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Abstract

Background: The impact of digital mental health interventions (DMHIs) in the prevention and therapy of common mental
disorders (CMDs) on healthcare has been debated in view of the currently low utilization rates. Potential reasons may include
lacking awareness or familiarity with DMHIs as well as concerns about their quality, trusted sources and the evidence base,
which calls for context-sensitive information campaigns. Medical students represent a suitable user case to develop information
strategies as they were previously shown to have a comparatively high risk for CMDs themselves. Further, in their role as future
physicians, they will prescribe DMHIs. Yet, little is known about medical students´ information preferences regarding DMHIs.

Objective: The aim of the study was to explore information preferences for DMHIs among medical students in Germany for
personal use.

Methods: A discrete choice experiment (DCE) was conducted, which was developed using an exploratory sequential mixed-
methods research approach. Five attributes (i.e., source, delivery mode, timing, recommendation, and quality criteria) each with
3-4 levels were identified using formative research. Twenty-four choice sets each with two alternatives were divided into three
versions of the DCE, each with eight different choice sets, to which participants were randomly assigned. DCE data were
analyzed employing logistic regression models to estimate preference weights and relative importance of attributes. To identify
subgroups of students varying in information preferences, we additionally performed a latent class analysis (LCA).

Results: Out of N=309 eligible participants data, n=231 were included in the main analysis due to reliable data (70.1% women,
age: M=24.1 years, SD=4.0 years). Overall, medical students preferred to receive information about DMHIs from the student
council and favored being informed via social media early (i.e., during their pre-clinic phase or their freshman week).
Recommendations from other students or health professionals were preferred over recommendations from other users or no
recommendation at all. Information about the scientific evidence base were the preferred quality criterion. Overall, timing of the
provision of information was the most relevant attribute (32.6%). LCA revealed two distinct subgroups. Class 1 preferred to
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receive extensive information about DMHIs in a seminar, while class 2 wanted to be informed digitally (via e-mail or social
media) and as early as possible in their studies.

Conclusions: Medical students have specific needs and preferences regarding DMHI information. Timing of information (early
in medical education) was considered more important than information source or delivery mode, which should be prioritized by
decision makers (e.g., members of faculties of medicine, university, ministry of education). This DCE provides novel insights
into what is important when informing medical students about DMHIs and how complex and potentially well-accepted
information strategies can be deduced by considering the preferences of the target group. Clinical Trial: The DCE was pre-
registered at the Open Science Framework (OSF) in October 2022: https://osf.io/2s9u8.
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Preferences  regarding  information  strategies  for  digital  mental
health  interventions  among  medical  students  in  Germany:  A
discrete-choice experiment

Abstract

Background:  Digital  mental  health  interventions  (DMHIs)  are  capable  to  close  gaps  in  the
prevention and therapy of common mental disorders. Despite proven effectiveness and approval for
prescription, utilization rates remain low. Reasons include a lack of familiarity and knowledge as
well  as  lasting  concerns.  Medical  students  were  shown  to  have  a  comparatively  high  risk  for
common  mental  disorders  and  are  thus  an  important  target  group  for  raising  awareness  about
DMHIs.  At  best,  knowledge  is  already  imparted  during  medical  school,  using  context-sensitive
information strategies. Yet, little is known about medical students´ information preferences regarding
DMHIs.
Objective: The aim of the study was to explore information preferences for DMHIs among medical
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students in Germany for personal use.
Methods: A discrete choice experiment was conducted, which was developed using an exploratory
sequential  mixed-methods research approach. Five attributes (i.e.,  source,  delivery mode, timing,
recommendation, and quality criteria) each with three to four levels were identified using formative
research.  Data were analyzed employing logistic regression models  to estimate preference weights
and  relative  importance  of  attributes.  To  identify  subgroups  of  students  varying  in  information
preferences, we additionally performed a latent class analysis.
Results: Out of N=309 participants, n=231 were included in the main analysis due to reliable data
(70.1% women, age: M=24.1 years, SD=4.0 years). Overall, conditional logit model revealed that
medical students preferred to receive information about DMHIs from the student council and favored
being informed via social media early (i.e., during their pre-clinic phase or their freshman week).
Recommendations from other students or health professionals were preferred over recommendations
from other users or no recommendation at all. Information about the scientific evidence base were
the  preferred  quality  criterion.  Overall,  timing  of  information  was  the  most  relevant  attribute
(32.6%). Latent class analysis revealed two distinct subgroups. Class 1 preferred to receive extensive
information about DMHIs in a seminar, while class 2 wanted to be informed digitally (via e-mail or
social media) and as early as possible in their studies.
Conclusion: Medical students reported specific needs and preferences regarding DMHI information
provided  in  medical  school.  Overall,  timing  of  information  (early  in  medical  education)  was
considered more important than information source or delivery mode, which should be prioritized by
decision makers (e.g., members of faculties of medicine, university, ministry of education). Study
findings suggest general and subgroup-specific information strategies, which could be implemented
in a stepped approach. Easily accessible digital information may promote students' interest in DMHIs
in a first step that might lead to further information-seeking behavior and the attendance of seminars
about DMHIs in a second step. 
Trial registration: The DCE was pre-registered at the Open Science Framework (OSF) in October
2022: https://osf.io/2s9u8  .  
 

Keywords:  preferences,  digital  mental  health,  medical  students,  innovation diffusion,  technology
acceptance, health information
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Introduction

