave them a second IAT. The IAT scores of
participants who had been exposed to stereotypic pairings did not change over time, but IAT
scores for those exposed to counter-stereotypic information decreased significantly from baseline
to after the manipulation, This suggests that the strength of their implicit negative associations

towards the elderly had been at least temporarily reduced.

Dasgupta and Greenwald (2001) assessed whether exposure to counter-stereotypic images
reduced implicit negative attitudes towards Blacks, and whether the reduction would persist a day
later. This is one of the few studies that have looked at whether a change in stereotypes persists
over any length of time. They put participants in one of three groups — a pro-White group that
saw images of admired Whites and disliked Blacks, a pro-Black group that saw images of
admired Blacks and disliked Whites, and a control group that saw images of flowers and insects.
After repeated exposure to the images, participants’ implicit negative attitude towards Blacks
relative to Whites was measured with an IAT. Results showed that immediately after exposure,
the pro-Black group had significantly lower negative aftitudes towards Blacks relative to Whites

than the control group, which had significantly lower negative attitudes towards Blacks relative
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to Whites than the pro-White group. Twenty-four hours later, there was no significant difference
between the control and pro-White groups, but the pro-Black group maintained significantly

lower negative attitudes towards Blacks than both of the other groups.

There is minimal research on changing sex-based stereotypes using counter-stereotypic
exposure. However, Dasgupta and Asgari (2004) examined the effect of counter-stereotypic
exposure on the negative association between females and leadership in two studies, one short-
term and one over a longer period. Participants in the first study were exposed to pictures and
descriptions of either flowers (control) or famous women leaders (counter-stereotypic exposure).
Participants then completed an IAT measuring the strength of association between women and
leadership compared to between women and supportiveness. Participants exposed to counter-
stereotypic information were faster at responding to counter-stereotypic pairs within the IAT than
were the control group, and were faster at responding to counter-stereotypic pairs than to
stereotypic pairs. This study suggests that the stereotype of women being more strongly
associated with supportiveness than with leadership can be manipulated by repeated counter-

stereotypic exposure in a laboratory based manipulation.

The second study was a longitudinal comparison of a group of female-only college students
with a group of female students at a coeducational college. Participants completed an IAT
measuring the strength of association between women and leadership two months into their first
year of college and another IAT a year later. At time 1, both groups showed a stronger
association between males and leadership than between females and leadership. After a year,
participants from the female-only college had reduced their bias so they showed no differences in
the association between males and leadership relative to females and leadership, and the co-ed

college students had an even stronger association between males and science relative to females
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and science than they did at time 1. Dasgupta and Asgari (2004) conducted a series of regressions
on their data, and found that the amount of exposure to female faculty a student had significantly
predicted their IAT scores at time 2, such that more exposure to female faculty predicted lower
bias on the IAT. This factor completely mediated any effect of college type or choice of courses

on IAT scores at time 2.

Most, if not all research that has employed counter-stereotypic exposure to create change in
implicit associations has used 100% counter-stereotypic information. Plant et al. (2005) believed
that proportions other than 100% counter-stereotypic exposure could successfully affect the
expression of stereotypes. Their rationale was that while effective, the counter-stereotypic
method was flawed by its continuing emphasis on the relationship between the category (e.g. sex)
and the stereotyped trait (e.g. science aptitude). Plant et al.’s (2005) proposed solution to this

dilemma is the second change manipulation discussed and used in the present research.

Equal Frequency Exposure

Plant et al. (2005) proposed that if an individual was engaged in a task where race (or other
categorical variables) did not aid performance, they would either not activate or would inhibit the
activation of the category. Their proposed method was a stimulus-sorting manipulation that
removed the association between the category (race) and the trait (violence) by using a number of
stimuli that were evenly divided between stereotypic and counter-stereotypic in nature. Race was
therefore irrelevant to performance on the task, and participants ought to have been motivated to
ignore it. Plant et al. (2005) proposed that improvement on the manipulation might be a result of

one or both of two possible routes.
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The first explanation was that participants who endorsed the stereotype would probably
initially notice the race of the target individuals, and respond in a stereotypic manner. That is,
they would be slower to respond to, and would make more errors on, counter-stereotypic pairs
compared to stereotypic pairs. Attention to race and the subsequent influence of stereotypes on
response patterns are not, however, inevitable. The application of a stereotype depends on the
individual’s goals and cognitive resources, among other things (Kunda & Spencer, 2003).
Bodenhausen and Macrae (1998) argued that individuals will disregard or inhibit interfering
information in person perception tasks. Kunda and Spencer (2003) also reviewed evidence that
attention to categories or stereotypes can either be inhibited initially, or attention can dissipate
over time as required by the individual’s goals and circumstances. Participants were told to
perform as quickly and accurately as possible. In addition, participants were made aware of their
accuracy by an error message that appeared after every mistake. Responding in a manner that was
influenced stereotypically by the race of target individuals would hurt performance on the
manipulation, and therefore individuals would inhibit (or not attend to) the category of race to
improve performance. Plant et al. (2005) predicted that participants in their experiment might
initially show stereotyped response patterns, but participants would successfully ignore race after

some practice on the experimental manipulation.

The second explanation they proposed was that an equal frequency manipulation might
affect the strength of stereotypic associations in the same way that a counter-stereotypic
manipulation would. Counter-stereotypic exposure is thought to work by partially counter-
balancing the previous imbalance in an individual’s total associations. Plant et al. (2005) believed
that for an individual with a set of stereotyped associations that was larger than their set of
counter-stereotypic associations, exposure to equal frequencies of stereotypic and counter-

stereotypic pairs might also partially balance out the total of previous associations. If this were
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the case, however, the equal frequencies method might be expected to be somewhat less effective
than the counter-stereotypic method, as both the proportion and absolute number of counter-

stereotypic associations provided would be less.

