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Abstract The recently developed Function Acquisition
Speed Test (FAST) represents an effort to assess the relative
strength of stimulus relations by traditional behavior-analytic
means (i.e., acquisition curves). The current study was the first
application of the FAST to the assessment of natural, pre-
experimentally established stimulus relations. Specifically,
this experiment assessed the sensitivity of the FAST to perva-
sive gender stereotypes of men as stereotypically Bmasculine^
(e.g., dominant or competitive) and women as stereotypically
Bfeminine^ (e.g., nurturing or gentle). Thirty participants com-
pleted a FAST procedure consisting of two testing blocks. In
one block, functional response classes were established be-
tween classes of stimuli assumed to be stereotype-consistent
(i.e., men-masculine and women-feminine), and in the other,
between classes of stimuli assumed to be stereotype-
inconsistent (i.e., men-feminine and women-masculine).
Differences in the rate of class acquisition across the two
blocks were quantified using cumulative record-type scoring
procedures plotting correct responses as a function of time.
Acquisition rates were significantly faster (i.e., displayed
steeper learning curves) for the stereotype-consistent relative
to the stereotype-inconsistent block. Corroborating stereo-
types were observed on an Implicit Association Test contain-
ing identical stimuli.

Keywords Implicit test . FunctionAcquisition Speed Test .

Stimulus equivalence . Derived relations . Attitude
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Relational Frame Theory (RFT: Hayes, Barnes-Holmes, &
Roche, 2001) has shown promise over the last 20 years in
conceptualizing verbal behavior from a functional-analytic,
operant perspective. It has also demonstrated utility in model-
ing a range of complex verbal behaviors in the laboratory,
such as analogical reasoning, self-awareness, and learning
via instruction (see Hughes & Barnes-Holmes, 2016; Roche
& Dymond, 2013). As yet, however, only a limited number of
methodologies have been developed that are capable of
assessing naturalistic relational responding (e.g., Hussey,
Barnes-Holmes, & Barnes-Holmes, 2015). Most notably, the
social-cognitive Implicit Association Test (IAT: Greenwald,
McGhee, & Schwartz, 1998) and the behavior-analytic
Implicit Relational Assessment Procedure (IRAP: Barnes-
Holmes, Barnes-Holmes, Stewart, & Boles, 2011) have both
been used and interpreted from within a behavior-analytic
research paradigm to measure verbal histories and patterns
of relational responding across a range of clinically and so-
cially relevant domains (e.g., Gavin, Roche, Ruiz, Hogan, &
O’Reilly, 2012; Ridgeway, Roche, Gavin, & Ruiz, 2010;
Vahey, Nicholson, & Barnes-Holmes, 2015).

To provide a brief overview, based on the seminal finding
that learning histories may interfere with the ability to form
novel stimulus relations that run counter to them (see Watt,
Keenan, Barnes, & Cairns, 1991), both the IRAP and the IAT
attempt to infer some aspect of an individual’s history by
comparing their performance on two opposing tasks. In one
task, participants are required to form relations assumed to be
consistent with those arising from the dominant verbal com-
munity (e.g., women as submissive and men as dominant),
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and in the other, relations that are deemed to be inconsistent
(e.g., men as submissive and women as dominant). Any dif-
ferences in performance across the two tasks (e.g., in the rate
of fluency) are taken as indicative of the differential impact of
a learning history on one task relative to the other, and thus, as
a metric of that history itself. Inferring content from behavior-
al performances in this way (rather than self-reports) is what
leads to many researchers referring to these measures as
Bimplicit^.

Both the IAT and the IRAP have employed a relatively
similar strategy to date, which is to compare differences in
the speed of relational responding (or categorizing, within
the IAT literature) across two contrasting test blocks. In
brief, the IAT involves a series of stimulus categorization
tasks, in which participants are trained to respond with left
and right key-presses to individual stimuli presented on-
screen. Participants are first required to categorize two tar-
get categories (e.g., men/women) followed by two attri-
butes (e.g., dominant/submissive), before categorizing tar-
gets and attributes together simultaneously (e.g., men-
dominant and women-submissive). In the critical test
blocks, reinforcement was contingent upon responding
first in a way that is assumed to be culturally consistent
(e.g., men-dominant and women-submissive) and second-
ly, in a separate block, in a way assumed to be culturally
inconsistent (e.g., men-submissive and women-dominant).
Response latencies are compared across both the consistent
and inconsistent testing blocks to give an indication as to
which patterns of relational responding are more fluent and
therefore more likely to be compatible with one’s verbal
history (e.g., Gavin, Roche, & Ruiz, 2008; O’Reilly,
Roche, Ruiz, Tyndall, & Gavin, 2012).

The IRAP elaborates on the IAT procedure by
assessing not only the existence of a pre-existing relation
between stimuli, but also the specific way in which these
stimuli are related. Specifically, the IRAP requires partic-
ipants to respond quickly and accurately to a relation be-
tween two stimulus categories presented together in the
context of specific relational terms (e.g., same/different)
under alternating contingencies (e.g., men-submissive-
different relative to men-submissive-same). Through a se-
ries of practice block pairs, participants are trained to a
specific level of response fluency (typically requiring
mean accuracies of over 80 % and individual response
latencies of under 2000 ms). Once participants reach these
criteria, their mean response latencies across critical test
block pairs may be meaningfully compared. In this way,
the IRAP is proposed to assess an individual’s history of
relating these stimuli, again resting on the core assump-
tion that participants will respond more quickly and more
accurately to relations that are consistent with their verbal
history (Barnes-Holmes et al., 2011; Hughes, Barnes-
Holmes, & Vahey, 2012).

