
The Psychological Record, 2013, 63, 707–724

These data were presented at the Experimental Analysis of Behaviour Group Conference, London, 
April 2011.

This research was conducted as part of the last two authors’ undergraduate research projects and 
the first author’s doctoral research, under the supervision of the second author.

Correspondence concerning this article should be sent to Anthony O’Reilly, Department of 
Psychology, John Hume Building, National University of Ireland, Maynooth, Kildare, Ireland; E- mail: 
anthony.g.oreilly@gmail.com

DOI:10.11133.j.tpr.2013.63.4.001

A Function Acquisition speed test 
For equivAlence relAtions (FAster)

Anthony O’Reilly and Bryan Roche
National University of Ireland, Maynooth

Amanda Gavin
Teeside University

Maria R. Ruiz
Rollins College

Aoife Ryan and Glenn Campion
National University of Ireland, Maynooth

The current study employed a stimulus equivalence paradigm to assess the ability 
of the recently developed Function Acquisition Speed Test (FAST) to measure 
the existence and strength of experimentally produced derived relations. 
Twenty- two participants were exposed to a One- to- Many stimulus equivalence 
training procedure (A1–B1, A1–C1, A2–B2, A2–C2), followed by testing for 
derived B1–C1 and B2–C2 relations. All participants were then exposed to a 
FAST procedure in which a simple common operant response was established 
for pairs of equivalent stimuli (e.g., B1 and C1) in one block of training. In 
another bock of training, a common response was established for pairs of non- 
equivalent stimuli (e.g., B1 and C2). Trial numbers required for participants to 
reach mastery criteria differed across the two FAST blocks, as expected, but 
only for those participants who had passed the prior equivalence testing phase. 
This finding suggest that the FAST procedure functions as both a concurrent 
measure of stimulus equivalence class emergence and a functional- analytic tool 
that might assess unreinforced and socially sensitive stimulus relations formed in 
the world outside the laboratory. Large inter- and intra- participant variations in 
performances across FAST blocks are discussed.
Key words: implicit test, Function Acquisition Speed Test, stimulus 
equivalence, derived relations, attitude measurement
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The Function Acquisition Speed Test (FAST; O’Reilly, Roche, Ruiz, Tyndall, & 
Gavin, 2012) is an emerging test methodology for assessing participants’ histories of 
relational responding and stimulus relations. The FAST methodology is based on (a) the 
ʈQGLQJ�WKDW�DOUHDG\��HVWDEOLVKHG�VWLPXOXV�UHODWLRQV�LQWHUIHUH�ZLWK�WKH�IRUPDWLRQ�RI�QHZ�
stimulus relations and (b) the concept of behavioral momentum (Nevin & Grace, 2000).

The FAST requires participants to complete two simple discrimination test blocks. 
Each block utilizes the same four stimuli: two “test” stimuli related in the participant’s 
history (or suspected to be) and two unrelated novel stimuli. Each trial presents a single 
stimulus, and participants must learn via corrective feedback whether to respond with a 
press of the “z” or “m” key on a computer keyboard. In the “consistent” block, the same 
response (e.g., press “z”) is reinforced for both of the test stimuli, and the other response 
(e.g., press “m”) is reinforced for the unrelated stimuli. These responses are consistent 
ZLWK� WKH�SDUWLFLSDQWVȃ� OHDUQLQJ�KLVWRU\�DQG�VR�TXLFNO\� UHVXOW� LQ�VWDEOH��KLJK��UDWH�
responding. In the second “inconsistent” block, the reinforced responses are inconsistent 
with the participant’s learning history insofar as different responses (press “z” and press 
“m”) are required for each of two previously related stimuli. In effect, the juxtaposition 
of current and past reinforcement contingencies during the inconsistent block functions 
as a type of learning disrupter. The current test contingencies need to overcome the 
behavioral inertia produced by the previous contingencies in order for responding to 
come under experimental control and for any learning criteria to be reached. Thus, an 
acquisition rate difference in trial requirement to criterion is typically observed across 
the consistent and inconsistent test blocks in the predicted direction (i.e., most test takers 
UHDFK�WKH�UHVSRQVH�ʉXHQF\�FULWHULRQ�LQ�IHZHU�WULDOV�RQ�WKH�FRQVLVWHQW�EORFN�WKDQ�RQ�WKH�
inconsistent block). The FAST, therefore, allows the researcher to identity a history of 
relating any two classes of stimuli.

,Q�WKH�ʈUVW�SXEOLVKHG�)$67�VWXG\��2ȃ5HLOO\�HW�DO����������SDUWLFLSDQWV�FRPSOHWHG�D�
simple stimulus matching procedure that established a relation between two nonsense 
syllables (A1 and B1). Participants then completed a FAST, which utilized A1 and B1 
and two novel nonsense syllables as stimuli (N1 and N2). In the consistent block, 
pressing “z” when presented with A1 or B1 as a stimulus and “m” when presented with 
N1 or N2 was reinforced. In the inconsistent block, pressing “m” in the presence of A1 
and N1 and “z” in the presence of B1 or N2 was reinforced. Thirteen of the 18 participants 
reached criterion (10 correct responses in a row) more quickly on the consistent block 
WKDQ�RQ�WKH�LQFRQVLVWHQW�EORFN��7KH�UHPDLQLQJ�ʈYH�SDUWLFLSDQWV�VKRZHG�QR�GLIIHUHQFH�LQ�
acquisition rates across the blocks or very small differences in the unexpected direction. 
That study provided a simple proof of concept for the FAST methodology. The purpose 
of the current study is to extend this demonstration by using the FAST to detect and 
analyze derived relations that have not been previously reinforced. If the FAST is 
sensitive to such relations, it may prove to be useful in applied research settings in which 
researchers are interested in determining the existence of derived relations between 
words in the vernacular (e.g., “African American” and “bad”) or experimental stimuli 
participating in equivalence or other derived relations.

The FAST represents an extension of the stimulus equivalence–based methodology 
developed by Watt, Keenan, Barnes, and Cairns (1991). That technique measures the 
interference effects on stimulus equivalence class formation when programmed 
contingencies are designed to lead to emergent relations containing socially incongruous 
stimuli. Several studies have utilized the Watt et al. (1991) paradigm to study socially 
sensitive issues, such as discrimination against Middle Eastern people (Dixon, Rehfeldt, 
Zlomke, & Robinson, 2006), gender identity (Kohlenberg, Hayes, & Hayes, 1991; Moxon, 
.HHQDQ��	�+LQH��������5RFKH�	�%DUQHV���������VHOI��HVWHHP��%DUQHV��%URZQH��6PHHWV��	�
Roche, 1995; Merwin & Wilson, 2005), and child sexual abuse (McGlinchey, Keenan, & 
Dillenburger, 2000; Roche, O’Riordan, Ruiz, & Hand, 2005). These studies investigated 
social histories that were established outside the laboratory, and all provided promise of a 
behavior analytic test for histories of stimulus relations. Nevertheless, this behavioral 
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DSSURDFK�WR�DVVHVVLQJ�VWLPXOXV�UHODWLRQV�ZDV�QHYHU�KDUQHVVHG�LQWR�D�VLPSOH�DQG�HDV\��WR��XVH�
test format.

The O’Reilly et al. (2012) study showed that directly established relations between 
VWLPXOL�FRXOG�EH�LGHQWLʈHG�XVLQJ�WKH�)$67�SURFHGXUH��+RZHYHU��QRW�DOO�UHODWLRQV�RI�LQWHUHVW�
to psychologists might be directly established by the verbal community. Some relations 
may have been derived by the participant because they have been merely implied by the 
verbal community in the absence of any direct social reinforcement. As an example, the 
parents of a child may have regularly referred to people of Irish origin as drunkards while 
speaking to their child. In other contexts, the parents or other individuals may have 
referred regularly to drunkards as ignorant. These contingencies parallel a linear (A–B–C) 
stimulus matching sequence in which a derived relation between the terms Irish people and 
ignorant might be expected to emerge. While there may have been no occasion on which 
an individual was instructed that the Irish are ignorant, this implied or derived relation 
may nevertheless be detectable using a FAST procedure.

