
Vol.:(0123456789)

The Psychological Record 
https://doi.org/10.1007/s40732-024-00604-1

ORIGINAL ARTICLE

Differential Trial‑Type Effects in an Implicit Relational Assessment 
Procedure: Extending the DAARRE Model

Rodrigo Vianna de Almeida1  · Dermot Barnes‑Holmes1  · Julian C. Leslie1 

Accepted: 25 June 2024 
© The Author(s) 2024

Abstract
The differential arbitrarily applicable relational responding effects (DAARRE) model explains two effects commonly 
observed with the implicit relational assessment procedure (IRAP): the single trial-type dominance effect (STTDE) and the 
dissonant-target trial-type effect (DTTTE). We sought to explore variables that modulate these effects. Forty-two partici-
pants who completed an IRAP met the practice criteria (median latency ≤ 2,000 ms and accuracy ≥ 80% correct) and thus 
proceeded to six test blocks of trials. The IRAP had four trial-types: trial-type 1: happy-face—happy-word; trial-type 2: 
happy-face—fear-word; trial-type 3: fear-face—happy-word; trial-type 4: fear-face—fear-word. Participants were randomly 
assigned to start with a consistent (respond True, False, False, True, respectively, to the four trial-types) or inconsistent 
(opposite responding) block. Difference (DIRAP) scores were calculated (inconsistent minus consistent latencies). A signifi-
cantly larger DIRAP score was observed in trial-type 2 relative to trial-type 3 (a DTTTE), but only for participants who started 
with the inconsistent block. A “happiness superiority” STTDE (i.e., larger DIRAP score on trial-type 1 relative to trial-type 
4) was observed, but only for participants who failed to maintain the criteria at the trial-type level (in any of the trial-types). 
Overall, the findings highlight the importance of distinguishing between the functional versus relational properties of the 
stimuli presented within an IRAP. The modulation of the DTTTE is interpreted in terms of functional coherence between 
the target and response option in inconsistent blocks. A novel data-analytic algorithm is presented to identify performance 
criteria violations at the trial-type level. The findings suggest that a greater focus is required in relational frame theory on 
the impact of the functional properties of stimuli on relational framing.
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The study of derived relational responding may be traced 
back to the seminal work of Murray Sidman (1971), and 
in particular his research on stimulus equivalence relations 
(Sidman, 1994). The basic phenomenon involves training a 
series of overlapping matching to sample responses using 
arbitrary stimuli, and then observing novel or emergent 
matching responses in the absence of differential reinforce-
ment. For example, a participant might be trained first in 
two overlapping stimulus relations (e.g., A1–B1, B1–C1). 
Subsequently, the participant may demonstrate symmetrical 

relational responding (i.e., B1–A1, C1–B1), transitive rela-
tional responding (A1–C1), and combined symmetrical and 
transitive relational responding (i.e., C1–A1). When each of 
these derived relational responses emerge, the three stimuli 
are said to participate in an equivalence class. Research on 
stimulus equivalence, and derived relational responding in 
general, has attracted increasing attention within the behav-
ior analytic literature (e.g., Barnes-Holmes et al., 2017; 
Dougher, 2020; Tonneau, 2001). One reason for this inter-
est is that equivalence responding emerges in the absence 
of differential reinforcement, and thus presents a challenge 
to a three-term contingency explanation for the behavior. 
A second reason for the interest is that there appears to be 
a relationship between equivalence responding and human 
language (Barnes-Holmes et al., 2005; Bortoloti et al., 2014; 
Devany et al., 1986; Dias et al., 2020; Sidman, 2018).

One line of research in the study of equivalence and 
derived relational responding has involved using some of 
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the concepts and procedures employed in the area to develop 
methods that may be sensitive to specific verbal histories 
that occurred outside of the experimental laboratory. The 
basic approach involves training participants in a series of 
matching tasks that should generate specific equivalence 
relations, but these relations likely conflict with previously 
established verbal relations. In one of the earliest studies 
in this area, participants resident in Northern Ireland were 
trained to match stimuli that, in principle, would lead to the 
formation of equivalence relations between Catholic names 
and Protestant symbols (Watt et al., 1991). In the social 
context of Northern Ireland, however, these two sets of ver-
bal stimuli would typically be seen as different or opposite, 
rather than equivalent. Consistent with their wider social 
context, the majority of Northern Ireland participants failed 
the equivalence test, but all of the participants from an Eng-
lish background (the control group) successfully matched 
the Catholic names with the Protestant symbols. This basic 
effect, in which preexperimental history appears to affect 
derived relational responding, has been replicated across a 
number of studies (e.g., Barnes et al., 1996; Dixon et al., 
2006; Haydu et al., 2015, 2019; Leslie et al., 1993).

The conceptual basis of the foregoing studies, in which 
the preexperimental and experimental histories are con-
flicted, led to the development of a procedure that was 
designed to assess relational responding “in flight.” The 
method, known as the implicit relational assessment pro-
cedure (IRAP; Barnes-Holmes & Harte, 2022; Barnes-Hol-
mes et al., 2008; McKenna et al., 2007), emerged out of an 
account of equivalence, and derived relational responding 
in general, known as relational frame theory (RFT; Hayes 
et al., 2001). According to the theory, equivalence is but one 
class of relational responding, and the IRAP was designed to 
measure responding in accordance with networks of multiple 
relations, rather than equivalence alone.

The IRAP employs three sets of stimuli: label stimuli, tar-
get stimuli, and response option stimuli. For example, labels 
can be pictures of faces and targets can be adjectives (e.g., 
“happy,” “fearful”). There are two classes of labels and two 
classes of targets, usually in contrast to each other. On each 
trial, participants are presented with a label stimulus at the 
top of the screen and a target stimulus at the bottom of the 
screen. The label (L) and the target (T) stimuli are selected 
from classes 1 and 2, thus yielding four possible combi-
nations: L1—T1, L1—T2, L2—T1, and L2—T2. The two 
response options (e.g., “true” and “false”) appear on every 
trial, and are used to indicate the relational coherence or 
incoherence between label and target stimuli. For example, 
assume L1 are pictures of happy faces and L2 are pictures 
of fearful faces, and T1 are happiness words (e.g., “cheer-
ful”) and T2 are fear words (e.g., “fearful”). If the response 
options are “true” and “false,” then coherent relational 
responses (based on participants’ verbal histories) would 

be: L1—T1 is true, L1—T2 is false, L2—T1 is false, and 
L2—T2 is true; and incoherent relational responses would 
be the opposite (e.g., L1—T1 is false). One out of these four 
possible combinations between a label and a target stimulus 
is presented on each trial; we will therefore refer to them as 
trial-type 1: happy-face—happy-word; trial-type 2: happy-
face—fear-word; trial-type 3: fear-face—happy-word; and 
trial-type 4: fear-face—fear-word.

Within blocks of trials, participants are asked to 
respond to these relations under time and accuracy per-
formance criteria. For example, participants may be asked 
to pick a response option within 2 s and perform with at 
least 80% correct responses across the trials of a block. For 
each block of trials, participants are required to respond in 
one of two opposing patterns: one is deemed coherent with 
their history, and the other is deemed incoherent. These 
two types of blocks are alternated such that if an IRAP 
starts with the coherent block, then the following blocks 
will be incoherent, coherent, incoherent, and so on; or, if 
an IRAP starts with the incoherent block, then the follow-
ing sequence will be coherent, incoherent, coherent, and 
so on. Response latencies are recorded across coherent 
blocks and across incoherent blocks. DIRAP scores are cal-
culated by subtracting the latencies of the coherent blocks 
from that of the incoherent blocks, and dividing them by 
the standard deviation across blocks. Thus, if participants’ 
response latencies are on average smaller in coherent than 
in incoherent blocks, their DIRAP scores will be positive; 
otherwise, they will be negative. Four DIRAP scores, one 
for each trial-type, are typically calculated for each partici-
pant (see Barnes-Holmes et al., 2010a, p. 533).

The basic assumption behind the IRAP is that history-
consistent relational responding is expected to be more prob-
able and quicker than history-inconsistent responding, and 
this is reflected in the differential response latencies across 
coherent versus incoherent blocks. This assumption has been 
supported across numerous empirical studies in which par-
ticipants respond more quickly in blocks of trials that are 
coherent than incoherent with their verbal histories (e.g., 
Barnes-Holmes et al., 2009, 2010c; Kelly & Barnes-Holmes, 
2013; Rabelo et al., 2014; Roddy et al., 2010; Sereno et al., 
2021; Timmins et al., 2016). An early explanation for such 
IRAP performances was formalized in the relational elabo-
ration and coherence (REC) model (Barnes-Holmes et al., 
2010a). The REC model focused largely on the coherence 
of the relationship between the label and the target; thus, 
responses on the coherent blocks were assumed to be faster 
than those on the incoherent blocks (e.g., given a happy 
face and a happy word, participants would pick the response 
option “true” more quickly than “false”). This explanation 
focused on performance differences between coherent and 
incoherent blocks, but not between trial-types within the 
blocks. However, differential trial-type effects have been 
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observed (e.g., Finn et al., 2018, 2019), which the REC 
model could not readily explain.

There are two specific differential trial-type effects that 
have been observed with the IRAP. For example, Kavanagh 
et al. (2019) exposed participants to IRAPs that involved 
presenting, as label stimuli, face words (i.e., “Face,” “Head,” 
and “Person”) and pen words (i.e., “Pen,” “Stylo,” and 
“Bic”), and, as target stimuli, pictures of a face or a pen. Par-
ticipants were required, during coherent blocks, to respond 
“Yes” when a face word was presented with a picture of a 
face (trial-type 1), and when the pen word was presented 
with a picture of a pen (trial-type 4); in addition, during 
incoherent blocks, they were required to respond “No” to 
these combinations of stimuli. Furthermore, in coherent 
blocks, participants were required to respond “No” when 
presented with a face word and a picture of a pen (trial-type 
2), and when presented with a pen word and a picture of 
a face (trial-type 3); in addition, during incoherent blocks, 
they were required to respond “Yes.”