The stereotype that Plant et al. (2005) assessed was that Blacks are more likely to be violent
criminals than Whites are. They conducted a series of four related studies, which all used one or
more variations of a basic manipulation program. The basic program used in all studies displayed
a series of pictures of a Black or a White face, with either a gun or a tool superimposed. These
combinations represented either violent criminals or innocent bystanders, and were either
stereotypic (innocent Whites and violent Black criminals) or counter-stereotypic (innocent Blacks
and violent White criminals). Participants were instructed to press one button to ‘shoot’ faces
with guns superimposed, and a second button to ‘not shoot’ faces with tools superimposed. The
four combinations occurred equally often so there was no benefit for participants who used race
as a diagnostic cue. If participants used race as a cue, they would make more errors and be

quicker to shoot innocent Blacks and not shoot violent White criminals than the reverse.

In the first study, all participants completed 160 trials of the basic program. This study was
intended to assess whether biases existed, and whether these biases could be reduced with the
basic program. In the first half of trials, participants were significantly more likely to shoot at
Black than White targets holding tools, and more likely to choose not to shoot at White than
Black targets holding guns — that is, they responded in a stereotypic manner. This effect
disappeared by the end of the experiment so that there were no significant differences in reaction

time or error rate between the four pair types in the second half of the experimental trials.
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The second study assessed whether the influence of the manipulation would persist over
time. Half the participants completed the basic program, and then returned to the laboratory
twenty-four hours later to complete the basic program again. The second half of participants
completed a similar program on the first visit, where participants had to ‘swat’ insects and ‘not
swat’ birds. These participants also returned to the lab twenty-four hours later and completed the
basic program. Participants who completed the basic program at both times showed bias on the
first half of the first visit, but their bias had been eliminated by the second half of the first visit,
and they remained non-biased on both halves of the second visit. Participants who completed the
insect/bird program on the first visit showed bias on the first half of the second visit, which was
not exhibited on the second half of the second visit. This showed both that the reduction in bias
persisted over time, and that mere practice with a similarly structured program did not result in

reduced bias 24 hours later.

In a third study, Plant et al. (2005) then assessed whether improvements in performance were
the result of practice effects with the format of the computer program. Participants completed the
same program but with 70% stereotypic and 30% counter-stereotypic pairs. If effects in the first
two studies were simply due to increased familiarity with the shoot/don’t shoot principle of the
program, this group should have shown a similar pattern of improvement. There were no
significant differences in response time between the first half and second half of trials, and
participants made significantly more errors on the second half than they did on the first half.
Participants made more errors on counter-stereotypic pairs than on stereotypic pairs at both times.
These results indicate that it is not simple practice with the program’s format that is causing the

elimination of bias,
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The fourth study examined whether decreases in bias were due to the category of race not
being activated by testing category activation immediately after the computer program.
Participants completed either a full version of the basic program (160 trials), a short version (40
trials) or did not complete the program at all. All participants then filled out a word completion
task that included 18 word fragments, 10 of which could be completed with race related words
(e.g. R_C_, ACK). Participants who had undergone the full session responded with fewer
race-related words than any other group. This suggests that the category of race was either not
activated at all, or was inhibited during the course of the manipulation. The short version and
control groups were not significantly different in terms of the number of race-related words
produced. These results, however, do not allow conclusions to be drawn about effects of equal

frequencies exposure on stereotype strength.

Plant and Peruche (2005) had police officers complete the same manipulation, and showed
the same pattern of results — stereotyped response patterns on the first half of trials, and
successful elimination of this response pattern on the second half of trials, so that participants
took equal time and made equal numbers of errors on stereotypic and counter-stereotypic trials
alike. Peruche and Plant (2006) applied the equal frequency method to the stereotype that Blacks
are more athletic than Whites and found initial racial stereotyping in terms of more errors on
counter-stereotypic trials than stereotypic trials, which disappeared by the end of the experiment.
These studies, and that of Plant et al. (2005), are the only ones which have explicitly tried to use
this method to reduce bias, and for the most part have only looked at performance on the
experimental manipulation itself (with the exception of Study 4 from Plant et al, 2005). None of
the experiments assessed whether participants’ stereotype endorsement or implicit associations
had changed as a result of the manipulation. However, Plant et al. (2005) believed that their

manipulation could potentially reduce the strength of association between categories in the same
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way that the counter-stereotypic method does. Unfortunately, none of the three studies discussed
here included an appropriate measure to test that possibility. Further studies must be done to
replicate these successes and extend understanding of what is happening to participants’
stereotypes after undergoing the manipulation. In addition, while Plant et al.’s (2005) logic for
using equal frequencies rather than counter-stereotypic frequencies is reasonable, their
comparison of the two manipulations has not been tested empirically. Empirical evidence is
needed to suggest that one is truly superior to the other (or that both work equally well). Research
that directly compares the two will enable further understanding of each and allow

recommendations to be made for which is superior.

The Present Research

The present research compared the effects on implicit stereotypic associations of Plant et
al.’s (2005) equal frequencies manipulation with the effects of a counter-stereotypic
manipulation, using the stereotype that males are more strongly associated with science than
females. The IAT was used to measure relative strength of implicit association of stereotypic and

counter-stereotypic category pairs, allowing changes to be compared between conditions.

The experimental manipulation consisted of a series of male and female faces paired with
science and arts subject titles. This manipulation is referred to hereafter as the subject-sorting task
(SST). Participants sorted each pairing into arts and science categories based on the subject in the
label. The SST involved 240 trials (120 unique photos each viewed twice). Performance on this
manipulation, like Plant et al.’s (2005), shows the influence of stereotypes (or lack of influence).
The equal frequencies proposed by Plant et al. (2005) formed one condition of the experiment
(referred to as the ‘equal frequencies’ condition or EF). Participants in this condition saw equal

numbers of stereotypic and counter-stereotypic pairings. A second condition was included where
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participants saw 70% counter-stereotypic pairings (referred to as the ‘counter-stereotypic
condition, or CS). Previous studies have usually employed exposure to entirely counter-
stereotypic information, but a 70/30 split was chosen instead to create an increased likelihood that
participants would believe the labels. That is, it was expected that a group of students where 30%
were behaving in a stereotypic manner would be more realistic than a group where every student

was behaving in a counter-stereotypic manner,

Response latencies and error rates were recorded for both stereotypic and counter-stereotypic
pair types throughout the SST. Plant et al. (2005) used a median split in their analyses. However,
the present research uses the first third (80 trials) and the last thifd, discarding the middle third.
We were interested in two distinct performances — participant performance at the beginning of
the experiment, and participant performance at the end of the experiment, after they had been
exposed to the entire manipulation. As we were interested in two distinct end points, it made the
most sense to capture the end points and exclude as much of the transitional learning phase as

possible.

