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Abstract

Executing go/no-go and approach/avoidance responses toward objects can increase people’s
choices of go over no-go items, and of approach over avoidance items. Some theoretical
accounts explain these effects as the results of merely executing these responses (i.e., action
execution), while others propose that these choice effects stem from interpreting these
motor responses as valenced actions (i.e., action interpretation). To test the role of action
execution versus action interpretation in both go/no-go and approach/avoidance responses,
we employed a recently developed training that combined both dimensions orthogonally.
Participants either pressed a key or not (i.e., go/no-go) to control a shopping cart on
screen, to either collect or not collect certain food items (i.e., approach/avoidance). After
the training, they repeatedly chose between food items (i.e., candies) for real consumption.
When the instructions framed the responses as approach/avoidance actions, participants
(N = 98) preferred approach items over avoidance items, but did not show preferences
between go and no-go items in their choices. In contrast, when the instructions framed the
responses as go/no-go actions, participants (N = 98) preferred go items over no-go items,
but did not show preferences between approach and avoidance items. Despite making the
same actual responses in both instruction groups, action interpretation determined whether
go/no-go or approach/avoidance actions influenced food choice. Disambiguating the
interpretation of motor responses as clearly valenced and meaningful actions may therefore
be a fruitful way to maximize the effectiveness of response-based behavioral interventions.
Keywords: go/no-go, approach/avoidance, choice, action execution, action

interpretation, Registered Report
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Action interpretation determines the effects of go/no-go and

approach/avoidance actions on food choice
Introduction

Understanding how our preferences for certain objects are formed and can be
modified has important implications for explaining and changing human behavior. For
instance, people’s preferences for appetitive yet unhealthy foods (e.g., those that contain
high sugar, fat, and salt; Breslin, [2013) can lead them to frequently choose and
overconsume these foods. Accordingly, changing their preferences for such foods may be
one fruitful way to reduce unhealthy eating behavior and the associated negative health

consequences.
Changes in choice induced by go/no-go and approach/avoidance responses

Previous research has shown that executing certain motor responses toward a
stimulus can change people’s evaluation of the stimulus (e.g., Van Dessel, Eder, & Hughes,
2018; Veling, Lawrence, et al., [2017). Based on this observation, several computer-based
training tasks have been developed as behavior-change tools, such as the go/no-go training
(GNG) and the approach/avoidance training (AAT). In GNG, participants consistently
respond to some stimuli by pressing a key on the keyboard, whilst not responding to other
stimuli by not pressing any key (Veling, Lawrence, et al., 2017). After GNG, people
typically choose no-go items less often than go items for consumption (Chen et al., 2019,
2021; Veling et al., 2013a;, 2021} Wu et al., 2023)). When used as an intervention to reduce
unhealthy eating, unhealthy foods can be consistently paired with no-go responses, and
healthy foods or non-food items can be consistently paired with go responses. Using such a
design, GNG has been shown to reduce choices of unhealthy foods and/or increase choices
of healthy foods (Porter et al., 2018; Tzavella et al., 2021; Veling et al., 2013b)).

In AAT, people are instructed to repeatedly approach some stimuli and avoid other
stimuli. Approach and avoidance actions have been operationalized differently in different

versions of AAT. In the joystick version, participants approach a stimulus by pulling a
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joystick toward themselves (often accompanied by the stimulus becoming larger on screen)
and avoid a stimulus by pushing the joystick away from themselves (often accompanied by
the stimulus becoming smaller on screen; Rinck & Becker, 2007). In the manikin version,
participants approach a stimulus by pressing a key to move a manikin figure on the screen
closer to the stimulus, and avoid a stimulus by pressing another key to move the manikin
further away from the stimulus (De Houwer et al., 2001)). In the eating behavior domain
(the behavioral domain that we focus on here), evidence for the effect of AAT on
consumption choice is more limited than that for GNG (for recent meta-analyses and
systematic reviews, see Aulbach et al., 2019; Yang et al., 2019). Three initial studies failed
to find an effect of AAT on food choices immediately following training (Becker et al.,
2015)). A more recent study used the same procedure from the GNG literature to minimize
the methodological differences, and did find that participants overall chose approached
food items more often than avoided items for consumption after a joystick AAT training
(Veling et al., 2021)). This latter finding suggests that AAT can also change consumption
choices, and that the reduced efficacy of AAT compared to GNG previously observed in the
eating behavior domain may (partly) be explained by the methodological differences in

these two lines of research.

How do go/no-go and approach/avoidance responses influence choices? Action

execution versus action interpretation

Executing go/no-go and approach/avoidance responses can change people’s
consumption choices. One explanation for these effects is that GNG and AAT change
people’s evaluations of trained stimuli. For GNG, people tend to evaluate items that they
do not respond to (i.e., no-go items) less positively than items that they respond to (i.e., go
items) and items that are not included in the training (i.e., untrained items; e.g., Chen
et al., 2016} 2018; Liu et al., 2023; Quandt et al., 2019; for a meta-analysis on this no-go
devaluation effect in the eating domain, see Yang et al., 2022)). The reduced evaluations of

no-go items compared to go items may explain why people tend to choose go items over
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no-go items for consumption. Similarly, for AAT, several studies have shown that people
evaluated approached stimuli more positively than avoided stimuli (Kawakami et al., 2007}
Van Dessel et al., 2020, Woud et al., 2013; but see some failed replications, e.g. Van Dessel,
De Houwer, Roets, & Gast, 2016; Vandenbosch & De Houwer, 2011). Importantly, effects
of GNG and AAT on choice correlated with their effects on evaluation in some studies
(Johannes et al., 2021; Veling et al., [2013a}, 2021), suggesting that the increased choices of
go/approach items over no-go/avoidance items may be driven by changes in stimulus
evaluation induced by training.

This in turn raised the question of how go/no-go and approach/avoidance responses
may change stimulus evaluation at the psychological process level. Some accounts propose
that these effects are the results of merely executing go/no-go or approach/avoidance
responses, which we will term action execution here. For instance, the Behavior-Stimulus
Interaction (BSI) account for GNG (Veling et al., 2008) posits that positive stimuli such as
palatable foods trigger an automatic tendency to respond. However, when such stimuli are
paired with no-go cues, participants need to inhibit this approach tendency, which results
in response conflict. Since response conflicts may be aversive (Dignath et al., [2020;
Vermeylen et al., 2020)), a stimulus could acquire negative valence after it is paired with the
execution of no-go responses. A more recent value-updating account for GNG (Veling
et al., [2022) proposes that not responding to highly appetitive items can lead to prediction
errors, which in turn reduces the evaluation of appetitive stimuli. This account thus
ascribes the no-go devaluation effect to prediction errors, rather than response conflicts. In
contrast, the devaluation-by-inhibition account for GNG proposes that no-go responses are
associated with punishment while go responses are associated with reward (Guitart-Masip
et al., [2014; Verbruggen et al., 2014)). This idea is conceptually similar to the motivational
systems account for AAT (Neumann et al., 2003), which posits that positive valence is
linked to the approach motivational system and negative valence is linked to the avoidance

motivational system. According to these two accounts, executing no-go or avoidance
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actions activates negative valence, while executing go or approach actions activates positive
valence, which changes stimulus evaluations. Although the underlying mechanisms
proposed by these accounts differ; they all share the core idea that merely executing
go/no-go and approach/avoidance actions is sufficient to change stimulus evaluation.

Another explanation for why go/no-go and approach/avoidance responses can
change stimulus evaluation is because they are often interpreted as valenced actions (which
we will term action interpretation here). For instance, the common coding account (Eder
& Klauer, 2009; Eder & Rothermund, [2008) for AAT proposes that motor responses
acquire valence because they are interpreted as valenced actions based on task instructions
and task goals. For instance, approach and avoidance actions are often described by verbal
labels as toward and away from oneself, which have evaluative meaning. This valence then
becomes a part of the representation of an action, and is co-activated when the action is
executed, thereby influencing the evaluation of a stimulus. The inferential account
(Van Dessel, Hughes, & De Houwer, [2018b), which was also primarily developed to explain
AAT effects, proposes that actions change stimulus evaluation because participants make
cognitive inferences based on their actions. Approach may be interpreted as a positively
valenced action (e.g., as selecting an item) and avoidance may be interpreted as a
negatively valenced action (e.g., as rejecting an item). This may lead people to infer that
they like approached items and dislike avoided items, leading to inferences that promote
changes in stimulus evaluation. Again, the exact mechanisms proposed by these two
accounts differ, but they all share the core assumption that motor responses acquire
evaluative meanings because they are interpreted as valenced actions, rather than that the
mere execution of these responses is sufficient to change stimulus evaluation.