Results from Kavanagh et al. (2019) indicated that all 
group effects were in the predicted direction (i.e., shorter 
latencies in the coherent relative to the incoherent blocks). 
However, two key differences emerged between the trial-
types that could not be explained based solely on the rela-
tions between label and target stimuli. In particular, the dif-
ference in latencies for the face-face trial-type (i.e., trial-type 
1) was significantly larger than for the pen-pen trial-type 
(i.e., trial-type 4). Furthermore, the difference in latencies 
for the face-pen trial-type (i.e., trial-type 2) was significantly 
larger than for the pen-face trial-type (i.e., trial-type 3). In 
both cases, the two trial-types shared the same response 
option within blocks. That is, the face-face and the pen-pen 
trial-types (i.e., 1 and 4) both required responding “Yes” 
during coherent blocks, and “No” during incoherent blocks; 
moreover, the face-pen and the pen-face trial-types (i.e., 
2 and 3) both required responding “No” during coherent 
blocks, and “Yes” during incoherent blocks. Perhaps any 
difference between the face-face and pen-pen trial-types, 
relative to the face-pen and pen-face trial-types, could be 
explained by the fact that they required choosing different 
response options within blocks of trials (Barnes-Holmes 
et al., 2010b). However, differential response options could 
not explain the difference between the face-face and the pen-
pen trial-types, or the difference between the face-pen and 
the pen-face trial-types. In order to explain these differences, 
Kavanagh et al. (2019) drew on a model of IRAP perfor-
mances that had been recently proposed in the literature 
(Finn et al., 2018; Kavanagh et al., 2018).

The model is referred to as the differential arbitrarily 
applicable relational responding effects (DAARRE) model. 
This model is shown in Fig. 1, which presents the stimuli 
used in the current study. In particular, pictures of happy 
and fearful faces are presented as label stimuli, and words 

denoting happiness and fearfulness are presented as target 
stimuli, with two response options: the words “true” and 
“false.” Similar to the REC model, the DAARRE model 
incorporates the relationship between the label and the target 
(e.g., whether the relationship between the face and the word 
is coordinate or distinct, defined in RFT as the Crel prop-
erty). However, the DAARRE model also incorporates the 
functional properties (e.g., orienting and evoking, defined 
in RFT as the Cfunc property) of all of the events, includ-
ing the response options.1 In Fig. 1, the Cfunc properties of 
the happy faces, the happy words, and the “True” response 
option are all labeled with a plus sign to indicate a generally 
positive valence relative to the fearful faces, fear words, and 
the “False” response option (for this reason, the latter are 
marked with a minus sign).

The DAARRE model explains the two differential trial-
type effects mentioned above by appealing to the level of 
coherence among the Crel and Cfunc properties contained 
within each of the trial-types. Consider first, the predicted2 
differential effect between trial-types 1 and 4; that is, the 
DIRAP scores for the happy-happy trial-type will be larger 
than for the fear-fear trial-type. According to the DAARRE 
model, for the happy-happy trial-type, there is maximal 
coherence among the two Crel and the two Cfunc properties 
during coherent blocks (i.e., four plus signs). In contrast, for 
the fear-fear trial-type, there is reduced coherence in that the 
Cfunc properties for the label and target are both negative, but 
the Crel and the Cfunc properties for the response option are 
both positive. This difference in coherence between these 
two trial-types explains the dominance of trial-type 1 (maxi-
mal coherence) over trial-type 4 (reduced coherence). The 
prediction is that participants will find it easier, all things 
being equal, to respond on a trial-type in which all of the 
controlling elements cohere with each other than when they 
do not. We will refer to this effect as a single trial-type domi-
nance effect (STTDE).

Now, consider the predicted difference between trial-
types 2 and 3; that is, the DIRAP scores for the happy-fear 
trial-type will be larger than for the fear-happy trial-type. 

1 The concepts of Crel and Cfunc properties refer the functions of stim-
uli that are selected by Crel and Cfunc contextual cues in any instance 
of arbitrarily applicable relational responding. The term “property” 
does not therefore refer to some intrinsic feature or essence of the 
stimuli.
2 The DAARRE model does not make generic predictions in a hypo-
thetico-deductive fashion, rather it provides a conceptual instrument 
for inductive research. The differences between trial-types 1 and 4, as 
well as the differences between trial-types 2 and 3, are effects com-
monly observed in IRAP research, which may be explained by the 
DAARRE model based on the dynamic interplay between Crel and 
Cfunc properties of stimuli that arise over the course of individual 
learning histories (for detailed discussions, see Harte et  al., 2022; 
Harte & Barnes-Holmes, 2024).
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It is difficult to explain this difference based solely on the 
coherence/incoherence among all of the elements in the 
trial-types because, in both trial-types there is an equal 
number of + Cfunc and − Cfunc, as well as the same − Crel. 
However, the two trial-types may be distinguished based on 
the Cfunc properties of the label and the target. In trial-type 
2, the label is positive and the target is negative whereas in 
trial-type 3, the label is negative and the target is positive. 
It is critical to note that during history-consistent blocks, 
in trial-type 2, the − Cfunc property of the target (i.e., fear-
ful words) coheres with the − Cfunc property of the correct 
response option (i.e., “false”); however, in trial-type 3, the 
Cfunc properties of the target and the correct response option 
are incoherent (still, during the history-consistent blocks). 
According to the DAARRE model, the coherence between 
the spatially contiguous target and response option in trial-
type 2 may facilitate more rapid responding during history-
consistent blocks relative to trial-type 3, where the spatially 
contiguous target and response option possess incoherent 
Cfunc properties. In other words, participants may find easier 
to respond negatively when the target is negative than when 
the target is positive. Consistent with Kavanagh et al. (2019), 
we will call this a dissonant target trial-type effect (DTTTE).

Previously published studies (Finn et al., 2018; Gomes 
et al., 2019; Kavanagh et al., 2018; Pidgeon et al., 2021; 
Pinto et al., 2020) that have considered IRAP performances 
in light of the DAARRE model have tended to employ it in 
a post-hoc manner (i.e., the DAARRE model has been used 
to interpret effects that were not explicitly predicted). One 
recent exception was a study that successfully generated the 
STTDE by establishing a “true” function for a stimulus that 
was subsequently presented in an IRAP (Finn et al., 2019). 
However, this study did not focus on the other DAARRE 
model effect previously referred to as the DTTTE (see 
Schmidt et al., 2021). The primary purpose of the current 
study was to present participants with an IRAP for which the 
DAARRE model would predict both STTDE and DTTTE 
effects. In particular, happy faces and fearful faces were 
presented with semantically related words (i.e., happiness 
and fear words). We chose faces because previous research 
had reported differential trial-type effects using such stimuli 
(Bortoloti et al., 2019; Kavanagh et al., 2019; Perez et al., 
2019; Pinto et al., 2020; Schmidt et al., 2021; see also Bor-
toloti et al., 2020).

In addition to testing the predictions of the DAARRE 
model (the STTDE and the DTTTE), we also sought to 

Fig. 1  The Differential Arbi-
trarily Applicable Relational 
Responding Effects (DAARRE) 
Model with Stimuli Used in 
This Study’s IRAP Preparation. 
Note. Participants only saw the 
face pictures (label stimuli), 
emotionally related words (tar-
get stimuli), and the response 
options “TRUE” and “FALSE,” 
which were randomly replaced 
at either side of the screen from 
trial to trial. The responses that 
were reinforced in each block 
are circled. Coherent (i.e., 
history-consistent) blocks were 
named “consistent”. Incoher-
ent (i.e., history-inconsistent) 
blocks were named “inconsist-
ent.” Cfunc stands for “contextual 
stimuli controlling psycho-
logical functions.” Crel stands 
for the “relational context 
controlling arbitrarily applicable 
relational” responding
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explore the potential impact of two other variables in the 
IRAP. The first of these was the order in which the IRAP 
blocks are presented (coherent-first vs. incoherent-first). In 
particular, we sought to determine if block order affected 
the STTDE and/or DTTTE effects. The second variable we 
sought to explore was whether or not participants maintained 
criteria at the trial-type level. Research employing the IRAP 
typically requires participants to maintain performance crite-
ria at the level of the block (e.g., median latency ≤ 2,000 ms, 
accuracy ≥ 80%). Given the focus on the explicitly predicted 
differences between individual trial-type scores in the cur-
rent study (i.e., the STTDE and the DTTTE), we analyzed 
the data in terms of whether or not participants maintained 
the performance criteria at the level of the individual trial-
type, rather than at the level of the overall block. Given that 
this was a performance-based variable, it is best considered 
as an attribute variable rather than a directly manipulated 
variable (i.e., it is an explanatory variable based on an attrib-
ute of the participants). Again, we sought to determine if 
this particular performance variable affected the STTDE 
and/or the DTTTE. Notwithstanding, we should emphasize 
that analyzing the impact of these two explanatory variables 
(block order and performance criteria) was largely explora-
tory and therefore we made no specific predictions about 
the nature of the impact that these variables could exert on 
the two DAARRE model effects. These variables are, nev-
ertheless, crucial in research employing the IRAP. Block 
order influences the history participants are exposed to dur-
ing practice blocks before starting test blocks. Trial-type 
level performance is important because the DAARRE model 
focuses on performances at trial-types, but IRAP research 
has not yet looked into performance criteria at the trial-type 
level. The present article employs for the first time a data-
analytic algorithm that was developed to identify the perfor-
mance at the trial-type level.

Method

Participants

Participants were University students recruited via conveni-
ence sampling using Ulster University resources, such as 
Sona Systems (https:// www. sona- syste ms. com/). Partic-
ipants under the age of 18 or above 65, or with atypical 
(uncorrected) visual functioning, were not recruited. From 
the 50 recruited participants,1 chose not to continue. The 
final sample consisted of 49 participants (34 females, 15 
males). The final sample ranged from 18 to 47 years old 
(M = 25.5, SD = 7.8). All participants had the opportunity 
to read the information sheet and pose questions before fill-
ing out the consent form. Only participants who agreed to 

participate were recruited. The study received ethical clear-
ance from the local psychology research ethics committee.