Despite  the  considerable  burden  attributable  to  common  mental  disorders  (CMDs),  numerous
structural obstacles to the utilization of (face-to-face) psychological interventions such as waiting
times remain [1]. In addition, individual-level barriers, such as skepticism about the helpfulness and
safety, self-stigma or simply a lack of awareness of appropriate services, are well documented [2,3].
Given the need for lowering the threshold to access psychological interventions, digital mental health
interventions (DMHIs) can play a key role [4]. They can be differentiated by their application field
(e.g.,  prevention vs.  therapy),  technical modality (e.g.,  app, virtual reality),  guidance (varying in
source,  timing and intensity;  e.g.,  via  videoconference)  or  application area (e.g.,  stand-alone vs.
blended  care),  and  theory  base  (e.g.,  Cognitive  Behavioral  Therapy)  [5,6].  With  the  Digital
Healthcare  Act,  German  health  policy  created  new  regulations  for  the  certification  and
reimbursement of costs for prevention and healthcare contexts. Since October 2020, physicians and
psychotherapists are allowed to prescribe specific certified medical applications (German:  Digitale
Gesundheitsanwendungen;  DiGA)  listed  in  a  repository  by  the  Federal  Institute  for  Drugs  and
Medical  Devices  (German:  Bundesinstitut  für  Arzneimittel  und  Medizinprodukte;  BfARM),
including  digital  therapeutics  for  different  CMDs,  on  the  expense  of  statutory  health  insurance
companies [7,8]. Nevertheless, the general use of DMHIs across European countries in the past years
[4] as well as the uptake of DMHIs in terms of DiGA in Germany in recent times is marginal and
appears to be hampered by individual-level barriers, such as doubts and lacking knowledge among
healthcare professionals (HCPs) and patients [9,10]. In addition, the diffusion process is also affected
by health policy barriers, such as adverse regulations and increasing barriers to market entry for
potential DiGA providers  [11]. The distinction between permanent and temporary listing of DiGA
has also been criticized especially by statutory health insurance companies. While most DiGA in the
field of DMHIs are permanently listed based on their scientific evidence base, the so-called fast-track
certification of DiGA has raised concerns about the scientific foundation of temporarily listed DiGA.
This means that manufacturers that meet the criteria by the BfArM, except for a high-quality RCT
during the proposal, can get a listing for their DiGA if the concept is likely to succeed. However, it
should be considered that manufacturers have an immense financial risk if they fail to proof the
positive care effects with rigorously conducted RCTs within one year or if there DiGA price will be
upgraded after the test phase; also, no DiGA gets a listing by the BfARM, even not provisionally, if
no sufficient data for its efficacy from pilot studies or data security standards were not met  [8].
However,  long-term effects  and adherence  amongst  various  patient  groups  should  be  monitored
given that the DiGA concept is rather novel. Particularly,  the outbreak of the COVID-19 pandemic
and the accompanying need  to quickly switch to contactless health care made it clear that lacking
acquaintance with DMHIs is a key barrier to their implementation in healthcare [12]. Therefore, the
development  of  user-centered,  context-sensitive  information  strategies  for  relevant  target  groups
represent a crucial step during the slow innovation diffusion process [13]. 
When analyzing preferences regarding information strategies on DMHIs, medical students represent
a special population of interest, not only because they potentially prescribe DMHIs in their role as
future physicians, they also belong to a vulnerable group in terms of a high prevalence of CMDs and
often exhibit poor help-seeking behavior when in need  [14–16].  Fear of stigmatization in medical
school  and  expected  career  disadvantages  if  mental  health  issues  are  disclosed  appear  to  be
widespread reasons for not seeking support [17]. 
To inform patients  and (future)  HCPs about  DMHIs,  acceptance-facilitating interventions  (AFIs)
have been suggested as information strategies in earlier stages of innovation diffusion  [18]. AFIs
typically  consist  of  multiple  components,  such  as  narrative  messages  (e.g.,  experts´
recommendations), information on quality criteria, including the scientific evidence base, as well as
the  use  of  different  media  formats  ranging  from text-based  information  to  video  material  [19].
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Besides insignificant results in some studies on the effects of AFIs  [20–22], different experiments
have shown that AFIs can foster the acceptance of DMHIs among individuals with CMDs [23,24],
students with or without mental health issues [25] and psychotherapists [18].
However,  the  optimal  composition  of  multi-attribute  AFIs  for  providing  DMHI  information  is
difficult to determine with commonly used survey methods that do not require respondents to make
tradeoffs between the components they prefer the most. Discrete choice experiments (DCEs) offer
the  possibility  to  investigate  complex  hypothetical  choices  of  information  strategies  [26] by
involving  combinations  of  various  information  attributes,  varying  in  attribute  levels,  and  by
controlling for interactions.
To our knowledge, only few DCEs examined information preferences on mental health services (e.g.,
[27]), but none of them focused on DMHIs. Further, while prior DCEs have focused on preferences
regarding the  delivery  of  DMHIs in  the general  population  and among HCPs in Germany (see,
Phillips et al. [28,29]), little is known about the specific information preferences regarding DMHIs in
medical students. 

This DCE aims to examine information preferences on DMHIs for personal use among medical
students in Germany. For this purpose, three research questions (RQ) were formulated:
RQ1) What is the preferred information strategy regarding DMHIs (i.e., AFIs) in medical students?
RQ2) What are the most important attributes of information strategies?
RQ3) Does preference heterogeneity exist regarding information strategies?

Methods

Ethical considerations

The  ethics  committee  of  the  Faculty  of  Medicine  at  the  Heinrich  Heine  University  Düsseldorf
approved the DCE in August 2022 (approval: no. 2022-2102).
The DCE was conducted online and anonymously using  Lighthouse Studio (Sawtooth Inc.).  No
identifying information, such as personal data or IP addresses, were recorded to ensure anonymity.
To access the online survey, participants had to provide informed consent online (click-to-agree).
Participants were able to quit the assessment whenever they wanted. As an incentive, participants
could take part in a lottery (5* € 100, 30* € 50) upon study completion by saving a randomly created
code  consisting  of  numbers  (e.g.,  via  screen  shot).  No  contact  data  was  thus  requested  for
participation  in  the  lottery.  This  ensured  anonymity  of  participation.  The  winning  codes  were
published on the website of the institute in May 2023. The payment was handled by university staff
not involved in the research.

Study design

The presented DCE was the main study of an exploratory mixed methods research approach. Next,
we present the development of the DCE. Both study parts have been preregistered [30,31]. 

Following a sequential methodological approach and recommendations on the construction of DCEs
according to the International Society for Pharmacoeconomics and Outcomes Research (ISPOR) [32]
and Hollin  et  al.  [33],  the DCE development  was grounded in literature research and formative
qualitative research. 
The development consisted of the following six sequential steps: 
1) Reviewing the research literature (for the research proposal)
2) Conducting semi-structured qualitative interviews 
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3) Conducting co-design workshops with medical and psychology students
4) Cognitive interviewing (concurrent think-aloud technique) and selection of attributes
5) Generating the experimental design
6) Technical pre-testing

Steps of DCE development

Preliminary work: literature research

Research objectives were defined based on the current literature (using electronic data bases, hand
searching).  In  a  first  step,  literature  was  searched  to  identify  general  information  needs  and
preferences regarding DMHIs as well as potentially acceptance-facilitating features of information
on DMHIs among university students as potential users. This was the basis for the research proposal
to be funded by the Research Commission of the Medical Faculty at the Heinrich Heine University
Düsseldorf (grant no.: 2020-60). As outlined in the introduction section, this step led to the decision
to focus the study on students of healthcare-related subjects,  and especially medical students.  In
addition, due to the fragmentary research on the topic a mixed-methods design was chosen. In a
second  step,  findings  were  used  to  develop  semi-structured  topic  guides  for  the  qualitative
interviews. 

