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Abstract

Background Disease burden and unsatisfactory treatment outcomes call for innovation in treatments of depression. Prospec-
tive mental imagery, i.e. future-directed voluntary imagery-based thought, about potentially-rewarding activities may offer
a mechanistically-informed intervention that targets deficits in reward processing, a core clinical feature of depression. We
propose that the previously described impact of prospective mental imagery on motivation for everyday activities is facilitated
by affective forecasting, i.e. predictions about an individual’s emotional response to the imagined activities.

Methods Participants (N =120) self-nominated six activities to engage in over the following week and were randomized
to either: (1) an affective forecasting imagery condition (n=40); (2) a neutral process imagery condition (n=40); or (3) a
no-imagery control condition (n =40).

Results As predicted, increases in motivation ratings from pre to post experimental manipulation were significantly higher
following affective forecasting imagery compared to both neutral process imagery (d=0.62) and no-imagery (d=0.91).
Contrary to predictions, the number of activities participants engaged in did not differ between conditions.

Conclusions Results provide initial evidence for a potentially important role of affective forecasting in prospective mental
imagery. We discuss how these findings can inform future research aiming to harness prospective mental imagery’s potential
for clinical applications.

Keyword Guided imagery; Behavioral activation; Major depression; Motivation; Prospective mental imagery; Episodic
simulation

With an estimated global prevalence of over 279 million,
depressive disorders are a leading cause of health loss
(ranked 1st among mental disorders, 7th among non-com-
municable diseases, and 13th among all diseases; GBD,
2019; Vos et al., 2020). Given this high prevalence and bur-
den of disease, improving and expanding currently existing
treatments for depression is of paramount importance for
mental health professionals. While existing psychological,
pharmacological, and combination treatments for depres-
sion are effective (Bauer et al., 2015; Cuijpers, 2017; Cui-
jpers et al., 2021), they are clearly not always sufficient: It
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is estimated that about half of patients experience a relapse/
recurrence within the twelve months following treatment
(Ali et al., 2017). In longitudinal studies, patients with
depression report being ill 46% of the time across a period
of 12.8 years (Forte et al., 2015). These numbers highlight
the continued need for treatment innovation to tackle the
debilitating effects of depression.

One way forward in mental health treatment innovation
is to focus research efforts on core clinical features and
their underlying mechanisms instead of broad and hetero-
geneous diagnostic categories (Holmes et al., 2018; Insel
et al., 2010). In the context of depression, aberrant reward
processing, and specifically its impact on adaptive, reward-
motivated behaviours, is one clinical feature/mechanism that
has been gaining increasing attention (Admon & Pizzagalli,
2015; Khazanov et al., 2021; Renner et al., 2021; Tread-
way & Zald, 2011). Deficits in reward processing—such as
reduced reward anticipation, one of the subconstructs in the
Research Domain Criteria (RDoC) in the revised positive
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valence domain (NIMH, 2018), or blunted experience of
reward—typically manifest as anhedonic symptoms in the
clinical picture (Kaya & McCabe, 2019). Anhedonia has
been identified as a negative predictor for time to remission
and number of depression-free days during pharmacological
treatment (McMakin et al., 2012). Moreover, several studies
found empirical support for the association of anhedonia and
reduced reward-seeking behaviour in depression (Pizzagalli
et al., 2008; Treadway et al., 2012). These studies suggest
that anhedonia in depression is a clinically relevant treatment
target for the development of novel treatment approaches.

Current evidence-based treatments for depression, such as
Cognitive Behaviour Therapy (CBT) and its purely behav-
ioural variant, Behaviour Activation (BA; Martell et al.,
2001), share the common goal of overcoming motivational
barriers to adaptive behaviours in order to promote indi-
viduals’ re-engagement with rewarding activities. In the
literature, there is a growing consensus to conceptualize
reward processing as comprising several related but dis-
tinct components (Berridge et al., 2009; Craske et al., 2019;
Forbes, 2020). One such framework proposes a distinction
between reward anticipation, that is, an expectation about
how rewarding a given activity will be; reward motivation,
that is, the effort an individual is prepared to expend for
reward attainment; and reward experience, that is, the pleas-
ant/rewarding feelings experienced by an individual while
engaging in the activity (Renner et al., 2021). Given the
motivational deficits common in depression and reflected in
the motivational focus of existing treatments such as CBT
and BA, it seems expedient to investigate mechanistically-
informed treatment options focussing on reward anticipation
and its presumed down-stream effect on reward motivation.
Accordingly, we have proposed the use of mental imagery to
simulate engagement in potentially rewarding activities as a
means to increase reward anticipation, which, in turn, should
translate into increased motivation and positive changes in
actual behaviour (Renner et al., 2019).

Mental imagery is defined as sensory experience in the
absence of sensory input (Kosslyn et al., 2001). Occurring
either involuntarily or voluntarily, mental imagery can be
past-directed, that is, to relive past experiences, or future-
directed, that is, to simulate future events (Holmes et al.,
2016). For instance, you may find yourself day-dreaming
about last night’s dinner with a good friend (past-directed,
involuntary) or you can actively imagine going for a run
later today (future-directed, voluntary). Mental imagery
techniques have long been integrated in various CBT treat-
ments (Blackwell, 2021; Renner & Holmes, 2018; Sauls-
man et al., 2019) and recent years have seen a resurgence
of interest in their possible applications and underlying
mechanisms (for a review in the context of depression see
Holmes et al., 2016). With regard to reward processing
and depression, initial studies have shown that imagery
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based interventions can increase motivation and reward
anticipation for enjoyable everyday activities (Hallford
et al., 2020; Renner et al., 2019). In two studies using
an episodic thinking task involving mental imagery of
past and planned/unplanned future events, Hallford et al.
(2020) found increases in ratings of anticipated and antici-
patory pleasure that correlated with increased behavioural
intention. Similarly, Renner et al. (2019) demonstrated that
mental imagery increases anticipated pleasure/reward for
and motivation to engage in planned everyday activities.
In a conceptual replication and extension of the former
study, Ji et al. (2021a) confirmed these findings and found
evidence for a unique impact of mental imagery on antici-
patory pleasure (state mood).

