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Abstract

Introduction: The emergence of Pavlovian-to-instrumental
transfer (PIT) research in the human neurobehavioral do-
main has been met with increased interest over the past two
decades. A variety of PIT tasks were developed during this
time; while successful in demonstrating transfer phenome-
na, existing tasks have limitations that should be addressed.
Herein, we introduce two PIT paradigms designed to assess
outcome-specific and general PIT within the context of ad-
diction. Materials and Methods: The single-lever PIT task,
based on an established paradigm, replaced button presses
with joystick motion to better assess avoidance behavior.
The full transfer task uses alcohol and nonalcohol rewards
associated with Pavlovian cues and instrumental responses,
along with other gustatory and monetary rewards. We con-
structed mixed-effects models with the addition of other sta-
tistical analyses as needed to interpret various behavioral
measures. Results: Single-lever PIT: both versions were suc-

cessful in eliciting a PIT effect (joystick: p < 0.001, ny? = 0.36,
button-box: p < 0.001, np2 = 0.30). Full transfer task: it was
determined that the alcohol and nonalcoholic reward cues
selectively primed their respective reward-associated re-
sponses (gustatory version: p < 0.001, r=0.59, and monetary
version: p < 0.001, r = 0.84). The appetitive/aversive cues re-
sulted in a general transfer effect (gustatory: p < 0.001, ny? =
0.09, and monetary: p < 0.001, np2 = 0.17). Discussion/Con-
clusion: Single-lever PIT: PIT was observed in both task ver-
sions. We posit that the use of a joystick is more advanta-
geous for the analysis of avoidance behavior. It evenly dis-
tributes movement between approach and avoid trials,
which is relevant to analyzing fMRI data. Full transfer task:
While gustatory conditioning has been used in the past to
elicit transfer effects, we present the first paradigm that suc-
cessfully elicits both specificand general transfers in humans

with gustatory alcohol rewards. ©2022 The Author(s).
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Introduction
An impaired ability to control one’s alcohol intake

constitutes one of the fundamental characterizations of
alcohol use disorder (AUD). There is a considerable
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amount of evidence outlining the detrimental effects that
chronic, excessive drinking has on an individual and so-
cietal level. Such effects include increased social harm
costs and evitable burden on global healthcare systems
[1]. Researchers have previously identified links between
AUD and Pavlovian-to-instrumental transfer (PIT), es-
tablishing it as a promising mechanism that can lead to a
better understanding of the development and mainte-
nance of substance use disorders [2-4]. PIT describes a
phenomenon by which a classically conditioned stimulus
(CS) influences instrumental responding, or in a broader
sense, how one’s operant behavior is modulated by envi-
ronmental cues [5-7]. Appetitive and aversive CSs are
frequently utilized to elicit PIT eftects [8-11], which can
be quantified by various behavioral and motivational
measures. Appetitive cues have previously been shown to
induce approach behavior, while aversive cues tend to in-
duce withdrawal behavior. Beyond animal studies, this
effect was also found in humans [10, 12, 13]. Conceptu-
ally, PIT is also connected to cognitive control as it is reg-
ulated by specific cognitive and motivational processes
[14, 15]. Interference control may also play a role in PIT
regulation, as goal-directed instrumental approach and
avoidance behavior were found to be more susceptible to
Pavlovian cues associated with incongruent rather than
congruent motivational states in high-risk drinkers [16].
From an associative learning perspective, PIT processes
can help explain changes in ongoing behavior in the pres-
ence of environmental cues. The influence of environ-
mental cues on ongoing instrumental behaviors can be
viewed as adaptive and at times necessary to promote sur-
vival. For instance, if one were to encounter an environ-
mental cue that reliably predicts the receipt of food, it is
likely that one would change ongoing behavior in re-
sponse to that cue and pursue the food [17]. However, in
some circumstances PIT may lead to maladaptive behav-
iors, such as in the presence of drug-related stimuli that
elicit drug seeking. This leads researchers to believe that
PIT is a sensitive and powerful metric for assessing key
mechanisms related to addictive behaviors [18].

PIT was first conceptualized in the 1940s [5]; however,
current literature reflects a surge of both human and ani-
mal PIT studies over the past two decades as the interplay
between PIT and its respective intersections becomes in-
creasingly recognized [9, 19]. There are two forms of PIT:
specific and general transfer. Specific PIT, or outcome-
specific PIT, occurs when an instrumental response as-
sociated with a rewarding stimulus is selectively primed
or augmented by a Pavlovian cue associated with the
same stimulus (for an example of an early, well-function-
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ing example task in humans, see Allman and colleagues
[20]). General transfer, however, is reflected by an unspe-
cific augmentation of instrumental response rates by a
Pavlovian cue associated with a different reward. As far
as naming conventions go, PIT experiments can be cate-
gorized based on the type of instrumental response that
is required. If the instrumental device has only one but-
ton, one lever, or comprises a singular unit in and of itself
(i.e., one reward available), the PIT task can be catego-
rized as “single lever.” We chose to use this terminology
in a general sense for the purposes of this paper as our first
task only has one reward available. Some “specific trans-
fer” PIT designs incorporate two response buttons, levers,
or devices (i.e., the choice between two different rewards),
thus enabling the assessment of specific transfer if one
unconditioned stimulus (US) is assigned to each response
option. In the first case, one measures the vigor of the re-
sponse to obtain the reward, and in the second case, one
assesses the preference for each of the two rewards. Last-
ly, PIT tasks that assess both general and specific transfer
can be referred to as “full transfer” tasks, as they encom-
pass and assess both forms of PIT [9]. Such full transfer
tasks have been previously used to assess the effects of
appetitive food-associated cues in healthy [21] and disor-
dered eating [17].

An existing task previously used to assess PIT in our
research has limitations that we now plan to address in
this paper. Concerning negatively valenced cues, our pre-
vious task does not distinguish whether such cues only
inhibit approach behavior or also boost avoidance in an
economic design that was also accessible in clinical popu-
lations in an fMRI environment [22]. Due to time con-
straints, the task we previously used in our research (de-
scribed in Chen et al. [16]) is a shortened version of the
task used by Geurts et al. [10] in their previously men-
tioned study (withdrawal-go condition removed). Short-
ening the task allowed us to assess PIT in an fMRI envi-
ronment, but the task design was not balanced. As appeti-
tive and aversive cues have previously been explored with
respect to PIT [10, 12, 13], we wished to further elucidate
the complex relationship between appetitive and aversive
Pavlovian cues, response inhibition, and avoidance be-
havior. To achieve this, we implemented a joystick as a
response device, which allowed us to intuitively assess ap-
proach and avoidance behavior with the extra advantage
of a balanced task design to model future fMRI analyses.
Therefore, we introduce our new task design and demon-
strate the facets of PIT that can be reflected with the joy-
stick. To further disentangle the nuances of appetitive
and aversive PIT, we also compare the joystick PIT task

Belanger et al.



Part I: Instrumental Conditioning
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Fig. 1. Experimental design of the single-lever PIT task. Each part of the experiment is detailed in a respective
quadrant. The “speaker” symbol indicates audio presented to the participant, and it does not appear on-screen.

to the established button press PIT task and discuss what
these paradigms can offer to future research.

