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Bryon A. Muellera, Donovan J. Roedigera, Bonnie Klimes-Dougana, Kathryn R. Cullena, and Wilma Koutstaala

aUniversity of Minnesota Twin Cities; bUniversity of Minnesota Rochester

ABSTRACT
Adolescence is a pivotal time for developing creative imagination. To advance knowledge about 
the neural underpinnings of creative imagination during this critical developmental phase, a task 
capable of eliciting meaningful creative imagination that could be used during functional mag
netic neuroimaging (fMRI) in adolescents was designed with input from adolescents. The task 
shows a series of images (photographs) together with different verbal prompts to either mentally 
imagine something about or beyond what is seen in the image (“Imagine”) or to mentally describe 
specific aspects of each image (“Describe”). Fourteen adolescents completed the fMRI procedure 
and provided feedback in the scanner and afterward. Whole brain activation analyses revealed that 
“Imagine” involved greater recruitment of several key regions within the default mode network 
than “Describe.” In-scanner ratings indicated that participants actively engaged in the task and 
easily followed the instructions. Thematic analysis on participants’ written recollections of their 
thoughts during “Imagine” identified various themes of creative imagination elicited by the task. 
Psycholinguistic comparisons showed that whereas thoughts during “Imagine” were characterized 
by greater authenticity, “Describe” showed more analytical thinking. The Imagination fMRI task is 
a novel tool that may be used to advance the study of creative imagination in the adolescent brain.

Introduction

Adolescence is a critical time for the development and 
cultivation of creativity (Kleibeuker, De Dreu, et al.,  
2013, Kleibeuker et al., 2016, Stevenson et al., 2014). 
Research has highlighted the importance of nurturing 
creativity in education for a broad array of student out
comes (Collard & Looney, 2014; Moreno & Del Mar 
Molero Jurado, 2023). The transitional phase between 
puberty and adulthood is a key period for the develop
ment of cognitive, emotional, and social skills and apti
tudes, and deeply draws on these skills (Steinberg,  
2005). This phase is considered a pivotal time of increas
ing exploration and autonomy (Spear, 2000), flexible 
thinking (Kleibeuker, De Dreu, et al., 2013; Stevenson 
et al., 2014), self-discovery and self-reflection (Dahl 
et al., 2018; Nurmi, 2004), as well as creative identity 
development (Barbot & Heuser, 2017; Beghetto & 
Dilley, 2016) and identity formation in general 
(Marcia, 1966; Meeus et al., 2010). All of these changes 
coincide with significant structural and functional 
changes in the brain during adolescence (Giedd et al.,  
1999; Luna et al., 2010; Sydnor et al., 2021). Advancing 

current understanding of how creative abilities and their 
underlying neural processes evolve across the adolescent 
period represents an important area of study that holds 
relevance for broad fields spanning education, neu
roscience, health, arts, design, social sciences, and 
beyond. However, as we argue below, capturing neuro
cognitive changes in meaningful creative ideation dur
ing this transitional period poses a challenge that 
requires the development of new tools.

While creativity draws on multiple cognitive- 
perceptual processes including divergent thinking, ima
gination, inspiration, insight, design thinking, novel 
combination, reflection, and iteration (Kaufman & 
Beghetto, 2009; Koutstaal & Binks, 2015; Runco & 
Jaeger, 2012), much of the prior research on the neural 
mechanisms underlying creative processes has focused 
on divergent thinking. A common experimental para
digm to assess divergent thinking is the alternative uses 
task (AUT), in which participants are asked to think of 
unusual or atypical uses for an ordinary object. Past 
research using functional magnetic resonance imaging 
(fMRI) demonstrated that compared to young adults, 
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while performing the AUT, adolescents recruited the 
same overall network (i.e., regions involved in the default 
mode network [DMN] including left angular gyrus, left 
supramarginal gyrus, and bilateral middle temporal 
gyrus), although correlations between performance and 
prefrontal cortex activation were stronger in the adults 
(Kleibeuker, Koolschijn, et al., 2013). Notably, while 
divergent thinking is considered an indication of creative 
potential (Karwowski & Beghetto, 2019; Runco & Acar,  
2012), it also represents just one (relatively narrow) 
aspect of creative thinking. However, other aspects of 
creative thinking are relatively less studied, especially in 
adolescents. In particular, creative imagination, defined 
as the ability to use mental images to create original ideas, 
stories, or narratives based on past observations or exist
ing knowledge through a variety of association and com
binatorial processes (Abraham, 2016; Glaveanu et al.,  
2017; Karwowski et al., 2022), may be critical to under
stand in adolescents. The processes underlying creative 
imagination include three interrelated elements: vivid
ness (ability to produce mental imagery with a high 
level of detail), originality (ability to produce novel men
tal imagery), and transformativeness (ability to manipu
late mental imagery) (Jankowska & Karwowski, 2015). 
Thus, from a broader, cognitive neuroscience perspec
tive, creative imagination is more than just mental ima
gery, instead representing a multimodal constructive 
process that – depending on task demands and the scaf
folding provided in the task stimuli and instructions – 
draws on both semantic and episodic processing, includ
ing abstract thoughts, inferences, and reflections 
(Andrews-Hanna & Grilli, 2021; Irish, 2020).

Recent work has begun to develop novel paradigms 
for examining the neural basis of creative imagination, 
typically with a focus on a particular content domain, 
such as scientific reasoning (e.g., Beaty et al., 2023) or 
visual creativity (e.g., Lloyd-Cox et al., 2021), or with 
a focus on a specific cognitive phenomenon, such as the 
detrimental constraining effects of a prior interpretation 
on creative and imaginative thoughts (e.g Frith et al.,  
2022). Across fMRI studies, tasks intended to invoke 
imagination have broadly demonstrated the recruitment 
of brain regions in the DMN (Andrews-Hanna & Grilli,  
2021). However, limitations of existing fMRI tasks 
include the lack of personal relevance for participants, 
and a failure to offer substantial and evocative stimula
tion in a way that invites meaningful imaginative explora
tion. These factors introduce the potential for 
disengagement and boredom with the activity, especially 
for adolescents. For example, the widely used AUT has 
been criticized for lacking true novelty and for potentially 
invoking simply remembered responses rather than 
spontaneous and in-the-moment imaginative thinking. 

This is because the AUT often involves familiar and 
everyday objects that may not be personally meaningful, 
and participants may rely on their memories by recalling 
how they or others have used these objects in the past 
instead of actively engaging in creative generation of 
alternative uses (Gilhooly et al., 2007). Those memory- 
based responses are often perceived as less creative by 
both participants themselves and external judges 
(Benedek et al., 2018; Silvia et al., 2017). Also, while 
human imaginative and creative thinking engage both 
conceptual and perceptual processes (e.g., Abraham,  
2016; Irish, 2020), the AUT places greater emphasis on 
the conceptual aspect of divergent thinking (Wu & 
Koutstaal, 2020), offering limited support for personally 
meaningful imaginative exploration. To our knowledge, 
this is the first study to develop an fMRI task explicitly 
tailored to assess creative imagination in adolescents.

