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Devaluation of NoGo stimuli is both robust and fragile
Huaiyu Liua, Rob W. Hollanda, Jens Blechert b, Julian Quandta and Harm Velinga

aBehavioural Science Institute, Radboud University, Nijmegen, Netherlands; bDepartment of Psychology and Centre for
Cognitive Neuroscience, University of Salzburg, Salzburg, Austria

ABSTRACT
Consistently not responding to stimuli during go/no-go training leads to lower
evaluations of these NoGo stimuli. How this NoGo-devaluation-effect can be
explained has remained unclear. Here, we ran three experiments to test the
hypothesis that people form stimulus-stop-associations during the training, which
predict the strength of the devaluation-effect. In Experiment 1, we tried to
simultaneously measure the stimulus-stop-associations and NoGo-devaluation, but
we failed to find these effects. In Experiment 2, we measured NoGo-devaluation
with established procedures from previous work, and stimulus-stop-associations
with a novel separate task. Results revealed a clear NoGo-devaluation-effect, which
remained visible across multiple rating blocks. Interestingly, this devaluation-effect
disappeared when stimulus-stop-associations were measured before stimulus
evaluations, and there was no evidence supporting the formation of the stimulus-
stop-associations. In Experiment 3, we found evidence for the acquisition of
stimulus-stop-associations using an established task from previous work, but this
time we found no subsequent NoGo-devaluation-effect. The present research
suggests that the NoGo-devaluation-effect and stimulus-stop-associations can be
found with standard established procedures, but that these effects are very
sensitive to alterations of the experimental protocol. Furthermore, we failed to find
evidence for both effects within the same experimental protocol, which has
important theoretical and applied implications.
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People often respond to environmental stimuli in
ways leading to adaptive outcomes. For example,
they start walking when a traffic light turns green,
and stop walking when it turns red. These stimulus-
response associations1 enable us to survive in an
environment full of complex and unpredictable
events (Murphy & Honey, 2015). However, some
stimulus-response associations may cause detrimen-
tal outcomes in the long run. For instance, food
items or alcoholic beverages may elicit approach
responses acquired through basic learning mechan-
isms such as Pavlovian or Instrumental conditioning,
which may ultimately lead to overconsumption of
such products (Di Lemma & Field, 2017; Houben

et al., 2012; Watson et al., 2014). Thus, studying how
to modify people’s Go and NoGo responses to
stimuli has attracted considerable interest (e.g. Jones
et al., 2016). Here we aim to gain more insight into the
nature of the associations people acquire with stimuli
when they repeatedly respond or not respond to
specific stimuli during go/no-go training.

Previous research employed the go/no-go training
(GNG) to modify people’s responses to specific stimuli
(Jones et al., 2016; Turton et al., 2016; Veling, Chen,
et al., 2017; Veling, Lawrence, et al., 2017). During
this training, Go or NoGo cues are consistently pre-
sented in close temporal proximity to target stimuli.
Participants consistently respond to some stimuli
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when Go cues are presented (Go stimuli), and with-
hold their responses when NoGo cues are presented
(NoGo stimuli). An interesting finding is that such
training can influence both food and alcohol con-
sumption when pictures of these products were pre-
sented as NoGo stimuli during GNG (Adams et al.,
2017; Chen et al., 2019; Houben & Jansen, 2011).
Yet, what causes such behaviour change has
remained unclear. A recent theoretical analysis of
the various possible mechanisms (Veling, Chen,
et al., 2017; Veling, Lawrence, et al., 2017) suggests
two candidate mechanisms: GNG modifies people’s
behaviour via affective responses toward specific
stimuli (Chen et al., 2016) or altering motor responses
(Verbruggen & Logan, 2008). Note that these two
mechanisms are not mutually exclusive, but may
both point to changes in a motivational system that
influences both motor and affective responses
toward stimuli (Custers & Aarts, 2010; Verbruggen
et al., 2014).

The NoGo-devaluation-effect

First, GNG can influence stimulus evaluations, such
that NoGo stimuli are rated as relatively less attractive
than Go stimuli, and stimuli that are not presented
during the training (untrained stimuli; Veling et al.,
2008), which is called the NoGo-devaluation-effect
(e.g. Chen et al., 2016). Reduced evaluations of
NoGo stimuli compared to Go and/or untrained
stimuli have been shown for human faces (Kiss
et al., 2008), abstract art-like patterns (Clancy et al.,
2019; Frischen et al., 2012), erotic stimuli (Ferrey
et al., 2012), high-calorie foods (Houben & Giesen,
2018), smoking-related stimuli (Scholten et al., 2019),
alcohol-related stimuli (Houben et al., 2011, 2012)
and smartphone-app icons (Johannes et al., 2021).
There is also some evidence that the NoGo-devalua-
tion-effect mediates effects of GNG on behaviour
(Johannes et al., 2021; Veling et al., 2013; but see Lawr-
ence et al., 2015).

Although several accounts have been proposed to
explain the NoGo-devaluation-effect (Veling, Chen,
et al., 2017; Veling, Lawrence, et al., 2017), it is still
unclear how to best explain how merely not respond-
ing leads to devaluation. In the present research, we
will examine whether the strength of the stimulus-
stop associations is related to the strength of the
NoGo-devaluation-effect, because there are some
indications in the literature suggesting that stopping
tightly interacts with the Pavlovian aversive system

(Verbruggen et al., 2014). Specifically, Verbruggen
and colleagues (2014) have proposed a model (i.e.
the architecture of the associative stop system) in
which the stop and Go systems function as the instru-
mental equivalents of the Pavlovian aversive and
appetitive systems. According to the model, hard-
wired reciprocal excitatory connections between the
stop and the aversive systems exist, and between
the Go and the appetitive systems. Besides, the Pavlo-
vian aversive and appetitive systems mutually inhibit
each other. Thus, stopping itself may be innately aver-
sive due to its tight interaction with the Pavlovian
aversive system. This idea is consistent with other
research on action-valence asymmetries (Guitart-
Masip et al., 2012, 2014), which has uncovered a
hard-wired Pavlovian bias during instrumental learn-
ing, such that participants learned NoGo responses
better when they led to the avoidance of punishment
compared to when they were rewarded.

