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Abstract

Objective: To gain the knowledge needed to develop a cognitive behavioral intervention and reliable
psychoeducation applicable for conversational artificial intelligence models, we investigated the underlying
constructs of thoughts common to cognitive distortions found in online questions written by adolescents
with symptoms of depression.
Methods: From June 30, 2020, to October 30, 2020, we analyzed a sample of 100 written questions from
adolescents about depression posted on an online information service using a qualitative analysis guided
by cognitive behavioral theory and informed by the neuroscience of adolescence.
Results: Four types of cognitive distortions (CDs) were found: (1) emotional reasoning, (2) mind reading,
(3) catastrophizing, and (4) labeling. Our analysis suggested 3 underlying constructs common to the
different CDs: (1) emotional states appearing as reality, (2) experiencing this emotional reality as some-
thing others think, and (3) generalizing such beliefs to every relation and the future. These constructs may
signify events leading to a ruminative state that seems hard to escape.
Conclusion: The 4 different CDs originate from 3 underlying constructs possibly associated with
adolescent neurodevelopment. This study indicates a potential to reveal the underlying constructs of
thought common to different CDs, thus making CDs more useful as a target point in artificial
intelligenceebased technological information and intervention tools.
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S ubthreshold depression and major
depressive disorder1e3 are common
during adolescence, and teenagers often

avoid seeking help.4 Adolescent depression is
associated with later mood disorders, other
mental health problems, and severe mental
illness.5,6 Adolescence is a critical develop-
mental period that could significantly affect
both mental and physical health. The potential
of long-term effects on prefrontal functions7,8

makes it imperative to prioritize early, low-
threshold therapy for this age group.9

New technologies based on artificial intel-
ligence (AI), such as low-threshold conversa-
tional AI, are seen as a promising approach
to improve adolescent health services. There
is a need for research on how such conversa-
tional AI can contribute to clinical practice,10
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deliver psychoeducation, and offer initial
therapeutic reattribution.11e14

This study addresses one potential strategy
to strengthen such conversational AI: to create
models capable of detecting cognitive distor-
tions (CDs) or distorted thought patterns pre-
sent in written conversations of adolescents
with depression symptoms. These models
may identify the units of meaning and serve
as an initial step in developing trustworthy
and relevant psychoeducation using conversa-
tional AI. Within the realms of cognitive
behavioral therapy (CBT),15,16 CDs have
received increasing attention as a therapeutic
target and may play an important role in
depression sustainment and negative cognitive
spirals.17 In the literature, important CDs are
all-or-nothing thinking and labeling, alongside
023;1(3):334-342 n https://doi.org/10.1016/j.mcpdig.2023.03.008
yo Foundation for Medical Education and Research. This is an open
C-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.mcpdig.2023.03.008
http://www.mcpiqojournal.org
http://creativecommons.org/licenses/by-nc-nd/4.0/


CHATBOT PSYCHOEDUCATION
those typically found in the adolescent popu-
lation: catastrophizing, overgeneralizing,
personalizing, selective abstraction, mind
reading, emotional reasoning, and underesti-
mating the ability to cope.17 Cognitive distor-
tions are acknowledged as erroneous patterns
of negative automatic thoughts preceding an
emotional, behavioral, and/or symptom
response.15,16 Activated by situational
stressors, negative automatic thoughts and
the different CDs are hard to distinguish and
appear unified in meaning by possible under-
lying constructs of thoughts.18

However, to train AI models to identify and
ultimately respond to CDs, we need more
knowledge about these underlying constructs
to develop an accurate conceptual framework.
This knowledge gap could be filled by investi-
gating the content of meaning shared by
different CDs, that is, underlying constructs of
thoughts, possibly explained by biological prin-
ciples of modern neuroscience.19

New knowledge about the neural mecha-
nisms involved in depression could support
the theories of CBT in adults.20 Adolescence
may represent a stage of brain development
at which cortical and limbic functions amplify
the affective response of negative cognitive spi-
rals and aggravate symptoms of depression.21