We first present a single-lever PIT paradigm based
around a goal-oriented task. As mentioned, this single-
lever PIT paradigm is an improved version of an estab-
lished task used in our past studies [2, 16, 23]. The first
part of the task is an instrumental discrimination learning
phase during which the participant will use their response
device to complete the goal-directed approach-avoidance
task of collecting and rejecting “good” and “bad” shells
with probabilistic monetary contingency feedback. The
second part consists of a Pavlovian conditioning proto-
col, during which the participant must learn the associa-
tions between compound fractal-like audiovisual stimuli
(CSs) and their respective outcomes (USs; see Fig. 1). To
investigate PIT, the participant must then perform the
same approach-avoidance task as found in part one, but
now in the presence of the CSs from part two. Our main
objective was to optimize our existing task by incremen-
tally changing certain components of the task design to
address the previously mentioned limitations. The origi-
nal button press design element of the original task cre-

Development of Specific and General PIT
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ated several challenges when it came to data analysis and
interpretation, especially concerning fMRI data. Repeat-
edly pressing the button during the PIT phase to collect
rewarding objects and then inhibiting a response to reject
aversive objects resulted in a movement imbalance; this
was now improved by using a joystick as a response de-
vice so that the movements needed to approach and avoid
are balanced. Since the joystick allows for balanced move-
ments in the scanner and also allows us to assess the in-
vigoration of avoidance behavior, the question remained
as to whether the effects are comparable to the old ver-
sion.

Another limitation that we experienced with our pre-
vious design concerned the inability to discern whether
observed effects represent specific or general transfer.
Since we used monetary outcomes (albeit of differing
amounts) in both the instrumental and Pavlovian condi-
tioning phases, we are unable to discern whether increas-
es in instrumental responding elicited by the appetitive
monetary CS + reflect specific or general transfer. If the
PIT effect we observed in the past is specific, then we
would not see such an increase with respect to a nonmon-

Neuropsychobiology 3
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etary outcome. However, if the task reflects an unspecific
augmentation of response rates by the appetitive mone-
tary Pavlovian cue, it would also increase responding for
a nonmonetary outcome and thus would be representa-
tive of general PIT. In response to this limitation, we con-
ceptualized a second paradigm that more concretely dis-
tinguishes between the two types of PIT. The full transfer
task follows a similar procedure as the single-lever PIT
task; however, a key difference is that it utilizes direct,
gustatory rewards delivered into the mouth of the par-
ticipant. We incorporated alcohol and nonalcoholic
(juice) rewards along with a second juice reward and
aversive bitter solution. To investigate specific PIT, the
same alcohol and juice rewards were used during both the
instrumental and Pavlovian conditioning phases; mean-
while, the second juice reward and aversive bitter solution
were introduced during the Pavlovian phase to assess
general PIT. We were additionally interested in compar-
ing general transfer between gustatory USs and monetary
USs, so we piloted a version that replaces the second juice
and bitter solution with monetary outcomes. This task is
presented to the participant under the guise of a cover
story about the development of a drink machine that re-
quires button presses to operate. As traditional appetitive
PIT tasks use images of food and drinks to visually condi-
tion participants [17, 21], the main objectives in the de-
velopment of this task were to (1) determine if specific
PIT effects could be detected through gustatory condi-
tioning with alcohol and nonalcohol rewards in humans,
and (2) determine whether or not we could successfully
elicit both specific and general PIT within a single para-
digm, which enables us to analyze and compare both pro-
cesses simultaneously within an individual. Beyond more
concretely distinguishing between specific and general
transfers, we were especially interested in the direct, im-
mediate gustatory reward aspect of this task design. There
is strong evidence in support of direct gustatory (or intra-
venous) conditioning of drug rewards and PIT in animal
studies [24, 25]; therefore, we were interested in translat-
ing this aspect to human studies, rather than using de-
layed rewards or visual cues, as is typically done. Further,
using gustatory stimuli holds the advantage of closely
matching the naturalistic stimuli consumed by the par-
ticipant in their daily life.

Achieving these objectives and incorporating these
new design elements into our tasks will allow us to ex-
plore PIT effects more thoroughly in clinical popula-
tions. With the single-lever joystick task, we will be able
to test whether — compared to controls — participants
with risky alcohol consumption or moderate to severe
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AUD show increased PIT effects not only with respect to
approach but also regarding avoidance behavior. Our full
transfer task will allow us to investigate the degree by
which the motivation to obtain alcohol rewards can be
enhanced by Pavlovian cues experimentally paired with
alcohol (specific PIT) and/or appetitive cues (general
PIT). Before studies in AUD participants can occur,
though, it was first necessary to determine whether the
design of the paradigms successfully elicited PIT effects
by testing control populations. Hence, both paradigms
were piloted to ensure that the relevant aspects of PIT
were evoked.

Materials and Methods

Participant Characteristics

Single-Lever PIT Task

Sixty-six participants were invited from a local participant pool
of the Technische Universitit Dresden, Germany. Half of the par-
ticipants performed the task with a Thrustmaster® T16000M FCS
Flightstick USB joystick, hereafter referred to as the “joystick ver-
sion,” while the other half performed the task using a standard
computer mouse, now referred to as “button-box version.”

Full Transfer Task

For the full transfer study, 116 additional participants were re-
cruited from the same participant pool. All participants received
alcohol and juice rewards. Sixty-one of the participants performed
aversion in which they received a second juice reward and aversive
bitter solution (referred to as the “gustatory version”), and the oth-
er 55 performed a version in which they viewed images of positive
and negative monetary outcomes (referred to as the “monetary
version”). More information about the participant characteristics
and exclusion criteria can be found in the online supplementary
information Section 1, in addition to Table 1 (for all online supple-
mentary material, see www.karger.com/doi/10.1159/000526774).

Questionnaires

In addition to basic sociodemographic data, all participants re-
sponded to the Alcohol Use Disorders Identification Test (AU-
DIT) [26] and the Fagerstrom Test for Nicotine Dependence
(FTND) [27] (Table 1).

Single-Lever PIT Task Description

The first change to the established task incorporated the intro-
duction of new USs and reflected the inclusion of fewer USs in
total. To elaborate, the monetary stimuli were changed such that
instead of 5 outcomes, the current version only has 2 monetary
outcomes: a positive and a negative. The “0 Euro” condition, previ-
ously used to represent a neutral outcome, was replaced with no
outcome. Furthermore, the established task included pictures of
alcohol and water as conditioned cues. We now replaced these with
an image representing tobacco consumption, allowing us to in-
clude populations with tobacco use disorder (TUD) in future stud-
ies. For details about the set-up and training session, please refer
to the online supplementary material.

Belanger et al.