Hence, stopping may induce negative affect due to
its tight interaction with the Pavlovian aversive
system (see Figure 1). This means that stronger stimu-
lus-stop associations, could be related to a stronger
NoGo-devaluation-effect. But how much evidence is
there for the development of stimulus-stop associ-
ations during GNG?

The NoGo-RT-effect: evidence for developing
stimulus-stop associations

There is evidence that GNG can influence motor
responses (i.e. RTs) toward Go and NoGo stimuli
after initial training. Verbruggen and Logan (2008)
found first evidence for this by using a two-phase
paradigm where the stimulus-action mappings (e.g.
respond to large objects and not to small objects)
were reversed after substantial training in a test
phase. Although this work points to the possibility
of the acquisition of stimulus-stop associations
during GNG, it is important to point out that the go/
no-go task employed in this work deviates from the
GNG used in most work examining stimulus devalua-
tion. That is because the Go and NoGo responses were
made based on the content of the images (e.g. size of
the object) instead of external cues (e.g. a low or high
tone; e.g. Johannes et al., 2021), and because neutral
instead of appetitive stimuli were used. The latter is
important as NoGo devaluation appears to be stron-
ger for the appetitive nature of stimuli is higher
(Chen et al., 2016; Veling et al., 2008; but see Chen,
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Veling, De Vries, et al., 2018; Chen, Veling, Dijksterhuis,
et al., 2018).

There is some work that examined the acquisition
of stimulus-stop associations with external Go and
NoGo cues presented near neutral stimuli. Specifi-
cally, Best and colleagues (2016) employed the two
phase go/no-go task of Verbruggen and Logan
(2008), but used external Go and NoGo cues
instead of the content of the image to function as
response cues. Thus, during the training phase, par-
ticipants were trained to emit Go responses toward
some stimuli that paired with external Go cues (Go
stimuli), and withhold responses toward other
stimuli that paired with external NoGo cues (NoGo
stimuli). During the test phase, stimulus-action map-
pings were reversed for some stimuli by presenting
Go cues with some former NoGo stimuli
(NoGo_then_Go stimuli) and NoGo cues with some
former Go stimuli (Go_then_NoGo_stimuli). Partici-
pants also emitted Go responses toward some
former Go stimuli (Go_then_Go stimuli). Control
stimuli were paired with both Go and NoGo
responses across these two phases. Notice that
Best et al. also added an expectancy rating before
each trial to explore the role of expectancies in the
acquisition of stimulus-action associations.

Results showed that in the test phase, the average
RT for the NoGo_then_Go stimuli was larger than that
for both of the Go_then_Go and control stimuli. We
call this the NoGo-RT-effect. This effect suggests that
people may form stimulus-stop associations during
the training phase, thereby slowing down motor
responses to the NoGo_then_Go stimuli even when
the Go and NoGo cues are external and thus not
part of the stimulus.

Although the Best et al. (2016), experiment
revealed that stimulus-stop associations can develop
during GNG with external Go and NoGo cues, it is
important to note that their task still differed substan-
tially from most work examining NoGo devaluation as
they employed neutral stimuli, included control
stimuli with inconsistent stimulus-response map-
pings, and included an expectancy rating before
each trial. It is not known whether and how each of
these factors has contributed to the development of
the stimulus-stop associations, and hence whether
stimulus-stop associations can also be found with a
GNG as it is often implemented in more applied
work (Stice et al., 2017).

Overview of experiments

The first goal of the present research is, therefore, to
examine whether we could find evidence for the a
NoGo-RT-effect, suggesting the acquisition of stimu-
lus-stop associations, by employing a GNG including
external Go/NoGo cues, consistent stimulus-response
mappings, appetitive stimuli, and without expectancy
ratings. The second goal of the present work is to
examine how the NoGo-RT-effect may be related to
the NoGo-devaluation-effect. We ran three exper-
iments in which we aimed to measure these two
effects within each experiment. In Experiment 1, we
tried to measure these two effects within the same
task. In Experiments 2 and 3, we measured them in
separate tasks. Note that one challenge for the
present research was that it was impossible to use a
GNG that has been shown to elicit both the NoGo-
devaluation-effect and the NoGo-RT-effect. Therefore,
in Experiment 2 we employed a GNG that has been

Figure 1. The relations between stopping and negative affect. (1) The black arrow represents stimulus-stop association. (2) The content within
the dashed frame represents the tight interaction between the stopping and the Pavlovian aversive system.
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shown to elicit the NoGo-devaluation-effect (and we
aimed to measure the NoGo-RT-effect with a novel
procedure) and in Experiment 3 we employ a GNG
that closely resembles work that found evidence for
the NoGo-RT-effect (and we measured NoGo devalua-
tion afterwards with an established task). Food stimuli
were used as appetitive stimuli to connect this work
to research applying GNG to promote healthy eating
behaviour. Due to an error we failed to freeze the pre-
registration for Experiment 1. We uploaded hypoth-
eses, materials, and strategy of analysis on the Open
Science Framework (https://osf.io/tbr4x/). We success-
fully preregistered Experiments 2 (https://osf.io/
nm25a/) and 3 (https://osf.io/vs3q7/) and the prere-
gistrations include hypotheses, strategy of analysis,
experimental materials (stimuli, scripts, etc.), raw and
processed data, and R scripts for data analysis.

Experiment 1

In Experiment 1, we created a new evaluative task that
enabled us to record both RTs and stimulus evalu-
ations before and after the GNG. However, we failed
to replicate the NoGo-devaluation-effect, nor did we
find evidence for the NoGo-RT-effect. To reduce the
length of this manuscript and to increase the readabil-
ity, we decided to report Experiment 1 in online sup-
plemental materials only (see S1 for more details).2

Experiment 2

In Experiment 2, participants first received a GNG.
Afterwards we measured stimulus evaluations and
RTs to the stimuli in two separate tasks in counterba-
lanced order. To assess the NoGo-devaluation-effect,
we asked participants to rate the stimuli on a scale
ranging from not at all attractive to very attractive
both before and after GNG. This procedure is a reliable
way to assess NoGo devaluation (Chen et al., 2016;
Quandt et al., 2019), which means that NoGo stimuli
decrease more in evaluation from pre to post
measurement than both Go and untrained stimuli.
For exploratory reasons the rating block was repeated
three times. We expected to find a NoGo-devaluation-
effect on the first rating block when the rating task
was not preceded by the mouse-movement-task
that measured the RT to the stimuli (as done in Exper-
iment 1). This choice was made because we did not
know whether and how repeated evaluations or the
preceding mouse-movement-task would influence
the NoGo-devaluation-effect. This allowed us to

assess NoGo devaluation identical to previous work
(Chen et al., 2016). We included three rating blocks
to explore whether a rating of the NoGo stimulus
would reduce the NoGo-devaluation-effect.

