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Background
Although psychoeducation is generally recommended for the
treatment of adult attention-deficit hyperactivity disorder
(ADHD), participation in clinical psychoeducation groups is
impeded by waiting times and the constrained number of
patients who can simultaneously attend a group. Digital psy-
choeducation attempts are promising, but the rapidly expanding
number of apps lack evidence and are mostly limited to only a
few implemented interactive elements.

Aims
To determine the potential of digital, self-guided psychoeduca-
tion for adult ADHD, a newly developed interactive chatbot was
compared with a previously validated, conventional psycho-
education app.

Method
Forty adults with ADHD were randomised, of whom 17 partici-
pants in each group completed self-guided psychoeducation
based on either a chatbot or conventional psychoeducation app
between October 2020 and July 2021. ADHD core symptoms
were assessed before and after the 3-week interventions, using
both the blinded observer-rated Integrated Diagnosis of ADHD in
Adulthood interview and the self-rated ADHD Self-Assessment
Scale (ADHS-SB).

Results
Observer- and patient-rated ADHD symptoms were significantly
reduced from pre- to post-intervention (observer-rated: mean

difference −6.18, 95% CI −8.06 to −4.29; patient-rated: mean
difference −2.82, 95% CI −4.98 to −0.67). However, there were no
group × intervention interaction effects that would indicate a
stronger therapeutic benefit of one of the interventions.
Likewise, administered psychoeducational knowledge quizzes
did not show differences between the groups. No adverse
events were reported.

Conclusions
Self-guided psychoeducation based on a chatbot or a conven-
tional app appears similarly effective and safe for improving
ADHD core symptoms. Future research should compare add-
itional control interventions and examine patient-related out-
comes and usability preferences in detail.
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With a prevalence of approximately 5.9% in youth and 2.5% in
adulthood,1,2 attention-deficit hyperactivity disorder (ADHD) is a
neurodevelopmental disorder associated with substantial individual
suffering and economic burden.3,4 Clinical complexity is further
aggravated by high rates of comorbid disorders, such as substance
use disorder, depression, bipolar disorder and anxiety disorders.5

Pharmacological treatment has effectively reduced ADHD symp-
toms and is considered the first-line treatment.6–8 Yet, it is asso-
ciated with side-effects,9 risks of multimorbid pharmacotherapy
and issues with adherence.10 In addition, the non-medical use of
prescribed stimulants has emerged as a major public health
concern.11 Cognitive–behavioural therapy (CBT) is recommended
in cases of low pharmacological treatment benefit or to specifically
address functional impairment.6 Regardless of conducting other
treatments, guidelines generally recommend comprehensive
psychoeducation.7

The basic principles of psychoeducation are to provide knowl-
edge about the disorder and treatment procedures, as well as
emphasise the patient’s personal strengths and potential for
growth. Although psychoeducation generally shows promising
results, few rigorous examinations of treatment effects on ADHD
core symptoms exist. One of these studies compared psychoeduca-
tion with mindfulness training in adults with ADHD,12 and another

study assessed psychoeducation against CBT in medicated but
still symptomatic adults.13 Both studies found all interventions
to be similarly effective in improving ADHD core symptoms.
Compared with other treatments, psychoeducation has the advan-
tage of having hardly any side-effects as well as being easily scalable
through digital provision without significantly increasing costs. A
psychoeducation mobile app, for instance, could significantly
reduce the time and effort associated with conducting clinical
psychoeducation.

Current state of digital health applications

In general, advances in digital health have led to the development of
a substantial number of mobile health (mHealth) apps, which can
reduce the need for in-person meetings with a clinician, shorten
waiting list times, promote self-care14 and be economically benefi-
cial because of their low-cost scalability, especially in low-income
countries.15 However, although mHealth is growing in popularity,
scientific evidence of its efficacy is inconsistent, study quality is
often low16 and, moreover, safety concerns related to incorrect
information, lack of expert involvement and poor validation have
been reported.17 Consequently, the risk of low-value care – that is,
services that provide little benefit to patients or that even cause
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harm – is particularly high.18 This risk also applies to mental
mHealth, where many applications seem to have no scientifically
valid foundation,19 and can appear to suggest evidence-based treat-
ments by using misleading scientific language.20 Regarding ADHD,
for instance, Păsărelu et al.21 identified 109 apps, including 23 that
focused on psychoeducation, but none provided proof of their
effectiveness.