While these studies support the notion that mental
imagery can increase reward anticipation and reward
motivation, the underlying mechanism remains unclear.
We argue that one possible explanation for these effects
is affective forecasting, that is, mental imagery’s ability
to emulate the emotional impact of the imagined activ-
ity. Affective forecasting has previously been defined as
the process of making “predictions about [...] emotional
reactions to future events” (Wilson & Gilbert, 2005, p.
131). In the case of planned everyday activities, mental
imagery would thus enable the individual to experience
their emotional response to the imagined future activity.

We propose that affective forecasting draws on two
features of mental imagery that have been studied exten-
sively: (1) its potential to boost the emotional salience of
experiences and (2) its ability to recruit neural circuitry
involved in actual perception. Mental imagery’s close
link to the affective dimension of experiences has been
demonstrated in a number of studies both in healthy and
depressed samples (Gorgen et al., 2015a, 2015b; Holmes
et al., 2008; Ji et al., 2021a; Ji et al., 2021b, for reviews see
Jietal., 2016; Holmes & Mathews, 2010). In two experi-
ments with non-clinical participants, Holmes et al. (2008)
showed that mental imagery processing produced stronger
affective responses than verbal processing. In a related
study, Gorgen et al. (2015b) reported that for depressed
individuals, the instruction to generate mental imagery
of acoustically described objects produced stronger emo-
tional effects than looking at pictures of the same objects
(assessed using an implicit measure of affect). In a labora-
tory task employed to index spontaneous future thinking,
Ji et al. (2021b) found that a tendency to experience posi-
tive, future-directed (vs. past-directed) mental images (vs.
verbal representations) was associated with higher levels
of optimism and lower levels of low mood. In sum, these
findings show that mental imagery can be employed to
tap into the emotional dimension of experiences, putting
the spotlight, as it were, on the feelings experienced by an
individual in a given situation.
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The idea that mental imagery can generate ‘as-real’ (emo-
tional) experiences receives further support in a growing
cognitive neuroscience literature that shows substantial over-
lap in the brain structures involved in mental imagery and
actual perception (Dijkstra et al., 2019, 2021; Pearson et al.,
2015). Extending this line of research, recent experiments on
visual perception suggest that, at the neural representation
level, internally generated mental images may sometimes
be mistaken for externally perceived stimuli (Dijkstra et al.,
2021). Drawing on these findings we propose that in the case
of potentially rewarding, enjoyable activities, the use of pro-
spective mental imagery evokes the complex sensory experi-
ences associated with specific everyday activities, resulting
in neural activations closely resembling actual experiences.
For depressed individuals suffering from reduced activity
levels and, hence, fewer possibilities to experience reward,
prospective mental imagery may offer these individuals a
potential ‘shortcut’ to escaping the infamous vicious circle
of depression by offering a ‘taste’ of what it feels like to
re-engage in enjoyable activities. Ultimately, this approach
may compensate for the blunted experience of reward and
translate into increased motivation for and engagement in
the targeted adaptive behaviours. An experimental inves-
tigation of this potential mechanism is crucial as it may
advance our understanding of mental imagery and thereby
inform the development of novel imagery-based therapeutic
interventions.

The Present Study

The present study aims to test to what extent the motiva-
tional effects of simulating engagement in everyday activi-
ties using guided prospective mental imagery are facilitated
by ‘affective forecasting’. Affective forecasting here refers to
the capacity of mental imagery to provide rich multisensory
experiences of individual emotional responses to imagined
future events. We compared the effect of two experimental
mental imagery interventions: After planning in six target
activities, participants followed either an imagery script
focussing on their emotional responses to the target activ-
ity (affective forecasting imagery) or an imagery script
focussing on perceptual details (neutral process imagery)
with no reference to emotional aspects of the target activ-
ity. In addition, we included a no-imagery control condition
to assess whether any effects between imagery conditions
could be dissociated from a presumed general effect of men-
tal imagery.

Our preregistered hypotheses (https://osf.io/cSsvx) were
fashioned to detect changes in participants’ appraisal of
and engagement in potentially rewarding everyday activi-
ties. Specifically, we predicted that participants randomized
to either of the imagery conditions (affective forecasting

imagery, neutral process imagery) would show a greater
increase in self-reported activity ratings (i.e., motivation,
anticipated pleasure, and anticipated reward) from pre to
post experimental manipulation compared to participants
randomized to the no-imagery control condition (hypoth-
eses 1 a/b). Furthermore, we hypothesised that participants
in the affective forecasting imagery condition would report
a greater pre to post experimental manipulation increase in
activity ratings compared to participants in the neutral pro-
cess imagery condition (hypothesis 1 ¢). In terms of activ-
ity engagement, we hypothesised that participants in either
of the imagery conditions would engage in more scheduled
activities, assessed with an activity diary, than participants
in the no-imagery control condition (hypotheses 2 a/b).
Finally, we expected the number of activities participants
engaged in to be higher in the affective forecasting imagery
condition than in the neutral process imagery condition
(hypothesis 2 c).

Method
Design

A mixed design was used with activity ratings measured
pre and post experimental manipulation and the number
of activities participants engaged in obtained from a writ-
ten diary. While all participants chose and scheduled six
everyday activities to engage in over the following week,
the present study’s experimental manipulation consisted of
whether participants then completed one of two versions of
a guided mental imagery script (affective forecasting or neu-
tral process imagery conditions) or re-checked their activity
schedule (no-imagery control condition).

Randomization. Participants were randomly assigned to
one of three equally sized conditions and, in a second step,
to one of two sequences of activity type, that is, participants
either handled three enjoyable activities first followed by
three routine activities or vice versa (counterbalanced within
each condition).