To measure RT to the stimuli, we asked participants
to react to the stimuli as quickly as they could in a
mouse-movement-task explained in detail below,
and RT data from the first block were used for hypoth-
esis testing only as motor movements in this speeded
mouse-movement-task may, at least partly, under-
mine the training effects, and hence weaken effects
on subsequent blocks. We still included the sub-
sequent blocks so that we could examine this.

We preregistered the following hypotheses:

(1) Hypothesis 1 (NoGo-devaluation-effect): For eva-
luative ratings from the first rating block immedi-
ately after GNG, changes in food evaluation from
before to after the GNG will be more negative for
the NoGo stimuli than for both Go and untrained
stimuli.

(2) Hypothesis 2 (NoGo-RT-effect): For reaction-times
from the first block of the mouse-movement task,
post-training action initiation will be larger for
NoGo stimuli than both Go and untrained stimuli.

Method

Sample size
The planned sample size was 80 participants (40 in
each counterbalancing condition), as previous work
(Chen et al., 2016) showed that 30 participants were
sufficient to detect the NoGo-devaluation-effect with
the power of 80% immediately after the training.

Participants
Our recruitment resulted in eighty-five participants
(slightly more than intended due to multiple online
sign-ups for the final timeslot). According to our pre-
registered exclusion criteria (accuracy on either Go
trials or NoGo trials is 3SD below the sample mean
and below 90%) we excluded one participant. (18
males, 66 females, Mage = 21.9 years, SDage = 2.91).
See S2 for participant characteristics.

Materials
Ninety food pictures were selected as stimuli from the
food-pic database (Blechert et al., 2019). We used the
PsychoPy (Peirce, 2007) to program and implement
the experimental tasks.
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Procedure
The experiment included 7 successive tasks and
Figure 2 visualises the main procedures. We counter-
balanced the order between the post-training rating
and mouse-movement-tasks, and the remaining
tasks were presented in the order as described below.

Pre-training food rating
The rating task was identical to our previous studies
(Chen et al., 2016; Quandt et al., 2019). Participants
rated all 90 food pictures on their perceived attrac-
tiveness. Each trial stared with a specific food
picture presented at the centre of the screen, and par-
ticipants were asked to rate this food picture on a 200-
point scale (0 = Not appealing at all, 200 = Very
appealing).

Item selection
After the pre-training rating, all of the 90 food pictures
were ranked from the highest value to the lowest
value per participant. Next, the 18 top-ranked and
18 bottom-ranked food pictures were removed,
which left 54 medium-ranked food stimuli. These
stimuli were further divided into 3 training conditions
– Go/NoGo/untrained – with 18 in each condition and
with approximately same average value for each
condition.

Pre-training mouse movement task
Participants then performed a pre-training mouse-
movement-task that we developed to attempt to
capture the NoGo-RT-effect. Each trial started with a
red square at the bottom of a blank screen, and par-
ticipants were instructed to place the mouse cursor
into the red square and wait. After a short delay
(200 ms) a food picture appeared and participants
needed to move the cursor as quickly as possible
from the red square to this food picture. Upon the
cursor above the middle part of the picture, this
picture disappeared immediately and the current
trial ended.

For the reaction-time measurement we focused on
action initiation, namely the reaction-time the cursor
stayed in the red square. Because the stimulus-stop
associations can be triggered automatically and
rapidly (Chiu et al., 2012), we reasoned that action
initiation should be more sensitive when measuring
stimulus-stop associations. Note that since the prere-
gistered outcome variable was post-training action
initiation, we did not record pre-training action
initiation. The purpose was merely to acquaint partici-
pants with the task for all 54 selected stimuli.

GNG
Participants then performed a GNG that was similar to
previous work (Quandt et al., 2019). Each trial started
with the display of a food picture for 300 ms.

Figure 2. Diagram of main procedures in Experiment 2. (1) Pre-train-
ing food rating. (2) Pre-training mouse-movement-task. (3) Go/no-go
training. (4) Post-training food rating and mouse-movement-tasks.
The order of these two tasks were counterbalanced across partici-
pants and each task was repeated three times.
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Afterwards, this picture shifted either vertically or
horizontally for 300 ms, with one type of shift sig-
nalled a go response should be made and the other
type signalled responding should be withheld. The
Go and NoGo cues were counterbalanced across par-
ticipants. Independent of the response, the food
picture remained on screen for 1200 ms in total. The
inter-trial interval randomly varied between 1.5 s
and 2.5 s, in steps of 100 ms. The training comprised
8 blocks, with 18 Go trials and 18 NoGo trials ran-
domly displayed once within each block, and Go
stimuli were always paired with Go cues and NoGo
stimuli always paired with NoGo cues.

Post-training food rating
After GNG, participants performed an identical rating
task as before the GNG. Only the 54 selected pictures
were displayed and participants performed this task
three times.

Post-training mouse-movement-task
After GNG, participants also performed a post-training
mouse-movement-task. This task was similar to its
pre-training counterpart except for several modifi-
cations. To increase the probability of retrieving
stimulus-stop associations, we embedded a go/no-
go setting in this task (Best et al., 2016). Specifically,
we included the 36 previously excluded high- and
low-value stimuli. These stimuli were allocated to
four sets each consisting of nine pictures. One set of
pictures were paired with the same Go cues as in
the GNG, and participants needed to emit Go
responses toward these new Go pictures. One set of
pictures were paired with the same NoGo cues as in
the previous GNG and participants needed to with-
hold motor responses toward these new NoGo pic-
tures. The remaining two sets of pictures were
served as filler stimuli. Participants performed this
task three times, and in each time there were 18 old
and 9 new Go stimuli, 18 old and 9 new NoGo
stimuli, 18 untrained and 18 filler stimuli.