First, neural processes are involved in
perpetuating maladaptive beliefs. A depressed
mood could affect memory encoding and
recall, forming biased beliefs. Biased memory
encoding and recall could affect mood, causing
negative cognitive spirals.22,23 Second, depres-
sion is linked to overactive bottom-up path-
ways from the amygdala and thalamus to the
prefrontal cortex (PFC).22 This pathway is
more excitable in adolescence.21,24 Adolescents
experience stronger emotions due to higher
ventromedial PFC influence and amygdala acti-
vation,25 leading to a weaker ability to disen-
gage from negative stimuli.22 Depressed
adolescents appear biased toward negative
stimulus perception. Third, adolescents strug-
gle to distinguish between imagining what
peers think about them and what they think
about themselves.24 Adults make such distinc-
tions through an intricate interplay between
PFC and limbic functions, whereas adolescents
tend to experience the 2 phenomena as
similar.26,27 Finally, adolescents lack emotional
self-regulation owing to incomplete
Mayo Clin Proc Digital Health n September 2023;1(3):334-342 n h
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development of anterior cingulate cortex
(ACC) connections in the central nervous sys-
tem. Immaturity of ACC and reduced dorsolat-
eral PFC control may intensify the emotional
impact of stressors.8,21,22

On the basis of the aforementioned knowl-
edge gap identified, we aimed to respond to
the following research questions:

1. Research question 1: Which CDs are found
in an online self-reporting dataset of posts
revealing symptoms of depression?

2. Research question 2: Are there similarities
between the different CDs suggesting un-
derlying constructs of thoughts?

This study aimed to investigate the quality
of depressogenic CDs in adolescents and iden-
tify potential underlying thought patterns.
This was achieved by analyzing written ques-
tions about depression that were posted on
an online information service for adolescents,
ung.no. By aligning the analysis with cognitive
theory and the neural mechanisms of the
adolescent brain, this study aimed to enhance
our understanding of the shared thought pat-
terns that contribute to different CDs.
METHODS

Data and Participants
Ung.no is an online information and
question-and-answer service for adolescents
provided by the Norwegian Directorate for
family, adolescent, and child affairs. At
ung.no, relevant personnel (eg, psychologists,
doctors, and nurses) respond to written ques-
tions (posts) about a variety of topics. Adoles-
cents (users) can choose the relevant topic
from a pull-down menu, one of which is
mental health and emotions. On posting a
question, they specify their sex (male, female,
or other) and age (13-20 years). By recog-
nizing descriptions of depressive symptoms
or by interpreting the entire post as display-
ing a depressed mood, the personnel label
the posts according to distinct categories
and category levels. One of these is depres-
sion. Available data consisted of a total of
277,552 posts in Microsoft Excel (MSE)
format, of which 14,804 posts belonged to
the mental health and emotions categories.
Among these, 870 posts were tagged with
depression as category level 1, from which
ttps://doi.org/10.1016/j.mcpdig.2023.03.008 335
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FIGURE 1. User statistics of the 100-post sample.
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we randomly sampled 100 posts for analysis.
Figure 1 provides further details about the
properties of the 100-post sample. Each
post was given a unique identification (ID)
number. Quotes from the posts were para-
phrased to disallow readers from tracking
the quotes back to the original posts.

The users frequently described events
leading to the symptoms of depression: narra-
tives exhibiting activating factors, the ensuing
CDs, and the emotional, behavioral, and
symptom response. Self-reported free-text
data from online sources are spontaneous in
nature and are assumed to be a useful source
for assessing depressive symptoms and even
severity.28 Self-perceived mental states are
Mayo Clin Proc Digital Health n September 2
known to match the clinical diagnoses given
by professionals.29

Procedures
From June 30, 2020, to October 30, 2020, we
analyzed the 100-post sample following the
stepwise procedure of Giorgi’s30 phenomeno-
logical analysis. As the first step, 2 raters
(K.K.D. [a general practitioner] and J.I.R. [a
psychiatrist]) educated and trained in CBT
familiarized themselves with the data, grasping
the basic sense of the material: the narrative
structure, the appearance of different CDs,
and the similarities in the underlying con-
structs of thoughts between the different
CDs. We found CDs appearing in 48 of the
023;1(3):334-342 n https://doi.org/10.1016/j.mcpdig.2023.03.008
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posts in the sample. We found only 1 CD in
each post. After analyzing 25 posts, no new
CDs were found.

In the second step, both raters defined the
phenomenological object: the activating events
as they appear in the life of the user and how
the users respond to stressors triggered by dis-
torted automatic thoughtsdthe CDs.