Qualitative interviews

To explore the specific needs and preferences of students related to healthcare across Germany, we
conducted n=21 semi-structured individual online interviews until consensus and thematic saturation
was achieved (n=16 medicine, n=5 psychology; 76% female; mean age=25.5 years, SD= 3.9) in
August  and September  2021 using  videoconference  software  (Webex,  Cisco Systems,  San José,
California, USA). The interviews were saved using a digital recorder device and had an average
duration of 31.7 minutes (SD=10.3). The data were analyzed applying content analysis according to
Mayring [34], using MAXQDA, version 2020 (Verbi, Cologne, Germany). Students indicated little
knowledge and experience with DMHIs but positive attitudes towards their potential use. They were
asked about their information preferences regarding design (e.g., text or video), content (e.g., data
protection, costs) and source (e.g., university or doctor). We deductively derived four attributes of an
information strategy: information source, delivery format, content preferences and general design
preferences, varying in different attribute levels (for a detailed description, see  [35]). The results
were  used  to  develop  a  preliminary  set  of  choice  tasks  for  the  DCE to  be  tested  in  co-design
workshops for comprehensibility, relevance, completeness and feasibility in the next step [26,32].
The interviews also addressed the setting in which participants would like to receive information
about DMHIs. Medical students had preferred the university context in our prior work, which was
therefore chosen as context in the DCE [detailed information, see [35–37]]. 

Co-Design Workshops

To involve the target group in the DCE design and to validate and refine the selection of attributes
and levels, two participatory co-design workshops with n=8 university students (n=6 medicine, n=1
psychology, n=1 public health) were conducted in May and June 2022. The face-to-face workshops
lasted  about  90 to  120 minutes.  Participants  were  asked to  evaluate  prepared  choice  tasks  with
respect to comprehensibility and cognitive effort. As a result of the workshops, we decided to focus
on medical students only in the further preparation and realization of the DCE, because the two (non-
medical)  students  expressed  slightly  different  preferences  for  attributes  and  levels  than  medical
students, which was interpreted in terms of their different study background. Furthermore, we made
minor changes to the set  of attributes, splitting content preferences into “recommendation” (e.g.,
HCPs, patients) and “quality criterion” (e.g., data security, scientific evidence base) and dropping
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general  design  preferences,  because  it  was  rated  least  important.  Furthermore,  we added a  new
attribute called “timing” (e.g., freshman week, pre-clinic), which seemed to be of greater importance
to participants. 

Cognitive interviews

In July 2022, the preliminary DCE was discussed in cognitive interviews with N=5 respondents.
Participation  required  informed  consent.  Using  the  concurrent  think-aloud  method,  which  is  an
established approach in usability research [38], respondents were asked to share their thoughts, while
answering the survey including DCE tasks and instructions. The piloting lasted about 60 minutes per
participant and aimed to check again for comprehensibility and to identify difficulties in processing.
Gathered information only led to some minor rearrangements. 

Experimental design

The experimental design was based on the decision by the research team to choose a set of attributes
and  levels  following  the  qualitative  research  steps  as  well  as  plausibility  considerations  on
combinations. The choice-sets did not include an opt-out option since we wanted to learn which
information  strategy is  preferred by students  given the  university  would  decide  to  undertake an
information campaign for DMHIs. A fractional factorial  experimental design  [39] was  developed
based on Kuhfeld [40] using the statistical software package SAS (SAS Software 9.4 (TS1M2), SAS
Institute Inc., Cary, NC, USA, 2010-2012). The design allowed for an estimation of main effects,
with all attributes coded categorically. D-efficiency was 16.029. We used  effects variable coding
according to Bech and Gyrd-Hansen [41]. In the end, the experimental design consisted of 24 choice
tasks,  which  we  divided  into  eight  choice  tasks  administered  in  three  blocks.  Each  choice  set
consisted of five attributes varying in three to four attribute levels.
Participants were randomly assigned to one of the three blocks. In each block, we repeated one of the
choice  tasks  to  test  the  internal  validity  of  the  experiment  as  a  reliability  test.  To  familiarize
respondents with the DCE format, we provided a detailed explanation for each attribute and attribute
level (see Table 1), followed by a written description of an exemplary information strategy and an
example choice task (see Figure 1). Respondents were asked to choose the preferred information
strategy  to  receive  information  about  DMHIs. DMHIs  were  introduced  as  digital  mental  health
services that can be used anonymously, from any location and at any time, e.g., to reduce stress or
combat exam anxiety. It was explained that DMHIs refer to apps (DiGA), web applications, and
psychological counselling via video conferencing. We did not employ an attribute for contents in this
DCE due to anticipated heterogeneity in needs and knowledge [35].
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Table 1. Final set of attributes and levels of the discrete choice experiment to investigate preferences regarding information strategies for digital
mental health interventions among medical students in Germany.

Attribute Level 1 Level 2 Level 3 Level 4 Description

Information source
Student
councila

Student
services
centre

University
lecturers

Medical students could be informed on DMHIsd by several organizational
structures. Instances could be student council, the student services center
and university lecturers.

Delivery mode E-mail Social media Seminar Print media

Medical  students  could  receive  information  on  DMHIs  via  different
delivery modes. These include e-mail,  the social media accounts of the
university, such as Instagram, a seminar that is included in the curriculum
and print media.

Timing
Freshman

weekb Pre-clinic Clinic Practical year

Medical students could be informed about DMHIs by their university at
different times. They could be informed right at  the beginning of their
studies during the freshman week, during the first stage of their studies
(pre-clinic), during the clinical stage of their studies or at the end of their
studies during their practical year.

Recommendation HCPc Users Students
No

recommendati
on

Information  strategies  on  DMHIs  may  contain  reviews  or
recommendations. These could come from healthcare professionals, such
as  physicians,  other  users  or  students.  They  also  may  not  contain
statements about whether a service is recommended or advertised by other
groups of people.