The Function Acquisition Speed Test

An emerging behavior-analytic measure that adopts a slightly
different approach to the assessment of verbal relations is
known as the Function Acquisition Speed Test (FAST:
O’Reilly et al., 2012). Essentially, the FAST shares a common
overarching goal with the IRAP, in that it aims to assess
whether natural verbal relations (i.e., those established
through contact with the verbal community) impact
laboratory-induced patterns of relational responding.
However, where both the IAT and IRAP train participants to
respond quickly and accurately with a series of practice/
categorization blocks prior to testing, the FAST focuses on
the rate of acquisition of those patterns themselves. That is,
rather than investigating whether verbal histories facilitate or
impede the speed at which classes of stimuli may be related
together in a novel context, the FAST is concerned with the
impact of history upon the differential rate at which these
relations may be acquired.

In brief, the FAST procedure establishes functional equiv-
alence classes between sets of stimuli by requiring participants
to learn, via corrective feedback, a common response (e.g., a
left or right key-press) when presented with individual stimuli
on-screen. Participants are presented with two contrasting test
blocks (one that establishes culturally-consistent response
classes, and another that establishes culturally-inconsistent
classes), with the primary metric being the difference in learn-
ing rate across the two blocks. Each block is comprised of four
stimulus classes, with two classes sharing a left key-press
response and two sharing a right key-press response (i.e., they
are spatially and formally equivalent within the task). It is
important to understand, however, that the parameters of the
FAST can be modified to suit different populations or exper-
imental requirements. It is crucial, for reasons to do with the
behavior-analytic orientation of the test, that it not be con-
ceived psychometrically, and that the various test parameters
are always and only seen as functionally-understood features
of a flexible general methodology.

In contrast to the IAT and IRAP, instructions on how to
respond correctly are not given prior to the procedure, and
no category/attribute labels or rules are provided at any point
in the task. Rather, the establishment of a functional equiva-
lence class is achieved exclusively through reinforcement
(i.e., verbal feedback presented such as BCorrect^ and
BWrong^). As the FAST does not train response accuracy
and latency in a practice phase (as in the IRAP), latency pres-
sure is instead applied by restricting the response window to a
relatively narrow time frame (usually 3000 ms), after which
participants are presented with a timeout stimulus (e.g.,
BWrong^).

To date, the FAST paradigm has demonstrated utility in the
assessment of both directly trained and derived equivalence
relations established in the laboratory (O’Reilly, Roche,
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Gavin, & Ruiz, 2013; O’Reilly et al., 2012). This current
research aims to ascertain its effectiveness as a measure of
natural stimulus relations, that is, those established through
contact with a verbal community. Specifically, this research
will test the sensitivity of the FAST to common gender stereo-
types of women as stereotypically Bfeminine^ (i.e., coordinat-
ed with traits such as empathic, submissive, gentle) and men
as stereotypically Bmasculine^ (i.e., coordinated with traits
such as unemotional, assertive, dominant). Decades of social
psychological research have evidenced the pervasiveness of
the these gender stereotypes using traditional survey methods
(e.g., Broverman, Vogel, Broverman, Clarkson, &
Rosenkrantz, 1972; Eagly & Karau, 2002; Eagly & Steffen,
1984) as well as indirect measures such as the IAT (Rudman&
Glick, 2001; Rudman & Kilianski, 2000). Though
Bcomplementary opposite^ stereotypes such as these can at
face value appear benevolent and/or innocuous (see Jost &
Kay, 2005), their implications for gender inequality are well-
documented, particularly in the workplace (e.g., Eagly &
Karau, 2002; Heilman & Eagly, 2008; Rudman & Glick,
1999; Rudman, Moss-Racusin, Phelan, & Nauts, 2012;
Rudman & Phelan, 2008). Simply put, as traditionally mascu-
line traits tend to be those most socially valued in occupational
settings (Eagly & Carli, 2007), the rigid coordination of these
traits with men (and not women) is socially problematic. As
such, their potential prevalence among a contemporary sam-
ple is worthy of investigation.