Table 1. Summary of participant characteristics for each version of the two PIT tasks

Version Single-lever PIT

Full transfer PIT

joystick (N=32)

button-box (N = 33) gustatory (N=51) monetary (N = 46)

28+8.34
21-67
40.63% male

Mean age + SD, years
Range of ages, years
Gender distribution

(13 participants)

Mean AUDIT score® + SD 7.06+6.06
AUDIT range 0-26
Recent cigarette smokers 6

Mean FTND score® + SD 2.67+2.16
FTND range 0-5

29+9.87 26+7.12 27+6.21

21-65 19-55 19-45

39.39% male 35.29% male 41.30% male
(13 participants) (18 participants) (19 participants)
6.27+5.34 6.66+4.75 6.96+4.41

0-22 1-25 0-21

8 16 13

1.88+2.17 0.69+1.20 1.38+2.06

0-5 0-4 0-6

In addition to basic sociodemographic data, all participants provided responses to the Alcohol Use Disorders Identification
Test (AUDIT) (Saunders et al., 1993 [26]) and the Fagerstrom Test for Nicotine Dependence (FTND) (Heatherton et al., 1991 [27]).
Participants were only required to fill out the FTND if they had smoked a cigarette within the last 30 days (i.e., “recent smokers”).
SD, standard deviation. 2 Maximum AUDIT score is equal to 40. ® Maximum FTND score is equal to 10.

Part 1: Instrumental Conditioning

This experiment was coded in MATLAB using the Psycho-
physics Toolbox Version 3 [28-30]. As mentioned above, the in-
strumental stimuli in this paradigm consisted of six differently col-
ored clipart-like shells that were randomly assigned an affective
quality (three good and three bad). The participants had to learn
the qualities of the shells through trial-and-error by collecting and
rejecting them. After each collection or rejection, they saw an out-
come message for 1,100 ms indicating whether they successfully
collected or rejected the shell (see Fig. 1). They then saw probabi-
listic visual feedback for 1,500 ms indicating a monetary gain or
loss of 20 cents (EUR). For correct responses, the visual feedback
showed a picture of the 20-cent coin with a sentence saying “You
win 20 cents!” For incorrect responses, the participant saw a pic-
ture of the 20-cent coin with a bright red “X” through it, with the
words “You lose 20 cents!” The probabilistic feedback followed an
80 x 20% reinforcement ratio to introduce a modest amount of
uncertainty. This phase consisted of a minimum of 60 and a max-
imum of 120 trials. To complete the instrumental conditioning, it
was required that the participant maintains 80% correct responses
over the last 16 trials within said range. In the joystick version, the
size of the shell image increased or decreased depending on the
movement of the joystick (i.e., shell size increased for collections
and decreased for rejections). This feature was not present in the
button-box version, where instead the participant saw a small blue
dot moving across the screen toward the shell after each button
press. The response time for both versions of the paradigm was
2,000 ms.

Part 2: Pavlovian Conditioning

After the instrumental conditioning, the participants per-
formed a Pavlovian conditioning phase that consisted of commit-
ting some stimulus-outcome associations to memory. In this
phase, compound audiovisual stimuli were randomly paired with
one of five outcomes. The audiovisual stimuli consisted of abstract,
colorful, fractal-like images paired with a musical instrument tone.
The fractals’ main differentiating colors were red, yellow/orange,

Development of Specific and General PIT
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blue, pink/black/yellow, and green. The musical instruments in-
cluded a grand piano, a koto, and a vibraphone. Two of the USs
that were randomly assigned to a fractal and tone pairing were the
alcohol and smoking images selected during the set-up (please re-
fer to the online suppl. material for more information). The re-
maining outcomes were monetary based, one showing an image
indicating a gain of 10 Euro and the other showing a loss of 10
Euro, as indicated by a bright red “X” through the image. For the
neutral condition, no outcome was presented. At the onset of each
trial, a CS appeared in the left center for 2,500 ms with a 1,000-ms
musical tone, to which the participant listened with Sony® MDR-
ZX310B headphones set at a reasonable volume (~40/100%). After
2,500 ms, the CSs associated US appeared in the right center of the
screen. The participant then viewed the stimulus-outcome juxta-
position on the screen for 500 ms, after which the CS disappeared,
leaving the participants to view the US for an additional 2,500 ms.
The US then disappeared, and there was a blank screen for a 2,000-
ms intertrial interval. This part of the experiment had 80 trials.

Part 3: PIT Phase

During part three, the participants were asked to once again
perform the approach-avoidance task found in part one by collect-
ing and rejecting the shells. The shell images and their randomly
assigned intrinsic qualities remained constant throughout the en-
tire experiment. At the onset of each trial, the participant saw and
heard one of the CSs tiled in the background of the screen. The CSs
were presented for 600 ms before the shell appeared on the screen,
after which the participant had 2,000 ms to respond. The intertrial
interval was randomly determined from an exponential distribu-
tion, ranging from 2,000 to 6,000 ms with an overall mean of 3,000
ms. Each CS was presented in the background 36 times, equaling
180 trials. The instructions informed the participants that they
should focus their attention on the shells and that the CSs in the
background did not influence on the previously learned qualities
of the shells. Part three was performed under nominal extinction
to avoid further learning; however, to maintain motivation, the
participants were told that the monetary win/loss calculations
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were happening off-screen, and that correctness of their responses
would count toward the amount of their final inconvenience al-
lowance. In reality, their performance during the PIT phase did not
influence on the final amount they received; the participants re-
ceived some extra compensation (a maximum of 5 Euro) calcu-
lated with an algorithm that analyzed how well they performed
during the instrumental learning phase.

Part 4: Query Trials

The last part of the experiment, barring any final question-
naires, required the participants to choose between a comparison
of two of the CSs. The instructions informed the participant they
were to choose the CS that was most appealing to them, in what-
ever way. During each trial, the participant would see the CSs on
the left-center and right-center positions on the screen as in the
Pavlovian conditioning phase. On the left side, one of the CSs ap-
peared, and the musical instrument tone played through the head-
phones. The CS disappeared after 1,000 ms. On the right side, a
different CS appeared along with its corresponding musical tone.
It was also displayed for 1,000 ms. Both CSs then appeared on the
screen, and the participant was instructed to use the left or right
arrow keys on a standard keyboard to indicate their choice. They
had 2,000 ms to respond. There were 60 total comparisons, mean-
ing each CS pairing appeared 6 times. The pairings were random-
ly presented, and the sides on which each CS appeared were ran-
domized.

Full Transfer Task Description
For details about the set-up, US selection, and training session,
please refer to the online supplementary material.