In the third step, the first rater (K.K.D.)
identified and coded the units of meaning us-
ing the NVivo Pro 12 application for qualita-
tive analysis: naming the different CDs stated
in the posts. This step differs from Giorgi’s
procedure that implies the use of slashes to
mark transitions of meaning throughout the
entire text. Contrarily, we coded only the units
of meaning that were deemed relevant to the
research questions. The second rater (J.I.R.)
read the posts and approved or disapproved
on the units of meaning and coding. After
10, 40, 80, and 100 posts, the coders met to
reflect and agree on the coding. Reflections
concerned whether or not the raters’ precon-
ceptions could affect the analysis and to
what extent the codes represented the similar-
ities of the same classes.

As the fourth step, using MSE for the rest of
the analysis, the first rater (K.K.D.) rephrased all
the analyzed posts into third-person abstrac-
tions. Anchoring the analysis in cognitive theory
means that these abstractions display an inter-
pretation of the meaning of the CD in the
context of the entire post, concurrently creating
the categories resembling the common meanings
of the different CDs, that is, the underlying con-
structs of thoughts. Informing the analysis by
neurobiological models means comparing these
underlying constructs with affective and cogni-
tive neural mechanisms.

In MSE, the different underlying con-
structs of thought were given individual
colors. Using the MSE cell color fill function,
a visual pattern displaying the distribution of
different underlying constructs across the
CDs was depicted (Figure 2). Each CD con-
tained different underlying constructs, with
the underlying constructs being common to
the different CDs.

Finally, the categories were discussed in an
analysis meeting with the entire team of re-
searchers, comparing the categories with the
original data, considering the theoretic
anchoring.
Mayo Clin Proc Digital Health n September 2023;1(3):334-342 n h
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RESULTS

Study Characteristics
The initial process of coding revealed the
following 4 different CDs:

1. Labeling: the person generalizes negative
characteristics about oneself or another,
applying it to the whole person.

2. Mind reading: believes knowing what
others think.

3. Emotional reasoning: what the person feels
is experienced as true.

4. Catastrophizing: the person believes that
everything will go wrong on the basis of a
belief about presumptions becoming facts.

The ensuing process of categorization
revealed contents of meaning expressed in
the posts when the users conveyed the text
narratives: exposed to stressors and certain
ways of thinking appearing common to the
different CDs. As displayed in Figure 2, these
underlying constructs of thoughts were orga-
nized into 4 categories.
Category 1. Generalizing Beliefs, Events, and
Emotional States This category represented
the generalization of specific self-perception
traits of past events and affective states. It
was divided into 3 subcategories:

1. Global beliefs about oneself, applicable to
every life situation.

2. Generalized causalitydgeneralizing every
past single or multiple events to every
future event.

3. Emotional states becoming rules, applicable
to every situation.

This category and its 3 subcategories
seemed to be characterized by the construct
of generalization that is common to the CDs
of emotional reasoning, labeling, and mind
reading. Global beliefs about oneself seemed
to dominate the CD of labeling. Such global-
ized beliefs were also present in the CD of cat-
astrophizing. One user stated the following:
“I’m stupid and everything is bad, and this is
how it will always be” (ID: 218261).

In the subcategory of generalized causality,
single or multiple past events represented the
rules for future events after the same causality,
exemplifying a construct based on experience
and drawing the same conclusion for future
ttps://doi.org/10.1016/j.mcpdig.2023.03.008 337
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events. “I have thought about seeking help,
but nothing will ever make me better” (ID:
156008).

Emotional states becoming rules domi-
nated the CDs of labeling and emotional
reasoning. Such beliefs may be associated
with affective states contributing to the process
of generalization. We discovered the primary
emotions of shame, disgust, sadness, and
Mayo Clin Proc Digital Health n September 2
fear. The following post extract exemplifies
the link between the underlying generalized
belief and the emotions of self-disgust: “No
wonder I almost have no friends, I can’t
keep them, and I can’t make new ones because
I am such a dumb introvert.” (ID: 149740).

Category 2. Emotional States Reflecting Real-
ity In category 2, different emotional states
023;1(3):334-342 n https://doi.org/10.1016/j.mcpdig.2023.03.008
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were perceived as true, displayed by the imag-
ined consequences: “I’m so afraid of making
mistakes. It’s not visible from the outside,
but inside all is broken. I’m so confused and
may start crying for nothing. People think I
am strong. But I’m not.” (ID: 98584).