Quality criterion Data security
Scientific

evidence base
Background

of developers
Quality seal

Medical students could receive information about quality criteria to help
them  decide  whether  DMHIs  meet  a  certain  standard.  These  include
information on specific measures to safeguard data security, the scientific
evidence  base  or  the  professional  background  of  the  developers  of  a
specific service. A quality seal informs if, for example, the university or a
federal institute has received a quality certificate for its service.

aStudent council: Members of the student council are students who were elected to represent their perspective and interests in medical school. 
bFreshman week: In Germany, student councils introduce freshman to a variety of aspects of campus life over the course of the first week and provide orientation for medical
studies. In this welcome week, many workshops and social activities are offered for new students.
cHCP = healthcare professionals.
dDMHIs = digital mental health interventions.
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Figure  1.  Instruction  and  exemplary  choice  task  of  the  discrete  choice  experiment  to
investigate preferences regarding information strategies for digital mental health interventions
among  medical  students  in  Germany.

Technical pre-test

Finally,  technical  pre-tests  of  the first  version of the programmed online DCE with three
feedback rounds (for iterative improvement) were conducted with n=12 respondents from the
institute  of  the  principal  investigator  (e.g.,  master’s  students,  doctoral  students,  research
associates) and with two external medical students (personal contacts) in November and early
December 2022.  Technical pre-testing resulted in several minor formal refinements of the
survey  interface.  Based  on  the  pre-test,  the  time  required  to  complete  the  complete
questionnaire (including the DCE and the questionnaire) was expected to be 15-20 minutes as
planned.
Besides the DCE (incl. instructions), study information and informed consent the final online
survey asked for the following background information:
 Demographic characteristics (gender, age, German state of the university)
 Studies (number of semesters, passed exams – up to three in Germany until approbation)
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 Familiarity with DMHIs (if they have heard of DMHIs before)
 Attitudes towards potential use (how often they would like to use DMHIs; minutes a day

and days a week)
 Willingness to pay for DMHIs (preferred mode of payment, amount of money willing to

pay)
 Self-assessed stress in the previous and current semester using a visual analogue scale

(VAS) [42] ranging from 0 (min.) to 10 (max.)

Recruitment and data collection 

Medical students who stated that they were at least 18 years old and enrolled at a medical
school in Germany were able to participate in the anonymous online study by accessing a link
to the survey website (e.g.,  via QR-Code). We followed a convenience sampling strategy,
which means participants were recruited via social media and e-mail (via student councils),
personal contacts (e.g., face-to-face, WhatsApp personal chat and chat groups), printed flyers
and posters at different universities across Germany. We also involved lecturers to promote
the study (showing slides with a QR code and link to the DCE in their presentation slides). We
were  also  supported  by  the  Study  Dean  of  our  Faculty  of  Medicine,  including  survey
invitations sent via e-mail to different semesters in April 2023.
Data collection took place from December 10th, 2022 until May 2nd, 2023, once the required
number of participants was reached. A sample size of n>125 medical students was targeted to
provide sufficient statistical power for the main analysis and several subgroup analyses based
on a rule of thumb formula proposed by Johnson and Orme [43].

Statistical Analysis

Based  on  the  technical  pre-tests  of  the  online  survey,  it  was  assumed  that  a  minimum
processing time of five minutes is required to read the instructions and complete the DCE
tasks properly, whereby five minutes was a rather conservative estimation of the minimum
processing time. No participant of the pre-test was able to complete the DCE in under five
minutes. For participants with lower processing time, we expected an insufficient engagement
with  the  DCE  and  excluded  them  from  the  analysis  (i.e.,  hard  cut-off  criterion).  Since
participants  with processing time below 5 minutes may choose randomly and thus would
increase the error term of the analytical models. Moreover,  participants who answered less
than half  of the choice-sets  (<4) were also excluded.  Furthermore,  the main analysis  was
based on  respondents  who  passed  the  reliability  test  exclusively.  The  reliability  test  was
passed if a repeated ninth control choice set was answered identically (i.e., one choice set with
strategy A and B swapped was repeated). Descriptive analysis for individual characteristics of
the  complete  sample  and  participants  that  passed  and  did  not  pass  the  reliability  test,
respectively, were performed.     
DCE  data  were  analyzed  employing  logistic  regression  models.  In  particular,  we  ran  a
conditional logit model clustered at the individual level to receive preference weights of levels
as well as the relative importance of attributes.  Since the scale of coefficients is arbitrary,
attributes are only comparable in relation to each other [44], using the relative importance of
attributes.

In a second step,  we considered possible preference heterogeneity by using a latent class
analysis (LCA) model. The optimal class size was determined by the Bayesian Information
Criterion (BIC) and consistent Akaike Information Criterion (cAIC). Classes were described
by their preference weights and relative importance of attributes. We also calculated posterior
probabilities for being a member of a class for each participant. Respondents were assigned to
the class with the higher posterior probability, and we compared individual characteristics of
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the assigned participants across classes descriptively. The analysis was performed with Stata®
15  (StataCorp  LLC,  Texas).  The  significance  level  for  statistical  tests  was  alpha  error
probability of α <.05.

Results

Descriptive and preliminary analysis

The  online  survey  was  accessed  749  times.  Of  the  428  participants  who  gave  informed
consent, 97 needed a processing time of less than five minutes to complete the survey and
were thus excluded from the analysis. Of those 97 participants who showed a processing time
below five minutes 66 participants did not complete at least one choice set and another five
respondents did complete less than four choice-sets. Of the remaining 331 individuals, 309
respondents answered four or more choice-sets of the DCE. In detail, those respondents who
answered more than half of the choice-sets completed all choice-sets. Of those individuals
who answered  less  than  four  choice-sets,  two participants  answered  two choice-sets,  one
participant answered one choice-set and 19 participants answered no choice-set at all.  The
reliability test was passed by 231 (74.76%) of 309 participants (i.e., complete sample). To
describe choice making behaviour in the DCE in greater detail, we provide a lexicographic
score analysis similar to Phillips et al. [28], as shown in Multimedia Appendix 2.

Characteristics of the sample are provided in Table 2 for the complete sample (N=309), as
well as for participants who passed and did not pass the reliability test, respectively (n=231,
n=78).