Digital psychoeducation in adult ADHD

To address this issue, our research group recently conducted a ran-
domised controlled trial (RCT), in which we evaluated an 8-week
psychoeducation group programme that was either assisted by trad-
itional paper brochures or by a newly developed psychoeducation
app for adult ADHD.22 Although the app was more effective in
improving ADHD symptoms and no adverse events were reported,
we cannot directly transfer these results to self-guided psychoeduca-
tion without a concomitant psychoeducation group. Moreover, the
app used may be less suitable for self-guided learning in ADHD
because it was developed as a digital, but hardly interactive, instruc-
tional format. Thus, the potential benefits of mHealth applications,
such as considering individual patient differences in learning behav-
iour, have not yet been incorporated.

Considering that motivation-related and dysfunctional learning
behaviours occur in adult ADHD, the implementation of a psycho-
education chatbot may be of particular value. A chatbot (i.e. a con-
versational agent) is a computer program that can simulate
conversations with human users. Potential benefits for psychoedu-
cation include the possibility of interactively self-guiding the learn-
ing path, and receiving individualised responses and feedback that
are not achievable with a ‘conventional’ psychoeducation app.
Although these properties appear valuable for several mental disor-
ders, there is limited evidence for the use of chatbots in mental
health.23 Regarding attention deficits, although not specifically
addressing patients with ADHD, only one previous study conducted
a chatbot-assisted psychoeducation, and found stronger improve-
ments of ADHD-related symptoms than a self-help book control
group.24

Aims

In this study, we implemented a new chatbot that, based on vali-
dated psychoeducational content, interacts in such a way that the
patient co-determines the topics addressed. We hypothesised that
this approach might lead to greater symptom improvement than
conventional module-based content presentation, given the
increased potential for self-guidance through the preferred psycho-
educational content, as well as the higher level of interaction and
individualisation offered by a chatbot. For clinical evaluation, we
conducted an RCT to evaluate the effects of a 3-week self-guided,
chatbot-based psychoeducation (CBP) in adults with ADHD com-
pared with our previously validated psychoeducation app, which is
based on a module-by-module content presentation.22

Method

Participants

A total of 139 adult out-patients with ADHD were contacted for
study participation, of which 40 participants were randomised to
the intervention groups and 34 participants completed the study
(for the participant flow chart, see Supplementary Fig. 1 available
at https://doi.org/10.1192/bjo.2023.573). The study was advertised
via the Department of Psychiatry and Psychotherapy of the
University Hospital Bonn, via the website ‘Central ADHD
Network’ (https://www.zentrales-adhs-netz.de), and via other

publicly accessible media. Individuals were eligible to participate if
they met DSM-5 ADHD diagnostic criteria,25 as assessed by the
observer-rated Integrated Diagnosis of ADHD in Adulthood
(IDA-R);26 were aged 18–65 years; had access to a smartphone
with Android OS (version 5.0 or higher) and had sufficient
command of the German language.

Individuals were ineligible to participate if theymet the diagnos-
tic criteria for schizophrenia or other psychotic disorders; severe
affective disorder; moderate-to-severe substance use disorder, as
assessed by the Brief Diagnostic Interview for Mental Disorders
(Mini-Dips-OA, German version);27 or antisocial personality dis-
order, as evaluated by the Assessment of DSM-IV Personality
Disorders (ADP-IV, German version).28 Intake of medication for
ADHD was permitted, but had to be stable from 4 weeks preceding
the start of study through to the final examinations. The participants
received no compensation for their participation in the study.

The authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. All procedures
involving human patients were approved by the local medical
ethics committee of the University of Bonn (protocol number:
123/19). All participants provided written informed consent. The
study was preregistered in the German Clinical Trials Register
(DRKS; identifier: DRKS00022287) on 13 August 2020. An
a priori sample calculation in G*Power version 3.1 for Windows29

(Faul F, Erdfelder E, Buchner A and Lang A-G, Heinrich Heine
University, Düsseldorf, Germany; see https://www.psychologie.hhu.
de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/
gpower) was performed to determine the required sample size of 34
participants, which was based on an alpha error probability of 0.05,
a power of 80% and a moderate effect size (f = 0.25). To account for
study drop-out, a randomisation of n = 40 was pursued. The first
participant was enrolled on 29 September 2020.

Study design

Two interventions were compared in this parallel-group RCT: a self-
guided CBP and a self-guided, app-based psychoeducation (ABP).
All participants underwent an extensive baseline assessment (time
point 0) and were allocated to one of the intervention groups by per-
muted block randomisation in blocks of two, to maintain balanced
group sizes. Sequence generation and participant enrolment were
performed by different study personnel. Participants were asked
to engage with the psychoeducation content as much as possible
during the self-guided 3-week psychoeducation period.
Afterwards, a final assessment (time point 1) was conducted. The
relative change in ADHD total symptom severity from time point
0 to time point 1, as examined by a blinded clinical rater on the
IDA-R, was considered the primary outcome parameter of the
study. Participants’ remarks about app specifics during the final
assessment (time point 1), which provided indications of their
respective assigned group, were the cause for not maintaining
rater blinding for five cases in the CBP group and four cases in
the ABP group. Participants were not blinded for assignment to
CBP or ABP.

Clinical outcome assessment

Besides observer-rated ADHD symptoms as measured via the IDA-
R,26 self-rated ADHD symptoms were obtained via the ADHD Self-
Assessment Scale (ADHS-SB).30 Further outcome parameters
included the subscales of the World Health Organization Quality
of Life questionnaire (WHOQOL)31 and the Depression, Anxiety
and Stress Scale (DASS-21).32 The Multiple-choice Word Test
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(MWT-B) was conducted at time point 0 exclusively, to estimate
verbal intelligence.33

Procedures

Following baseline assessments at time point 0 (approximately 2 h),
participants received a download link to either the conventional psy-
choeducation app or the chatbot, and time point 1 final assessments
were scheduled. However, because of organisational constraints of
some participants, these could not be exactly planned after 3 weeks
in all cases. As a result, there were marginal differences in the duration
of possible use between participants (see ‘Results’). Both the CBP and
ABP groups were not limited in the amount or duration of material
usage during the intervention period. Processing of all psychoeduca-
tional content was estimated to require about 16 h. Following the
self-guided 3-week intervention periods, final assessments (approxi-
mately 1 h) of the outcome parameters were conducted.

Interventions

The psychoeducation content of both interventions was based on a
validated manual,34 and consisted of eight separate modules that con-
tained a comprehensive summary of the psychoeducation content,
assignments and a content quiz. In linewith a recentDelphi consensus
study on digital psychoeducation for adult ADHD,35 a comprehensive
summary on various aspects of ADHD was implemented, including
multiple illustrations to facilitate understanding. The following
topics were addressed: basic information about ADHD, personal
resources, mindfulness and attention control, self-organisation,
stress management, mood regulation and impulsive behaviour

control, relationships and a final evaluation. Within each module,
the conventional psychoeducation app presented the content linearly
(i.e. module by module), whereas the chatbot interactively presented
content based on user input (see Fig. 1). The chatbot also offered to
present all the information of each module, but the user could skip
the content more easily compared with the conventional app. Both
the chatbot and the conventional app included identical quiz ques-
tions at the end of each module (except for evaluation module
eight), to evaluate the acquired psychoeducational knowledge.

The conventional psychoeducation app of the ABP group is
available in the Google Play Store (‘AwareMe ADHS’; https://play.
google.com/store/apps/details?id=de.awareme.pse) and has previ-
ously been presented in detail.22 The chatbot (CBP group) was
based on the open-source conversational artificial intelligence plat-
form Botpress version 12.2 for Windows (Botpress, Quebec,
Canada; see https://botpress.com).