Participants

Participants were recruited from a volunteer panel and from
the general public using posters and leaflets. The sample size
of N=120 was determined prospectively and pre-registered
(osf.io/cSsvx) based on the following parameters: a=0.05,
Power=0.90 to detect medium sized effects (n>=0.04—
0.06) in a 2 (pre vs. post experimental manipulation) X 3
(affective forecasting imagery, neutral process imagery, no-
imagery control) repeated measures ANOVA. Participants
were reimbursed for their time (7.50 €/hour). The study was
approved by the local ethics committee (No. 342/18).
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Materials

Questionnaires and activity ratings were presented and
recorded using the online platform EFS Survey (Version
Spring; 2019).

Baseline Questionnaires

Spontaneous Use of Imagery Scale (SUIS; Reisberg et al.,
2003; German: Gorgen et al. 2015a)—The SUIS assesses
use of imagery in everyday life based on respondent’s agree-
ment with 12 statements (e.g., “When I first hear a friend's
voice, a visual image of him or her almost always springs to
mind”). Answers are recorded on a five-point scale ranging
from 1 “never appropriate” to 5 “always completely appro-
priate”. For the German version, Gorgen et al. (2015a) found
internal consistency to be somewhat lower compared to val-
ues previously reported for the English version (ax=0.66 vs.
a=0.83 as reported by McCarthy-Jones et al., 2012). In the
present study, reliability indices were as follows: ®=0.68,
95% CI1[0.58, 0.77]; =0.66, 95% CI [0.57, 0.74].

Plymouth Sensory Imagery Questionnaire (PSI-Q;
Andrade et al., 2014)—The PSI-Q assesses mental imagery
vividness across seven sensory modalities (vision, sound,
smell, taste, touch, sensation, emotion) by asking respond-
ents to form mental images and rate their vividness (example
item: “Imagine the appearance of a cat climbing a tree”).
Vividness ratings can range from 0 (“no image at all”’) to 10
(“image as clear and vivid as real life”’) and are obtained for
a total of 35 items (five per domain). Andrade et al. (2014)
report excellent internal consistency of «=0.96 for the PSI-
Q. In the present study, reliability indices were as follows:
®=0.94,95% CI1[0.92, 0.96]; «=0.94, 95% CI1[0.92, 0.95].

Dimensional Anhedonia Rating Scale (DARS; Rizvi
et al., 2015)—The DARS assesses symptoms of anhedonia
in four different domains (hobbies, food/drink, social activi-
ties, sensory experience). Respondents self-nominate at least
two activities per domain and rate statements describing
desire, motivation, effort, and consummatory pleasure on
a five-point scale ranging from “not at all” to “very much”.
For the DARS excellent internal consistency has been
reported, with Cronbach’s o ranging from 0.91 to 0.96 in
three studies conducted by Rizvi et al. (2015). In the present
study, reliability indices were as follows: ®=0.79, 95% CI
[0.71,0.87]; ®=0.80, 95% CI [0.75, 0.85].

Temporal Experience of Pleasure Scale (TEPS; Gard
et al., 2006)—The TEPS assesses anticipatory and con-
summatory components of anhedonia by asking respond-
ents to indicate their agreement with 18 statements (e.g.,
“I enjoy taking a deep breath of fresh air when I walk
outside.”). Ratings are recorded on a six-point scale rang-
ing from 1 “very false for me” to 6 “very true for me”.
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Gard et al. (2006) report acceptable internal consistencies
ranging from a=0.71—0.79 for the total, anticipatory, and
consummatory scales of the TEPS. In the present study,
reliability indices were as follows: anticipatory pleasure
®=0.50, 95% CI [0.37, 0.62]; «=0.49, 95% CI [0.35,
0.63]; consummatory pleasure ®=0.66, 95% CI [0.54,
0.77]; «=0.65, 95% CI [0.55, 0.74].

Behavioral Activation for Depression Scale (BADS;
Kanter et al., 2006; German: Teismann et al., 2016)—The
BADS assesses the level of behavioral activation across
four factors (activation, avoidance/rumination, work/
school impairment, social impairment) for the past week.
Respondents rate the appropriateness of 25 statements
(e.g., “I did something that was hard to do but it was worth
it.”) on a seven-point scale ranging from 0 “not at all” to
6 “completely”. Teismann et al. (2016) report good inter-
nal consistency (a=0.85) for the German version. In the
present study, reliability indices were as follows: ®=0.78,
95% C11[0.70, 0.85]; «=0.78, 95% CI [0.72, 0.84].

Depression Anxiety and Stress Scales (DASS-21; Lovi-
bond & Lovibond, 1995; Henry & Crawford, 2005; Ger-
man: Nilges & Essau, 2015)—The DASS-21 assesses
symptoms of depression, anxiety, and stress by asking
respondents to indicate the applicability of 21 statements
(e.g., “I found it difficult to relax”) over the past week.
Ratings are recorded on a four-point scale ranging from 0
“did not apply to me at all” to 3 “applied to me very much,
or most of the time”. For the German version, Nilges and
Essau (2015) report acceptable to good internal consist-
encies ranging from a=0.76 for anxiety, to @ =0.86 for
stress, and @ =0.88 for depression. In the present study,
reliability indices were as follows: depression ® =0.85,
95% CI [0.80, 0.91]; «=0.85, 95% CI [0.81, 0.89]; anxi-
ety ®=0.67, 95% CI[0.54, 0.81]; «=0.67, 95% CI [0.58,
0.76]; stress ® =0.80, 95% CI [0.74, 0.87]; a=0.80, 95%
CI[0.75, 0.86].

Positive and Negative Affect Scale, state version
(PANAS; Watson et al., 1988; German: Krohne et al.,
1996)—The PANAS state version assesses current posi-
tive and negative affect using ratings of 10 adjectives (e.g.,
“excited”) for each dimension. Ratings can range from 1
“not at all” to 5 “extremely”. For the German version,
Krohne et al. (1996) report good internal consistencies
for the two components (@ > =0.84). In the present study,
reliability indices were as follows: positive affect ® =0.83,
95% CI1[0.79, 0.88]; a=0.83, 95% CI [0.78, 0.87]; nega-
tive affect ® =0.86, 95% CI [0.80, 0.92]; a=0.86, 95% CI
[0.83, 0.90].