Modifications to the FAST Procedure

One important feature of the current research relates to a small
number of procedural modifications to the FAST. The first
involves the method of calculating the performance differen-
tial across the two key task blocks in the FAST. As stated
previously, both the IAT and IRAP employ response latencies
as their primary metric where, typically, latencies are mea-
sured from stimulus onset to first correct response, rather than
to first response. A response correction procedure, in which
incorrect responses are consequated by a prompt to produce
the alternate (corrected) response is employed to artificially
elongate reaction times (RTs) on error trials, in lieu of an older
procedure in which no response correction was employed, but
an arbitrary response time penalty was added to each RT re-
corded on error trials (i.e., the D1 scoring algorithm as
described by Greenwald, Nosek & Banaji, 2003). While this
metric does not appear to undermine the predictive validity of
the effects produced by either measure (see Lane, Banaji,
Nosek, & Greenwald, 2007; Vahey et al., 2015), it is arguably
somewhat opaque and metrics with more face validity can be
easily employed (see below). The IAT and IRAP means of
assessing RTs is reflective of a social-cognitive tradition dat-
ing back to Stroop (1935), in which RTs were used to index

processing effort rather than speed of responding. It is obvi-
ous, however, that the purpose of elongating raw RTs on error
trials in the IAT (and IRAP) is precisely to reflect accuracy to
some degree in the response time metric. In effect, a fluency
measure to achieve this end would be both more transparent
functionally, and more in line with behavioral tradition. Of
greater concern here is the fact that the response correction
technique works by definition as a form of punishment, rather
than reinforcement.While it is employed by the IATand IRAP
ostensibly to help teach the participant to master the task
block, it uses only negative feedback following response er-
rors, and no feedback at all following correct responses. This
approach to learning is counterintuitive, likely less effective
than the use of positive reinforcement, and the delivery of
punishers (a red X signaling an error) following responses
has an unknown effect on error rates on subsequent trials
(i.e., punishment should reduce accuracy, not increase it). In
our research using the IAT and FAST over dozens of studies,
we have noted anecdotally that error responses are roughly
twice as likely to occur on a trial following a response correc-
tion procedure, compared to on those following positive feed-
back. The aim of the FAST, therefore, was to provide a sim-
plistic, functionally transparent, implicit testing tool devel-
oped from the ground-up based on well-worn principles of
behavior analysis (See Gavin et al., 2012; Ridgeway et al.,
2010 for a more extended discussion of these issues).

In two published FAST studies to date, a more transparent
index of learning speed has been employed; the difference in
the natural log of the number of trials required to reach a
specified response accuracy criterion across incompatible task
blocks. However, this measure has proven to create inconsis-
tent effects insofar as single errors in long response chains can
radically alter the recorded trial requirements (e.g., trials re-
quired to produce 10 consecutive correct responses).
Therefore, in the current study the slopes of the learning
curves recorded across two finite (50-trial) task blocks
were recorded as an alternative measure (i.e., a true correct
response rate measure). Specifically, a cumulative record
was created during each task block to provide both an
absolute fluency rate for that block, but also to allow for
a difference score in learning rates across blocks. The cu-
mulative record allows us to assess and graph the rate of
correct responding by plotting the number of correct re-
sponses as a function of unit time (Skinner, 1961).
Though traditionally employed as a way to assess the rate
of free operant responding, research on human participants
has demonstrated its utility in assessing the rate of desired
(e.g., correct) responses across a period of time (e.g., Hall,
Hammond, Hirt, & Reiss, 2012; Rodgers & Iwata, 1991).
This study, therefore, will explore the use of a cumulative
record-type scoring procedure to assess and compare the
rates of learning across the stereotype-consistent and
stereotype-inconsistent FAST blocks.
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A second important modification of previous FAST proce-
dures relates to the simultaneous assessment of two pairs of
stimulus relations, rather than just one. Previous FASTstudies
advocated the assessment of absolute or Bnon-relative^
stimulus-stimulus relations (e.g., men-feminine relative to
two neutral or previously unrelated stimulus classes, such as
shapes-colors). However, such an approach may not be suit-
able in the current context, given the inherently relativistic
nature of gender stereotypes. Both mainstream and RFT ac-
counts posit that our very understanding of gender (i.e., roles,
behaviors, and attributes) is rendered through the axiomatic
construction of gender-as-binary, and of men and women as
fundamental opposites (Connell, 2005; Hawkesworth, 1997;
Kimmel, 2000; Roche & Barnes-Holmes, 2002). That is, it is
not just that certain traits are male and others are female but,
by virtue of the oppositional way in which gender is framed,
male traits are also Bnot-female^ and female traits are Bnot-
male^ (see also Prentice & Carranza, 2002). In this way, the
concurrent juxtaposition of maleness with stereotypical mas-
culinity and femaleness with stereotypical femininity in the
FASTmay be conceptually important in the analysis of gender
stereotypes. Therefore, the current study elected to use a rela-
tive rather than non-relative approach here.

A third procedural modification relates to the removal of
the Bbaseline^ phases of the FAST. Previous research included
two additional blocks, presented before and after the critical
test blocks, which attempted to assess participants’ baseline
levels of response acquisition on two neutral or previously
unrelated stimulus class training phases. However, given that
the scoring procedure employed in the current study was fo-
cused on learning rate differentials across test blocks rather
than raw rates of acquisition, baseline phases were not directly
required here. Consequently, these blocks were removed from
the protocol leaving just the two critical test blocks, as well as
a short practice block to familiarize participants with the
procedure.