Part 1: Instrumental Conditioning

This paradigm was coded in Python using the PyParadigm li-
brary [31]. The instrumental conditioning procedure was the same
in both versions of the paradigm. At the beginning of the trial, the
participants saw a white circle with a black outline appear in the
center of the screen on a light gray background. Inside the circle,
there was a red exclamation mark (!). The participants were in-
structed to choose a button upon seeing the graphic on the screen
and repeatedly press the button during the 2,000-ms response win-
dow. If they did not surpass the threshold of five button presses,
the screen would display a message instructing the participant to
choose a button and press it repeatedly. If the threshold was
achieved, the paradigm then determined whether the trial in ques-
tion passes a 50% reinforcement ratio. If the trial was not success-
ful, the screen displayed a message asking the participant to try
again, explaining that there was a pump failure. A limit of three
consecutive pump failures in a row was set, as to not frustrate or
discourage the participant. If the trial was deemed successful, the
participant was rewarded with the drink associated with the button
they selected in 80% of the cases. To introduce uncertainty, the
participants received the opposite drink 20% of the time. The max-
imum number of consecutive switches was set to 3. To encourage
even learning throughout the instrumental conditioning, the para-
digm detected whether the participant was choosing one button
much more often than the other. If this was the case, or if the par-
ticipant had already received all of the rewards for one of the
drinks, the paradigm displayed a message informing the partici-
pant that their selected beverage had run out and that they must
choose the other one. The volume of each drink reward delivered

6 Neuropsychobiology
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to the participant during each successful trial equaled 1 mL. After
receiving a drink reward, the participants saw an instruction on the
screen telling them to taste it and swallow. After, the participants
received 3 mL of artificial saliva to neutralize the flavor. They were
instructed to swallow the saliva after swishing it around their
mouth. The overall goal of the participant during the instrumental
conditioning phase was to find out which button was associated
with which drink “most of the time” and commit the assignments
to memory. Part one was completed upon the receipt of 24 total
rewards: 12 of the alcohol and 12 of the juice. According to these
specifications, the instrumental conditioning phase took approxi-
mately 50-60 trials to complete for the majority of the participants.
After completing the instrumental conditioning, the participants
answered 25 questions to check their explicit knowledge about
which button dispensed which drink.

Part 2: Pavlovian Conditioning

As in the experiment described above, a Pavlovian condition-
ing procedure was then performed. The participants were asked to
learn the outcomes associated with 5 novel compound audiovi-
sual stimuli. These CSs consisted of 5 more colorful fractals (blue,
green, red, light blue/tan, and pink/green) paired with a musical
instrument sound playing the same middle C note (banjo, piano,
clarinet, cello, and tuba). In both versions of the experiment (i.e.,
gustatory and monetary versions), the same alcohol and juice re-
wards from part one were used as outcomes during part two, along
with no outcome to serve as a neutral condition.

In the gustatory version of the experiment, the participants re-
ceived a second juice reward and a 3% bitter solution, delivered
into their mouth via tubes connected to two additional AL-4000
syringe pumps. The bitter solution was prepared by the study ad-
ministrator by mixing magnesium sulfate crystals and tap water.
The selection procedure of the second juice reward followed the
protocol described in the online supplementary material referenc-
ing the drink rating questionnaire.

The second reward and punishment were different in the mon-
etary version of the paradigm, instead replacing the juice with a
picture indicating a monetary gain of 10 Euro and replacing the
bitter solution punishment with a picture indicating a monetary
loss of 10 Euro. There were 80 total trials, meaning each CS and US
were presented 16 times. At the beginning of the experiment, a
pseudo-randomized mapping was generated which determined
the assignment of the tones, fractals, and associated USs. At the
beginning of a trial, the participants saw a fixation cross in the cen-
ter of the screen for 500 ms, after which they would view and hear
the CS for 2,500 ms. During this time, the syringe pump then dis-
pensed the corresponding US. The participants had 1,000 ms to
taste the drink and then 2,000 ms to swallow. There was a jittered
7,000-ms intertrial interval, during which the participant received
3 mL of artificial saliva to neutralize any remaining flavors and
rinse out their mouth. In the monetary version of the paradigm,
the participants viewed the US indicating a monetary gain/loss for
1,000 ms after viewing the CS.

Part 3: Pavlovian-to-Instrumental Transfer

The transfer phase was again performed under nominal ex-
tinction to avoid further learning. The cover story in this part of
the experiment informed the participants that their data and input
had been calculated by the company and the drink machine was
fixed and ready to be tested one last time. During part three, it was

Belanger et al.



Part I: Instrumental Conditioning

Machine
loading

Please taste
and swallow

50-50%

2 seconds

Pump failure
Please try again

E————

Part Il: Pavlovian Conditioning

Specific PIT

Both Versions

General PIT
Gustatory Monetary

R R
o & 6w
o o

4

Part Ill: Transfer Phase

extinction

2 seconds
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Part IV: Query Trials

“With what do you associate this abstract picture?”
APPLE JUICE
BITTER SOLUTION
WINE
PEACH JUICE

NOTHING

Fig. 2. Experimental design of the full transfer task. Each part of the experiment is detailed in its respective quad-
rant. The “speaker” symbol indicates audio presented to the participant, and this symbol does not appear on-
screen. In the Instrumental Conditioning section, the colors of the alcohol and juice rewards correspond to the
color of the buttons on the button-box. To elaborate, the figure indicates that out of all reward trials, the blue
button dispensed alcohol 80% of the time and juice 20% of the time. In the Pavlovian conditioning quadrant, the
USs for the gustatory and monetary versions are shown.

required that the participants choose a button and repeatedly
press it at the onset of every trial to receive a drink. As in the sin-
gle-lever PIT study, the CSs were tiled in the background and the
corresponding musical instrument tones were played through the
headphones. Since the USs were no longer immediately given, the
instructions indicated that their choices and drink samples would
be collected for them and presented at the end of the study. The
participants were informed that the button associations they had
learned during the instrumental conditioning remained constant
and that the background CSs associated with the alcohol and juice
rewards had no influence on their receipt of the respective drinks.
In the monetary version, they were informed that if a CS associ-
ated with a monetary outcome was shown, the computer would
randomly credit/deduct the 10 Euro half of the time. The partici-
pant had a free choice as to which button to choose and how often
to press, and since they were informed that the machine had been
fixed by the company, the instructions indicated that the supply
of the beverages was now unlimited. At the beginning of each
trial, the participants saw a fixation cross in the center of the
screen for 500 ms. The tiled CSs then appeared for a 600-ms prim-
er before the exclamation point graphic appeared for the 2,000 ms
response window, during which time the respective CS remained
tiled in the background. There was a jittered intertrial interval of
2,000 ms, and there were a total of 240 trials during the transfer
phase.

Development of Specific and General PIT
Tasks

Part 4: Query Trials

The last part of the experiment served to determine how suc-
cessful the Pavlovian conditioning from part two was. At the be-
ginning of the trial, we presented a fixation cross for 500 ms. A
randomly presented CS appeared on the screen, and the corre-
sponding tone was played through the headphones. Below the CS,
there was a question asking the participant to identify the US that
was associated with the CS. Below the question, there was a list of
the five possible answers. The participant was given an unlimited
amount of time to respond to each question using a standard com-
puter mouse. Each CS appeared 5 times during part four; therefore,
the participants responded to 25 questions asking for their explic-
it knowledge of the associations. For a visualization of the experi-
mental design of the full transfer task, please reference Figure 2.