The FAST procedure is functionally very similar to a procedure utilized by Hall, 
0LWFKHOO��*UDKDP��DQG�/DYLV���������+DOO�DQG�FROOHDJXHV�XVHG�D�0DQ\��WR��2QH�WUDLQLQJ�
procedure to train two separate associations between geometric shapes (square, triangle, 
circle, star) and a colored rectangle (red or green). This led to the formation of two 
equivalence classes (e.g., square–red–circle and star–green–triangle) and to an untrained 
equivalence relation between the two shapes in each class (e.g., square–circle). The 
experiment then required participants to assign a key press (either left or right) to each pair 
RI�VKDSHV��8QOLNH�WKH�)$67��D�EHWZHHQ��SDUWLFLSDQWV�H[SHULPHQWDO�GHVLJQ�ZDV�FKRVHQ��,Q�
Stage 2 of Hall’s experiments, one group (the consistent condition) was required to assign 
the same response to stimuli that participated in the same equivalence class (“shared an 
associate”), and the other group was required to assign the same response to two stimuli 
that were not members of the same equivalence class (the inconsistent condition). In line 
with predictions, participants in the consistent condition produced fewer errors than those 
in the inconsistent condition.

+DOO�DQG�FROOHDJXHV��������H[SODLQHG�WKHLU�ʈQGLQJ�LQ�WHUPV�RI�DVVRFLDWLYH�OHDUQLQJ�
theory. In brief, this account states that when a stimulus is presented, mental representations 
of the associates of that stimulus are also activated in memory. In the context of the above 
experiment, star and triangle were separately paired with green. When, during testing, 
triangle was presented, it would have activated a representation of green. When the 
reinforcement was delivered for a “left” response, an associate link between green and a 
left response would have been formed, which would in turn transfer to star when it was 
presented and the green representation was again activated. In Experiment 4 of Hall et al., 
the authors attempted to exclude a verbal explanation for the observed phenomenon. In this 
H[SHULPHQW��SDUWLFLSDQWV�ZHUH�H[SRVHG�WR�2QH��WR��0DQ\�WUDLQLQJ�LQ�ZKLFK�WZR�VKDSHV�
(VQRZʉDNH and triangle) were matched with two nonsense syllables (WUG and ZIF) and 
also with two colors (red and green). Participants were then required to categorize the 
nonsense syllables and colors with either a left or right key press. As before, participants 
were separated into consistent and inconsistent experimental groups. However, in this 
experiment, an additional stage consisting of two trials was added. Each of the color 
VWLPXOL�ZHUH�SUHVHQWHG��DORQJ�ZLWK�D���SRLQW�UDWLQJ�VFDOH��ODEHOHG�Ȇ:8*ȇ�DW�RQH�SRLQW�DQG�
“ZIF” at the other, with the middle point marked “don’t know.” In line with Hall’s 
predictions, verbal evaluations of the relations trained diverged from their responses 
during the critical testing stage. This suggested that the mental associations established 
during training were being measured directly and more reliably using the experimental 
procedure than by verbal reports and that (according to Hall et al., 2003) the process that 
produced the Stage 2 performances was not verbally mediated.

6P\WK��%DUQHV�+ROPHV��DQG�%DUQHV��+ROPHV��������FKDOOHQJHG�WKH�+DOO�HW�DO���������
account directly with a series of elegant experiments. They demonstrated that the 
divergence between participants’ responses to the experimental stimuli and their verbal 
HYDOXDWLRQV�RI�WKRVH�VWLPXOL�ZDV�OLNHO\�GXH�WR�LQVWUXFWLRQDO�FRQWURO��0RUH�VSHFLʈFDOO\��WKH\�
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showed that instructions alone, as well as combinations of stimulus matching and 
instructions could produce the same results. These experiments undermine a purely 
associative account and suggest a role for verbal processes in acquired equivalence 
effects—a position that has long been held by behavior analysts (e.g., Sidman, 1994). 
Indeed, the phenomenon of derived relational responding is thought to be a core process of 
KXPDQ�YHUEDO�EHKDYLRU��VHH�+D\HV��%DUQHV��+ROPHV��	�5RFKH���������DQG�DV�VXFK��
underpins the authors’ own understanding of the FAST effect.

The use of derived equivalence relations as a laboratory analog of verbal relations of 
interest to social researchers (e.g., in the context of attitude research) is supported by a 
growing body of research that suggests that derived relations function in the same way as 
semantic relations in the vernacular and share the same functional properties. For instance, 
research using event related potentials (ERPs) as a dependent measure of equivalence class 
formation has shown that the neural correlates of deriving relations and semantic processing 
DUH�VLPLODU��%DUQHV��+ROPHV�HW�DO���������+DLPVRQ��:LONLQVRQ��5RVHQTXLVW��2XLPHW��	�
0F,OYDQH���������6LPLODU�ʈQGLQJV�KDYH�EHHQ�PDGH�LQ�UHODWLRQ�WR�I05,�PHDVXUHV�RI�VWLPXOXV�
equivalence class formation (Dickins et al., 2001). Several studies have also shown the 
emergence of derived relational responding repertoires to be practically synonymous with 
the emergence of natural language in humans (Barnes, McCullagh, & Keenan, 1990; Devany, 
Hayes, & Nelson, 1986; Hayes & Hayes, 1989; Lipkens, Kop, & Matthijs, 1988). Other 
research has found it difficult at best to demonstrate stimulus equivalence in animal 
SRSXODWLRQV��H�J���'XJGDOH�	�/RZH��������/LRQHOOR��'H1ROI�	�8UFXLROL���������7KH�FRQFHSW�RI�
derived relations has, therefore, been used by several behavior analysts to develop models of 
meaning (Bortoloti & de Rose, 2009) as well as to understand grammar and syntax from a 
EHKDYLRUDO�SHUVSHFWLYH��H�J���%DUQHV��+ROPHV��%DUQHV��+ROPHV��	�&XOOLQDQ��������%DUQHV�	�
Hampson, 1993; Hayes et al., 2001; Hayes & Hayes, 1989). Most recently, Bortoloti and de 
5RVH��������XVHG�DQ�LPSOLFLW�WHVW�SURFHGXUH��WKH�,5$3��WR�FRQʈUP�WKDW�VWLPXOL�SDUWLFLSDWLQJ�
in the same equivalence relation were semantically related. Thus, the concept of the derived 
equivalence relations may serve as an appropriate laboratory analogue of implicit verbal 
relations as conceived and assessed by social–cognitive researchers.

The current study examined the sensitivity of the FAST procedure in identifying the 
existence of a derived stimulus equivalence relation between two nonsense syllable stimuli 
UHODWHG�LQGLUHFWO\�WR�HDFK�RWKHU�IROORZLQJ�H[SRVXUH�WR�D�2QH��WR��0DQ\�VWLPXOXV�HTXLYDOHQFH�
training and testing procedure.

Method
participants

7ZHQW\��IRXU�SDUWLFLSDQWV�ZHUH�UHFUXLWHG�IURP�WKH�XQGHUJUDGXDWH�SRSXODWLRQ�RI�WKH�
National University of Ireland, Maynooth. Of the 24 who began the study, 17 of these 
passed equivalence training and testing, but 1 was eliminated due to failing to complete a 
FAST test block in less than 100 trials (see Phase 3: The Function Acquisition Speed Test). 
The remaining 7 participants were employed as control participants, but 1 of these was 
also eliminated due to failing to complete a FAST test block in less than 100 trials. Of the 
remaining 22 participants whose data where analyzed, 11 were male and 11 were female. 
Ages ranged from 18 to 48 years (M = 24.09, SD = 7.909).