The current study is thus the first investigation into the
FAST’s sensitivity to natural stimulus relations and, specifi-
cally, to common gender stereotypes. One Brelative FAST^
will be employed, which will contrast rates of learning across
stereotype-consistent (i.e., men-masculine and women-femi-
nine) and stereotype-inconsistent blocks (i.e., men-feminine
and women-masculine). Given its previous utility in assessing
implicit gender stereotypes (e.g., Rudman & Glick, 2001;
Rudman &Kilianski, 2000), an IATemploying identical stim-
uli will also be employed as a positive control against which
FAST scores can be compared. That is, FAST effects will be
corroborated by the stereotype-consistent effects we expect to
find on the IAT. In order to explore whether any meaningful
relationships exist between FAST/IATscores and more explic-
it forms of gender or sexual prejudice, a small number of self-
report measures of sexism will also be employed. However, it
should be noted that the precise conditions under which self-

report measures are expected to correlate with implicit test
effects is an ongoing issue for investigation within the field
(see Nosek, 2007; Nosek, Greenwald, & Banaji, 2005). Thus,
no specific hypotheses are made regarding the nature of any
correlations between the FAST, IAT, and self-report
questionnaires.

Method

Participants

Thirty undergraduate students (15 identified as female, 15 as
male) from Maynooth University, aged between 18 and 26
participated in this study (Mage = 20.47, SD = 1.634).
Participants were provided with an open-ended response for-
mat for gender information, so as not to impose a binarized
forced-choice. Participation was voluntary and no remunera-
tion was offered. Inclusion criteria included fluent English,
normal or corrected-to-normal vision, and full use of both
hands.

General Experimental Sequence

All experimental sessions were conducted one-to-one in indi-
vidual experimental cubicles and all measures (including the
self-reports) were administered on a laptop computer by a
trained researcher. Before consenting to participate, all indi-
viduals were provided with a brief summary of the experi-
ment’s content and subject matter and were informed as to
the general structure of the computer tasks and questionnaires.
Once participants were comfortable with the nature of the
experiment, written informed consent was obtained and they
began the experiment. Participants were informed at the outset
that they could cease participation at any time during the ex-
periment. The general experimental sequence was as follows:
FAST, self-report measures, and IAT. The FAST was
employed prior to the self-report measures so as not to alert
participants to the general purpose of the procedure (see also
Nosek et al., 2005). The IAT, which was employed to corrob-
orate FAST effects, was administered after the questionnaires
in order to provide participants with a short break between
computer-based tasks. Upon completion of all tasks, partici-
pants were fully debriefed regarding the study’s aims and cen-
tral thesis and were thanked for their time.

Materials

Self-Report Measures

Self-reported attitudes towards gender and sexuality were ob-
tained from two questionnaires: the Modern Sexism Scale
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(MS: Swim, Aikin, Hall, & Hunter, 1995) and the
Heteronormativity Attitudes and Beliefs Scale (HABS;
Habarth, 2015).

Modern Sexism Scale The MS is a 10-item scale assessing
beliefs about women and gender, comprising two 5-item sub-
scales. The first is intended to assess more traditional anti-
women sentiments (e.g., BIt is more important to encourage
boys than to encourage girls to participate in athletics.^), and
the second examines more subtle or contemporary sexist atti-
tudes (e.g., BOver the past few years, the government and
news media have been showing more concern about the treat-
ment of women than is warranted by women's actual
experiences.^). Items are scored on a Likert-scale from 1
(strongly disagree) to 5 (strongly agree), with possible scores
ranging from 10-50.

Heteronormativity Attitudes and Beliefs Scale The HABS
is a 16-item questionnaire assessing the beliefs that gender is
binary (i.e., that people can or must be either male or female)
and that heterosexuality is a natural feature of male-female
relations. Two 8-item subscales assess, firstly, Bgender-as-
binary^ beliefs (e.g., BAll people are either male or female^)
and, secondly, attitudes around normative sexual behavior
(e.g., BThere are particular ways that men should act and par-
ticular ways that women should act in relationships^). Items
are scored on a 7-point Likert scale from Bstrongly disagree^
to Bstrongly agree^, allowing a scoring range of 16-112.

FAST

The version of the FAST utilized in the current experiment
was developed with the computer programming software
Livecode™ and was administered to participants on a laptop
computer with a 13^ screen (1024×768 pixel resolution). As
previously mentioned, the FAST protocol in the current ex-
periment deviated somewhat from previous published FAST
studies (e.g., O’Reilly et al., 2012; 2013) by consisting of just
one practice block and two test blocks (baseline blocks were
omitted). All blocks contained four distinct stimulus catego-
ries, each consisting of 2–4 exemplars (see Table 1). For the
practice blocks, stimulus categories consisted of common, ev-
eryday words that were deemed neutral in terms of their eval-
uative functions (i.e., the categories Bfruits^, Banimals^,
Bbody parts^, and Bclothes^). The test blocks were identical
in terms of the format and stimuli included, differing only in
terms of the reinforcement contingencies applied. Specifically,
test block 1 reinforced one shared key-press response for
Bmen^ and Bmasculine traits^ and another for Bwomen^ and
Bfeminine traits^. That is, corrective feedback reinforced
responding in a stereotype-consistent manner. These contin-
gencies were reversed for test block 2 (blocks 1 and 2 were

presented in a randomized order across participants). The
reader is reminded, at this point, that no instructions were
provided to the participants regarding how they should re-
spond; response classes were shaped entirely using a FR1
reinforcement schedule (i.e., trial-by-trial feedback).