Recognition task
In this task, all food pictures from the GNG were dis-
played again, and participants indicated for each
picture whether they performed a Go or NoGo
response during GNG (Figure 3).

Confirmatory analyses
Since we counterbalanced the order between post-
training food rating and mouse-movement-tasks, we

split our data into three datasets: the evaluation-first
dataset that contained data from participants who
first received the post-training food rating, the
motor-first dataset that contained data from partici-
pants who first received the post-training mouse-
movement-task, and the full dataset. Note that we per-
formed confirmatory analyses for the devaluation
hypothesis on the evaluation-first dataset and confi-
rmatory analyses for the RT-effect on the full dataset.

We preregistered multilevel models under both
Frequentist and Bayesian frameworks for all confirma-
tory analyses. Table 1 lists the model syntax. We only
reported p-values in the main text for the sake of con-
sistency with Experiment 1 (see S1), and to reduce the
length of this manuscript. Results of Bayesian models
can be found in S2.

Exploratory analyses
We also ran multilevel models under both Frequentist
and Bayesian frameworks for the exploratory analyses.
See S2 for details.

Results

Performance
For the GNG, the average Go accuracy was 98.92%
(SD = 2.82%) and the average NoGo accuracy was
98.93% (SD = 1.59%). The average Go RT was 351 ms
(SD = 106 ms). For the recognition task, the average
accuracy for Go stimuli was 63.0% (SD = 26.3%), and
77.4% (SD = 22.7%) for NoGo stimuli.

Item selection check
For the evaluation-first dataset, we ran a repeated-
measures ANOVA with condition (Go/NoGo/
untrained) as the predictor variable and pre-training
food evaluation as the outcome variable. The effect
of condition was not significant, F(2, 80) = 0.94, p
= .40, indicating successful matching of stimulus
value before the training.

Confirmatory analyses
Hypothesis 1 (NoGo-devaluation-effect). The main
effect of condition was significant, F(2, 33.46) = 8.08,
p < .01. The descriptive statistics were respectively,
Go, M = 1.55, SD = 28.50; NoGo, M = -5.55, SD = 29.73;
untrained, M =−0.28, SD = 28.18. Follow-up pairwise
comparisons showed that the difference score of
NoGo stimuli was significantly lower than that of Go
stimuli, F(1, 35.65) = 13.91, p < .001, and untrained
stimuli, F(1, 31.82) = 11.75, p < .01. There was no
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significant difference between Go and untrained
stimuli, F(1, 35.17) = 1.12, p = .30. These results were
consistent with that of Bayesian models. Together,
we replicated the NoGo devaluation-effect and
Figure 4 (the far left panel) shows the results.3

Hypothesis 2 (NoGo-RT-effect). The main effect of
condition was not significant, F(2, 49.42) = 0.69, p
= .51. The descriptive statistics were respectively, Go,
M = 486 ms, SD = 214 ms; NoGo, M = 490 ms, SD =
192 ms; untrained, M = 484 ms, SD = 190 ms. Follow-
up pairwise comparisons showed that the difference
between Go and NoGo stimuli was not significant, F
(1, 51.05) = 0.43, p = .52. There was no significant
difference between NoGo and untrained stimuli, F(1,
46.74) = 1.71, p = .20, and no significant difference
between Go and untrained stimuli, F(1, 47.67)
=⍰⍰⍰0.16, p = .69. These results were consistent
with that of Bayesian models and Figure 5 (the far
left panel) shows the results.

Exploratory analyses
The evaluation-first dataset. First, we examined
whether there was a NoGo-devaluation-effect on the
second and third blocks of evaluation. For each
block, the main effect of condition was significant,
and follow-up pairwise comparisons showed that
the difference score for NoGo stimuli was significantly
lower than both Go and untrained stimuli; there was
no significant difference between Go and untrained
stimuli. Furthermore, indications from p-values and
95% credible intervals were consistent with each
other, providing further support for the devaluation-
effect (Figure 4).

Second, we examined whether there was a NoGo-
RT-effect across three blocks of action initiation. For
each block, the main effect of condition was not sig-
nificant, and all follow-up pairwise comparisons
demonstrated non-significant differences. Further-
more, indications from p-values and 95% credible
intervals were consistent with each other, providing
no support for the RT-effect (Figure 5).

The motor-first dataset. Next, we examined whether
there was a NoGo-devaluation-effect across three
blocks of evaluation for participants whose ratings
were collected after the mouse-movement-task. For
each block, the main effect of condition was not sig-
nificant, and all follow-up pairwise comparisons
demonstrated non-significant differences except
that the difference between Go and NoGo condition

Figure 3. Item selection procedure.

Table 1. Main multilevel models and R syntax in Experiment 2.

Model R syntax

1 afex::mixed (value difference score∼ condition + (1 +
condition | participant) + (1 + condition | stimulus))

2 afex::mixed (post-training action initiation∼ condition) + (1
+ condition | participant) + (1 + condition | stimulus))

Note. In the codes above, condition has three levels: Go/NoGo/
untrained; value difference score = post-training evaluation – pre-
training evaluation; participant and stimulus are the grouping
variables.
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was significant on the first block. Furthermore, indi-
cations from p-values and 95% credible intervals
were consistent with each other, providing no
support for the devaluation-effect.

Then, we examined whether there was a NoGo-RT-
effect for participants who received the mouse-move-
ment-task before the rating task across three blocks of
action initiation. For each block, the main effect of
condition was not significant, and all follow-up pair-
wise comparisons demonstrated non-significant
differences. Furthermore, indications from p-values
and 95% credible intervals were consistent with
each other, providing no support for the RT-effect.

The full dataset.We examined subsequently whether
there was a NoGo-devaluation-effect across three
blocks of evaluation when the counterbalancing con-
ditions were collapsed. For each rating block (1, 2 and
3), the main effect of condition was significant, and
follow-up pairwise comparisons showed that the
difference score for NoGo stimuli was significantly
lower than both Go and untrained stimuli; there was
no consistent significant difference between Go and
untrained stimuli, but the difference was significant

in the first block. Furthermore, indications from p-
values and 95% credible intervals were consistent
with each other, providing further support for the
consistency of the devaluation-effect.