Table 2:  Individual characteristics of the full study sample, a sample with participants  who
passed and a sample with participants who did not pass the reliability test (passed if a repeated
ninth control choice set was answered identically in the discrete choice experiment).a 
Variables Full sample

(N = 309)

Passed
reliability test

(n = 231)

Did not pass
reliability test

(n = 78)

Testb

(P value)

Gender, n (%) 1.00c

Women 217 (70.23%) 162 (70.13%) 55 (70.51%)
Men 91 (29.45%) 68 (29.44%) 23 (29.49%)
Non-binary / third gender 1 (0.32%) 1 (0.43%) 0 (0.00%)
Age, mean (SD)e .88d

24.05 (3.95) 24.05 (3.91) 24.03 (4.09)
Semesters, mean (SD) .75d

7.12 (3.40) 7.16 (3.37) 6.99 (3.51)
Passed exams, n (%)f .95c

No passed exam 113 (36.57%) 85 (36.80%) 28 (35.90%)
M1 exam 151 (48.87%) 113 (48.92%) 38 (48.72%)
M2 exam 43 (13.92%) 31 (13.42%) 12 (15.38%)
M3 exam 2 (0.65%) 2 (0.87%) 0 (0.00%)
Self-assessed  stress  –
previous semester, n (%)

.32c

0 = "no stress at all" 0 (0.00%) 0 (0.00%) 0 (0.00%)

1 11 (3.56%) 10 (4.33%) 1 (1.28%)
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2 8 (2.59%) 7 (3.03%) 1 (1.28%)

3 33 (10.68%) 24 (10.39%) 9 (11.54%)

4 25 (8.09%) 15 (6.49%) 10 (12.82%)

5 21 (6.80%) 18 (7.79%) 3 (3.85%)

6 31 (10.03%) 19 (8.23%) 12 (15.38%)

7 61 (19.74%) 46 (19.91%) 15 (19.23%)

8 62 (20.06%) 48 (20.78%) 14 (17.95%)

9 34 (11.00%) 28 (12.12%) 6 (7.69%)

10 = "very stressed" 23 (7.44%) 16 (6.93%) 7 (8.97%)
Self-assessed  stress  –
currently, n (%)

.33c

0 = "no stress at all" 23 (7.44%) 17 (7.36%) 6 (7.69%)

1 24 (7.77%) 20 (8.66%) 4 (5.13%)

2 47 (15.21%) 36 (15.58%) 11 (14.10%)

3 37 (11.97%) 23 (9.96%) 14 (17.95%)

4 25 (8.09%) 16 (6.93%) 9 (11.54%)

5 26 (8.41%) 19 (8.23%) 7 (8.97%)

6 27 (8.74%) 19 (8.23%) 8 (10.26%)

7 39 (12.62%) 32 (13.85%) 7 (8.97%)

8 31 (10.03%) 22 (9.52%) 9 (11.54%)

9 13 (4.21%) 11 (4.76%) 2 (2.56%)

10 = "very stressed" 17 (5.50%) 16 (6.93%) 1 (1.28%)
Being aware of DMHIs, n
(%)

98 (31.72%) 75 (32.47%) 23 (29.49%) .68d

Expected frequency of use
–  days  per  week,  mean
(SD)

2.21 (1.60) 2.20 (1.62) 2.27 (1.54) .61d

Expected frequency of use
–  minutes  per  day,  mean
(SD)

21.42 (16.49) 21.21 (15.53) 22.05 (19.16) .599d

Willingness  to  pay,  mean
(SD)

25.72 (60.38) 22.76 (21.99) 34.46 (114.17) 0.50d

aNo missing data in individual characteristics. 
bTest for differences in individual characteristics for participants who passed the reliability test and those who did
not pass the reliability test. 
cFisher’s exact test 
dMann-Whitney-U test.
eSD = standard deviation. 
fM1-M3 = first to third state exam in medical schools in Germany.

The majority  of  participants  in  the  full  sample  with  N=309 were women (approximately
70%), on average roughly 24 years old  (SD=4.0) and studied in their 7th semester (M=7.1,
SD=3.4).  The mean age of men (M=25.7 years, SD=4.4) was significantly older  than for
women (M=23.3 years, SD=3.5) in the full sample (Mann-Whitney U Test: P < .001), which
also corresponds to a significantly higher mean semester for men than for women (M=7.9,
SD=3.1 vs. M=6.8, SD=3.5 semesters, Mann-Whitney U Test: P = .006). Approximately one
third of the university students in the complete sample passed no major exam to date (36.6%),
while nearly one half passed the M1 exam (48.9%), which is the first state exam in medical
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studies and takes place after completion of the pre-clinical phase. The distribution of self-
assessed  stress  during  the  previous  semester  was  left-tailed  with  a  majority  of  students
(68.3%) who indicated 6 to 10 on the 10-point rating scale, which might be interpreted as
feeling moderately to severely stressed. In comparison to stress in the previous semester, the
current self-assessed stress has shifted to lower stress levels (only 41.1 % indicated a 6 to 10).
Of all participants, n=98 (31.7%) indicated being aware of DMHIs. On average participants
were willing to use DMHIs two days per week (M=2.2, SD=1.6) and 21 minutes per day
(M=21.4,  SD=16.5). As most  preferred  payment  mode,  93.2% of  students  agreed on free
offers. Nonetheless, the mean willingness to make a one-time payment for DMHI service was
M=25.7  € (SD=60.4). A detailed analysis of the willingness to pay (WTP) is  provided in
Multimedia Appendix 3. 
Comparing individuals with a reliable vs. a non-reliable response pattern according to their
characteristics,  no significant differences were detected (all  with  P>.05).  In the following
analysis, only participants who passed the reliability test were included. Yet, the results of the
complete sample analysis are similar to the results based on the sample of respondents who
passed  the  reliability  test  (see  Multimedia  Appendix  4).  Also,  a  Swait-Louviere  test  [45]
indicated that while preferences were not significantly different for people who passed and
did not pass the reliability test at the 5% significance level (H0a: P = 0.178), it also showed
that the scale parameter differed significantly (H0b: P = 0.003). 

Main findings

Table  3  shows  the  conditional  logit  regression  results  for  respondents  who  passed  the
reliability test (n=231). 