Apparatus
All phases of the experiment were presented to participants on an Apple Macbook 

ODSWRS�FRPSXWHU�ZLWK�D����LQ�PRQLWRU�������������SL[HO�UHVROXWLRQ���6WLPXOXV�SUHVHQWDWLRQV�
were controlled by the Psyscope software package (Cohen, MacWhinney, Flatt, & Provost, 
1993), which also recorded all responses. Stimuli consisted of 28 nonsense syllables (see 
the appendix) randomly assigned to their roles as samples, comparisons, and FAST test 
stimuli. These will be referred to later using alphanumerics.
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General experimental procedure
The experiment consisted of three phases. Phase 1 (equivalence training) consisted of 

D�PDWFKLQJ��WR��VDPSOH�SURWRFRO�WR�HVWDEOLVK�WZR���PHPEHU�HTXLYDOHQFH�FODVVHV��HDFK�
containing three nonsense syllables (A1–B1–C1 and A2–B2–C2). Phase 2 (equivalence 
testing) tested for the derived relations emergent from Phase 1 (i.e., C1–B1, B1–C1, B2–C2 
and C2–B2). Phase 3 (FAST) consisted of three runs (exposures) of a pair of FAST test 
blocks, separated by a baseline block, and with an additional baseline block presented at 
the end of the entire procedure. Multiple runs of the FAST were employed so that the 
stability of participant performance across time could be considered.

phase 1: equivalence training. In this phase, participants were exposed to a 
PDWFKLQJ��WR��VDPSOH�SURFHGXUH�GHVLJQHG�WR�HVWDEOLVK�WZR���PHPEHU�HTXLYDOHQFH�FODVVHV�
DFFRUGLQJ�WR�D�2QH��WR��0DQ\�SURWRFRO��(DFK�RI�IRXU�WUDLQLQJ�WULDOV�DSSHDUHG�HLJKW�WLPHV�
LQ�D�TXDVL��UDQGRP�RUGHU��IRU�D�WRWDO�RI����WULDOV��7KH�UHODWLRQV�WUDLQHG�ZHUH�$�Ǿ%���%����
A2–B2 (B1), A1–C1 (C2), and A2–C2 (C1), where unreinforced choices are in 
parentheses. Participants were presented with the following instructions at the onset of 
Phase 1:

In a moment some words will appear on this screen. Your task is to look at 
the word at the top of the screen and choose one of the two words at the 
bottom of the screen by “clicking on it” using the computer mouse and 
cursor. During this stage, the computer will provide you with feedback on 
your performance. You should try to get as many answers correct as possible. 
If you have any questions, please ask them now. When you are ready, please 
click the mouse button.

All trials were presented on a computer screen against a white background. A trial 
began with the presentation of the sample stimulus at the top center of the screen in 
EODFN����SRLQW�IRQW��7KH�WZR�FRPSDULVRQ�VWLPXOL�DSSHDUHG�LQ�WKH�ERWWRP�OHIW�DQG�ULJKW�
corners of the screen 1,000 ms later. The positions of comparison stimuli were 
counterbalanced across trials. The stimuli remained on screen (i.e., simultaneous 
PDWFKLQJ��WR��VDPSOH��XQWLO�WKH�SDUWLFLSDQW�HPLWWHG�D�UHVSRQVH��L�H���FOLFNLQJ�RQ�RQH�RI�WKH�
comparison stimuli). The screen then cleared, and corrective feedback (CORRECT or 
:521*��ZDV�GLVSOD\HG�LQ�UHG����SRLQW�IRQW�LQ�WKH�FHQWHU�RI�WKH�VFUHHQ�IRU�������PV��
Participants were required to complete a block with 30/32 correct responses. If 
participants failed to meet criterion, the training block was repeated until criterion was 
reached.

phase 2: equivalence testing. During equivalence testing, probes for the 
unreinforced formation of B–C relations and C–B relations (combined symmetry and 
transitivity) were presented. The testing format was similar to the training procedure. 
However, no corrective feedback was provided. Again, participants were required to reach 
a criterion of 30/32 correct responses. If participants failed to reach criterion after four 
WHVWLQJ�EORFNV��WKH\�ZHUH�FODVVLʈHG�DV�FRQWURO�SDUWLFLSDQWV�DQG�WKH\�SURFHHGHG�WR�3KDVH���DV�
normal.

phase 3: the Function Acquisition speed test. Phase 3 consisted of three 
FRQVHFXWLYH�)XQFWLRQ�$FTXLVLWLRQ�6SHHG�7HVWV��7KH�ʈUVW�RI�WKHVH�ZDV�WKH�FULWLFDO�WHVW��7KH�
subsequent tests were administered to consider the robustness of FAST effects across 
repeated immediate exposures. The basic FAST presentation consists of a baseline block, 
two test blocks (consistent and inconsistent), and an additional baseline block. In this 
experiment, participants were exposed to four baseline blocks, one at the beginning of the 
phase and one after each pair of test blocks. That is, participants were exposed to the 
following series: Baseline 1, Test Blocks 1, Baseline 2, Test Blocks 2, Baseline 3, Test 
Blocks 3, Baseline 4. After the completion of each block, the instructions page for the next 
block appeared, allowing participants to begin the next block whenever they were ready 
ZLWKRXW�LQWHUUXSWLRQ�IURP�WKH�H[SHULPHQWHU��8SRQ�FRPSOHWLRQ�RI�WKH�ʈQDO�EDVHOLQH�EORFN��D�
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page appeared thanking participants for their participation and instructing them to contact 
the experimenter.

Each block (i.e., test blocks as well as baseline blocks) utilized four stimuli. In each 
block of the FAST, participants were required to learn a common response to one pair of 
stimuli and a different response to the other pair (e.g., press “a” for X1 and Y1, press “j” for 
X2 and Y2). The block continued until a participant reached a predetermined criterion (a 
sequence of 10 responses in which the subject produces no more than one error at any 
point, i.e., 9/10 correct). The number of trials a participant required to reach this criterion 
on each was the primary datum.

Baseline blocks. The purpose of the baseline blocks was to establish a baseline level 
of response class acquisition using novel and previously unrelated stimuli, against which 
acquisition rates with target stimuli could be compared. The baseline blocks each 
involved novel and unique nonsense syllable stimuli with which the participants had no 
previous experience. Baseline 1 employed X1, X2, Y1, and Y2 as stimuli, whereas 
Baseline 2 employed X3, X4, Y3, and Y4 as stimuli, and so on for Baselines 3 and 4. 
Baseline block 1 required participants to learn to “press left” when presented with X1 or 
Y1 and to “press right” for X2 and Y2. Baseline block 2 required common functions for 
X3/Y3 and X4/Y4, and so on for subsequent baseline blocks.

Four baseline blocks were presented. The repeated administration of FAST tests with 
baseline blocks allows for the assessment of the stability of baseline rates of function 
acquisition across time. Administering four baseline phases also has the advantage of 
allowing for the calculation of a mean baseline acquisition rate if these proved to be 
unstable across exposures. The following instructions were delivered at the start of each 
baseline phase:

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 A key or the J key. Please locate them on the keyboard  
now. This part of the experiment will continue until you have learned the 
task and can respond without error. To help you learn, you will be 
provided with feedback telling you if you are right or wrong. If you any 
questions, please ask the researcher now. Press any key when you are 
ready to begin.

All trials were presented on the computer screen with a white background. A trial 
began with the presentation of one of the four nonsense syllable stimuli (i.e., X1, X2, Y1, 
RU�<���LQ�WKH�FHQWHU�RI�WKH�VFUHHQ�LQ�EODFN����SRLQW�IRQW��7KH�VWLPXOL�UHPDLQHG�RQVFUHHQ�IRU�
D�SHULRG�RI���V�RU�XQWLO�D�UHVSRQVH�ZDV�HPLWWHG��L�H���D���V�UHVSRQVH�ZLQGRZ�ZDV�HQIRUFHG���
(DFK�RI�WKH�IRXU�VWLPXOL�ZDV�SUHVHQWHG�LQ�D�TXDVL��UDQGRP�RUGHU�LQ�EORFNV�RI�IRXU�WULDOV��L�H���
consecutive exposures to any one stimulus were not possible).