Some studies have examined action interpretation in both GNG and AAT, and the
results corroborated the crucial role of action interpretation in determining the GNG and
AAT effects. For instance, Laham et al. (2014) showed that the joystick AAT led to

changes in implicit evaluation when approach action (i.e., pulling a joystick toward oneself)
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was framed as collecting something and avoidance action (i.e., pushing a joystick away
from oneself) was framed as discarding something, but not when such action framing was
not used. Collecting and discarding something have clear evaluative connotations, which
explains why joystick movements can change stimulus evaluation when they are interpreted
as these valenced actions. Other studies found that, in the manikin AAT, participants
evaluated approached items more positively than avoided items when their actions were
described as approaching and avoiding an item (i.e., decreasing and increasing the distance
between the manikin and an item; Van Dessel, Eder, & Hughes, 2018). However, when the
same responses were described as moving the manikin upward or downward on the screen,
participants reported increased liking for upward items than downward items. No effect of
distance change itself was observed on stimulus evaluation (Van Dessel, Eder, & Hughes,
2018)). Lastly, in a recent study on GNG by Houben (2023), the meaning of go and no-go
actions were manipulated via instructions. For one group of participants, go action was
framed as taking something and no-go action was framed as not taking something, while for
the other group, go was framed as throwing away something and no-go was framed as
keeping something. Explicit evaluations of chocolate stimuli were lower after they had been
paired with negatively framed actions (i.e., not taking and throwing away) compared to
positively framed actions (i.e., taking and keeping), regardless of whether participants
executed go or no-go responses. No clear effect was observed for fruit stimuli though, a
second type of foods used in the training (Houben, 2023)). Together, these results suggest
that the same motor responses can be interpreted differently depending on task
instructions and that action interpretation, rather than the executed motor responses per

se, determines the effects of GNG and AAT on stimulus evaluation.
Combining go/no-go and approach/avoidance actions

In addition to underscoring the role of action interpretation, the results reviewed
above further suggest that there may be important commonalities in how go/no-go and

approach/avoidance actions change stimulus evaluation. However, most research on GNG
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and AAT have been conducted in isolation from each other. As a result, different
theoretical accounts have been proposed for GNG and AAT separately (see the brief
overview above), with little cross-talk between these two strands of research. However,
GNG and AAT share many similarities. Both tasks involve the repeated execution (or
withholding) of simple motor responses toward certain objects. Furthermore, the
theoretical accounts for GNG and AAT show much conceptual overlap (e.g., the
devaluation-by-inhibition account for GNG and the motivational systems account for
AAT), and can be easily translated from one line of research to the other. For instance, the
BSI theory for GNG attributes the no-go devaluation effect to response conflicts when
people inhibit their tendency to respond to appetitive stimuli (Veling et al., 2008). It is
conceivable that avoiding a positive stimulus and approaching a negative stimulus may
similarly trigger response conflicts, which may impact stimulus evaluation (e.g., Centerbar
& Clore, 2006). Similarly, while the common coding account (Eder & Klauer, 2009; Eder &
Rothermund, [2008)) and the inferential account (Van Dessel, Hughes, & De Houwer, 2018b)
are developed primarily based on research on AAT, the recent findings by Houben (2023)
show that action interpretation similarly plays a crucial role in GNG, in line with the
theoretical propositions of these two accounts. GNG and AAT may therefore share
important commonalities in their underlying mechanisms. More cross-pollination between
these two lines of research can allow us to develop more comprehensive theories of how
actions impact stimulus evaluation and subsequent consumption behavior (Houben &
Aulbach, 2023).

Direct comparisons between GNG and AAT will benefit from using comparable
research protocols (Houben & Aulbach, 2023 Veling et al., [2021)). To this end, Chen and
Van Dessel (2024)) recently developed a novel training task that combined go/no-go and
approach /avoidance actions in an orthogonal manner. In this task, participants either
pressed a key or not (i.e., go/no-go actions) to control the location of a virtual shopping

cart on the screen. Orthogonal to participant’s go/no-go actions, food items fell either
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inside or outside the shopping cart, as operationalizations of approach and avoidance
consequences (similar to the manikin AAT). Two groups of participants received the
training, with the task instructions manipulated between groups. When the task
instructions and cues indicated to participants whether they needed to respond or not to
certain items (i.e., go/no-go actions), a typical no-go devaluation effect was observed.
Participants evaluated no-go items less positively than both go and untrained items. No
effect of approach/avoidance actions on stimulus evaluation was observed. However, when
the task instructions and cues indicated to participants whether they needed to have
certain items either inside or outside the shopping cart (i.e., approach/avoidance actions),
an AAT effect was observed. People evaluated approached items more positively than
untrained items, and avoided items less positively than untrained items. No effect of
go/no-go actions on evaluation was observed. These findings cannot be easily explained by
the accounts that emphasize mere action execution, since in both conditions participants
made the same motor responses, yet the effects of the training differed depending on task
instructions. Instead, these findings further support the idea that action interpretation
determines the effects of go/no-go and approach/avoidance actions on stimulus evaluation.
The same responses can be interpreted as valenced actions along one of two orthogonal
dimensions, and the effect of training on stimulus evaluation aligned with action
interpretation. From this perspective, the findings by Chen and Van Dessel (2024)) can be
seen as a conceptual replication of previous work (Houben, 2023 Laham et al., |2014;
Van Dessel, Eder, & Hughes, 2018]).
The present research

All studies that have examined action interpretation in GNG and AAT have focused
on stimulus evaluation (Chen & Van Dessel, 2024; Houben, 2023} Laham et al., 2014;
Van Dessel, Eder, & Hughes, [2018). It is therefore unclear whether action interpretation
may similarly influence other behavioral effects of GNG and AAT, such as people’s

consumption choices. Training-induced changes in stimulus evaluation may mediate the
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effects of GNG and AAT on consumption choices, or the effects of GNG and AAT on both
stimulus evaluation and consumption choice may be underpinned by the same mental
processes. In both cases, action interpretation should similarly determine the effects of
GNG and AAT on stimulus evaluation and consumption choice. However, although
stimulus evaluation undoubtedly plays an important role in people’s choices, choices are
also shaped by other processes. For instance, rapidly executing go responses may increase
attention toward go items (Itzkovitch et al., |2022; Schonberg & Katz, 2020; Schonberg

et al., 2014), while inhibiting responses may reduce attention for concurrent no-go items
(Chiu & Egner, 2015a; Chiu & Egner, |2015b)). Selective attention toward one object over
another can change people’s choices while these objects are presented simultaneously
(Armel et al., [2008)), which can be an alternative explanation for how go/no-go actions
influence choices. Importantly, the attentional influences of go/no-go actions presumably
do not depend on how these actions are interpreted, which leads to the possibility that the
effect of GNG on choices may not depend on action interpretation.

Examining this possibility also has important practical implications. There is a
growing interest in using GNG and AAT as behavior-change tools in applied settings. For
instance, in the eating behavior domain, some studies have shown that repeated training
with GNG can facilitate weight loss (Allom & Mullan, 2015; Forman et al., 2019; Lawrence
et al., 2015} Stice et al., 2017; Veling et al., 2014), but other studies have failed to find this
effect (Adams et al., |2021; Allom & Mullan, 2015; Carbine et al., 2021; Memarian et al.,
2021 Najberg et al., 2021; Yang et al., [2021)). Disambiguating the evaluative meanings of
go/no-go and approach/avoidance actions may increase training efficacy (e.g., Van Dessel,
Hughes, & De Houwer, |2018a). However, before such changes are implemented for applied
use, it is important to examine action interpretation beyond stimulus evaluation. People
make numerous dietary choices everyday, with large cumulative health consequences in the
long run. Examining action interpretation in the effects of GNG and AAT on consumption

choices will therefore provide important insights into whether disambiguating action
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interpretation can effectively increase training efficacy in applied settings.