Hypotheses and Analyses

Analysis of the Single-Lever PIT Task

In the past, our group and collaborators characterized behav-
ioral PIT effects through individual regression slopes [23] repre-
senting the motivational effects of Pavlovian background cues on
instrumental approach and avoidance, and calculated error rates
to assess interference control [16]. From the interference PIT per-
spective, we characterized the influence of the CSs on instrumental
responding in consideration of congruent and incongruent trials
(i.e., congruent: the act of collecting a shell with a positively va-
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3,558.00
3,558.00

p value df
<0.001
<0.001

19.84
-3.72

t

conf. int (95%)
—-0.17 to —0.05

0.88-1.07

SE

0.05

0.03
0.03 Participant.Congruity

—-0.90 Participant

Button-box version
0.23

0.07 Participant
33 Participant
0.045/0.267

estimates
3,564

0.9
-0.11
0.14

df
3,400.00
3,400.00

p value
21.82 <0.001
—4.17 <0.001

T

conf. int (95%)
—0.20 to —0.07

0.93-1.11

SE
0.05
0.03

0.06 Participant

0.03 Participant.Congruity
-0.87 Participant

0.32

32 Participant
0.065/0.366

estimates
3,406

-0.14

1.02
0.12

Random slope intercept correlation

Mean squared error
Between-subject variance
Random slope variance

Table 2. Results of the linear mixed-effects models of the error rate as predicted by congruity
Joystick version

Marginal R%/conditional R?

Predictor(s)
Intercept
Congruity
Random effects
ICC
N
Observations

Visual inspection of residual plots did not reveal heteroscedasticity or other deviations from normality. To examine the differences in correctness as predicted by congruity, our model was

constructed with the congruity as a main predictor in addition to participant-specific random intercepts and slopes.

e}
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lenced fractal/rejecting a shell with a negatively valenced fractal vs.
incongruent: collecting a shell with a negatively valenced fractal or
rejecting a shell with a positively valenced fractal). Interference
PIT scores were calculated by subtracting the mean error rates be-
tween the two congruity conditions. As the aforementioned stud-
ies have previously established that the error rate is lower in con-
gruent choice trials compared to incongruent trials, our main goal
in piloting this task was to determine if these observed effects
would be present using the joystick.

We additionally analyzed the motivational components of both
versions. To characterize motivation in the joystick version, we
examined the peak velocity of the collect/reject movements of the
joystick shaft. For the button-box version, the motivational aspect
was represented by the number of button presses variable. Like in
all previous versions of the PIT paradigm, it has been established
that positively valenced Pavlovian cues enhance instrumental re-
sponding, while the negatively valenced Pavlovian cue hinders in-
strumental responding. Our aim, in the case of the joystick version,
was to investigate whether or not avoidance behavior would be
enhanced by the negative cues.

Ultimately exploring the differences between the joystick and
button-box versions of the paradigm, we investigated whether or
not the joystick and button-box versions yielded different results
or effect sizes with respect to interference control and motivation.
Mixed-effects models were performed where appropriate to mod-
el the effects of Pavlovian-conditioned cues and other factors on
instrumental behavior. The random-effects structures for each
model are outlined in the online supplementary material. RStudio
and the “Ime4” package were used to construct the models of these
behavioral relationships [32, 33].

Analysis of the Full Transfer Task

A button-box was selected as the response device for this task,
as it easily captured both of our areas of interest: motivation and
choice preference. The choice proportion was of key interest for
the specific PIT analysis, as this reflects the degree to which the
alcohol and juice cues selectively primed their respective choice
outcomes during the PIT phase. Comparisons regarding the choice
proportion were made by means of a specific PIT score. The spe-
cific PIT score was calculated by dividing the difference between
the number of congruent (i.e., choosing the alcohol button when
seeing the alcohol-associated CS) and incongruent choice out-
comes by the total number of choices. A score of 0 represents an
even number of congruent and incongruent outcomes, indicating
no evidence of a specific PIT effect. This would occur, for example,
if only one button was chosen throughout the entire PIT phase. A
positive score indicates some degree of specific PIT; the strength
of the effect is reflected in how close the score is to 1. Intuitively,
the calculated specific PIT scores would be positive if more choice
outcomes aligned with the CS (i.e., choosing the juice button upon
seeing the juice-associated CS or choosing the alcohol button upon
seeing the alcohol-associated CS). Lastly, a negative score would
represent choice behavior that resulted in more incongruent than
congruent choice outcomes (i.e., choosing the alcohol button upon
seeing the juice-associated CS). We hypothesized that the alcohol
and juice Pavlovian-conditioned cues would selectively prime
their respective choices during the transfer phase. Regarding the
motivational aspect (i.e., general transfer), we additionally hypoth-
esized that the stimuli associated with the second juice reward
(positively valenced) would result in more button presses whereas
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Fig. 3. a Comparison of the error rate variable within each of the congruity conditions for both versions of the
task. b Interference PIT effect scores for both versions calculated by subtracting the congruent error rate from
the incongruent error rate. The point in the middle of each violin indicates the mean interference PIT effect score
with the standard error indicated by the vertical lines.

the stimuli associated with the bitter solution (negatively valenced)
would inhibit instrumental responding, resulting in fewer button
presses. We expected the same outcome for the Pavlovian-condi-
tioned cues representing gain/loss in the monetary version of the
task. As in the task above, we model the influence of several factors
on instrumental responding.

Results

Single-Lever PIT Task Results

It was found in both versions that the error rate was
higher in the incongruent condition (mean;qysick = 40.8%,
meanpyon-box = 37.5%) compared to the congruent con-
dition (meanjqygick = 13.4%, meanyygon-box = 14.9%). Sub-
tracting these values results in an overall mean interfer-
ence PIT effect score of 27.4% in the joystick version and
22.6% in the button-box version. Including the neutral
condition in a mixed-model-based analysis determined
that the correctness incrementally decreased by an ap-
proximate value of 11-14% between the congruent, neu-
tral, and incongruent conditions (joystick: p = —-0.14, p <
0.001, n,* = 0.36, button-box: p = -0.11, p < 0.001, n,* =
0.30; model details can be found in Table 2). Figure 3a
outlines the main findings, while an in-depth look at the

Development of Specific and General PIT
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distribution of error rates and individual participant tra-
jectories can be found in the online supplementary mate-
rial Figure S1. Figure 3b indexes the participants’ suscep-
tibility to the influence of the Pavlovian-conditioned
cues. Individual interference PIT effect scores (i.e., incon-
gruent-congruent error rates) can also be found in the
online supplementary material Figure S1. Comparing the
scores between the two versions, there was no difference
in the mean scores as determined by the Wilcoxon test (W
=583, p=0.47,r=0.08). A nonparametric test was chosen
due to the abnormal distribution of interference PIT ef-
fect scores.