The construct of emotions reflecting reality
and perception of truth seems to be associated
with experiencing emotions more vividly. The
construct was found to be a crucial compo-
nent of all CDs. In approximately half of the
labeling posts, this construct could be seen
as a continuation of category 1.3, in most of
the cases following the construct of emotional
states becoming rules: “I’m not a good friend.
I’m fat and have a lot of scars from self-harm. I
hate myself more and more. I think, this sum-
mer, I will kill myself before the end of my
vacation.” (ID: 227081).

Category 3. Impaired Ability to Shift Perspec-
tive Affective states accompanying negative
self-evaluation are projected not only as an
experience of reality but also as what others
think. This construct appears as a continua-
tion of the category 2 construct of experi-
encing emotional states as reality. The category
3 construct contains text passages displaying
thoughts about what others think: “(.) both
my friends say I don’t understand them, and I
think they are trying to tell me I’m stupid.
How can I be a good and understanding
friend, while also making them like me?” (ID:
262215).

Distributed between the CDs of labeling,
emotional reasoning, and mindreading, we
found a seemingly impaired ability to shift
away from what is interpreted as depressive
rumination. In some of the posts, this is stated
directly: “I am never able to ‘pull myself
together’ and avoid going out. I feel people
see me as a fake, angry, uninterested, irritated,
and rude. It’s very tiring to think about what
other people think of me.” (ID: 176552).

Category 4. Shifting Focus In more than half
of the posts and distributed between the CDs
of labeling, emotional reasoning, and mind-
reading, this category represented the lack of
ability to shift away from what is interpreted
as depressive rumination, causing a negative
cognitive spiral. In some of the posts, the
disability to halt this kind of rumination is
Mayo Clin Proc Digital Health n September 2023;1(3):334-342 n h
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stated directly: “I am never able to ‘pull myself
together’ and avoid going out. I feel people see
me as a fake, angry, uninterested, irritated, and
rude. It’s very tiring to think about what other
people think of me.” (ID: 176552).

The construct was present in all CDs
except the CD of catastrophizing (Figure 2).

DISCUSSION
We found that the CDs consisted of implicit
units of meaning representing common con-
structs of thoughts and emotional states. The
constructs resembling the process of
emotional reasoning penetrated all CDs found
in the analysis. The constructs seemed to
follow different variations in a pattern with
possible neural presets.

1. Category 1: generalized beliefs possibly
stemming from biased memory encoding
and recall.

2. Category 2: experiencing emotional states
stronger, representing a social reality.

3. Category 3: impaired ability to shift focus
from first- to third-person perspective due
to immature PFC and limbic functions.

4. Category 4: associated with immature ACC
functions, struggling to escape the ensuing
depressive rumination.

The category of generalizing beliefs,
events, and emotional states showed similar-
ities with a CD not found in this study: over-
generalization. This category could reflect an
interplay between overgeneralized global be-
liefs associated with biased hippocampal
memory recall22 and the ensuing affective
states of category 2. It is widely recognized
that the interaction between an overgeneral-
ized memory recall and the subsequent
emotional state reflects a neurodynamic pro-
cess rather than a stepwise activation of iso-
lated brain functions in congruence with the
fluctuating nature of depressive symptoms.
The construct of generalization seemed inter-
twined with the CDs of labeling, emotional
reasoning, and catastrophizing, resembling a
tendency to generalize single events and the
ensuing emotional states to future events.17

In a social context, the category of emotional
states reflecting reality resembles in content and
meaning the CD of emotional reasoning. The
proposed neural feature is a relatively higher
ventromedial PFC involvement in top-down
ttps://doi.org/10.1016/j.mcpdig.2023.03.008 339
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prefrontal limbic control during adolescence
and depression, which is also associated with
increased activity in the bottom-up
pathways.20e22,24 Amplified emotional percep-
tion in depressed adolescents could contribute
to the experience of emotional states reflecting
a social reality. If so, adolescents are prone to
CDs originating from constructs resembling
emotional reasoning. We could assume this
from descriptions found about acting according
to emotions such as self-disgust, social shame,
and fear.