In the present research, we examined the role of action interpretation in changes in
choice induced by go/no-go and approach/avoidance actions, using the same task by Chen
and Van Dessel (2024). Participants either responded or did not respond (i.e., go/no-go) to
control a shopping cart on screen, with food items falling either inside or outside the cart
as a result (i.e., approach/avoidance). For half of them, the cues indicated whether they
should make go or no-go actions, while for the other half, the cues indicated whether they
should make approach or avoidance actions. After the training, all participants received a
food choice task, in which they repeatedly chose between food items for consumption (Chen
et al., 2019). Using this setup, we examined whether the same responses would lead to

different effects on consumption choices, depending on how the responses were interpreted.
Method
Ethics, transparency and openness

The current research was conducted according to the ethical rules presented in the
General Ethical Protocol of the Faculty of Psychology and Educational Sciences of Ghent
University. All participants provided written informed consent. The current manuscript
achieved level 6 of bias control according to the policies of Peer Community in Registered
Reports: No part of the data or evidence that will be used to answer the research question
yet exists and no part will be generated until after IPA. All experimental materials, raw
data and analysis code are available at https://osf.io/24apk/. The Stage 1 manuscript

received in-principle acceptance on September 30th, 2024 (https://osf.io/bnbxa)).
Sample size

The recent study by Chen and Van Dessel (2024) combining GNG and AAT found
an effect size of Cohen’s d of 0.563 for go/no-go actions on stimulus evaluation (when the
cues indicated go/no-go actions), and Cohen’s d of 0.833 for approach/avoidance actions on
evaluation (when the cues indicated approach/avoidance actions). When a food choice task

was used, previous work has found an effect size of Cohen’s d of 0.533 for GNG on food
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choices (Chen & Veling, 2022)[ and Cohen’s d of 0.343 for AAT on food choices (Veling
et al., 2021)). The effect size of GNG on stimulus evaluation in Chen and Van Dessel (2024]))
is thus comparable to the effect of GNG on choices, while the effect of AAT on stimulus
evaluation in Chen and Van Dessel (2024) is numerically larger than that on choices in
Veling et al. (2021). Note that Veling et al. (2021) used the joystick version of AAT, while
Chen and Van Dessel (2024) based their task on the manikin version of AAT. Furthermore,
approach action in Chen and Van Dessel (2024]) was operationalized as foods falling into
one’s shopping cart, and avoidance as foods falling outside one’s shopping cart. These
action consequences likely provide clearer evaluative meanings than those used in the
joystick AAT (i.e., food items becoming larger or smaller on the screen). These differences
may explain why approach/avoidance actions had a larger effect on stimulus evaluation in
Chen and Van Dessel (2024) than on choices in Veling et al. (2021)). Since we used the
training task from Chen and Van Dessel (2024)), we expected the AAT effect on food
choices to be at least as large as that of GNG here. We therefore expected the effect size
for both the effects of go/no-go and approach/avoidance actions on choices to be around
Cohen’s d of 0.533. Given the inherent uncertainty in effect size estimates, we used Cohen’s
d of 0.426 (i.e., 0.533 * 80%) as the expected effect size in a power analysis in G*Power
(version 3.1.9.6; Faul et al., [2007)), which showed that 60 participants were needed (with a
two-sided one sample ¢ test) for 90% power with an alpha level of .05.

Chen and Van Dessel (2024) further showed that go/no-go actions had a larger
effect on evaluation when the cues indicated go/no-go actions in comparison to when the

cues did not indicate go/no-go actions, Hedge’s g,, = 0.611. Likewise, approach/avoidance

! Note that most studies reviewed in Chen and Veling (2022) used a food choice task with a time limit
(i.e., choosing within 1.5 seconds), while others did not implement such a time limit for making choices.
Previous work has shown that the effect of GNG on choices was stronger when participants made choices
more quickly (Chen et al., 2019} [2021)). Since in the current study we used a food choice task with time
limit, to compute the effect size of GNG we only included studies that have implemented a time limit in

the choice task (486 participants in total).
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actions had a larger effect on evaluation when the cues indicated this dimension than when
the cues did not indicate this dimension, Hedge’s g4, = 0.923. Again, to be conservative,
we used Cohen’s d of 0.488 (i.e., 0.611 * 80%) in a power analysis, which showed that 90
participants per condition (180 participants in total) are needed (with a two-sided
independent samples ¢ test) for 90% power with an alpha level of .05.

Note that we used t tests in the power analysis above, while we planned to use
Bayesian mixed-effects models to analyze the data (see below). The power analyses were
therefore meant to provide ballpark estimates for the sample sizes needed. To be more
conservative in our sample size planning, we therefore used 80% of the expected effect size
and 90% power in the power analyses above. To allow for potential exclusions, we decided
to recruit 100 participants per condition (N = 200 in total). In case the sample size in an
instruction group is below 90 after exclusions (see below), we will continue recruiting
participants for that specific instruction group, until the final sample sizes in both groups

are 90 after exclusions.
Participants

Participants were recruited via the SONA participation system at Ghent University
and received one course credit for participation. Participants needed to be at least 18 years
old, which was the minimal age to provide informed consent. However, based on our past
experience, some participants might be younger than 18 years old, but also needed course
credits for their education program. We decided to allow these participants to participate
in case they had already signed up for the experiment, but immediately delete their data
after completion. Note that the planned initial sample size of 200 did not include these
participants. In other words, we planned to initially recruit 200 participants who were at
least 18 years old.

Two hundred participants took part in the experiment in October, 2024. Another 9
participants were younger than 18 years old, and their data were deleted immediately after

testing, as planned. Another 3 participants did not give consent to (re)use their data. We
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did not anticipate this, and thus did not pre-register this as an exclusion criterion.
However, since these participants needed credits for their education, we decided to let them
participate, but deleted their data immediately after completion.

Four participants met the pre-registered exclusion criteria (see below). The final
sample thus consisted of 196 participants, with 98 participants in each instruction group
(the go/no-go instruction group, M, = 18.47, SD,4 = 1.26, 9 men, 89 women, Mpy =
21.99, SDpumr = 3.41, Mpunger = 6.94, SDpunger = 1.65, Myestraint = 13.17, S Dyestraint =
5.20; the approach/avoidance instruction group, Myg. = 18.41, SDyg = 1.21, 11 men, 87
women, Mpy = 21.75, SDpyr = 3.01, Mpunger = 6.94, SDpyr = 1.73, Myestraine = 12.86,
SDrestraint = 5.12).

Apparatus and materials

The experiment was programmed in jsPsych (version 7.2.1; de Leeuw, 2015). Sixty
images of different candies created by Chen et al. (2019)) were used. Note that the original
images showed the candies on a plate. For the current experiment, we slightly modified the
images by removing the plate and making the background transparent. This was done to

enhance the visual feedback of candies falling into the shopping cart in the training.
Procedure

Participants signed up for the experiment via the participation system. The
eligibility criteria were: (1) being at least 18 years old (but see above), (2) being able to
consume candies (e.g., no food allergies), and (3) not having participated in previous
studies using the same task. In line with previous experimental protocols (e.g., Chen et al.,
2019)), they were asked to not eat anything for at least 3 hours before the start of the
experiment. As such, testing only started at 11.00am or later.

Participants were tested in small groups, with up to 6 people per session. Upon
arrival, they were shown a selected collection of candies, and told that in the experiment
they would eat some candies depending on their choices. They were then asked to inspect

the candies. This was done to ensure that (1) participants understood that the choices that
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(A) Pre-training rating

How much do you want to eat
the candies below right now?

<o

Not atall Very much

How much do you want to eat
the candies below right now?

4

Notatall Very much

15

(B) Training

The go/no-go instruction group The approach/avoidance instruction group

Response: Go Response: No-Go Response: Go Response: No-Go

49 qp 49
3
3

£ =" E =

L 2 % L 5 %

(C) Food choice

Up to 1500 milliseconds 500 milliseconds

% %8

Figure 1

Schematics of the main tasks. (A) Pre-training rating. (B) Training. Note that the colored
frames (blue and brown) indicate go/no-go conditions in the go/no-go instruction group,
and indicate approach/avoidance conditions in the approach/avoidance instruction group.
The solid arrows in the Go-Approach and Go-Avoidance conditions indicate how the cart
moves after participants respond, and are not shown in the task. (C) Food choice. The

candy images are from Chen et al. . The shopping cart image is from pngwing.com,

and the hand pushing button image is from stockio.com.
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they were going to make were real, and (2) they could eat candies (e.g., no food allergies).
They were then seated in front of computers individually, and asked to read and sign an
informed consent. The experiment then commenced.
Pre-training rating

Participants first reported their age and gender (with four options, man, woman,
non-binary and I do not want to say). They then received a rating task, in which each of
the sixty candy images was presented one by one. For each image, they were asked the
question "how much do you want to eat the candies below right now?". Participants
answered with a 200-point slider (-100 = Not at all, 100 = Very much; see Figure , panel
A). Participants could click anywhere on the slider and a cursor would then appear on the
clicked location. They could further adjust the position of the cursor until it accurately
reflected their rating. They could then click on a ‘Continue’ button beneath the slider to

advance to the next trial. The rating task was self-paced, without time limits.
Item ranking and selection

The program then ranked all candy images from the highest rating till the lowest,
for each participant individually (Figure . Ties were broken randomly. In the food choice
task after the training, we created four types of experimental trials: Go-Approach vs.
Go-Avoidance, NoGo-Approach vs. NoGo-Avoidance (these were used to assess the effects
of approach vs. avoidance actions), Go-Approach vs. NoGo-Approach, Go-Avoidance vs.
NoGo-Avoidance (these were used to assess the effects of go vs. no-go actions). We thus
selected and assigned candy images into one of these four types of choice trials. More
concretely, items ranked from 5 till 36 were used, with every 8 items as one set (i.e., 5-12,
13-20, 21-28 and 29-36, respectively). In total, 32 items were selected. Note that we
selected items with relatively high ratings, since we were mainly interested in how the
training would impact choices for relatively appetitive items. These four sets were
randomly assigned into the four types of choice trials as described above. Within each set,

the 8 items were assigned into one of the two corresponding training conditions randomly,
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Highest rating Lowest rating