An JAT was used to measure the relative strength of association between stereotyped
concepts initially, immediately after the SST, and twenty-four hours later, A third group acted as

a control and completed three IATs at the same intervals but without completing the SST.

Hypotheses

Hypothesis 1: Participants will show a stronger association between males and science than
females and science on the first IAT and will show stereotyped responding on the
first third of the SST.

That is, all participants will have significant bias on the first IAT, and all participants who
complete the first third of the SST will take longer to respond to, and make more errors on,

counter-stereotypic pairings than they will on stereotypic pairings.
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Hypothesis 2: Participants’ IAT scores will be reduced by both versions of the SST.

The counter-stereotypic method has been successful in past research, and Plant et al. (2005)
postulated that equal frequency exposure would work similarly. It is therefore expected that both
methods will be effective in the current research. Scores on the second IAT should be less biased
than the first IAT scores for both experimental conditions. In addition, the control condition’s
first and second IAT scores should not differ from each other. The second IAT score for the
control condition should be significantly more biased than the second IAT scores for either of the

experimental conditions.

Hypothesis 3: The counter-stereotypic condition will be a more effective method for
reducing IAT scores than the equal frequencies condition.

The equal frequency method has been shown to potentially inhibit the concept of race, and
its effectiveness at reducing IAT scores has not been assessed. Plant et al. (2005) argued that their
manipulation could have reduced endorsement of the stereotype as well as inhibiting the category
of race, but they did not measure stereotype change in their studies. They proposed that if the
equal frequencies method was to change the strength of the stereotype, it would do so through the
same route as the counter-stereotypic method. As discussed above, if this is the case the equal
frequencies method is likely to be a weaker version of the counter-stereotypic method (due to the
lower absolute number of counter-stereotypic associations). While Plant et al. (2005) believed
their method was potentially more useful than counter-stereotypic exposure for reducing the
impact of stereotypes through category inhibition, they did not measure or postulate how
effective the method would be for reducing implicit bias. Further, the IAT forces participants to
think in terms of categories as it provides the categories of interest, so category inhibition should

not affect IAT scores.
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This hypothesis will be assessed by comparing the second IAT scores between the two
experimental conditions, assuming that initial IAT scores are not significantly different between
the two. Additionally, response time and error rates on counter-stereotypic pairs of the late block

of the SST will be compared between the experimental conditions.

Hypothesis 4: The effect of the experimental manipulations will be maintained over the
24 hours, and bias will still be reduced on the third IAT.

Following the findings of Dasgupta and Greenwald (2001), whose participants showed
similar scores immediately after a counter-stereotypic intervention and 24 hours later, it is
expected that the scores will remain stable from IAT 2 to IAT 3 for all three conditions. The
control condition is expected to have stable scores across all three IATs, and the experimental

conditions should each have similar IAT scores at time 2 and 3.

Hypothesis S: There will be a positive correlation between the change in counter-
stereotypic response times on the SST across time and the change in IAT scores from pre-
SST to post-SST.

The SST was designed for this study in an attempt to create a manipulation that reduced the
bias of AT scores. It is hypothesized that this will be successful. Logically, if participating in one

of the SST versions results in lower IAT scores afterwards, changes on each will be correlated.
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Method
Participants

Participants were 100 students from the University of Canterbury, who volunteered to
participate in return for a $5 voucher and entry into a prize draw. There were fifty-nine female
and forty-one male participants. The mean age was 23 years (ranging from 18 to 52 years).
Participants were from a range of disciplines — 35 science (19 females, 16 males), 31 arts (21
females, 10 males), 15 commerce (13 females, 2 males), 1 law (female), 12 engineering (all
male), and 4 doing both a science and an arts degree (3 females, 1 male). The average university

tenure was three years.

Materials

Implicit Association Test

Implicit associations between males and science relative to females and science were tested
using a custom-written PC version (Walton, 2003) of the Implicit Association Test (IAT;
Greenwald et al 1998). In this version of the IAT the stimuli came from two sets of categories —
subject domain (arts/science) and sex (male/female). There were ten words for each category (see

Appendix A for a list of all 40 target words).

The target words for the science and arts categories were determined by a pilot study. Six
students from the University of Canterbury were given a list of all the arts and science subjects
offered at the University (except subjects offered as both arts and science). The students were
instructed to select the ten subjects that they thought were most obviously arts subjects and the
ten which were most obviously science subjects. The subjects selected for inclusion in the
experiment were those with the highest agreement by the six students. Five subjects were selected

by all students, six by five students, five by four students, and two by three students. Two
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subjects that were not in the top-ranked list (math and computer science) were included, as much
of the previous literature has focused on these two subjects in particular. They replaced cell
biology and evolutionary biology as there was already adequate representation of the biological
sciences and because previous literature has shown that the biological sciences are more equally

populated by males and females.

The IAT consisted of seven blocks of trials. The category labels appeared in the upper left
and right hand sides of the screen during all trials. On each trial a target word appeared in the
centre of the screen. The participant was instructed to press one key (on the left-hand side of the
keyboard) if the word presented belonged to the category shown on the left of the screen, and a
second key (on the right-hand side) if the word belonged to the category on the right of the
screen. If the participant pressed the correct button a green tick appeared below the centre word
and then the next word was displayed. If the participant pressed the wrong button a red cross
appeared and the participant had to press the correct button in order to move on to the next word.
For each target word the response latency for the first key press was recorded, as well as whether

the correct key was pressed first.