Before commencing, participants were presented with the
following instructions outlining the general nature of the task:

In the following section, your task is to learn which
button to press when a word appears on screen.
IMPORTANT: During this phase you should press only
the Z key or the M key. Please locate them on the key-
board now. To help you learn you will be provided with
feedback telling you if you are right or wrong. If you
have any questions please ask the researcher now. Press
any key when you are ready to begin.

After participants had pressed a random key, they were
then presented with a practice block consisting of 16 trials,
followed by two test blocks each consisting of 50 trials.
Identical instructions to the ones mentioned above were
provided before each block. Each stimulus was presented
for 3 seconds, with all stimuli presented in black, 48-type
font in the center of the screen. The presentation of each
stimulus was followed by a 250-ms intertrial interval. The
shared response function (i.e., a common key-press re-
sponse) in each block was reinforced via corrective feed-
back, which was presented after the participant’s key-press
response. The feedback (BCorrect^ or BWrong^) was pre-
sented on-screen for a period of 1.5 seconds in the center of
the screen in red, 48-type font. If no response was emitted
from participants within the 3-second response window
(i.e., no key was pressed), a time-out response (BWrong^)
was presented in the center of the screen, again in red, 48-
point font. The order of presentation of the two test blocks,
and of the stimuli within them, was randomized. Upon
completion of the task, participants were provided with a
brief message letting them know the task was over and
thanking them for taking part.

Table 1 Stimuli used in the gender stereotype FAST and IAT

Target 1
Men

Target 2
Women

Attribute 1
Stereotypically
masculine traits

Attribute 2
Stereotypically
meminine traits

Male Female Dominant Nurturing

Unemotional Gentle

Man Woman Competitive Bitchy

Aggressive Emotional

Note: The word Bbitchy^ in the Irish vernacular is generally assumed to
denote someone who readily makes spiteful or malicious remarks. It is
likely this usage is culturally specific, and should be noted by readers for
whom English is not their first language
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IAT

The IAT in the current experiment adhered to the standard
format (see Greenwald et al., 1998) and was programmed in
InquisitTM software. Identical stimuli to those employed in
FAST were used (Table 1). In brief, the task comprised five
separate phases, presented in the following order. Firstly, par-
ticipants completed a target discrimination task, in which they
were required to categorize exemplars from the two target
categories according to their appropriate labels (e.g., sorting
the word Bman^ into the category masculine). Similarly, the
second phase of the IAT required participants to complete a
near identical task, this time for the attribute categories (e.g.,
sorting the word Bnurturing^ into the category feminine). In
both tasks, each trial presented an individual exemplar (e.g.,
Bdominant^) in the center of the screen and the two category
labels (masculine or feminine) at the top left and right of the
screen. In phase 3, participants were required to sort both
targets and attributes simultaneously, with both target and cat-
egory labels presented together at the top left and right of the
screen. The first task required participants to sort stimuli in an
manner presumed to be Bconsistent^ with their verbal histo-
ries, that is, a common key press for words that are eithermale
or masculine and another for those either female or feminine.
Phase 4 then repeated the target discrimination task, this time
requiring participants to sort exemplars in an Binconsistent^
way (e.g., Bman^ into the category female). Lastly, phase 5
was identical to phase 3, but the target/label pairings were
reversed (e.g., words that are female or masculine share a
response).

In all phases of the IAT, participants were required to cat-
egorize exemplars by pressing keys on either the left or right
of the keyboard, that is, to press Be^ for words belonging to
the category to the left of the screen and Bi^ for words to the
right of the screen. No feedback was provided for correct
responses, while incorrect responses resulted in a red ‘X’ in
the center of the screen. All stimuli and error messages
remained on-screen until a correct response was provided,
with a 250-ms interval between trials.

Data Processing

The primary metric of the FAST was learning rate, derived
from the participant’s cumulative record of correct responses.
More specifically, a cumulative record was generated for both
the Bconsistent^ and Binconsistent^ blocks by plotting the
number of correct responses (the response being reinforced)
per block as a function of time. The rate of learning corre-
sponds to the slope of this function (calculated using the
SLOPE function in excel), with a higher slope indicative of
a faster rate. Accuracy and response latency (in seconds) were
recorded by the software on a trial-by-trial basis. Time for the

entire block was cumulated and included the 250-ms intertrial
intervals. The learning rate differential (i.e., the difference in
the slope coefficients of consistent and inconsistent blocks)
was quantified by subtracting the slope of the consistent block
from that of the inconsistent block. A positive raw difference
score therefore reflected a men-masculine/women-feminine
effect, while a negative score reflected a women-masculine/
men-feminine effect. Given the widely-noted issues inherent
in using raw difference (see Edwards & Parry, 1993), learning
rate differentials were standardized using standard errors.

The IAT score was calculated using the popular D1 scoring
algorithm, a metric quantifying response latencies based on
Cohen’s d (see Greenwald et al., 2003). Scoring practices and
interpretation of IAT scores in the current experiment were
identical to that outlined by Greenwald and colleagues, and
thus will not be discussed in detail here. However, for ease of
interpretation and comparison, it should be noted that a posi-
tive D score similarly reflects a men-masculine/women-femi-
nine effect, a negative score indicates a women-feminine/
men-masculine effect, and that scores ranged from -2 to +2,
as standard.