1-2-3-4-5-6-...11-12-13-14-...-19-20-21-22-...-27-28-29-30-...35-36-...-57-58-59-60

\ ] o\ ) ) \ J
Y Y Y Y

Random assignment

Go-App h vs. Go-Avoid NoGo-App! h vs. NoGo-Avoidance Go-Approach vs. NoGo-Approach Go-Avoidance vs. NoGo-Avoidance
Go-Approach Go-Avoidance NoGo-Avoidance NoGo-Approach Go-Approach NoGo-Approach NoGo-Avoidance Go-Avoidance
5 6 21 22 29 30 13 14
8 7 24 23 32 31 16 15
X X X X
9 10 25 26 33 34 17 18
12 11 28 27 36 35 20 19
16 unique choice pairs 16 unique choice pairs 16 unique choice pairs 16 unique choice pairs
Figure 2

An illustration of the item selection procedure.

in a counterbalanced manner. For instance, in the example in Figure [2] the set 5-12 was
randomly assigned to the Go-Approach vs. Go-Avoidance condition. Within this set, items
ranked 5, 8, 9, 12 was further randomly assigned into the Go-Approach condition, and
items ranked 6, 7, 10, 11 was assigned into the Go-Avoidance condition (but it could also
be the other way around). This selection procedure has been used in multiple previous
studies (e.g., Schonberg et al., [2014; Veling, Chen, et al., 2017)), to match the average
ratings of two conditions. In the example above, before the training, participants should
have no preference between Go-Approach and Go-Avoidance items based on their ratings.
Any preference for one condition over the other in participants’ choices could thus be

attributed to the training.
Training
The selected images were then used in the same training task developed by Chen

and Van Dessel (2024). Participants were assigned into either the go/no-go or the

approach /avoidance instruction condition, depending on the anonymous subject ID that
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they received upon arrival in the laboratory (odd number = the go/no-go instruction
group, even number = the approach/avoidance instruction group). Participants were told
that they were a customer in a virtual candy store, and the shopping cart on screen
belonged to them. The candy store had two lanes, left and right. The shopping cart was
placed at the bottom of one of the lanes. At the beginning of each trial, a candy image
appeared near the top of a lane, and gradually moved from top to bottom, as if participants
were pushing the cart forward and getting closer to the candies. 300 milliseconds after
image onset, a colored frame appeared around the image (blue or brown). Participants in
the go/no-go instruction condition were told that the cues indicated whether they needed
to respond or not (Figure , panel B, left). If the color was assigned to the go condition,
participants needed to press the space bar once as quickly as possible. If the color was
assigned to the no-go condition, participants did not need to press any key. The assignment
of the two colors into the go and no-go conditions was counterbalanced across participants.
Participants were further told that they could press the space bar at most once within a
trial, and each time when they pressed the space bar, the shopping cart would switch from
one lane to the other. In both the go and no-go conditions, the image disappeared after
nearly reaching the bottom of the lane, creating the visual impression of candies falling
either inside or outside the shopping cart. One trial lasted for 2 seconds, with inter-trial
intervals randomly varying between 1 and 1.5 seconds (in steps of 100 milliseconds).

The training was the same for participants in the approach/avoidance instruction
condition, except that the cues indicated whether they should let the candies fall inside
(i.e., approach) or outside (i.e., avoid) the shopping cart (Figure[l] panel B, right). The
assignment of colors into approach/avoidance conditions was counterbalanced across
participants.

Items in the Go-Approach condition always appeared on a different lane than the
shopping cart. Participants had to press the space bar (i.e., go), after which the candies

eventually fell into the shopping cart (i.e., approach). Items in the Go-Avoidance condition



GNG AND AAT ON CHOICE 19

always appeared on the same lane as the shopping cart. After participants responded (i.e.,
go), the items eventually fell outside the shopping cart (i.e., avoidance). In contrast, for
items in the NoGo-Approach and NoGo-Avoidance conditions, participants did not respond
(i.e., no-go), and the items fell either inside (i.e., NoGo-Approach) or outside the cart (i.e.,
NoGo-Avoidance) as a result. Note that participants in the two instruction conditions
made the same motor responses, with the only difference being whether the cues indicated
the go/no-go or the approach/avoidance dimension, to manipulate action interpretation.
Participants first received a practice block, with 4 images in each training condition.
These images (ranked 41-56) were used during practice only. Each image was randomly
presented once, resulting in 16 trials for one practice block. After the practice block,
participants received feedback on their accuracy. In case their accuracy was below 75%,
they were asked to read the task instruction again, and received a new practice block.
They could practice up to 3 times, after which they were allowed to proceed to the
experimental blocks, even if their accuracy in the last practice block was still below 75%.
For the experimental blocks, each of the 32 selected images was randomly presented
once in each block. After every two blocks, participants received feedback on their accuracy
in the preceding two blocks, and could take a short break if necessary. The whole training

consisted of 14 blocks, resulting in 448 trials in total.
Food choice task

Participants then received a food choice task (Figure , panel C). They were told
that they would make a series of binary food choices. At the end of the experiment, one
trial would be randomly selected, and they would receive a small bag of the candies that
they had chosen on the selected trial. Two images of candies were presented side by side.
Participants chose which of the two candies they would like to eat, by pressing the U key
for the left candies and the I key for the right candies. They were asked to make their
choices within 1500 milliseconds. If they chose in time, a green frame was presented for 500

milliseconds around the chosen candies as confirmation. If they did not choose in time, a
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text message "Too late!" was presented for 1000 milliseconds, and the choice pair was
presented again at the end of the block, until a choice was registered. The inter-trial
intervals randomly varied between 1 and 1.5 seconds, in steps of 100 milliseconds.

Participants first received a practice block of 8 choice trials, with items that were
not used in the experimental blocks of the training (ranked 41-56). The experimental part
of the choice task consisted of two types of trials, experimental trials and filler trials. For
the experimental trials, we used items that were used in the training to construct choice
pairs. As mentioned above in Item ranking and selection, we had four types of choice trials,
namely Go-Approach vs. Go-Avoidance, NoGo-Approach vs. NoGo-Avoidance,
Go-Approach vs. NoGo-Approach and Go-Avoidance vs. NoGo-Avoidance. For each trial
type, each item from one of the two conditions was paired once with each item from the
other condition, resulting in 16 unique choice pairs (Figure . For instance, for the
Go-Approach vs. Go-Avoidance condition, each of the four Go-Approach items was paired
once with each of the Go-Avoidance items. In total, 64 (i.e., 16 per condition, multiplied by
4) unique choice pairs were constructed. In addition to these experimental choice trials, we
also included some filler trials. For these filler trials, 4 items with high ratings (ranked 1-4)
were each paired once with 4 items with relatively low ratings (ranked 37-40), resulting in
16 unique choice pairs. Each of the 80 unique choice pairs (64 experimental and 16 filler
trials) was randomly presented once in one block. The choice task consisted of two blocks
(160 trials), to counterbalance the left versus right location of the items within each pair.
After the first block, participants could take a short break.

At the end of the second block, we added 3 choice trials with 6 types of candies that
were present in the laboratory. Unbeknownst to the participants, the program always
randomly picked from these three trials to determine which candies they would receive. We
implemented this to limit the amount of candies that we had to purchase, to reduce food

waste (see e.g. Chen et al., |2019).
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Memory tasks

After the food choice task, participants received two memory tasks, in a
counterbalanced order. In the go/no-go memory task, participants were shown each of the
32 selected images randomly one by one, and asked to report for each item whether they
made go or no-go responses. The five answer options were ‘sure did not press’, ‘maybe did
not press’, ‘do not remember’, ‘maybe did not press’, ‘sure did not press’ In the
approach/avoidance memory task, participants were similarly shown each of the 32 selected
images randomly one by one, and asked to report for each item whether it eventually fell
inside or outside their shopping cart. The five answer options were ‘sure outside’, ‘maybe
outside’, ‘do not remember’, ‘maybe inside’, ‘sure inside’. The memory tasks were self-paced
without time limits. No feedback was provided. Previous work has shown that memory of
stimulus-response contingencies correlated with training effects in both GNG and AAT
(e.g., Chen & Veling, 2022; Van Dessel, De Houwer, & Gast, 2016). We therefore included

memory tasks to potentially explore the role of memory in our novel training paradigm.
Post-training rating
As an exploratory measure, the same rating task was administered again, to explore

whether stimulus evaluation had changed compared to before the training.
Questionnaires

At the end of the experiment, participants filled out the 10-item restrained eating
scale (Herman & Polivy, |1980), reported their height (in centimeters), weight (in
kilograms), how hungry they were (using a 9-point Likert scale, with 1 = Not at all, 9 =
Very much), and when they had their last meal (‘Less than 1 hour ago’, ‘1-3 hours ago’,
‘3-5 hours ago’, ‘More than 5 hours ago’). These measures were included to provide
descriptive information about the sample regarding their eating behavior. They also offer
additional context that may be relevant in exploratory analyses to understand how these
factors might influence the effectiveness of the training paradigm. One trial from the choice

task (from only the last three trials) was then randomly selected and revealed, and
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participants received a small bag of the candies that they had chosen on the selected trial.