Therefore, in the current study, a novel fMRI task 
was designed to capture brain activation particularly 
during creative imagination in adolescents. Specifically, 
the aim was to tap into a process that would feel mean
ingful, engaging, and enjoyable to adolescents. Thus, the 
development of this task involved a co-creation process 
with adolescents. In contrast to prior creative imagina
tion research that focused on visual scenario construc
tion or the cognitively fixating effects of a prior 
interpretation (e.g., Jankowska & Karwowski, 2015; 
Lloyd-Cox et al., 2021), here a more holistic approach 
was adopted – aiming to both support (scaffold) and 
invoke – meaningful and self-relevant imaginative 
thinking in adolescents. In addition to collecting the 
neuroimaging data, in-scanner ratings and post-scan 
questionnaires were also administered to assess partici
pants’ performance and experience with the novel task, 
as well as their recollections of their thoughts during the 
experiment. It was hypothesized that this fMRI- 
compatible paradigm would be capable of eliciting per
sonally meaningful imaginative thinking in adolescents, 
and that it would invoke activation in brain regions 
typically associated with imagination and creative 
thinking (e.g., regions within the DMN) (Andrews- 
Hanna & Grilli, 2021; Shofty et al., 2022).

Method

Participants

Adolescents between the ages of 13–17 years were 
recruited to participate in a study that involved arts 
activities, co-creation of an fMRI task, and participating 
in fMRI scans. Participants were recruited from the local 
community with assistance from multiple institutes at 
the University of Minnesota. Exclusion criteria included 
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MRI scan contraindications, a history of neurological ill
nesses that might confound MRI analyses, a history of 
moderate to severe neurodevelopmental disorders (e.g., 
autism or intellectual disorders), a health or behavioral 
condition that might interfere with participating safely in 
study activities (e.g., severe medical conditions that may 
impact an adolescent’s ability to participate or exceedingly 
aggressive behavior/violent outbursts), unwillingness to 
participate in the proposed study activities, active suicid
ality without agreeing to a safety plan, and inability to 
speak English. All adolescents and their parents or guar
dians provided informed consent prior to any data collec
tion or other participation, and the study was approved by 
the University of Minnesota Institutional Review Board 
(IRB: STUDY00015930). Participants were compensated 
with $50 per fMRI scan. Eight participants participated in 
the co-creation process of the fMRI task (described 
below), and fourteen participants completed the fMRI 
scanning. Table 1 provides the demographic data for the 
participants who participated in fMRI scanning. (Note: 
fMRI scanning occurred about 9 months after participants 
enrolled in the study; ages reported in the Table are from 
the time of the fMRI scanning session). More detailed 
demographic information can be found in 
Supplementary Materials B Table B.1.

Development of the imagination task

The Imagination task was created through 
a collaborative process involving scientists (including 
those with neuroimaging expertise and those with 
expertise in creativity science), artists, and co-created 
together with adolescent participants during several ses
sions of Imagination Central, a nine-month after-school 
creative arts and science program (Yue et al., 2025/in 
preparation). The task involved two main conditions – 
Imagine and Describe – both of which involved viewing 
images (photographs) depicting various natural or 

social scenes, presented together with an accompanying 
verbal (written and auditory) prompt. During the 
Imagine condition, participants were prompted to men
tally imagine themselves within or beyond the presented 
context suggested by the image and the prompts. In 
particular, participants were prompted to “Vividly and 
deeply imagine yourself in the situation suggested by the 
image and the instructions. You don’t have to follow the 
instructions exactly; you can create your own narrative 
inspired by the image.” Thus, the prompt served as 
a starting point for creative imagination, and partici
pants were invited to take their imagination in whatever 
direction they wished from that starting point. During 
the Describe condition, which serves as the control 
condition, participants viewed the same images, but 
the prompts instructed participants to mentally describe 
specific aspects of the images. Each image appeared 
twice – once with an Imagine prompt and once with 
a Describe prompt – to allow within-subject compari
sons of the Imagine and Describe conditions while 
equating the visual stimuli. Figure 1 provides an exam
ple of the images and the accompanying written 
prompts for the Imagine versus Describe conditions. 
The examples are shown in the same format as they 
would be presented in the fMRI scanner.

The co-creation process with adolescents
During the Imagination Central program, adolescents 
had opportunities to practice and hone their creativity 
through engaging in creative arts and reflection (Yue 
et al., 2025/in preparation). While most of the sessions 
centrally involved creative arts activities, three sessions 
had a scientific focus. During one of the science ses
sions, a parallel prototyping approach (i.e., receiving 
feedback on multiple prototypes in parallel; Dow et al.,  
2010) was implemented in which adolescents worked 
together to first experience and then discuss their 
experiences with early versions of the Imagine and 
Describe prompts. In this session, the prompts were 
presented in one of the three sensory modalities (i.e., 
written-only, auditory-only, and auditory + written 
prompts) and the content of the prompts was either 
generic or explicitly tied to each of the images (i.e., 
image-specific vs. non-image-specific). The image sti
muli used in this parallel prototyping session were 
sourced from the website https://burst.shopify.com/, 
and were freely available for use without any copyright 
restrictions. The images were composed of photographs 
featuring a wide range of categories, including animals, 
people, architecture, geographical formations, writing 
and art-related materials, among others. Feedback was 
solicited from the adolescents regarding which sensory 
modality (or modalities) was most optimal for their 

Table 1. Participant demographic information and characteris
tics for the fMRI sample.

Sample Characteristics (N = 14)

Characteristic n (%)

Age, mean (SD)a 17.3 years (1.2)
Race/Ethnicity

Asian 1 (7.1)
Asian/White 2 (14.3)
Black 2 (14.3)
Black/White 1 (7.1)
Hispanic or Latinx 1 (7.1)
Native American/White 1 (7.1)
White 6 (42.9)

Sex at Birth
Female 11 (78.6)
Male 3 (21.4)

aParticipants’ age assessed at the time of the fMRI scanning session.

CREATIVITY RESEARCH JOURNAL 3

https://burst.shopify.com/


creative imagination, and whether they preferred the 
prompts to be more directive and specific to each 
image versus less directive and more general/common 
across images.

To ensure both the Imagine and Describe condi
tions of the task were engaging enough, yet not too 
difficult (i.e., in terms of generating ideas) for adoles
cents, we recorded a subgroup of participants’ (n = 8) 
feedback via survey and descriptively analyzed their 
feedback to guide our design of the actual stimuli. 
Results indicated that participants enjoyed the set of 

stimuli presented as both auditory + written prompts 
the most and found image-specific prompts to be 
easier to respond to, compared to non-image-specific 
prompts. As a result, the final stimuli for both the 
Imagine and Describe conditions included pairs of 
written and auditory (spoken) prompts (with the 
same wording), recorded by one researcher from the 
team. This combined visual and spoken format was 
adopted to enhance adolescents’ experience and pro
vide enough scaffolding (rich and evocative stimula
tion) to increase the likelihood of facilitating more 

A. An example of the Imagine condition presentation

B. An example of the Describe condition presentation 

Figure 1. Examples of imagine and describe conditions. For illustrative purposes and to protect the novelty of the stimuli, the example 
image and the prompts are taken from the pre-scanner practice session (described below).
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imaginative involvement and engagement in the scan
ner. Additionally, based on the adolescents’ feedback, 
the final stimuli were chosen to be image-specific 
rather than generic across all stimuli.