The findings suggest a process following
the constructs of generalization, experiencing
emotions to resemble a social reality. Adoles-
cents with symptoms of depression seemed
less agile in their attempts to shift attention
away from depressive rumination, consistent
with the findings of previous research on
ACC maturation.21

Future research should investigate the effi-
cacy of technological psychoeducation mea-
sures derived from different data sources,
preferably using randomized controlled trial
designs. Psychoeducation for use in conversa-
tional AI could aim at identifying underlying
constructs of thoughts and informing about
their depressogenic potential, the possible
neural mechanisms behind, and the fact that
they are prone to therapeutic reattribution.
Artificial intelligenceebased conversational
agents, such as Woebot, are used by adults
with depression.11,14 The application of such
technology has been shown to be helpful in
adolescents.11 In previous studies, AI models
have been developed to identify posts
describing symptoms of depression in large
textual databases.31 Further research should
investigate possible beneficial and harmful
consequences of using such tools.

By using large language machine learning
models, we may train AI models to detect un-
derlying constructs of meaning in AI conversa-
tions in which the model has already revealed
possible symptoms of depression and ulti-
mately provide relevant psychoeducation.

Limitations
Both raters are CBT physicians. There is a risk
of overinterpretation, that is, reading the find-
ings into data. To compensate, for every itera-
tion, a code meeting was conducted,
discussing alternative interpretations regarding
Mayo Clin Proc Digital Health n September 2
preconceptions, language, and the effect of co-
morbidity. Both raters used their clinical expe-
rience to link the reading to real clinical
situations.

Data consisted of posts written by adoles-
cents in situations that made them post a
question on a web service. Despite this selec-
tion, we believe this kind of data could pro-
vide a supplementary and unique insight
into the life of adolescents with depressive
symptoms.

Although such data may be less hampered
by response bias, the posts are possibly influ-
enced by what kind of reply the user expects.
Confounders such as mood swings, comorbid
psychiatric and physical conditions, and drug
abuse could affect data quality.

The results of this study need to be inter-
preted with caution. Underlying constructs
of thoughts are probably affected by complex
psychological and neurobiological processes.
As discussed earlier, the model proposed in
this study could only work as a gateway for
therapeutic and technological intervention.
CONCLUSION
The main clinical implication of this study is
to promote awareness of and possibly chal-
lenge the constructs of thought representing
the following:

1. Overgeneralized beliefs about oneself in
relation to others and the future.

2. Emotional states appearing as reality.
3. Experiencing this emotional reality as

something others think.

Rather than navigating on a wide range of
CDs, those creating psychoeducation materials
for use in conversational AI should concen-
trate on these specific constructs and the
potential neural mechanisms involved.
POTENTIAL COMPETING INTERESTS
The authors report no competing interests.
ACKNOWLEDGMENTS
Data were provided and processed into Micro-
soft Excel format by the Norwegian Direc-
torate for family, adolescent, and child
affairs. The study was originally a part of the
former multicenter project Social Health
Bots. Within the framework of this project,
023;1(3):334-342 n https://doi.org/10.1016/j.mcpdig.2023.03.008
www.mcpiqojournal.org

https://doi.org/10.1016/j.mcpdig.2023.03.008
http://www.mcpiqojournal.org


CHATBOT PSYCHOEDUCATION
KKD designed the study, drafted the manu-
script, reviewed relevant literature, partici-
pated in and led the analysis procedures. JIR
contributed during the coding process and
gave advice on cognitive behavioral theory
and neuroscience. PBB and AF contributed
to data collection through the original Social
Health Bots project. All authors edited the
manuscript and contributed on the final anal-
ysis meetings. ORH assisted in the preparation
of the manuscript. AK coordinated and
reviewed the manuscript and supervised the
project. MS, ORH and AK applied additional
advice about reporting text data extracts. All
authors have read and approved the final
manuscript.
Abbreviations and Acronyms: ACC, anterior cingulate
cortex; AI, artificial intelligence; CBT, cognitive behavioral
therapy; CD, cognitive distortion; ID, identification; MSE,
Microsoft Excel; PFC, prefrontal cortex

Grant Support: This work was supported by the Norwe-
gian Research Council (grant agreement no. 262848) and
the Norwegian Research Fund for General Practice.