Statistical analyses

Full IDA-R and questionnaire data were obtained from all 34 partici-
pants who completed the study. In the CBP group, however, 14 of the
17 participants were provided only partial access to module seven of
the psychoeducation programme, because of technical errors. Module
seven data for both groups was therefore dismissed from analyses.

Separate two × twomixed analyses of variance (see Supplementary
Table 1) with group (CBP, ABP) as a between-subjects factor and time
(time point 0, time point 1) as a within-subjects factor, were conducted
for the following outcome parameters: IDA-R total, inattention (sum
score of E1 items), hyperactivity (sum score of E2.1–E2.5 items) and
impulsivity (sum score of E2.6–E2.9 items) scores; ADHS-SB total,

Fig. 1 Functionality of the two psychoeducation systems. (a) Presentation of a slide from the emotion regulationmodule used in the app-based
psychoeducation group. The content is presented linearly within each module. The Android app ‘AwareMe ADHS’ was evaluated in a previous
study.22 (b) Illustration of the chatbot used in the chatbot-based psychoeducation group. Here, participants engaged in ‘digital conversations’
within eachmodule, interactingmainly based on predefined response options, as shown in the bottom section. (c) After selecting an answer, the
chatbot responded and presented psychoeducational content or asked additional questions to further narrow down the participant’s preferred
content.
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inattention, hyperactivity and impulsivity scores; the sum scores of the
DASS-21 subscales (depression, anxiety and stress) and the sum scores
of the WHOQOL subscales (physical health, psychological health,
social relationships and environment).

Data from the DASS-21 scales for symptoms of depression and
anxiety were considerably right-skewed, resulting in non-normal
distributions for scores at both time points (Shapiro–Wilk test,
P < 0.05). Therefore, the DASS-21 variables of these two scales
were Johnson-transformed36 and subsequent tests for normal distri-
butions revealed no violations (Shapiro–Wilk test, PT0 = 0.33, PT1 =
0.18). Transformed data were used for all statistical analyses.

The percentage of correct responses and the percentage of
missing responses of the quiz were compared by using separate
independent t-tests between both groups. Moreover, an exploratory
correlation analysis was conducted between primary and secondary
outcome parameters, using time point 0 to time point 1 difference
scores. Pearson correlations between each difference score were cal-
culated separately for each intervention group.

Statistical analyses were conducted with SPSS software version
21.0 for Windows37 and MATLAB version 2021b for Windows
(The MathWorks, Massachusetts, USA; see https://de.mathworks.
com/products/matlab.html). Visualisation of the correlation
matrix was performed with R version 3.6.1 for Windows (R Core
Team, Vienna, Austria; see https://www.R-project.org),38 using
the Corrplot package for R version 0.84.39 Reported statistical
tests were two-sided and based on a significance level of α = 0.05.

Results

Sample characterisation and demographics

In total, 34 participants (18 women, 16 men; mean age 29.6 years,
s.d. 8.4) completed the RCT between October 2020 and July 2021.

Table 1 provides a presentation of the balanced clinical baseline
and demographic characteristics for the CBP (n = 17) and ABP (n =
17) groups. The exact duration from time point 0 to time point 1 in
which the participants could access the psychoeducation content on
their smartphones was 22.5 days (s.d. 2.2) in the CBP group and
23.8 days (s.d. 4.3) in the ABP group (t(32) = 1.16; P = 0.25).

ADHD symptom severity

Changes in observer- and self-rated ADHD symptoms from time
point 0 to time point 1 are shown in Fig. 2. The analysis of obser-
ver-rated ADHD symptoms showed that IDA-R total scores
decreased from time point 0 to time point 1 (mean difference
−6.18, 95% CI −8.06 to −4.29) across groups (F(1,32) = 44.44;
P < 0.001; ηp2 = 0.58), with reductions of 20.8% in the CBP group
and 23.9% in the ABP group. Neither a group × time interaction
(F(1,32) = 0.04; P = 0.84), nor a significant main effect of group
(F(1,32) = 3.47; P = 0.072) was found.