Results

Function Acquisition Speed Test

Learning Rate

Learning rates (i.e., slope values) for both blocks of the FAST
are presented in Table 2. As can be seen in Table 2, 29 of 30
participants demonstrated faster rates of learning on the
stereotype-consistent relative to the stereotype-inconsistent
training block, as expected (i.e., their raw difference score
was positive rather than negative). A Wilcoxon signed-rank
test revealed the overall FAST effect (i.e., the difference be-
tween the two blocks) to be significant, z= -4.39, p<0.001,
with a large effect size (r= .8). With regard to any potential
order effects, a Mann-Whitney U test revealed no significant
differences in latency differentials based on the order in which
FAST blocks were administered, U=106, z= -.250, p< .082.

Sample Cumulative Record: Visual Analysis

Figure 1 illustrates a sample cumulative record for participant
1. With the exception of one participant, faster (i.e., steeper)
learning rates were observed for the stereotype-consistent
block relative to the stereotype-inconsistent block. As evi-
denced by the graph, response patterns in early trials (the first
25 seconds for this participant) are nearly identical across the
two blocks. After this point, learning rates are noticeably
steeper for the stereotype-consistent relative to the
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stereotype-inconsistent block. Though figure 1 is presented
here only as an example, learning trajectories for the majority
of participants followed a similar pattern. Presumably, partic-
ipants made a roughly equal number of mistakes during early
trials given that the reinforcement contingencies had yet to
have a measureable impact on behavior. As the blocks
progressed, however, an increasing number of responses were
correct, but more so during the stereotype-consistent block.

Self-Report Measures

Self-reported sexism was low in the current sample, with
scores ranging from 10-29 (M = 16.10, SD = 4.74).

Heteronormativity scores were more varied, ranging from
16-105 (M=35.8, SD=23.93), though scores tended to cluster
around the low end.

Implicit Association Test

As seen in Table 2, 27 of the 28 participants who completed an
IAT demonstrated a positive IATeffect (i.e., response latencies
were shorter for the stereotype-consistent relative to the
stereotype-inconsistent block). Single-sample t-tests revealed
the overall IAT effect to be significant against zero, t
(27)=11.17, p< .001.

Table 2 FAST and IAT data

Participant Gender Stereotype-consistent block
Slope of learning curve

Stereotype-inconsistent block
Slope of learning curve

Raw difference Standardized difference IAT score

1 F 0.83 0.67 .16 -0.12 1.24

2 M 0.75 0.67 .08 -0.75 1.14

3 F 0.6 0.44 .16 -0.12 -.49

4 M 0.57 0.29 .28 0.83 1.08

5 F 0.79 0.57 .22 0.35 .92

6 M 0.63 0.55 .08 -0.75 .71

7 F 0.79 0.4 .39 1.69 1.29

8 M 0.75 0.56 .19 0.12 .48

9 M 0.75 0.4 .35 1.38 .19

10 F 0.77 0.62 .15 -0.2 1.03

11 F 0.76 0.32 .44 2.09 1.18

12 F 0.82 0.63 .19 0.12 .79

13 F 0.78 0.62 .16 -0.12 .98

14 F 0.77 0.56 .21 0.27 .75

15 M 0.67 0.58 .09 -0.67

16 F 0.63 0.26 .37 1.54 .74

17 M 0.72 0.46 .26 0.67 .57

18 M 0.72 0.47 .25 0.59 .59

19 M 0.68 0.44 .24 0.51 1.14

20 M 0.61 0.44 .17 -0.04 .98

21 F 0.45 0.66 -.21 -3.04 .78

22 F 0.88 0.62 .26 0.67 1.10

23 F 0.77 0.72 .05 -0.99 .93

24 F 0.74 0.68 .06 -0.91 .38

25 M 0.77 0.64 .13 -0.36 .56

26 M 0.83 0.79 .04 -1.07 .52

27 F 0.66 0.51 .15 -0.2 .63

28 M 0.64 0.49 .15 -0.2 .87

29 M 0.77 0.63 .14 -0.28

30 M 0.72 0.67 .05 -0.99 .90

Means 0.72 0.55 0.17 0.001 0.79

Note: Participants 15 and 29 did not complete an IAT due to time constraints
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Measure Comparisons

No significant correlations were found between self-reported
sexism and heteronormativity and scores on either the FAST
(standardized difference score) or the IAT (ps > .5) using
Pearson’s product moment correlation. Additionally, while the
IAT and the FAST produced very consistent co-varying effects
(i.e., the effect was in the same direction for all participants with
the exception of participant 3 and participant 21; see Table 2),
no correlations were found between the IAT and FAST scores
(p> .5). More consideration of the relationship between these
two measures can be found in the discussion.

Gender Differences

Independent sample t-tests revealed no difference between
male and female participants on either the FAST,
t(28) = -.369, p> .5, or the IAT, t(28)= -.481, p> .5. Gender
differences were found for both of the explicit measures, how-
ever, withmen scoring significantly higher than women on the
MS, t(28) = 2.262, p= .001, and the HABS, t(28) = 2.152,
p= .001. Effect sizes for both tests were large (d> .8).

