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Abstract

Objective: Digital transformation in higher education has presented medical students with new challenges, which has
increased the difficulty of organising their own studies. The main objective of this study is to evaluate the effectiveness of a chatbot
in assessing the stress levels of medical students in everyday conversations and to identify the main condition for accepting a
chatbot as a conversational partner based on validated stress instruments, such as the Perceived Stress Questionnaire (PSQ20).

Methods: In this mixed-methods research design, medical-student stress level was assessed using a quantitative (digital-
and paper-based versions of PSQ20) and qualitative (chatbot conversation) study design. PSQ20 items were also shortened
to investigate whether medical students’ stress levels can be measured in everyday conversations. Therefore, items were
integrated into the chat between medical students and a chatbot named Melinda.

Results: PSQ20 revealed increased stress levels in 43.4% of medical students who participated (N = 136). The integrated
PSQ20 items in the conversations with Melinda obtained similar subjective stress degree results in the statistical analysis
of both PSQ20 versions. Qualitative analysis revealed that certain functional and technical requirements have a significant
impact on the expected use and success of the chatbot.

Conclusion: The results suggest that chatbots are promising as personal digital assistants for medical students; they can
detect students’ stress factors during the conversation. Increasing the chatbot’s technical and social capabilities could
have a positive impact on user acceptance.
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Introduction

Background

Increasing digitisation and the shift to digital teaching have
created major challenges for universities, teachers and stu-
dents.1 As digitisation progresses, the learning environment
for university students will also change. In particular, the
everyday life of medical students will be influenced not
only by an increased range of digital learning content but
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also by the cooperation of the agents involved. For
example, electronic communication via WhatsApp groups
and electronic submission systems are already ubiqui-
tous.2,3 However, the number of personal meetings and
face-to-face conversations continues to decrease. Digital
learning in isolation poses a risk factor, especially for those
who are already depressed or highly stressed.4 Studies
show that medical students in particular have underlying
and highly developed stress levels as well as high prevalence
rates for mental illness.5–7 This is also evident in the increas-
ing number of students with stress, anxiety and burnout
symptoms.8–10 Studying medicine places high demands on
medical students: large amounts of knowledge must be mas-
tered in a short amount of time.11 Expectations of high aca-
demic performance can increasingly lead to stress during
medical education. Increasing stress, in turn, can lead to a
decline in academic performance and motivation.12,13

Previous studies have found a correlation between chronic
stress among medical students and increased cynicism and
reduced empathy during the course of their studies, which
could impact their relationships with patients in the
future.14 In addition, due to distress during their medical edu-
cation, a lack of integrity and substance abuse have been
identified.13 Considering the high-stress levels and the asso-
ciated negative impact on both the health of medical students
and the quality of their future medical work, the promotion of
stress-reducing measures during studies stands to reason.

To address the challenges of education digitisation and the
digital learning environment, digital-assistance systems such
as chatbots could potentially provide medical students with
support in organising their studies. Chatbots could be avail-
able to students independent of time and place to support
them with questions relevant to their studies. At the same
time, chatbots could also act as a personal assistant to
whom they could confide about stressful situations. In add-
ition, AI-based approaches were shown to be able to predict
the manifestation of major depression based on the conversa-
tional behaviour of users, and the use of chatbots also showed
a positive effect in already diagnosed depressed patients.15,16

In this project, we dedicate ourselves to a chatbot named
Melinda (which stands for my emotion-screening learning-
supportive integrative new digital assistant).17 The Melinda
project addresses the challenges in changing communication
between medical students and lecturers in the context of
digital university teaching. It attempts to address an important
gap since comprehensive support is increasingly difficult to
implement in study-centred asynchronous teaching formats.
Previous results have indicated the need for a personal
digital assistant embedded with routine chat that can screen
for the user’s psychosocial needs and react accordingly.17

Chatbots as conversational agents for students

The term chatbot is not a clearly defined term in academia;
other terms include bots, conversational agents,

conversational interfaces and chat agents.18 What they all
have in common is that they are classified as digital dialogue
systems, that is software components that simulate human
natural language in text form. They start a conversation with
users and consumers using text-based language to facilitate
human–machine communication. Chatbots can be implemen-
ted in two main categories: natural language processing (NLP)
chatbots and rule-based chatbots. NLP chatbot systems enable
free text input and are therefore usually based on NLP.19 In
essence, NLP chatbots are artificial intelligence (AI) and can
act as an intelligent conversational partner; they access text-
processing systems and generate answers in text form based
on available data.20 The chatbot Melinda is a rule-based
chatbot that is provided with a set of responses guided by a
decision tree. Rule-based chatbots use predefined conversa-
tional paths and structures and can thus only communicate
using a limited knowledge base; they are not based on AI.21