Activity Scheduling

Participants received a list of enjoyable and routine everyday
activities (German translation of list used by Renner et al.,
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2019; available at https://osf.io/qu2sg). While their choice
was not restricted to activities on this list, experimenters
ensured that all selected activities met the following three
criteria: First, activities should not already be part of partici-
pants’ daily or weekly routines. Second, activities needed to
have a minimum duration of 10 min. Third, following a com-
mon BA practice (Addis & Martell, 2004), activities were
categorised as routine/mastery activities (e.g., “cleaning
the kitchen”) or enjoyable activities (e.g., “taking a bath”).
Participants were instructed to choose a date and time for
engaging in each of the six target activities that would fit
into their regular daily/weekly routines.

Activity Ratings

Participants provided ratings of motivation (“How motivated
are you to engage in this activity next week?”), anticipated
pleasure (“How enjoyable will it be to engage in this activity
next week?”), and anticipated reward (“How rewarding do
you think having completed this activity will be?”). Rat-
ings were recorded for each of the six target activities pre
and post experimental manipulation. Ratings were presented
on a computer screen using visual analogue scales (VAS)
with endpoints labelled O “not at all” and 100 “extremely”.
Participants in the imagery conditions also rated imagery
vividness and imagery pleasantness of the guided imagery
scripts using equivalent VAS scales.

Guided Imagery Scripts

Imagery instructions. Trained experimenters guided partici-
pants through the mental imagery task using standardized
scripts (see study protocol available at https://osf.io/nwx3z
for the original texts). Scripts were based on a previous study
(Renner et al., 2019) and pilot-tested. Experimenters read
the imagery instructions aloud, filling in relevant details
of target activities (time, date, and context). Both imagery
script variants (described in more detail below) guided par-
ticipants to imagine initiating, engaging in, and completing
each target activity. Participants were instructed to generate
vivid imagery from a first-person perspective while making
use of all sensory modalities.

Imagery training. Prior to starting the actual imagery
scripts, participants in the two imagery conditions completed
a standard imagery training task illustrating the use of men-
tal imagery (cf. Holmes & Mathews, 2005). In this training
task, experimenters prompted imagery vividness and asked
participants to provide descriptions of the generated images.
If needed, experimenters provided additional standardized
instructions to increase vividness or generate more detailed
imagery (e.g., by asking participants to focus on the surface/
texture of the imagined object).

Imagery duration. The imagery training task lasted about
2 min. Completion of each guided script—irrespective of
imagery version—took 3 min, resulting in a total imagery
intervention duration of approximately 20 min (six target
activities at 3 min each + an additional 2 min of imagery
training).

Affective forecasting imagery. The overall goal of this
imagery script was for participants to anticipate the posi-
tive emotional outcomes associated with the target activities.
Consequently, and depending on the type of activity, instruc-
tions placed a particular emphasis on either (1) emotions
evoked by engaging in the activity (enjoyable activities) or
(2) emotions evoked by completing the activity (routine/
mastery activities).

Neutral process imagery. This imagery script aimed to
induce emotionally neutral mental imagery of the target
activity. Instructions in this script were identical to those
of the affective forecasting imagery with the exception that
all references to the emotional outcomes of engaging in the
target activities were replaced by prompts to imagine engag-
ing in the activity in as much perceptual detail as possible.

Activity Week

Activity diary. During the week following the lab session
(activity week), participants kept a written activity diary, in
which they indicated whether they engaged in each planned
activity and how much time they spent on the activity (dura-
tion in minutes). In case of non-completion, participants
could specify reasons for not engaging in the given activity;
to encourage honest responses, the experimenter explained
that the current study focussed on finding reasons why peo-
ple do/do not complete activities. The present study used
an adapted version of the diary employed by Renner et al.
(2019).

Text messages. Participants received text messages
prompting them to conduct a short imagery exercise (in
either imagery condition) or to conduct their activity at the
scheduled time (no-imagery control condition). For partici-
pants in the imagery conditions, the purpose of these mes-
sages was to encourage them to engage in imagery during
their activity week.

Procedure

The study procedure was structured into two separate parts
(cf. Figure 1): First, in a lab session, participants received
verbal and written information about the study, provided
written informed consent, and completed the baseline ques-
tionnaires described above. Participants proceeded to self-
nominate six activities to complete in the following week
and provided ratings of anticipated pleasure, anticipated
reward, and motivation for each activity. Depending on the
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Informed consent +
baseline
questionnaires

Selection of Activity
six activities ratings (pre)

Activity
scheduling

Text messages:
imagine / remember activity
(2h prior to scheduled time)

Activity diary:
number of scheduled activities
actually engaged in (0-6)

Affective forecasting imagery Activity Lab
Neutral process imagery . .
ti t)
Re-check schedule ratings (post) session

repeated for each acivity

Activity
week

Fig.1 Study procedure; Schematic illustration of the present study’s procedure. Text in bold highlights the respective manipulations of the three
experimental conditions (affective forecasting imagery, neutral process imagery, and no-imagery control)

experimental condition, activity scheduling was followed by
having participants complete: (1) the affective forecasting
imagery script, (2) the neutral process imagery script, or, in
the no-imagery control condition, (3) a verification of time,
date, place, and required preparations for their scheduled
activities (in line with standard BA procedure; Addis & Mar-
tell, 2004). To assess influences on mood, participants in all
conditions rated how happy, sad, anxious, and calm they felt
on VAS scales with endpoints labelled ‘not at all’ and ‘very
much’ before and after the intervention. At the end of the lab
session, participants in all conditions received instructions
on how to complete the written activity diary. Overall, the
lab session took about 1:45-2 h to complete. In the second
part of the experiment, outside the laboratory, participants
recorded their actual engagement in the scheduled activities
in a written diary during the week following the lab session.
To promote imagery use, participants in imagery conditions
received text messages via mobile phone two hours prior to
an activity’s scheduled date and time asking them to perform
a brief imagery exercise. In the no-imagery control condi-
tion, these messages asked participants to simply remem-
ber their activity. All participants were asked to return their
diary to the research team at the end of the activity week in
a pre-paid envelope.