They were then debriefed, thanked, and received one course credit as compensation.
Data analysis

Data were analyzed using R (version 4.2.1; R Core Team, [2022), with the following
R packages: afex (version 1.2.0; Singmann et al., 2022), bayesplot (version 1.10.0; Gabry &
Mahr, 2022), bayestestR (version 0.13.0; Makowski et al., 2022), brms (version 2.18.0;
Biirkner, 2022), cmdstanr (version 0.5.3; Gabry & Cesnovar, 2022), ggpubr (version 0.6.0;
Kassambara, 2023), kableExtra (version 1.3.4; Zhu, 2021), knitr (version 1.41; Xie, 2022)),
loo (version 2.5.1; Vehtari et al., [2022), MASS (version 7.3.58.1; Ripley, 2022), Rmisc
(version 1.5.1; Hope, [2022)), sjPlot (version 2.8.12; Liidecke, 2022), tidybayes (version 3.0.2;
Kay, 2022), and tidyverse (version 1.3.2; Wickham, 2022). We also used JASP (version

0.19.1; JASP Team, 2024) to conduct Bayesian ANOVAs.
Data exclusion

Participants who met one of the following two criteria were excluded from further
analysis: (1) restarting the experiment after having completed some trials (0 participant),
and (2) having an accuracy 3 standard deviations below the sample mean in their
instruction condition, and below 90% in any of the four conditions in the training (4
participants). Note that Chen and Van Dessel (2024) had an extra exclusion criterion
based on missing data (due to online testing), which was not a concern here as the current
experiment was conducted in the laboratory. The remaining two exclusion criteria from
above were the same as in Chen and Van Dessel (2024)), to make this follow-up experiment
as comparable as possible with the previous study.

Pre-registered analyses

Ratings before the training. For each participant, we first selected items that
were assigned into the Go-Approach vs. Go-Avoidance and the NoGo-Approach vs.
NoGo-Avoidance choice trials (e.g., the two cells on the left in Figure . These trials were

used to assess the effects of approach/avoidance actions on choice, while holding go and
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no-go actions constant. The average ratings of the items in the four training conditions
were then computed, and submitted to a 2 (response, go vs. no-go; within-subjects) by 2
(consequence, approach vs. avoidance; within-subjects) by 2 (instruction group, go/no-go
vs. approach/avoidance; between-subjects) Bayesian repeated-measures ANOVA in JASP.
We used the default prior settings in JASP, and computed the Bayes factor for each effect
across matched models. Bayes factors (BFp;) quantified the relative likelihood of the data
under the null hypothesis against that under the alternative hypothesis. We expected the
BFy, for the main effect of consequence, and that for the interaction effect between
consequence and instruction group to be larger than 3, which would provide support for
the null hypothesis (Wagenmakers et al., |2018)). This would suggest that before the
training, the average ratings for the approach and avoidance items were matched.

Similarly, the items assigned into the Go-Approach vs. NoGo-Approach and the
Go-Avoidance vs. NoGo-Avoidance choice trials (e.g., the two cells on the right in Figure
were selected. These trials were used to assess the effects of go/no-go actions on choice,
while holding approach and avoidance actions constant. The average ratings of the items in
the four training conditions were computed, and submitted to a 2 (response, go vs. no-go;
within-subjects) by 2 (consequence, approach vs. avoidance; within-subjects) by 2
(instruction group, go/no-go vs. approach/avoidance; between-subjects) Bayesian
repeated-measures ANOVA. We expected the BFy; for the main effect of go/no-go
response, and that for the interaction between response and instruction group to be larger
than 3. This would suggest that before the training, the average ratings for the go and
no-go items were matched.

Choices on the filler trials. In the choice task, we included filler trials in which
participants chose between an item with a high rating (ranked from 1 till 4) and an item
with a relatively low rating (ranked from 37 till 40). Choices on these filler trials were
analyzed with a hierarchical logistic regression in brms, with whether participants chose the

item with a higher rating or not as the dependent variable. The instruction group was
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included as a between-subjects predictor (go/no-go = 0.5, approach/avoidance = -0.5). We
included the maximum random structure (Barr et al., 2013)), by using participant, the
candy presented on the left, and the candy presented on the right as three grouping
variables. Random intercept per participant, and random intercept and random slope for
instruction group per candy were included. The pseudocode for the brms model was:
choice ~ instruction group + (1 | participant) + (instruction group | left candy) +
(instruction group | right candy). We expected the 95% credible interval of the intercept to
be larger than 0 (i.e., excluding 0), indicating that overall participants in both groups
selected highly-rated items more frequently than lowly-rated items.

Choices on the experimental trials. The main analysis focused on the choices
on the experimental trials. We conducted two separate analyses, (1) one for the
Go-Approach vs. Go-Avoidance and NoGo-Approach vs. NoGo-Avoidance trials, and (2)
one for the Go-Approach vs. NoGo-Approach and the Go-Avoidance vs. NoGo-Avoidance
trials. For the first analysis, we used whether participants chose the Approach or the
Avoidance item on each trial as the dependent variable (Approach = 1, Avoidance = 0).
Whether both items were Go or NoGo (i.e., response) was used a within-subjects predictor,
and the instruction group was used as a between-subjects predictor. We used effect coding
for the predictors (Go = 0.5, NoGo = -0.5; approach/avoidance instruction group = 0.5,
go/no-go instruction group = -0.5). Again, the maximum random structure was used. The
pseudocode for the brms model was: choice ~ response * instruction group + (response |
participant) + (response * instruction group | left candy) + (response * instruction group |
right candy). We expected a statistically credible effect for the instruction group, such that
participants in the approach/avoidance instruction group would select Approach items
more often than those in the go/no-go instruction group. Furthermore, we expected the
approach /avoidance instruction group to overall choose Approach items more than 50% of
the time. In other words, the 95% CI for the estimated intercept for the

approach /avoidance instruction group from the model above was expected to be credibly
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larger than 0.

For the second analysis, we used whether participants chose the Go or the NoGo
item on each trial as the dependent variable (Go = 1, NoGo = 0). Whether both items
were associated with Approach or Avoidance (i.e., consequence) was used a within-subjects
predictor, and the instruction group was used as a between-subjects predictor. We used
effect coding for the predictors (Approach = 0.5, Avoidance = -0.5; go/no-go instruction
group = 0.5, approach/avoidance instruction group = -0.5). The pseudocode for the brms
model was: choice ~ consequence * instruction group + (consequence | participant) +
(consequence * instruction group | left candy) + (consequence * instruction group | right
candy). We expected a statistically credible effect for the instruction group, such that
participants in the go/no-go instruction group would select Go items more often than the
approach /avoidance instruction group. Furthermore, we expected the go/no-go instruction
group to overall choose Go items more than 50% of the time. That is, the 95% CI for the
estimated intercept for the go/no-go instruction group from the model above was expected

to be credibly larger than 0. See Table in the Appendix for the study design table.
Exploratory analyses

We conducted exploratory analyses on participants’ performance in the training.
For each participant, we computed their accuracy in the experimental blocks in each of the
four training conditions. Accuracy data were then analyzed with a 2 (response, go vs.
no-go; within-subjects) by 2 (consequence, approach vs. avoidance; within-subjects) by 2
(instruction group, go/no-go vs. approach/avoidance; between-subjects) Bayesian
repeated-measures ANOVA in JASP. We further computed the mean response times on the
correct Go-Approach and Go-Avoidance trials. The mean go response times were analyzed
with a 2 (consequence, approach vs. avoidance; within-subjects) by 2 (instruction group,
go/mo-go vs. approach/avoidance; between-subjects) Bayesian repeated-measures ANOVA.