Immediately upon the production of a response, corrective feedback was presented 
�L�H���HLWKHU�Ȇ&RUUHFWȇ�RU�Ȇ:URQJȇ�LQ�UHG����SRLQW�IRQW�LQ�WKH�FHQWHU�RI�WKH�VFUHHQ�IRU�����V���
,I�QR�UHVSRQVH�ZDV�HPLWWHG�ZLWKLQ�WKH���V�UHVSRQVH�ZLQGRZ��DQ�LQFRUUHFW�UHVSRQVH�ZDV�
recorded, but no feedback was provided. In that case, the screen cleared and the next trial 
EHJDQ�LPPHGLDWHO\�XSRQ�WKH�HQG�RI�WKH���V�UHVSRQVH�ZLQGRZ��3DUWLFLSDQWV�ZHUH�H[SRVHG�WR�
WULDOV�XQWLO�D�FULWHULRQ�RI������FRUUHFW�LQ�D����WULDO�VHTXHQFH�ZDV�UHDFKHG��7KDW�LV�WR�VD\��
participants were required to produce correct responses across any contiguous sequence of 
���WULDOV��ZLWK�QR�PRUH�WKDQ�RQH�HUURU�LQ�WKDW����WULDO�VHTXHQFH��,I�WKH�SDUWLFLSDQW�UHDFKHG�
this criterion, then the block ended automatically and the instructions page for the next 
block would be presented.

A predetermined limit of 100 trials was enforced because pilot research had indicated 
that once this limit was reached, the participant was unlikely to complete the block before 
giving up or being asked to cease by the experimenter.
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Test blocks. The test blocks utilized the A1 and B1 stimuli from the equivalence 
training and testing phases and two additional novel nonsense syllables, N1 and N2. One 
of these blocks (consistent) established two functional response classes (A1–B1 and N1–
N2) that were consistent with the derived relations predicted given Phase 1. The other 
block established two functional response classes, which were inconsistent with the 
relations trained in Phase 1 (A1–N1 and B1–N2). The order of the consistent and 
inconsistent blocks was randomized across participants.

In summary, the test blocks attempted to establish two response classes under two 
conditions: one in which previously related stimuli participated in the same functional 
stimulus class and one under which they participated in distinct functional stimulus 
classes.

The stimulus presentation procedure used in the test blocks was identical to that used 
in the baseline blocks—only the stimuli used differed between blocks. The test blocks also 
XWLOL]HG�GLIIHUHQW�UHVSRQVH�NH\V��Ȇ]ȇ�DQG�ȆPȇ��WR�SUHYHQW�DQ\�FRQʉLFWLQJ�UHVSRQVH�KLVWRULHV�
across baseline and test blocks.

Participants were presented with the following instructions at the onset of each FAST 
block:

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 keyboard now. This 
part of the experiment will continue until you have learned the task and can 
respond without error. 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.

results
Data for 22 participants was analyzed (see the Participants section). Participants 

required a mean of 6.35 blocks to complete equivalence training. The 16 participants who 
successfully passed equivalence testing required a mean of 1.38 testing blocks  
to pass. The remainder all continued to fail on equivalence testing blocks on the fourth and 
ʈQDO�H[SRVXUH��7KH�QXPEHU�RI�WUDLQLQJ�DQG�WHVWLQJ�EORFNV�UHTXLUHG�E\�HDFK�SDUWLFLSDQW�LV�
summarized in Table 1. Data for participants who successfully passed equivalence training 
�L�H���H[SHULPHQWDO�3DUWLFLSDQWV��Ǿ����ZLOO�EH�DQDO\]HG�ʈUVW�EHORZ�
Table 1
Number of Blocks of Equivalence Training and Testing Blocks Required to Reach Criterion 

by Each Participant

Participant

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Training 6 4 3 2 3 6 2 3 6  3  5  3  6  1  5  3  3  2  8  7 11  6

Testing 1 1 1 1 1 1 1 2 2  2  1  1  2  1  1  2  4 (F)  4 (F)  4 (F)  4 (F)  4 (F)  4 (F)

Note. F indicates that the performance resulted in a fail classification.

experimental participants
Participants completed four baseline blocks during the FAST procedure. Table 2 

shows the number of trials required by each experimental participant (i.e., those who 
SDVVHG�HTXLYDOHQFH�WHVWLQJ��WR�UHDFK�WKH�ʉXHQF\�FULWHULRQ�����LQ�D�URZ�FRUUHFW��ZLWK�RQH�
error allowed) on each exposure to a baseline block.
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Table 2

Number of Trials to Criterion on FAST Baseline Blocks for Experimental Participants

Participant Run 1 Run 2 Run 3 Run 4 Mean

1 41 42 10 100 48.25
2 26 24 31 34 28.75
3 26 27 10 10 18.25
4 29 17 19 20 21.25
5 12 31 12 14 17.25
6 25 21 11 24 20.25
7 16 16 10 19 15.25
8 40 48 10 23 30.25
9 92 60 88 67 76.75
10 81 10 10 52 38.25
11 100 26 13 17 39.00
12 100 63 35 100 74.50
13 82 27 15 45 42.25
14 12 24 27 16 19.75
15 11 19 15 16 15.25
16 11 43 26 24 26.00
Mean 44 31.13 21.38 36.31 33.20
(SD) (34.31) (15.66) (19.61) (29.22) (19.43)

7KHVH�GDWD�ZHUH�DQDO\]HG�XVLQJ�D�UHSHDWHG��PHDVXUHV�DQDO\VLV�RI�YDULDQFH�WR�WHVW�IRU�
differences in baseline block performance across time. There was a main effect for time 
(F = 3.759, p� ���������ZLWK�VLJQLʈFDQW�GLIIHUHQFHV�EHWZHHQ�%DVHOLQHV���DQG����p = 0.014) 
and 2 and 3 (p = 0.03). While there was an increase in trial requirements from Baseline 3 
WR�%DVHOLQH����WKLV�ZDV�QRW�D�VWDWLVWLFDOO\�VLJQLʈFDQW�GLIIHUHQFH��,Q�HIIHFW��EDVHOLQH�WULDO�
requirements varied to some extent across runs, although the general trend was toward 
lower trial requirements (i.e., practice effects). A mean baseline trial requirement score 
was calculated for each participant and employed in calculating the Strength of Relation 
indices for each FAST run (see Strength of Relation index).

FAst run 1 (critical test blocks). Table 3 outlines the trial requirements for each 
participant on each block of the three FASTs administered. Eleven of the 16 participants 
showed a faster rate of response function acquisition on the consistent block than on the 
inconsistent block, as expected. The average trial requirement difference in the positive 
direction was 24. In contrast, the difference in the unexpected direction was smaller 
(M� �ȯ�����$�:LOFR[RQ�VLJQHG�UDQNV�WHVW�ZDV�FRQGXFWHG��VKRZLQJ�WKDW�WKH�DFTXLVLWLRQ�UDWH�
GLIIHUHQWLDO�ZDV�VLJQLʈFDQW�DW�WKH�JURXS�OHYHO��z = 1.707, p� �������RQH�WDLOHG��DQG�LQ�WKH�
expected direction.

FAst run 2. Ten of the 16 participants showed the expected response rate differential 
between the consistent and inconsistent blocks. One participant showed no difference, 
while the remaining five participants showed faster rates of acquisition during the 
inconsistent blocks. The mean trial requirement difference in the expected direction was 
�������ZKLOH�WKH�PHDQ�GLIIHUHQFH�LQ�WKH�XQH[SHFWHG�GLUHFWLRQ�ZDV�ȯ������$�:LOFR[RQ�
VLJQHG��UDQNV�WHVW�VKRZHG�WKDW�WKLV�GLIIHUHQFH�ZDV�QRW�VLJQLʈFDQW�DW�WKH�JURXS�OHYHO�
(z� �ȯ�������p� �������RQH��WDLOHG��

FAst run 3. Eleven of the 16 participants showed a faster rate of response function 
acquisition on the consistent compared to the inconsistent block, as expected. The average 
difference in the positive direction was 14.4. In contrast, the mean difference in the 
unexpected direction was smaller (M� �ȯ������$�:LOFR[RQ�VLJQHG��UDQNV� WHVW�ZDV�
FRQGXFWHG��VKRZLQJ�WKDW�WKH�DFTXLVLWLRQ�UDWH�GLIIHUHQWLDO�ZDV�VLJQLʈFDQW�DW�WKH�JURXS�OHYHO�
(z� �ȯ�������p� ��������RQH��WDLOHG��
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Table 3
Number of Trials to Criterion on FAST Test Blocks, Difference Scores, and  