In line with this, the separate analyses of each core symptom
(i.e. IDA-R subscale scores) showed no significant group × time
interactions for inattention (F(1,32) = 0.17; P = 0.68), hyperactivity
(F(1,32) = 0.16; P = 0.69) or impulsivity (F(1,32) = 0.15; P = 0.70),
but only showed main effects of time. That is, across groups,
inattention improved by 20.3% (F(1,32) = 30.30; P < 0.001; ηp² =
0.47), hyperactivity improved by 20.7% (F(1,32) = 18.30; P < 0.001;
ηp² = 0.36) and impulsivity improved by 29.9% (F(1,32) = 34.90;
P < 0.001; ηp² = 0.52) from time point 0 to time point 1. No main
effect of group on any core symptom was revealed.

Self-rated ADHD total symptoms (i.e. ADHS-SB total score)
also improved (mean difference −2.82, 95% CI −4.98 to −0.67)
over time (F(1,32) = 7.12; P = 0.012; ηp² = 0.18), but no group ×
time interaction (F(1,32) = 0.03; P = 0.88) was observed. Here,
ADHD total symptoms decreased by 12.6% in the CBP group and

Table 1 Demographic and clinical sample characteristics

N (%) P-valuea

Characteristic CBP (n = 17) ABP (n = 17) Group comparison

Age, years
Mean (s.d.) 29.6 (7.6) 29.7 (9.5) 0.99
Range 19–44 20–52

Female 9 (52.9%) 9 (52.9%) 0.92
University entrance diploma
(year 5 to 12/13) 12 (70.6%) 16 (94.1%) 0.72
Full- or part-time employment 8 (47.1%) 11 (64.7%) 0.30
Verbal IQ, mean (s.d.) 106.5 (13.1) 109.7 (14.0) 0.48
Previous psychoeducation experience 4 (23.5%) 6 (37.5%) 0.38
ADHD presentation 0.30

Inattentive 2 (11.8%) 3 (17.7%)
Hyperactive–impulsive 0 1 (5.9%)
Combined 15 (88.2%) 13 (76.5%)

Psychopharmacological treatments
Methylphenidate 10 (58.8%) 5 (29.4%) 0.08
Amphetamine 0 3 (17.6%) 0.70
Other psychostimulants 0 0
Atomoxetine 0 1 (5.9%) 0.31
Antidepressant 2 (11.8%) 6 (35.3%) 0.11
Anticonvulsants, anxiolytics, antipsychotics, others 3 (17.6%) 2 (11.8%) 0.63
No medication 3 (17.6%) 4 (23.5%) 0.67

Comorbid mental disorders
Affective disorders 8 (47.1%) 11 (64.7%) 0.30
Anxiety disorders 5 (29.4%) 8 (47.1%) 0.29

Comorbid personality disorders
Schizoid, schizotypal, paranoid 1 (5.9%) 1 (5.9%) 0.38
Borderline, narcissistic, histrionic 4 (23.5%) 1 (5.9%) 0.15
Avoidant, obsessive–compulsive, dependent 4 (23.5%) 3 (17.6%) 0.67

CBP, chatbot-based psychoeducation; ABP, app-based psychoeducation; ADHD, attention-deficit hyperactivity disorder.
a. Based on independent t-tests or chi-squared tests.
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16.4% in the ABP group, with no significant main effect of group on
total symptom severity (F(1,32) = 1.93; P = 0.17).

In the separate analyses of self-rated ADHD core symptoms (i.e.
ADHS-SB subscale scores), no group × time interactions were
found, but time had a significant main effect. Specifically, we
observed improvements of 12.7% for inattention (F(1,32) = 6.77;
P = 0.014; ηp² = 0.18) and 19.2% for hyperactivity (F(1,32) = 7.64;
P = 0.009; ηp² = 0.19), but only a descriptive reduction of 12.0%
for impulsivity (F(1,32) = 1.65; P = 0.21; ηp² = 0.05). For impulsiv-
ity, in turn, a significant main effect of group (F(1,32) = 4.84; P =
0.035; ηp² = 0.13) was found, in that mean impulsivity symptoms
were higher in the CBP group (mean 5.35, 95% CI 4.39 to 6.31)
than in the ABP group (mean 3.88, 95% CI 2.91 to 4.85).