Materials

A Testing-IRAP (GO-IRAP from https:// balc-i. net/ go- irap/) 
was configured using happy or fearful faces as label stimuli 
(extracted from the FACES database; Ebner et al., 20103) 
and happiness-related or fear-related words4 as target stim-
uli. This generated four trial-types, as exemplified in Fig. 1. 
Trial-type 1 was a happy face with a happy word, trial-type 
2 was a happy face with a fearful word, trial-type 3 was a 
fearful face with a happy word, and trial-type 4 was a fear-
ful face with a fearful word. In consistent blocks, partici-
pants were required to respond True, False, False, and True 
when presented with trial-types 1, 2, 3, and 4, respectively, 
in order to proceed to the next trial. In inconsistent blocks, 
participants were required to make the opposite responses 
(i.e., False, True, True, and False) in order to proceed to the 
next trial. Each block consisted of 32 trials, with each of 
the four trial-types presented eight times in a quasi-random 
fashion.

At the start of the IRAP session, participants were pre-
sented with the following message:

This task will present sets of words and images. You 
will be asked to relate the words to the images. If you 
make a mistake you'll see a red X. Provide the correct 
response to continue. You will not be able to proceed 
unless you respond correctly. Respond as accurately 
as you can. When you've learned to be accurate you'll 
naturally speed up too.

At the end of a block, participants received feedback 
information on their accuracy (in correct percent) and 
latency (in milliseconds). Participants were also presented 
with one of the following messages, dependent upon their 
performance in the immediately preceding block. That is, the 
feedback messages were designed to encourage participants 
to maintain their performance if it met both criteria, or to 
adjust their performance appropriately if it failed to meet 
one or both criteria. In particular, if a participant met both 
the accuracy and latency criteria, the following message 
was displayed: “Continue responding both as accurately and 
quickly as you can.” If a participant met the accuracy but not 
the latency criteria, the following message was displayed: 

3 We used the following young and middle-aged male and female 
facial expressions of happiness and fear from the FACES database 
(https:// faces. mpdl. mpg. de/ imeji/): 066_y_m_h_b.jpg, 140_y_f_h_b.
jpg, 116_m_m_h_a.jpg, 168_m_f_h_a.jpg; 066_y_m_f_b.jpg, 
140_y_f_f_b.jpg, 116_m_m_f_a.jpg, 168_m_f_f_b.jpg.
4 The words were: HAPPY, GLAD, SMILING, CHEERFUL; 
SCARED, ALARMED, FRIGHTENED, FEARFUL.

https://www.sona-systems.com/
https://balc-i.net/go-irap/
https://faces.mpdl.mpg.de/imeji/
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“Continue responding as accurately as you can. You'll nat-
urally go quickly when your responses are accurate.” If a 
participant met the latency but not the accuracy criteria, the 
following message was displayed: “Learn to accurately fol-
low the rule before attempting to respond quickly.” If a par-
ticipant did not meet either criteria, the following message 
was displayed: “Learn to accurately follow the rule before 
attempting to respond.” At the end of the first block, and 
every block thereafter, participants were presented with the 
following message prior to the first trial of the next block: 
“The previously correct and incorrect answers have now 
been reversed.”

The response options “True” and “False” switched posi-
tions quasi-randomly from trial to trial. Participants had to 
press “D” on the keyboard for the response-option at the left 
side of the screen, or “K” for the response-option at the right 
side of the screen. A blank screen was presented for 400 ms 
in the intertrial intervals. When participants responded cor-
rectly, they proceeded to the next trial without any other dif-
ferential consequence. When participants responded incor-
rectly, a red “X” was presented, and the trial did not proceed 
until the correct response was emitted. If a participant did 
not respond within 2,000 ms from the beginning of a trial, 
the warning message “2 s” appeared in red; to avoid “over-
loading” the participant at the beginning of the experiment, 
this warning message did not appear during the first pair of 
practice blocks.

A 7-point self-report scale was developed to measure 
participants’ explicit ratings of all the stimuli used in the 
IRAP, namely: the four happy faces, the four fearful faces, 
the four happiness-related words, and the four fear-related 
words. The seven response options were: Extremely Happy, 
Happy, Mildly Happy, Neither Happy Nor Fearful, Mildly 
Fearful, Fearful, and Extremely Fearful. The scale was pre-
sented once for each of these stimuli (16 times in total). 
The order of the stimuli was randomized, but all pictures 
preceded all words. The scale had high face validity, but we 
did not pursue a formal study of its psychometric proper-
ties. Rating results for each stimulus are shown in Table 1, 
which indicated no overlap between the rating of happy or 
fearful stimuli.5

Procedures

Before taking part, participants were presented with an 
information sheet, followed by the consent form. Then, all 
participants undertook, in the same order, the Testing-IRAP, 
the self-report rating scales, and the DASS, respectively. 
Participants were finally debriefed by receiving a debrief-
ing letter.

The Testing-IRAP presented practice blocks before test 
blocks. Participants were required to achieve specific per-
formance criteria at the block level (median accuracy ≥ 80% 

and latency ≤ 2,000 ms), in both blocks of a pair of practice 
blocks, in order to proceed to the test blocks. A pair encom-
passes one history-consistent and one history-inconsistent 
block (the order of which depended on the starting block). 
Practice blocks performances were not used to calculate the 
DIRAP scores (explained subsequently); these scores were 
calculated exclusively from the test blocks.

Participants received a maximum of six pairs of prac-
tice blocks as an opportunity to learn to perform the task. 
The blocks alternated from history-consistent to history-
inconsistent or vice versa. Participants who were randomly 
assigned the first block as history-consistent went on to 
experience the IRAP in a sequence of consistent–incon-
sistent pairs of blocks. Participants who were randomly 
assigned the first block as history-inconsistent went on to 
experience the IRAP in a sequence of inconsistent–consist-
ent pairs of blocks. The same sequence continued over test 
blocks. Participants who achieved performance criteria in a 
pair of practice blocks went on to undertake exactly three 
pairs of test blocks.

A participant who exhausted the six pairs of practice 
blocks without achieving the performance criteria was given 
the opportunity to try again and complete the IRAP from 
the start (i.e., including practice blocks). Three participants 
agreed to complete a second IRAP, and went on to success-
fully complete the test blocks in their second attempt. Seven 
participants chose not to try again, and therefore did not 
proceed to the test blocks. As a result, no DIRAP scores were 
registered for these participants. Nevertheless, their self-
reports were incorporated into the data presented in Table 1 
because they rated the visual stimuli, and no formal analyses 
associated these data with IRAP results.

Data Processing

The DIRAP scores were calculated from test blocks for each 
trial-type, as described in Barnes-Holmes et al., (2010a, 
p. 533). Note, however, that in the case of the present 
research, we did not exclude data from participants who 
failed to maintain the criteria at the block level (see Hus-
sey et al., 2015, p. 159), because one of the purposes of 
the study was to examine the impact of maintaining or not 
maintaining the performance criteria. From the table in 
Appendix A, it can be seen that no participant who failed 

5 After completing the happy/fear self-report rating scales, the final 
material that the participants completed before being debriefed was 
the depression, anxiety, and stress scales (DASS; Lovibond & Lovi-
bond, 1995). No obvious trends associating IRAP results with higher 
levels of symptoms were observed. Given that such symptoms were 
infrequent, because the sample was overall normative, these analyses 
are presented as Supplementary Materials (Table S1, Table S2, Fig-
ure S1) and are not further discussed here.
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to maintain the criteria at the trial-type level produced 
latencies over 2,500 ms or accuracies below 60%. In fact, 
only four of the 76 scores (from the 19 participants who 
failed at least one criterion) fell below 70%. In effect, the 
participants who failed to maintain the criteria at the trial-
type level generally responded close to the performance 
criteria.

In order to categorize participants according to whether 
or not they maintained the performance criteria at the trial-
type level, we developed a so-called policing algorithm. The 
source code of the “policing algorithm” can be found online 
at https:// github. com/ rodva/ Trial Type_ Crite rion_ Police. A 
brief presentation of the source code is presented in Appen-
dix B. To avoid requiring specific configurations on user’s 
local computer, an interactive version of the algorithm that 
was adapted to run on web browsers, which can be accessed 
at https:// polic ing- irap. rd. psc. br/. Although the present article 
presents these codes for the first time, a thorough explanation 
of the algorithms is beyond the scope of the current work.

To categorize participants as those who did or did not 
maintain the performance criteria, we checked the average 
latency to correct response and accuracy at each trial-type 
across all test blocks against the criteria (accuracy ≥ 80%, 
median latency ≤ 2,000 ms). Participants who failed those 
criteria at any of the trial-types were categorized as not 

having maintained the performance criteria; otherwise, they 
were grouped as participants who maintained the perfor-
mance (see Appendix A). We did not use block-level per-
formance for this categorization.

In the current study, we focused initially on individual-
participant data for the STTDE by subtracting the trial-type 
4 DIRAP score from the trial-type 1 DIRAP score, and for the 
DTTTE by subtracting the trial-type 3 DIRAP score from the 
trial-type 2 DIRAP score. In the current report, the acronym 
STTDE refers to the relative dominance of trial-type 1 over 
4 or 4 over 1. A positive STTDE difference indicates that 
the DIRAP score for trial-type 1 was larger than for trial-
type 4 (i.e., a “happiness superiority effect”); conversely, a 
negative STTDE difference indicates that the DIRAP score 
for trial-type 4 was larger than for trial-type 1 (i.e., a “fear 
superiority effect”). Also in the current report, we use the 
acronym DTTTE to refer to the dominance of trial-type 2 
over 3, or 3 over 2. Therefore, a positive DTTTE difference 
indicates a larger DIRAP score for trial-type 2 relative to trial-
type 3; conversely, a negative difference indicates a larger 
DIRAP score for trial-type 3 relative to trial-type 2. Following 
the analyses of the individual-participants data, group-based 
statistical analyses were used to compare the DIRAP scores of 
trial-type 1 with those of trial-type 4, and the DIRAP scores 
of trial-type 2 with those of trial-type 3.

