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A chatbot-based intervention
with ELME to improve stress and
health-related parameters in a
stressed sample: Study protocol of
a randomised controlled trial
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E. Bendig3 and O. Pollatos1

1Department of Clinical and Health Psychology, Ulm University, Ulm, Germany, 2Institute of Distributed
Systems, Ulm University, Ulm, Germany, 3Department of Clinical Psychology and Psychotherapy,
Ulm University, Ulm, Germany

Background: Stress levels in the general population had already been increasing in
recent years, and have subsequently been exacerbated by the global pandemic. One
approach for innovative online-based interventions are “chatbots” – computer
programs that can simulate a text-based interaction with human users via a
conversational interface. Research on the efficacy of chatbot-based interventions in
the context of mental health is sparse. The present study is designed to investigate the
effects of a three-week chatbot-based intervention with the chatbot ELME, aiming to
reduce stress and to improve various health-related parameters in a stressed sample.
Methods: In this multicenter, two-armed randomised controlled trial with a parallel design,
a three-week chatbot-based intervention group including two daily interactive intervention
sessions via smartphone (á 10–20 min.) is compared to a treatment-as-usual control group.
A total of 130 adult participants with a medium to high stress levels will be recruited in
Germany. Assessments will take place pre-intervention, post-intervention (after three
weeks), and follow-up (after six weeks). The primary outcome is perceived stress.
Secondary outcomes include self-reported interoceptive accuracy, mindfulness, anxiety,
depression, personality, emotion regulation, psychological well-being, stress mindset,
intervention credibility and expectancies, affinity for technology, and attitudes towards
artificial intelligence. During the intervention, participants undergo ecological momentary
assessments. Furthermore, satisfaction with the intervention, the usability of the chatbot,
potential negative effects of the intervention, adherence, potential dropout reasons, and
open feedback questions regarding the chatbot are assessed post-intervention.
Discussion: To the best of our knowledge, this is the first chatbot-based intervention
addressing interoception, as well as in the context with the target variables stress and
mindfulness. The design of the present study and the usability of the chatbot were
successfully tested in a previous feasibility study. To counteract a low adherence of the
chatbot-based intervention, a high guidance by the chatbot, short sessions, individual and
flexible time points of the intervention units and the ecological momentary assessments,
reminder messages, and the opportunity to postpone single units were implemented.
Trial registration: The trial is registered at the WHO International Clinical Trials Registry
Platform via the German Clinical Trials Register (DRKS00027560; date of registration: 06
January 2022). This is protocol version No. 1. In case of important protocol modifications,
trial registration will be updated.
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CI, Confidence Interval; CONSORT, Consolidated Standards of Reporting Trials Guidelines; COVID-19,
Coronavirus disease; DRKS, Deutsches Register Klinischer Studien; ELME, Everyday-life mindfulness experience;
ICD-11, International Classification of Diseases, 11th Revision; SMS, Short message service; SPIRIT, Standard
Protocol Items: Recommendations for Interventional Trials checklist for clinical trial protocols.
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1. Background

Stress levels in the general population had already been

increasing in recent years, and have subsequently been

exacerbated by the global pandemic. In particular, 64% of a

representative German adult sample feel stressed at times and

26% feel stressed frequently (1). 77% of the latter stated that they

experience life today as more stressful than 15–20 years ago. As

the two central reasons for the high stress experience, school,

studies, or work as well as high demands on themselves were

reported. These are followed by the illness of a closely related

person as a source of stress which might be associated with the

COVID-19 pandemic (1). Systematic reviews and meta-analyses

based on studies investigating stress, anxiety, and depression

prevalence among the general population during the COVID-19

pandemic worldwide (2, 3), showed a mean prevalence of stress

between 30% and 37%, 24 to 31% for the prevalence of anxiety,

and 28% to 34% for the prevalence of depression. Consistently,

the numbers of mental disorders increase, resulting in the main

reason for days absent due to illness (4). Moreover, the

International Classification of Diseases, 11th Revision (ICD-11),

was extended by a category of stress-related mental disorders (5),

which underlines the relevance of stress and the need for

interventions of stress reduction.

One approach to cope with stress and different related

psychological disorders is mindfulness-based interventions.

Mindfulness has been conceptualized as a state of being aware and

focused on the present moment in an open, accepting and non-

judgmental way (6–9). Previous meta-analyses and reviews showed

positive effects of online mindfulness-based interventions on mental

health outcomes such as decreases in perceived stress (e.g., 10–12),

anxiety (e.g., 11, 12), depression (e.g., 11, 12) as well as increases in

mindfulness (e.g., 10, 11) and well-being (e.g., 11).

Another health-related, closely related construct to stress is

interoception. Interoception is defined as the process of the nervous

system of sensing, interpreting, and integrating internal bodily

signals (13) such as cardiovascular, respiratory, or gastrointestinal

signals to a moment-by-moment internal bodily landscape across

conscious and unconscious levels (14, 15). According to a recent

classification model of interoception by 16 (16), a distinction

between accuracy and attention to interoceptive signals (i.e., factor 1)

and between objective measures and self-reported beliefs

concerning interoceptive signals (i.e., factor 2) is made. Previous

research indicated associations between interoceptive abilities and

stress (e.g., 17–21). In particular, a study by Schultchen and

colleagues (20) found that a decreased objective interoceptive

accuracy is associated with higher long-term stress. Moreover,

several studies showed that interoceptive abilities are associated with

emotional abilities (e.g., 22, 23) and that they are impaired in

diverse mental disorders such as anorexia nervosa (e.g., 24),

depression (e.g., 25), or schizophrenia (26). An increasing body of

research indicates that interoceptive abilities can be trained, for

example, via mindfulness-based interventions (e.g., 27, 28), body-

focused training such as power posing (29), or heartbeat perception

training (30, 31). So far, online interventions to improve

interoceptive abilities are sparse. An ongoing study (32) investigates

the effects of a guided online mindfulness-based intervention on
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stress, interoceptive abilities and further health-related parameters.

Integrating such trainings into everyday life might be a promising

approach (31).

In the past few years, there has been a growing interest in the use

of and the research about chatbots (33–35). A “chatbot” or

conversational agent is defined as a computer program, which is

able to simulate a text-based interaction with human users via a

conversational interface (e. g., via website or smartphone; 36, 33).

Chatbots can be classified into different categories such as

application domain (i.e., domain-specific knowledge support), service

provided (i.e., scripted dialogs vs. query interface for information

retrieval), or according to the response generation method (i.e., rule-

based selection of pre-defined text components vs. natural language

processing and machine learning-based responses; 33, 37). Other

characteristics of chatbots comprise the type of interaction interface,

i.e., the device on which the chatbot interacts with the user (e.g.,

mobile application, web browser), or the input and output modality

(written, spoken, or mixed), among others (38).

Chatbot-based interventions provide advantages such as low-

threshold and anonymous use, flexibility regarding time and location

of use, and cost-effectiveness; therefore, they could be integrated

easily into everyday life (39–43). Moreover, especially the effects due

to guided online interventions (i.e., intervention contents are

accompanied or provided by a guide such as an e-coach or even a

chatbot) to improve mental health need to be highlighted (44, 11),

as they showed higher adherence rates (39, 45, 46) and were more

effective in terms of symptom severity reduction (47) as compared

to unguided interventions. Social motivation might be an essential

factor in the effectiveness of chatbot-based interventions (34, 48).

Mental health apps including psychoeducation, also via a chatbot,

have shown to provide the potential to decrease stigma, e.g., via the

use of the chatbot and educational strategies (49), and to increase

mental health literacy (39, 42, 50, 51). Particularly, lacking awareness

of available support was revealed as a substantial barrier to mental

health access in young people (52, 53). Additionally, previous

research on chatbots supports their potential to deliver

psychoeducation and to promote self-adherence (54).

In the application of chatbots to improve mental health, research

on the efficacy of chatbot-based interventions is still sparse (37, 38,

55). A mixed-method systematic review based on chatbot-based

interventions for mental health (56) showed significant decreases in

psychological distress with effects ranging from small (d = 0.24) to

very large (d = 2.0). In particular, the improved outcomes comprised

depression (57–59), psychological distress (60), anxiety (58), fear of

heights (61), and positive affect (58, 60). Moreover, these findings

are also summarized in the reviews by (54) and (55), inter alia,

including the findings of increased well-being (60). In contrast, for

example, a pilot study by (62) found neither significant

improvements in perceived stress nor in psychological well-being in

a non-clinical sample due to a two-week smartphone-based

intervention. This intervention was based on positive psychology

and cognitive-behavioural therapy provided by a chatbot in

comparison to a wait list control group. Nevertheless, this sample

included only 28 participants, and, results revealed significant effects

when only including the adherent participants (i.e., in this study,

those participants with at least 25% activity and not being inactive

for more than 7 days or more in a row). Similarly, the findings by
frontiersin.org
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(63) showed significant reductions in self-reported symptoms of

depression in high users compared to the low user group. In

contrast, for a two-day chatbot-based therapeutic writing

intervention aiming to improve psychological well-being, good

feasibility, but no effects on well-being were demonstrated (64, 65).

Both improved well-being and stress reduction due to a three-week

chatbot-based stress management intervention were reported in a

sample of young adults (66). Comparably, a recent study (67) found

significantly reduced stress levels and decreased anxiety in students

due to a 4-week chatbot-based intervention based on cognitive

behavioral therapy, mindfulness techniques, and positive psychology.

It needs to be considered that both studies (66, 67) were

uncontrolled. To sum up, previous studies differ in various aspects

such as the study design, the intervention duration, outcome

assessments, primary goals of the chatbot, type of communication

technology, input and output modality, and their samples. There is

still a lack of standard measures and randomized controlled trials of

chatbot-based interventions in the mental health area (55, 68, 38,

35). Moreover, standards for chatbot-based mental health apps are

missing (39, 42). Consequently, more structured randomized

controlled trials on chatbot-based interventions to improve specific

parameters of mental health such as stress or anxiety based on

standard measures and guideline-based chatbots are needed.

We developed a three-week chatbot-based intervention via

smartphone comprising two daily short sessions (á 10–20 min.) for

a sample with medium to high stress levels, aiming to improve

stress and health-related parameters such as interoception and

mindfulness. The chatbot is named ELME, a gender-neutral name

as an acronym for Everyday-life Mindfulness Experience. The

intervention duration was determined based on previous studies

investigating chatbot-based interventions ranging from two to four

weeks (e.g., 67, 69, 62; 60, 66) and reported preferences of an adult

sample for short online sessions (70). Considering the target group

of the intervention, namely, a stressed sample, short sessions were

found to be effective to reduce perceived stress and individuals

seem to use intervention exercises more frequently if they take

less time (71).

According to the CONSORT Consolidated Standards of Reporting

Trials (CONSORT) 2010 Guidelines for randomized controlled trials

(72, 73) and the according extension for randomised pilot and

feasibility trials (74), we conducted several pilot phases and a

feasibility study (DRKS00025446) based on a sample size of n = 44

with usability as assessed via the mHealth App Usability

Questionnaire (75) as the primary outcome variable and the design

of the actual study. Results showed that the chatbot-based

intervention is a feasible and flexible tool. User feedback was

implemented to an optimised version of the chatbot used in the

current study. Aiming to increase adherence, this adapted version

of ELME includes even shortened units, the setting to switch

the training time slots for the next day and an adaptation of the

favoured typing speed of ELME. The present study investigates

the effects on diverse health-related and user-oriented parameters.