Mental-health chatbots and virtual agents for emotional
support are already being used in the field of mental
health22 and in learning environments using electronic
devices and media.23 Chatbots can help address organisational
tasks, such as providing information, helping find an appoint-
ment, counteracting long waiting times or preventing per-
ceived stigma and mental-health barriers in a functional and
empathetic way.24 Examples of such chatbots are Replika,25

a system that can optionally impersonate a friend, mentor or
even a romantic partner, as well as Wysa24 and Woebot,15

both of which are digital companions that provide 24/7 exer-
cises and are available for advice or just to talk. Both
approaches have been shown in clinical studies to be effective
in reducing symptoms of stress or depression.26,27

With the Melinda project, we aimed to design a chatbot
that can act as a personal digital assistant to medical stu-
dents, communicate with them in an interested and empath-
etic way and also measure their stress levels. Accordingly,
this article addresses the following two questions:

1. How effective is a conversational bot such as Melinda in
assessing the stress levels of medical students and what are
the conditions for being accepted as a conversational partner?

2. Can an established measurement tool, such as the
Perceived Stress Questionnaire (PSQ20), be transferred
into written dialogue to measure student stress levels
using the chatbot Melinda? The purpose is to find out
if there is a significant difference between the responses
of the digital and paper PSQ20 versions.

Methods

Design

We adopted a mixed-methods approach in this study to facili-
tate the exploration of data and research questions from differ-
ent perspectives.28 First, we designed the quantitative part
based on PSQ20, a standardised questionnaire measuring
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actual subjective stress.29 Second, qualitative analysis was used
as a supplementary survey method to analyse the data.30 We
aimed to investigate the extent to which Melinda succeeds in
conducting everyday conversations with medical students
while assessing their stress levels. In general, chatbot evalu-
ation is challenging due to their complex nature.31,32

Therefore, we analysed segments of conversations with the
chatbot via the International Organization for Standardization
(ISO) 9241-11 usability characteristics (i.e., effectiveness, effi-
ciency and satisfaction), which specify the user ergonomics of
human–system interaction.33

Procedure

To address the research questions, this study was integrated
into the regular communication course for medical students.
The course was conducted online due to the COVID-19 pan-
demic. First, students received theoretical input on psycho-
logical stress and burnout in medical school and advice on
how to cope with mindfulness practices. Then, they were
asked to complete exercises on coping strategies for psycho-
logical stress, after which they were invited to participate in
the study. As a first step, students were asked to complete the
validated paper-based PSQ20 version to determine their
general stress level. They were then given an abbreviated
version of the PSQ20 with selected items integrated into
the chat with Melinda. The completion order of the different
questionnaire versions was based on our research interest,
that is we wanted to measure the stress level of the students
before reducing the PSQ20 questionnaire to nine items.

Participants

Participants were medical students in their second year of
study. They were invited to take part in the study during
their regular communication course in the 20/21 winter
term. Participation was voluntary and pseudonymised with
a unique code number. The participating students were
asked to complete two versions of the questionnaire (paper
versus digital). The total number of participants was 136
for the paper version and 148 for the digital version.

Measurements: The perceived stress questionnaire

The subjectively perceived stress load of the medical stu-
dents was assessed using PSQ20.29,34 The normal version
consists of 30 items. The short version consists of 20
items that can be separated into four subscales (see
Table 1). The questionnaire is reliable with a Cronbach’s
alpha of 0.80–0.86 for the overall score. Questions about
perceived stress were evaluated using a four-point Likert
scale (almost never, sometimes, often and usually), and par-
ticipants were asked to rate their subjective perception and
evaluation of stressors that affected them in the previous
four weeks.35 By completing the PSQ20 questionnaire of

the medical students, a score was calculated for each of
the scales and for the overall perceived stress according to
the scale calculation of Fliege et al.36 The sum value can
be between zero and 100, with high values representing
an increased subjective stress load. Values above the
cut-off scores indicate clinically relevant stress.29,34,36

Table 1 presents the cut-off scores, (sub-)scales and their
dimensions for the PSQ20.37

Selection of PSQ20 questions for the chatbot

We used a paper- and digital-based version of the PSQ20
for the chatbot.36 The Melinda chatbot was first developed
at the University of Lübeck, Germany, for a qualification
thesis and was further explored for our research study.38

Originally, 10 of the 20 PSQ20 questions were intended
to be asked in the chatbot conversation to identify whether
the answers allow us to draw conclusions about perceived
stress prior to the study. Due to a bug in the chatbot’s
program, one PSQ20 question was (incorrectly) no longer
recognised as a PSQ20 question, which is why we could
only use nine items. Thus, the subscale demands were
incomplete with one item missing, and, based on this, we
were not allowed to use the subscale demands and
decided to only report the subscale lack of joy to compare
the two questionnaire versions. The selected items were
integrated into the conversation process for Melinda. For
more information about the detailed explanation of the
selection, please refer to the qualification paper.38

In our study, the subscale lack of joy was reliable for
both versions of the questionnaire with a Cronbach’s
alpha of 0.667 for the digital version and 0.640 for the
paper version.