In three of the seven blocks (blocks one, two, and five) only one set of category labels
appeared onscreen —either males/females or arts/sciences) and the words presented in the centre
of the screen came only from that set of categories. In the remaining blocks both sets of category
labels were shown and words from both sets of categories appeared during these blocks. For
example, male and science appeared on the left hand side, sharing a response key, and female and
arts on the right, again sharing a response key. For two consecutive blocks, the pairs were
stereotypic (male and science on the same side, female and arts on the same side), and for the

other two blocks the pairs were counter-stereotypic (female and science on the same side, male
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and arts on the same side). Blocks 3 and 6 were practice blocks and Blocks 4 and 7 the critical
blocks. Following recommendations by Greenwald, Nosek, and Banaji (2003), all four of these
blocks were used to generate the overall IAT score. The short practice blocks (3 and 6) contained
40 trials in each block, and the critical blocks were twice as long, with 80 trials each. To
minimize order effects, half the participants completed the stereotypic blocks first followed by
the counter-stereotypic blocks (SCS version), and half completed the counter-stereotypic block

first (CSS version).

Subject-Sorting Task

The subject-sorting task (SST) was conducted using custom-written computer software
(Walton, 2007). Participants were shown images of faces labelled with subject majors, and were
asked to classify the subject into one of two categories — sciences and arts. The images (a face
with a subject major beneath it; see Appendix B for examples) were presented one at a time in the
centre of the computer screen, in a unique random order for each participant. Throughout the task
the subject domains (arts/sciences) were displayed in the upper right and left hand sides of the
screen. For each image the participant had to respond by pressing one of two buttons to indicate
which domain (arts/science) the subject major belonged to. If the participant pressed the correct
button a green tick appeared and the next image was displayed. If the participant pressed the
wrong button a red cross appeared and the participant had to press the correct button in order to
move on to the next image. For each image the program recorded the response latency for the

first key press and whether the correct key was pressed first.

A practice block consisted of ten black and white photos of individual faces, five male and
five female, taken from a dataset used in previous research at the University of Canterbury

(Johnston, Arden, Macrae & Grace, 2003). One hundred and eleven colour photos of individual
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faces (55 male, 56 female) previously used in research at the University of Canterbury
(Brinsmead-Stockham, Johnston, Miles, & Macrae, in press) were used for the experimental
manipulation, along with nine extra photos of student taken against a similar background,
bringing the total number to 120. The photos were resized and edited to include a subject major
underneath the photo. The 20 subjects (10 arts and 10 sciences) used in the IAT were also used in
the SST. These were randomly allocated to pictures — the method for subject allocation differed

for each version of the SST created, and is described below.

Two versions of the SST were created — one where target sex and subject domain were
statistically unrelated (SST-EF) and one where target sex and subject domain were related in a
counter-stereotypic way (i.e. a higher proportion of arts than science subjects being paired with
photographs of males and vice-versa with photographs of females; SST-CS). For each condition,
two versions of the SST were created. This was to ensure that error was not due to specific faces
being more readily classifiable into one or the other subjects (e.g. a feminine male face may be

more easily sorted into arts than a masculine male face).

SST-EF

The SST-EF contained equal frequencies of all combinations — 30 males in science, 30 males
in arts, 30 females in science, and 30 males in arts. For Version 1 the 120 faces were randomly
allocated to either science or arts and then randomly assigned a specific subject within that
domain. To create Version 2 the set of ‘science’ faces from Version 1 were randomly allocated

an arts subject, and the ‘arts’ faces from Version 1 were randomly allocated a science subject.
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SST-CS

In this condition, 70% of the male faces were paired with an arts subject and 30% with a
science subject, and for females 30% of the faces were paired with an art subject and 70% with a
science subject. For Version 1 the faces were randomly split into arts and science groups with the
correct proportions for each sex. Faces in the science group were randomly assigned a science
subject, and in the arts group faces randomly received an arts subject. Version 2 was created by
randomly selecting 18 male/arts pairs and 18 female/science pairs and swapping subjects between
these faces and the faces that had stereotypic subjects in Version 1. This ensured that the majority

of faces were counterbalanced.

Procedure

Participants were tested individually at a time that they could attend on two consecutive
days. Upon booking their time, they were assigned to one of the three conditions (equal
frequency, counter-stereotypic, or control), one of the two versions of the SST if relevant, and
one of the two versions of the IAT. This allocation to condition was controlled to ensure that
there were equal numbers of males and females in each condition, and equal numbers of

participants in each condition in each version of the SST and the IAT.

Upon arrival, the participant was given a copy of an information sheet to read, a
demographics sheet to complete and a consent form to sign. They were not given any verbal
instructions on how to complete the tasks, simply told that all instructions would be presented on
the computer screen. The instruction screens were identical across all versions of the IAT. The
instruction screens for the four versions of the SST were also all identical. Both sets of

instructions can be seen in Appendix C.



Changing the strength of implicit associations between males and science relative to females and science 29

Each participant completed the first IAT while the experimenter waited outside. Once the
first IAT was completed, if the participant was in the control condition they were told that the
program was temperamental, and that their data had to be saved right away, so they would have
to wait a few minutes while the experimenter took the laptop out of the room to save their data.
They were then left alone in the room for five minutes. If the participant was in either of the
experimental conditions, once they had finished the first IAT, the experimenter set up and began
the relevant SST version. The participant was told to read the onscreen instructions and to let the
experimenter know when they had finished. The experimenter then left the room while the

participant completed the SST.

After either the SST was completed or the five minutes waiting were over, the experimenter
started the same version of the IAT again for the participant, explained that it was a similar task
to the previous ones, and left the room again. When the participant finished the second IAT, they
informed the experimenter. The experimenter thanked them for participating and reminded them

to come back twenty-four hours later.