Table 1  Results from the Self-Report Rating Scales

The number of participants refer to count of people who rated in the category. Data from one participant was lost due to a technical error 
(n = 48). Zeros are indicated by dash

Extremely 
Fearful

Fearful Mildly Fearful Neither Happy 
Nor Fearful

Mildly Happy Happy Extremely 
Happy

Pictures
  Young male happy — — — — 14 31 3
  Young female happy — — — — 2 30 16
  Middle-aged male happy — — — — 1 9 38
  Middle-aged female happy — — — — 3 32 13
  Young male fearful 17 19 12 — — — —
  Young female fearful 27 18 3 — — — —
  Middle-aged male fear 32 14 2 — — — —
  Middle-aged female fearful 25 22 1 — — — —

Words
  GLAD — — — 2 27 15 4
  HAPPY — — — — 2 43 3
  SMILING — — — 3 21 24 —
  CHEERFUL — — — 1 7 25 15
  FRIGHTENED 24 18 5 1 — — —
  FEARFUL 5 40 3 — — — —
  SCARED 14 23 9 2 — — —
  ALARMED 5 12 26 5 — — —

https://github.com/rodva/TrialType_Criterion_Police
https://policing-irap.rd.psc.br/
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Design

The dependent variable of interest corresponded to the DIRAP 
scores for the four trial-types. Because the four trial-types 
were presented concurrently for eight times each, in random 
order, within each 32-trial block, each trial-type constitutes 
a repeated measure collected within-subject. Therefore, the 
dependent variable (DIRAP) encompasses a within-subject 
factor of concurrent (simultaneous) measures. However, 
it is not of theoretical relevance to explore all six possible 
pairwise comparisons among trial-types. This is because 
trial-types with a different response option within a block 
cannot be compared to each other in a theoretically mean-
ingful way. Therefore, the comparisons of interest are only 
between trial-types 1 and 4, and between 2 and 3.

There are two explanatory variables of interest: block 
order and performance at the trial-type level. Each of 
them has two between-subjects levels. The design does not 
include the interaction of these two factors. Therefore, we 
explored the effects of these two explanatory variables on 
DIRAP scores separately. Taking advantage of the economy 
provided by the within-subjects factor, we employed four 
2 × 2 factorial designs: [1] block order (starting with the con-
sistent or the inconsistent block) with STTDE (trial-types 1 
and 4), [2] block order with DTTTE (trial-types 2 and 3), 
[3] maintaining performance in all four trial-types over all 
three pairs of test blocks (yes or no) with STTDE, and [4] 
maintaining performance with DTTTE.

From the between-subjects factors, the only independ-
ent variable we could directly manipulate was block order. 
Test-blocks performance at the trial-type level could not be 
directly manipulated because this was a participant attribute, 
but it is still a between-subjects factor. For each of the four 
designs, mixed-effects ANOVAs were but one of the statisti-
cal techniques we employed: we also used binomial tests for 
proportions and chi-square tests of association, and Bayesian 
nonparametric analyses.6

Results

Figure 2 presents the participant flowchart. Of the 50 partici-
pants recruited, 1 dropped out and 7 did not attain practice-
blocks performance criteria (i.e., accuracy ≥ 80%, median 
latency ≤ 2,000 ms), leaving 42 participants in with their 
DIRAP scores (29 females and 13 males; mean age = 25.4, 

SD = 7.7). The policing algorithm identified participants 
who did not maintain the accuracy and latency criteria for 
each trial-type during test blocks. Based on this, we catego-
rized participants into those who maintained both criteria 
across all four trial-types (n = 23) and those who did not 
(n = 19) (exact binomial test: p = 0.644, one-sample propor-
tions test: χ2

(1) = 0.21, p = 0.643). That is, any participant 
who did not maintain the accuracy and/or the latency criteria 
(averaged across test blocks) on at least one trial-type was 
categorized as not maintaining the criteria.7

All participants were randomly allocated to start with 
either the consistent or the inconsistent block. Neverthe-
less, 3 out of the 42 participants required a second exposure 
to the practice blocks. The second exposure to the practice 
blocks commenced with a block opposite to that of the first 
exposure (e.g., a participant who started with the consist-
ent block in the first exposure started with the inconsistent 
block in the second exposure). As a result, it was not pos-
sible to categorize them unambiguously as consistent- or 
inconsistent-first. Hence, we excluded them from any analy-
sis based on block order; therefore, we only considered 20 
participants as starting with the consistent block and 19 par-
ticipants starting with the inconsistent block (exact binomial 
test: p = 1, one-sample proportions test: χ2

(1) = 0.00, p = 1). 
Nevertheless, when analyzing data based on maintaining cri-
teria across trial-types, all 42 participants were included in 
the analyses. Given that the current study aimed to replicate 
the STTDE and the DTTTE observed in prior research, we 
conducted a preliminary analysis across the entire sample, 
and both were significant: trial-type 1 was larger than trial-
type 4 (t(41) = 3.58, p < 0.001 one-tailed) and trial-type 2 was 
larger than trial-type 3 (t(41) = 2.01, p = 0.026 one-tailed).

Frequency‑Based Categorical Comparisons 
of DAARRE Effects

We obtained a measure of each participant’s STTDE by 
performing the following subtraction between two of their 
DIRAP scores: trial-type 1 minus trial-type 4. The more posi-
tive the result of this subtraction, the larger the score for 
trial-type 1 relative to trial-type 4 (i.e., a “happiness supe-
riority effect”). In contrast, the more negative the result of 
the subtraction, the larger the score for trial-type 4 relative 
to 1 (i.e., “fear superiority effect”). For the purposes of com-
munication, we will refer to both effects under the label of 
STTDE. Likewise, we estimated participants’ DTTTE by 
performing the following DIRAP scores subtraction: trial-type 

6 The binomial and chi-square tests were conducted in SPSS and 
double-checked in R. Finn graphs were produced using the ggplot2 
package in R. The complete ANOVAs were conducted in SPSS and 
some effects were double-checked in R. All Bayesian analyses were 
run in JASP. Analyses reports can be found on OSF.

7 The table in Appendix A shows the DIRAP scores for each partici-
pant, as well as the proportions of accurate first responses and correct 
response latencies in milliseconds per trial-type (as averaged across 
all test blocks). Participants categorised as not maintaining criteria 
are highlighted.
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2 minus trial-type 3 (again, we will use this generic label for 
both effects).

In Fig. 3, participants were grouped according to two 
variables: whether they started with the consistent or the 
inconsistent block (left-hand side panels), or whether or not 
they maintained both accuracy and latency performance cri-
teria at the trial-type level (right-hand side panels). The top 
panels display the DIRAP scores differences between trial-
types 1 and 4 under the “STTDE” label. The bottom panels 
display the DIRAP scores differences between trial-types 2 
and 3 under the “DTTTE” label. Because this data plotting 
strategy was pioneered by Finn et al. (2019), these graphs 
will be henceforth referred to as “Finn Graphs.”

The top-left panel of Fig. 3 shows the STTDE according 
to starting block. Out of the 20 participants who started with 
the consistent block (darker bars), 16 showed a “happiness 
superiority effect” (i.e., bars above zero), and 4 showed a 

“fear superiority effect” (i.e., bars below zero). Out of the 19 
participants who started with the inconsistent block (lighter 
bars), 13 showed a “happiness superiority effect,” and 6 
showed a “fear superiority effect.” The contingency table is 
presented in the top-right corner of the panel. A chi-squared 
analysis indicated that the occurrence of happiness or fear 
superiority effects was not associated with block order (Pear-
son’s χ2

(1) = 0.69, p = 0.408).
The top-right panel of Fig. 3 shows the contingency 

table for the STTDE and maintaining performance criteria 
in test blocks at the trial-type level. A chi-squared analysis 
indicated that the STTDE was not associated with main-
taining criteria (Pearson’s χ2

(1) = 1.94, p = 0.163). Given 
that the superiority effects were not associated with either 
block order or maintaining criteria, an exact binomial test 
was applied to all 42 participants, with 31 showing a hap-
piness superiority effect, and 11 showing a fear superiority 

Fig. 2  Participants Flowchart. Note. Seven participants did not per-
form the test blocks because they exhausted their practice blocks 
without attaining performance criteria. Therefore, 42 participants 
took part in test blocks. a Three of the 42 valid participants had previ-
ously completed a first round of practice blocks in which they failed 

to achieve the practice block-level performance criteria. Then, they 
chose to restart the session, after which they achieved the practice 
performance criteria. Because these three participants restarted the 
practice blocks, they were excluded from analyses based on starting 
block, but were included in the other analyses
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effect (p = 0.003; one-sample proportions test: χ2
(1) = 8.60, 

p = 0.003). A Bayesian binomial test with a prior beta distri-
bution with parameters α = 1 and β = 1 provided  BF10 = 23.89 
(i.e., strong evidence for H1), where H1: proportion of Happy 
Superiority Effect ≠ proportion of Fear Superiority Effect, 
across the entire sample.