Psychoeducational knowledge quiz

The percentages of correct and missing answers in the content
quizzes are presented in Supplementary Fig. 2. Of the questions,
21.1% were not answered in the CBP group and 6.9% were not
answered in the ABP group. This difference in the percentage of
missing responses was, however, not statistically significant (t
(22,5) =−1.85, P = 0.078, d =−0.78). Both groups also performed
similarly on the content quiz (t(32) = 0.62, P = 0.54, d = 0.22), as
measured by the proportion of correct answers, which amounted
to 76.4% in the CBP group and 79.4% in the ABP group.

Symptoms of depression, anxiety and stress

The analyses of comorbid symptoms (i.e. DASS-21 scales) did not
reveal any group × time interactions with regard to symptoms of
depression (F(1,32) = 2.47; P = 0.13), anxiety (F(1,32) = 0.72;

P = 0.40) or stress (F(1,32) = 0.01; P = 0.94). Besides a significant
group effect indicating higher stress symptoms in the CBP group
(F(1,32) = 5.79; P = 0.02; ηp² = 0.15), we did not observe significant
main effects of time or group (see Supplementary Table 1).

Quality of life

The domain-specific analysis of self-rated quality of life (i.e.
WHOQOL scales) demonstrated no significant group × time
interactions for physical health (F(1,32) < 0.01; P = 0.95), psycho-
logical health (F(1,32) = 0.47; P = 0.50), social relationships
(F(1,32) = 0.36; P = 0.55) or environment (F(1,32) = 0.12; P = 0.73).
Instead, the analysis of variance only revealed a significant main
effect of group on quality of life concerning social relationships
(F(1,32) = 4.27; P = 0.047; ηp² = 0.12). Concretely, the ABP group
(mean 73.53, 95% CI 65.85 to 81.21) reported higher quality of
life than the CBP group (mean 62.50, 95% CI 54.82 to 70.18).

Correlation analysis

A detailed matrix of Pearson correlations between time point 0 to
time point 1 difference scores of primary and secondary outcome
parameters is depicted in Fig. 3. In both groups, positive correlations
were found between changes in observer- and self-rated ADHD
symptom severities (rCBP = 0.64, PCBP < 0.01; rABP = 0.59, PABP <
0.05), and between changes in DASS-21 scores for symptoms of
depression and anxiety (rCBP = 0.70, PCBP < 0.01; rABP = 0.62, PABP
< 0.01). In the CBP group, inter alia, DASS-21 difference scores
for depression symptoms were further positively correlated with
those of stress (r = 0.56, P < 0.05), and larger difference scores of
stress (r = 0.70, P < 0.01) and depression (r = 0.56, P < 0.05) were
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Fig. 2 Observer- and self-rated ADHD symptom severity before (time point 0) and after (time point 1) the 3-week psychoeducation
interventions. The (a) ADHD total symptom scores and subscores for symptoms of (b) inattention, (c) hyperactivity and (d) impulsivity based on
IDA-R observer ratings (solid line) and ADHS-SB self-ratings (dashed line) are presented. The chatbot-based psychoeducation group (orange line)
and the app-based psychoeducation group (green line) are depicted separately. The IDA-R and ADHS-SB total scores ranged from 0 to 54. The
maximum values for inattention, hyperactivity and impulsivity scores were 27, 15 and 12, respectively. Error bars indicate standard errors of the
mean. ABP, app-based psychoeducation; ADHD, attention-deficit hyperactivity disorder; ADHS-SB, ADHD Self-Assessment Scale; CBP, chatbot-
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associated with larger difference scores of self-rated ADHD
symptoms.