Furthermore, we examined participants’ performance in the memory tasks, as a kind

of "manipulation check," since the approach/avoidance instruction group would be
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Statistical inference

Default priors in brms were used. For each brms model, we ran 8 parallel chains,
with 2000 iterations during the warm-up phase and 4000 iterations during the sampling
phase. Inspection of the trace plots, the R-hat values, and the effective sample sizes showed
that all models had converged and the estimates were stable. To make statistical inference,
we used the equal-tailed percentile-based 95% credible intervals of the posterior

distributions of parameter estimates. We deemed an effect statistically credible if the 95%

CI excluded 0.
Results
Ratings before the training (pre-registered and not pre-registered)

Table 1
Ratings before the training for items used in the Go-Approach vs. Go-Avoidance and the

NoGo-Approach vs. NoGo-Avoidance choice trials.

Instruction group Response Consequence Mean SD

Approach 18.82  48.27

Go
Avoidance 18.88  48.17
Approach/Avoidance
Approach 21.20 47.20
NoGo
Avoidance 20.82 47.13
Approach 13.58  50.94
Go
Avoidance 13.82  51.04
Go/No-Go
Approach 19.12  50.45
NoGo

Avoidance 19.34 50.70

For the items assigned into the Go-Approach vs. Go-Avoidance and the

NoGo-Approach vs. NoGo-Avoidance choice trials, the average ratings between the
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Table 2
Ratings before the training for items used in the Go-Approach vs. NoGo-Approach and the

Go-Avoidance vs. NoGo-Avoidance choice trials.

Instruction group Consequence Response Mean SD
Go 15.08 52.23
Approach
NoGo 14.86 52.64
Approach/Avoidance
Go 27.41 4497
Avoidance
NoGo 2749 45.14
Go 24.42  50.04
Approach
NoGo 24.82 49.56
Go/No-Go
Go 18.23 49.64
Avoidance

NoGo 18.23  49.59

approach and avoidance conditions were closely matched descriptively, for both when the
response was go and no-go, and in both instruction groups (see Table .

We pre-registered to conduct a 2 (response, go vs. no-go; within-subjects) by 2
(consequence, approach vs. avoidance; within-subjects) by 2 (instruction group, go/no-go
vs. approach/avoidance; between-subjects) Bayesian repeated-measures ANOVA in JASP.
By default, JASP (from version 0.16.3 onward, see Van Den Bergh et al., 2023) includes
random slopes for repeated measures. However, in our particular case, this model
specification did not work. Despite manually increasing the number of samples to 100000,
the error percentages associated with the Bayes factors were still rather high (i.e., above
20%, see Van Den Bergh et al., [2023), suggesting that the estimates for Bayes factors were
unstable. Indeed, in repeated runs of the same analysis, the Bayes factor estimates showed
large variability, lending support for qualitatively different conclusions each time (for a

demonstration of a similar issue, see Pfister, [2021). This issue emerged here, because the
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Table 3

Bayesian repeated-measures ANOVAs on ratings before the training and accuracies in the

training.

Effects BFy, - AAT BFy - GNG BFyy - Accuracy
Response 4.84 12.23 7.19 x 10%
Consequence 12.72 6.58 7.45 x 101°
Instruction group 5.57 6.33 4637.7

Response * Consequence 9.25 9.68 1.47 x 1032
Response * Instruction group 7.71 9.66 5117.4
Consequence * Instruction group 9.24 0.016 495.1

Response * Consequence * Instruction group 6.67 6.66 1912.1

Note. BFy; - AAT shows the results from the Bayesian ANOVA on ratings before the
training for items used in the Go-Approach vs. Go-Avoidance and the NoGo-Approach vs.
NoGo-Avoidance choice trials. BFy; - GNG shows the results from the Bayesian ANOVA on
ratings before the training for items used the Go-Approach vs. NoGo-Approach and the
Go-Avoidance vs. NoGo-Avoidance choice trials. BFjg - Accuracy shows the results from the
Bayesian ANOVA on accuracies in the training. Note that BFy; - AAT and BFy;, - GNG
quantify the support for the null hypothesis over the alternative hypothesis, while BFjg -

Accuracy quantifies the support for the alternative hypothesis over the null hypothesis.

experimental program assigned the items into the approach and avoidance conditions in a
counterbalanced manner for each participant, thereby minimizing individual differences in
the effect of consequence. We therefore removed random slopes in the model specification,
by selecting the ‘Legacy results’ option in JASP. In line with our predictions and the
descriptive results presented above, for both the main effect of consequence and the
interaction effect between consequence and instruction group, the Bayes factors provided
support for the null hypothesis (Table . To further verify this result, we also conducted a

frequentist ANOVA. The main effect of consequence was not statistically significant,
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F(1,194) = 0.653, p = .420, nor was the interaction between consequence and instruction

group, F'(1,194) = 0.126, p = .723. Before the training, participants therefore appeared to
have no preference between the approach and avoidance items on these choice trials based
on their ratings.

Similarly, for the items assigned into the Go-Approach vs. NoGo-Approach and the
Go-Avoidance vs. NoGo-Avoidance choice trials, descriptively, the average ratings between
the go and no-go conditions were closely matched, for both when the consequence was
approach and avoidance, and in both instruction groups (see Table . Models including
random slopes again did not produce stable Bayes factor estimates. We therefore computed
Bayes factors based on models without random slopes. In line with our predictions, the
Bayes factors provided support for the null hypothesis for both the main effect of response
and the interaction effect between response and instruction group (Table . In a
frequentist ANOVA, the main effect of response was not statistically significant,

F(1,194) = 0.250, p = .618, and the interaction between response and instruction group
was also not statistically significant, F'(1,194) = 1.089, p = .298. Hence, before the
training, participants seemed to have no preference between the go and no-go items on

these choice trials.
Performance in the training (not pre-registered)

The overall accuracy in the training was very high in both instruction groups
(Figure . For the approach/avoidance instruction group, on the Go-Approach trials, M
= 99.87%, SD = 0.92%; on the Go-Avoidance trials, M = 99.79%, SD = 0.58%; on the
NoGo-Approach trials, M = 96.08%, SD = 3.03%; and on the NoGo-Avoidance trials, M
= 99.16%, SD = 1.15%. For the go/no-go instruction group, on the Go-Approach trials,
M = 99.96%, SD = 0.28%; on the Go-Avoidance trials, M = 99.81%, SD = 0.63%; on the
NoGo-Approach trials, M = 98.00%, SD = 1.98%; and on the NoGo-Avoidance trials, M
= 99.45%, SD = 0.80%.

Bayesian repeated-measures ANOVA (including random slopes) showed that for all
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Figure 3

Performance in the training task in the (A) approach/avoidance and (B) go/no-go

instruction group. The error bars stand for within-subject 95% confidence intervals.

main and interaction effects on accuracy there was extreme support for the alternative
hypothesis (Table [3). To break down the three-way interaction effect, we conducted two
separate Bayesian ANOVAs. First, we analyzed the accuracies on the go trials with a 2
(consequence, approach vs. avoidance) by 2 (instruction group, go/no-go vs.
approach/avoidance) ANOVA. The Bayes factor provided moderate support for the main
effect of consequence (BFjy =6.94), indicating that overall participants were more accurate
when making go responses to approach than to avoid candies (although the difference

appeared to be rather small). For both the main effect of instruction group and the
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interaction effect between consequence and instruction group, the Bayes factors provided
moderate support for the null hypothesis (BFy; = 3.75 and 4.53, respectively). In a second
analysis, we analyzed the accuracies on the no-go trials, similarly with a 2 (consequence,
approach vs. avoidance) by 2 (instruction group, go/no-go vs. approach/avoidance)
ANOVA. There was extreme support for the alternative hypothesis for the main effect of
consequence (BFjy = 3.42 x 10?°), the main effect of instruction group (BFjy = 1.71 x 10°),
and their interaction effect (BFyp = 2041.4). Participants were more accurate when making
no-go responses to avoid than to approach candies, and the effect of consequence on no-go
accuracies was larger in the approach/avoidance group than in the go/no-go group.

Bayesian ANOVA on go response times showed support for the main effect of
consequence (BFyy = 4.45 x 107), the main effect of instruction group (BFjy = 5.48), and
the interaction effect (BFyo = 1.17 x 10%). To break down the interaction effect, we
conducted two paired-samples ¢ tests, to compare the response times between Go-Approach
and Go-Avoidance trials in the two instruction groups separately. The go/no-go group
responded more quickly on the Go-Approach trials (M = 736.3 ms, SD = 69.2) than on the
Go-Avoidance trials (M = 779.0 ms, SD = 91.7), diff = -42.7, BF, = 3.20 x 10, Cohen’s
d, = 0.809. In contrast, for the approach/avoidance group, the mean response times did not
differ between the Go-Approach trials (M = 730.3 ms, SD = 56.0) and the Go-Avoidance
trials (M = 734.4 ms, SD = 55.1), diff = -4.1, BFy; = 4.61, Cohen’s d, = 0.118.