Table 1. Subscales, dimensions and cut-off-scores of the PSQ20.

(Sub-)scale Dimensions
Cut-off
score

Worries Worries, fears about the future and
feelings of frustration:

>11

Tension Exhaustion, imbalance and a lack of
physical relaxation

>13

Lack of joy - <17

Demands A Lack of time, deadline pressure or
task load

>13

Overall
score

Clinically relevant stress >50

Description: Higher scores indicate higher stress levels. For the subscale lack
of joy, lower values indicate higher stress levels. Please see the cut-off scores
for the definition of higher stress level.37

Moldt et al. 3



Melinda: Bot operation and implementation in a
teaching unit for medical students

The conversation content of the decision tree-based bot was
based on questions about studying, the COVID-19 pandemic
situation and the personal situation and well-being of the stu-
dents. The chatbot was programmed to provide positive,
encouraging, empathic and compassionate responses. For
better conversation flow, the nine selected PSQ20 items
were rephrased into questions and queried during the chat
to fit into the content. The chatbot Melinda is a simple
chatbot with a pre-defined conversational flow to facilitate
conversation with medical students. The training data con-
sists of 622 individual words (taken from short sentences)
that are assigned to one or more intents. After reducing
them to their word stems and removing stop-words using
the Lancester-Stemmer,39 a list of 507 tokens is left. Thus,
the number of tokens is directly dependent on the size of
the training vocabulary, and the vocabulary we used for
the initial implementation of Melinda is rather small-
sized.39,40 The intent-classifier we are using here is a multi-
layer perceptron (MLP) with ReLUs as an activation func-
tion, consisting of a single hidden layer of size 253 and an
output layer of 14 classes of intent (‘hobby related’, ‘greet-
ing’, ‘goodbye’, ‘age’, ‘name’, ‘help request’, ‘consulting

hours’, ‘sleep-related’, ‘university’, ‘internship’, ‘corona’,
‘neutral intent’, ‘negative intent’, and ‘positive intent’).
Our initial conversational manager was designed to talk
with medical students about their learning situation during
the COVID-19 pandemic. In the context of this study, the
‘positive’, ‘negative’, and ‘neutral intent’ are of particular
importance.41 The network has been trained using a
bag-of-words approach42 and an Adam optimiser43 with a
training length of 5000 epochs, a 0.001 learning rate, betas
of 0.9 and 0.999, an epsilon of 10−8 and a weight decay of 0.

Table 2 shows nine of 20 PSQ20 items in their original
version36 as well as how we integrated them into the con-
versation with Melinda. For comparison, the possible
answers to the PSQ20 questions were integrated analo-
gously to the original questionnaire with the options
‘almost never’ through to ‘usually’; the rest could be
entered as free text. After the students completed the
PSQ20, they chatted with Melinda for nine of the 20
items, which were transcribed into written dialogue.

Study datasets

Statistical analyses were performed by creating two datasets
with nine selected items from PSQ20 in its German-modified
version. Dataset 1 presents the paper-based version of
PSQ20 (PSQ20 P). Dataset 2 provides the chat with
Melinda with the selected items integrated digitally into the
conversation (PSQ20 M).

Data analysis

All statistical analyses were conducted using IBM SPSS
version 27. For the quantitative comparison of the chat
and questionnaire answers, the two data sets were coded
based on the nine items and checked for usable data.

The elimination criteria included incomplete chat histor-
ies that did not contain the PSQ20 or question–answer com-
binations that did not make sense (for details, please see
attachment). After screening according to our exclusion cri-
teria, we obtained complete datasets from the original 136
participants for the paper questionnaire and from the 148
participants of the digital-chat version with Melinda; a
total of 41 medical students fully completed both question-
naire versions and were eligible for the final analysis. For
the subclasses, we focused on the subcategory lack of joy,
as it was embedded completely in the conversation trees.

One purpose of this work was to identify whether a sig-
nificant difference exists in the answers to the digital and
paper versions. Indeed, responses could be influenced by
adjusting or embedding the questions in the conversation
and by embedding. Hence, we calculated the mean, stand-
ard deviation and frequencies. The data were normally dis-
tributed. The Pearson correlation coefficient was calculated
to capture the linear relationships between the relevant vari-
ables of each dataset. To examine differences between the

Table 2. Common set of items based on PSQ20.

Data set PSQ20 P PSQ20
items from the paper-based
version (original version)

Data set PSQ20 M PSQ20
items transferred and integrated
into Melinda chat

(1) You are full of energy. Do you feel full of energy?