We hypothesize that:

(1) the primary outcome perceived stress will be reduced in the

intervention group compared to the treatment as usual control

group.
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(2) the secondary outcomes interoception, mindfulness, and

psychological well-being will be improved.

Furthermore, we examine potential changes in secondary outcomes

as health-related and related to the primary and main secondary

outcomes, but not directly in the intervention targeted variables,

e.g., depression, anxiety, emotion regulation, stress mindset and

test for potential modifying effects on an exploratory level. For

example, stress mindset could be a moderating factor of perceived

stress (76, 77). Moreover, similar health-related measures had been

investigated in the reported previous online or chatbot-based

intervention studies (e.g., 55, 65–67). Additionally, based on

previous research, we investigate user-oriented parameters such as

usability, satisfaction with the intervention, and, lastly, adherence

and potential dropout reasons, to potentially further improve the

intervention for future research.
2. Methods and analysis

2.1. Study design

The present study is a two-arm, parallel randomized controlled

trial with an intervention group compared to a control group

receiving treatment as usual. The intervention group receives a

three-week online-based intervention guided by the chatbot ELME.

The control group receives no content and just answers the

questionnaires and the ecological momentary assessments.

Treatment as usual for the control group was chosen based on

methodological recommendations for randomized controlled trials

and psychological interventions (71, 78, 79). Primary and secondary

outcomes will be assessed in both groups at screening (t0), pre-

intervention (t1), daily during the intervention (between t1 and t2),

post-intervention (t2), as well as follow-up three weeks after t2 (t3).

The study will be conducted in accordance with the Consolidated

Standards of Reporting Trials (CONSORT) 2010 Guidelines for

Randomized Controlled Trials (71, 73). The study protocol

corresponds the recommendations of the “Standard Protocol Items:

Recommendations for Interventional Trials” checklist for clinical

trial protocols (SPIRIT; 80).
2.2. Eligibility criteria

Participants will be included in the present study if they (a) are 18

years or older, (b) have sufficient knowledge of the German language,

(c) own a smartphone (Android or iOS) with internet access, (d)

possess a valid German phone number, (e) possess a valid mail

address, (f) experience middle to high perceived stress (PSS-10

score≥ 14, assessed at t0), (g) are not diagnosed with any mental

disorder, (h) do not currently undertake psychotherapy, and (i) do

not currently participate in another mental health online-intervention.
2.3. Setting and recruitment

Recruitment of the study has started in February 2022 and will be

continued until the targeted sample size of N = 130 has been reached.
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Recruitment takes place online and offline targeting German

speaking people. Offline recruitment strategies comprise flyers and

posters at different public places such as universities, fitness

centers, educational institutions, corporate health management,

psychosocial counselling services, and city libraries in Germany.

Online recruitment will be implemented via e-mail distribution

lists, e.g., in the area of occupational health management,

universities, postings on social media (e.g., LinkedIn), online self-

help groups on social media. Apart from the possibility to take

part in a chatbot-based intervention for free, participants receive

the chance to win a € 25 gift card from an online shop or, as a

student participant, to receive 5 course credits as expense

allowance for completing the questionnaires. Furthermore, both

intervention and control participants receive the option to get

access to two relaxing exercises and to get individual summaries

regarding the change in their health-related parameters in the

course of t1 to t3 after completing the t3 questionnaire.
2.4. Study procedure

Interested individuals can access to the screening questionnaire

(t0) via the landing page, after they have registered with their mail

address and their phone number and verified those. The landing

page can be reached via a link or a QR code. If participants fulfill

the inclusion criteria (see Figure 1), they will be forwarded to the

pre-intervention questionnaire (t1). As the first part of the t1

questionnaire, participants obtain and have to agree with the

informed consent of the study. The questionnaires t0-t3 take place

via the online survey tool Unipark (https://www.unipark.com).

After completing the t1 questionnaire, included participants will

automatically receive an SMS with a personalized link to the

specifically developed chatbot platform. By linking the participants’

sessions to their mobile numbers, the phone is used as the sole

authentication factor and no other credentials are required for

personalized access. Apart from offline recruitment strategies, the

study will be fully conducted online. Excluded participants are

informed that they could not take part in the study and receive

alternative contact institutions such as psychosocial contact

institutions or platforms to find psychotherapists. Ecological

momentary assessments take place via the chatbot platform.

Figure 1 represents the planned study procedure. A participant

timeline for the intervention and the control group is depicted in

Figure 2.
2.5. Randomisation and blinding

After completing the t1 questionnaire, the platform automatically

assigns participants randomly to the intervention group or to the

control group. The assignment is based on a platform-internal

pseudorandom number generator with an allocation ratio of 1:1.

Data analyses are performed with pseudonymous data, where the

analysts do not learn about the participants’ identities. Primary

and secondary outcome analysis are performed with a blinded data

set, which conceals the group allocation while keeping all

participants of the same group in the same blinded group.
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2.6. Intervention

ELME is a rule-based, conversational chatbot and was developed

by members of the Department of Clinical and Health Psychology

and the Institute of Distributed Systems at Ulm University. This

type of technology is a self-developed, web-based chatbot platform,

provided via smartphone with SMS notifications. The input

modality is written; the output modality is also written, except

audio files provided by the chatbot.

The chatbot-based intervention aims at stress reduction and

improving health-related parameters such as interoception and

mindfulness. In particular, the intervention contents mainly

address the constructs of stress, interoception and mindfulness as

well as their association, provided via psychoeducation and

exercises (e.g., audio files such as breathing exercises) in a real-

time dialogue with the chatbot. The intervention units are offered

twice a day with one session in the morning and one session in

the afternoon or evening over the course of three weeks,

depending on the self-selected time of a participant. The times of

the units could be switched daily via a settings menu in the

chatbot platform. In the weekends, only one session takes place,

the day can be freely selected by each participant. Importantly,

the contents and exercises aim to be closely related to everyday

life. Therefore, the chatbot asks questions related to current

situations of the participants and exercises are designed short

(10–20 min). The gender-neutral persona of the chatbot is

characterized by a friendly demeanor as an empathetic

companion with expertise in mental health. ELME’s

communication style can be described as calm, tolerant,

supportive, and appreciative. For each start of a session with

ELME, the participant receives an SMS. Furthermore, participants

receive reminder SMS to fulfill the units with ELME and they

could postpone single exercises to one hour later. Participants

have to complete each session within three hours; otherwise

ELME aborts the session automatically to assure the course of

upcoming sessions. Moreover, the chatbot platform menu

provides answers to frequently asked questions, a download

function for the audio files and summaries of the single exercises.

The contents are based on approaches of mindfulness-based

stress reduction (81–83), stress management (84, 85),

Acceptance and Commitment Therapy (86, 87), heartbeat

perception exercises derived from the heartbeat tracking task

(88), and psychoeducative elements of a guided online

mindfulness-based intervention called “StudiCare Mindfulness”

(32). An overview of the alternating intervention contents

representing the modules “stress”, “interoception”,

“mindfulness” or the “association of stress, interoception, and

mindfulness” is shown in Table 1. In every training session,

ELME introduces the participants to a main topic by

psychoeducation, provides everyday examples and

corresponding exercises. Aiming to make the participants

integrate the topics into their everyday life, central intervention

contents and exercises are repeated. They are engaged in the

interaction with ELME by answering questions with pre-defined

response alternatives, on a numeric slider or via an open text.

Based on a fixed set of rules, the communication logic is

implemented as a finite-state machine. On each incoming
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FIGURE 2

Participant timeline for the intervention and the control group. EMA, Ecological momentary assessment.

FIGURE 1

Flow chart of the planned study procedure.
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message sent by the participant, ELME responds with an

appropriate answer. ELME purposefully and frequently involves

users in the conversation to ensure their active participation,
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also reminding of responding by diverse text phrases. A sample

dialogue of the chatbot interacting with a participant is

depicted in Figure 3 (in German language).
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TABLE 1 Overview of the intervention contents.

Module Aims and content Presentation form

Stress

Introduction into the construct stress Psychoeducation; understanding the benefit of the intervention Chat dialogue

Stress Traffic Light Instruction of the Stress Traffic Light (84), training of stress perception and
management

Chat dialogue

Stress reliever Psychoeducation and reflection of stress relieving methods Chat dialogue

Theory unit regarding stress Impulses targeting stress management, coping strategies Chat dialogue

Interoception

Introduction into the construct interoception Psychoeducation (e.g., 15, 89) understanding the benefit of the intervention Chat dialogue

Heartbeat tracking task in sitting and lying
position; walking

Exercise targeting interoception / heartbeat perception; adaption to the heartbeat
tracking task (88, 27, 90)

Chat dialogue, audio file

Mindfulness

Introduction into the construct mindfulness Psychoeducation (e.g., 8) understanding the benefit of the intervention Chat dialogue

Query of the most (non-)mindful moment of
the day

Mindfulness exercise in every-day life, reflection Chat dialogue

Body Scan Mindfulness exercise Audio file

Mindful drinking of water Mindfulness exercise/Perception of satiety/pleasure Chat dialogue

Mindful walk Mindfulness and relaxation exercise Chat dialogue

Association of stress, interoception & mindfulness

Breathing exercise Stress reduction and mindfulness exercise Audio file

Query of satiety Exercise targeting interoception/mindful perception of satiety Chat dialogue

Association of stress, interoception and
mindfulness

Psychoeducation, e.g. by explaining empirical findings (20, 18, 17, 91) Chat dialogue

Free sports activity Health promotion by physical activity as a positive impact on interoception,
mindfulness and stress reduction (91)

Chat dialogue

Final summary Reflection of the whole intervention, repetition Chat dialogue, PDF file for
downloading

Bouquet of flowers Summary and explanation of all intervention exercises PDF file

Schillings et al. 10.3389/fdgth.2023.1046202
2.7. Treatment as usual control group

The control group receives no treatment. Participants of the

control group only do the assessments, i.e., the questionnaires t0–

t3 and daily ecological momentary assessments.
2.8. Outcome assessment

2.8.1. Primary outcome: stress
To screen the participants concerning their acute perceived

stress levels as an inclusion criterion, the 10-item version

Perceived Stress Scale (PSS-10; 92) is used. Acute perceived stress

regarding the last month is rated as the degree to which

situations in one’s life are rated as stressful on a scale ranging

from 0 = “never” to 4 = “very often”. Within the questionnaires

from t1 to t3, the 4-item short scale (PSS-4) is implemented. The

ratings on both scales are quantified as sum scores with higher

scores representing higher perceived stress. The German version
Frontiers in Digital Health 06
of the PSS-10 demonstrated good internal consistency

(Cronbach’s Alpha = .84; 93) and the PSS-4 exhibited acceptable

and reliable psychometric properties across cultures (Cronbach’s

Alpha = 0.77, 94).
2.8.2. Secondary outcomes
2.8.2.1. Self-reported interoceptive accuracy
Interoception, specifically, self-reported interoceptive accuracy, will

be assessed via German versions of the Interoceptive Accuracy

Scale (IAS; 95) and the subscale “Awareness” of the Body

Perception Questionnaire (BPQ; 96). A self-translated German

version of the IAS is used. The IAS consists of 21 items asking the

participants how well they believe they can perceive specific bodily

sensations on a 5-point Likert scale ranging from 1 = “disagree

strongly” to 5 = “strongly agree”. Based on calculated sum scores

(range: 21–105), higher scores reflect greater self-reported

interoceptive accuracy. The internal consistency of the IAS is high

with Cronbach’s Alpha of 0.88 (95, 97). The BPQ comprises 45

items describing body processes which should be rated concerning
frontiersin.org
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FIGURE 3

Sample dialogue of the chatbot interacting with a participant.
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the awareness during most situations on a 5-point Likert scale

ranging from 1 = “never” to 5 = “always”. A mean score of the

subscale “Awareness” is calculated. Based on a mean of 50 and a

standard deviation of 10, t scores represent standardized values

according to a normal distribution. High internal consistency with

Cronbach’s Alpha of 0.92 (98) and 0.97 (97) was shown.