Statistical Analyses

To test for differences in activity ratings (hypotheses 1 a-c),
we conducted separate repeated measures ANOVAs with
condition (affective forecasting imagery vs. neutral process
imagery vs. no-imagery control) as a between-participants
factor and time of measurement (pre vs. post experimental
manipulation) as a within-participants factor. Given a sig-
nificant condition X time interaction, we conducted a priori
defined pairwise comparisons on the pre to post experimen-
tal manipulation change scores using t-tests with Bonferroni-
corrected a-levels of 0.016 (accounting for three compari-
sons/rating). Where F-tests indicated unequal variances, the
Welch approximation of degrees of freedom was used. To
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test for differences in the number of scheduled activities
participants engaged in (hypotheses 2 a-c), we conducted
an ANOVA with condition (affective forecasting imagery
vs. neutral process imagery vs. no-imagery control) as a
between-participants factor. The software R (R Core Team,
2021) with the following packages were used: stats (Version
4.0.4; R Core Team, 2021) for ANOVAs, MBESS (Version
4.9.0; Kelley, 2022) for McDonald’s omega, psych (Version
2.1.9; Revelle, 2021) for Cronbach’s alpha, and randomizeR
(Version: 1.4.2; Uschner et al., 2018) for random number
lists required for randomizations.

Results

A total of N=120 participants (92 females, mean age: 25,
SD=6.2, range 18-63) completed the present study. Further
sample characteristics and baseline questionnaire scores as a
function of experimental condition are provided in Table 1.

Experimental Effects on Activity Ratings
(Hypotheses 1 a-c)

Mean values and standard deviations of activity ratings
pre and post experimental manipulation are reported in
Table 2. To test the experimental effects on activity appraisal
described in hypotheses 1 a-c, we assessed differences
between conditions (affective forecasting imagery, neutral
process imagery, and no imagery control) on change in
activity ratings (motivation, anticipated pleasure, and antici-
pated reward) from pre to post experimental manipulation.
Detailed results for each activity rating are reported in the
following paragraphs. For a graphical summary of the com-
parisons involved, see Fig. 2.

Motivation. As predicted, the interaction of condi-
tion X time for motivation ratings could be confirmed, F(2,
117)=8.68, p <0.001, n*=0.13, indicating that the change
in self-reported motivation differed significantly between
conditions. Pairwise comparisons on the change from pre
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Table 1 Demographic sample characteristics and baseline questionnaire scores

Affective forecasting Neutral process No-imagery control AN OVA/X2
imagery n=40 imagery n=40 n=40
M (SD)/n (%) M (SD)/n (%) M (SD)/n(%)
Demographic characteristics
Age 25.7(6.9) 24.2 (7) 25 (4.5) F(2,117)=0.58, p=0.562
Female gender 32 (80%) 32 (80%) 28 (70%) X2 (2,n=92)=0.35, p=0.840
Occupation: student 34 (85%) 37 (92.5%) 34 (85%) X2 (2,n=105)=0.17, p=0.918
Baseline questionnaires
BADS 111.9 (22.6) 111.9 (17.6) 109.3 (17.6) F(2,117)=0.24, p=0.785
DARS 87.3 (8.7) 85.9 (9.9) 83.8 (10.2) F(2,117)=1.37,p=0.259
DASS-21 Depression 2.7@3.1) 414.2) 3.1(2.8) F(2,117)=1.67,p=0.193
DASS-21 Anxiety 25024 22(2.3) 2324 F(2,117)=0.11, p=0.896
DASS-21 Stress 4.8 (4) 5.1@3.1) 5234 F(2,117)=0.17, p=0.848
PSIQ 7.5(1.3) 7.5(1.2) 7.3 (1.1) F(2,117)=0.22, p=0.802
SUIS 41.6 (6.6) 39.1(5.9) 36 (6.4) F(2,117)=8.13, p<0.001, 1*=0.12
TEPS AP 4.5(0.6) 4.4 (0.6) 42(0.4) F(2,117)=3.84, p=0.024, 1*=0.06
TEPS CP 4.9 (0.7) 5(0.6) 4.6 (0.7) F(2,117)=2.38, p=0.097

BADS: Behavioral Activation for Depression Scale (Kanter et al., 2006). DARS: Dimensional Anhedonia Rating Scale (Rizvi et al., 2015).
DASS-21: Depression, Anxiety, and Stress Scales (Henry & Crawford, 2005). PSI-Q: Plymouth Sensory Imagery Questionnaire (Andrade et al.,
2014). SUIS: Spontaneous Use of Imagery Scale (Reisberg et al., 2003). TEPS: Temporal Experience of Pleasure Scale (Gard et al., 2006), AP

Anticipatory Pleasure, CP Consummatory Pleasure

Table 2 Activity ratings: pre/
post values and change scores

Pre Post Pre-post change

M SD M SD M SD d
Motivation
Affective forecasting imagery 64.3 14.8 76.9 12.8 12.6 10.7 0.91
Neutral process imagery 65.9 133 72.0 11.6 6.1 10.2 0.49
No-imagery control 63.0 16.7 66.3 17.4 33 9.9 0.19
Pleasure
Affective forecasting imagery 60.2 14.0 71.6 13.8 114 11.5 0.82
Neutral process imagery 56.8 10.6 65.0 11.1 8.2 7.7 0.76
No-imagery control 57.0 10.0 59.2 10.4 2.1 7.5 0.21
Reward
Affective forecasting imagery 83.9 8.8 88.0 9.8 4.1 6.7 0.44
Neutral process imagery 81.9 10.1 84.8 10.1 29 59 0.29
No-imagery control 82.0 10.8 81.2 14.0 -0.8 6.4 —-0.06

Means and SDs for activity ratings (motivation, pleasure, reward) measured pre and post experimental
manipulation and pre to post experimental manipulation change score with Cohen’s d grouped by experi-
mental condition (affective forecasting imagery, neutral process imagery, no-imagery control)

to post experimental manipulation revealed a significant dif-
ference between affective forecasting imagery and neutral
process imagery, #(78)=2.78, p=0.007, d=0.62, amounting
to a medium effect (Cohen, 1988) in support of hypothesis
1 c. The comparison between affective forecasting imagery
and no-imagery control confirmed a significant difference,
1(78)=4.05, p<0.001, d=0.91, amounting to a large effect
in support of hypothesis 1 b. There was no evidence for a
significant difference between neutral process imagery and

no-imagery control (hypothesis 1 a), #(78)=1.26, p=0.210,
d=0.28.