During the second session each participant arrived and completed the third and final IAT.
After its completion, the experimenter fully debriefed the participant. The participant was given a

$5 voucher and entered into the draw to win one of three $50 vouchers.

This project was reviewed and approved by the University of Canterbury Human Ethics

Committee.
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Results

Data Coding
The SST

Prior to analyses, SST data was split into thirds (80 trials in each third) for each participant.
The data on the first third was used as the measure of initial SST performance, and data from the
final third was used as the measure of final SST performance. These two thirds are referred to

hereafter as the early block and late block respectively'.

The distribution of the raw response time data on the SST was examined and found to be
positively skewed, as is usual for response time data. To address this, median rather than mean
response times were computed, and these were found to be normally distributed. Median
responses times were computed for each participant for each combination of block and pair type
(giving four scores, one each for early block stereotybic pairs, early block counter-stereotypic
pairs, late block stereotypic pairs, and late block counter-stereotypic pairs). Trials on which the
initial response of the participant was incorrect were excluded from the calculation of median
response times. An error rate was also calculated for each participant for each combination of
block and pair type (giving an error rate for early block stereotypic pairs, early block counter-

stereotypic pairs, late block stereotypic pairs, and late block counter-stereotypic pairs).

The IAT

A macro was used to generate overall IAT bias scores for each participant. This macro
followed the procedure recommended by Greenwald et al. (2003). The IAT bias score reflects the
relative strength of association between the stereotypic and the counter-stereotypic pairings in the

IAT task. That is, the greater the deviation from zero, the greater the difference in relative

! Analyses were also run using a median split on the SST trials, as used by Plant et al. (2005). This analysis revealed
the same pattern of results as that reported here based on a thirds-split.
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strength of association between stereotyped and counter-stereotyped concepts. To ensure that the
IAT bias scores from each experimental condition could be interpreted in the same way, the IAT
bias scores on the CSS version (counter-stereotypic block presented first) were reverse signed.
This resulted in all positive IAT bias scores reflecting greater strength of association between
stereotyped categories than between counter-stereotyped categories, and all negative IAT bias
scores reflecting greater strength of association between counter-stereotyped categories than
stereotyped categories. That is, in this research a positive IAT score indicates a stronger

association between males and science than between females and science.

Following Greenwald et al. (2003), the details of the procedure used to calculate IAT scores
were as follows, First, all trials with response times greater than 10 seconds were eliminated (23
trials, 0.03% of all trials). Greenwald et al. (2003) then recommend removal of any participants
who had greater than 10% of responses faster than 300 ms, but there were no such participants in
the present study. With the remaining data, the mean for each block of correct latencies was
computed, as well as individual block standard deviations and pooled standard deviations for
blocks 3 and 6 (practice blocks) and 4 and 7 (critical blocks). Response time for errors was
replaced with the individual block mean plus two individual block standard deviations. There was
an average of 11.45 errors made per IAT per person (4.8% error rate), Corrected means were
calculated for each block including the replaced error latencies. Two differences were computed:
block 6 — block 3, and block 7 — block 4, These differences were divided by the respective pooled

block standard deviation. Finally, these two quotients were averaged to provide a final IAT score.
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Analyses
The SST: Response Times.

The mean median response times (in seconds) on the SST are presented in Table 1 as a

function of condition, block and pair type.

Table 1:
Mean median response times on the SST as a function of condition, block and pair type

EF Condition ~ CS Condition ~ COth experimental

conditions
Farly Stereotypic pairs 8315 .8540 .8426
Block Counter-stereotypic pairs .8560 8276 . 8420
Overall .8438 .8408 .8423
Late Stereotypic pairs 7256 6758 7011
Block Counter-stereotypic pairs 7292 6710 .7006
Overall 7274 6734 .7009

A 2 (block: early, late) x 2 (condition: EF, CS) x 2 (pair type: stereotypic, counter-
stereotypic) x 2 (sex: male, female) x 2 (degree: science, non-science) mixed-model ANOVA
with repeated measures on the first and third factors was computed on response times. The study
focused on strength of association of sex with science, so non-science degrees were combined for
the analyses to illustrate whether SST scores were related to doing a science degree. The analysis
revealed a main effect of block, such that participants were faster on the late block than on the
early block, F (1 59) = 54.62, p <.001 (early block mean 0.84 seconds, late block mean 0.70

seconds).

The SST: Error Rates

The mean error rates on the SST are presented in Table 2 as a function of condition, block

and pair type.

A 2 (block: early, late) x 2(condition: equal frequencies, counter-stereotypic) x 2 (pair type:
stereotypic, counter-stereotypic) x 2 (sex: male, female) x 2 (degree: science, non-science)

mixed-model ANOVA with repeated measures on the first and third factors was conducted on
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error rates. There was only a significant main effect of pair type, F (1, s9p = 5.59, p < 0.05.
Participants made more errors on counter-stereotypic pairs (mean 2.70 errors) than on stereotypic

pairs (mean 2.09 errors).

Table 2:
Mean errors on the SST as a function of condition, block and pair type.

EF Condition  CS Condition ~ DOth experimental

conditions
Early Block 2.205 1.606 1.906
Stereotypic Pairs Late Block 2.500 1.455 1.977
Overall 2.353 1.530 1.942
Counter-stereotypic Early Block 2.147 2.667 2.407
Pairs Late Block 2.676 3.061 2.869
Overall 2.412 2.864 2.638
The IAT

Preliminary analyses revealed no effects of sex or degree on any of the IAT scores and hence
these factors were not considered further. Mean IAT bias scores as a function of condition and
time can be seen below in Table 3. The IAT bias scores were compared to zero (no bias)
separately for each condition using single sample t-tests (p <.01). All nine IAT scores were
significantly different from zero, indicating significant levels of bias for all conditions on all three
IATs. That is, participants at all times and in all conditions had a stronger association between

males and science than between females and science.