Designing the imagine and describe stimuli
A collection of 73 entirely new visual images for the 
participants was identified and selected, ensuring there 
was no overlap in the stimuli presented during the 
parallel prototyping session. These images were selected 
by the same research team members from the same 
website https://burst.shopify.com/, without strict copy
right limitations, covering the same range of image 
categories as the early versions used in the parallel pro
totyping session.

To accompany each of the images, under the direc
tion of the scientist and artist leads, several under
graduate and graduate students helped develop a set 
of varied and engaging verbal prompts. Since the aim 
was to elicit personally meaningful and highly salient 
creative ideas, the Imagine prompts were specifically 
designed to invite adolescents to imagine what they 
would do, feel, or think if they were in a particular 
situation, emphasizing an inner-directed generative 
activity. Conversely, the Describe prompts were 
designed with a focus on outer-directed and exter
nally-guided activity. All Imagine and Describe 
prompts were directive and tailored to each image, 
and were written in an inclusive and open-ended way 
with the goal of inviting imaginative and descriptive 
responses.

Following the selection of images and the creation of 
written prompts, the team iteratively refined the stimuli 
based on seven key constraints:

(1) The images and verbal prompts should evoke 
generally positive feelings, aligning with the 
goal of tapping into enjoyable creative thinking.

(2) The images must exclude any text within them. 
This constraint aimed to eliminate attentional 
competition with the written prompt, ensure 
optimal visibility of the images, and enhance 
future accessibility of the stimuli and the task 
across languages.

(3) The length of the verbal prompts needed to 
approximately match across all images, main
taining similarity across task conditions and 
stimuli.

(4) All verbal prompts followed a specific structure, 
comprising a statement followed by relevant 
questions to guide the participants’ imagination 
or description.

(5) The statements in the Imagine prompts always 
began with the word “Imagine,” while the 
Describe prompts started with “Describe.”

(6) The number of questions included in the 
prompts for the Imagine and Describe conditions 
were also equated within each image.

(7) The Imagine and Describe prompts for each 
image included the same referent word denoting 
a central focus in the stimulus image (e.g., cat, 
lighthouse, dancer).

After implementing these constraints, feedback was 
sought from other team members to ensure that the 
images and the verbal prompts were appropriate, clear, 
and contextually suitable for adolescents, incorporating 
their input in an iterative manner to further refine the 
images and prompts. After arriving at a refined set of 39 
stimuli, the task was piloted (outside the scanner) with 
a team of twelve undergraduate and graduate students 
to finalize decisions on the timing and the inclusion of 
the stimuli. For these students, the average length of 
time spent thinking about each stimulus was 24.7  
seconds. Therefore, the duration of the stimuli for the 
scanner-based task was set to 25 seconds. Using 
a 5-point scale, students rated the extent to which they 
were able to, for the Imagine condition, vividly or deeply 
imagine, or, for the Describe condition, clearly or fully 
describe, each image. These ratings were used to exclude 
stimuli with an average rating below 3.5, resulting in the 
elimination of 4 stimuli. Moreover, the prompts under
went refinement based on the written feedback received 
from the students. Since only 24 stimuli were needed 
given our fMRI task design (described below), we addi
tionally eliminated 3 stimuli and assigned 8 stimuli to 
the pre-scanner practice session (described below) while 
ensuring a roughly equal representation of each image 
category (e.g., people, animals, architecture, reading, 
travel, etc.).1 After several cycles of iterations and refine
ments, the stimuli for the task were finalized. The full set 
of stimuli, including images, verbal prompts, audio- 
recordings, and the pre-scanner practice materials can 
be found in Supplementary Materials A. Summary char
acteristics of the stimuli, including the number of ques
tions and number of words in the prompts, and the 
duration of auditory presentation, can be found in 
Supplementary Materials B Table B.2.

Designing the fMRI experiment

For two distinct purposes, two fMRI-compatible ver
sions of this paradigm were developed: 1) the 
Interleaved version was optimized for conventional 
fMRI analyses of brain activation (e.g., contrasting 
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brain activation in the Imagine versus Describe condi
tions), and 2) the Continuous version was designed for 
analyses that require longer lengths of continuous data 
that is collected during a given context, such as measuring 
entropy of the fMRI signal, or carrying out dynamic 
functional connectivity analysis. Both task versions con
sisted of two runs, each featuring a different set of stimuli. 
Stimuli were assigned to the different versions 
(Interleaved, Continuous) and runs (run 1, run 2) to 
ensure an approximate even distribution of image cate
gories. The current paper focuses on the results obtained 
using the Interleaved task version, measuring brain acti
vation at the whole-brain level, with one exception, noted 
later in the Post-scan survey analysis section.

In the Interleaved task version, the order of the Imagine 
and Describe conditions was counterbalanced in two different 
sequences as two different blocks for each run: one block as 
IDDI and another block as DIID (I: Imagine, D: Describe), 
with the purpose of having a more robust estimation of the 
scanner drift (Dale & Buckner, 1997) and minimizing any 
differential effects of scanner drift across the two conditions. 
The visual images and written prompts remained on the 
screen the entire time of each trial (i.e., 25 seconds) while 
participants were contemplating their responses to each 
stimulus. A 6-second rest period was interposed between 
each trial, during which participants were instructed to 
look at a fixation cross. To provide additional data that 
could be used as a “baseline,” in addition to the 6-second 
rest periods between trials, each run included a 25-second 
rest period (fixation cross) at the beginning and the end of 
the IDDI and DIID blocks. Moreover, to obtain within- 
scanner assessments of participants’ performance, but 
without repeatedly encouraging evaluative thinking, at 
the end of each 4-trial block, participants rated (via button- 
box press) how vividly or deeply they imagined, and how 
clearly or fully they were able to mentally describe the 
images on a 3-point rating scale (1 = not at all, 2 = some
what, 3 = quite well) (see Figure 2). Each run begins with 
46 seconds of rest time during which the scanner under
goes calibration (required for the multiband acquisition), 
and in each run, the Imagination task lasted 6 minutes and 
47 seconds (231 volumes) and included 4 images, each 
presented twice, in different blocks, once as Imagine and 
once as Describe. Participants completed two runs of the 
Interleaved task version with four different images in each 
run. Table B.3 in Supplementary Materials B provides 
detailed experimental timing information. Design infor
mation regarding the Continuous task version is also 
reported in Supplementary Materials B.