2.8.2.2. Ecological momentary assessment
Ecological momentary assessment includes questions on acute

perceived stress, body awareness, interoception, and mood in the

according moment. Participants have to answer the questions on a

visual analogue scale based on horizontal rating sliders ranging

from 0 “ = not at all” to 100 = “very much”. Comparably to the

ecological momentary assessment in a previous study (99), acute

perceived stress is assessed via two adapted items for the

momentary use of the Perceived Stress Scale Short form (PSS-4;

92): “Do you feel that things are going your way?” and “Do you

find you can cope with all the things that you have to do?”.

Furthermore, two items addressed the body awareness: “How

present do you feel at the moment?” and “How aware are you of

your own body at the moment?” (27, 90). To assess self-reported

interoceptive accuracy, we developed a question, which takes the

heartbeat perception task by Schandry (88) into account: “How

intense do you perceive your heartbeat in the moment?”. Based on

previous studies (e.g., 99, 100), questions regarding mood comprise

six positive emotions (cheerful, enthusiastic, awake, active, relaxed,

calm) and five negative emotions (irritated, bored, nervous /
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stressed, worried, depressed), also assessed via a visual analogue

scale ranging from 0 = “not at all” to 100 = “very much”.

2.8.2.3. Mindfulness
Mindfulness is assessed via the 14-item short version of the Freiburg

Mindfulness Inventory (FMI; 101). The FMI consists of a 4-point

Likert scale ranging from 1 = “rarely” to 4 = “almost always” which

are added to a sum score (range: 14–56). Higher scores indicate

higher mindfulness. High internal consistency (Cronbach’s Alpha =

0.84; 102) and sensitivity to change (101) were demonstrated.

2.8.2.4. General anxiety
The 7-item Generalized Anxiety Disorder Questionnaire (GAD-7;

103) is used to screen for generalized anxiety disorders. Anxiety

symptoms regarding the last two weeks are rated on a 4-point

Likert scale ranging from 0 = “not at all” to 3 = “nearly every

day”. A sum score (range: 0–21) is calculated. The GAD-7 has

been proven as a reliable and valid measurement instrument of

anxiety in the general population (Cronbach’s Alpha = 0.89; 104).

Furthermore, (103) reported a sensitivity of 0.89, a specificity of

0.82 and a good test-retest reliability (intraclass correlation = 0.83).

2.8.2.5. Depression
The Patient Health Questionnaire (PHQ-8; 105) is an 8-item version

of the reliable and valid PHQ-9 (106) without the ninth item

requesting suicidal or self-injurious thoughts. The questionnaire

assesses depressive symptoms within the last two weeks prior to

measurement. Leaving out the ninth item might be more

applicable in the context of an online- and smartphone-based

study, as the handling with participants exhibiting suicidal or self-

injurious thoughts without personal contact might be not adequate

(105). A sum score (range: 0–24) is calculated from the ratings on

a 4-point-Likert scale ranging from 0 = “not at all” to 3 = “nearly

every day”. Based on a cutoff score of 10, the PHQ-8 showed a

sensitivity of 0.86 (95% CI = 0.80–0.90) and a specificity of 0.86

(95% CI = 0.83–0.89; 107).

2.8.2.6. Personality
The short version of the Big Five Inventory (108, 109) is used to

measure the Big Five personality dimensions with two items per

dimension. The 5-point Likert scale ranges from 1 = “fully

disagree” to 5 = “fully agree”, which are calculated to a mean score.

The questionnaire exhibited sufficient psychometric properties with

an average retest reliability of 0.56.

2.8.2.7. Emotion regulation
Emotion regulation is assessed via the German version (110) of the

Emotion Regulation Questionnaire (111). The questionnaire

comprises 10 items representing the two different emotion

regulation strategies reappraisal (6 items) and suppression (4

items). Participants are instructed to rate the items on a scale

ranging from 1 = “strongly disagree” to 7 = “strongly agree”. A

higher mean for one of the two subscales reflects the preference for

the respective strategy. Good internal consistencies were found for

both subscales suppression (Cronbach’s Alpha = 0.76) and for

reappraisal (Cronbach’s Alpha = 0.74; 110).
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2.8.2.8. Psychological well-being
The well-established 5-item WHO Well-Being Index (WHO-5; 112,

113) is utilized to assess subjective psychological well-being, in

particular, the frequency of respective feelings over the last two

weeks. Participants are instructed to response on a 5-point Likert

scale ranging from 5 = “all of the time” to 0 = “at no time”. To

calculate the total score, the sum score is calculated from raw

scores (range: 0–25) and then multiplied with 4 (range: 0–100;

100 = best well-being). Based on several clinical studies, the WHO-

5 demonstrated a sensitivity of 0.86 and a specificity of 0.81 as a

screening tool for depression (113). A recent study (114) reported

a Cronbach’s Alpha of 0.75.

2.8.2.9. Stress mindset
The Stress Mindset Measure (SMM; 76) is used to assess the

individual general mindset if the effects of stress are enhancing

or debilitating. The questionnaire consists of 8 items which the

participants rate on a 5-point Likert Scale ranging from

0 = “strongly disagree” to 4 = “strongly agree”. Three optional

preliminary questions address the current amount of stress

(1 = “none”, 7 = “an extreme amount”), the primary source of

stress in the individual’s life and as how stressful this is

perceived (1 = “not stressful”, 7 = “extremely stressful”). SMM

scores are computed by means including the reverse scoring of

four negative items. Higher scores indicate the mindset that

stress is enhancing. The questionnaire demonstrated good

internal consistency with Cronbach’s Alpha = 0.86, which is

similar for the German version (76, 115).

2.8.2.10. Treatment expectancy
Treatment expectancy regarding the intervention is measured by the

Credibility Expectancy Questionnaire (116), adapted for the chatbot-

based intervention. Prior to randomisation, participants of the

intervention as well as of the control group rate four items on a 9-

point Likert scale and two items on a 10-point Likert scale. The

scale reflects the two factors “credibility” and “expectancy”. Higher

mean scores represent positive credibility and expectations.

Cronbach’s Alpha of 0.84 to 0.85 for the total scale indicated high

internal consistency (117).

2.8.2.11. Affinity for technology
The affinity for technology as an interaction style with technical

systems, based on the established psychological construct need for

cognition, was assessed via the Affinity for Technology (ATI) Scale

(118). In this context, “technical systems” refer to apps, software

applications or digital devices, respectively, the chatbot-based

platform in the present study. Nine items are rated on a Likert

scale ranging from 1 = “completely disagree” to 6 = “completely

agree” and are calculated to an overall mean score. Based on

multiple studies, the ATI Scale exhibited good psychometric

properties regarding reliability (Cronbach’s Alpha between .83

and .92), validity, dimensionality and distribution of ATI score

values (118).

2.8.2.12. Attitude towards artificial intelligence
The attitude towards artificial intelligence is assessed via the 5-item

Attitude Towards Artificial Intelligence (ATAI) Scale (119). The

according 11-point Likert scale ranges from 0 = “strongly disagree”
Frontiers in Digital Health 08
to 10 = “strongly agree”. The ATAI Scale comprises the two factors

“acceptance” and “fear”. A total mean score is calculated based on

the means of the two subscales. In a study with a German sample

(119), internal consistency for the subscale “acceptance” of artificial

intelligence was at Cronbach’s Alpha = 0.65 and for “fear” of

artificial intelligence at Cronbach’s Alpha = 0.66.

2.8.2.13. Satisfaction with the intervention
To assess the global satisfaction with the intervention, a German

version of the Client Satisfaction Questionnaire (CSQ-8; 120)

adapted for the evaluation of internet-based interventions (121)

was used. The CSQ-8 comprises eight items with diverse 4-point

rating scales regarding the satisfaction such as 1 = “No, definitely

not”, 4 = “Yes, definitely”, or 1 = “quite dissatisfied”, 4 = “very

satisfied”. A sum score is computed with higher scores indicating

higher satisfaction. Internal consistency of the CSQ-8 has been

identified as high with Cronbach’s Alpha between 0.88 and 0.92

(120, 122). In a study based on two randomised control trials

investigating web-based interventions, results showed a good

overall psychometric quality of the CSQ-8 (121).

2.8.2.14. Mental health app usability questionnaire
The 18-item Mental Health App Usability Questionnaire (MAUQ;

75) is used to measure the usability of the chatbot as a mental

health App, consisting of the three subscales „ease of use“ (5

items), „interface and satisfaction“ (7 items) and „usefulness“ (6

items). The rating scale ranges from 1 = “strongly agree” to

7 = “strongly disagree”. Mean scores for each subscale and a total

mean score are calculated. The lower the mean score, the higher

the usability. For the present study, a self-translated German

translation of the MAUQ is used. The MAUQ exhibited an

excellent internal consistency (Cronbach’s Alpha = 0.91, 75).

2.8.2.15. Negative effects
The Inventory for the Assessment of Negative Effects of Psychotherapy

(INEP; 123) assesses potential negative effects of psychotherapy

(e.g., intrapersonal change, relationships, or stigmatization). The

scale comprises 21 items, including four items which are rated on a

7-point bipolar scale (−3 = “worse; + 3 = “better”), calculated to mean

scores with lower values reflecting more negative effects. The other

items are rated on a 4-point Likert scale ranging from 0 = “not at

all” to 3 = “totally agree”. In the present study, an 18-item version

adapted to possible negative effects of the chatbot-based intervention

(e.g., excluding items regarding the therapist) is used to assess

potential negative effects of the chatbot-based intervention. The

original questionnaire exhibited a high internal consistency with a

Cronbach’s Alpha of 0.86 (123).

2.8.2.16. Adherence
According to the suggested guidelines regarding adherence in

randomised controlled trials investigating online interventions

(124), adherence to the intervention is operationalized by the

percentage of completed intervention units. All assessed variables,

the according measurement instruments and measurement points

are depicted in Table 2. Reasons for potential dropout reasons are

assessed via the Dropout Reasons Questionnaire for Internet

Interventions (125).
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


TABLE 2 Assessed variables, measurement instruments and measurement points.