The bottom-left panel of Fig. 3 shows the DTTTE accord-
ing to block order. Out of the 20 consistent-first participants, 
9 showed larger DIRAP scores for trial-type 2 relative to 
trial-type 3, and 11 showed DIRAP scores for trial-type 3 
larger than for trial-type 2. The contingency table for the 
DTTTE and block order is presented at the top-right cor-
ner of this panel. A chi-squared analysis indicated that the 
DTTTE effects were significantly associated with block 
order (Pearson’s χ2

(1) = 4.74, p = 0.029). We thus proceeded 

to exact binomial tests (and Bayesian binomial tests with 
prior beta distribution where α = 1 and β = 1) on each type 
of block order. For participants who started with the consist-
ent block, the DTTTE effects were equally likely (p = 0.824; 
 BF10 = 0.30). However, for participants who started with the 
inconsistent block, these effects were significantly differ-
ent (p = 0.019;  BF10 = 6.76;  BF+0 = 13.45, i.e., strong evi-
dence for H1: proportion of trial-type 2 bigger than trial-type 
3 > proportion of trial-type 2 smaller than trial-type 3). In 
other words, among participants who started with the incon-
sistent block, a significant majority showed higher DIRAP 
scores for trial-type 2 relative to trial-type 3.

The bottom-right panel of Fig.  3 shows the DTTTE 
according to maintaining practice criteria in test blocks 
across the four trial-types. A chi-squared analysis indicated 

Fig. 3  Finn Graphs Showing Trial-type Differences per Participant 
According to Starting Block and Maintaining Trial-Type Level Per-
formance Criteria across Test Blocks. Note. This figure shows the 
difference between trial-types 1 and 4 (STTDE; upper panels), and 
between trial-types 2 and 3 (DTTTE; lower panels), grouping partici-
pants according to the rule they started with (left-hand side panels), 

as well as whether or not they maintained both performance criteria 
at the trial-type level across test blocks in all four trial-types (right-
hand side panels). The upper-right corners of each panel present the 
contingencies table that supports the χ2 Test of Independence for the 
distribution of frequencies in question
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that the DTTTE effects were not associated with maintain-
ing criteria (Pearson’s χ2

(1) = 0.19, p = 0.663). Overall, we 
observed 25 participants showing larger D scores in trial-
type 2 relative to trial-type 3 (i.e., bars above zero), and 17 
participants showing the opposite pattern (i.e., bars below 
zero), yielding a difference in proportions which proved to 
be nonsignificant (exact binomial test: p = 0.280, one-sam-
ple proportions test: χ2

(1) = 1.17, p = 0.280; Bayesian bino-
mial test with prior beta distribution where α = 1 and β = 1, 
 BF10 = 0.42, i.e., no evidence for either hypothesis).

In summary, a significant majority of participants pro-
duced a happiness superiority effect (across the entire sam-
ple), which was not associated with either block order or 
maintaining performance criteria at the trial-type level. With 
respect to the DTTTE, there was no overall significant dif-
ference between the number of participants who produced a 
larger trial-type 2 versus 3, or trial-type 3 versus 2 pattern. 
No significant association between the performance criteria 
and DTTTE was obtained. However, block order was sig-
nificantly associated with the DTTTE. In particular, a par-
ticipant was significantly more likely to produce a trial-type 
2 larger than 3 pattern when starting with an inconsistent 
block, but unlikely to show differences between these trial-
types when starting with a consistent block.

Model‑Based Comparisons of DAARRE Effects

The foregoing analyses are dichotomous and thus are not 
sensitive to the relative sizes of the differences among the 
trial-types. In an effort to capture these relative magnitude 
differences, we conducted four 2 × 2 mixed-effects repeated-
measures ANOVAs,8 each of which corresponded to one of 
the frequency-based analyses previously presented in Fig. 3. 
A graphical representation of these four sets of analyses is 
presented in Fig. 4. Pairwise comparisons were conducted 
for the pairs of interest (i.e., between trial-types 1 and 4, 
and between trial-types 2 and 3), for each level of the two 
factors of interest: block order (starting with either the con-
sistent or inconsistent block) and performance maintenance 

across test blocks (maintains or does not maintain crite-
ria). Two types of pairwise comparisons were examined: 
Bonferroni-adjusted comparisons and a Bayesian version of 
paired-samples Wilcoxon signed-rank tests based on a data 
augmentation algorithm with 5 chains of 10,000 iterations, 
employing a Cauchy prior distribution with a scale of 0.707.

The 2 × 2 ANOVA conducted on the data presented in 
the upper-left panel indicated a significant main effect for 
the STTDE (i.e., trial-types 1 × 4) (F(1, 37) = 13.41, p < 0.001, 
η2

p = 0.266). That is, across both levels of the between-
subjects factor (i.e., starting block), the contrast between 
trial-types 1 and 4 was significant, with no interaction 
with block order (F(1, 37) = 0.32, p = 0.572, η2

p = 0.009). 
Bonferroni-adjusted pairwise comparisons estimated the 
mean difference (ΔM) between trial-types 1 and 4 for each 
level of block order. Both the consistent-first (ΔM = 0.279, 
F(1, 37) = 9.40, p = 0.004, η2

p = 0.203) and the inconsistent-
first (ΔM = 0.198, F(1, 37) = 4.15, p = 0.040, η2

p = 0.109) par-
ticipants showed significant mean differences between trial-
types 1 and 4. Corresponding to this, the Bayesian analyses 
indicated strong evidence for trial-type 1 bigger than trial-
type 4 when participants started with the consistent block 
 (BF+0 = 18.18) and moderate evidence when they started 
with the inconsistent block  (BF+0 = 3.44).

The 2 × 2 ANOVA conducted on the data presented in 
the upper-right panel of Fig. 4 indicated a significant main 
effect for the STTDE (i.e., trial-types 1 × 4) (F(1, 40) = 15.51, 
p < 0.001, η2

p = 0.279). That is, across the between-subjects 
factor (i.e., maintaining performance criteria), the contrast 
between trial-types 1 and 4 was significant. In this case, the 
STTDE interacted with maintaining performance criteria 
(F(1, 40) = 4.86, p = 0.033, η2

p = 0.108). Bonferroni-adjusted 
pairwise comparisons estimated that the mean difference 
(ΔM) between trial-types 1 and 4 was significant for par-
ticipants who did not maintain the performance criteria 
(ΔM = 0.306, F(1, 40) = 17.23, p < 0.001, η2

p = 0.301). How-
ever, this difference was not significant for participants who 
maintained both performance criteria across all four trial-
types (ΔM = 0.104, F(1, 40) = 1.66, p = 0.205, η2

p = 0.040). 
The Bayesian analyses corroborated the pairwise compari-
sons conclusions: participants who did not maintain at least 
one of the performance criteria at any trial-type across test 
blocks showed extremely strong evidence for trial-type 1 
bigger than trial-type 4  (BF+0 = 354.73), whereas those 
who maintained all performance criteria across all trial-
types showed no conclusive evidence for either hypothesis 
 (BF+0 = 0.85).

The 2 × 2 ANOVA conducted on the data presented 
in the lower-left panel indicated a significant main effect 
for the DTTTE (i.e., trial-types 2 × 3) (F(1, 37) = 5.89, 
p = 0.020, η2

p = 0.137). That it, across both levels of the 
between-subjects factor (i.e., starting block), the contrast 
between trial-types 2 and 3 was significant; and this effect 

8 The distribution of DIRAP scores in each of the four trial-types fol-
lowed normality (p > .150 for all Kolmogorov–Smirnov and Shap-
iro–Wilk tests). The sphericity assumption could not be tested within 
each of the four repeated measures ANOVAs (Mauchly’s tests’ 
df = 0), and thus Greenhouse-Geiser estimators were used whenever 
possible. Nevertheless, an overarching repeated-measures ANOVA 
with the four trial-types’ DIRAP scores met the sphericity assump-
tion (Mauchly’s W = .812, χ2

(5) = 8.26, p = .142 without between-
subjects factors, and W = .760, χ2

(5) = 9.27, p = .099 with both fac-
tors). In addition, across these four mixed-effects ANOVAs, Box’s 
tests demonstrated equality of DIRAP scores covariance matrices 
across groups (.299 < p’s < .715), and Levene’s tests demonstrated 
equality of trial-types’ error variances based on means across groups 
(.050 < p’s < .984).
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did not interact with block order (F(1, 37) = 2.70, p = 0.109, 
η2

p = 0.068). However, the categorical analyses indicated 
an association between DTTTE and block order, so we 
proceeded with the pairwise comparisons. Bonferroni-
adjusted pairwise comparisons estimated the mean differ-
ence between trial-types 2 and 3 for each level of block 
order. The difference was not significant for participants 
who started with the consistent block (ΔM = 0.041, 
F(1, 37) = 0.31, p = 0.579, η2

p = 0.008). However, the incon-
sistent-first participants showed significantly larger DIRAP 
scores in trial-type 2 relative to trial-type 3 (ΔM = 0.214, 
F(1, 37) = 8.08, p = 0.007, η2

p = 0.179). The Bayesian analy-
ses again corroborated the pairwise results: for partici-
pants who started with the consistent block, there was 
no evidence for either hypothesis  (BF+0 = 0.40), but for 
those who started with the inconsistent block, there was 
strong evidence for trial-type 2 bigger than trial-type 3 
 (BF+0 = 12.28).

The 2 × 2 ANOVA conducted on the data presented in 
the lower-right panel indicated a significant main effect 
for the DTTTE (i.e., trial-types 2 × 3) (F(1, 40) = 4.12, 
p = 0.049, η2

p = 0.093). That is, across both levels of the 
between-subjects factor (i.e., maintaining criteria), the 
contrast between trial-types 2 and 3 was significant, with 

no significant interaction with this factor (F(1, 40) = 0.28, 
p = 0.597, η2

p = 0.007). Bonferroni-adjusted pairwise 
comparisons estimated the mean difference between trial-
types 2 and 3 for each level of maintaining criteria. In 
neither case were significant differences observed (did not 
maintain criteria: ΔM = 0.140, F(1, 40) = 3.00, p = 0.091, 
η2

p = 0.070; maintained the criteria: ΔM = 0.082, 
F(1, 40) = 1.24, p = 0.272, η2

p = 0.030). The Bayesian anal-
yses indicated weak evidence for trial-type 2 bigger than 
trial-type 3 for participants who did not maintain the per-
formance criteria  (BF+0 = 2.14), and no conclusive evi-
dence for either hypothesis when participants maintained 
the criteria  (BF+0 = 0.55).