Table 3:
Mean bias scores on the IAT as a function of condition and time

IAT 1 IAT 2 IAT 3
Control 254 172 248
Equal Frequencies 237 251 261
Counter-stereotypic 192 280 394

A 3 (condition: control, EF, CS) x 3 (time: 1, 2, 3) mixed model ANOVA with repeated

measures on the second factor was computed on the IAT bias scores. There was a significant
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main effect of time, F' (o, 184y = 3.70, p <.05. There was also a significant interaction between time
and condition, F @, 184y = 2.39, p < 0.05. The IAT scores as a function of time and condition can
be seen in Figure 1 below. To capture the meaning of this interaction, post-hoc tests were
conducted to check for significant differences within- or across-conditions. There were no
significant differences between conditions on any of the IATs. The only significant within-
condition difference that emerged was in the counter-stereotypic condition, between IAT 1 (mean

score 0.17) and IAT 3 (mean score 0.39).

IAT Score

AT 1 AT 2 IAT 3

Control & Equal Frequencies s Counter-stereotypic '

Figure 1: IAT bias scores as a function of condition and time

Relationship between Measures: SST and IAT

Change on the SST was captured by four scores. Counter-stereotypic change scores for
response time (SST CS RT) and error rates (SST CS error) were calculated by subtracting the
response time (or error rate) on the late block for counter-stereotypic pairs from the respective
score on the early block. Stereotypic change scores were calculated for response times (SST S
RT) and error rates (SST S error) by subtracting the response time score (or error rate) on the
stereotypic pairs on the late block from the respective score on the early block. A positive score

on each of the response time measures reflected a shorter mean response time on the late block
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than the early block. A positive score on the error rate change scores reflected less errors made on

the late block than on the early block.

Change on the IAT was captured by two change scores. Change between IAT 1 and IAT 2
(IAT 1-2 Bias) was calculated by subtracting the IAT 2 score from the IAT 1 score. Change
between IAT 2 and AT 3 (IAT 2-3 Bias) was calculated by subtracting the IAT 3 score from the
IAT 2 score. A positive IAT change score is indicative of less bias on the later IAT than the
earlier IAT, that is, a positive IAT 2-3 bias score means that the participant had more bias at time

2 than they did at time 3.

Significant product-moment correlations between the change scores can be seen Table 4
below. Bold figures indicate correlations that are significant, p <.05. A positive correlation
emerged between change on counter-stereotypic response times on the SST and stereotypic
response times on the SST, r g4y = .755, p <.05. This could indicate an individual difference
variable related to general speed on the task, as an increase in speed on stereotypic trials was
associated with an increase in speed on counter-stereotypic trials. Additionally, there was a
significant negative correlation between change in SST stereotypic error and change in SST
counter-stereotypic error, r g4y = -0.291, p <.05. That is, an increase in error on stereotypic pairs

was related to a decrease in error on counter-stereotypic pairs.

Table 4:
Correlation matrix of change scores.
SST SST IAT1-2  IAT2-3 SST SST
CSRT S RT Bias Bias Serror  CS error
SST CSRT 1.000
SST SRT 0.755 1.000
IAT 1-2 Bias 0.134 0.127 1.000
IAT 2-3 Bias 0.005 -0.120 -0.199 1.000
SST S error 0.029 0.012 0.029 0.169 1.000

SST CS error 0.115 0.078 -0.056 -0.029 -0.291 1.000
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Discussion
Summary of Findings
The results of this experiment offered minimal support for the hypotheses. Partial support
only was obtained for hypothesis 1, and the rest of the hypotheses were not supported. Each

hypothesis and related results are discussed briefly, followed by a number of considerations

which may have had an impact on the lack of support.

Hypothesis 1 was that participants would initially show significant levels of bias toward
associating males with science on the IAT (i.e., a positive IAT score significantly different from
zero) and on the SST (i.e., faster response times and less errors on stereotypic pairs than counter-
stereotypic pairs). This was partially supported, as participants in all three conditions had a
significantly stronger association between males and science than females and science on the
initial IAT. This fits with previous research demonstrating the stereotype in multiple countries
(Nosek et al 2007), including New Zealand (Malinen & Johnston, 2007). However, the prediction
was also made that participants would show stereotypic responding on the first block of trials on
the SST. This was not supported as there were no significant differences in either error rates or
response times between the stereotypic and counter-stereotypic pairs on the early block of the

SST.

The pattern of responding found on the SST indicates that participants’ responses on the SST
were not being influenced by their stereotype. This differs from previous research, for example
Plant et al. (2005), as the participants who went through their manipulation (similar to the SST)

initially made more errors on stereotypic than counter-stereotypic trials.
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Hypothesis 2 predicted that the relative strength of participants’ association between males
and science would be reduced by both versions of the SST. Lower scores on the second IAT than
the first IAT for both experimental conditions would have supported this hypothesis. There were
no significant differences in IAT scores between IAT 1 and IAT 2, which gives no support to the
hypothesis. With regards to the SST, there was no difference in error rates between the early and
late blocks of the SST. Analyses revealed significantly faster reaction times on the late block than
early block, but this decrease in reaction time was found for both stereotypic and counter-
stereotypic pairs, and there was no difference between pair types on either the early or late block,
or between conditions. The SST failed to have an effect on IAT scores for both experimental

conditions.

The third hypothesis was that the counter-stereotypic condition would be a more effective
method for changing stereotypes than the equal frequencies condition. Given the lack of impact

of either condition on performance on the SST, however, such a comparison could not be tested.

Hypothesis 4 predicted that the effect of the experimental manipulations would remain stable
over the twenty-four hour period such that bias would still be reduced on the third IAT. This
would have been indicated by scores on the second and third IATs that were not significantly
different from each other, for either or both of the experimental conditions. However, it would be
illogical to say that effects persisted when no effects were found in the first instance. The current
results prevent any conclusions being drawn about the comparative effectiveness of either

condition at reducing the strength of implicit stereotypic associations.