Table  3:  Conditional  logit  regression  results  of  the  discrete  choice  experiment,  showing
significant attributes and levels as well as the relative importance of attributes in comparison.

Attributes and Levels
Coefficient

(SE)a 95% CIb Relative
Importance

Information Source 9.22%

Student Service Centre
-0.04
(0.05)

[-0.13, 0.06]

Student Council
0.17

(0.05)
[0.07, 0.28]

University Lecturers 
-0.14
(0.04)

[-0.22, -0.05]

Delivery Mode 24.44%

Social Media
0.27

(0.06)
[0.15, 0.39]

E-Mail
0.16

(0.06)
[0.05, 0.27]

Seminar
0.12

(0.07)
[-0.02, 0.25]

Print Media
-0.55
(0.07)

[-0.68, -0.42]

Timing 32.59%

Freshman Week
0.31

(0.06)
[0.19, 0.42]

Pre-Clinic
0.50

(0.06)
[0.38, 0.62]

Clinic -0.20 [-0.31, -0.10]
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(0.05)

Practical Year
-0.60
(0.07)

[-0.73, -0.47]

Recommendation 19.09%

HCPc 0.14
(0.05)

[0.04, 0.24]

Students
0.29

(0.05)
[0.18, 0.39]

Users
-0.07
(0.05)

[-0.16, 0.02]

No Review
-0.35
(0.06)

[-0.47, -0.24]

Quality Criterion 14.66%

Data Security
-0.12
(0.06)

[-0.24, -0.01]

Evidence-Based
0.30

(0.06)
[0.18, 0.41]

Quality Seal
0.02

(0.05)
[-0.08, 0.12]

Background of Developers
-0.20
(0.06)

[-0.31, -0.08]
aSE = standard error.
bCI = confidence interval; significance is assumed if the confidence interval does not include the number zero
(no different signs). 
cHCP = healthcare professionals.

Medical students significantly preferred to receive information about DMHIs from the student
council and significantly refused to receive information from university lecturers. As delivery
mode, participants wanted to get the information delivered via social media and e-mail and
did  not  want  to  receive  the  information  via  print-based  media.  Students  had  significant
positive preference weights for receiving the information about DMHIs during their pre-clinic
phase or in the freshman week and significant negative preference weights for the practical
year. 
The recommendation should be given by other students or healthcare professionals, while no
recommendation was rated negatively. 
As  a  quality  criterion,  medical  students  significantly  preferred  information  about  the
evidence-based background of DMHIs. Data security and background of developers showed
significant negative preference weights.

With 32.6%, the most relevant attribute for medical students was timing (i.e., time point in
their  studies  when  the  information  is  shared).  In  addition,  the  attributes  delivery  mode
(24.4%)  and  recommendation  (19.1%)  showed  a  high  relative  importance  as  well.  The
attributes quality criterion (14.7%) and information source (9.2%) were less important for
medical students.   
To account for preference heterogeneity, we employed a LCA. Results for respondents who
passed the reliability test (n=231) are shown in Table 4. The optimal number of classes was
determined by the BIC and cAIC, which were minimized at  two classes (see Multimedia
Appendix 5). 

Table 4: Latent class model regression results  of the discrete choice experiment,  showing
significant attributes and levels as well as the relative importance of attributes in comparison
for two identified groups varying in information preferences.
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Attributes  and
Levels

Class 1 (n=147) Class 2 (n=84)

Coefficient
(SE)a 95% CIb

Relative
Importa

nce

Coefficient
(SE)

95% CI
Relative
Importa

nce

Information
Source 1.49% 24.21%
Student  Service
Centre

-0.03
(0.07) [-0.18, 0.11]

-0.07 
(0.13) [-0.32, 0.18]

Student Council
0.03

(0.07) [-0.12, 0.18]
0.56

(0.25) [0.07, 1.04]

University Lecturers
0.00

(0.07) [-0.14, 0.14]
-0.49
(0.26) [-0.99, 0.02]

Delivery Mode 35.49% 42.86%

Social Media
0.09

(0.10) [-0.10, 0.29]
0.67

(0.19) [0.29, 1.05]

E-Mail
-0.09
(0.09) [-0.27, 0.08]

0.74
(0.29) [0.17, 1.31]

Seminar
0.76

(0.13) [0.51, 1.01]
-1.11
(0.38) [-1.85, -0.36]

Print Media
-0.77
(0.11) [-0.98, -0.55]

-0.31
(0.49) [-1.27, 0.65]

Timing 21.27% 46.11%

Freshman Week
0.14

(0.08) [-0.02, 0.29]
0.86

(0.32) [0.24, 1.48]

Pre-Clinic
0.48

(0.11) [0.27, 0.69]
0.71

(0.31) [0.09, 1.32]

Clinic
-0.18
(0.09)

[-0.36, -
0.003]

-0.43
(0.18) [-0.78, -0.09]

Practical Year
-0.44
(0.10) [-0.63, -0.24]

-1.13
(0.46) [-2.02, -0.24]

Recommendation 19.73% 4.02%

HCPc 0.22
(0.09) [0.04, 0.40]

-0.03
(0.33) [-0.68, 0.62]

Students
0.35

(0.09) [0.17, 0.54]
0.04

(0.18) [-0.32, 0.39]

Users
-0.07
(0.08) [-0.23, 0.09]

0.08
(0.32) [-0.55, 0.72]

No Review
-0.50
(0.06) [-0.61, -0.38]

-0.09
(0.45) [-0.97, 0.79]

Quality Criterion 22.02% 19.10%

Data security
-0.39
(0.09) [-0.56, -0.22]

0.37
(0.26) [-0.15, 0.88]

Evidence-Based
0.56

(0.10) [0.35, 0.76]
0.00

(0.18) [-0.37, 0.36]

Quality Seal
-0.04
(0.08) [-0.20, 0.13]

0.09
(0.14) [-0.19, 0.38]

Background  of
Developers

-0.13
(0.05) [-0.23, -0.03]

-0.46
(0.28) [-1.00, 0.08]

aSE = standard error.
bCI = confidence interval. 
cHCP = healthcare professionals.