Study drop-outs and adverse events

In each group, three participants did not complete the study for
unknown reasons, as a reestablishment of contact was unsuccessful.
However, no unintended consequences or adverse events related to
any intervention were reported.

Discussion

In this RCT, we examined the efficacy of self-guided digital psycho-
education for adults with ADHD. Specifically, we compared a newly
developed chatbot with a previously validated psychoeducation app
in addressing ADHD symptoms in a 3-week psychoeducation. A
total of 34 participants completed the study and, although both
interventions yielded strong effects in the reduction of ADHD
core symptoms, neither proved superior.

Effects of digital psychoeducation on ADHD core
symptoms

The symptom improvements found across intervention groups
were evident in both observer ratings (approximately 22%) and
patient ratings (approximately 15%), with underestimates of self-
rated effects being a common finding in adult ADHD, according
to a previous meta-analysis.40 However, although these results
appear promising, it has to be considered that the two interventions
in this study were not compared with further control conditions
(e.g. a waiting list group). Therefore, we cannot completely rule
out potential improvements caused by incidental treatment effects
independent of our specific interventions.

Notably, in the current study, we find similar effect sizes in
terms of ADHD symptom reductions as in our previous app
study.22 However, although we previously assessed our conven-
tional psychoeducation app in combination with an 8-week psy-
choeducation group, in the current study, we tested the app and
the chatbot as self-directed psychoeducation approaches without
face-to-face meetings or involvement of clinical experts in the treat-
ment process. Therefore, although we earlier demonstrated the
effectiveness of a psychoeducation app as an adjunct to a group
intervention, here, we provide first evidence that ABP or CBP for
adults with ADHD may also be effective in a self-guided setting
without continuous clinical supervision.

Regarding symptom-specific effects, our analyses revealed signifi-
cant and strong effects on observer-rated inattention, hyperactivity and
impulsivity, as well as self-rated inattention and hyperactivity across
intervention groups. These results contrast with the only other study
that examined a psychoeducation chatbot in individuals with attention
deficits, which primarily found significant improvements in impulsiv-
ity symptoms compared with reading a self-help book, but no
improvements in inattention and hyperactivity in their per-protocol
analysis.24 However, their generalisability may be limited given that
they did not include patients with ADHD and only included indivi-
duals with attention deficits regardless of psychiatric diagnosis. Still,
a recent pre–post feasibility study of a conventional mHealth app for
CBT psychoeducation found that adults with ADHD viewed the
content delivered via an app positively, and self-reported a decrease
in ADHD symptoms after 7 weeks of use.41 Also, our results are gen-
erally consistent with other psychoeducation studies in adult ADHD,
in which all core symptoms improved after the intervention.12,13

Psychoeducational knowledge and secondary outcome
evaluation

The evaluation of psychoeducational knowledge transfer showed
similar results in terms of knowledge acquisition and content
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completion in both groups. This is contrary to our expectation, as
we hypothesised that a greater emphasis on interaction and the indi-
vidual selection of topics associated with the use of the chatbot
would lead to a greater increase in psychoeducation content knowl-
edge compared with the use of the conventional app. Yet, it is
also conceivable that greater involvement and constant interaction
may have instead led to a decreased learning capacity in patients
with ADHD that overshadowed potential positive effects of individ-
ual learning pathways. Future psychoeducation research should
additionally focus on the patients’ specific learning styles.

Further secondary outcomes included changes in depression,
anxiety, stress and quality of life. In line with our previous
study,22 which yielded improvements in ADHD core symptoms,
but not in secondary outcomes (e.g. depression and functional
impairments), we found no enhancement in any secondary
outcome in the present study. Although we used narrow inclusion
criteria for affective disorders in both our studies and therefore
did not expect great reductions in depressive symptoms, improve-
ment in quality of life was particularly anticipated based on previ-
ous, non-digital psychoeducation in ADHD.12,13 One explanation
for this difference could be that in these studies, quality of life was con-
sidered as health-related rather than global, as was done in this study
by using the WHOQOL. In addition, our correlation analysis found
that symptoms of ADHD and symptoms of depression and stress,
as well as subdomains of quality of life, generally correlate well with
each other. In particular, the health-related subdomains of the
WHOQOL (i.e. physical and psychological health) were correlated
with changes in other symptom scores. Hence, despite not finding
time effects across groups, improvements in ADHD symptoms may
be associated with improvements in other secondary domains. As
this has relevance for clinical application, future research should
target this issue and investigate the extent to which there are potential
deviations from non-digital psychoeducation.