Hypothesis 5 predicted a positive correlation between change on the SST and change on the

IAT. The only significant correlations were a positive correlation between response time change
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on the stereotypic and the counter-stereotypic pairs of the SST, and a negative correlation
between change in error rate on the stereotypic and counter-stereotypic pairs on the SST. This
second correlation could indicate that some change in the pattern of responding on the SST was

occurring.

One result emerged which was not predicted by any hypothesis. Post-hoc tests on the IAT
scores showed that the counter-stereotypic condition had significantly higher bias at time 3 than
at time 1. There was no significant change from IAT 1 to IAT 2, and no significant change from
IAT 2 to IAT 3, but in both time periods participants in the counter-stereotypic condition
increased their bias so that overall IAT 1 and IAT 3 were significantly different. This finding is
difficult to interpret meaningfully in light of the limited support for the hypotheses. As such,

further replication of this effect is necessary before interpretation is attempted.

Overall, results were not supportive of the hypotheses. There are a number of reasons why
effects did not emerge in this study, and a selection of these are discussed in the following

sections.

Image Placement

Plant et al. (2005) varied the placement of their facial image and the superimposed object so
that the image appeared in one of nine locations onscreen, and the object appeared in one of nine
locations on the face. This ensured that patticipants had to scan the entire screen and face to see
the information they wanted, making it more likely that they processed characteristics of the

target individual like race.

In contrast, the text label in the present study contained all the necessary information for

completing the SST, and the location of the text label (on the screen or relative to the photo) did
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not change. Additionally, the instructions for the task made no reference to looking at the photos,
simply instructed participants to respond as quickly and accurately as they could. Thus
participants had no incentive to shift their gaze from the location of the text box. This is likely to
have minimized the amount of unintentional facial processing they engaged in and therefore also
minimized attention to the sex of the target. Macrae, Bodenhausen, Milne, Thorn and Castelli
(1997) showed that unless participants were processing an image semantically, they did not show
stereotype activation. It is unlikely that participants processed the photos enough to interfere with
their performance, as there was no benefit to performance for looking at the image, no cues to

suggest they ought to, and no mechanisms in place to ensure they would.

The Amount of Counter-stereotypic Information

All of the counter-stereotypic studies discussed in the introduction employed a manipulation
that consisted entirely of counter-stereotypic information. In addition, Blair’s (2002) review of
stereotype malleability research showed all ten of the studies that attempted to create change via
promoting counter-stereotypes employed 100% counter-stereotypic information, The 70/30 split
was used here to create increased realism, but perhaps it simply rendered the manipulation too

weak instead.

Dasgupta and Asgari (2004) examined the relationship between the number of female faculty
students had over the course of a year, and their resulting scores on an IAT at the end of that year
(on an TAT measuring associations between males/females and leadership/supportiveness), and
found that more exposure to female faculty significantly predicted less stereotypic IAT scores at
the end of the year. This suggests there may be a relationship between the proportion of counter-

stereotypic exposure and change in strength of stereotypic associations. To this end, perhaps a
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70/30 or 50/50 split in a manipulation that only lasted for five to ten minutes may not have

provided enough counter-stereotypic information to successfully change participants’ bias.

Limitations and Future Research

All research that deals with human participants runs the risk that features of the experiment
will influence participants in ways that were not intended, The biggest limitation of the current
research is thought to be the placement of the image and label within the SST. No change can be
expected if participants did not process the sex of the faces during the task. Replicating this study

with variation in the location of the image and label may produce better results.

In addition, a potential reason why no effects were found may have been that neither 70%
nor 50% counter-stereotypic information was enough to cause changes in the strength of
stereotypic implicit associations. Further research could investigate the amount of counter-
stereotypic exposure required to reduce the strength of association between stereotypic categories

relative to the strength of association between counter-stereotypic categories.

Measuring whether each of the experimental conditions in the present research inhibited the
category of sex would also be useful for drawing conclusions about the effects of the SST on the
IAT scores. That is, Plant et al. (2005) did not use a measure of implicit associations in their
study. Their results indicated that performance on the SST improved, and they demonstrated that
the category of race had been inhibited. While no significant reduction in stereotyped responding
on the SST was found here, it could still be possible that participants had managed to refrain from
activating the category of sex. Future research might also include a measure of category
inhibition such as a word fragment completion task. Measurement of category activation could

help elucidate processes underlying performance on the SST, for example, whether category
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activation occurs across a range of amounts of counter-stereotypic information, or whether it only
occurs when there is no relationship between the target categories and the sex of the target

individual.

There are a number of other areas of research tangential to the current study that could be
pursued. For example, studying how long changes in implicit associations persist for could aid
the development of practically useful manipulations. That is, a manipulation that changes an
individual’s stereotypic associations for twenty-four hours has reasonably limited practical use,
but one that has a more lasting effect could be used in situations where temporary stereotype
reduction is beneficial (e.g. situations where stereotype threat is a concern). Another area of
potential study that has received very little attention to date is the evaluation of whether changes
in implicit association strength produce corresponding changes in behaviour. This again is an
area with great potential for developing practical applications to address situations affected by

stereotypes.

The Wider Picture

This research was embedded in two major areas of research — implicit stereotyping and the
effect of stereotypes on female participation in science and math based disciplines. Each of these
areas, while already encompassing much promising research, still requires work to develop a

clear understanding of the concepts involved.