Examining the peak velocity within the monetary con-
ditions, it was found that the valence of the CS influenced
instrumental responding. In the joystick version, the peak
velocity of the push and pull movement of the joystick
shaft served to represent the implicit motivation to collect
or reject. Given our model, we report that the CSs pre-
sented to the participant influenced the peak velocity by a
factor of approximately 110°/s between the —10 Euro, neu-
tral, and +10 Euro conditions (f = 109.56, p < 0.001, n,* =
0.31; see Table 3). Separating the trials by shell quality, the
influence of the CSs remained evident. To expand upon
this, the joystick version demonstrates that avoidance be-
havior was boosted by the negatively valenced cues while
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Fig. 4. Comparison of the motivational variables between the joystick and button-box versions. a Motivational
salience within the “good shell” trials (solid line) and “bad shell” trials (dashed line) as measured by the peak ve-
locity (deg/sec). Positive velocity values indicate a collection (pull), and negative values indicate a rejection (push).
b Motivational salience as measured by the mean number of button presses within all “good shell” (solid line)
and “bad shell” (dashed line) trials. Both: Data are separated according to the intrinsic qualities of the shells, which
reflect the influence of the CSs in each condition, regardless of shell quality.

approach behavior was enhanced by the positively va-
lenced cues in terms of response vigor. There was no in-
teraction between the Pavlovian cue and the quality of the
shell (B = 3.26, p = 0.75, n,> = 3.08e—05); thus, the Pavlov-
ian influence was equivalent in both conditions, regard-
less of shell quality. Figure 4b shows similar implicit mo-
tivation when responding with the button-box. The mean
number of button presses was influenced by the CSs,
which reflected an increase of just under 1 button press
between the negatively, neutral, and positively condi-
tioned cues (B = 0.88, p < 0.001, > = 0.29), indicating that
there was increased response vigor in the +10 Euro condi-
tion and a decrease in button presses in the —10 Euro con-
dition. There was also no interaction between the Pavlov-
ian cue and the quality of the shell (B = 0.14, p = 0.19, n,*
=5.07e—04). The individual trajectories, found in the on-
line supplementary material Figure S2, reveal similar re-
sponse patterns as found in the joystick version. With re-
spect to the implicit motivational measures, nonparamet-
ric Friedman tests determined that the response vigor
appears to not have been influenced by the alcohol- or
smoking-associated CSs in either version of the paradigm
(joystick good shells: x*(2) = 3.06, p = 0.22, joystick bad
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shells: x*(2) = 0.75, p = 0.69, button-box good shells: x*(2)
= 3.80, p = 0.15, button-box bad shells: x*(2) = 4.66, p =
0.10; see Figure 5 and the online suppl. material Fig. S5).

Full Transfer Task Results

Specific PIT

In the presence of the juice-associated Pavlovian cue,
participants more often chose to press the juice-associated
button. Additionally, more participants chose the alcohol-
associated button in the presence of the alcohol-associated
cue. Therefore, an outcome-specific PIT effect was found in
both versions of the task. The slopes of the lines and the de-
gree of crossover (or lack thereof) in Figure 6a, b reflect the
strength of the effect; the monetary version appeared to re-
sult in a stronger specific PIT effect compared to the gusta-
tory version. This is evidenced by the higher proportion of
button choices that aligned with its respective Pavlovian
cue. We compared versions by means of a specific PIT
score, as the total proportion of choices was not evenly dis-
tributed between the two buttons. The specific PIT scores
were abnormally distributed; therefore, analysis was per-
formed using the nonparametric Wilcoxon test. The Wil-
coxon test determined that the specific PIT score median
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Fig. 5. a, b Comparison of the motivational aspect between the joystick and button-box versions within the trials
that contained an alcohol or smoking Pavlovian cue.

Table 3. Results of the linear mixed-effects model for the motivational variables

Predictor(s) Joystick version

Button-box version

estimates SE conf. int (95%) t pvalue df estimates SE  conf.int (95%) t pvalue df
Intercept —-423.10 52.28 -525.57t0-320.63 -8.09 <0.001 3,395.00 0.31 047 -0.61-1.23 0.65 0513 3,553.00
Pavlovian cue 109.56 30.19 50.39-168.74 363 <0.001 3,395.00 0.88 0.27 0.35-1.41 3.24 0.001 3,553.00
Shell quality (good) 395.51 61.48 275.00-516.02 6.43 <0.001 3,395.00 3.75 0.51 2.76-4.74 741 <0.001 3,553.00
Pavlovian cue:shell quality (Good) 3.26 10.22 -16.76-23.28 0.32 0.750  3,395.00 0.14 0.11 -0.07-0.36 133 0.185 3,553.00
Random effects
Mean squared error 58,886.53 7.00

Between-subject variance
Random slope variance
Random slope intercept correlation

79,661.65 Participant
27,482.05 participant Paviovian Cue
105,484.76 participant.shell Quality (Good)

Mean squared error -0.84

Between-subject variance 0.12

ICC 0.45

N 32 Participant
Observations 3,406
Marginal R?/conditional R? 0.314/0.620

6.37 Participant

2.22 Participant.Pavlovian Cue
6.6 participant.Shell Quality (Good)
-0.89

0.12

0.35

33 Participant

3,564

0.303/0.547

Visual inspection of residual plots did not reveal heteroscedasticity or other deviations from normality. To investigate the peak velocity (joystick) and number of button presses
(button-box) as predicted by several different factors, linear mixed-effects models were constructed with the Pavlovian cue and shell quality as fixed effects with an interaction term
between the two and participant-specific random intercepts and slopes for the fixed predictors.

was significantly shifted compared to 0 in both the gusta-
tory (mean = 0.27, V = 858, p < 0.001, r = 0.59) and mone-
tary (mean =0.53, V=977, p <0.001, r = 0.84) versions with
large effect sizes. Comparing both versions directly, the me-
dian specific PIT score in the monetary version was signifi-
cantly higher than in the gustatory version with a moderate
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effect size (W =706, p <0.001, r=0.34), which indicates that
observed specific transfer was stronger in the monetary ver-
sion. As shown in Figure 6¢ (and online suppl. material Fig.
S3), there were more participants in the gustatory version
that did not show evidence of specific PIT compared to the
monetary version. Notably, the number of participants that
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Fig. 6. Comparison of specific PIT effects between the gustatory and monetary versions. a, b Comparing the pro-
portion of instrumental choices during the PIT phase of the gustatory and monetary versions within the alcohol
and juice reward conditions. The dashed line represents the button associated with the juice reward, while the
solid line represents the button with the alcohol reward. ¢ A comparison of specific PIT scores of both versions,
serving as an index of participants’ susceptibility to specific transfer effects. The mean specific PIT scores and
standard error are represented by the points located in the center of the violins.

showed an “opposite” specific PIT effect (i.e., a negative
specific PIT score) was higher in the gustatory version,
which contributed to the lower mean specific PIT score of
0.27, comparatively. The majority of the participants in the
monetary version demonstrated a specific PIT effect, result-
ing in a mean specific PIT score of 0.53.

General PIT

Through the incorporation of a second reward and a
negative outcome, we investigated whether and to what
extent general PIT occurred during the transfer phase by
modeling Pavlovian influence on instrumental respond-
ing. Participants in both samples showed evidence of a
general PIT effect. According to the model of the gusta-
tory version, there was an upward trend in the number of
button presses during the presentation of a CS associated
with the alternative juice reward compared to the bitter
solution condition (B = 0.31, p < 0.001, n,* = 0.09; see
Table 4 for more details). Assuming the same model for
the monetary version, a larger incremental increase in the
number of button presses is predicted by the different
CSs, resulting in effects that follow a similar pattern (f =
0.36, p < 0.001, n,* = 0.17). Full distributions and indi-
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vidual trajectories can be found in the online supplemen-
tary material Figure S4. Although the effect size of the
monetary version was numerically larger, the mean dif-
ference score between the second reward and negative
outcome in both versions of the task does not differ sta-
tistically (Fig. 7c, W = 1,098.5, p = 0.59, r = 0.05).