In summary, the analyses indicated that the differ-
ence between trial-types 1 and 4 (STTDE) was affected 
by maintaining the performance criteria. In particular, 
those participants who failed to maintain the criteria 
produced a significantly larger DIRAP score on trial-type 
1 relative to trial-type 4; the difference for those who 
maintained the criteria was nonsignificant. For the dif-
ference between trial-types 2 and 3 (DTTTE), the block 
order affected the relative size of the trial-type DIRAP 
scores. In particular, only the group who started with 
the inconsistent block produced a significant difference 

Fig. 4  DIRAP Scores Means and 
95% Confidence Intervals of 
Trial-Types per Block Order and 
Criteria Maintenance. Notes. 
STTDE: Single Trial-Type 
Dominance Effect (TT1 vs. 
TT4). DTTTE: Dissonant-
Target Trial-Type Effect (TT2 
vs. TT3). Asterisks refer only 
to Bonferroni-adjusted pairwise 
comparisons between trial-types 
(i.e., the within-subjects factor) 
at each level of the between-
subjects factor, in each 2 × 2 
mixed-effects ANOVA. *p < .05. 
**p < .01. ***p < .001
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between trial-types 2 and 3, which appears to have driven 
the main effect.

Discussion

In the current study, 42 participants completed an IRAP 
with happy and fearful faces and words. Participants 
were divided in terms of whether they commenced with 
a history-consistent or a history-inconsistent block of tri-
als. In addition, although participants were required to 
achieve the latency and accuracy performance criteria at 
the block level, participants were grouped according to 
whether or not they maintained the criteria at the trial-type 
level (over test blocks). Consistent with previous findings 
and the DAARRE model, there was evidence of both a 
STTDE and a DTTTE. However, both of these effects were 
moderated by other variables. In particular, the difference 
between trial-types 1 and 4 was strongly significant for the 
group of participants who failed to maintain the criteria 
at the trial-type level, but it was not significant only for 
the group of participants who managed to maintain such 
performance across all trial-types. Furthermore, the differ-
ence between trial-types 2 and 3 was only significant for 
the group of participants who commenced the IRAP with 
a history-inconsistent block. Although the findings were 
broadly consistent with the DAARRE model, the impact of 
block order and maintaining criteria at the trial-type level 
suggests that the model needs to be extended to accom-
modate these effects.

Let us first consider the impact of maintaining the crite-
ria at the trial-type level on the STTDE. There was limited 
evidence for the STTDE for the group who maintained 
the criteria at the trial-type level, but a clear STTDE for 
the group who did not. As noted previously, the majority 
of IRAP studies have focused on performance criteria at 
the block level alone, and thus the current finding could 
be important in terms of informing future IRAP research. 
At this point, it seems important to consider a possible 
explanation for the impact of maintaining trial-type level 
criteria. As noted earlier, RFT distinguishes between Crel 
and Cfunc properties of stimuli and the DAARRE model, 
and in particular focusses on this distinction in the ele-
ments presented within an IRAP. The Crel properties refer 
to the “semantic” relationships between the label and 
target stimuli, whereas the Cfunc properties refer to the 
functional properties of the stimuli, such as valence or 
attentional effects.

If a participant’s performance on an IRAP was con-
trolled largely by the Crel properties, then the IRAP would 
simply involve categorizing the stimuli according to their 
semantic relations; indeed, all participants successfully did 
so when rating the stimuli without performance constraints 

(Table 1). Assuming that a participant has an appropri-
ate history to complete such categorizing, each trial-type 
might be considered broadly equal in difficulty. In con-
trast, if the Cfunc properties of the elements in an IRAP 
are involved, they may “interfere” with the control by the 
Crel properties and thus generate the observed differences 
between trial-types 1 and 4. If this view is correct, then 
maintaining the performance criteria at the trial-type level 
may be seen as indicating dominant control by the Crel 
properties of the IRAP. Or, more informally, participants 
who maintained the criteria were simply categorizing 
happy faces with happy words, and fearful faces with fear-
ful words, and this responding did not seem to be heav-
ily influenced by the valence or emotional functions of 
stimuli, thereby producing roughly equal IRAP effects in 
trial-types 1 and 4 (i.e., they were more under Crel than 
Cfunc control). In contrast, failing to maintain the criteria 
at the trial-type level may indicate that the Cfunc properties 
interfered with Crel control. In other words, participants 
who failed to maintain one or more performance criteria 
may have found it easier to respond positively (i.e., “true”) 
to two positive stimuli (maximal coherence) than to two 
negative stimuli (reduced coherence), thereby producing 
differential trial-type effects. This may be explained by the 
dynamic influence of the two types of contextual control 
that can take place differently for different people. Similar 
interpretations have been applied to explain clinical pro-
cesses in the context of human psychological suffering (for 
a detailed discussion, see Harte et al., 2022).

Let us now consider the impact of block order on the 
DTTTE. Although DIRAP scores for trial-type 2 were overall 
higher than for trial-type 3, this difference was significant 
only for participants who started with the inconsistent block 
(i.e., the main effect was significant, but the only paired com-
parison that showed significance was for inconsistent-first 
participants). It is difficult to explain this difference based on 
Cfunc coherence alone, because the number of stimuli bear-
ing positive and negative Cfunc properties is the same across 
these two trial-types. They both encompass one positive 
stimulus (as label in trial-type 2 and as target in trial-type 3) 
and one negative stimulus (as label in trial-type 3 and as tar-
get in trial-type 2). Also note that the Cfunc for both response 
options is negative in history-consistent blocks and positive 
in history-inconsistent blocks. In an attempt to explain the 
significant difference between trial-types 2 and 3 for partici-
pants who started with the inconsistent block, we will first 
draw on Kavanagh et al.’s (2019) explanation, which focused 
on the spatial contiguity between the targets and the correct 
response options in each trial-type.

Kavanagh et al. (2019) noted that, in history-consistent 
blocks, for trial-type 2, the correct response option (e.g., 
“false”) bears a negative Cfunc, which is coherent with the 
negative target (e.g., “fearful”); but for trial-type 3, it is 
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incoherent with the positive target (e.g., “cheerful”). As 
such, responding correctly to trial-type 3 relative to 2 may 
be more difficult in the history-consistent block. In contrast, 
in history-inconsistent blocks, for trial-type 2, the correct 
response option (e.g., “true”) bears a positive Cfunc which 
is incoherent with the negative target; but for trial-type 3, 
it is coherent with the positive target. Hence, responding 
correctly to trial-type 2 may be more difficult relative to 
trial-type 3 during the history-inconsistent block. Overall, 
therefore, responding correctly to trial-type 2 may be easier 
during consistent blocks and more difficult during incon-
sistent blocks, but the opposite is the case for trial-type 3 
(i.e., more difficult during consistent blocks, but easier dur-
ing inconsistent-blocks). If this analysis is correct, it would 
explain why the DIRAP score for trial-type 3 is less than the 
score for trial-type 2. That is, for trial-type 2, the functional 
overlap between target and correct response option is coher-
ent during consistent blocks and incoherent during incon-
sistent blocks (thereby increasing the DIRAP score); but, for 
trial-type 3, there is incoherence between target and correct 
response option during consistent blocks, and coherence 
during inconsistent blocks (thereby decreasing the DIRAP 
score). The current finding indicates that this differential 
trial-type effect (the DTTTE) was only significant9 when 
participants commenced the IRAP with an inconsistent 
block, an effect that was not explored (and therefore not 
reported) by Kavanagh et al.

How might we explain this effect for block order? When 
participants commenced the IRAP with a history-consistent 
block, the overall context of the procedure, in terms of the 
Crel control, would be coherent with the participants’ previ-
ous verbal history. Their first contact with the procedure may 
therefore establish relatively strong control by both the label 
and target stimuli in terms of Crel properties. In contrast, for 
those participants who commenced with the history-incon-
sistent block, responding coherently with the Crel properties 
would have been punished and therefore other sources of 
coherence may have affected their performance (assuming 
that, in general, participants had an extensive history of 
responding coherently in their natural environment). One 
such source of coherence would have been the overlap in the 
Cfunc properties of the spatially contiguous target and correct 
response option for trial-type 3 (in a history-inconsistent 
block). Given the current findings, it seems that this initial 
source of coherence in the first block of the IRAP contin-
ued to affect performance throughout the procedure. In other 
words, participants who started with the history-inconsistent 

block may have developed a type of “nearest Cfunc coher-
ence” response bias for trial-type 3, which only favored per-
formance in history-inconsistent blocks. This bias would be 
punished during subsequent history-consistent blocks for 
trial-type 3, which may explain the reduction in the DIRAP 
scores for trial-type 3 relative to trial-type 2. We are assum-
ing here that the “nearest Cfunc coherence” response bias 
resurged during all subsequent history-inconsistent10 blocks 
for participants who started with this type of block.

Of course, this interpretation is post hoc and speculative, 
but it could be tested in subsequent research. For example, 
it would be interesting to examine the impact of specific 
instructions on such effects. In the current study, participants 
were required to learn to relate the stimuli through trial-and-
error, because no specific instruction on how to relate the 
stimuli was provided. Perhaps providing detailed instruc-
tions explaining that the first IRAP block would require 
responding in a manner that was incorrect (i.e., incoherent 
with prior verbal history) might undermine the order effect 
observed here. That is, such an instruction would render a 
history-inconsistent block coherent with the prior instruc-
tions to respond incoherently, thereby attenuating the “near-
est Cfunc coherence” bias (see Finn et al., 2016).