There are some fairly unclear areas within the domain of implicit attitudes. There are a
number of papers debating the theoretical basis and actual meaning of IAT scores (Greenwald,
Nosek, Banaji & Klauer 2004, Nosek & Sriram, 2007, Blanton, Jaccard, Christie & Gonzales

2007). There is dissention regarding whether explicit and implicit measures of stereotypes are
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two different measures of the same stereotype, or whether they capture two distinct attitudes
(Fazio & Olson, 2003; Nosek & Smyth, 2007). Further, the IAT, the most popular method of
measuring implicit attitudes (Fazio & Olson, 2003), is not a measure of strength of association
between males and science, but a relative strength of association between males and science (and
females and arts) compared to females and science (and males and arts). The introduction of the
Go-No Go Association Test (GNAT; Nosek & Banaji 2001) and similar tasks is beneficial for the
field, as it allows exploration of the strength of association between, say, males and science
relative to females and science, without the need for a contrasting category to science. However,
given the proliferation of studies that use the IAT, exploration into the relationship between
scores on an [AT and scores on a GNAT will be of great importance for future attempts to draw

the implicit attitude literature together into a meaningful framework.

The second area of psychological research that this study links to is the study of the
stereotype that males are better suited to science than females, and how the strength of this
stereotype affects the career choices of women. Reducing the strength of this stereotype may
make females more likely to choose science careers, if there is indeed a direct link between the
prevalence of the stereotype and the career choices of females. This approach to the problem of
differential participation by sex cannot be developed in isolation of other considerations. For
example, making science more accessible to females may have the added effect of making it less
desirable for males (Heilman, 1979). Changing the strength of the association between males and
science may simply be one necessary facet of a multifaceted approach to encouraging individuals
to choose occupations based on their interests and abilities, rather than their sex. The lack of
stereotyped responding on the SST in the present research shows that individuals can ignore
information that is irrelevant to performance (see also Bodenhausen & Macrae, 1998), which

could be another important way to address stereotyping issues.



Changing the strength of implicit associations between males and science relative to females and science 43

Conclusion

This study attempted to change the implicit strength of stereotypic associations between
males and science relative to females and science. For a combination of reasons discussed above,
the manipulation used failed to generate any change in implicit stereotypes as measured by an
IAT. Significant levels of bias on the IAT indicate that the sample showed a stronger association
between males and science than females and science, and it is likely that features of the SST were
a main contribution to the lack of significant findings. A number of avenues for future research
were proposed which will aid comprehension of the conditions under which stereotype change is

possible.
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Appendix A: Words Used in the IAT and SST

Male Female Science Arts

Boy Girl Astronomy American Studies
Father Mother Biochemistry Art History
Uncle Aunt Biology Classics

Him Her Chemistry Cultural Studies
Man Woman Computer Science English

Male Female Geology Gender Studies
Son Daughter Mathematics History
Grandfather Grandmother Microbiology Music

His Hers Molecular Genetics Religious Studies
He She Physics Sociology
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Appendix B: Sample pictures used in the SST

What is your major? What is your major?
Biochemistry Cultural Studies

What Is your major? What is your major?
Biology Art History
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Appendix C: Instructions for the SST and IAT

Instructions for the CSS IAT were as follows. There were minor differences between the versions of the
IAT. Where the two differ, the differences are indicated by underlined text and the wording used in the
SCS version is in parentheses.

Instructions for Blocks 3 & 4 were identical, as were the instructions for Blocks 6 & 7. The only
difference was that Blocks 3 and 6 included the line, “This is the first of two identical blocks” at the end
of the instructions.

There are seven blocks in this section.

In each you will see a series of words in the centre of the screen. You will need to sort these words into various
categories which will appear on the left and right hand sides of the screen.

The categories may change between blocks, so please read each new instruction screen carefully.

Block For this block you are to classify the words presented into two categories — male and female.

1 The male (female) category label will appear on the left hand side of the screen. To sort words into this category
press ‘A’.
The female (male) category label will appear on the right hand side of the screen. To sort words into this category
press ‘L’.
The category labels will appear onscreen during the block,

Block  For this block you are to classify the words presented into two categories — arts and science.

2 The arts category label will appear on the left hand side of the screen. To sort words into this category press ‘A’.
The science category label will appear on the right hand side of the screen. To sort words into this category press
‘L.
The category labels will appear onscreen during the block.

Block In this block two sets of category labels will appear. The word presented will fall into only one of these categories
3 e.g. it will be science OR arts OR male OR female.
The category labels of male (female) and arts will appear on the left hand side of the screen. To sort words into
either of these categories press ‘A’.
The category labels of female (male) and science will appear on the right hand side of the screen. To sort words
into either of these categories press ‘L’.
The category labels will appear onscreen during the block.
This is the first of two identical blocks.

Block  For this block you are to classify the words presented into two categories — female and male.

5 The female (male) category label will appear on the left hand side of the screen. To sort words into this category
press ‘A’.
The male (female) category label will appear on the right hand side of the screen. To sort words into this category
press ‘L’.
The category labels will appear onscreen during the block.

Block In this block two sets of category labels will appear. The word presented will fall into only one of these categories
6 e.g. it will be science OR arts OR male OR female.
The category labels of female (male) and arts will appear on the left hand side of the screen. To sort words into
either of these categories press ‘A’.
The category labels of male (female) and science will appear on the right hand side of the screen. To sort words
into either of these categories press ‘L’.
The category labels will appear onscreen during the block.
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These instructions were for the SST, and were identical over all four versions.

General

In this task you will be presented with a series of pictures of Canterbury University students,
labelled with their subject major,

You will need to sort these students into either arts students or science students, depending on
their major.

In all blocks, if you make a mistake, a cross will appear. You must then choose the correct
answer.

If you are correct you will see a tick.

Block 1 (practice)

This is a practice block to familiarise you with sorting pictures instead of words.
A number of pictures will appear on the screen.

If the photo is of a male, press ‘A’.

If the photo is of a female, press ‘L.

The category labels will appear onscreen during the block.

Please respond as quickly but accurately as possible.

Block 2
(manipulation)

From now on, you will be sorting the students into categories based on their major — either an
arts subject of a science subject.

The arts category label will appear on the left hand side of the screen. To sort students into
this category press ‘A’,

The science category label will appear on the right hand side of the screen. To sort subjects
into this category press ‘L’.

The category labels will appear onscreen during the block.

Please respond as quickly but accurately as possible.
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