Additional Results

Details about the query trials of both tasks can be
found in the online supplementary material Figure S6 for
the single-lever PIT task and S7 for the full transfer task.

Discussion

Discussion of the Single-Lever PIT Task

Both versions of the single-lever PIT task induced sub-
stantial PIT effects within the motivational and interfer-
ence control aspects. Additionally, the respective effect
sizes were comparable between the joystick and button-
box versions, which substantiates the notion that single-
lever PIT effects can be evoked with the joystick.

Belanger et al.
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Fig. 7. Comparison of general PIT effects between the gustatory and monetary versions. a, b Comparison of the
mean number of button presses within the second reward and negative outcome conditions (left: gustatory, right:
monetary). The left sides of these graphs represent the negatively conditioned Pavlovian cue (bitter solution or
monetary loss), while the right side represents the positively conditioned Pavlovian cue (second juice or monetary
gain). The neutral condition is shown in the middle. An exploratory analysis did not reveal a significant interac-
tion between the Pavlovian stimuli and the instrumental choice (gustatory: p = 0.19, monetary: p = 0.20). ¢ A
comparison of the overall difference in the mean number of button presses (positive-negative) for both versions

(instrumental choice collapsed).

Table 4. Results of the linear mixed-effects models of the general PIT components of the full transfer task

Predictor(s) Gustatory version

Monetary version

estimates SE conf.int (95%) t pvalue df estimates SE  conf.int (95%) t pvalue df

Intercept 8.80 0.53 7.77-9.84 16.67 <0.001 7,340.00 7.50 0.26 6.99-8.01 28.75 <0.001 6,620.00
Pavlovian cue 0.31 0.04 0.23-0.40 738 <0.001 7,340.00 0.36 0.04 0.28-0.44 8.75 <0.001 6,620.00
Random effects

Mean squared error 8.84 7.30

Between-subject variance  13.79 paricipant 2.77 participant

ICC 0.61 0.28

N 51 Participant 46 Participant
Observations 7,344 6,624
Marginal R*/conditional R? 0.003/0.610 0.008/0.281

Visual inspection of residual plots did not reveal heteroscedasticity or other deviations from normality. Mixed-effects models were constructed with the
Pavlovian cue listed as a fixed effect predicting the number of button presses. Participant-specific random intercepts and slopes were also included in the models.

Regarding the motivational aspect of the single-lever
PIT task, the positively valenced CSs enhanced instru-
mental responding in both versions. As anticipated, the
negatively valenced CSs of the button-box version hin-
dered instrumental responding in the sense of approach

Development of Specific and General PIT
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behavior. With respect to the joystick version, we ob-
served that avoidance behavior was enhanced by the neg-
atively valenced CSs, as reflected by increased response
vigor in the negative direction [13]. The results illustrate
the nuanced differences in instrumental responding be-
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tween the two response devices and further support es-
tablished notions surrounding the influence of motiva-
tion on the vigor of instrumental responding [7]. Criti-
cally, both CSs associated with a monetary gain and loss
inspired a behavioral change in some participants that is
consistent with the valence of the associated outcome. In
the joystick version, there appears to be a symmetrical ef-
fect, such that the avoidance behavior was enhanced by
the negative cues to a similar degree that the approach
behavior was enhanced by the positive cues.

Avoidance behavior was better assessed having used a
joystick as a response device; this type of behavior was
previously unable to be assessed in the button-box ver-
sion. While the motor inhibition aspect of the button-box
version may be of interest in some spheres, our goal of
assessing avoidance behavior required an alternative ap-
proach, as response inhibition and avoidance behavior
are fundamentally distinct concepts [34]. In addition, the
previously described movement imbalance between the
approach and avoid trials was improved with the joystick.
Optimizing the experimental design such that the same
type of movement is required for both choice outcomes
allows for a balanced reduction in movement artifacts
during fMRI data processing. Zech and colleagues [35]
showed a similar vigor (or force)-based effect in an ap-
proach-avoidance task, later concluding that the observed
force-based effects were driven by independent (perhaps
more motivational) processes. The joystick ultimately
provides a more intuitive interface for collecting and re-
jecting the shells, as the push and pull movements corre-
spond well to physical movements of approach and avoid-
ance (i.e., the direction of motivation). We, therefore, es-
tablish the joystick as a promising response device for
approach-avoidance PIT studies by yielding comparable,
if not, more informative results across multiple variables.

Regarding the alcohol and smoking cues, there was no
observed group-level effect in these conditions in our
control-like population. If we included AUD or TUD
subpopulations in our sample, we suspect that we would
have observed stronger PIT effects within these two con-
ditions. An analysis of the AUDIT and FTND question-
naires revealed that there were some hazardous drinkers
and smokers in our sample, so it is plausible that these
participants found the alcohol and smoking cues to be
rewarding due to their associative history of alcohol and
tobacco consumption. However, there were not enough
hazardous drinkers or smokers in our sample to perform
any meaningful correlation analyses. It is possible that
these cues could affect ongoing instrumental behavior in
light- or nonconsuming individuals (i.e., smoking cues
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could be aversive to nonsmokers). However, the question
of whether our alcohol and smoking cues would elicit
stronger PIT effects in individuals with AUD/TUD must
be tested in a clinical sample, as we suspect that depen-
dent populations may exhibit more pronounced reactiv-
ity to these cues.

Shifting to the interference control perspective of the
single-lever PIT task, we confirmed previously estab-
lished results that state the error rate was lower in congru-
ent choice trials compared to incongruent trials. Sensitiv-
ity to this conflict was previously found to be especially
pronounced in high-risk alcohol drinkers [16]. Ultimate-
ly, since our PIT task involves a conflict between an in-
strumentally learned response and a motivational cue, the
mechanisms between interference control during PIT
and conflict at the stimulus and/or response levels, such
as those seen in Stroop or Simon tasks, remain ambiguous
[36]. Conceptually, our PIT task differs from these tradi-
tional interference tasks as there is an instrumental learn-
ing component rooted in a reward-punishment dichoto-
my. As a result, Pavlovian cues in conflict with instru-
mental responding could inspire changes in both
motivation and interference control when responding,
which could involve more complex mechanisms than
those employed by the Stroop or Simon tasks.

In conclusion, both versions of the single-lever PIT
task encompass the motivational and interference control
perspectives of PIT. However, susceptibility to Pavlovian
influence is not always strong at the individual level [16].
It remains unclear whether or not transfer effects (moti-
vational and/or interference-related) occur in all individ-
uals. Speculatively, some people may experience more
subtle degrees of susceptibility to Pavlovian interference
not measurable by our task. Alternatively, some individu-
als may easily overcome interference effects by employing
more pronounced top-down control than others. As
such, further research is warranted to address the paral-
lels between motivation and PIT interference as well as
avoidance behavior and response inhibition. The latter
could begin to be rectified by creating a task version that
only embodies response inhibition as the rejection crite-
rion.