Anticipated pleasure. As predicted, there was a signifi-
cant interaction of condition X time for ratings of anticipated
pleasure, F(2, 117)=10.75, p<0.001, n2=0.16, indicating
that the change in ratings of anticipated pleasure differed
significantly between conditions. A pairwise comparison on
the change from pre to post experimental manipulation did
not reveal a significant difference between the two imagery
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Fig.2 Changes in activity ratings from pre to post experimental
manipulation; Comparison of activity rating change scores (motiva-
tion, anticipated pleasure, and anticipated reward) between experi-
mental conditions (affective forecasting imagery, neutral process
imagery, no-imagery control). Higher values indicate larger increases

conditions, #(68.08)=1.43, p=0.156, d=0.32 (hypothesis
1 ¢). A significant difference could be confirmed between
affective forecasting imagery and no-imagery control,
1(67.18)=4.27, p<0.001, d=0.95, amounting to a large
effect in support of hypothesis 1 b. The comparison between
neutral process imagery and no-imagery control revealed
a significant difference, #(78)=3.60, p<0.001, d=0.81,
amounting to a large effect in support of hypothesis 1 a.
Anticipated Reward. As predicted, a significant inter-
action of condition X time for ratings of anticipated
reward could be confirmed, F(2, 117)=6.47, p=0.002,
n%>=0.10, indicating that the change in ratings of antici-
pated reward differed significantly between conditions.
A pairwise comparison on the change from pre to post
experimental manipulation did not reveal a significant dif-
ference between the two imagery conditions, #(78) =0.83,
p=0.408, d=0.19 (hypothesis 1 c). The comparison
between affective forecasting imagery and no-imagery
control confirmed a significant difference, #(78) =3.33,
p=0.001, d=0.74, amounting to a medium effect in sup-
port of hypothesis 1 b. The comparison between neu-
tral process imagery and no-imagery control revealed a
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Experimental Condition

. Affective forecasting imagery
. Neutral process imagery
No-imagery control

in the respective activity rating from pre to post experimental manip-
ulation. Pre and post ratings used VAS scales with range 0-100.
Error bars represent standard errors of the mean. Significance:
**=p<0.01, #**=p<0.001

significant difference, #(78)=2.70, p=0.008, d=0.60,
amounting to a medium effect in support of hypothesis 1 a.

Experimental Effects on the Number of Activities
Participants Engaged in (Hypotheses 2 a-c)

Participants returned a total of 97 activity diaries (81%).
Return rates did not differ significantly between condi-
tions (¥*(2)=0.27, p=0.875). Across conditions, par-
ticipants engaged in an average of 4.6 out of six possible
activities (SD =1.1). In the affective forecasting imagery
condition, participants engaged in 4.6 (SD=0.9), in the
neutral process imagery condition in 4.7 (SD=1.1), and in
the no-imagery control condition in 4.4 (SD = 1.3) activi-
ties. Contrary to our hypotheses, there was no evidence
of a significant main effect of condition for the number
of activities participants engaged in, F(2, 111)=0.84,
p=0.435.
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Exploratory Analyses
Baseline Questionnaires Associated with Imagery Effects

To identify measured variables that are associated with
imagery effects, we examined zero order correlations
between baseline questionnaires and activity rating change
scores and number of activities engaged in. This revealed a
negative correlation between baseline TEPS Consummatory
Pleasure scores—a proxy of anhedonia—and the number
of activities engaged in for participants in the neutral pro-
cess imagery condition. To explore whether anhedonia, as
indexed by TEPS Consummatory Pleasure scores, moder-
ated imagery effects, we regressed the number of activities
engaged in on imagery condition (dummy-coded) and base-
line TEPS Consummatory Pleasure scores. This revealed a
significant interaction of imagery condition and anhedonia
score, #=0.825, #(71)=2.266, p=0.026. To interpret this
interaction, we plotted the number of activities engaged
in as a function of low/high TEPS Consummatory Pleas-
ure scores (median split calculated across all participants),
which revealed the following descriptive pattern: For par-
ticipants with low TEPS Consummatory Pleasure scores,
that is, individuals experiencing more pronounced symp-
toms of anhedonia, those who underwent the neutral process
imagery script condition engaged in more activities (M =5.1,
SD =0.8) than those who underwent the affective forecast-
ing imagery condition (M =4.5, SD=0.9). Conversely,
for participants with high TEPS Consummatory Pleasure

Low TEPS CP
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Fig. 3 Number of activities participants engaged in for low vs. high
TEPS consummatory pleasure scores; Number of activities par-
ticipants engaged in as a function of low/high TEPS Consummatory
Pleasure scores (based on median split calculated across all par-

scores, that is, participants with low anhedonia, those who
underwent the affective forecasting imagery script appeared
to engage in more activities (M =4.8, SD =0.8) than those
who underwent the neutral process imagery script (M =4.5,
SD =1.2; cf. Figure 3). We note that this exploratory post-
hoc analysis should be interpreted with caution until it is
further replicated.

Regarding activity engagement, two additional statis-
tically significant correlations were detected: In the no-
imagery control condition only, the DASS-21 Stress and
Depression scales were found to be negatively correlated
with the number of activities engaged in, r(37)=—-0.35,
p=0.030 and r(37)=-0.34, p=0.031 respectively, suggest-
ing that, in the no-imagery control condition, participants
with high stress/depression scores engaged in fewer planned
activities than participants with low stress/depression scores.
Tables with all zero order correlations examined are reported
in Appendix 1.