Data sharing: External data validation will not be possible
because the data, owing to user privacy issues, are withheld
by the by owner: the Norwegian Directorate for family,
adolescent, and child affairs. In some of the questions posted
on the information website ung.no, the user declares full
disclosure. For data validation, these posts must be
extracted from the material. The rest of the posts are
then available for validation after processing, although in
Norwegian language. A request for a processed dataset
can be submitted to the owner: beate.aas@bufdir.no or
the Social Health Bots project manager p.b.brandtzag@
media.uio.no.

Correspondence: Address to Kim K. Dysthe, MD, Depart-
ment of General Practice/Family Medicine, University of
Oslo, Kirkeveien 166, Oslo 0450, Norway (k.k.dysthe@
medisin.uio.no).

ORCID
Kim K. Dysthe: https://orcid.org/0000-0001-9292-7986
REFERENCES
1. Mojtabai R, Olfson M, Han B. National trends in the prevalence

and treatment of depression in adolescents and young adults.
Pediatrics. 2016;138(6):e20161878.

2. Crockett MA, Martínez V, Jiménez-Molina Á. Subthreshold
depression in adolescence: gender differences in prevalence,
clinical features, and associated factors. J Affect Disord. 2020;
272:269-276.

3. Whiteford HA, Degenhardt L, Rehm J, et al. Global burden of
disease attributable to mental and substance use disorders:
findings from the Global Burden of Disease Study 2010. Lancet.
2013;382(9904):1575-1586.
Mayo Clin Proc Digital Health n September 2023;1(3):334-342 n h
www.mcpiqojournal.org
4. Rickwood DJ, Deane FP, Wilson CJ. When and how do young
people seek professional help for mental health problems? Med
J Aust. 2007;187(S7):S35-S39.

5. Fusar-Poli P, Nelson B, Valmaggia L, Yung AR, McGuire PK.
Comorbid depressive and anxiety disorders in 509 individ-
uals with an at-risk mental state: impact on psychopathol-
ogy and transition to psychosis. Schizophr Bull. 2014;40(1):
120-131.

6. Häfner H, Maurer K, Trendler G, an der Heiden W, Schmidt M.
The early course of schizophrenia and depression. Eur Arch Psy-
chiatry Clin Neurosci. 2005;255(3):167-173.

7. Juraska JM, Willing J. Pubertal onset as a critical transition for
neural development and cognition. Brain Res. 2017;1654(Pt
B):87-94.

8. Shaw GA, Dupree JL, Neigh GN. Adolescent maturation of the
prefrontal cortex: role of stress and sex in shaping adult risk for
compromise. Genes Brain Behav. 2020;19(3):e12626.

9. Roche E, O’Sullivan R, Gunawardena S, Cannon M, Lyne JP.
Higher rates of disengagement among young adults attending
a general adult community mental health team: time to
consider a youth-specific service? Early Interv Psychiatry. 2020;
14(3):330-335.

10. Koutsouleris N, Hauser TU, Skvortsova V, De Choudhury M.
From promise to practice: towards the realisation of AI-
informed mental health care. Lancet Digit Health. 2022;4(11):
e829-e840.

11. Brandtzæg PB, Skjuve M, Dysthe KK, Følstad A. When the social
becomes non-human: young people’s perception of social sup-
port in chatbots. In: Bjørn P, Drucker S, eds. Proceedings of the
2021 CHI Conference on Human Factors in Computing Systems
(CHI’21). ACM Press; 2021.

12. Dysthe KK, Haavet OR, Røssberg JI, Brandtzaeg PB, Følstad A,
Klovning A. Finding relevant psychoeducation content for ado-
lescents experiencing symptoms of depression: content analysis
of user-generated online texts. J Med Internet Res. 2021;23(9):
e28765.

13. Dysthe KK, Røssberg JI, Brandtzaeg PB, et al. Analyzing user-
generated web-based posts of adolescents’ emotional, behav-
ioral, and symptom responses to beliefs about depression: qual-
itative thematic analysis. J Med Internet Res. 2023;25:e37289.

14. Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive
behavior therapy to young adults with symptoms of depression
and anxiety using a fully automated conversational agent
(Woebot): a randomized controlled trial. JMIR Ment Health.
2017;4(2):e19.

15. Beck AT, Rush AJ, Shaw BF, Emery G. Cognitive Therapy of
Depression. Guilford Press; 1979.

16. Ellis A, Dryden W. The Practice of Rational-Emotive Therapy
(RET). Springer; 1987.

17. Kingery JN, Kepley HO, Ginsburg GS, et al. Factor structure and
psychometric properties of the children’s negative cognitive er-
ror questionnaire with a clinically depressed adolescent sample.
J Clin Child Adolesc Psychol. 2009;38(6):768-780.