Block Order for Experimental Participants
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1 ȯ� 39 31 1 19 34 53 1 22 22  44 2
2 17 21 38 1 8 10 18 1 ȯ�� 38  18 2
3 7 24 31 1 15 13 28 1 6 15  21 1
4 ȯ�� 31 18 1 ȯ� 14 13 2 6 14  20 1
5 ȯ� 16 10 1 0 11 11 1 3 12  15 1
6 2 13 15 1 3 13 16 1 ȯ� 12  10 2
7 25 13 38 2 9 14 23 2 ȯ� 24  19 2
8 6 18 24 1 ȯ� 18 15 2 ȯ� 11  10 1
9 63 16 79 1 ȯ�� 64 27 2 33 67 100 2
10 18 16 34 1 ȯ�� 34 10 2 3 13  16 1
11 ȯ�� 33 18 1 ȯ� 15 13 1 6 11  17 1
12 57 32 89 1 76 10 86 1 ȯ� 20  15 2
13 40 52 92 1 5 41 46 2 53 25  78 2
14 ȯ�� 41 23 2 7 11 18 1 4 10  14 2
15 4 15 19 2 8 15 23 2 22 15  37 1
16 55 17 72 2 1 21 22 1 4 16  20 1
Group 
mean 
(SD)

14.63 
(26.56)

5.25 
(23.342)

8.06 
(17.203)

Note. 1 = consistent block first; 2 = inconsistent block first. 

the strength of relation index. The Strength of Relation (SoR) index is a simple 
calculation that places each participant’s FAST test difference score in the context of their 
own baseline scores. A participant’s baseline performance indicates the speed at which a 
IXQFWLRQDO�UHVSRQVH�FODVV�LV�IRUPHG�LQ�WKH�DEVHQFH�RI�DQ\�SUH��H[SHULPHQWDO�KLVWRU\�
involving relations between the relevant stimuli. Taken alone, raw difference scores 
FDOFXODWHG�IRU�WKH�)$67�FDQ�EH�PLVOHDGLQJ��DV�WKLV�GLIIHUHQFH�IDLOV�WR�UHʉHFW�LQGLYLGXDO�
differences in baseline acquisition rates for tasks of this kind (e.g., a difference score of 4 
is highly meaningful for a participant whose baseline acquisition rate is rapid, while the 
same difference score is less meaningful if baseline acquisition rates are slow).

An SoR index was calculated by dividing each participant’s raw difference score 
(inconsistent block minus consistent block) by the natural logarithm of that participant’s 
mean baseline trial requirement. This created an index that is 0 when a participant has equal 
acquisition rates on consistent and inconsistent blocks, is positive when inconsistent block 
acquisition rates are higher than consistent block acquisition rates, and is negative when the 
opposite is the case. The SoR indices for all experimental participants for each run of the 
)$67�FDQ�EH�VHHQ�LQ�7DEOH����6LQJOH��VDPSOH�t tests were conducted on these scores for each 
UXQ�RI�WKH�)$67��7KH�6R5�LQGLFHV�IRU�WKH�ʈUVW��t = 2.174, p� ��������RQH��WDLOHG��DQG�WKLUG�
(t = 1.896, p� ��������RQH��WDLOHG��)$67�UXQV�ZHUH�VLJQLʈFDQWO\�GLIIHUHQW�IURP����ZKLOH�WKH�
SoR calculated for the second run was not (t = 1.086, p� ��������RQH��WDLOHG��

,Q�VXPPDU\��WKH�)$67�SURFHGXUH�ZDV�VHQVLWLYH�WR�WKH�HPHUJHQW�QRQ��UHLQIRUFHG�
VWLPXOXV�UHODWLRQV�DW�WKH�JURXS�OHYHO�RQ�WKH�ʈUVW�H[SRVXUH��7KH�)$67�HIIHFW�GXULQJ�WKLV�ʈUVW�
H[SRVXUH�ZDV�VLJQLʈFDQW�XVLQJ�ERWK�UDZ�GLIIHUHQFH�VFRUHV�DQG�GLIIHUHQFHV�LQ�6R5�LQGLFHV�
from 0.
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Table 4
Strength of Relation (SoR) Indices and Block Order for 

Experimental Participants

Participant

FAST 1 FAST 2 FAST 3

SoR index Order SoR index Order SoR index Order
1 ȯ���� 1 4.9 1 5.68 2
2 5.06 1 2.38 1 ȯ���� 2
3 2.41 1 5.16 1 2.07 1
4 ȯ���� 1 ȯ���� 2 1.96 1
5 ȯ���� 1 0 1 1.05 1
6 0.66 1 1 1 ȯ���� 2
7 9.18 2 3.3 2 ȯ���� 2
8 1.76 1 ȯ���� 2 ȯ���� 1
9 14.51 1 ȯ���� 2 7.6 2
10 4.94 1 ȯ���� 2 0.82 1
11 ȯ���� 1 ȯ���� 1 1.64 1
12 13.22 1 17.63 1 ȯ���� 2
13 10.68 1 1.34 2 14.16 2
14 ȯ���� 2 2.35 1 1.34 2
15 1.47 2 2.94 2 8.07 1
16 16.88 2 0.31 1 1.23 1
Group 
mean (SD)

3.8894 
(7.156)

1.52 
(5.62725)

2.231 
(4.708)

Note. A positive index score indicates a predicted FAST effect.  
1 = consistent block first; 2 = inconsistent block first.

control participants
Participants 17–22 failed to pass the equivalence testing phase within the 

predetermined limit of four test blocks. Table 5 summarizes the number of trials to 
criterion required by each participant while completing the baseline blocks.

Table 5
Number of Trials to Criterion on FAST Baseline Blocks for 

Control Participants

Participant Baseline 1 Baseline 2 Baseline 3 Baseline 4

17 32 10 33 30
18 19 20 12 12
19 37 92 74 100
20 30 41 25 ȋ
21 53 39 34 27
22 48 100 14 66
Group  
mean (SD)

36.5  
(12.438)

50.33  
(37.324)

32  
(2.548)

47  
(35.651)

Note. The dot indicates data lost due to computer error.

FAst run 1 (critical blocks). Table 6 outlines the trial requirements for each 
participant on each block of the FAST. Four of the six participants who failed equivalence 
testing showed a faster rate of response function acquisition on the consistent compared to 
the inconsistent block (i.e., P17, P18, P19, and P22), while the remaining two participants 
showed the reverse. Generally, difference scores were smaller than those observed for 
experimental participants with a mean of 7.33 (approximately half the mean difference 
score observed during Run 1 of the FAST using experimental participants). A Wilcoxon 
VLJQHG��UDQNV�WHVW�ZDV�FRQGXFWHG��VKRZLQJ�WKDW�WKH�DFTXLVLWLRQ�UDWH�GLIIHUHQWLDO�ZDV�QRW�
VLJQLʈFDQW�DW�WKH�JURXS�OHYHO��p = 0.673).
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FAst run 2. On the second run of the FAST, only one participant showed a faster 
rate of acquisition on the consistent block (i.e., a standard FAST effect). Four participants 
showed a faster rate of acquisition on the inconsistent block (not predicted), and one 
showed no difference. Due to a computer error, data for P22 were not recorded during the 
second run of the FAST. The mean difference score was 1.2 (approximately 4 times smaller 
than that observed during Run 2 of the FAST using experimental participants). A Wilcoxon 
VLJQHG��UDQNV�WHVW�VKRZHG�WKDW�WKLV�UHVSRQVH�DFTXLVLWLRQ�GLIIHUHQWLDO�ZDV�QRW�VLJQLʈFDQW�DW�D�
group level (p = 0.715).