Counterbalancing
To allow for counterbalancing, four task variations of each 
of the two task versions, Interleaved and Continuous, were 

created and administered (see Supplementary Materials 
B Table B.4), with two different orders of stimulus pre
sentation in each run, and two different options of run 
order (run 1 first, run 2 second, or the opposite) for each 
task version. Additionally, approximately half of the parti
cipants completed the Interleaved version first and the 
other half completed it second (see Supplementary 
Materials B Figure B.2 for counterbalancing method illus
tration). In other words, all participants viewed the same 
set of stimuli, but the stimuli presentation order varied 
depending on the counterbalancing condition to which 
participants were assigned.

Data collection: scanning procedure

Scanning was completed at the Masonic Institute for the 
Developing Brain at the University of Minnesota. Upon 
arrival, participants completed a screen to ensure safety for 
entering the MRI suite. Adolescents then completed a pre- 
scanner practice session with additional stimuli (four for 
each task version) presented on a desktop computer to 
become acquainted with the task and to understand the 
instructions (see Supplementary Materials A for the pre- 
scanner practice materials). They were also given the 
opportunity to try out a mock scanner, to become more 
familiar with the scanning environment. Participants were 
then brought to the Siemens 3T Prisma whole body MRI 
scanner. A 32 channel head coil was used. The Siemens 
auto align head sequence was used to prescribe all scans to 
improve within and between session reproducibility. 
Structural T1/T2 weighted data were acquired using the 
ABCD acquisition (1 mm isotropic, etc.). For all functional 
data (resting state scans and Imagination task), the multi- 
echo fMRI sequence was used with the following para
meters: repetition time 1761 ms, echo times 14.20/38.93/ 
63.93/88.39 ms, voxel size 2 mm isotropic, a multiband 
factor of 6, and IPAT factor of 2. A pair of opposite phase- 
encoded multi-echo spin echo field maps were acquired 
with voxel parameters matched to the fMRI data for use in 
distortion correction. A resting-state fMRI scan (12  
minutes/410 volumes) was also collected, which is not 
the focus of this work.

After completing each fMRI scanning session, all 
participants were asked to complete a questionnaire 
about their experiences with the procedure. The ques
tions addressed their comfort, alertness, and nervous
ness levels inside the scanner as well as how hard or easy 
it was to follow the task instructions (i.e., verbal 
prompts) and to shift their attentional focus for each 
image. Furthermore, participants were shown each pic
ture with the accompanying verbal prompt and were 
asked to rate each stimulus on three distinct dimen
sions: the effectiveness of the image and the 
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accompanying verbal prompts, the amount of time they 
spent imagining/describing the stimulus, and their level 
of enjoyment while engaging with the stimulus as much 
as they could remember. Participants were then again 
shown all the images and the corresponding verbal 
prompts in a single array, and were asked to select two 
of their favorite images. They were asked to write down 
what they remembered they had imagined and 

described for those two images during the scanning 
session. This provided a way to both inform the research 
team about the kinds of ideas that were generated dur
ing the task, and also the extent to which different 
images were liked by different participants. Such infor
mation about all of the prompts would have been useful; 
however, adolescents were asked to respond in detail 
only about two of the images, in order to minimize their 

Figure 2. Experiment flow of the interleaved version for a single run. Participants rated how vividly or deeply they imagined and how 
clearly or fully they were able to mentally describe the images on a 3-point rating scale (1 = not at all, 2 = somewhat, 3 = quite well) at 
the end of each block. The images in this flowchart are simplified and cartoon versions of the actual stimuli, re-created on getting.ai 
(https://getimg.ai/), for illustrative purposes and to protect the novelty of the stimuli. The full images and the accompanying verbal 
prompts for the Interleaved task version can be found in Supplementary Materials A.
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task load and to provide them with increased autonomy 
regarding what they would choose to reveal.

MR data processing
DICOM data were converted to the Brain Imaging Data 
Structure (BIDS) standard format. Raw MRI data under
went NORDIC denoising (version 1.1; Vizioli et al.,  
2021) and were then preprocessed using fMRIprep (ver
sion 24.0.0; Esteban et al., 2018). These steps included 
coregistration and normalization to MNI volume space 
for both T1w and T2w images and motion correction, 
distortion correction, T2*-weighted optimal combination 
of echoes using Tedana (version 24.0.1; DuPre et al.,  
2021), and registration to MNI space for the BOLD data.

fMRI data analysis
The current study focuses on the analyses conducted on 
the Interleaved version of the task, to measure brain 
activation at the whole-brain level. All analyses were 
performed in MNI volume space. Motion confounds 
using the six canonical motion regressors were extracted 
from fMRIprep and input into the first-level analyses, 
with no censoring applied for high motion frames. First- 
level analyses were performed for each run using 
Python’s Nilearn (version 11.1; Abraham et al., 2014), 
regressing the task model against the whole-brain fMRI 
data, to obtain whole-brain beta-maps for the following 
contrasts: Imagine > Describe, Describe > Imagine, 
Imagine > Fixation, and Describe > Fixation. Then, 
within-session beta maps for the two runs were aver
aged for each contrast. Group-level inference was per
formed using a one-sample t-test, with beta values tested 
against zero, resulting in a whole-group beta map for 
each contrast. Multiple comparisons were corrected 
using permutation testing with cluster-mass error con
trol. In this procedure, a cluster-forming threshold of p  
< .001 was used to select clusters. These clusters were 
tested against a null distribution of cluster masses. The 
null distribution was estimated by randomly drawing 
locations of coordinates from a gray matter template 
and recording the maximum cluster mass, repeated with 
10,000 iterations; p-values were obtained for each clus
ter, and clusters that survived the p < .05 are displayed 
on the whole group beta maps for each contrast.

Post-scan survey analysis
Summary statistics on the quantitative results of the 
surveys were conducted. To better understand and 
characterize the kinds of creative imagination our 
task was eliciting, we looked at participants’ free- 
written responses regarding their “favorite” stimuli 
to identify themes of creative imagination. In addi
tion, Linguistic Inquiry Word Count (LIWC) (using 

LIWC-22; Boyd et al., 2022; Pennebaker et al., 2015) 
was used to analyze their free-written responses. 
Note that to ensure a sufficient amount of text and 
findings based on a sufficient number of stimuli that 
were selected by participants as their “favorite” (a 
total of 16 across the two task versions), both the 
thematic analysis identifying instances of creative 
imagination and the LIWC analyses included quali
tative data from both task versions. The LIWC appli
cation first counts all the words in a target text and 
then calculates the percentage of total words that 
belong to each of several categories. The application 
also provides summary values on four more complex 
and integrative dimensions (called “summary vari
ables”), which are rescaled so that they are on a 100- 
point scale ranging from 0 to 100. The four LIWC 
summary variables are:

(1) Analytic thinking – higher values indicate more 
formal or logical thinking, whereas a lower num
ber is indicative of more informal, personal, or 
narrative thinking.