Variables Measurement instrument Measurement point

T0 T1 T1–T2 T2 T3

Primary outcome

Acute perceived stress Perceived Stress Scale (PSS-10) X

Acute perceived stress Perceived Stress Scale - short form (PSS-4); 2 items (EMA) X X X X

Secondary outcomes

Demographic variables (e.g., age, gender, pre-experience with
chatbots)

Demographic Questionnaire X

Self-reported interoceptive accuracy Interoceptive Accuracy Scale X X X

Self-reported interoceptive accuracy Awareness Scale of the Body Perception Questionnaire X X X

Self-reported interoceptive accuracy Interoceptive item (EMA) X

Body Awareness Body awareness items (EMA) X

Mood Visual Analogue Mood Scale (EMA) X

Mindfulness Freiburg Mindfulness Inventory – short form (FMI) X X X

General anxiety General Anxiety Disorder (GAD-7) X X X

Depression Patient Health Questionnaire (PHQ-8) X X X

Personality Big Five Inventory (BFI-10) X

Emotion regulation Emotion Regulation Questionnaire (ERQ) X X X

Psychological well-being WHO-5 Well-Being Index X X X

Stress mindset Stress Mindset Measure (SMM) X X X

Intervention credibility and expectancies Credibility / Expectancy Questionnaire (CEQ) X

Affinity for Technology Affinity for Technology Interaction (ATI) X

Attitudes towards Artificial Intelligence Attitudes towards Artificial Intelligence (ATAI) Scale X X X

Satisfaction with the intervention Client Satisfaction Questionnaire (CSQ-8) X

Usability of the app Mental Health App Usability Questionnaire (MAUQ) X

Negative effects of the intervention Inventory for the assessment of Negative Effects of Psychotherapy
(INEP)

X X

Adherence Percentage of completed intervention units X

Dropout reasons Dropout Questionnaire X

Open feedback questions regarding the chatbot X

Notes. EMA, ecological momentary assessment.
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2.9. Sample size estimation

The sample size was calculated by an a-priori power analysis

for a repeated measurement ANOVA via G*Power (126),

comparing two groups. Assuming a small effect size of f = 0.15

(consistent with d = 0.30), based on an α-level of 0.05, a power of

0.90, and a dropout rate of 40%, the sample size analysis

resulted in N = 130 participants (n = 65 in the intervention group,

n = 65 in the control group). As previous findings regarding

chatbot-based interventions in the area of mental health are

sparse, the assumed effect size of d = 0.3 was determined based on

a systematic review (127), reporting effect sizes of d = 0.29 for

depression and d = 0.15 for anxiety. A review and meta-analysis

based on online mindfulness-based interventions stated small
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effect sizes for mindfulness (g = 0.32), depression (g = 0.29), anxiety

(g = 0.22), and well-being (g = 0.23). It needs to be noted

that results regarding adherence, respectively, attrition rates in

online or chatbot-based interventions are also sparse or often

not reported (124, 55). The dropout rate of 40% is estimated

based on the systematic review of adherence to web-based

interventions (128) and the adherence rates of guided

interventions (39, 45, 46).
2.10. Data analysis

Multilevel modelling will be applied to analyse the longitudinal,

nested data structure and change over time. The data analyses will
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be conducted according to the intention-to-treat principle. Procedures

of imputation will be chosen based on patterns of missingness. The

significance level for all analyses will be p≤ 0.05. Exploratory

mediation and moderator analyses including the primary and

secondary outcomes and demographic variables will be conducted to

examine how individual growth will be mediated or moderated by

the according variables.
3. Discussion

The present study is designed to investigate the effects of a three-

week chatbot-based intervention via smartphone, aiming to reduce

stress and to improve various health-related parameters such as

interoception in participants with medium to high stress levels. To

the best of our knowledge, this is the first chatbot-based

intervention addressing interoception, as well as in the context

with the target variables stress and mindfulness. Strengths of the

study are the design as a two-arm randomised controlled trial

with a treatment as usual control group and outcome assessments

pre-, post- and follow-up intervention as well as ecological

momentary assessments, which is quite new in the assessment of

interoception (90, 129, 130). Moreover, the highly standardized

design is in line with the CONSORT guidelines (71, 73). In this

context, the design of the present study and the usability of the

chatbot was successfully tested in a previous feasibility study to

establish a high quality, data security and usability of the

intervention. Therefore, the user feedback had been implemented

into the adapted version of the internally developed chatbot and

will be analyzed to even potentially improve the intervention.

Beyond that, the present study could shed light on the

development of chatbots in the mental health area, in particular,

for a stressed target group.

A possible limitation could be a limited attrition rate, as there is,

for example, the issue of lacking long-term user engagement in e-

Health (53, 131). One important factor in this context might be

the feeling not to interact with a “real” human (132). At the same

time, it needs to be highlighted that adherence rates of online or

chatbot-based interventions are often not reported or were

operationalised by diverse assessments (55, 124). To counteract a

low adherence of the chatbot-based intervention, we implemented

high guidance by the chatbot, short sessions, individual and

flexible time points of the intervention units and the ecological

momentary assessments, reminder SMS, and the opportunity to

postpone single units. At the same time, the intervention is

supposed to be used in everyday life, i.e., it should be provided in

real time, in a natural setting, diverse contexts, comparably to

ecological momentary interventions (133, 134). Additionally,

the intervention contains personalised elements which are

considered to be essential for chatbots in the area of health care,

e.g., for user satisfaction and user engagement (135). Moreover, 53

concluded the significance of usability and interactivity in the

context of mental health technology. Further limitations of the

study might consist in the risks of measurement reactivity,

especially in the context of digital ecological momentary

assessments (136), or the systematic self-report bias in health data
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(137) due to self-report measures only. Moreover, as reported in

the study by (138), differences to physiological assessments are

possible, which are not part of the current study. To address the

challenges of a potential gender bias and self-selection by

participants with a high technical or online affinity, the chatbot

was named gender-neutral, no avatar image of the chatbot

is presented, and broad, nationwide recruitment strategies are

realized (e.g., 65).
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the study will receive written information on study conditions, data

security, voluntary participation, the right to leave the study at any

time, and the publication of anonymised results. Written informed

consent will be obtained from all participants prior to their

participation. In the present study, only self-report data but no

psychophysiological data will be assessed. Data collection by the

chatbot will happen on a secure on-premises server with limited

access by a single team member. Online questionnaires via Unipark

will be pseudonymised and linked to the conversations with a

random token. All personal information as well as the tokens’

coding list will only be stored on the secure server and will be

deleted after the study is completed. Only pseudonymised data is

stored on a secured cloud storage with restricted access to

the remaining authorised study personnel obliged to secrecy.

According to German law, data will only be shared with parties

outside the project team in anonymized form. Trial results will be

submitted for publication in a peer-reviewed journal and presented

at conferences.
Author contributions

CS initiated the study. ELME was developed by the Department

of Clinical and Health Psychology and the Institute of Distributed

Systems at Ulm University (lead developers CS, DM and BE). CS,

DM, BE, DS and OP designed and planned the study. DS, EB and

OP supervised the study. CS is responsible for the recruitment and

the conduction of the study. DM is responsible for the technical

implementation of the chatbot. CS wrote the first draft of the

manuscript. All authors contributed to the article and approved the

submitted version.
Funding

This research received neither an external funding nor a

specific grant from any funding agency in the public, commercial

or not-for-profit sectors, only budget funds of the Department of

Clinical and Health Psychology, Institute of Psychology and

Education, Ulm University, Germany. Hence, no funders had
frontiersin.org

https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Schillings et al. 10.3389/fdgth.2023.1046202
any role in the study design, decision to publish or preparation of this

manuscript.
Acknowledgments

We would like to thank all students and student assistants for
their contributions in the development of the chatbot, especially,
JK, SG and LB.
Twitter

Christine Schillings @stineschillings, Dominik Meißner @ech0_de,

Benjamin Erb @b_erb, Dana Schultchen @DSchultchen, Eileen Bendig

@EileenBendig.
Frontiers in Digital Health 11
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Techniker Krankenkasse. TK-Stressstudie 2021. Entspann dich, Deutschland! 2021.
Available from: URL: https://www.tk.de/presse/themen/praevention/gesundheitsstudien/
tk-stressstudie-2021-2116458?tkcm=ab

2. Salari N, Hosseinian-Far A, Jalali R, Vaisi-Raygani A, Rasoulpoor S, Mohammadi M,
et al. Prevalence of stress, anxiety, depression among the general population during the
COVID-19 pandemic: a systematic review and meta-analysis. Global Health. (2020) 16
(1):57. doi: 10.1186/s12992-020-00589-w

3. Nochaiwong S, Ruengorn C, Thavorn K, Hutton B, Awiphan R, Phosuya C, et al.
Global prevalence of mental health issues among the general population during the
coronavirus disease-2019 pandemic: a systematic review and meta-analysis. Sci Rep.
(2021) 11(1):10173. Available from: URL: https://www.nature.com/articles/s41598-021-
89700-8 doi: 10.1038/s41598-021-89700-8

4. Techniker Krankenkasse. Gesundheitsreport 2021. Ein jahr coronapandemie: Wie
geht es deutschlands beschäftigten? Hamburg, Germany: Techniker Krankenkasse
(2021. Available from: URL: tk.de, Suchnummer.

5. Pocai B. The ICD-11 has been adopted by the World Health Assembly. World
Psychiatry. (2019) 18(3):371–2. doi: 10.1002/wps.20689

6. Brown KW, Ryan RM. The benefits of being present: mindfulness and its role in
psychological well-being. J Pers Soc Psychol. (2003) 84(4):822–48. doi: 10.1037/0022-3514.
84.4.822

7. Kabat-Zinn J. An outpatient program in behavioral medicine for chronic pain
patients based on the practice of mindfulness meditation: theoretical considerations
and preliminary results. Gen Hosp Psychiatry. (1982) 4(1):33–47. doi: 10.1016/0163-
8343(82)90026-3

8. Kabat-Zinn J. Full catastrophe living: using the wisdom of your body and mind to face
stress, pain, and illness. New York: Bantam Dell (2005). 1990, 2009, 2013.

9. Kabat-Zinn J. Mindfulness-Based interventions in context: past, present, and future.
Clin Psychol (New York). (2003) 10(2):144–56. doi: 10.1093/clipsy.bpg016

10. Zhang Y, Xue J, Huang Y. A meta-analysis: internet mindfulness-based
interventions for stress management in the general population. Medicine (Baltimore).
(2020) 99(28):e20493. doi: 10.1097/MD.0000000000020493

11. Spijkerman MPJ, Pots WTM, Bohlmeijer ET. Effectiveness of online mindfulness-based
interventions in improving mental health: a review and meta-analysis of randomised
controlled trials. Clin Psychol Rev. (2016) 45:102–14. doi: 10.1016/j.cpr.2016.03.009

12. Nguyen-Feng VN, Greer CS, Frazier P. Using online interventions to deliver college
student mental health resources: evidence from randomized clinical trials. Psychol Serv.
(2017) 14(4):481–9. doi: 10.1037/ser0000154

13. Bates D, Mächler M, Bolker B, Walker S. Fitting linear mixed-effects models using
lme4. J Stat Softw. (2014) arXiv preprint arXiv:1406.5823.