Second, we examined whether there was a NoGo-
RT-effect on the second and third block of action
initiation (note this effect was already tested for the
first block in the confirmatory analyses). For each
block, the main effect of condition was not significant,
and all follow-up pairwise comparisons demonstrated
non-significant differences. Furthermore, indications
from p-values and 95% credible intervals were consist-
ent with each other, providing no support for the RT-
effect.

Correlations between evaluation and action
initiation scores. Although there was no NoGo-RT-
effect, we still explored the relations between evalua-
tive ratings and reaction-times using the full dataset.
We first calculated average post-training scores of
both evaluation and action initiation per condition.
Next, for each contrast (i.e. Go–NoGo; NoGo–
untrained; Go–untrained), we calculated a new differ-
ence score for evaluation and action initiation,

Figure 4. The effect of GNG on stimulus evaluation for 41 participants who first received the post-training food rating on each block. Dots
represent mean value difference score per participant. Error bars represent the within-subject standard errors of mean. Block refers to the
first, second, the third post-training block, respectively. Data from the first block were used for confirmatory analyses, and data from the
second and third blocks were used for exploratory analyses. *p < .05; **p < .01; ***p < .001.
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respectively. Finally, we examined the correlations
between these new difference scores within each con-
trast. There was no significant correlation for each
contrast. See Table 2 for details.

Discussion

In Experiment 2, we measured stimulus evaluation
and RTs in two separate tasks. Results revealed a
clear NoGo-devaluation-effect. We also observed
two novel findings regarding the devaluation-effect.
First, we counterbalanced the order between the
post-training food rating and mouse-movement-
tasks. Interestingly, the devaluation-effect disap-
peared for participants who first performed the
mouse-movement-task, showing the devaluation-

effect is diminished by executing simple speeded
motor responses toward the stimuli. The fact that
the devaluation-effect diminishes when stimuli are
responded to after the training is understandable as
the responses may undo the learned stimulus-stop
associations. This finding is consistent with previous
work that found that measuring the effect of GNG
on food choice immediately after the training may
weaken the effect of the training on a subsequent
food choice task presented days later (Chen et al.,
2021). The second new finding is that the devalua-
tion-effect remained visible across repeated rating
blocks, indicating that NoGo devaluation is not dimin-
ished by occasional evaluative responses to the
(NoGo) stimuli. Thus, the NoGo-devaluation-effect
does not survive three speeded responses as exe-
cuted during the mouse-movement-task, but it does
survive two evaluative rating responses. We return
to this observation in the General discussion.

Importantly, in Experiment 2 we did not find a
NoGo-RT-effect and no relations between evaluative
ratings and RTs were found. To increase chances to
capture the NoGo-RT-effect, we used a version of
the GNG that required people to closely attend to

Figure 5. The effect of GNG on reaction-time for all 84 participants on each block. Dot represent mean post-training action initiation score per
participant. Error bars represent the within-subject standard errors of mean. Block 1, 2, and 3 refers to the first, second, the third post-training
block, respectively. Data from the first block were used for confirmatory analyses, and data from the second and third blocks were used for
exploratory analyses. *p < .05; **p < .01; ***p < .001.

Table 2. Correlations between evaluative ratings and reaction-times
for different difference scores in Experiment 2.

Contrast r p

Go–NoGo .01 .38
Untrained–NoGo .05 .74
Go–Untrained −.01 .70
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the stimuli, embedded a go/no-go setting in the post-
training mouse-movement-task, and used the post
training RTs only. However, this did not result in the
NoGo-RT-effect. This means that the NoGo-RT-effect
either does not exist with the GNG employed, or
that it is more difficult to capture the RT-effect com-
pared to the devaluation-effect. However, one of the
reviewers pointed out that our mouse-movement-
task barely resembles the two-phase GNG paradigm
in previous work (Best et al., 2016) that did capture
the RT-effect. Therefore, the failure to obtain a
NoGo-RT-effect may be due to some characteristics
of the mouse-movement-task. Thus, we ran Exper-
iment 3, in which we employed a two-phase GNG dis-
cussed in the introduction (Best et al., 2016), in a final
attempt to capture both the NoGo-RT and NoGo-
devaluation effect within a single experiment.

Experiment 3

In Experiment 3, we employed the Best et al. (2016)
version two-phase GNG with some modifications on
task characteristics described below. We preregistered
two hypotheses for the NoGo-RT-effect consistent
with Best et al.: The average RT in the test phase
would be longer a) for the NoGo_then_Go stimuli
than that of the Go_then_Go stimuli and b) for the
NoGo_then_Go stimuli than the control_50%_Go
stimuli.

We preregistered two hypotheses for the NoGo-
devaluation-effect: Regarding the difference
between the pre-and post-training evaluation scores
(i.e. difference score = post-training score – pre-train-
ing score), the NoGo_then_NoGo stimuli would be
lower than that of a) the Go_then_Go stimuli and b)
the control stimuli, respectively.

Method

Sample size
We used the G*Power (version 3.1.9.2) to calculate the
sample size based on the effect size of previous work
(Experiment 4; Best et al., 2016). The power analyses
revealed that we would need 40 participants. We
planned to recruit 70 participants to account for the
fact that effect sizes from published findings are
often inflated, for example due to the publication
bias (Anderson et al., 2016). We depicted the details
for the power analyses in our preregistration
documents.

Participants
Seventy participants at Radboud University were
recruited. According to our preregistered exclusion cri-
teria (same as Experiment 2) we excluded four partici-
pants, hence 66 participants were left for the analysis
(20 males, 45 females, 1 non-binary Mage = 22.2 years,
SDage = 2.55). See S2 for participant characteristics.

Materials
Sixty food pictures were selected as stimuli from the
food-pic database (Blechert et al., 2019). We used the
PsychoPy (Peirce, 2007) to program and implement
the experimental tasks.

Procedure
Three sequential tasks were included (see Figure 6).
Note that the item selection procedure (panel B) and
both pre-and post-training food rating tasks (panels
A and D) were identical to that of Experiment 2.