14
https://preprints.jmir.org/preprint/55921 [unpublished, peer-reviewed preprint]



JMIR Preprints Vomhof et al

When assigning participants based on their posterior probabilities, we found that nearly two
thirds  (n=147,  63.6%) could  be  allocated  to  class  1  (labelled  “seminar-based information
strategy”) and one third (n=84, 36.4%) to class 2 (referred to as “early digital information
strategy”). The two classes differed considerably in their preference patterns as well as in their
relative importance of attributes. For class 1,  the most important attribute was the delivery
mode (approx. 36%) with seminar as most preferred level. The attributes quality criterion,
timing, and recommendation had similar shares of relative importance, approx. 20% each. In
particular, preferences of class 1 showed that information about the evidence base of DMHIs
should  be  used as  quality  criterion,  information  should  be  provided during  the  pre-clinic
phase, and recommendations for DMHIs should be given by students or HCPs. Information
source was the least important attribute of class 1 (approx. 1%). According to the relative
importance  of  attributes  for  class  2,  timing  (approx.  46%) and,  with  comparable  relative
importance, delivery mode (approx. 43%) were the most important attributes. Class 2 showed
a strong preference for receiving the information about DMHIs early during their studies (pre-
clinic phase or freshman week) and preferred receiving the information via e-mail or social
media. The attribute information source showed a relative importance of approximately 24%
with  student council  as preferred level.   Regarding the attribute  quality criterion (approx.
19%) data security was preferred by class 2 (not significant). The attribute recommendation
was the least relevant attribute for class 2 (approximately 4%). 
We compared individual characteristics of members of class 1 and class 2, respectively, and
found no significant differences (all with P<.05), except for being familiar with DMHIs (see
Multimedia Appendix 5). In detail, members of class 1 were significantly more familiar with
DMHIs than members of class 2 (37.4% vs. 23.8%).   

Discussion

In this study, we conducted a DCE to investigate information preferences regarding DMHIs
for  personal  use  among  medical  students  in  Germany.   We  aimed  to  derive  a  preferred
information  strategy  and  aimed  to  identify  its  most  important  features.  In  addition,  we
investigated whether there are latent classes among medical students that differ in information
strategy preferences. 

Preferred information strategy and relative importance of features

In  the  following,  the  results  regarding  the  various  features  of  the  preferred  information
strategy are discussed one by one. It is important to consider that participants thought about
self-use, as indicated in the introduction. When addressing them as future physicians, results
may be different.

Medical  students preferred to  be informed early  in the freshman week or the pre-clinical
phase  of  their  studies. Potentially,  medical  students  (mean  semester  was  7),  had  already
experienced study-related mental health issues themselves or had seen such issues in their
peers,  which  might  lead  to  a  preference  for  early  information.  Indeed,  a  meta-analysis
indicated increased prevalence rates of mental health problems, especially in younger and pre-
clinical students [16]. At best, the timing for information should be chosen when students feel
mentally healthy or when academic distress has not already contributed to manifested health
issues requiring interventions. 
 
Information  via  social  media  and  e-mail  were  favored  compared  to  print-based  media.
Potentially,  this  reflects  the  habits  and  preferences  of  younger  adults  and  digital  natives
included in our study. However, the research literature on the preferences of digital resources
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of  healthcare  students  belonging  to  so-called  Generation  Z  is  interestingly  limited  and
inconsistent  [46].  Additionally,  in  our  study  participants  even  clearly  refused  to  receive
information via print media (e.g., flyers). A possible explanation is the immense exposition to
printed information in medical schools.  Students have to read and learn a lot  of complex
contents mainly from textbooks in a very short time for exam preparation. Maybe, they do not
want the same modality of delivery that is regularly associated with study, work or even stress
for information concerning the promotion of their  mental health.  Another disadvantage of
print media could be that it is visible to others when someone receives information via, e.g.,
flyer or brochure. In contrast, brief information delivered digitally could be perceived as more
pleasant  (e.g.,  a  short  video)  and  are  easy  to  access  whenever  needed  in  daily  life.
Furthermore, the DCE was conducted about three years after the beginning of the COVD-19
pandemic, which led to the extension of e-learning in medical education. Elevated familiarity
with digitally provided, approved health information in recent years may have increased the
acceptance  of  digital  information  channels  for  other  contexts  [47].  Of  course,  students
generally vary in learning preferences and learning styles  [48] while research on learning
styles in particular has been subject to controversy in terms of its evidence base and practical
usefulness in medical education  [49]. Therefore, we focused on stated preferences as well-
researched construct in the investigation of user-centered information strategies. However, we
could  only  consider  previously  identified  attributes  and  levels  that  may  alter  over  time
regarding their relevance for the target group with changing consumer habits and experiences.
Future DCEs should explore which channel of social media (e.g.,  Instagram, TikTok) and
which presentation format (e.g.,  video, interactive sessions) should be used to disseminate
information on DMHIs.

Participants liked to receive recommendations by other students and HCPs. Both students and
HCPs appeared suitable as role models (see, social-cognitive theory [50]) and trusted sources.
Possibly,  students  preferred  these  sources  as  they  are  similar  to  themselves  now (i.e.,  as
students)  and  hypothetically  in  the  future  (i.e.,  as  physicians),  as  different  empirical
investigations  on the  impact  of  narratives  from individuals  with a  similar  background on
decision  making  in  healthcare  contexts  indicated  [51,52].  Nonetheless,  influences  of
recommendations are highly context-sensitive.
For instance, in a DCE with young adults conducted by Cunningham et al.  [27], those who
wanted  to  be  informed  digitally  preferred  recommendations  by  other  young  adults  with
previous  experiences  of  depression  and  anxiety,  while  those  who wanted  to  be  informed
conventionally via traditional media channels liked to receive recommendations from medical
physicians. Hence, information features should be tailored to the preferences of the target
group including subgroups differing  in  information  preferences  (see,  LCA results  below).
Although testimonials are commonly used in DMHI advertisements, it remains unclear how
useful  recipients  view  such  recommendations  as  features  of  information  or  if  the
advertisements have an influence on the uptake of DMHIs [22]. Therefore, the integration of
recommendations should be carefully chosen in dialogue with the key target group for the
information  distribution.  In  future  studies,  it  would  be  interesting  to  investigate  the
characteristics of recommendations that students perceive as trustworthy (e.g., those with own
experience with mental health issues).

Regarding quality  criteria,  medical  students  significantly  preferred  information  about  the
evidence-based background of DMHIs. Data security and background of developers showed
significant negative preference weights. Students expected the information to be provided by
the university (as stated in the DCE's instructions), maybe assumed that the offerings were
already quality  tested  and therefore  focused on other  quality  criteria  than  they  would  be
interested in in another setting.  Addressed in their role as future professionals, preferences
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might differ and participants may place more emphasis on information on the evidence base
or data security for professional use (e.g., [35,36]).