One might assume that using words as targets and 
response options may have contributed to the coherence 
between these stimuli. However, Kavanagh et al. (2019) 
observed a similar DTTTE to the one reported here, even 
though the IRAP configuration employed by Kavanagh et al. 
used pictures as targets (and words as response options). As 
noted previously, Kavanagh et al. did not analyze their data 
in terms of block order, but the overall pattern was similar 
(trial-type 2 larger than trial-type 3). Furthermore, it is also 
worth noting Kavanagh et al. employed relatively neutral 
stimuli (i.e., pens and nonemotional faces), and thus the dif-
ferential trial-type effects they obtained might have been 
based more on orienting (e.g., attentional) rather than evok-
ing (e.g., valence) functions (see Finn et al., 2018). As such, 
the pattern observed here appears to be generally consistent 
with previous studies (cf. Hussey & Drake, 2020).

Only two previously published studies, to our knowl-
edge, have focused on both the STTDE and the DTTTE 
(Kavanagh et  al., 2019; Schmidt et  al., 2021). The 
STTDE, in particular, has been consistently replicated 
across different domains, such as color–color over 
shape–shape (Finn et al., 2018), face–face over pen–pen 
(Kavanagh et  al., 2019), happy-symbol–positive-word 
over fearful-symbol–negative-word (Perez et al., 2019); 

9 This was the only pairwise comparison that showed a statistically 
significant difference, which alone seems to have driven the main 
effect for DTTTE observed for both ANOVAs: one with block order 
(fixed) and the other with performance criteria maintenance as the 
between-subjects factor.

10 We reiterate that by “history-inconsistent” or “history-consistent” 
we are referring to coherence with participants’ likely verbal history 
prior to the experiment. This should not be confused with the history 
established during the IRAP session itself.
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happy-face–happy-symbol over negative-emotion–nega-
tive-symbol (Bortoloti et al., 2019; see also Bortoloti et al., 
2020), happy-face–preferred-icon over angry-face–indif-
ferent-icon (Pinto et al., 2020); and opposing patterns of 
in-group over out-group positivity bias (Hughes et al., 
2017). However, the current study was only the second 
to predict a priori both the STTDE and the DTTTE (the 
first being Schmidt et al., 2021), and these effects were 
indeed observed. Furthermore, the current study is the 
first to analyze the data at the individual level and, it is 
interesting to note, not all the participants showed these 
two effects. In this context, it is important to understand 
that the type of Cfunc properties involved in a participant’s 
performance could, in principle, change the pattern of 
responding on the IRAP. For example, if the valence (i.e., 
evoking properties) of the faces tended to control respond-
ing, then a happiness superiority effect would be more 
likely; in contrast, if the salience (i.e., orienting functions) 
of specific features of the faces (e.g., wide-open eyes in 
fearful faces) tended to control responding, then a fear 
superiority effect would be more likely. In other words, a 
fear superiority effect for a particular individual should not 
be interpreted as “preferring” or “liking” fearful more than 
happy faces (see Hughes et al., 2018). According to the 
DAARRE model, it is the specific Cfunc properties of the 
stimuli (orienting versus evoking) that play an important 
role in determining the overall response patterns observed 
on the IRAP. These stimulus properties may well differ 
between participants based on their idiosyncratic preex-
perimental histories. However, consistent with previous 
research (Bortoloti et al., 2019; Craig et al., 2014; Lep-
pänen & Hietanen, 2004), a happiness superiority effect, 
in general, was observed in the current study, although this 
was moderated by maintaining the performance criteria at 
the trial-type level, which is a novel finding in the IRAP 
literature.

In line with Finn et al. (2019), the present study reported 
individual-participant data, thus supporting their call for 
such analyses in IRAP research (p. 434). The potential 
advantage in doing so may be exemplified when consider-
ing the impact of maintaining criteria on the STTDE. In 
particular, for individual participants (Fig. 3), the majority 
of those who did not maintain the criteria showed a larger 
DIRAP score for trial-type 1 relative to 4. Furthermore, only 
3 of these 19 participants showed the opposite effect (trial-
type 4 larger than 1). Although the frequency-based analyses 
did not indicate an association between maintaining criteria 
and the STTDE, the variance-based analyses did support 
a significant interaction. One likely reason is because the 
frequency-based analyses did not capture the relative mag-
nitudes of the DIRAP scores, thus failing to reflect the impact 
of relatively large effects such as the five participants with 
the highest trial-type-1-minus-4 differences, who were all 

in the criteria-failing group. In effect, when participants do 
not maintain the performance criteria, their differential trial-
type effects may tend to be larger (in the predicted direction) 
than when they do maintain the criteria. Analyzing IRAP 
data both in terms of frequency and variance allows us to 
see such effects.

The current findings are broadly consistent with pre-
vious research that has drawn on the DAARRE model in 
highlighting the combined role of Crel and Cfunc properties 
in determining differential trial-type effects on the IRAP. 
This increasingly well-established finding seems to warrant 
a change in focus within RFT (Harte & Barnes-Holmes, 
2024). In traditional RFT research, the relationship between 
entailed relations and the transformation of functions has 
frequently focused on the extent to which establishing spe-
cific entailed relations allows for specific changes in the 
functional properties of the stimuli participating within 
those relations. For example, in many RFT studies a rela-
tional network may be established in which three stimuli 
are related to each other, for instance when A is trained as 
more than B, and B is trained as more than C. A specific 
functional property may then be established for one of the 
stimuli, such as an aversive (e.g., electric shock) function 
for C. The A stimulus may subsequently evoke an aversive 
reaction stronger than the reaction that was observed for the 
C stimulus, because A is derived as more than C (see, for 
example, Dougher et al., 2007). This approach focuses on 
the impact of the stimulus relations (Crel) on the functional 
properties (Cfunc) of the stimuli in a given network. In the 
current and related research, however, there is a greater focus 
on the impact of the functional properties of the stimuli on 
relating. In particular, the coherence among the Cfunc proper-
ties of the stimuli within the network seems to interact with 
their Crel properties in a way that explains the responding 
patterns observed on the IRAP. On balance, recognizing the 
impact of Cfunc properties on Crel properties does not mean 
that the “traditional” approach (i.e., from relation to func-
tion) was incorrect; both approaches can supplement each 
other (Harte & Barnes-Holmes, 2024).

We should also acknowledge that previous research 
has reported effects consistent with a function-to-relation 
approach, in which functional classes were shown to gener-
ate equivalence relations (e.gSidman et al., 1989; Smeets 
et al., 1997). Nevertheless, most of this research focused on 
demonstrating that functional classes may generate equiva-
lence relations, but they did not indicate that the functional 
properties of the stimuli could affect the accuracy and 
latency of relational responding itself. The DAARRE model 
addresses the relative coherence among the Cfunc and Crel 
properties of the stimuli within a network on the IRAP, and 
this supports a more thorough analysis of the dynamic inter-
play between the relational and the functional properties of 
stimuli (Harte & Barnes-Holmes, 2024).
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Adopting a relatively balanced focus between Crel and 
Cfunc properties, as we have suggested here, may serve to 
highlight potential commonalities with research on language 
in other domains. For example, semantics, as a subset of 
linguistics, has traditionally tended to focus on explanations 
of the formal structure of language, even when addressing 
the referencing relationships between linguistic expressions 
and concepts or categories (e.g., cf. Glynn, 2015; Rakhilina 
et al., 2022; Rosch, 1973). Broadly speaking, in RFT terms, 
this focus would be on the Crel properties of a semantic net-
work. However, when language is viewed as an evolutionary 
feature of the human species (Pinker & Bloom, 1990), this 
calls for a focus on the psychological learning history of 
language across human development (i.e., how the specific 
properties of language are selected by the environment, both 
across and within generations), and thus on the pragmatics 
of language learning. The present findings emphasize the 
importance of the transformation of historically established 
psychological functions (Cfunc) of stimuli in arbitrarily appli-
cable relational responding (under Crel control), as studied 
by RFT, in conceptualizing meaning and categorization, for 
it shows that the former affects upon the latter.

In using merely descriptive adjectives (e.g., happy, fearful) 
with facial expressions assumed to be generally described as 
such (cf. Barrett et al., 2019), the task itself simply required 
participants to categorize attributes into their domains based 
on literal semantic equivalences. These mappings referred to 
emotional concepts that are presumedly not socially meaning-
ful (e.g., in terms of race or gender), but the differences in the 
bare emotional value of stimuli influenced the emergence of 
differential trial-type effects. These effects may possibly be 
applied in research on socially sensitive issues, such as in-
group and out-group biases in the context of social identities.

For instance, using evaluative adjectives (e.g., honest, nice, 
friendly; nasty, aggressive, hostile), Hughes et al. (2017) asked 
Northern Irish participants from either community (Catholic or 
Protestant) to respond to four trial-types: Catholic–good, Cath-
olic–bad, Protestant–good, Protestant–bad, using “True” and 
“False” as response options. On average, trial-types with a posi-
tive evaluative adjective were all significantly different from zero 
in the direction where the positive adjective had to be responded 
to as “True,” for both groups (i.e., both groups assessed their in-
group and out-group as “good”). However, Catholic participants 
showed DIRAP scores in the Catholic–good trial-type that were 
higher than the Protestant–good trial-type, whereas Protestant 
participants showed DIRAP scores in the Protestant–good trial-
type higher than the Catholic–good trial-type. Hughes et al. con-
cluded that the IRAP revealed in-group favoritism in the absence 
of out-group derogation. One direction for future research would 
be to replicate the current study using socially loaded stimuli like 
those employed by Hughes et al. Would the effects reported by 
those researchers be moderated by the two variables found to be 
relevant in the current study?

Summary and Concluding Remarks

We henceforth abridge our analyses and key findings. The 
significant main effect for STTDE did not interact with block 
order, as a significant “happiness superiority effect” (trial-
type 1 bigger than trial-type 4) was significant regardless of 
block order. STTDE also had a significant main effect when 
performance maintenance was concerned, but in that case 
it interacted significantly with whether or not participants 
maintained the performance criteria at the trial-type level. 
In particular, there was strong evidence for higher DIRAP 
scores in trial-type 1 relative to 4 for participants who failed 
to maintain at least one of the performance criteria in at least 
one trial-type, but there was no evidence for such difference 
for participants who maintained both performance criteria 
across all trial-types. This interaction was not reflected in 
the chi-square test because this analysis considered STTDE 
in a dichotomous way (i.e., 1 > 4 or 4 > 1), and therefore it 
could not capture the magnitudes of the scores’ differences. 
A visual inspection of the Finn graphs in Fig. 3 (upper-right 
panel) illustrates that point.