Approach consequences thus facilitated go responses, while avoidance consequences
facilitated no-go responses in the training. This overall pattern of results was highly similar

to the pattern observed in Chen and Van Dessel (2024)).
Choices between highly- and lowly-rated items (pre-registered)

Next, we examined participants’ choices on the filler trials, where they chose
between a highly-rated and a lowly-rated item. As expected, the intercept (on the log odds
ratio scale) was credibly larger than 0, estimate = 4.759, 95% CI = [4.348, 5.237],

suggesting that participants overall chose highly-rated items more frequently than
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lowly-rated items. Furthermore, the estimate for the difference between the two instruction
groups was not credible, estimate = 0.148, 95% CI = [-0.563, 0.859]. Both groups thus
similarly preferred highly-rated items over lowly-rated items (for the go/no-go group, the
probability of choosing highly-rated items was M = 97.96%, SD = 4.19%; for the

approach /avoidance group, M = 97.58%, SD = 5.03%).

Choices between approach and avoidance items (pre-registered)

(A) Approach vs. avoidance choices (B) Go vs. no-go choices

Response IEI Go I3 NoGo Consequence El Approach [Z3 Avoidance

100 4

754

50 7

25+

The probability of choosing go items (%)

The probability of choosing approach items (%)

Approach/lAvoidance Go/NIo—Go Approach/lAvoidance Go/NIo—Go
Instruction group Instruction group

Figure 4

Choices between (A) approach and avoidance items and (B) go and no-go items. The blue
and orange dots show for each participant, the probabilities of choosing approach items in
(A), and the probabilities of choosing go items in (B). The black dots show for each group,
the estimated probability of choosing approach items in (A), and the estimated probability of

choosing go items in (B). The error bars stand for 95% credible intervals.

As shown above, before the training, participants had no preference between
approach and avoidance items on the Go-Approach vs. Go-Avoidance and the

NoGo-Approach and NoGo-Avoidance choice trials (Table . After the training, however,
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they overall chose approach items more frequently than avoidance items for consumption,
intercept = 0.427, 95% CI = [0.288, 0.564]. In line with our prediction, the effect for
instruction group was statistically credible, estimate = 0.696, 95% CI = [0.430, 0.968]. The
approach /avoidance group chose approach items more than half of the time, estimated
intercept on the log odds ratio scale = 0.775, 95% CI = [0.582, 0.969] (in probabilities,
estimate = 68.5%, 95% CI = [64.1%, 72.5%]). In the go/no-go group, the estimated
intercept did not differ credibly from 0, estimate = 0.079, 95% CI = [-0.112, 0.268] (in
probabilities, estimate = 52.0%, 95% CI = [47.2%, 56.7%]; see Figure |4, panel A). The
effect of response (go vs. no-go) and the interaction effect between response and instruction
group were not credible, estimate = 0.114, 95% CI = [-0.154, 0.387], and estimate = -0.083,
95% CI = [-0.571, 0.410], respectively.

Choices between go and no-go items (pre-registered)

Similarly, we found that before the training, participants had no preference between
go and no-go items on the Go-Approach vs. NoGo-Approach and the Go-Avoidance vs.
NoGo-Avoidance choice trials (Table . After the training, participants overall chose go
items more frequently than no-go items for consumption, intercept = 0.429, 95% CI =
[0.300, 0.556]. Importantly, the effect of instruction group was statistically credible,
estimate = 0.533, 95% CI = [0.256, 0.814]. Participants in the go/no-go group preferred go
over no-go items, estimated intercept = 0.695, 95% CI = [0.505, 0.883] (in probabilities,
estimate = 66.7%, 95% CI = [62.4%, 70.7%]). In the approach/avoidance group, the
preference for go items did not differ credibly from the chance level, estimate = 0.162, 95%
CI = [-0.027, 0.352] (in probabilities, estimate = 54.0%, 95% CI = [49.3%, 58.7%]; see
Figure {4} panel B). The effect of consequence (approach vs. avoidance) and the interaction
effect between consequence and instruction group were not statistically credible, estimate
= 0.062, 95% CI = [-0.171, 0.299], and estimate = 0.451, 95% CI = [-0.009, 0.915],

respectively.
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Further exploratory analyses (not pre-registered)

We conducted some further exploratory analyses on performance in the memory
tasks and ratings after the memory tasks. Briefly, the approach/avoidance group
remembered the approach vs. avoidance conditions of items better than the go/no-go

group, whereas the go/no-go group remembered the go vs. no-go conditions of items better
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For ratings after the memory tasks, replicating Chen and Van Dessel , we
observed that for the approach/avoidance group, the ratings for avoided items decreased
more than approached items, while there was no effect of go/no-go actions. In contrast, for
the go/no-go group, the ratings for no-go items decreased more than go items, while there

was no effect of approach/avoidance actions. Interested readers can find more detailed

results from these analyses in the Supplemental Materials (https://osf.io/b7cka).

Discussion

In the current research, we used a recently developed novel training that combined
go/no-go and approach/avoidance actions in an orthogonal manner (Chen & Van Dessel,

2024)), to examine the roles of action execution and action interpretation in determining


https://osf.io/b7cka
Zhang Chen
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how these actions influence food choices. In line with our predictions, when the
instructions framed the responses as approach and avoidance actions, participants preferred
approach items over avoidance items, but did not show a preference between go and no-go
items in their choices. In contrast, when the instructions framed the responses as go and
no-go actions, participants preferred go items over no-go items, but did not show a
preference between approach and avoidance items. Action interpretation therefore
determined whether go/no-go or approach/avoidance actions influenced food choice,

despite that both groups of participants made the same motor responses in the training.
Theoretical implications

The current results cannot be easily explained by the theoretical accounts that
relate effects solely to the mere execution of go/no-go or approach/avoidance actions (see
the Introduction). For go/no-go or approach/avoidance actions to influence stimulus
evaluation (Chen & Van Dessel, [2024)) and consumption choice (here), motor responses
need to be interpreted as go/no-go or approach/avoidance actions. Furthermore, this
interpretation of motor responses as certain actions is malleable, as the same responses can
be framed as either go/no-go or approach/avoidance actions depending on the instructions
and task cues, which determines the effects. This latter observation casts doubt on the
claim that there are ‘hardwired’ links between specific go/approach responses and the
appetitive system, and between specific no-go/avoidance responses and the aversive system,
as proposed by some theoretical accounts (e.g., the devaluation-by-inhibition account for
go/no-go actions, Guitart-Masip et al., 2014; Verbruggen et al., 2014} and the motivational
systems account for approach/avoidance actions, Neumann et al., 2003)).

Instead, the current results are in line with the theoretical accounts that emphasize
action interpretation, namely the common coding account (Eder & Klauer, 2009; Eder &
Rothermund, |2008) and the inferential account (Van Dessel, Hughes, & De Houwer,
2018b). According to these accounts, certain motor responses acquire valence, because they

are interpreted as valenced actions. Although we did not test it directly here, we speculate
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that go/no-go and approach/avoidance actions acquired valence in the current context,
because they were further interpreted as choosing versus not choosing something, which
has clear evaluative meanings. That is, in the training, we operationalized approach as
candies falling into one’s shopping cart, and avoidance as candies falling outside one’s
shopping cart. Putting something inside or outside one’s shopping cart are presumably
actions that people often use to choose wanted items or not choose unwanted items, such
as when doing groceries. This can be one interpretation that leads approach actions to be
perceived as positive and avoidance actions as negative in the current context. Similarly,
people may interpret responding to something (i.e., making go responses) as selecting it,
and not responding to something (i.e., making no-go responses) as not selecting it, which
gives these actions evaluative meanings. This idea is in line with the findings by Houben
(2023)), who found that when go action was framed as ‘taking something’ and no-go action
as ‘not taking something’, participants evaluated no-go items less positively than go items,
as typically observed with the go/no-go training (Yang et al., [2022)). However, when go
action was framed as ‘throwing away something’ and no-go action as ‘keeping something’,
the effect was reversed: participants evaluated no-go items more positively than go items.
Interpreting go/approach actions as choosing something, and no-go/avoidance actions as
not choosing something may be one common mental process that drives the effects of both
types of actions in the current study. This idea further suggests that one might also be able
to reverse approach-avoidance effects. Specifically, approach actions (i.e., decreasing the
distance between an object and oneself) are not necessarily interpreted as positive, and
avoidance actions (i.e., increasing the distance between an object and oneself) are also not
necessarily interpreted as negative. Rather, the specific interpretations of these actions will
strongly depend on the context. This can be tested with the current training paradigm.
For instance, instead of using a shopping cart, we may use an image of a trash bin in the
training. In such a context, approach means discarding something, whereas avoidance

means not discarding something (similar to how the meanings of go and no-go actions were
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reversed in Houben, 2023)). We expect that after such a training, participants will evaluate
avoidance items more positively than approach items, which will further support the idea
that context-dependent action interpretation underlies the valence that we ascribe to
certain motor responses.