14. Khalsa SS, Adolphs R, Cameron OG, Critchley HD, Davenport PW, Feinstein JS,
et al. Interoception and mental health: a roadmap. Biol Psychiatry. (2018) 3(6):501–13.
doi: 10.1016/j.bpsc.2017.12.004

15. Craig AD. How do you feel? Interoception: the sense of the physiological condition
of the body. Nat Rev Neurosci. (2002) 3(8):655–66. doi: 10.1038/nrn894

16. Murphy J, Catmur C, Bird G. Classifying individual differences in interoception:
implications for the measurement of interoceptive awareness. Psychon Bull Rev. (2019)
1467–1471. doi: 10.3758/s13423-019-01632-7

17. Schulz A, Vögele C. Interoception and stress. Front Psychol. (2015) 6:993. doi: 10.
3389/fpsyg.2015.00993
18. Schulz A, Schultchen D, Vögele C. Interoception, stress, and physical symptoms in
stress-associated diseases. Eur J Health Psychol. (2020) 27(4):132–53. doi: 10.1027/2512-
8442/a000063

19. Maeda S, Ogishima H, Shimada H. Acute cortisol response to a psychosocial
stressor is associated with heartbeat perception. Physiol Behav. (2019) 207:132–8.
doi: 10.1016/j.physbeh.2019.05.013

20. Schultchen D, Bayer J, Kühnel J, Melchers KG, Pollatos O. Interoceptive accuracy is
related to long-term stress via self-regulation. Psychophysiology. (2019) 56(10):e13429.
doi: 10.1111/psyp.13429

21. Opdensteinen KD, Schaan L, Pohl A, Schulz A, Domes G, Hechler T. Interoception
in preschoolers: new insights into its assessment and relations to emotion regulation and
stress. Biol Psychol. (2021) 165:108166. doi: 10.1016/j.biopsycho.2021.108166

22. Dunn BD, Stefanovitch I, Evans D, Oliver C, Hawkins A, Dalgleish T. Can you feel
the beat? Interoceptive awareness is an interactive function of anxiety- and depression-
specific symptom dimensions. Behav Res Ther. (2010) 48(11):1133–8. doi: 10.1016/j.brat.
2010.07.006

23. Pollatos O, Gramann K. Attenuated modulation of brain activity accompanies
emotion regulation deficits in alexithymia. Psychophysiology. (2012) 49(5):651–8.
doi: 10.1111/j.1469-8986.2011.01348.x

24. Fischer D, Berberich G, Zaudig M, Krauseneck T, Weiss S, Pollatos O.
Interoceptive processes in anorexia Nervosa in the time course of cognitive-behavioral
therapy: a pilot study. Front Psychiatry. (2016) 7:199. doi: 10.3389/fpsyt.2016.00199

25. Eggart M, Lange A, Binser MJ, Queri S, Müller-Oerlinghausen B. Major depressive
disorder is associated with impaired interoceptive accuracy: a systematic review. Brain
Sci. (2019) 9(6):131. doi: 10.3390/brainsci9060131

26. Koreki A, Funayama M, Terasawa Y, Onaya M, Mimura M. Aberrant interoceptive
accuracy in patients with schizophrenia performing a heartbeat counting task. Schizophr
Bull Open. (2021) 2(1):sgaa067. doi: 10.1093/schizbullopen/sgaa067

27. Bornemann B, Singer T. Taking time to feel our body: steady increases in heartbeat
perception accuracy and decreases in alexithymia over 9 months of contemplative mental
training. Psychophysiology. (2017) 54(3):469–82. doi: 10.1111/psyp.12790

28. Parkin L, Morgan R, Rosselli A, Howard M, Sheppard A, Evans D, et al. Exploring
the relationship between mindfulness and cardiac perception. Mindfulness (N Y). (2014)
5(3):298–313. doi: 10.1007/s12671-012-0181-7

29. Weineck F, Messner M, Hauke G, Pollatos O. Improving interoceptive ability
through the practice of power posing: a pilot study. PLoS ONE. (2019) 14(2):
e0211453. doi: 10.1371/journal.pone.0211453

30. Meyerholz L, Irzinger J, Witthöft M, Gerlach AL, Pohl A. Contingent biofeedback
outperforms other methods to enhance the accuracy of cardiac interoception: a
comparison of short interventions. J Behav Ther Exp Psychiatry. (2019) 63:12–20.
doi: 10.1016/j.jbtep.2018.12.002

31. Schillings C, Karanassios G, Schulte N, Schultchen D, Pollatos O. The effects of a 3-
week heartbeat perception training on interoceptive abilities. Front. Neurosci. (2022)
16:838055. doi: 10.3389/fnins.2022.838055

32. Schultchen D, Küchler A-M, Schillings C, Weineck F, Karabatsiakis A, Ebert DD,
et al. Effectiveness of a guided online mindfulness-focused intervention in a student
population: study protocol for a randomised control trial. BMJ Open. (2020) 10(3):
e032775. doi: 10.1136/bmjopen-2019-032775

33. Adamopoulou E, Moussiades L. Chatbots: history, technology, and applications.
Mach Learn Appl. (2020) 2:100006. doi: 10.1016/j.mlwa.2020.100006
frontiersin.org

https://www.tk.de/presse/themen/praevention/gesundheitsstudien/tk-stressstudie-2021-2116458?tkcm=ab
https://www.tk.de/presse/themen/praevention/gesundheitsstudien/tk-stressstudie-2021-2116458?tkcm=ab
https://doi.org/10.1186/s12992-020-00589-w
https://www.nature.com/articles/s41598-021-89700-8
https://www.nature.com/articles/s41598-021-89700-8
https://doi.org/10.1038/s41598-021-89700-8
https://doi.org/10.1002/wps.20689
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1037/0022-3514.84.4.822
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.1016/0163-8343(82)90026-3
https://doi.org/10.1093/clipsy.bpg016
https://doi.org/10.1097/MD.0000000000020493
https://doi.org/10.1016/j.cpr.2016.03.009
https://doi.org/10.1037/ser0000154
https://doi.org/10.1016/j.bpsc.2017.12.004
https://doi.org/10.1038/nrn894
https://doi.org/10.3758/s13423-019-01632-7
https://doi.org/10.3389/fpsyg.2015.00993
https://doi.org/10.3389/fpsyg.2015.00993
https://doi.org/10.1027/2512-8442/a000063
https://doi.org/10.1027/2512-8442/a000063
https://doi.org/10.1016/j.physbeh.2019.05.013
https://doi.org/10.1111/psyp.13429
https://doi.org/10.1016/j.biopsycho.2021.108166
https://doi.org/10.1016/j.brat.2010.07.006
https://doi.org/10.1016/j.brat.2010.07.006
https://doi.org/10.1111/j.1469-8986.2011.01348.x
https://doi.org/10.3389/fpsyt.2016.00199
https://doi.org/10.3390/brainsci9060131
https://doi.org/10.1093/schizbullopen/sgaa067
https://doi.org/10.1111/psyp.12790
https://doi.org/10.1007/s12671-012-0181-7
https://doi.org/10.1371/journal.pone.0211453
https://doi.org/10.1016/j.jbtep.2018.12.002
https://doi.org/10.3389/fnins.2022.838055
https://doi.org/10.1136/bmjopen-2019-032775
https://doi.org/10.1016/j.mlwa.2020.100006
https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Schillings et al. 10.3389/fdgth.2023.1046202
34. Brandtzaeg PB, Følstad A. Why people use chatbots. In Internet Science: 4th
International Conference, INSCI 2017, Thessaloniki, Greece, November 22–24, 2017,
Proceedings 4 (pp. 377–392). Springer International Publishing.

35. Bendig E, Erb B, Schulze-Thuesing L, Baumeister H. Die nächste Generation:
Chatbots in der Klinischen Psychologie und Psychotherapie zur Förderung mentaler
Gesundheit – ein Scoping-Review. Verhaltenstherapie. (2019) 29(4):266–80. doi: 10.
1159/000499492

36. Abdul-Kader SA, Woods JC. Survey on chatbot design techniques in speech
conversation systems. Int J Adv Comput Sci Appl. (2015) 6(7). doi: 10.14569/IJACSA.
2015.060712

37. Bendig E, Erb B, Schulze-Thuesing L, Baumeister H. The next generation: chatbots
in clinical psychology and psychotherapy to foster mental health – A scoping review.
Verhaltenstherapie. (2019):1–13. doi: 10.1159/000501812

38. Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al.
Conversational agents in healthcare: a systematic review. J Am Med Inform Assoc.
(2018) 25(9):1248–58. doi: 10.1093/jamia/ocy072

39. Kretzschmar K, Tyroll H, Pavarini G, Manzini A, Singh I. Can your phone be your
therapist? Young People’s Ethical perspectives on the use of fully automated
conversational agents (chatbots) in mental health support. Biomed Inform Insights.
(2019) 11:1178222619829083. doi: 10.1177/1178222619829083

40. Hill J, Randolph Ford W, Farreras IG. Real conversations with artificial intelligence: a
comparison between human–human online conversations and human–chatbot conversations.
Comput Human Behav. (2015) 49:245–50. Available from: URL: https://www.
sciencedirect.com/science/article/pii/S0747563215001247 doi: 10.1016/j.chb.2015.02.026

41. Müschenich M, Wamprecht L. Gesundheit 4.0 – wie gehts uns denn morgen?
Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. (2018) 61(3):334–9.
doi: 10.1007/s00103-018-2702-6

42. Gamble A. Artificial intelligence and mobile apps for mental healthcare: a social
informatics perspective. AJIM. (2020) 72(4):509–23. doi: 10.1108/AJIM-11-2019-0316

43. Stieger M, Nißen M, Rüegger D, Kowatsch T, Flückiger C, Allemand M. PEACH, a
smartphone- and conversational agent-based coaching intervention for intentional
personality change: study protocol of a randomized, wait-list controlled trial. BMC
Psychol. (2018) 6(1):43. doi: 10.1186/s40359-018-0257-9

44. Ebert DD, Buntrock C, Lehr D, Smit F, Riper H, Baumeister H, et al. Effectiveness
of web- and Mobile-based treatment of subthreshold depression with adherence-focused
guidance: a single-blind randomized controlled trial. Behav Ther. (2018) 49(1):71–83.
doi: 10.1016/j.beth.2017.05.004

45. Musiat P, Johnson C, Atkinson M, Wilksch S, Wade T. Impact of guidance on
intervention adherence in computerised interventions for mental health problems: a
meta-analysis. Psychol Med. (2022) 52(2):229–40. doi: 10.1017/S0033291721004621

46. Domhardt M, Geßlein H, von Rezori RE, Baumeister H. Internet- and mobile-
based interventions for anxiety disorders: a meta-analytic review of intervention
components. Depress Anxiety. (2019) 36(3):213–24. doi: 10.1002/da.22860

47. Baumeister H, Reichler L, Munzinger M, Lin J. The impact of guidance on internet-
based mental health interventions — a systematic review. Internet Interv. (2014) 1
(4):205–15. doi: 10.1016/j.invent.2014.08.003