FAst run 3.�2Q�WKH�ʈQDO�H[SRVXUH�WR�WKH�)$67��WKUHH�SDUWLFLSDQWV�VKRZHG�D�IDVWHU�UDWH�RI�
acquisition on the consistent block, while three others showed the opposite effect. P20 opted to 
end his participation after two runs of the FAST, so no data is available for this participant. 
The mean difference score was 4.0 (approximately half of that observed during Run 3 of the 
)$67�XVLQJ�H[SHULPHQWDO�SDUWLFLSDQWV���$�:LOFR[RQ�VLJQHG��UDQNV�WHVW�VKRZHG�DJDLQ�WKDW�WKH�
UHVSRQVH�DFTXLVLWLRQ�UDWH�GLIIHUHQFH�ZDV�QRW�VLJQLʈFDQW�DW�D�JURXS�OHYHO��p = 0.500).
Table 6
FAST Block Trials to Criterion, Difference Scores, and Block Order for Control Participants
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17 2 11 13 2 0 13 13 1 31 10 41 2
18 2 12 14 1 ȯ� 12 10 1 6 10 16 1
19 12 33 45 1 ȯ�� 64 39 2 ȯ� 13 10 1
20 ȯ�� 37 23 1 12 38 26 1 ȋ ȋ ȋ ȋ
21 ȯ�� 30 18 2 45 34 79 2 17 17 34 2
22 54 12 66 1 ȋ ȋ ȋ 1 ȯ�� 49 19 1
Group  
mean 
(SD)

7.33  
(24.841)

1.20  
(26.414)

4  
(22.95)

Note. 1 = consistent block first; 2 = inconsistent block first. Dots indicate data lost due to 
computer error.

the strength of relation index. As would be expected from the difference scores 
detailed above, the SoR indices calculated for the seven participants who failed to pass 
HTXLYDOHQFH� WHVWLQJ�ZHUH�KLJKO\�YDULDEOH��6LQJOH��VDPSOH� t tests were conducted 
comparing the SoR scores for each exposure to the FAST to 0. In each instance, the SoR 
VFRUHV�ZHUH�QRW�VLJQLʈFDQWO\�GLIIHUHQW�IURP����6R5����t = 659, p = 0.539; SoR 2: t = .152, 
p = 0.887; SoR 3: t = .584, p = 0.591). Table 7 summarizes the SoR indices for the control 
participants.
Table 7
Strength of Relation (SoR) Indices and Block Order for Control Participants

Participant SoR 1 Order 1 SoR 2 Order 2 SoR 3 Order 3

17 0.61 2 0 1 9.49 2
18 0.73 1 ȯ���� 1 2.18 1
19 2.77 1 ȯ���� 2 ȯ���� 1
20 ȯ���� 1 ȯ���� 1 ȋ ȋ
21 ȯ���� 2 12.35 2 4.67 2
22 13.36 1 ȋ ȋ ȯ���� 1
Group  
mean (SD)

1.689  
(6.277)

.476  
(7.022)

1 .643  
(6.29)

Note. 1 = consistent block first; 2 = inconsistent block first. Dots indicate data lost due to 
computer error.
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summary
Both descriptive and inferential statistical analyses of the FAST block trial 

UHTXLUHPHQWV�VXJJHVW�WKDW�VLJQLʈFDQWO\�IDVWHU�DFTXLVLWLRQ�RI�UHVSRQVH�IXQFWLRQV�ZDV�
observed on the consistent block compared to the inconsistent block, but only for 
experimental participants who had previously derived equivalence relations between the 
critical stimuli. In effect, the FAST procedure would appear to be sensitive to derived 
relations.

discussion
The current study expands on the results of previous research by demonstrating that 

the FAST is capable of detecting derived relations between stimuli as well as directly 
trained stimulus–stimulus relations (as reported in O’Reilly et al., 2012). Traditionally, 
similar test methodologies have emerged from research in which real words taken from 
the vernacular are used as stimuli. However, by beginning with stimulus relations 
entirely under experimental control, we have been able to avoid potential confounds 
UHODWLQJ�WR�UHDO��ZRUG�VWLPXOXV�FKRLFH��ZRUG�IUHTXHQF\��ZRUG�OHQJWK��DQG�VR�RQ��7KXV��WKH�
)$67�FDQ�EH�XVHG�ZLWK�VRPH�GHJUHH�RI�FRQʈGHQFH�LQ�IXWXUH�UHVHDUFK�LQ�DSSOLHG�VHWWLQJV��
More important, however, the FAST procedure was shown to be sensitive to derived 
relations that had never been reinforced in the history of the participants. Derived 
relational responding is thought to be a fundamental aspect of human verbal behavior 
�VHH�+D\HV�HW�DO����������DQG�DV�VXFK��WKH�FXUUHQW�ʈQGLQJV�ERGH�ZHOO�IRU�WKH�)$67ȃV�IXWXUH�
extension into testing for complex verbal and social histories.

In the current study, 11 of 16 participants who passed the equivalence test showed 
HIIHFWV�LQ�WKH�SUHGLFWHG�GLUHFWLRQ�RQ�WKHLU�ʈUVW�H[SRVXUH�WR�WKH�)$67��7KRVH�HIIHFWV�WKDW�
were in the predicted direction were larger on average than those observed in the 
opposite direction. In contrast, participants who failed equivalence testing did not show 
DQ\�VLJQLʈFDQW�)$67�HIIHFWV�DW�WKH�OHYHO�RI�PHDQV�RU�XVLQJ�LQIHUHQWLDO�DQDO\VHV��2YHUDOO��
the difference scores and SoR scores shown by control participants tended toward 0, 
with considerable variation around that point. In effect, control participant data showed 
no convincing tendency toward either positive or negative FAST effects, suggesting that 
FAST performances were not under the control of a history of responding to the 
experimental stimuli.

The effects observed here for the FAST methodology are interesting for the most 
part only at the group level. One important issue that has to be borne in mind, however, 
in any critique of the data trends, is that the stimulus relations under analysis here were 
derived by participants from a brief stimulus equivalence training phase and were not 
reinforced at any time. It is to be expected, therefore, that FAST effects under these 
circumstances should be weaker than those observed for directly trained relations or 
ZHOO��UHKHDUVHG�YHUEDO�UHODWLRQV�WDNHQ�IURP�WKH�YHUQDFXODU��H�J���evil–bad). Viewed from 
this perspective, the current effects may be all the more promising insofar as the FAST 
SURFHGXUH�DSSHDUV�WR�KDYH�LGHQWLʈHG�DQ�XQWUDLQHG��LPSOLHG��L�H���GHULYHG��UHODWLRQ�
EHWZHHQ�WZR�VWLPXOL��IRU�VLPLODU�REVHUYDWLRQV�LQ�UHODWLRQ�WR�D�EHKDYLRU��DQDO\WLFDOO\�
PRGLʈHG�,$7��VHH�*DYLQ��5RFKH��	�5XL]��������5LGJHZD\��5RFKH��*DYLQ��	�5XL]��������

The foregoing issue notwithstanding, it is still important to confront the matter of 
large variances in FAST effects across participants and across runs. While group trends 
were always in the expected direction, even on a third repeated exposure to the FAST, 
ODUJH�YDULDQFHV�LQ�SHUIRUPDQFHV�ZLWKLQ�DQG�DFURVV�SDUWLFLSDQWV�DUH�LQGLFDWLYH�RI�OHVV��
WKDQ��SHUIHFW�H[SHULPHQWDO�FRQWURO��0XFK�UHVHDUFK�UHPDLQV�WR�EH�FRQGXFWHG�WR�HOXFLGDWH�
the sources of this behavioral variability. However, the practice effect observed for all 
participants across the several baseline phases offers a clue as to one likely source of 
VXFK�YDULDQFH��0RUH�VSHFLʈFDOO\��WKH�REVHUYDWLRQ�RI�YDULDQFH�LQ�EDVHOLQH�SHUIRUPDQFHV�
within participants across time allows us to separate sources of control related to the 
experimental stimuli (i.e., during FAST blocks) from those related only to the FAST 
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SURFHGXUH�LWVHOI��7KDW�LV��WKLV�REVHUYDWLRQ�FRQʈUPV�WKDW�YDULDELOLW\�LQ�SHUIRUPDQFHV�DUH�
observed even when the stimuli involved are novel and randomly selected. Thus, it 
would appear that the acquisition rates being measured here by the critical FAST blocks 
are themselves variable, and much, or maybe most, of this variability is controlled by 
sources separable from the derived relational responding contingencies. One potentially 
large source of test performance variability, therefore, may be a lack of familiarity with 
the task format. Future research in our laboratories will be investigating the stabilizing 
LQʉXHQFH�RI�SUDFWLFH�EORFNV�XSRQ�IXWXUH�)$67�SHUIRUPDQFH�

Of the 22 participants who underwent equivalence training, 8 failed to pass the 
HTXLYDOHQFH�WHVWLQJ�SKDVH��7KLV�ʈJXUH�LV�VRPHZKDW�VXUSULVLQJ�JLYHQ�WKH�VLPSOH�QDWXUH�RI�
the equivalence classes being trained. This suggests the possibility that the equivalence 
training procedure was not sufficiently robust to produce reliable and enduring 
equivalence responding. However, the current experiment did in fact employ an effective 
WUDLQLQJ�SURWRFRO��0RUH�VSHFLʈFDOO\��ZH�XWLOL]HG�D�2QH��WR��0DQ\�WUDLQLQJ�VWUXFWXUH��L�H���
$Ǿ%��$Ǿ&���$OWKRXJK�WKH�OLWHUDWXUH�LV�LQFRQFOXVLYH��ERWK�2QH��WR��0DQ\�DQG�0DQ\��WR��
One (e.g., B–A, C–A) training structures produce more positive outcomes than a linear 
series training structure (Arntzen, Grondahl, & Eilifsen, 2010). Nevertheless, there are a 
number of improvements suggested by the literature that could strengthen the 
equivalence training phase as employed here. First, the current experiment did not 
require an observation response to the sample, a procedure that has been found to 
LPSURYH�DFTXLVLWLRQ�RI�GLVFULPLQDWLRQV�LQ�PDWFKLQJ��WR��VDPSOH�WUDLQLQJ��$UQW]HQ��
Braaten, Lian, & Eilifsen, 2011). Second, the current experiment presented the 
comparison stimuli 1,000 ms after the sample in every trial. However, increasing the 
delay between sample and comparison presentation across trials has been shown to 
increase the yield in equivalence responding (Arntzen, 2006). Third, the introduction of 
a fading of consequences across training could also be implemented, in order to control 
for extinction (see Artnzen et al., 2010). These potential shortcomings in the equivalence 
training procedure may indeed have led to a weakening of the observed FAST effects, 
but they cannot explain them.

The idea that the stimulus equivalence relations established in the current study 
were suboptimally trained may in fact contribute to our understanding of the behavioral 
variability observed in FAST effects across participants. That is, during the inconsistent 
test block, responses that ran counter to the equivalence training were reinforced. Across 
multiple runs, or in instances where the participant was exposed to the inconsistent 
EORFN�ʈUVW��WKLV�PD\�KDYH�EHHQ�VXIʈFLHQW�WR�GHVWDELOL]H�HTXLYDOHQFH�UHODWLRQV��HVSHFLDOO\�
if these were poorly trained. In effect, the very relations on which the FAST effect 
depends may have been destabilized during the course of the FAST itself, leading to 
YDU\LQJ�DQG�SRRUO\�XQGHUVWRRG�RXWFRPHV��7KHUHIRUH��IXWXUH�UHVHDUFK�ZRXOG�EHQHʈW�IURP�
the use of far more robust relation training procedures involving overtraining, the fading 
RI�FRQVHTXHQFHV��REVHUYDWLRQ�UHVSRQVH�UHTXLUHPHQWV��DQG�GHOD\HG�PDWFKLQJ��WR��VDPSOH�
methods.

Another possible source of FAST effect variability across participants may be 
related to what might be viewed as a somewhat crude response recording system. More 
VSHFLʈFDOO\��GXULQJ�D�)$67��DQ�HUURU�UHVSRQVH�PD\�EH�UHFRUGHG�LQ�RQH�RI�WZR�ZD\V��DV�DQ�
incorrect response or as a missed response (i.e., because no key was pressed within the 
response window). Both of these forms of response were treated as equivalent in the 
current study. These two responses may, however, be quite functionally distinct (i.e., 
WKH\�UHʉHFW�GLIIHUHQW�IRUPV�RI�VWLPXOXV�FRQWURO��DQG�DUH�LQ�IDFW�FRQVHTXDWHG�GLIIHUHQWLDOO\��
That is, in the former case, corrective feedback is delivered, whereas in the latter case, 
no feedback is provided at all (i.e., the failure to press a key is neither punished nor 
reinforced). It might be suggested, therefore, that some of the variability in FAST effects 
REVHUYHG�LQ�WKH�FXUUHQW�VWXG\�FRXOG�EH�DWWULEXWHG�WR�DQ�LQVXIʈFLHQW�UHVSRQVH�FODVVLʈFDWLRQ�
system. For instance, participants with large numbers of errors may have simply been 
REVHUYLQJ�PXOWLSOH�WULDOV�ZLWKRXW�PDNLQJ�D�UHVSRQVH��XQDZDUH�WKDW�WKHLU�QRQ��UHVSRQGLQJ�
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was being recorded as an error on each trial. This may have interfered with learning 
UDWHV�RQ�HDFK�WHVW�EORFN��+RZHYHU��D�SRVW��KRF�DQDO\VLV�RI�WKH�GDWD�VHW�VKRZHG�WKDW�PLVVHG�
responses comprised only 2.015% of the total of all overt responses made (both correct 
DQG�LQFRUUHFW���,Q�IDFW��QR�PRUH�WKDQ�WZR�QRQ��UHVSRQVHV�ZHUH�UHFRUGHG�RQ�DQ\�JLYHQ�
block for any given participant. The remaining participants made no or only one missed 
response per block. Further analysis showed that missed responses were the basis of 
only 7.26% of all recorded errors for experimental participants. Thus, clusters of missed 
responses do not in fact account for the error rate differences recorded across the 
consistent and inconsistent blocks in the current study.

Interestingly, just as more errors were recorded during inconsistent blocks than 
during consistent blocks (as expected), so too were more missed responses observed 
during inconsistent than during consistent blocks, as we might also expect. More 
VSHFLʈFDOO\��DQDO\VLV�VKRZHG�WKDW�PLVVHG�UHVSRQVHV�ZHUH�WKH�EDVLV�RI�RQO\������RI�DOO�
recorded errors during inconsistent test blocks and 5.3% during consistent test blocks. 
Thus, missed response rates cannot easily account for the ranges of raw response 
accuracy differentials observed for most participants. Nevertheless, this is an issue that 
itself requires empirical analysis. For instance, to develop a sound behavioral analysis of 
the functional nature of test responses, we need to understand the effects of controlled 
feedback omission and/or response omission on subsequent response patterns and 
ultimately on test outcomes (see Gavin, Roche, Ruiz, Hogan, & O’Reilly, 2012, for a 
discussion).

7KH�RUGHU�RI�WKH�PXOWLSOH�)$67�EORFNV�PD\�DOVR�KDYH�LQʉXHQFHG�HIIHFW�GLUHFWLRQV�
and magnitudes in some cases and may also go some way toward explaining the apparent 
instability of the FAST effect across exposures. To understand how this order effect may 
have worked in the current study, let us reconsider the analogy of behavioral momentum. 
When a participant emitting stable behavior is exposed to a change in reinforcement 
contingencies, the new contingencies will need to overcome the “inertia” produced by 
WKH�SUHYLRXV�OHDUQLQJ�KLVWRU\��,Q�WKH�ʈUVW�UXQ�RI�WKH�)$67�KHUH��RUGHU�GLG�QRW�DSSHDU�WR�EH�
problematic (see also O’Reilly et al., 2012). However, participants were exposed to three 
consecutive runs of the FAST. In each run, the block order was randomized. This 
resulted in some participants being exposed to two consistent or two inconsistent blocks 
consecutively (albeit separated by a baseline block). In such a scenario, the eventual 
LQWURGXFWLRQ�RI�DQ�DOWHUHG�UHLQIRUFHPHQW�FRQWLQJHQF\�ZRXOG�EH�PHW�ZLWK�JUHDWHU��WKDQ��
usual inertia or resistance to change (i.e., two rather than just one block of responding 
has taken place under a different reinforcement contingency). Consider, for instance, the 
performances of P9 and P10. Both of these participants showed a reversal of the FAST 
HIIHFW�IURP�5XQ���WR�5XQ����,Q�WKH�ʈUVW�UXQ��3��VKRZHG�D�GLIIHUHQFH�VFRUH�RI������7KH�
block order employed in that run was consistent followed by inconsistent. On the second 
run of the FAST, however, the order was reversed (i.e., in line with the random block 
order protocol). This, in effect, resulted in P9 being exposed to the inconsistent block 
reinforcement contingencies twice in succession (albeit with a baseline block in 
between). This may partly explain why a reversal of effect was observed for this and 
other participants (e.g., P10) to whom the same analysis applies.