Imagery Vividness and Pleasantness

Imagery vividness and imagery pleasantness ratings were
obtained from participants in the imagery conditions imme-
diately after completion of the respective imagery scripts.
Imagery vividness ratings did not differ between the affec-
tive forecasting imagery condition (M =83.0, SD=11.3) and
the neutral process imagery condition (M =80.6, SD=11.9;
1(77.77)=0.92, p=0.360, d=0.21). By contrast, there was
a significant difference in ratings of imagery pleasantness

High TEPS CP

Experimental Condition

. Affective forecasting imagery

. Neutral process imagery
No-imagery control

ticipants) and experimental condition (affective forecasting imagery,
neutral process imagery, no-imagery control). Error bars represent
standard errors of the mean
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between the affective forecasting condition (M =73.7,
SD =12.8) and the neutral process imagery condition
(M=67.8, SD=13.1, #(77.96)=2.03, p=0.046, d=0.45),
suggesting that participants in the affective forecasting con-
dition found the imagery more pleasant.

Experimental Effects on Mood

To assess whether the experimental conditions in the pre-
sent study differed in their effect on participants’ mood,
we conducted individual repeated measures ANOVAs for
happiness, sadness, anxiousness, and calmness ratings
obtained pre and post experimental condition. There was
no significant interaction of time (pre vs. post) and experi-
mental condition (affective forecasting imagery vs. neutral
process imagery vs. no-imagery control) for any of these
ratings (happiness: F(2, 117)=0.57, p=0.568; sadness:
F(2, 117)=1.38, p=0.255; anxiousness: F(2, 117)=0.73,
p=0.486; calmness: F(2, 117)=2.31, p=0.104), suggesting
that changes in mood state did not differ between conditions.

Discussion

The present study tested the extent to which the motiva-
tional effects of guided prospective mental imagery simu-
lating engagement in everyday activities are facilitated by
‘affective forecasting’, that is, mental imagery’s capacity
to provide rich multisensory experiences of our individual
emotional responses to the imagined activities. Based on
previous studies suggesting that mental imagery can amplify
experienced emotion (Holmes & Mathews, 2005; Holmes
et al., 2008) and motivation for planned activities (Ren-
ner et al., 2019) we aimed to disentangle the specific role
of affective forecasting from a presumed general imagery
effect by contrasting two versions of mental imagery: one
with explicit references to emotions (affective forecasting
imagery) and one without (neutral process imagery). Simi-
lar to Renner et al. (2019), we predicted that completion of
either mental imagery script should improve appraisal of and
engagement in target activities compared to the no-imagery
control condition (hypotheses 1 a/b and 2 a/b, respectively).
Furthermore, we predicted that the observed effects should
be stronger for affective forecasting imagery than for neu-
tral process imagery (hypotheses 1 ¢ and 2 c, respectively),
reflecting the impact of explicitly instructed affective fore-
casting. In terms of activity appraisal, as indexed by changes
in ratings of motivation, anticipated pleasure, and anticipated
reward from pre to post experimental manipulation, results
were generally in line with predictions on a descriptive level;
the observed differences between conditions were statisti-
cally significant in six out of nine comparisons involved.
For the crucial contrast between imagery conditions, the
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expected superiority of affective forecasting imagery could
only be confirmed for the changes in motivation ratings. In
terms of activity engagement, recorded as the number of
scheduled activities participants actually engaged in, no sig-
nificant difference between conditions could be detected.

How can these results be interpreted in light of the pro-
posed mechanism of affective forecasting? With regard to
changes in activity appraisal, our experimental data support
the previous finding that guided mental imagery scripts of
everyday activities improve ratings of motivation, antici-
pated pleasure, and anticipated reward. Crucially, and
extending previous findings by Renner et al. (2019), we
could confirm that for ratings of motivation, this effect is
significantly stronger if participants are explicitly instructed
to imagine the emotional impact of target activities. Explora-
tory analyses showed that the imagery conditions did not
differ in vividness of imagery or in their influence on mood
state (as indexed by ratings of happiness, sadness, anxi-
ety, calmness), ruling out alternative explanations that the
effects of affective forecasting vs. neutral process imagery on
motivation reflect a positive mood induction or more vivid
imagery in the affective forecasting condition.

We could, however, not confirm an additional effect of
affective forecasting for changes in ratings of pleasure and
reward; even if results followed the predicted pattern on a
descriptive level. One explanation might be that in the case
of anticipated reward, the relatively high level of pre ratings
suggests a possible ceiling effect that may have restricted
the range of post/change scores. Moreover, measuring the
expected changes in anticipated pleasure and anticipated
reward may have been more difficult than detecting these
changes in motivation: Considering the highly transient
nature of emotional states (Harmon-Jones et al., 2016) and
the theory-based expectation that changes in anticipated
pleasure and reward should precede motivational changes
(Renner et al., 2021), the present study may have been ill-
equipped to detect any short-lived effects on anticipated
pleasure and reward, thus capturing only the resulting
increase in motivation. Finally, participant characteristics,
such as symptoms of anhedonia, may interact with affec-
tive forecasting. A potential indication of this, albeit on a
descriptive level and resulting from an exploratory post-hoc
analysis, may be seen in the described trend that individu-
als with stronger symptoms of anhedonia engaged in more
activities following neutral instead of affective forecasting
imagery. This suggests that the interplay of mental imagery,
affective forecasting, and anhedonia—representing a key
symptom of depression—remains to be fully understood.

Contrary to our predictions, there were no differences
between conditions in the number of scheduled activities
participants actually engaged in, indicating that the observed
increases in motivation did not consistently translate into
behaviour. Explanations for this motivation-behaviour gap
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include the possibility that factors extraneous to the pre-
sent study (such as organizational constraints, scarcity of
time) may have trumped any more modest effects of mental
imagery. Furthermore, considering this study’s non-clinical
sample and the relatively high average of 4.6 activities par-
ticipants engaged in, it is conceivable that adding six activi-
ties to this particular sample’s weekly schedule was not suf-
ficiently challenging. As a result, any potential effects of
mental imagery may not have been readily apparent. Moreo-
ver, the detection of the presumed mental imagery effect on
a behavioural level might also require a stronger imagery
intervention; possibilities to achieve this include increasing
session duration, adding more sessions, and/or adapting the
imagery script to individual participant characteristics.