Medical students preferred to receive information about DMHIs from their student council.
Medical students even refused to receive information from university lecturers. With respect
to mental health topics, students may have a higher trust in students´ representatives as peers
and may worry about stigmatization by lecturers if they disclose their need for support. 

Subgroup-specific information strategies

Latent class analysis identified two distinct groups of students that differed considerably in
their  information preferences.  Class 1,  which we classified as “seminar-based information
strategy”, preferred to receive information about DMHIs in a face-to-face seminar in the pre-
clinic phase. Moreover, they preferred to obtain recommendations from other students, while
information about the evidence base of DMHIs should serve as key quality criterion. Except
for the delivery mode (seminar), preferences of class 1 were similar to the overall preferences
of participants regarding DMHI information strategies, which can be well explained by the
fact that the majority (i.e., 63.64%) could be classified as members of class 1.
In contrast,  the ideal information strategy of class 2 (“early digital  information strategy”)
would  be  to  provide  information  by  the  student  council  via  social  media  or  by  e-mail.
Regarding the timing of information, class 2 preferred to receive them as early as possible,
i.e.,  during the freshman week (prior to the actual start  of studies). The attributes quality
criteria and recommendation were less important for class 2 than for class 1, findings were
insignificant. Members of class 2 were significantly less familiar with DMHIs than members
of  class  1.  Hence,  they  may  want  to  be  initially  informed  at  a  low  threshold.  In  prior
qualitative studies with medical students, they expressed the wish to get quick support by
interventions that are easy to access in times of study-related distress, e.g., services targeting
stress and time management [36,53]. Furthermore, we did not find any significant differences
(e.g., in stress levels) in the individual characteristics of members of class 1 and class 2.
However, preferences of class 1 and 2 should be not viewed as divergent strategies but may
help  to  develop  complementary  stepped  or  matched  approaches.  For  instance,  digitally
provided information could be the first step that might lead to further information-seeking
behavior  and the attendance  of  seminars  about  DMHIs.  A combination  of  both strategies
should be used in order to reach a higher number of medical students throughout Germany.
Specifically, the digital strategy, which is in line with the overall preference, represents a way
to  reach a  broad range of  medical  students,  especially  those with  little  knowledge or  no
currently perceived need for DHMIs.
Besides the DCE, our study provided new insights into the willingness to pay for DMHIs,
which  should  also  be  considered  by  universities  when  informing  about  interventions.  In
particular, medical students stated being willing to pay € 22.7 as a unique fee on average to
use DMHIs. 

Limitations

A key limitation was that  we recruited medical  students  mainly via  one channel,  namely
personal invitations (e.g., chat groups, e-mails from student councils), as postings in social
media groups (e.g., on Facebook) as well as flyers on campus across different universities
were much less effective in terms of recruitment success. Nonetheless, the sample seems to be
similar to the overall population of medical students in Germany regarding their individual
characteristics, such as age and gender (e.g., [54]). 
Another limitation was that students could participate during the semester and in the semester
break. Information preferences regarding mental health services might differ depending on the
time of participation and related needs and stress levels (e.g., in times of exams, semester
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appointments).  Specifically,  increased  perceived  stress  may  indicate  personal  need  or
relevance of mental health information and thereby foster the motivation to seek information
on  coping  strategies,  which  may  be  related  to  more  interest  in  easily  accessible  support
services, such as DMHIs. 
However, our study can only provide very limited information on whether or how emotional
distress may have influenced DMHI information preferences. Due to ethical aspects and to
keep the (emotional) response burden as low as possible, we refrained from using clinical
screening measures on CMDs in this study. A future DCE could put a greater emphasis on
information preference on DMHIs for self-help and adjunctive treatment, which could include
the assessment of different mental health conditions. 
A further limitation was that the majority of participants have not heard of DMHIs before,
which is similar to prior studies with students from our work group [36,55–57], but may have
resulted in difficulties in decision making and thus  contributed to heuristic decisions (e.g.,
finding student councils more appealing than lectures and thus wanting them as information
source).  
It should be noted that there was no opt-out option given to respondents, which corresponds to
the real world setting of students receiving information by a university information campaign.
However,  our  results  may  be  biased  to  some  extent  as  students  not  wanting  to  receive
information may differ in their preferences from those wanting to receive information.  
Finally, a few thoughts on the selected attributes and levels. Concerning the level "seminar",
belonging  to  the  attribute  "delivery  mode",  further  information  on  the  organization  of  a
seminar  (e.g.,  block  seminar,  face-to-face  seminar,  online  seminar)  would  be  desirable.
Further research should clarify the preferences of medical students regarding the design of
seminars about DMHIs (e.g., mode, duration, topic).
Lastly,  there  might  be  a  lack  of  selectivity  in  the  attribute  levels  "students"  and  "users"
regarding the attribute "recommendation" because students can also be users at the same time.
However,  due  to  the  different  assessments  (with  other  students  being  a  significant
recommendation source) it seems that the participants viewed those attributes differently and
therefore this  limitation may not  be severe.  Future DCEs could use additional  qualitative
methods to  prevent  such potential  sources  of  bias  (e.g.,  by more detailed descriptions  of
prototypical users or personas to be developed with the target group).

Conclusions

Overall, the study findings suggest potentially suitable, distinct general and subgroup-specific
information strategies on DMHIs for medical students in Germany.  Designing information
strategies according to the stated preferences could help to increase DMHIs utilization. This
DCE offers a variety of possible features to be tested in practice. As a first step, AFI strategies
could start to promote the awareness of or basic knowledge on DMHIs for health promotion
purposes with a social media campaign with relation to their university setting early in their
studies. The campaign could be provided by the student council, combining recommendations
and information about the scientific evidence as complementary features. This low-threshold
offer could lead to students attending seminars on DMHIs involving more detailed knowledge
in  a  second  step.  Seminars  should  firmly  be  anchored  in  the  curriculum of  the  Medical
Faculties in accordance with the mandatory German National Competency-Based Learning
Objective Catalogue of Medicine, in which digital competencies were not listed for too long
[58], but are now, albeit to a limited extent. 
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