(2) Clout – higher values indicate speaking from 
a position of relatively greater expertise or 
authority, whereas lower values indicate a more 
tentative or unassuming style.

(3) Authentic – higher values are reflective of 
responses that are more personal, honest, and 
disclosing, whereas lower numbers indicate 
more guarded or distanced responding.

(4) Tone – higher values are indicative of a more 
positive, upbeat emotional tone, whereas lower 
numbers may reflect negative states such as anxi
ety, sadness, or hostility.

In addition to these summary variables, results from six 
LIWC psychological categories were examined: motiva
tional drives (e.g., affiliation, achievement, power), cog
nition (e.g., insight, memory), affect (e.g., positive 
emotion, negative emotion), social processes and refer
ents (e.g., conflict, friends, family), perception (includ
ing space), and time.

To address our hypothesis that the Imagination 
task would be capable of eliciting personally mean
ingful imaginative thinking in adolescents, we com
pared the following LIWC variables in the responses 
to the Imagine prompts versus responses to the 
Describe prompts: socioemotional and self-related 
words, Authenticity, Positive Tone, and Analytic 
summary measures. Results regarding each of these 
psycholinguistic domains of interest listed above 
were averaged for each of the 16 selected “favorite” 
stimuli for Imagine versus Describe.
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Results

Neuroimaging results

Whole-brain contrasts for the imagine > describe and 
describe > imagine conditions
Whole brain activation analyses were conducted to 
compare brain activity between the Imagine and 
Describe conditions. After correcting for multiple com
parisons with permutation testing, the contrast of 
Imagine > Describe yielded significant activation in 

the left lateral occipital cortex, which was notably 
accompanied by activation in the posterior cingulate 
gyrus and several more anterior (and transmodal) 
regions, including the left middle temporal gyrus – ante
rior division, left temporal pole, and frontal pole (see 
Table 2 and Figure 3). The direct contrast of Describe > 
Imagine revealed extensive activation in bilateral visual 
processing regions, including especially the right lateral 
occipital cortex – superior division and left occipital 
pole (see Table 2 and Figure 3).

Table 2. Significant clusters from the whole-brain one-sample analysis for the imagine > describe and describe > imagine contrasts.
Region Name Cluster ID X Y Z Peak Stat (t-score) Cluster Size (Cubic mm)

Imagine > Describe
Middle temporal gyrus - anterior division (left) 1 –58.5 –6.5 –20.5 2.70 8240
Lateral occipital cortex - superior division (left) 2 –46.5 –68.5 39.5 1.80 3656
Posterior cingulate gyrus (medial) 3 –8.5 –52.5 29.5 1.80 3528
Temporal pole (left) 4 –49.5 7.5 –26.5 1.80 3240
Superior frontal gyrus (medial) 5 −2.5 51.5 35.5 1.66 2104
Frontal pole (medial) 6 −8.5 57.5 −2.5 1.11 960

Describe > Imagine
Lateral occipital cortex - superior division (right) 1 15.5 −76.5 57.5 4.02 4032
Occipital pole (left) 2 −34.5 −92.5 3.5 2.88 4456
Lateral occipital cortex - superior division (right) 3 31.5 −86.5 21.5 2.76 6392

All coordinates are in the MNI volume space. The X, Y, and Z values for the coordinates of the peak are in millimeters.

Figure 3. Significant clusters from the whole-brain one-sample analysis for the imagine > describe (warm colors) and the describe > 
imagine contrasts (cool colors). Beta values for voxels with p < .05 (corrected based on the distribution of maximum cluster masses 
from 10,000 permutations). Warmer colors (red to yellow) indicate brain regions that were relatively more activated during the 
Imagine than the Describe condition; cooler colors (dark to light blue) indicate brain regions that were more activated during the 
Describe than the Imagine condition.
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Whole-brain contrasts for the imagine > fixation and 
describe > fixation conditions
As shown in Table 3 and Figure 4, the contrast of 
Imagine against Fixation revealed significant clusters 
in the right occipital fusiform gyrus, left middle tem
poral gyrus – anterior division, left angular gyrus, the 
right superior temporal gyrus – anterior division, and 
left inferior frontal gyrus – pars opercularis. The con
trast of Describe against Fixation yielded three peaks, 
including the right occipital fusiform gyrus, left superior 
temporal gyrus – posterior division, and right planum 
temporale.

Behavioral results

In-scanner rating
Across both the Imagine and Describe conditions, par
ticipants reported strong success in engaging in the 
Interleaved task: Mean = 2.446, 95% CI [2.243, 2.650] 
on the 3-point scales. Participants also reported highly 
similar levels of success in engaging in the Imagine and 
Describe tasks: Mean Imagine = 2.482, 95% CI [2.214, 

2.750], Mean Describe = 2.411, 95% CI [2.078, 2.744]. 
Across 112 in-scanner ratings for the Interleaved ver
sion (14 participants with 8 ratings per participant), 
there were only 7 occasions where participants reported 
ratings of 1 (indicating inability or difficulty completing 
the designated task for a stimulus block), with these 
ratings occurring relatively less often for Imagine (2 
times) than for Describe (5 times). Figure 5 illustrates 
the distribution of the average in-scanner ratings in the 
Interleaved version. The behavioral results for the 
Continuous version are reported in Supplementary 
Materials B.

Post-scan survey
While 35.7% of participants reported being more alert 
for the first run compared to the second, most partici
pants reported similar alertness across runs. Regarding 
participants’ experiences of seeing each image twice 
with different instructions (i.e., once with Imagine 
instructions, and once with Describe instructions), 
71% of respondents answered it was “very easy” or 
“easy” and no respondents indicated that it was either 

Table 3. Significant clusters from the whole-brain one-sample analysis for the imagine > fixation and describe > fixation contrasts.
Region Name Cluster ID X Y Z Peak Stat (t-score) Cluster Size (Cubic mm)

Imagine > Fixation
Occipital fusiform gyrus (right) 1 27.5 −80.5 −18.5 11.57 66432
Middle temporal gyrus - anterior division (left) 2 −64.5 −8.5 −8.5 4.47 12488
Angular gyrus (left) 3 −44.5 −58.5 25.5 2.95 2216
Superior temporal gyrus - anterior division (right) 4 63.5 −4.5 −8.5 2.95 3232
Inferior frontal gyrus - pars opercularis (left) 5 −56.5 19.5 15.5 1.85 1336

Describe > Fixation
Occipital fusiform gyrus (right) 1 29.5 −80.5 −18.5 14.76 104344
Superior temporal gyrus - posterior division (left) 2 −60.5 −38.5 3.5 3.55 6872
Planum temporale (right) 3 55.5 −14.5 5.5 3.20 2776

All coordinates are in the MNI volume space. The X, Y, and Z values for the coordinates of the peak are in millimeters.