Limitations. While providing promising initial evidence
for the affective forecasting hypothesis, some limitations of
the present study need to be considered. In particular, the
current design did not prevent or control for spontaneously
occurring affective forecasting in either of the two condi-
tions in which it was not explicitly instructed. This problem
could be addressed in future research through the implemen-
tation of an effective manipulation check, e.g. by probing
mental imagery content through self-report or, ideally, more
objective measures such as pupil diameter (Henderson et al.,
2018). Furthermore, a detailed monitoring of (spontaneous)
imagery use during the week following the lab session would
have helped to assess possibly transient effects on emotion
(i.e., anticipated pleasure and reward) and their down-stream
effects on motivation. This kind of dynamic process data,
that could be recorded using ecological momentary assess-
ment (EMA), might enable future research to narrow the
motivation-behaviour gap observed in our study. Moreover,
systematic recording and variation of imagery script dura-
tion and/or imagery use frequency would allow investigation
of possible dose—response relationships.

Implications for Future (Clinical) Research

The present study’s findings are relevant for future stud-
ies examining mechanisms underlying the effects of men-
tal imagery interventions. Specifically, our results provide
further support of mental imagery’s potential to influence
emotional and motivational states (Holmes & Mathews,
2005; Holmes et al., 2008). One relevant question for future
research in this context is to contrast the influence of guided

mental imagery on emotions and motivation with a more
closely matched no-imagery control condition.

For studies continuing down the road towards clinical appli-
cations of mental imagery, our results indicate that researchers
should carefully consider the nature of anhedonic symptoms
present in their treatment sample. While further replication
is needed, exploratory post-hoc analyses in the current study
suggest that with rising levels of anhedonia, affective fore-
casting imagery might lose some of its effectiveness. We note
that for clinical samples, and in particular for individuals with
depression, this tentative finding, if replicated, may be highly
relevant. Future clinically oriented research should examine,
ideally in (sub)clinical samples, if and how increased levels of
anhedonia, which are typically observed in depression (Wang
et al., 2021), influence the emotional and motivational effects
of mental imagery.

Future clinical research should also probe whether exist-
ing therapies, such as BA or other CBT treatments, could ben-
efit from the mechanism of affective forecasting. One possible
approach could be to include prospective mental imagery in the
process of selecting and scheduling adaptive activities. Follow-
ing a similar rationale, Colombo et al. (2022) report promising
results from a single case design study that tested the effective-
ness of Virtual Reality to support a brief BA treatment. Studies
like this and our results suggest that mental imagery techniques
may hold great potential and may be highly relevant for clinical
practitioners as guided imagery scripts could enable patients to
identify worthwhile, rewarding activities more accurately and,
once they have committed to them, increase behavioral motiva-
tion and engagement.

In summary, the present study provides promising initial
evidence that mental imagery’s capacity to provide affective
forecasts (i.e., perceptually rich multisensory experiences
of our individual emotional responses to activities) can be
used to increase motivation for adaptive behaviours. These
findings warrant further investigation in future research
aiming to harness prospective mental imagery for clinical
applications.

Appendix 1

Zero Order Correlations Examined
for Exploratory Analyses

(See Tables 3, 4, 5, 6).
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Table 5 Zero order correlations for participants in the neutral process imagery condition (n=40)

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Number of activities engaged in —
2. Motivation (pre-post change) 0.28 -
3. Pleasure (pre-post change) 0.16 029 -
4. Reward (pre-post change) -0.01 -0.05 0.06 -
5. BADS 0.13 -0.23 -0.07 0.34 -
6. DARS -0.14 -0.19 0.13 -021 0.01 -
7.  DASS-21 Depression -0.07 0.14 -0.08 -026 -0.60** -0.07 -
8.  DASS-21 Anxiety 0.01 033 -022 -0.18 -0.44*% 0.01 0.29% -
9.  DASS-21 Stress 0.09 0.35% -0.12 -041* -0.60** -0.08 0.47** 0.74%* —
10. PSIQ -023 -0.11 -0.10 -0.07 0.13 0.45%* 0.03 0.15 -0.01 -
11. SUIS -023 -022 -0.16 -0.16 0.04 0.35*% 0.22 0.13 0.07 039* -
12. TEPS AP -0.03 020 -022 -0.12 0.03 0.33*  0.05 0.38 0.19 035*% 0.14 -
13. TEPS CP -0.35%* -0.07 -0.24 -0.03 -0.36* 0.11 0.14 0.12 0.13 -0.18 0.05 0.12 -
*p<0.05. ¥*¥p <0.01
Table 6 Zero order correlations for participants in the no-imagery control condition (n=40)
Variable 1 2 3 4 5 6 7 8 9 10 11 12 13
1. Number of activities engaged in —
2. Motivation (pre-post change) 012 -
3. Pleasure (pre-post change) -0.15  0.40*% -
4. Reward (pre-post change) -0.10 021 030 -
5. BADS 022 015 -007 030 -
6. DARS 026 018 0.12 0.19 045%* -
7.  DASS-21 Depression -0.34* -0.06 0.02 -0.13 -0.67** -0.27* —
8. DASS-21 Anxiety -0.25 -0.09 0.10 -0.08 -0.40** -0.12 0.54** -
9.  DASS-21 Stress -0.35% -0.03 0.14 0.01 -0.51%*% -0.33* 0.66%* 0.54** -
10. PSIQ 025 005 -0.06 0.10 0.08 0.46** 0.11 0.12  -0.03 -
11. SUIS 0.21 -0.03 0.10 0.01 -0.07 025 -0.06 0.12 -0.21 049*% —
12. TEPS AP 0.21 021 0.09 0.16 0.28 0.59*%* -0.17 -0.11 -0.09 0.38* 0.14 -
13. TEPS CP 022 018 024 027 033* 0.51** -0.26 -0.04 -0.21 0.31* 0.32% 0.54%*

#p<0.05. *¥p <0.01
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