48. Feine J, Gnewuch U, Morana S, Maedche A. A taxonomy of social cues for
conversational agents. Int J Hum Comput Stud. (2019) 132:138–61. doi: 10.1016/j.ijhcs.
2019.07.009

49. Sebastian J, Richards D. Changing stigmatizing attitudes to mental health via
education and contact with embodied conversational agents. Comput Human Behav.
(2017) 73:479–88. doi: 10.1016/j.chb.2017.03.071

50. Bakker D, Kazantzis N, Rickwood D, Rickard N. Mental health smartphone apps:
review and evidence-based recommendations for future developments. JMIR Ment
Health. (2016) 3(1):e7. doi: 10.2196/mental.4984

51. D’Alfonso S, Santesteban-Echarri O, Rice S, Wadley G, Lederman R, Miles C, et al.
Artificial intelligence-assisted online social therapy for youth mental health. Front.
Psychol. (2017) 8:796. doi: 10.3389/fpsyg.2017.00796

52. Gulliver A, Griffiths KM, Christensen H. Perceived barriers and facilitators to
mental health help-seeking in young people: a systematic review. BMC Psychiatry.
(2010) 10:113. doi: 10.1186/1471-244X-10-113

53. Koulouri T, Macredie RD, Olakitan D. Chatbots to support young Adults’ mental
health: an exploratory study of acceptability. ACM Trans Interact Intell Syst. (2022) 12
(2):1–39. doi: 10.1145/3485874

54. Vaidyam AN, Wisniewski H, Halamka JD, Kashavan MS, Torous JB. Chatbots and
conversational agents in mental health: a review of the psychiatric landscape. Can
J Psychiatry. (2019) 64(7):456–64. doi: 10.1177/0706743719828977

55. Vaidyam AN, Linggonegoro D, Torous J. Changes to the psychiatric chatbot
landscape: a systematic review of conversational agents in serious mental illness:
changements du paysage psychiatrique des chatbots: une revue systématique des
agents conversationnels dans la maladie mentale sérieuse. Can J Psychiatry. (2021) 66
(4):339–48. doi: 10.1177/0706743720966429

56. Gaffney H, Mansell W, Tai S. Conversational agents in the treatment of mental
health problems: mixed-method systematic review. JMIR Ment Health. (2019) 6(10):
e14166. doi: 10.2196/14166

57. Fitzpatrick KK, Darcy A, Vierhile M. Delivering cognitive behavior therapy to
young adults with symptoms of depression and anxiety using a fully automated
Frontiers in Digital Health 12
conversational agent (woebot): a randomized controlled trial. JMIR Ment Health.
(2017) 4(2):e19. doi: 10.2196/mental.7785

58. Fulmer R, Joerin A, Gentile B, Lakerink L, Rauws M. Using psychological artificial
intelligence (tess) to relieve symptoms of depression and anxiety: randomized controlled
trial. JMIR Ment Health. (2018) 5(4):e64. doi: 10.2196/mental.9782

59. Pinto MD, Hickman RL, Clochesy J, Buchner M. Avatar-based depression self-
management technology: promising approach to improve depressive symptoms among
young adults. Appl Nurs Res. (2013) 26(1):45–8. doi: 10.1016/j.apnr.2012.08.003

60. Suganuma S, Sakamoto D, Shimoyama H. An embodied conversational agent for
unguided internet-based cognitive behavior therapy in preventative mental health:
feasibility and acceptability pilot trial. JMIR Ment Health. (2018) 5(3):e10454. doi: 10.
2196/10454

61. Freeman D, Haselton P, Freeman J, Spanlang B, Kishore S, Albery E, et al.
Automated psychological therapy using immersive virtual reality for treatment of fear
of heights: a single-blind, parallel-group, randomised controlled trial. Lancet
Psychiatry. (2018) 5(8):625–32. doi: 10.1016/S2215-0366(18)30226-8

62. Ly KH, Ly A-M, Andersson G. A fully automated conversational agent for
promoting mental well-being: a pilot RCT using mixed methods. Internet Interv.
(2017) 10:39–46. doi: 10.1016/j.invent.2017.10.002

63. Inkster B, Sarda S, Subramanian V. An empathy-driven, conversational artificial
intelligence agent (wysa) for digital mental well-being: real-world data evaluation
mixed-methods study. JMIR Mhealth Uhealth. (2018) 6(11):e12106. doi: 10.2196/12106

64. Bendig E, Meißner D, Erb B, Weger L, Küchler A-M, Bauereiss N, et al. Study
protocol of a randomised controlled trial on SISU, a software agent providing a brief
self-help intervention for adults with low psychological well-being. BMJ Open. (2021)
11(2):e041573. doi: 10.1136/bmjopen-2020-041573

65. Bendig E, Erb B, Meißner D, Bauereiß N, Baumeister H. Feasibility of a software
agent providing a brief intervention for self-help to uplift psychological wellbeing
(“SISU”). A single-group pretest-posttest trial investigating the potential of SISU to act
as therapeutic agent. Internet Interv. (2021) 24:100377. doi: 10.1016/j.invent.2021.100377

66. Williams R, Hopkins S, Frampton C, Holt-Quick C, Merry SN, Stasiak K. 21-Day
Stress detox: open trial of a universal well-being chatbot for young adults. Soc Sci. (2021)
10(11):416. doi: 10.3390/socsci10110416

67. Gabrielli S, Rizzi S, Bassi G, Carbone S, Maimone R, Marchesoni M, et al.
Engagement and effectiveness of a healthy-coping intervention via chatbot for
university students during the COVID-19 pandemic: mixed methods proof-of-concept
study. JMIR Mhealth Uhealth. (2021) 9(5):e27965. doi: 10.2196/27965

68. Abd-Alrazaq AA, Alajlani M, Alalwan AA, Bewick BM, Gardner P, Househ M. An
overview of the features of chatbots in mental health: a scoping review. Int J Med Inf.
(2019) 132:103978. Available from: URL: https://www.sciencedirect.com/science/
article/pii/s1386505619307166 doi: 10.1016/j.ijmedinf.2019.103978

69. Gardiner PM, McCue KD, Negash LM, Cheng T, White LF, Yinusa-Nyahkoon L,
et al. Engaging women with an embodied conversational agent to deliver mindfulness
and lifestyle recommendations: a feasibility randomized control trial. Patient Educ
Couns. (2017) 100(9):1720–9. doi: 10.1016/j.pec.2017.04.015

70. Batterham PJ, Calear AL. Preferences for internet-based mental health
interventions in an adult online sample: findings from an online community survey.
JMIR Ment Health. (2017) 4(2):e26. doi: 10.2196/mental.7722

71. Eisen KP, Allen GJ, Bollash M, Pescatello LS. Stress management in the workplace:
a comparison of a computer-based and an in-person stress-management intervention.
Comput Hum Behav. (2008) 24(2):486–96. doi: 10.1016/J.CHB.2007.02.003

72. Schulz KF, Altman DG, Moher D. CONSORT 2010 Statement: updated guidelines
for reporting parallel group randomised trials. Br Med J. (2010) 340:c332. doi: 10.1136/
bmj.c332

73. Eysenbach G. CONSORT-EHEALTH: improving and standardizing evaluation
reports of web-based and mobile health interventions. J Med Internet Res. (2011) 13
(4):e126. doi: 10.2196/jmir.1923

74. Eldridge SM, Chan CL, Campbell MJ, Bond CM, Hopewell S, Thabane L, et al.
CONSORT 2010 Statement: extension to randomised pilot and feasibility trials. Br
Med J. (2016) 355:i5239. doi: 10.1136/bmj.i5239

75. Zhou L, Bao J, Setiawan IMA, Saptono A, Parmanto B. The mHealth app usability
questionnaire (MAUQ): development and validation study. JMIR Mhealth Uhealth.
(2019) 7(4):e11500. doi: 10.2196/11500

76. Crum AJ, Salovey P, Achor S. Rethinking stress: the role of mindsets in determining
the stress response. J Pers Soc Psychol. (2013) 104(4):716–33. doi: 10.1037/a0031201

77. Huebschmann NA, Sheets ES. The right mindset: stress mindset moderates the
association between perceived stress and depressive symptoms. Anxiety Stress Coping.
(2020) 33(3):248–55. doi: 10.1080/10615806.2020.1736900

78. Mohr DC, Spring B, Freedland KE, Beckner V, Arean P, Hollon SD, et al. The
selection and design of control conditions for randomized controlled trials of
psychological interventions. PPS. (2009) 78c(5):275–84. doi: 10.1159/000228248

79. Guidi J, Brakemeier E-L, Bockting CLH, Cosci F, Cuijpers P, Jarrett RB, et al.
Methodological recommendations for trials of psychological interventions. Psychother
Psychosom. (2018) 87(5):276–84. doi: 10.1159/000490574

80. Chan A-W, Tetzlaff JM, Altman DG, Laupacis A, Gøtzsche PC, Krleža-Jerić K,
et al. SPIRIT 2013 Statement: defining standard protocol items for clinical trials. Ann
Intern Med. (2013) 158(3):200–7. doi: 10.7326/0003-4819-158-3-201302050-00583
frontiersin.org

https://doi.org/10.1159/000499492
https://doi.org/10.1159/000499492
https://doi.org/10.14569/IJACSA.2015.060712
https://doi.org/10.14569/IJACSA.2015.060712
https://doi.org/10.1159/000501812
https://doi.org/10.1093/jamia/ocy072
https://doi.org/10.1177/1178222619829083
https://www.sciencedirect.com/science/article/pii/S0747563215001247
https://www.sciencedirect.com/science/article/pii/S0747563215001247
https://doi.org/10.1016/j.chb.2015.02.026
https://doi.org/10.1007/s00103-018-2702-6
https://doi.org/10.1108/AJIM-11-2019-0316
https://doi.org/10.1186/s40359-018-0257-9
https://doi.org/10.1016/j.beth.2017.05.004
https://doi.org/10.1017/S0033291721004621
https://doi.org/10.1002/da.22860
https://doi.org/10.1016/j.invent.2014.08.003
https://doi.org/10.1016/j.ijhcs.2019.07.009
https://doi.org/10.1016/j.ijhcs.2019.07.009
https://doi.org/10.1016/j.chb.2017.03.071
https://doi.org/10.2196/mental.4984
https://doi.org/10.3389/fpsyg.2017.00796
https://doi.org/10.1186/1471-244X-10-113
https://doi.org/10.1145/3485874
https://doi.org/10.1177/0706743719828977
https://doi.org/10.1177/0706743720966429
https://doi.org/10.2196/14166
https://doi.org/10.2196/mental.7785
https://doi.org/10.2196/mental.9782
https://doi.org/10.1016/j.apnr.2012.08.003
https://doi.org/10.2196/10454
https://doi.org/10.2196/10454
https://doi.org/10.1016/S2215-0366(18)30226-8
https://doi.org/10.1016/j.invent.2017.10.002
https://doi.org/10.2196/12106
https://doi.org/10.1136/bmjopen-2020-041573
https://doi.org/10.1016/j.invent.2021.100377
https://doi.org/10.3390/socsci10110416
https://doi.org/10.2196/27965
https://www.sciencedirect.com/science/article/pii/s1386505619307166
https://www.sciencedirect.com/science/article/pii/s1386505619307166
https://doi.org/10.1016/j.ijmedinf.2019.103978
https://doi.org/10.1016/j.pec.2017.04.015
https://doi.org/10.2196/mental.7722
https://doi.org/10.1016/J.CHB.2007.02.003
https://doi.org/10.1136/bmj.c332
https://doi.org/10.1136/bmj.c332
https://doi.org/10.2196/jmir.1923
https://doi.org/10.1136/bmj.i5239
https://doi.org/10.2196/11500
https://doi.org/10.1037/a0031201
https://doi.org/10.1080/10615806.2020.1736900
https://doi.org/10.1159/000228248
https://doi.org/10.1159/000490574
https://doi.org/10.7326/0003-4819-158-3-201302050-00583
https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Schillings et al. 10.3389/fdgth.2023.1046202
81. Kabat-Zinn J. Full catastrophe living: using the wisdom of your body and mind to
face stress, pain, and illness. Delta: Bantam Books (1990).