GNG
This GNG included two sequential phases: the training
phase and the test phase (see Table 3). The training
phase included three stimuli types: the 12 Go stimuli
that were paired with Go responses 100% of the
time; the 12 NoGo stimuli that were paired with
NoGo responses 100% of the time; the 12 control
stimuli that were paired with Go and NoGo responses
50% of the time, in other words, these control stimuli
were control_50%_Go stimuli during half of the train-
ing phase, whereas control_50%_NoGo stimuli during
the other half.

The test phase included six stimuli types: Partici-
pants emitted Go responses toward half of the
former Go stimuli (Go_then_Go stimuli) but withheld
response to the other half (Go_then_NoGo stimuli);
participants withheld responses toward half of the
former NoGo stimuli (NoGo_then_NoGo stimuli), but
emitted Go responses to the other half
(NoGo_then_Go stimuli); participants both emitted
Go responses and withheld responses toward the
control stimuli 50% of the time (control_50%_Go
and control_50%_NoGo stimuli).

Each trial started with displaying a specific food
picture for 300 ms. Next, a blank screen was displayed
for 900 ms, during this time window either an audi-
tory Go or an auditory NoGo cue would be presented
and participants gave either the Go response (press
the “B” key) or the NoGo response (withhold any
motor response) based on the specific cue. Each
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type of the cue lased for 300 ms. Finally, a fixation
cross was presented during the inter-trial-interval
(ITI) phase (1000 to 1750 ms, in steps of 150 ms).

The training phase included 10 blocks, with 12 Go,
12 NoGo, and 12 control stimuli per block. The test
phase included 2 blocks, with 6 Go_then_Go, 6
Go_then_NoGo, 6 NoGo_then_NoGo, 6
NoGo_then_Go, and 12 control stimuli per block.

Confirmatory analyses
For the RT data, we preregistered running paired-
samples t tests to compare the NoGo_then_Go
stimuli with Go_then_Go and control_50%_Go
stimuli, in accordance with previous work (Best
et al., 2016). For the evaluation data, we preregistered
running paired-samples t tests to compare the
NoGo_then_NoGo stimuli with Go_then_Go and

Figure 6. Procedure of Experiment 3. (1) Pre-training food rating. (2) Item selection. (3) Go/no-go training. (4) Post-training food rating.
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control stimuli, in line with our previous work (Chen
et al., 2016).

Exploratory analyses
For the RT data, we ran a paired-samples t test to
compare the Go_then_Go and control_50% Go
stimuli; for the evaluation data, we ran a paired-
samples t test to compare the Go_then_Go and
control stimuli.

We also examined the correlations between the RT
and evaluative data, to reduce the length of the
manuscript, we put those details into the S2.

Results

Performance
For the training phase, the average Go accuracy was
99.09% (SD = 1.94%) and the average NoGo accuracy
was 98.78% (SD = 1.20%), and the average Go RT
was 362 ms (SD = 109 ms).

Item selection check
We ran a repeated-measures ANOVA with condition
(Go/NoGo/control) as the predictor variable and pre-
training food ratings as the outcome variable. The
effect of condition was non-significant, F(2, 130)
= .80, p = .45, indicating that all three conditions
were matched on pre-training food rating.

Confirmatory analyses
Hypothesis 1 (NoGo-RT-effect). The descriptive statistics
for the RTs per condition were respectively,
Go_then_Go, M = 357 ms, SD = 80.5 ms;
NoGo_then_Go, M = 381 ms, SD = 84.0 ms;
control_50%_Go, M = 367 ms, SD = 81.7 ms. The
average RT of the NoGo_then_Go stimuli was signifi-
cantly larger than that of the Go_then_Go stimuli,
Mdiff = .024, t(65) = 4.60, p < .001, 95% CI [.014, .034],
and also significantly larger than that of the
control_50%_Go stimuli, Mdiff = .014, t(65) = 2.82, p
< .01, 95% CI [.004, .023]. So we replicated the
NoGo-RT-effect and Figure 7 visualises these data.

Hypothesis 2 (NoGo-devaluation-effect). The
descriptive statistics for the average ratings per con-
dition were Go_then_Go, M = 5.94, SD = 36.06;
NoGo_then_NoGo, M =−.29, SD = 32.56; control, M
= 1.77, SD = 33.88. The difference score of the
NoGo_then_NoGo stimuli was significantly lower
than that of the Go_then_Go stimuli, Mdiff = -6.22, t
(65) =−2.79, p < .01, 95% CI [−10.69, −1.76].
However, there is no significant difference between
the NoGo_then_NoGo and control stimuli, Mdiff =
−2.05, t(65) =−1.33, p = .19, 95% CI [−5.12, 1.02]. So
we failed to replicate the NoGo-devaluation-effect
and Figure 8 visualises these data.

Exploratory analyses
The average RT of the control_50%_Go stimuli was
significantly larger than that of the Go_then_Go
stimuli (Figure 7), Mdiff = .01, t(65) = 2.39, p < .05, 95%
CI [.002, .019]. This suggests that participants devel-
oped stronger stimulus-go associations with more
training.

The difference score of the evaluative ratings of the
control stimuli was significantly lower than that of the
Go_then_Go stimuli (Figure 8), Mdiff = 4.17, t(65) =
2.13, p < .05, 95% CI [.26, 8.09]. This suggests that go
stimuli became more positive than control stimuli.

There were again no significant correlations
between the RT and evaluative data, see S2 for details.

Discussion

In Experiment 3, we employed a two-phase GNG to
measure the NoGo-RT-effect, as this paradigm has
produced a significant RT-effect in previous work
(Best et al., 2016). We also employed the identical
way of measuring the devaluation-effect as in Exper-
iment 2. For the RT data, results now show a NoGo-
RT-effect in our confirmatory tests such that partici-
pants were slowest to respond to stimuli that they
were trained not to respond to. Importantly, this
finding extends previous work by Best et al., as the
current experiment shows GNG can lead to effects
on RTs without the expectancy rating before each
trial that was used in the Best et al., work, and when
appetitive stimuli are used. The RT data further indi-
cate that participants also acquired stimulus-Go
associations as the reaction times for Go_then_Go
stimuli were shorter than that of the control stimuli.