Figure 4. Significant clusters from the whole-brain one-sample analysis for the imagine > fixation and describe > fixation contrasts. 
Beta values for voxels with p < .05 (corrected based on the distribution of maximum cluster masses from 10,000 permutations). The 
maximum beta value for the Imagine > Fixation contrast is 8.6 and for the Describe > Fixation contrast is 10.
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“hard” or “very hard” to shift their focus. In addition, 
most participants reported that it was not confusing to 
see each image twice with different instructions. 
Particularly, no participants responded that it was either 
“confusing” or “very confusing.” For the Interleaved 
runs, which required more frequent shifts, 86% of the 
adolescents noted it was “not at all confusing” or “not 
confusing.” All participants reported that it was “some
what helpful” to “very helpful” to see each image twice 
with different instructions (i.e., imagine or describe).

Moreover, 11 out of 16 Interleaved stimuli (68.9%; 
combining Imagine and Describe) were reported as 
enjoyable (i.e., “I really enjoyed imagining/describing 
this image and prompt”) by more than half of the 
participants. Averaging across all the Interleaved stimuli 
participants had encountered, the majority of partici
pants reported using the entire provided time (i.e., 25  
seconds) to mentally respond, both for the Imagine 
stimuli (M = 11.25) and the Describe stimuli 
(M = 9.75). Most participants also indicated that they 
enjoyed engaging with both the Imagine stimuli 
(M = 9.88) and the Describe stimuli (M = 8.50) (see 
Supplementary Materials B Figure B.3).

Descriptive themes of creative imagination
Across both task versions, there were a total of 16 
different visual stimuli selected by the participants as 
a “favorite,” and for which one or more participants 
provided a post-scan characterization of their recalled 
thoughts during both the Imagine prompts and the 
Describe prompts. We identified several descriptive 
themes of creative imagination by focusing on their 
responses to the Imagine prompts in both task versions 

to characterize distinct aspects of creative imagination 
that were evoked by the task. Table 4 presents the five 
themes that we identified along with some illustrative 
examples. All of the adolescents’ qualitative responses 
are provided in Supplementary Materials B Table B.7.

Psycholinguistic analysis of thoughts during imagine 
and describe
Similarly, participants’ qualitative responses from both 
task versions were included in the LIWC analyses to 
ensure a sufficient amount of text and generalizability 
across stimuli. As shown in Table 5, the psycholinguistic 
characteristics of these descriptions differed in several 
ways for the Imagine versus Describe conditions. 
Compared to the reports for the Describe trials, reports 
for the Imagine trials were longer, had significantly 
higher levels of Authenticity and Positive Tone, con
tained significantly more references to motivational 
drives, cognition, and affect, and included a higher pro
portion of references to time. In contrast, reports of 
thoughts during the Describe condition were character
ized by a significantly higher level of Analytic language.

Discussion

The current study presents a novel task designed to 
capture brain functioning during meaningful imagina
tion in adolescents that was developed through a co- 
creation process involving artists, scientists, and adoles
cent participants. Our preliminary results indicated that 
adolescents found the task to be well tolerated, enjoy
able, easy for switching their focus between the Imagine 
and Describe trials, and capable of eliciting meaningful, 

Figure 5. Histograms of average in-scanner ratings for the interleaved version. Participants responded (via button-box press) on 
a scale of 1–3 how vividly or deeply they felt they were able to imagine (Imagine condition), or how clearly or fully they were able to 
mentally describe (Describe condition) for the immediately prior subset of 4 stimuli.
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authentic, and positively valenced thoughts. The task 
also evoked different aspects of creative imagination. 
Preliminary results from the group analysis of the 
fMRI data suggested that the task elicited activation in 
brain regions that are typically associated with imagina
tion and creative thinking reported in prior research. 
The unique collaboration undertaken in this research 
allowed some key innovations including the ability to 
tap a creative and imaginative process that is not typi
cally captured in previous creative imagination research, 
which is illustrated in the content of thinking shared by 
adolescent participants after the scan.

The behavioral results suggested that the novel 
Imagination task paradigm successfully encouraged 
participants to actively engage in the tasks and appro
priately follow the different instructions provided. 
These results showing that the Imagine and Describe 
conditions elicited similar levels of in-situ self-assessed 

successful task performance support the validity of com
paring the neuroimaging data between the Imagine and 
Describe conditions. Across all scanning sessions, there 
were only two occasions where participants did not 
respond to the rating activity (or did not respond within 
the time limit provided), suggesting that the pacing for 
rating was reasonable. In addition, given that partici
pants reported the same level of alertness for the two 
scan runs in the post-scan survey, it appears feasible to 
administer two runs on a given day in the manner 
adopted in this study for participants of this age 
group. Post-scan survey results further suggested that 
participants enjoyed the selected images and the accom
panying verbal prompts, and 25-seconds as the duration 
of the stimuli was appropriate.

By identifying descriptive themes of creative imagi
nation from adolescents’ written summaries of their 
thoughts during the Imagination task, we were able to 

Table 4. Descriptive themes of creative imagination identified from the qualitative responses with illustrative examples for each 
theme.

Theme Illustrative Examples

Personification and transformation ● “I imagined the treasure being a cat that talks and grants wishes when you pet its tail.”
● “I imagined that a mermaid came to see me. Because it’s a mermaid it turned me into one too, and we 

explored the ocean.”
Imaginative empathic projection and 

conceptual expansion
● “I was thinking about the ocean itself being my friend. It was bringing me shells and such and I’d help its 

animals get better taking care of them until they’re ready to go back.”
● “I was thinking about how the bird would tell me how successful I will become in life and how I need to 

keep doing what I’m doing and how I’m strong and amazing.”
Narrative immersion and unfolding 

quest/questioning
● “You’re out on the water on your boat when you find a cave that you’ve never seen before, it’s as if it had 

appeared out of nowhere. You go inside and find a treasure chest full of old coins, bones, pearl necklaces, 
and gold but at the bottom is a scroll, it’s in a foreign language and you can’t understand. All of a sudden 
you notice that some of the symbols look familiar, where have you seen these from before?”

● “That one of the trees contained rubber ducks but they weren’t ordinary rubber ducks, they were magical 
rubber ducks and if you took one, it would make one thing about you perfect. However, if you took more 
than you were allowed you would start to have a big ego and others would start to see you as less perfect 
the more ducks you take.”

Magical travel in time and space ● “While imagining, I thought about the door transporting me to China, or wherever in the world I would 
want to go to. In China, I imagined I would see my family, see the ocean, and eat good food.”

● “I imagined a crow found me when flying home and noticed that I looked lost. I imagined him swooping in 
from the right of me to get my attention. I then knew to follow him, and I did until he took me back to the 
main road.”

Playful, metaphorical thinking and 
humor/storytelling

● “I imagined I was a lemon, sour and unpleasant but with the right things, I can be very nice to have 
around.”

Table 5. The means for the LIWC measures, and the results of repeated measures ANOVAs comparing 
the means (per stimulus) for imagine and describe.