In general, both groups reported no adverse events or unintended
consequences and had equal drop-out rates. As mentioned above, the
chatbot was more prone to technical errors. Consequently, in this
study, the conventional psychoeducation app appeared to have advan-
tages in terms of overall usability. Given the similar clinical efficacy,
this may also illustrate the potential therapeutic benefit that a more
individualised approach, such as a chatbot, could have if the technical
foundation allows for a flawless and natural flow of conversation. On
the other hand, there is the possibility that the preferred method of
content delivery, and ultimately the clinical efficacy, also depends
on individual patient characteristics. For example, patients who
have no prior experience with psychoeducation may prefer an app
that offers a more structured format, whereas more experienced
patients may have specific questions and interests that can be
addressed more efficiently with a chatbot.

Limitations and future directions

This study has some limitations. First, the total duration of interven-
tions was rather short and could therefore be responsible for the lack
of improvements in secondary outcomes. In particular, changes in
quality of life could possibly be perceived in a delayed manner.
Second, for technical reasons, we could not limit the duration of
app use to precisely 3 weeks. As a result, the average duration of
app access was approximately 1 day longer in the ABP group
than the CBP group. We assume only minor implications, as com-
pleting the amount of psychoeducational content was manageable
within the intervention period. Moreover, we were technically
unable to measure the exact amount of time each participant
spent using the app. Future research should incorporate these mea-
surements, as they may provide important insights into the behav-
iour of patients with ADHD. Third, although the conventional app

worked without errors, the chatbot had some technical issues in one
of the modules that eventually led to the exclusion of this module
from the analysis and may have resulted in fewer symptom
improvements, as well as negative associations with CBP among
affected participants. Chatbots appear particularly susceptible in
this regard, and conducting pilots with a wide range of devices is
recommended. Fourth, the chatbot was compared with an active
control intervention that had only been validated once, along with
group psychoeducation. Further evaluation of the chatbot against
a traditional group psychoeducation or treatment as usual is recom-
mended. Finally, the relatively moderate sample size may have con-
tributed to the failure to detect certain effects, which also
complicates more detailed subgroup analysis. However, with
respect to the primary end point, we assume that none of the inter-
ventions proved superior, given that effect sizes were considerably
small.

Overall, taking into account the similar outcome of the digital
psychoeducation forms examined in this study, a chatbot may
offer the greater potential for development, especially considering
the current pace of innovation in the non-clinical chatbot market.
Future research should also focus on the implementation of differ-
ent add-ons that might help patients organise their personal digital
psychoeducation, such as notifications that provide exercise remin-
ders and recap psychoeducational content to help deepen knowl-
edge.14 In addition, specific participant characteristics that might
affect treatment outcomes should be examined, as, for instance, dif-
ferent age groups might have different preferences regarding usabil-
ity and content presentation, or education level might be related to
certain preferred learning styles. In addition, the generalisability of
the present results may be limited by the above-average educational
level of the sample, which should be addressed in future studies.

In conclusion, we found both a conventional module-based psy-
choeducation app and an interactive chatbot to be safe, feasible and
effective for self-guided psychoeducation, although neither can be
favoured based on the present findings. Strong effects on ADHD
core symptoms were observed, providing a first step toward imple-
menting these scalable and cost-effective applications in clinical
practice; for instance, to provide treatment during therapy waiting
times or as an augmentation to medication. Secondary outcome
effects, such as on symptoms of depression, anxiety and stress and
quality of life, need to be given stronger consideration in the
further development of digital psychoeducation, as they did not
improve in this study.
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