Interestingly, in Experiment 3, we did not replicate
the NoGo-devaluation-effect, but the data instead
showed that evaluations of Go stimuli became more

Table 3. Stimulus-cue contingency for the GNG in Experiment 3.

Stimuli type No. of stimuli

Percentage of NoGo trials

Training phase Test phase

Go 12 0 50
NoGo 12 100 50
Control 12 50 50
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positive from pre to post training compared to both
the NoGo and control stimuli. The absence of this
NoGo-devaluation-effect is striking as the power to
detect this effect was high, and the changes from
Experiment 2 to Experiment 3 were minimal. One
explanation could be the inclusion of control stimuli
in the GNG. These control stimuli may have clouded
a clear distinction between Go and NoGo stimuli
which may impact either the strength of the training
or the effect of the training on the ratings. Because
of an increased difficulty to distinguish Go from
NoGo stimuli, participants may have attended more
to the Go stimuli, as these are action relevant,
leading to a Go-valuation-effect (Chen et al., 2016;
Schonberg et al., 2014). We acknowledge this is
speculative.

Furthermore, note that the RT data pattern can
alternatively be viewed as a Go-RT-effect. That is,
the more Go training people have received during
GNG (i.e. Go_then_Go > control > NoGo_then_Go)
the quicker they were during the test phase to react
to these items. So, an alternative account for the
findings of Experiment 3 is that people acquired
stimulus-Go associations instead of stimulus-stop
associations. This interpretation may also explain
why we failed to obtain a NoGo-devaluation-effect.

Finally, no relations between evaluative ratings
and RTs were found, suggesting that the Go-valua-
tion-effect is not related to the strength of the RT-
effect. Because of the interpretational difficulties out-
lined above we refrain from discussing the lack of this
relation in more detail.

General discussion

The goal of the present work was to elicit the NoGo-
RT and NoGo-devaluation-effects within the same
experiment, in order to examine whether they are
related. In Experiment 1, we did not replicate the
NoGo-devaluation-effect, nor did we find the
NoGo-RT-effect, when we employed a novel
measurement procedure to capture both effects
within the same task. Furthermore, there were no
significant correlations between evaluation and
action initiation. In Experiment 2, we examined
these two effects in two separate tasks. We repli-
cated the NoGo-devaluation-effect, and showed
that this effect remained visible across multiple
rating blocks. Interestingly, this devaluation-effect
disappeared when participants performed the
mouse-movement-task before the rating task. Fur-
thermore, there were no significant correlations
between evaluation and action initiation. In Exper-
iment 3, we employed a two-phase GNG and we
found the NoGo-RT-effect. However, this effect may
also be interpreted as a Go-RT-effect. Besides, we
did not obtain a NoGo-devaluation-effect, but we
instead found a Go-valuation-effect, and no signifi-
cant correlations between evaluation and action
initiation. Thus, across three attempts, we failed to
obtain both the NoGo-devaluation-effect and the
NoGo-RT-effect within one experiment, and hence
failed to meet our original goal. However, the exper-
iments do provide interesting new insights into the
possible nature of the NoGo-devaluation-effect.

Figure 7. (A) The mean Go RT per condition. (B) The mean Go RT per condition per. *p < .05; **p < .01; ***p < .001.
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Most important, the present findings suggest that
the NoGo-devaluation-effect is both robust and
fragile. The effect is robust because we replicated it
when we employed the exact procedures used suc-
cessfully and repeatedly before (e.g. Chen et al.,
2016; Johannes et al., 2021), and because this effect
remained visible across multiple rating blocks. In
fact, Experiment 2 showed that the devaluation
effect can at least survive two rating responses.
However, the NoGo-devaluation-effect appears also
fragile, because it disappeared when the rating scale
was slightly adapted (Experiment 1), when people
performed simple speeded motor mouse movements
toward the stimuli before rating them (Experiment 2),
and when a slightly different GNG paradigm was
employed (Experiment 3).

Thus, the two-phase GNG (Best et al., 2016) is
reliable in terms of capturing the NoGo-RT-effect
but not the NoGo-devaluation-effect, whereas this is
the other way around for the standard GNG (e.g.
Chen et al., 2016). Therefore, we currently do not
have a GNG paradigm that can capture both effects
simultaneously. Together, these novel findings raise
a number of theoretical and practical questions
about the nature and applied value of the NoGo-deva-
luation-effect.

Theoretical implications

One interesting question is how the devaluation-
effect can survive a couple of evaluative responses
but not a couple of simple speeded mouse

movements. One possibility is that the mouse-move-
ment-task modified the stimulus-stop associations. It
could be that participants developed stimulus-stop
associations during the training, and that these associ-
ations were weakened or overridden by the sub-
sequent speeded mouse movements, because such
actions could be represented as Go responses and
hence have interfered learned stimulus-stop associ-
ations (Chen et al., 2021) more so than the evaluative
ratings did. According to this account, it may still be
possible to assume that NoGo-devaluation is caused
by stimulus-stop associations.

Alternatively, since stopping may be tightly associ-
ated with negative affect (Guitart-Masip et al., 2014;
Verbruggen et al., 2014), it is possible that participants
formed stimulus-negative-affect associations during
GNG in Experiment 2 rather than stimulus-stop associ-
ations, as the relation between stopping and negative
affect has been shown in different types of evidence.
Clancy et al. (2019) provided physiological evidence
(using facial electromyography) that negative affect
is elicited immediately at the time when a motor-
response is stopped (reflected by the engagement
of the muscle corrugator supercilli during no-go
trials), and the magnitude of this physiological index
of negative affect predicted the level of devaluation
measured in a subsequent rating task. Moreover,
Doallo et al. (2012) provided neuroimaging evidence
that brain activation associated with response sup-
pression during a go/no-go task can predict behav-
ioural data of devaluation in a subsequent rating
task. This can explain why we failed to capture the

Figure 8. (A) The mean value difference score per condition. (B) The mean individual value difference score per condition. *p < .05; **p < .01.
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NoGo-RT-effect in Experiment 2, because stimulus-
stop associations may not have been formed during
GNG in the first place. Still, this raises the question
why the devaluation-effect disappeared after the
mouse-movement-task. Perhaps, the Go responses
elicited some positive affect (Verbruggen et al.,
2014) such that the stimulus-negative-affect associ-
ations were weakened by executing mouse move-
ments. Previous studies showed that speeded Go
responses appear to increase stimulus evaluations
(Chen et al., 2016; Schonberg et al., 2014; Veling,
Chen, et al., 2017; Veling, Lawrence, et al., 2017).
This interpretation is also in line with the findings of
Experiment 3 where we obtained both a Go-valua-
tion-effect and found that participants’ reaction
times were quicker for stimuli that they were trained
to respond to. Since the mouse-movement-task
required high speed responses, it may have elicited
some positive affect reducing the NoGo-devalua-
tion-effect. According to this account, people may
have acquired stimulus-Go associations in the
present Experiment 3, but the NoGo-devaluation-
effect in Experiment 2 may best be explained by
stimulus-negative affect associations.