18. Gladstone G, Parker G. Depressogenic cognitive schemas:
enduring beliefs or mood state artefacts? Aust N Z J Psychiatry.
2001;35(2):210-216.

19. Huys QJM, Maia TV, Frank MJ. Computational psychiatry as a
bridge from neuroscience to clinical applications. Nat Neurosci.
2016;19(3):404-413.

20. Beevers CG, Clasen P, Stice E, Schnyer D. Depression symp-
toms and cognitive control of emotion cues: a functional mag-
netic resonance imaging study. Neuroscience. 2010;167(1):97-
103.

21. Lichenstein SD, Verstynen T, Forbes EE. Adolescent brain
development and depression: a case for the importance of con-
nectivity of the anterior cingulate cortex. Neurosci Biobehav Rev.
2016;70:271-287.

22. Disner SG, Beevers CG, Haigh EA, Beck AT. Neural mecha-
nisms of the cognitive model of depression. Nat Rev Neurosci.
2011;12(8):467-477.
ttps://doi.org/10.1016/j.mcpdig.2023.03.008 341

mailto:beate.aas@bufdir.no
mailto:p.b.brandtzag@media.uio.no
mailto:p.b.brandtzag@media.uio.no
mailto:k.k.dysthe@medisin.uio.no
mailto:k.k.dysthe@medisin.uio.no
https://orcid.org/0000-0001-9292-7986
https://doi.org/10.1016/j.mcpdig.2023.03.008
http://www.mcpiqojournal.org


MAYO CLINIC PROCEEDINGS DIGITAL HEALTH

342
23. Siegle GJ, Carter CS, Thase ME. Use of fMRI to predict recovery
from unipolar depression with cognitive behavior therapy. Am J
Psychiatry. 2006;163(4):735-738.

24. Pfeifer JH, Blakemore SJ. Adolescent social cognitive and affec-
tive neuroscience: past, present, and future. Soc Cogn Affect
Neurosci. 2012;7(1):1-10.

25. Moore WE, Pfeifer JH, Masten CL, Mazziotta JC,
Iacoboni M, Dapretto M. Facing puberty: associations be-
tween pubertal development and neural responses to
affective facial displays. Soc Cogn Affect Neurosci. 2012;
7(1):35-43.

26. Gunther Moor B, van Leijenhorst L, Rombouts SARB,
Crone EA, Van der Molen MW. Do you like me? Neural cor-
relates of social evaluation and developmental trajectories. Soc
Neurosci. 2010;5(5-6):461-482.
Mayo Clin Proc Digital Health n September 2
27. Guyer AE, McClure-Tone EB, Shiffrin ND, Pine DS, Nelson EE.
Probing the neural correlates of anticipated peer evaluation in
adolescence. Child Dev. 2009;80(4):1000-1015.

28. Fatima I, Mukhtar H, Ahmad HF, Rajpoot K. Analysis of user-
generated content from online social communities to character-
ise and predict depression degree. J Inf Sci. 2018;44(5):683-695.

29. Cohen JR, So FK, Young JF, Hankin BL, Lee BA. Youth depres-
sion screening with parent and self-reports: assessing current
and prospective depression risk. Child Psychiatry Hum Dev.
2019;50(4):647-660.

30. Giorgi A. The Descriptive Phenomenological Method in Psychology: A
Modified Husserlian Approach. Duquesne University Press; 2009.

31. Uddin MZ, Dysthe KK, Følstad A, Brandtzaeg PB. Deep learning
for prediction of depressive symptoms in a large textual dataset.
Neural Comput Appl. 2022;34(1):721-744.
023;1(3):334-342 n https://doi.org/10.1016/j.mcpdig.2023.03.008
www.mcpiqojournal.org

https://doi.org/10.1016/j.mcpdig.2023.03.008
http://www.mcpiqojournal.org

	The Depressed Teenage Brain: Chatbot Psychoeducation
	Methods
	Data and Participants
	Procedures

	Results
	Study Characteristics
	Category 1
	Category 2
	Category 3
	Category 4


	Discussion
	Limitations

	Conclusion
	Potential Competing Interests
	Acknowledgments
	References