LIWC Measure Imagine Mean (SD) Describe Mean (SD) Imagine vs. Describe

Word Counta 28.73 (12.29) 17.01 (10.71) F(1, 14) = 13.80, p = .002**
Analytic 44.08 (19.13) 72.50 (24.07) F(1, 15) = 9.20, p = .008**
Clout 15.02 (21.07) 23.09 (13.44) F(1, 15) = 2.55, p = .13
Authentic 89.21 (11.33) 45.59 (31.87) F(1, 15) = 43.70, p < .001***
(Positive) Tone 49.00 (27.56) 30.30 (16.46) F(1, 15) = 4.63, p = .048*
Drivesa 3.28 (3.27) 0.00 (0.0) F(1, 14) = 15.04, p = .002**
Cognition 15.77 (6.21) 6.25 (5.50) F(1, 15) = 37.20, p < .001***
Affecta 5.15 (3.81) 0.85 (1.11) F(1, 14) = 14.06, p = .002**
Social 9.55 (6.51) 7.57 (5.10) F(1, 15) = 2.00, p = .18
Perception 10.92 (7.80) 10.29 (6.52) F(1, 15) = 0.05, p = .83
Space 5.09 (3.65) 5.35 (3.99) F(1, 15) = 0.07, p = .80
Timea 4.32 (2.83) 1.15 (1.48) F(1, 14) = 10.78, p = .005**

LIWC, Linguistic Inquiry Word Count; aExcluding one outlier value for the analysis. For statistically significant comparisons, 
the shaded cell indicates the condition with a higher value.
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show how the Imagination task captured different 
aspects of creative imagination, ranging from personifi
cation and transformation to magical travel in time and 
space, that are personally relevant to participants. The 
psycholinguistic results of the adolescents’ qualitative 
responses revealed significant differences between 
Imagine and Describe conditions for the LIWC indices 
of Authenticity, Positive Tone, Motivational Drives, 
Cognition, and Affect. Notably, higher levels of 
Authenticity in the Imagine condition align with our 
intention in designing the Imagine prompts to evoke 
personally meaningful thinking, making each partici
pant’s responses individually meaningful and authentic 
to themselves. Thus, even though the actual content and 
the direction of participants’ imaginative explorations 
clearly and markedly differed from one another, as 
shown, for instance, in the illustrated responses in 
Table 4, the psycholinguistic data underscore their gen
uine and inventive engagement with the prompts. 
However, it should be noted that Positive Tone was 
only slightly higher in the Imagine trials compared to 
the Describe trials. Nevertheless, the significant differ
ence between the two conditions in Affect could support 
and cohere with the subtle difference in Positive Tone. 
In contrast, the high level of Analytic language in the 
Describe trials also implied that the Describe condition 
served as a good contrast and control task to the 
Imagine condition. Overall, the preliminary behavioral 
findings suggest that the Imagination task is capable of 
eliciting authentic, positive, playful, and self-reflective 
imaginative thoughts, contrasted with analytical 
thoughts, in adolescents inside the scanner, placing it 
uniquely from other commonly used fMRI tasks, such 
as the AUT, that typically do not involve personal rele
vance and do not provide evocative stimulation that 
allows personally meaningful imaginative exploration.

The neuroimaging analysis results showed that, as 
hypothesized, compared to the Describe condition, the 
Imagine condition elicited greater activation in several 
regions that are part of the DMN. Specifically, the mid
dle temporal gyrus plays an important role in both the 
semantic and default mode networks (Cogdell-Brooke 
et al., 2020). This region is associated with the construc
tion of new associations and concepts when processing 
novelty and usefulness in creativity (Ren et al., 2020), 
reflecting the association and combination processes of 
creative imagination. The posterior cingulate cortex and 
superior frontal gyrus are also key hubs within the DMN 
(Fernandino & Binder, 2024; Raichle et al., 2001). Our 
preliminary findings are in line with prior studies that 
implicated the DMN in “mental time travel” (i.e., when 
engaging in imagining the future or recalling the past), 
tasks that require semantic processing and memory 

retrieval (Smallwood et al., 2021), and visual creativity 
(Zhu et al., 2017). Moreover, the peak of the frontal pole 
activation observed in the current study was largely 
medial and appeared close to a core anterior medial 
prefrontal hub of the DMN (Andrews-Hanna et al.,  
2010; Wen et al., 2020). This activation was also near 
the region that is thought to be involved in guiding 
“attention and behavior related to linking stimuli to 
values and emotions” under the organizational frame
work of the frontal pole proposed by Orr et al. (2015). 
The proposed role of the region is highly congruent with 
the study’s attempt to generate Imagine prompts that 
invited personally meaningful reflection and imagina
tive exploration by the adolescents. Furthermore, bilat
eral visual processing regions, including the occipital 
cortex – superior division, were observed in both con
ditions. Whereas the Imagine condition recruited rela
tively more left-lateralized activity in the occipital 
cortex, the Describe condition elicited more right- 
lateralized activity in this region. This right-lateralized 
activity was found to be involved in the local processing 
of object-based hierarchical stimuli (G. R. Fink et al.,  
1997; Kéïta & Bedoin, 2011), reflecting participants’ 
efforts in describing the specific aspects of the images 
as prompted. In contrast, the left-lateralized activity was 
linked to the global processing of object-based stimuli, 
suggesting that participants used the holistic essence of 
the images to guide their creative imagination rather 
than focusing on the details of the images.

In addition to the direct contrasts of the Imagine and 
Describe conditions, a comparison of each condition 
against Fixation could help to further reveal similarities 
and differences between the Imagine and Describe con
ditions given that the potential cognitive contributors to 
the two conditions may be varied and complex. 
Contrasts of the Imagine and Describe conditions 
against Fixation both revealed an extensive activation 
in the right occipital fusiform gyrus, presumably reflect
ing the combined visual images and visual written 
prompts presented for both conditions and absent dur
ing fixation. However, the two conditions differed in 
that the Describe trials (relative to low-level fixation) 
but not the Imagine trials activated language-related 
processing in the right planum temporale, potentially 
reflecting increased stimulus-driven attention to the 
auditory spoken prompt during the Describe trials 
(Hirnstein et al., 2013). Additionally, the Imagine trials 
(relative to low-level fixation) but not the Describe trials 
called on more semantic/transmodal/language/mean
ing-related processing in the left angular gyrus (e.g., 
Seghier, 2023) and left inferior frontal gyrus – pars 
opercularis, regions related to increased conscious 
inner speech, narration, or self-talk (Amit et al., 2017). 
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The Imagine trials also elicited greater activation in the 
right superior temporal gyrus, an area associated with 
semantic integration and perhaps reflective of the infer
ences participants made when transitioning from the 
presented verbal prompt to their own imaginative con
struction (e.g., Gündüz et al., 2020; Mason & Just, 2004; 
Virtue et al., 2006).