A significant main effect for DTTTE (trial-type 2 big-
ger than trial-type 3) did not interact with block order, but 
the categorical analyses captured a significant association 
whereby DTTTE effects depended on block order. This was 
due to a significantly higher proportion of trial-type 2 bigger 
than trial-type 3 for the participants who started with the 
inconsistent block, contrasted with an absence of difference 
for those who started with the consistent block. Comparisons 
of mean DIRAP scores corroborated this conclusion: for par-
ticipants who started with the inconsistent block, there was 
strong evidence for trial-type 2 bigger than trial-type 3, but 
not for those who started with the consistent block. Finally, 
DTTTE had a significant main effect regardless of whether 
participants did or did not maintain the performance criteria 
at the trial-type level, with no interaction and no specific 
difference for those two groups.

These results highlight the importance of studying the 
influence of functional properties of stimuli. In other words, 
it emphasizes the relevance of including a function-to-rela-
tion approach by using the DAARRE framework, and indeed 
RFT, to interpret behavioral data, in addition to the tradi-
tional relation-to-function approach. We have relied on a 
“nearest Cfunc coherence” response bias explanation for the 
DTTTE, and we have considered the extent to which main-
taining performance criteria could reduce the STTDE. We 
have considered how future research on socially sensitive, 
evaluative responding may be informed by our findings. We 
conclude that the DAARRE model, expanded to accommo-
date block order and trial-type performance as relevant fac-
tors, is a promising framework for analyzing the dynamics 
of arbitrarily applicable relational responding in the environ-
ment of the IRAP.
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Appendix A

Maintaining Criteria at the Trial-Type Level for Each 
Participant.

Par�cipant
Trial-type 1 Trial-type 2 Trial-type 3 Trial-type 4 All trial−types

D score Time c Accuracy D score Time c Accuracy D score Time c Accuracy D score Time c Accuracy Maintains both criteria
P1 0.390 1409 0.938 0.262 1680 0.875 0.227 1591 0.854 0.515 1732 0.854 Yes
P2 0.868 1891 0.833 −0.034 1868 0.813 −0.294 2046 0.750 0.015 2165 0.625 No
P3 a — — — — — — — — — — — — —
P4 a — — — — — — — — — — — — —
P5 0.177 1866 0.958 0.194 1941 0.979 −0.245 1876 1.000 0.147 2105 0.958 No
P6 a — — — — — — — — — — — — —
P7 0.508 1604 1.000 0.492 1907 0.896 0.525 1772 0.896 0.243 1990 0.896 Yes
P8 a — — — — — — — — — — — — —
P9 0.397 1734 0.979 0.270 1738 0.958 0.580 2004 0.854 0.109 1935 0.854 No
P10 a — — — — — — — — — — — — —
P11 0.777 1514 1.000 0.849 1995 0.875 1.000 2126 0.958 0.179 1906 0.917 No
P12 0.806 1891 0.938 0.766 2093 0.896 0.490 2070 0.854 0.717 2350 0.771 No
P13 1.325 1667 0.938 0.424 2048 0.771 0.085 1949 0.750 0.531 2120 0.604 No
P14 b 0.106 1673 1.000 0.382 2014 0.729 0.172 1613 0.958 0.342 2107 0.771 No
P15 −0.045 1564 0.917 0.500 1796 0.833 0.808 1708 0.833 0.790 1744 0.833 Yes
P16 a — — — — — — — — — — — — —
P17 0.811 1789 0.917 0.383 1834 0.958 0.091 1861 0.958 0.568 2260 0.750 No
P18 1.155 1809 0.958 0.999 2106 0.854 0.688 2033 0.896 0.115 2043 0.854 No
P19 0.317 1517 0.979 0.004 1678 0.938 −0.205 1698 0.917 0.515 1750 0.958 Yes
P20 0.639 1309 0.958 0.916 1644 0.854 0.835 1532 0.854 0.334 1670 0.813 Yes
P21 0.638 1511 0.875 −0.330 1655 0.875 −0.167 1500 0.896 0.560 1526 0.875 Yes
P22 1.251 1479 0.958 0.949 1707 0.896 1.331 1718 0.875 0.636 1667 0.875 Yes
P23 0.741 1510 0.938 0.083 1565 0.958 0.414 1542 0.979 0.343 1680 0.938 Yes
P24 0.434 2004 0.938 0.430 2326 0.813 −0.114 2177 0.854 0.077 2217 0.854 No
P25 0.683 1689 0.938 0.461 2147 0.917 0.539 1867 0.917 0.022 1940 0.896 No
P26 0.229 2082 0.979 0.084 2058 1.000 −0.213 1923 1.000 0.592 2053 0.938 No
P27 0.939 1542 0.979 1.232 1628 1.000 0.754 1790 1.000 0.750 1667 0.979 Yes
P28 0.894 1310 0.917 0.176 1405 0.875 0.066 1344 0.938 0.721 1587 0.875 Yes
P30 0.611 1410 1.000 0.044 1555 0.917 0.701 1546 0.896 0.371 1718 0.833 Yes
P31 0.802 1746 0.958 0.132 1910 0.938 0.223 2094 0.938 0.305 1952 0.958 No
P32 0.729 1661 0.938 0.861 1978 0.958 1.010 1943 0.958 0.490 1998 0.875 Yes
P33−34 b 0.264 1925 0.813 −0.312 2137 0.604 −0.242 1968 0.667 −0.040 1971 0.792 No
P35 0.603 1358 0.938 0.868 1448 0.896 0.281 1528 0.896 0.353 1476 0.938 Yes
P36 0.499 1561 0.958 0.675 1654 0.958 −0.151 1652 0.917 0.724 1671 0.896 Yes
P37 0.891 1872 0.875 0.456 1903 0.833 0.874 1961 0.771 0.466 1881 0.854 No
P38−39 b 0.578 1558 0.979 0.364 1728 1.000 −0.001 1859 0.979 1.074 1910 0.979 Yes
P40 0.912 1719 0.896 0.782 1935 0.958 0.489 1839 0.958 0.489 1936 0.833 Yes
P41 0.640 1622 0.938 0.389 1837 0.875 0.250 1797 0.896 0.307 1769 0.896 Yes
P42 0.367 1627 0.958 −0.252 1488 1.000 −0.437 1639 0.875 0.474 1781 0.896 Yes
P43 a — — — — — — — — — — — — —
P44 0.470 1447 0.958 0.300 1576 0.896 0.672 1717 0.896 1.137 1559 0.958 Yes
P45 0.479 1859 0.917 0.771 1968 0.896 0.082 2065 0.854 0.514 1915 0.979 No
P46 0.453 1873 0.938 0.389 1947 0.896 0.075 1881 0.979 0.045 1848 0.979 Yes
P47 0.979 1567 0.958 0.287 1839 0.875 0.416 1679 0.896 0.358 1924 0.875 Yes
P48 0.502 1714 0.938 0.578 1889 0.833 −0.252 1934 0.833 −0.036 1915 0.813 Yes
P49 0.519 1355 0.979 −0.077 1556 0.958 −0.028 1451 0.958 0.551 1590 0.854 Yes
P50 1.180 1466 0.813 0.236 1775 0.833 −0.009 1701 0.771 0.358 1571 0.854 No
P51 0.584 1973 0.979 1.040 2483 0.896 0.790 2388 0.833 0.141 2168 0.896 No
P52 0.301 1824 1.000 0.459 2270 0.979 0.835 2353 0.917 0.265 2227 0.979 No

Mean
(SD)

Count

0.63
(0.31)

—

1655
(200)

—

0.94
(0.05)

—

0.42
(0.38)

—

1850
(242)

—

0.89
(0.08)

—

0.31
(0.44)

—

1827
(236)

—

0.89
(0.07)

—

0.41
(0.28)

—

1881
(222)

—

0.87
(0.08)

—

—
—

23 Yes, 19 No.



 The Psychological Record

Notes. There are no IRAP test-blocks data for seven par-
ticipants who did not attain practice-blocks performance cri-
teria and chose not to restart the session, but we kept their 
participant numbers because we hold their practice-blocks 
data, as well as DASS and rating scale responses. We kept 
no records of the participant who declined participation (no 
participant number). The three participants who chose to 
take a second IRAP session after using all practice blocks in 
the first IRAP session kept both participant numbers.

a Participant did not attain practice-blocks performance 
criteria in order to move to test-blocks. b Participant restarted 
IRAP after first complete round of practice-blocks. c Average 
time in milliseconds spent until correct response.

Appendix B

The focus of the present article is on the experimental results 
reported. To analyze the data, we used a first version of a Python 
code we developed to identify IRAP performances at the trial-
type level (the GO-IRAP software provides outputs with block-
level performances). The original version of this code has been 
substantially expanded (and can be accessed at https:// polic 
ing- irap. rd. psc. br/) and its full explanation warrants a separate 
article. The source code for the original version can be found at 
https:// github. com/ rodva/ Trial Type_ Crite rion_ Police.

The expanded version consists of an HTML code with 
chunk of Python code in it. It can also be found at the fore-
going GitHub link. This version identifies the trials that fail 
time or accuracy criteria according to the user’s input, which 
is an interactive option that the local source code does not 
provide. This means that, in the online version, the user can 
customize the time and accuracy criteria to find the trials 
that violate them. A full explanation of those codes shall 
be the topic of a separate text, but the reader is invited to 
contact the authors for queries regarding these algorithms.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40732- 024- 00604-1.

Author Contribution Rodrigo de Almeida: Software, formal analy-
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