As we speculated above, the effects of go/no-go and approach/avoidance actions
may, in the current study, originate from interpreting these actions as choosing versus not
choosing something. In this case, the go/no-go training and the approach/avoidance
training essentially amount to training people to practice choosing certain items and not
choosing other items (for related ideas on the go/no-go training, see Veling et al., |[2022).
Practicing such choices may then influence subsequent stimulus evaluation and
consumption choice. This perspective raises novel theoretical questions on how such motor
response trainings may be related to other lines of research. One prominent phenomenon of
potential relevance is choice-induced preference change, where the act of choosing between
equally desirable options increases people’s preference for chosen over unchosen options
after making a choice (Brehm, [1956; Enisman et al., 2021). Interestingly, choice-induced
preference change can emerge even without people actually making a choice. Rather,
having a belief about making the choice seems sufficient to bring about the effect (Enisman
et al., 2021). This observation dovetails with our theoretical proposition that action
interpretation may be more fundamental than action execution in determining how actions
influence evaluation and choice.

Choices can be expressed without making any overt motor responses (e.g., deciding
to not eat a piece of chocolate in one’s mind). This raises the question of whether action
execution is necessary for the effects of go/no-go and approach/avoidance actions to
emerge, if such actions indeed indicate choices. The answer to this question is currently
mixed. Some previous work has shown that merely instructing participants to approach
certain stimuli and avoid other stimuli was sufficient to change their evaluations of these

stimuli, without them actually executing any responses (Smith et al., |2020; Van Dessel,
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Eder, & Hughes, [2018; Van Dessel et al., 2015)). However, these instruction-based effects
emerge primarily for unfamiliar, neutral stimuli, but not for valenced stimuli (Van Dessel
et al., 2015, 2020, [2025)). Related, merely observing a go/no-go training with highly
appetitive foods was not sufficient to change people’s evaluation of these foods (Chen et al.,
2016). Executing motor responses may thus still be necessary (or at least strengthens the
effects), when using go/no-go and approach/avoidance actions to change the evaluations of
valenced stimuli. Regardless of whether responses are overtly executed or covertly
imagined (see e.g. Larsen et al., 2024; Moritz et al., 2019), interpreting these responses as
certain valenced actions may be a prerequisite for these (executed or imagined) actions to

bring about behavior change.
Practical implications

The current results corroborate previous findings on stimulus evaluation (Chen &
Van Dessel, [2024; Houben, [2023; Laham et al., 2014; Van Dessel, Eder, & Hughes, 2018),
but also go beyond them, by showing the effect of action interpretation on consequential
consumption choices. These findings have practical implications. People make numerous
consumption decisions every day, and these decisions can lead to large cumulative effects
on their health. To maximize the effects of motor response trainings in applied settings, the
meaning or valence of trained motor responses should be sufficiently clear, allowing for
congruent action interpretation. Action interpretation can be disambiguated via task
instructions (Houben, 2023)), and can be further strengthened by providing consequences
after certain actions in the training (e.g., positive consequences after choosing healthy
foods, and negative consequences after choosing unhealthy foods; Van Dessel, Hughes, &
De Houwer, 2018a)). Here we focused on go/no-go and approach/avoidance responses as
rudimentary forms of actions. Actions in real life, however, are often much more elaborate
than simple key presses or catching food items with a virtual shopping cart. These
elaborate actions may in turn have clearer evaluative meanings in certain contexts, and

incorporating these actions into trainings may further increase the effectiveness of these
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interventions (Larsen et al., [2024). These ideas need to be further examined in future

research.
Limitations and future directions

We note several limitations of the current study. First, we speculated above that go
and approach actions were positive, because they were interpreted as choosing something,
whereas no-go and avoidance actions were negative, because they were interpreted as not
choosing something. However, the specific interpretations of these actions as choosing or
not choosing something were neither measured nor manipulated here (c.f. Houben, [2023)).
To directly test this idea, future research can further manipulate or measure the specific
meanings of go/no-go and approach/avoidance actions within the current training
paradigm. Second, we used only candies in the current study. In applied settings, motor
response trainings are often employed to promote the consumption of healthy foods and
reduce the consumption of unhealthy foods. To test whether our training paradigm is
effective in promoting healthier choices, healthy items can be consistently paired with go or
approach actions, and unhealthy items with no-go or avoidance actions. Consistently
pairing one type of action with one category of foods may also make the actions more
meaningful (e.g., choose healthy, not choose unhealthy), which may make the training
effects more long-lasting (Serfas et al., [2017)). Lastly, although making choices for real
consumption may be one step closer to real eating behavior than stimulus evaluation, the
binary choices used here are still very far away from complex consumption behaviors in the
real world. One important direction for future research is therefore to examine the role of
action interpretation using more consequential behavioral outcomes, such as body weight

(e.g., Lawrence et al., 2015; Veling et al., |[2014]).
Conclusion

Framing the same motor responses as either go/no-go or approach/avoidance
actions determined which action dimension influenced people’s consumption choice. This

suggests that go/no-go and approach/avoidance responses are not inherently imbued with
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positive or negative valence. Instead, they may acquire and transfer valence via being
interpreted as certain actions with evaluative meanings (e.g., as choosing and not choosing
something). To maximize the effectiveness of motor response trainings, the trained
responses therefore need to be framed in a way to facilitate their interpretation as clearly

valenced and meaningful actions.
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Appendix

Question Hypothesis Sampling plan | Analysis plan Rationale for deciding the Interpretation given Theory that
sensitivity of the test for different outcomes could be
confirming or disconfirming shown wrong
the hypothesis by the

outcomes

Does the Approach/avoidance actions will | We will recruit | Hierarchical logistic regression | Previous work found an If task cues influence | The results

effect of more strongly influence choice 100 on choices on the effect size of Cohen’s d of [ the effect of AAT on will help us

approach/ | when task instructions indicate participants Go-Approach vs. 0.533 for GNG on food choice, this would arbitrate
avoidance | approach/avoidance actions who are at Go-Avoidance and choices. We expect the indicate that the effect | between
actions on | than when they indicate least 18 years | NoGo-Approach vs. effect of AAT on food of theoretical
choice go/no-go actions. Furthermore, | old in each NoGo-Avoidance ftrials. choices to be at least as approach/avoidance accounts that
depend on | the approach/avoidance group, Whether participants choose big as that of GNG. To be actions on choice emphasize
action instruction group overall will resulting in the Approach or Avoidance conservative, we use 80% | depends on action action
interpretati | choose approach items more 200 item is the dependent variable | of the expected effect size, | interpretation. If not, execution in
on? frequently than avoidance participants in | (Approach = 1, Avoidance = 0). | which is 0.426. 60 this would indicate the effects by
items. total before Whether both items are Go or | participants are needed that different from go/no-go and
any data NoGo is used as a (with a two-sided one stimulus evaluation, approach/avoi
exclusion. In within-subjects predictor, and sample t test) for 90% choice change by AAT | dance actions
case the the instruction group is used as | power with an alpha level is not dependent on on choice, and
sample size in | a between-subjects predictor. of .05. action interpretation. those that
an instruction | Random intercept and random emphasize
group is below | slope per participant, left candy | Furthermore, instruction action
90 after and right candy are included. increased the effect of interpretation
exclusions, we actions on stimulus in the effects

Does the Go/no-go actions will more will continue Hierarchical logistic regression | evaluation in previous If task cues influence by go/no-go

effect of strongly influence choice when recruiting on choices on the work, with Hedge’s g = the effect of GNG on and

go/no-go task instructions indicate participants for Go-Approach vs. 0.611 and 0.923 for GNG choice, this would approach/avoi

actions on | go/no-go actions than when that specific NoGo-Approach and and AAT, respectively. indicate that the effect | dance actions.

choice they indicate instruction Go-Avoidance vs. Again, using 80% of 0.611 of go/no-go actions on

depend on | approach/avoidance actions. group, until the | NoGo-Avoidance trials. (0.488), 90 participants per | choice depends on

action Furthermore, the go/no-go final sample Whether participants choose condition (180 in total) are action interpretation. If

interpretati | instruction group overall will size is 90. the Go or NoGo item is the needed (with a two-sided not, this would

on? choose go items more dependent variable (Go = 1, independent samples t indicate that different

frequently than no-go items. NoGo = 0). Whether both items | test) for 90% power with an | from stimulus
are Approach or Avoidance is alpha level of .05. evaluation, choice
used as a within-subjects change by GNG is not
predictor, and the instruction To leave room for potential | dependent on action
group is used as a exclusions, we will initially | interpretation.
between-subjects predictor. recruit 100 participants per
Random intercept and random | group (200 in total).
slope per participant, left candy
and right candy are included.

Table A1l

Study design table.
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