The findings of the current study are also consistent 
with several prior fMRI studies on divergent thinking, 
creative problem-solving, and imagination. For exam
ple, Kleibeuker, Koolschijn, et al. (2013) found that both 
adolescent and adult participants displayed increased 
activations in the left angular gyrus and bilateral middle 
temporal gyrus during AUT trials in comparison to the 
AUT control condition, the object characteristics (OC) 
task, where participants are asked to generate character
istics of common objects. Similarly, by contrasting the 
AUT versus the OC task, A. Fink et al. (2010) reported 
stronger activation in the left angular gyrus, while we 
observed activation in this area when contrasting 
Imagine with Fixation. When contrasting AUT with 
Fixation, A. Fink et al. (2009) observed greater activa
tion in the inferior frontal gyrus (left) which we also 
found in the Imagine > Fixation contrast. Although our 
task recruited similar key regions as reported by past 
studies using the AUT and OC task, what differentiates 
our contrast between the Imagine versus Describe con
ditions from the typical contrast between the AUT and 
the OC task is that our contrast is a stronger comparison 
between externally-focused thought (Describe) versus 
internally-focused thought (Imagine) with both concep
tual and perceptual processing, whereas the contrast for 
the AUT versus the OC task is more strongly 
a comparison between two forms of internally- 
generated thought (i.e., creative and imaginative simu
lation for the AUT versus semantic, conceptual, and 
perceptual memory retrieval for the OC task). 
Furthermore, inferior frontal gyrus, middle temporal 
gyrus, and superior occipital gyrus were also found to 
be recruited during creative problem-solving using the 
Matchstick problem task in adolescents (Kleibeuker, 
Koolschijn, et al., 2013). In a more recent study, Shofty 
et al. (2022) confirmed the causal relationship between 
the default network node (i.e., posterior cingulate cor
tex) and divergent thinking. In addition, the posterior 
cingulate cortex, along with some other regions within 
the salience and semantic control networks, were iden
tified during scientific creative imagination (Beaty et al.,  
2023), suggesting a commonality of brain region 
recruitment across different types of creative cognition. 
Likewise, the inferior and middle temporal gyri were 
found to be engaged in creative imagery, crucial for 
recognizing and categorizing meaningful visual inputs, 

and together with the superior occipital gyrus, they 
synergistically facilitated the mental representation of 
visual-spatial characteristics (Frith et al., 2022). Notably, 
the significant voxel clusters identified in the study 
included brain regions that were proposed to be asso
ciated with both the mental imagery and semantic fea
tures of imaginative thought (Andrews-Hanna & Grilli,  
2021). Specifically, the medial temporal lobe, the poster
ior cingulate cortex, and the inferior parietal lobe are 
closely associated with the mental imagery aspect of 
imagination, while the dorsal medial prefrontal cortex, 
the temporoparietal junction, and the temporal pole are 
associated with the semantic processing of imaginative 
thought (Andrews-Hanna et al., 2014).

Limitations and future directions

One limitation of the study is the small sample size (N =  
14) which contributed to lower power to detect signifi
cant effects, so the current results should be considered 
preliminary. Future research will benefit from larger 
sample sizes, a goal we hope will be facilitated through 
our sharing of all the Imagination task stimuli here (see 
Supplementary Materials A). A second limitation per
tained to the analysis of thought content, in which we 
relied on participants’ retrospective recall of thoughts 
during the scan. However, potential drawbacks/limita
tions of a retrospective reporting procedure were miti
gated by eliciting the participants’ reports soon after 
they completed the scans and also while providing 
strong retrieval support by showing the participants 
the images and the verbal prompts again. Future studies 
may benefit from adopting a strategy where participants 
are instructed to think aloud during creative imagina
tion – ideally during a form of neuroimaging acquisition 
that is not strongly adversely influenced by head motion 
(but see Li et al., 2023). This approach would capture 
participants’ imaginative thinking in real-time, allowing 
researchers to better understand the dynamic properties 
of imaginative thought, which could ultimately lead to 
deeper insights into various imaginative states 
(Andrews-Hanna & Grilli, 2021). Particularly, it is 
ideal for recording continuous streams of thought 
through written or spoken responses using the “think 
aloud” strategy (D’Argembeau & Mathy, 2011).

A third limitation – that is, however, also a notable 
strength – is the multifaceted, varied, and complex 
nature of the combined visual and verbal stimuli pro
vided in the Imagination task. On the one hand, the rich 
and varied stimuli were iteratively generated so as to 
both support – and invite – meaningfully creative ima
ginative constructions by adolescent youth in the (often 
less than fully facilitative) context of fMRI scanning, 
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with all of its accompanying constraints on sensory and 
motor activity. The complexity of the stimuli aligns with 
the complexity of imaginative operations in our every
day lives, and with emerging conceptual analyses of the 
varied mental imagery, recollective, prospective, and 
combinational or generative processing that are part 
and parcel of what is known as “imagination” 
(Abraham, 2016; Andrews-Hanna & Grilli, 2021; Irish,  
2020). On the other hand, to nonetheless allow experi
mental control and valid comparisons, the complexity 
was countered by presenting the same visual stimuli (for 
the same duration) in both the Imagine and Describe 
conditions, and by equating the general format and 
specificity of the accompanying verbal prompts. That 
differences in cognitive and neural processing (BOLD 
activation) were observed during the Imagine trials 
(predominantly involving internally-directed attention) 
versus Describe trials (predominantly involving exter
nally-directed attention), even with continuously pre
sent and equated complex images, offers the 
opportunity for new explorations of differential network 
connectivity during internally- versus externally- 
oriented conscious processing (cf. Dixon et al., 2014; 
Lyu et al., 2021). Neural connectivity and other analyses 
may further inform understanding of how the default 
mode network dynamically interfaces with other large- 
scale networks to enable the vast reaches of human 
creative imagination.

Conclusion

We present a novel Imagination fMRI task that cap
tures brain activation during creative imagination in 
adolescents. This Imagination task is unique among 
other creative imagination tasks in that it was devel
oped specifically with adolescents in mind and 
through an active and extended co-creation process 
with adolescents themselves. The preliminary findings 
suggest that this task is capable of eliciting various 
aspects of creative imaginative thinking that are self- 
reflective, meaningful, and positive in adolescents as 
well as invoking brain activations in several key 
regions within the default mode network that are 
typically associated with imagination and creative 
thinking. The current report and accompanying sup
plementary materials aim to make this new investiga
tive paradigm accessible to other researchers, thereby 
facilitating the exploration and study of the neurobio
logical underpinnings of self-reflective and meaningful 
imaginative thinking across various contexts. This task 
could be useful in research designed to examine 
change across adolescent development, as a result of 
experimental interventions, or in relation to the 

introduction of socio-cultural and educational pro
grams that aim to foster, and extend, the creative – 
and imaginative – use of imagination.

Note

1. Given the high average (and low standard deviation) of 
ratings (M = 4.08, SD = 0.25) from the pilot data across 
the final set of the stimuli, and given the relatively small 
number of stimuli that we had to choose from, we 
prioritized the even distribution of image categories 
across task versions and runs (see the Designing the 
fMRI experiment section).
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