82. Kabat-Zinn J. Mindfulness-based interventions in context: past, present, and
future. Clin Psychol. (2003) 10(2):144–56. doi: 10.1093/clipsy.bpg016

83. Kabat-Zinn J. Full catastrophe living: using the wisdom of your body and mind to
face stress, pain, and illness. revised edn New York: Bantam Books (2013). 2013.

84. Kaluza G. Stressbewältigung: trainingsmanual zur psychologischen
gesundheitsförderung. Berlin/Heidelberg: Springer Berlin Heidelberg (2018). Available
from: URL: http://gbv.eblib.com/patron/FullRecord.aspx?p=3567462

85. Kaluza G. Gelassen und sicher im stress: das stresskompetenz-buch - stress erkennen,
verstehen, bewältigen. 3., vollst. überarb. Aufl. 2007. Berlin, Heidelberg: Springer Berlin
Heidelberg (2007). Available at: http://nbn-resolving.org/urn:nbn:de:bsz:31-epflicht-
1611686

86. Hayes SC, Strosahl KD, Wilson KG. Acceptance and commitment therapy: an
experiential approach to behavior change. New York: Guilford Press (1999).

87. Hayes SC, Strosahl K, Wilson KG. Acceptance and commitment therapy: the process
and practice of mindful change. Second edition. New York: The Guilford Press (2016).

88. Schandry R. Heart beat perception and emotional experience. Psychophysiology.
(1981) 18(4):483–8. doi: 10.1111/j.1469-8986.1981.tb02486.x

89. Cameron OG. Interoception: the inside story—a model for psychosomatic processes.
Psychosom Med. (2001) 63(5):697–710. doi: 10.1097/00006842-200109000-00001

90. Singer T, Kok BE, Bornemann B, Zurborg S, Bolz M, Bochow C. The ReSource
project: background, design, samples, and measurements. 2nd edn. MPI special issue in
human cognitive and brain sciences, vol 2, Leipzig (2016). Available at: https://www.
researchgate.net/profile/boris-bornemann/publication/306270103_the_resource_project
_background_design_samples_and_measurements

91. Staufenbiel K, Hill A. Achtsamkeit und achtsamkeitstraining. In: A Güllich, M
Krüger, editors. Sport in kultur und gesellschaft. Berlin, Heidelberg: Springer Berlin
Heidelberg (2021). p. 369–77.

92. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health
Soc Behav. (1983) 24(4):385–96. doi: 10.2307/2136404

93. Klein EM, Brähler E, Dreier M, Reinecke L, Müller KW, Schmutzer G, et al. The
German version of the perceived stress scale - psychometric characteristics in a
representative German community sample. BMC Psychiatry. (2016) 16:159. doi: 10.
1186/s12888-016-0875-9

94. Warttig SL, Forshaw MJ, South J, White AK. New, normative, English-sample data
for the short form perceived stress scale (PSS-4). J Health Psychol. (2013) 18
(12):1617–28. doi: 10.1177/1359105313508346

95. Murphy J, Brewer R, Plans D, Khalsa SS, Catmur C, Bird G. Testing the
independence of self-reported interoceptive accuracy and attention. Q J Exp Psychol
(Hove). (2020) 73(1):115–33. doi: 10.1177/1747021819879826

96. Porges SW. Fragebogen zur Körperwahrnehmung; 1993 Available at: https://
static1.squarespace.com/static/5c1d025fb27e390a78569537/t/5cc07b81ee6eb072574b362
0/1556118401872/German+SF+updated+7-17.pdf

97. Gabriele E, Spooner R, Brewer R, Murphy J. Dissociations between self-reported
interoceptive accuracy and attention: evidence from the interoceptive attention scale.
Biol Psychol. (2022) 168:108243. doi: 10.1016/j.biopsycho.2021.108243 Available at:
https://www.sciencedirect.com/science/article/pii/S0301051121002362

98. Ewing DL, Manassei MF, van Gould Praag C, Philippides AO, Critchley HD,
Garfinkel SN. Sleep and the heart: interoceptive differences linked to poor experiential
sleep quality in anxiety and depression. Biol Psychol. (2017) 127:163–72. doi: 10.1016/
j.biopsycho.2017.05.011

99. Schultchen D, Reichenberger J, Mittl T, Weh TRM, Smyth JM, Blechert J, et al.
Bidirectional relationship of stress and affect with physical activity and healthy eating.
Br J Health Psychol. (2019) 24(2):315–33. doi: 10.1111/bjhp.12355

100. Reichenberger J, Richard A, Smyth JM, Fischer D, Pollatos O, Blechert J. It’s
craving time: time of day effects on momentary hunger and food craving in daily life.
Nutrition. (2018) 55-56:15–20. doi: 10.1016/j.nut.2018.03.048

101. Walach H, Buchheld N, Buttenmüller V, Kleinknecht N, Schmidt S. Measuring
mindfulness—the Freiburg mindfulness inventory (FMI). Pers Individ Dif. (2006) 40
(8):1543–55. doi: 10.1016/j.paid.2005.11.025

102. Heidenreich T, Ströhle G, Michalak J. Achtsamkeit: konzeptuelle aspekte und
ergebnisse zum freiburger achtsamkeitsfragebogen. Verhaltenstherapie. (2006) 16
(1):33–40. doi: 10.1159/000091521

103. Spitzer RL, Kroenke K, Williams JBW, Löwe B. A brief measure for assessing
generalized anxiety disorder: the GAD-7. Arch Intern Med. (2006) 166(10):1092–7.
doi: 10.1001/archinte.166.10.1092

104. Löwe B, Decker O, Müller S, Brähler E, Schellberg D, Herzog W, et al. Validation
and standardization of the generalized anxiety disorder screener (GAD-7) in the general
population. Med Care. (2008) 46(3):266–74. doi: 10.1097/MLR.0b013e318160d093

105. Kroenke K, Strine TW, Spitzer RL, Williams JBW, Berry JT, Mokdad AH. The
PHQ-8 as a measure of current depression in the general population. J Affect Disord.
(2009) 114(1-3):163–73. doi: 10.1016/j.jad.2008.06.026

106. Kroenke K, Spitzer RL, Williams JB. The PHQ-9: validity of a brief depression
severity measure. J Gen Intern Med. (2001) 16(9):606–13. doi: 10.1046/j.1525-1497.
2001.016009606.x
Frontiers in Digital Health 13
107. Wu Y, Levis B, Riehm KE, Saadat N, Levis AW, Azar M, et al. Equivalency of the
diagnostic accuracy of the PHQ-8 and PHQ-9: a systematic review and individual
participant data meta-analysis. Psychol Med. (2020) 50(8):1368–80. doi: 10.1017/
S0033291719001314

108. Rammstedt B, Kemper CJ, Klein MC, Beierlein C, Kovaleva A. A short scale for
assessing the big five dimensions of personality: 10 item big five inventory (BFI-10) [17
pages/methods, data, analyses. Methods, Data, Analyses. (2013) 7(2). doi: 10.12758/mda.
2013.013

109. Rammstedt B, John OP. Measuring personality in one minute or less: a 10-item
short version of the big five inventory in English and German. J Res Pers. (2007) 41
(1):203–12. doi: 10.1016/j.jrp.2006.02.001

110. Abler B, Kessler H. Emotion regulation questionnaire – eine deutschsprachige
fassung des ERQ von gross und john. Diagnostica. (2009) 55(3):144–52. doi: 10.1026/
0012-1924.55.3.144

111. Gross JJ, John OP. Individual differences in two emotion regulation processes:
implications for affect, relationships, and well-being. J Pers Soc Psychol. (2003) 85
(2):348–62. doi: 10.1037/0022-3514.85.2.348

112. World Health Organization. WHO Info package: mastering depression in primary
care. Frederiksborg (1998).

113. Topp CW, Østergaard SD, Søndergaard S, Bech P. The WHO-5 well-being index:
a systematic review of the literature. Psychother Psychosom. (2015) 84(3):167–76. doi: 10.
1159/000376585

114. Becker C, Soucek R, Gunkel J, Lanfer SL, Göritz U. Tagebuchstudie zu activity-
based flexible offices. Zeitschrift für Arbeits- und Organisationspsychologie A&O.
(2021) 65(3):153–64. doi: 10.1026/0932-4089/a000359

115. Heuse S, Risius UM. Stress bei Studierenden mit und ohne Nebenjob. Präv
Gesundheitsf. (2022) 17:379–384. doi: 10.1007/s11553-021-00895-0

116. Larsen DL, Attkisson CC, Hargreaves WA, Nguyen TD. Assessment of client/
patient satisfaction: development of a general scale. Eval Program Plann. (1979) 2
(3):197–207. doi: 10.1016/0149-7189(79)90094-6

117. Devilly GJ, Borkovec TD. Psychometric properties of the credibility/expectancy
questionnaire. J Behav Ther Exp Psychiatry. (2000) 31(2):73–86. Available at: https://
www.sciencedirect.com/science/article/pii/s0005791600000124 doi: 10.1016/S0005-7916
(00)00012-4

118. Franke T, Attig C, Wessel D. A personal resource for technology
interaction: development and validation of the affinity for technology interaction
(ATI) scale. Int J Human–Comput Interact. (2019) 35(6):456–67. doi: 10.1080/
10447318.2018.1456150

119. Sindermann C, Sha P, Zhou M, Wernicke J, Schmitt HS, Li M, et al. Assessing
the attitude towards artificial intelligence: introduction of a short measure in German.
Chin English Lang Künstl Intell. (2021) 35(1):109–18. doi: 10.1007/s13218-020-
00689-0

120. Schmidt J, Nübling R. ZUF-8. Fragebogen zur messung der
patientenzufriedenheit. In: E Brähler, J Schumacher, B Strauß, editors. Diagnostische
verfahren in der psychotherapie. Göttingen, Bern: Hogrefe (2002). Vol. 1, p. 392–6.
(Diagnostik für Klinik und Praxis; vol. 1). Available at: https://www.researchgate.net/
profile/ruediger-nuebling/publication/247161440_zuf-8_fragebogen_zur_messung_der_
patientenzufriedenheit

121. Boß L, Lehr D, Reis D, Vis C, Riper H, Berking M, et al. Reliability and validity of
assessing user satisfaction with web-based health interventions. J Med Internet Res.
(2016) 18(8):e234. doi: 10.2196/jmir.5952

122. Kriz D, Nübling R, Steffanowski A, Wittmann WW, Schmidt J.
Patientenzufriedenheit in der stationären rehabilitation: psychometrische reanalyse des
ZUF-8 auf der basis multizentrischer stichproben verschiedener indikation. Z Med
Psychol. (2008) 17(2-3):67–79. Available at: https://content.iospress.com/articles/
zeitschrift-fur-medizinische-psychologie/zmp17-2-3-04

123. Ladwig I, Rief W, Nestoriuc Y. Welche risiken und nebenwirkungen hat
psychotherapie? - entwicklung des inventars zur erfassung negativer effekte von
psychotherapie (INEP). Verhaltenstherapie. (2014) 24(4):252–63. doi: 10.1159/
000367928

124. Beintner I, Vollert B, Zarski A-C, Bolinski F, Musiat P, Görlich D, et al.
Adherence reporting in randomized controlled trials examining manualized
multisession online interventions: systematic review of practices and proposal
for reporting standards. J Med Internet Res. (2019) 21(8):e14181. doi: 10.2196/
14181

125. Bendig E, Braun L, Simon L. Dropout reasons questionnaire for internet
interventions (DRQi) - Questionnaire for the systematic recording of dropout reasons
at different stages in the implementation of an online intervention. (2020).

126. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power: A flexible statistical power
analysis program for the social, behavioral, and biomedical sciences. Behavior Research
Methods (2007) 39(2):175–191. doi: 10.3758/BF03193146

127. Gaffney H, Mansell W, Tai S. Agents of change: understanding the therapeutic
processes associated with the helpfulness of therapy for mental health problems with
relational agent MYLO. Digit Health. (2020) 6:2055207620911580. doi: 10.1177/
2055207620911580

128. Kelders SM, Kok RN, Ossebaard HC, van Gemert-Pijnen JEWC. Persuasive
system design does matter: a systematic review of adherence to web-based
interventions. J Med Internet Res. (2012) 14(6):e152. doi: 10.2196/jmir.2104
frontiersin.org

https://doi.org/10.1093/clipsy.bpg016
http://gbv.eblib.com/patron/FullRecord.aspx?p=3567462
http://nbn-resolving.org/urn:nbn:de:bsz:31-epflicht-1611686
http://nbn-resolving.org/urn:nbn:de:bsz:31-epflicht-1611686
https://doi.org/10.1111/j.1469-8986.1981.tb02486.x
https://doi.org/10.1097/00006842-200109000-00001
https://www.researchgate.net/profile/boris-bornemann/publication/306270103_the_resource_project_background_design_samples_and_measurements
https://www.researchgate.net/profile/boris-bornemann/publication/306270103_the_resource_project_background_design_samples_and_measurements
https://www.researchgate.net/profile/boris-bornemann/publication/306270103_the_resource_project_background_design_samples_and_measurements
https://doi.org/10.2307/2136404
https://doi.org/10.1186/s12888-016-0875-9
https://doi.org/10.1186/s12888-016-0875-9
https://doi.org/10.1177/1359105313508346
https://doi.org/10.1177/1747021819879826
https://static1.squarespace.com/static/5c1d025fb27e390a78569537/t/5cc07b81ee6eb072574b3620/1556118401872/German+SF+updated+7-17.pdf
https://static1.squarespace.com/static/5c1d025fb27e390a78569537/t/5cc07b81ee6eb072574b3620/1556118401872/German+SF+updated+7-17.pdf
https://static1.squarespace.com/static/5c1d025fb27e390a78569537/t/5cc07b81ee6eb072574b3620/1556118401872/German+SF+updated+7-17.pdf
https://doi.org/10.1016/j.biopsycho.2021.108243
https://www.sciencedirect.com/science/article/pii/S0301051121002362
https://doi.org/10.1016/j.biopsycho.2017.05.011
https://doi.org/10.1016/j.biopsycho.2017.05.011
https://doi.org/10.1111/bjhp.12355
https://doi.org/10.1016/j.nut.2018.03.048
https://doi.org/10.1016/j.paid.2005.11.025
https://doi.org/10.1159/000091521
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1097/MLR.0b013e318160d093
https://doi.org/10.1016/j.jad.2008.06.026
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1017/S0033291719001314
https://doi.org/10.1017/S0033291719001314
https://doi.org/10.12758/mda.2013.013
https://doi.org/10.12758/mda.2013.013
https://doi.org/10.1016/j.jrp.2006.02.001
https://doi.org/10.1026/0012-1924.55.3.144
https://doi.org/10.1026/0012-1924.55.3.144
https://doi.org/10.1037/0022-3514.85.2.348
https://doi.org/10.1159/000376585
https://doi.org/10.1159/000376585
https://doi.org/10.1026/0932-4089/a000359
https://doi.org/10.1007/s11553-021-00895-0
https://doi.org/10.1016/0149-7189(79)90094-6
https://www.sciencedirect.com/science/article/pii/s0005791600000124
https://www.sciencedirect.com/science/article/pii/s0005791600000124
https://doi.org/10.1016/S0005-7916(00)00012-4
https://doi.org/10.1016/S0005-7916(00)00012-4
https://doi.org/10.1080/10447318.2018.1456150
https://doi.org/10.1080/10447318.2018.1456150
https://doi.org/10.1007/s13218-020-00689-0
https://doi.org/10.1007/s13218-020-00689-0
https://www.researchgate.net/profile/ruediger-nuebling/publication/247161440_zuf-8_fragebogen_zur_messung_der_patientenzufriedenheit
https://www.researchgate.net/profile/ruediger-nuebling/publication/247161440_zuf-8_fragebogen_zur_messung_der_patientenzufriedenheit
https://www.researchgate.net/profile/ruediger-nuebling/publication/247161440_zuf-8_fragebogen_zur_messung_der_patientenzufriedenheit
https://doi.org/10.2196/jmir.5952
https://content.iospress.com/articles/zeitschrift-fur-medizinische-psychologie/zmp17-2-3-04
https://content.iospress.com/articles/zeitschrift-fur-medizinische-psychologie/zmp17-2-3-04
https://doi.org/10.1159/000367928
https://doi.org/10.1159/000367928
https://doi.org/10.2196/14181
https://doi.org/10.2196/14181
https://doi.org/10.3758/BF03193146
https://doi.org/10.1177/2055207620911580
https://doi.org/10.1177/2055207620911580
https://doi.org/10.2196/jmir.2104
https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/


Schillings et al. 10.3389/fdgth.2023.1046202
129. Höller I, Stenzel J-S, Rath D, Forkmann T. Listen to your heart-ecological
momentary assessment of interoceptive accuracy, awareness and sensibility: a pilot
study. Int J Environ Res Public Health. (2021) 18(9):4893. doi: 10.3390/ijerph18094893

130. Linz R, Puhlmann LMC, Engert V, Singer T. Investigating the impact of
distinct contemplative mental trainings on daily life stress, thoughts and affect-
evidence from a nine-month longitudinal ecological momentary assessment study.
Psychoneuroendocrinology. (2022) 142:105800. doi: 10.1016/j.psyneuen.2022.105800

131. Torous J, Nicholas J, Larsen ME, Firth J, Christensen H. Clinical review of user
engagement with mental health smartphone apps: evidence, theory and improvements.
Evid Based Ment Health. (2018) 21(3):116–9. doi: 10.1136/eb-2018-102891

132. Bickmore TW, Trinh H, Olafsson S, O’Leary TK, Asadi R, Rickles NM, et al.
Patient and consumer safety risks when using conversational assistants for medical
information: an observational study of siri, Alexa, and google assistant. J Med Internet
Res. (2018) 20(9):e11510. doi: 10.2196/11510

133. Balaskas A, Schueller SM, Cox AL, Doherty G. Ecological momentary
interventions for mental health: a scoping review. PLoS One. (2021) 16(3):e0248152.
doi: 10.1371/journal.pone.0248152
Frontiers in Digital Health 14
134. Heron KE, Smyth JM. Ecological momentary interventions: incorporating mobile
technology into psychosocial and health behaviour treatments. Br J Health Psychol.
(2010) 15(Pt 1):1–39. doi: 10.1348/135910709X466063

135. Kocaballi AB, Berkovsky S, Quiroz JC, Laranjo L, Tong HL, Rezazadegan D, et al.
The personalization of conversational agents in health care: systematic review. J Med
Internet Res. (2019) 21(11):e15360. doi: 10.2196/15360

136. König LM, Allmeta A, Christlein N, van Emmenis M, Sutton S. A systematic
review and meta-analysis of studies of reactivity to digital in-the-moment
measurement of health behaviour. Health Psychology Review. (2021) 16(4):551–75.
doi: 10.1080/17437199.2022.2047096

137. Bauhoff S. Systematic self-report bias in health data: impact on estimating cross-
sectional and treatment effects. Health Serv Outcomes Res Method. (2011) 11(1-2):44–53.
doi: 10.1007/s10742-011-0069-3

138. Zuniga Gonzalez DA, Richards D, Bilgin AA. Making it real: a study of
augmented virtuality on presence and enhanced benefits of study stress reduction
sessions. Int J Hum Comput Stud. (2021) 147:102579. doi: 10.1016/j.ijhcs.2020.
102579
frontiersin.org

https://doi.org/10.3390/ijerph18094893
https://doi.org/10.1016/j.psyneuen.2022.105800
https://doi.org/10.1136/eb-2018-102891
https://doi.org/10.2196/11510
https://doi.org/10.1371/journal.pone.0248152
https://doi.org/10.1348/135910709X466063
https://doi.org/10.2196/15360
https://doi.org/10.1080/17437199.2022.2047096
https://doi.org/10.1007/s10742-011-0069-3
https://doi.org/10.1016/j.ijhcs.2020.102579
https://doi.org/10.1016/j.ijhcs.2020.102579
https://doi.org/10.3389/fdgth.2023.1046202
https://www.frontiersin.org/journals/digital-health
https://www.frontiersin.org/

	A chatbot-based intervention with ELME to improve stress and health-related parameters in a stressed sample: Study protocol of a randomised controlled trial
	Background
	Methods and analysis
	Study design
	Eligibility criteria
	Setting and recruitment
	Study procedure
	Randomisation and blinding
	Intervention
	Treatment as usual control group
	Outcome assessment
	Primary outcome: stress
	Secondary outcomes
	Self-reported interoceptive accuracy
	Ecological momentary assessment
	Mindfulness
	General anxiety
	Depression
	Personality
	Emotion regulation
	Psychological well-being
	Stress mindset
	Treatment expectancy
	Affinity for technology
	Attitude towards artificial intelligence
	Satisfaction with the intervention
	Mental health app usability questionnaire
	Negative effects
	Adherence

	Sample size estimation
	Data analysis

	Discussion
	Ethics and dissemination
	Author contributions
	Funding
	Acknowledgments
	Twitter
	Conflict of interest
	Publisher's note
	References