Given the foregoing, it is important that implicit test studies consider the possibly 
confounding effects of randomizing the order of blocks across multiple runs. However, 
an interesting conceptual issue arises from the foregoing analysis regarding block order 
within individual runs. That is, from the outset, popular tests such as the IAT have 
reported order effects of the same type expected when one adopts a behavioral 
momentum perspective, as we have done here. That is, learning under the control of 
contingencies compatible with those in operation in the participant’s history will 
encounter no resistance to change. However, when contingencies subsequently change 
and are counter to those in operation in the participant’s history, we might expect to see 
D�UHODWLYH�UHGXFWLRQ�LQ�UDWH�RI�UHVSRQVH�DFTXLVLWLRQ�WR�SUHVHW�ʉXHQF\�FULWHULD��,Q�HVVHQFH��
this is the core perspective of a behavioral model of the IAT (see Gavin et al., 2008). 
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Importantly, however, in a behavioral momentum analysis, the order of events is always 
conceived as moving from consistent to inconsistent test blocks. Of course, it is possible 
to administer blocks in the opposite order, and differences in learning rates will still 
likely be observed. However, in this case, the difference in learning rates may be 
attenuated by the effects of the contingency shift itself on acquisition rates. More 
VSHFLʈFDOO\��EHKDYLRUDO�PRPHQWXP�ZLOO�FRQWLQXH�WR�JDWKHU�DFURVV�VXFFHVVLYH�WULDOV�RQ�WKH�
ʈUVW��LQFRQVLVWHQW��EORFN��7KXV��FRQWURO�E\�QRYHO�UHLQIRUFHPHQW�FRQWLQJHQFLHV�KDV�DOUHDG\�
been established to some extent by the time the second (consistent) block is administered. 
%\�GHʈQLWLRQ��DW�OHDVW�VRPH�UHVLVWDQFH�WR�FKDQJH�ZLOO�WKHUHIRUH�EH�HQFRXQWHUHG�LQ�WKH�
opposite direction (i.e., consistent with the participant’s history). Now the otherwise 
unimpeded learning during the consistent block is in fact impeded by a brief and recent 
history of responding under other contingencies. This will at least reduce effect sizes 
and, in some cases, may even eliminate or reverse them (see Klauer & Mierke, 2005).

Interestingly, the foregoing order effect is precisely what one commonly observes in 
the IAT (see Lane, Banaji, Nosek, & Greenwald, 2007), although the explanations for 
this effect are cognitive rather than behavioral in nature (e.g., the task set switching 
account proposed by Klauer & Mierke, 2005). IAT researchers have tried to deal with 
this order effect problem by providing extensive practice involving task switching before 
the administration of the second block of implicit testing (see Nosek, Greenwald, & 
Banaji, 2005). From a behavioral perspective, such an intervention produces generalized 
sensitivity to shifting contingencies and will indeed have the desired effect. That is, it 
will reduce the effect of local behavioral momentum (e.g., responding in particular 
spatial locations for particular stimuli) so that only the effects of extended histories of 
EHKDYLRUDO�PRPHQWXP�LQYROYLQJ�H[SHULPHQWDO�VWLPXOL�ZLOO�LQʉXHQFH�FRUUHFW�UHVSRQVH�
rates during test blocks (IAT) or learning blocks (FAST). Future research should involve 
an analysis of the effects of prior generic contingency shift training (e.g., see Dymond, 
Cella, Cooper, & Turnbull, 2010) on the stability of FAST effects and any order effects. 
This would be a preferable option to merely randomizing block order as a means of 
accepting poor levels of experimental control. It may emerge, for instance, that there is 
DQ�LGHDO�DQG�ZHOO��XQGHUVWRRG�EORFN�RUGHU�WKDW�VKRXOG�EH�XVHG�IRU�DOO�SDUWLFLSDQWV��7KLV�
might seem strange to psychologists who are used to averaging out psychological effects 
through the use of randomization procedures wherever possible, but it would make 
SHUIHFW�VHQVH�LI�WKH�IRFXV�RI�UHVHDUFK�LV�RQ�EHKDYLRUDO�FRQWURO�DQG�ZHOO��HOXFLGDWHG�
behavioral processes.

While there is considerable variability in FAST effects across successive runs, it is 
LPSRUWDQW�WR�SRLQW�RXW�WKDW�VLJQLʈFDQW�RU�QHDU��VLJQLʈFDQW�HIIHFWV�UHPDLQ�DFURVV�VXFFHVVLYH�
exposures. Effects did tend to decrease on the whole and stabilize (i.e., in terms of 
standard deviation) from one exposure to the next. Nevertheless, the effect sizes were 
VWLOO�VXIʈFLHQWO\�ODUJH�DQG�VWDEOH�DFURVV�SDUWLFLSDQWV�WKDW�LQIHUHQWLDO�DQDO\VHV�IRXQG�WKHP�
WR�EH�VLJQLʈFDQW��5XQ����RU�WHQGLQJ�WRZDUG�VLJQLʈFDQFH��5XQ�����:H�FDQ�FRQFOXGH��
therefore, that the FAST is vulnerable to practice effects across successive exposures, 
EXW�QRW�WR�DQ�H[WHQW�VXIʈFLHQW�WR�HOLPLQDWH�DOO�HIIHFWV�ZLWKLQ�WKUHH�H[SRVXUHV�

conclusion
The current experiment demonstrated that the FAST procedure is capable of detecting 

laboratory induced implied (i.e., derived) relations between arbitrary stimuli. Taken alongside 
WKH�ʈQGLQJV�RI�2ȃ5HLOO\�HW�DO����������WKH�HYLGHQFH�VXSSRUWLQJ�WKH�XWLOLW\�RI�WKH�)$67�
methodology for the assessment of the existence and strength of stimulus relations is 
growing. Perhaps more interestingly, the FAST method was sensitive here to precisely the 
W\SHV�RI�LPSOLHG�YHUEDO�UHODWLRQV�RI�LQWHUHVW�WR�VRFLDOǾFRJQLWLYH�SV\FKRORJLVWV��7KHVH�ʈQGLQJV�
thereby provide empirical support satisfactory to the experimental analysis of behavior that 
untrained relations can indeed be measured using implicit test methodology. As such, the 
FXUUHQW�ʈQGLQJV�DUH�RI�LPSRUWDQFH�QRW�RQO\�WR�EHKDYLRU�DQDO\VWV�LQWHUHVWHG�LQ�EXLOGLQJ�
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implicit tests (e.g., the IRAP) but to all researchers working within a social–cognitive 
paradigm. Much research remains to be done to hone the current method and eliminate 
sources of variability. Another important next step for researchers will be to test the utility of 
WKH�)$67�LQ�ȆUHDO�ZRUOGȇ�FRQWH[WV��H[DPLQLQJ�UHODWLRQV�EHWZHHQ�UHDO��ZRUG�VWLPXOL�ZKRVH�
relations have been established (either directly or indirectly) by the verbal community.
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Appendix
Nonsense syllables used (equivalence training and testing and FAST procedure)

A1: cug
A2: mau
B1: vek
B2: zid
C1: jom
C2: ler

X1: wev
X2: yun
Y1: vif
Y2: kon

X3: zey
X4: hib
Y3: mip
Y4: keb

X5: pim
X6: mul
Y5: arv
Y6: bix

X7: tuk
X8: dit
Y7: rit
Y8: bam

N1: ter
N2: nox
N3: jey
N4: por
N5: lyr
N6: rol