Discussion

The current study expands on previous research (O’Reilly
et al., 2012; 2013) by demonstrating the utility of the FAST
procedure in assessing the nature of verbal stimulus-stimulus
relations. Specifically, this procedure proved to be sensitive to
pervasive and common gender stereotypes of women as ste-
reotypically Bfeminine^ (e.g., emotional, nurturing) and men
as stereotypically Bmasculine^ (e.g., dominant, aggressive).
Of the 30 individuals who participated in this study, all dem-
onstrated effects in the expected direction insofar as learning
rates were significantly faster for the stereotype-consistent
discrimination block relative to the stereotype-inconsistent
block. Similar effects were observed on an IAT containing

identical stimuli, which was employed here as a positive con-
trol. Specifically, 27 of the 28 participants who completed an
IAT demonstrated faster response latencies for the consistent
relative to the inconsistent block, thereby corroborating effects
found on the FAST.

The current findings support the use of a stimulus equiva-
lence or broader derived stimulus relations paradigm in the
assessment of natural verbal relations. In so doing, this study
further supports the idea posed in the Watt et al. (1991) pro-
cedure that differential rates of equivalence class formation
may be used to assess distal learning histories. However, in
slight contrast to the Watt et al. procedure and measures such
as the IAT or IRAP, these findings suggest that this can be
achieved using a very quick (two test blocks taking approx.
five minutes to complete) and easy-to-administer procedure.
In addition, the use of a cumulative record as a functionally
understood metric of learning rate appears to be a sensitive
scoring technique and one consistent with traditional means of
assessing learning rates in the experimental analysis of
behavior.

Given that each measure produced significant and robust
effects in the expected direction (with the exception of two
participants), it is reasonable to infer that both the IAT and the
FAST reliably measured verbal histories around gender. The
lack of direct correlation between the two measures, however,
is worthy of consideration. While spurious or absent correla-
tions between two implicit measures is not uncommon
(Bosson, Swann, & Pennebaker, 2000; Hussey, Daly, &
Barnes-Holmes, 2015), the paradigmatic differences across
the two measures may point to the effects of even slight alter-
ations to procedural or quantification methods. More specifi-
cally, it could be possible that the IAT and FAST index differ-
ent features of response strength, or are differentially sensitive
to different products of a relational history (i.e., relative speed
of responding versus relative rate of learning across fixed
discrimination blocks). In this way, while latency and learning
rate differentials should roughly co-vary (as observed), they
may not necessarily be linearly related. While it remains to be
seen if these different metrics are of more or less use in terms

Fig. 1 Sample cumulative record
for participant 1. Note: steeper
graphs represent the rate at which
participants learned to respond
correctly on the discrimination
tasks in each training block. A
one-point vertical increment on
the graph corresponds to one
correct response. A horizontal
increment reflects the passage of a
3-s trial without a correct response
(i.e., a missed response or an
incorrect response)
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of their predictive and/or construct validity, the lack of corre-
lation produced by two putatively similar procedures nonethe-
less opens up further lines of inquiry regarding the most pre-
cise means of indexing stimulus-stimulus relations in the ver-
nacular (see also Hughes et al., 2012 for a review of some
alternative or non-latency based scoring metrics).

The absence of a linear relationship between the implicit
measures and the questionnaire scores is also not entirely un-
expected. As mentioned in the introduction, the conditions
under which explicit and implicit measures correlate is an
ongoing area of investigation within the field of implicit test-
ing (see Nosek, 2007). The Relational Elaboration and
Coherence (REC) model, for instance, accounts for explicit-
implicit variation by drawing a pragmatic conceptual distinc-
tion between Bbrief and immediate^ relational responses
(BIRRs), or those emitted most readily in a time-pressured
environment, and Bextended and elaborated^ relational re-
sponses (EERRs), or those emitted in more open-ended time
periods following deliberation (see Barnes-Holmes et al.,
2011). According to this model, BIRRs and EERRs may align
under certain conditions (e.g., matching shapes to their corre-
sponding words) but may potentially diverge in certain con-
texts that require greater deliberation or abstraction (e.g., po-
litical views), or where certain patterns of responding are more
socially desirable than others (e.g., liberal versus conservative
views around gender; but also see O’Reilly, Roche, &
Cartwright, 2014). Although an exploration into the relation-
ship between self-reported sexism and implicit gender stereo-
types was not the goal of this study, it is plausible that the lack
of correlation reflects a tendency among participants to re-
spond differently, and potentially more liberally, to gender-
relevant stimuli in the absence of time pressure. To assess
the social relevance of this divergence, future research could
perhaps investigate the relative abilities of self-reported beliefs
and implicit stereotypes to predict some discriminatory behav-
ior (e.g., hiring prejudices), as has been done elsewhere (e.g.,
Rudman & Glick, 2001).