The second interesting question is the absence of
devaluation-effect in the two-phase GNG paradigm
(Experiment 3). As discussed earlier, this absence
may be attributed to the use of the control stimuli,
which may have blurred the distinction between Go
and NoGo items. Furthermore, it could be that partici-
pants also devalued the control stimuli to some
degree as a result of the 50% NoGo responses,
thereby disguising the devaluation-effect (but see
Jones et al., 2016). This explanation raises new ques-
tions for the role played by training characteristics in
inducing the NoGo devaluation-effect.

The findings of Experiment 3 do raise the question
why we did not find any effects on the RT measure in
Experiment 2. One possibility is that that participants
did develop the stimulus-Go and/or stimulus-stop
associations during the training of Experiment 2, yet
they did not retrieve them in the mouse-movement-
task because of some task characteristics. Specifically,
when measuring the NoGo-RT-effect, we employed
the same reverse mapping rule (i.e. NoGo_then_Go)
that has been used in in Experiment 3. However, we
did not present the original Go and NoGo cues for
old Go and NoGo stimuli as previous studies did
(Best et al., 2016). Furthermore, the ratio was nine to
one for Go and NoGo trials in the mouse-move-
ment-task, whereas this ratio was one to one in

previous studies (Best et al., 2016; Experiment 4).
Perhaps these two task characteristics decreased the
probability of retrieving the stimulus-stop associ-
ations during the mouse-movement-task. Impor-
tantly, when this is the case, it seems unlikely that
stimulus-stop associations that were not retrieved
during the mouse-movement-task did influence
evaluations during the rating task.

Accordingly, the paradoxical conclusion based
on the current findings is that NoGo-devaluation is
not related to strength of stimulus-stop or stimu-
lus-Go associations, but that the devaluation-effect
can be diminished by executing speeded Go
responses to the NoGo stimuli after GNG. Moreover,
RT-effects can be obtained toward Go or NoGo
stimuli, but the procedure that is needed to
uncover such effects (Experiment 3) appears to
not meet conditions needed to uncover the
devaluation-effect.

Questions and implications for application

The GNG has been shown to change behaviour such
as influencing eating and drinking behaviour (Lawr-
ence et al., 2015; Oomen et al., 2018; Porter et al.,
2018), and also smartphone app use (Johannes
et al., 2021). This behaviour change has been shown
to be partly mediated by stimulus devaluation
(Johannes et al., 2021; Veling et al., 2013). Thus,
from an applied perspective it is noteworthy that in
Experiment 1 the devaluation-effect was not found
when participants needed to respond quickly in the
rating task. This finding is consistent with a recent
meta-analysis, which shows that measuring devalua-
tion by using a speeded response task is unreliable
(Jones et al., 2016). The reason could be that stimulus
evaluation, analogous to other types of value-based
decision-making, requires individuals to sample evi-
dence until reaching a decision threshold (Fisher,
2017). Hence measuring devaluation under strict
time pressure may interrupt this sampling process
and cause less robust and unstable effects on evalu-
ation. From this perspective, one would expect GNG
to influence people’s behaviour particularly when
people take time to make a decision. However, note
that it has also been shown that GNG influences
value-based choices particularly when people make
fast choices (1500 ms; Chen et al., 2019). Thus, an
important question for future research is to examine
what kind of everyday life decisions can be influenced
by GNG.
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Second, the devaluation-effect seems vulnerable
to simple speeded motor responses. This may be
because the GNG on average lasts for 15 minutes,
leaving these associations susceptible to other forms
of Go responses. Based on this, future studies may
investigate how to strengthen the NoGo-devalua-
tion-effect, perhaps by creating more meaningful
stimulus-response mappings during the training
(Serfas et al., 2017), or by reinforcing stimulus-
response contingencies (Guitart-Masip et al., 2014).

Third, from an applied perspective, one should
employ consistent stimulus-response mappings to
make sure that participants can develop clear and
stable stimulus-response associations. In other
words, pairing specific stimuli with either Go or
NoGo responses 100% of the time.

Limitations and future directions

This study has several limitations. First, we measured
devaluation via comparing changes in stimulus evalu-
ation from before to after the GNG, but this procedure
cannot allow us to investigate the process that gener-
ates devaluation. Future research may directly record
affective responses toward stimuli at the trial level
during GNG using some psychophysiological
measures (Elkins-Brown et al., 2016). Furthermore,
we measured stimulus-stop associations toward
stimuli via reaction-times, but this index can only
provide indirect evidence, and future research can
employ more direct measures such as measuring
the lateralised readiness potential in the EEG/ERP
(Chiu et al., 2012).

Conclusion

In sum, our results suggest that GNG modifies evalua-
tive and motor responses to stimuli, but still more
work is needed to understand how these effects are
related.

Notes

1. Note that in addition to associative learning, there are
theories (Van Dessel et al., 2019) pointing to the possi-
bility that participants form propositions about specific
stimulus-response contingencies. However, the current
research did not aim to disentangle them, and for the
sake of simplicity we use the term association.

2. The wording of the evaluation question contained a
grammatical error in Experiment 1 but not in Experiment
2 (the original sentence was “How attractive this food

looks to you?”). We corrected this error in the figure for
the sake of presentation.

3. We initially preregistered post-hoc comparisons if the
main effect of training condition reached significance.
However, since we had clear predictions for all pairwise
comparisons, planned pairwise comparisons are more
suitable for the confirmatory analyses.
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