Discussion of the Full Transfer Task

We introduce two versions of a novel “full transfer”
PIT task utilizing gustatory conditioning with alcohol
and nonalcohol rewards. We successfully designed a task
that elicits specific PIT, such that the alcohol- and juice-
associated cues selectively primed their respective choice
outcomes during the PIT phase. The immediate, gusta-
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tory rewards delivered into the mouth of the participant
are a facet of the task design that is unique so far with re-
spect to PIT tasks in humans. The monetary version re-
sulted in what appear to be stronger specific PIT effects,
as evidenced by the higher specific PIT scores (Fig. 6c and
online suppl. Fig. S3C) despite having the same specific
PIT components in both versions. Examining the specif-
ic PIT scores, one can see that 66.6% of the gustatory sam-
ple and 91.3% of the monetary sample engaged in spe-
cific PIT (i.e., a positive score). The main difference be-
tween the two versions lies in the Pavlovian conditioning,
as there were 4 different flavors to consume in the gusta-
tory version and only 2 in the monetary version. The con-
sumption of the additional gustatory stimuli (to test gen-
eral PIT) could have led to overgeneralization, disrupting
these associations enough to have weakened the specific
PIT effects at the group level.

There was an overall preference for the juice reward
across both versions. In the gustatory version, the juice
button represented 70.8% of all choice outcomes, where-
as the alcohol button represented 20.9%. In the monetary
version, the juice versus alcohol proportions were 67.7%
and 26.5%, respectively. This could be due to the per-
ceived valence of the alcohol and juice rewards. Even
though the pleasantness of both gustatory rewards was
matched at the beginning of the study, many participants
reported that the alcohol reward (for example, wine) ac-
quired a negative valence throughout the study due to the
continuous juxtaposition of flavors, citing instances of
amplified unpleasantness in stark contrast to the sweet-
ness of the juice despite flavor neutralizations between
trials. As outlined in Table 1, most participants in our
sample had low AUDIT scores, so it remains to be tested
whether or not the preference for the alcohol reward
would be higher in an AUD population.

Regarding the mechanisms of general PIT, the second
juice reward cues enhanced instrumental responding
compared to the neutral condition in the gustatory ver-
sion. Similar results were observed in the monetary ver-
sion concerning the Pavlovian cues representing mone-
tary gain and loss. It is important to note that the general
PIT effect sizes vary (gustatory: n, = 0.09, monetary: n,*
=0.17), although they do not differ statistically. It is pos-
sible that the gustatory rewards were not as salient as
monetary outcomes and may not have been rewarding
enough or worth the expenditure of effort to receive
them. To identify the role that subjective value plays in
PIT and reward type, one study compared monetary,
food, and social approval rewards and determined that
the strength of the PIT effect was not dependent on re-

Development of Specific and General PIT
Tasks

ward type, but rather, it was modulated by the subjective
value of the reward [37]. As both monetary and food cues
are established appetitive reinforcers, it is likely that the
subjective value modulated the PIT effects we observed.
Since the mean difference scores did not differ statisti-
cally, we believe that the observed differences in effect size
can be explained by the tasks; however, due to the be-
tween-subject design, we also cannot exclude that ob-
served differences are at least partly explained by the sam-
pling.

Moreover, it is difficult to interpret the general PIT
results of the gustatory version. When taking the instru-
mental choice into account, it appears as though the
juice-associated cue selectively motivates responding via
the juice button, but an exploratory analysis did not re-
veal an interaction. As both cues are associated with juice,
the interpretation of these general transfer effects is not
very straightforward; one could argue that there is some
degree of selective transfer.

In Meemken and Horstmann’s [11] appetitive full
transfer PIT task, they were unable to elicit a general PIT
effect, citing various reasons including participant confu-
sion and the complexities of testing both transfer types at
once. While the results of our monetary task version re-
flect a successful elicitation of both types of transfer under
nominal extinction, we cautiously interpret the general
PIT results. As shown in Figure 7c (and online suppl. Fig.
§4C), there are some participants in both samples that are
profoundly affected by the CSs (6 in the gustatory version
and 3 in the monetary version); however, 65.2% (mone-
tary) and 66.6% (gustatory) showed an effect in the ex-
pected direction. This is a known and ongoing issue re-
garding the assessment of general PIT effects at the group
level. When general PIT effects are observed, they have
either small effect sizes [17, 21] or high variance. As some
people are profoundly affected by Pavlovian cues, it is
worth discussing the role of general PIT in individual dif-
ference research in the addiction field and beyond. The
question remains as to whether traditional behavioral PIT
tasks are sensitive enough to assess individuals that are
not profoundly affected by the Pavlovian cues. The field
would additionally benefit from further exploration of
the role or relevance of general PIT (other than specific
PIT) in addiction research.

Directly comparing the effect sizes between our single-
lever PIT and the general PIT component of our full
transfer task, it becomes evident that the single-lever task
elicited much stronger effects (qugustatow = 0.09 and
r]pzmonetary = 0.17 vs. r]pzbutton-box = 0.29 and r]pzjoy'stick =
0.31). One reason might be that our single-lever PIT de-
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sign does not only capture general PIT, as there were
monetary rewards and losses during both the instrumen-
tal and Pavlovian phases [9]. Our single-lever PIT task
may also have specific components that work in synergy
with the general components, which results in the high
effect sizes we observed.

Limitations and Conclusion

A limitation upon which future studies can improve is
related to the alcohol rewards in the full transfer para-
digm, as there were difficulties in translating this aspect
from animal studies. While we offered a range of alco-
holic rewards, our sample found them to be generally
aversive. Future studies could improve the alcoholic
drink offerings to be more representative of the variety of
tastes or offer an alternative nonalcoholic reward that
does not contrast so much in flavor.

Another minor limitation of the full transfer paradigm
is that the experimental design does not control for no-
response trials, which invites the opportunity for an un-
motivated participant to withhold all responses during
the transfer phase; this renders their dataset useless for
the purpose of analyzing transfer effects. Some partici-
pants in our sample (14 people or 12% of the original
sample) displayed this behavior, resulting in excluded da-
tasets. Future studies could mitigate this limitation by in-
corporating a more engaging goal-directed task in the in-
strumental learning phase.

In conclusion, we establish two different PIT tasks that
were designed to address limitations of our past work.
With our single-lever PIT task, we established the joystick
as a promising response device and addressed our inabil-
ity to assess avoidance behavior. In our full transfer task,
we explored observed differences based on the type of re-
ward received, while successfully demonstrating specific
and general transfer using gustatory alcohol rewards. In
the future, we will be able to incorporate this task when
investigating whether motivation to obtain alcohol re-
wards is enhanced by Pavlovian cues experimentally
paired with alcohol and/or other appetitive cues in clini-
cal populations. These two tasks, therefore, provide a
foundation for us to further explore PIT and understand
its underpinning mechanisms and connections to addic-
tion.
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