In terms of the gender stereotypes identified in the
study, their strength and prevalence in the current sample
cohere with the findings of previous IAT research in this
area (Rudman & Glick, 2001; Rudman & Kilianski, 2000).
That is, participants demonstrated a strong and significant
bias toward coordinating men with traditionally masculine
(but not feminine) traits and women with traditionally fem-
inine (but not masculine) traits. The separable divide be-
tween personality traits on the FAST and IAT (i.e., the
strong effects observed) therefore suggests an apparent
persistence of gender stereotypes in modern society and,
more broadly, elucidates the binary way in which gender is
constructed. That is, it evinces that that which is male is
also Bnot-female^, and vice versa. Such an interpretation of
these findings is consistent with mainstream social psycho-
logical and feminist theories concerning the socialization

of gender-as-binary (e.g., Connell, 2005; Eagly & Steffen,
1984; Hawkesworth, 1997; Kimmel, 2000).

Future research should now explore whether the effects
generated by the FAST constitute a meaningful variable in
the analysis of social behavior. As previously stated, gender
stereotypes of women as gentle/nurturing and men as
dominant/competitive have noted implications for gender
equality (see Eagly & Karau, 2002; Rudman et al., 2012).
To date, research has demonstrated the utility of gender-
stereotype IAT procedures and the latency-based d score in
predicting more overt forms of gender-based discrimination.
For instance, Rudman and Glick (2001) demonstrated that
effects on an IAT using similar stimuli predicted negative so-
cial evaluations of female job applicants in occupational set-
tings. Similar techniques could be employed as a way to val-
idate the FAST procedure and scoring technique and to assess
its predictive utility for prejudicial behavior. For example, it
could be useful to compare FAST scores between two groups
who should theoretically differ in the extent to which they
endorse traditional gender stereotypes (e.g., between self-
identified feminists and individuals with known anti-women
biases). Similarly, it would be interesting to investigate wheth-
er performance on the FAST is predictive of behavior on some
sociallymeaningful task, such as the Rudman and Glick hiring
preference paradigm.

Concerning the procedural modifications to the FAST, find-
ings of this study support the use of the Brelativistic^ paradigm
for assessing social biases, although its necessity still warrants
investigation. As stated in the introduction, previous research
(O’Reilly et al., 2013) noted the FAST’s potential utility as a
measure of Babsolute^ or non-relative biases (e.g., of Bmen^
and Bgood^, relative to two unrelated stimulus categories). The
current study, however, opted to assess gender stereotypes of
men and women relativistically (i.e., in relation to each other)
in a single FAST. The rationale for this was, in part, based on
previous research into common gender stereotypes, which the
current study was partly replicating, as well as on IAT findings
suggesting an important role for counter-categories in specify-
ing the dimension of comparison (e.g., women/men relative to
women/objects; Rudman & Mescher, 2012). That is, if one is
interested in assessing gender stereotypes, the juxtaposition of
gender categories with their corresponding traits may be an
important way to bring a particular history to bear on the dis-
crimination task. Put simply, it is possible that learning to co-
ordinate women with certain traits in this study was facilitated
by the concurrent coordination of men with others, as this may
have specified the two dimensions of comparison (i.e., men,
women, male traits, and female traits). However, such an in-
terpretation warrants further investigation into the relative sen-
sitivity and predictive validity of relative versus non-relative
FAST procedures.

One potential limitation of this study concerns the order in
which the FAST and IAT were presented. The FAST was
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always presented first and the IAT last, given that the IATwas
employed solely as a positive control against which the FAST
effects could be compared. Although the intention of this
study was not to engage in a direct IAT/FAST comparison or
to assess the superior construct/predictive validity of either
measure, it is acknowledged that counter-balancing the order
of the twowould have allowed for a more detailed comparison
of measure effects. The undergraduate sample employed here
may also constitute a limitation, given that a study examining
contemporary gender stereotypes should employ a more rep-
resentative sample (e.g., in terms of age, educational back-
ground, socioeconomic status, etc.). However, it should be
remembered that the purpose of the current study was not so
much to survey the existence of these verbal categories but to
test the utility of the newly revised FAST procedure. In effect,
the representativeness of the sample employed here does not
detract from an in-principle demonstration of the FAST as a
viable procedure for use with real-world stimulus categories.
Nevertheless, the relative impact of different demographic
variables on test outcomes should be explored directly in fu-
ture research aiming to survey stereotypes in the general
population.

Summary

The current study provides empirical support for a functional-
ly understood implicit test style method for assessing verbal
relations, based directly on the Watt et al. (1991) stimulus
equivalence paradigm. Though it should be noted that the
FAST is unlikely to provide as extensive or detailed an assess-
ment of relational responding histories as the IRAP, the FAST
may nevertheless have certain pragmatic advantages. First, it
does not require any participant pre-training, and does not
appear to be a difficult format for participants to master
(e.g., it had a zero participant attrition rate in the current
study). Second, that the FAST requires little explanation, in-
struction, or practice for participants means it is both quick
(under 5 minutes) and easy-to-administer. Third, the scoring
technique that was employed here was novel in the field of
implicit testing but represents a conceptually clear metric of
learning rate differentials that is based on time-tested behav-
ior-analytic principles. As such, the FAST may represent a
measure of verbal relations that may prove useful to behav-
ioral researchers in assessing the emergence of trained dis-
criminations, derived relations, and real-world verbal relations
more generally.
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