(2) You are light-hearted. Would you say you are
light-hearted?

(3) You feel that too many
demands are being made
on you.

Do you sometimes have the
feeling that the demands are
too high?

(4) You feel safe and
protected.

Do you feel safe and protected?

(5) You feel under pressure
from deadlines.

Do you feel pressured to meet
deadlines?

(6) You have too many things
to do.

Do you have a lot to do right now?

(7) You feel you are in a
hurry.

Do you feel rushed?

(8) You feel you are doing
things you really like.

Do you do things you really like?

(9) You enjoy yourself. Are you having fun?
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means of the two samples, we analysed the statistically sig-
nificant differences between the distributions of the different
PSQ20 versions using the Wilcoxon signed-rank (WSR) test
for dependent samples. The significance level in testing this
hypothesis was α= 0.05. We reject H0 for p >α= 0.05 if the
test variable exceeds the critical value z. The critical value z
for α= 0.05 is Z [1−0.025]=Z [0.975]= 1.96.44

The fact that we had to reduce the data for the final ana-
lysis to 41 participants who completed both questionnaires
suggests that we should also take a closer look at the high
error rate of the chatbot. Therefore, we conducted a qualita-
tive exploration of extreme cases in the chat processes in
addition to the quantitative analysis of the perceived
stress.45

Chat analysis was based on thematic analysis, a flexible
analysis approach according to Braun and Clarke.46 For this
purpose, a category system was developed based on ISO
9241-11:2018 Ergonomics of human–system interaction –

Part 11: Usability: Definitions and concepts. Please see
the attachment for the used category system.33 The ISO
0241-11 standard deals with guidelines for human–com-
puter interactions. It contains requirements for the
working environment as well as for hardware and software.
The aim of these guidelines is to avoid health hazards when
working with a product and to make it easier for the user to
solve tasks. If the specified measures of effectiveness, effi-
ciency and satisfaction are adequately met, the product has
an acceptable level of usability. Effectiveness is typically
measured by task completion and accuracy; the measures
of efficiency include communication effort and the mea-
sures of satisfaction include ease of use, context-dependent
questions and learnability of the chatbot. Standards such as
ISO 9241-11 are particularly suited for emerging technolo-
gies such as chatbots because they define best practices, are
objective and ensure consistency of work.

The included usability features according to ISO
9241-11 are as follows33:

• Effectiveness: The accuracy and completeness with
which users achieve a given goal. This means that the
tasks at hand are to be performed by a system as com-
pletely and correctly as possible.

• Efficiency: The effort used in relation to accuracy and
completeness with which users achieve a specific goal.
This means that the user must be able to reliably solve
the tasks at hand with the existing system functionality
with as little effort as possible. Efficiency is related to
effectiveness. This can be measured by the time it
takes a user to complete a task.

• Satisfaction: This criterion describes the satisfaction of
the user when using an interactive system.

Results

PSQ20 for medical students

For students who completed the paper version (N= 136), the
mean total score (sum of all 20 items) was 49.53 (SD 10.64),
as shown in Figure 1. The range of the overall score was
between 30 (lowest) and 76 (highest) points. If the cut-off
score is valued (>50), 43.4% of the students have an
increased stress load. The evaluation of the subscales also

Figure 1. The overall score of the PSQ20 with all items (x-axis:
PSQ20 overall score; y-axis: cumulated number of students,
N= 136).

Table 3. Results of the PSQ20 (sub-)scales above the cut-off score.

(Sub-)
scale Dimensions

Cut-off
score

Number of students
above the cut-off
score (N = 136)

Worries Worries, fears
about the
future and
feelings of
frustration:

>11 30.1% (41/136)

Tension Exhaustion,
imbalance and
a lack of
physical
relaxation

>13 92.6% (126/136)

Lack of
joy

- <17 74.3% (101/136)

Demands A Lack of time,
deadline
pressure or
task load

>13 70.6% (96/136)

Overall
score

- >50 43.4 (59/136)
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suggests an increased subjective perception of stress
(Table 3). Considering the respective cut-off scores for the
subscales, the results in Table 3 were obtained.

Principal results of statistical analysis

For clarity, we limited the descriptive portrayal of the ana-
lysis to mean, standard deviation and WSR test results.
Table 4 summarises these results. By comparing the
means of the nine items of the two datasets, it is evident
the students’ answers are very similar (Table 4). All items
in the two questionnaires underwent Pearson correlation
(Table 4) and WSR testing. For this, bivariate pairs were
formed for the nine items and for the subscale lack of joy
for datasets PSQ20 P and PSQ20 M. Pearson’s correlation
coefficient for each item suggests a significant correlation
between the pairs, except for Item 6 (Table 4).

Results of the qualitative study

Students were asked to evaluate the chat with Melinda after-
ward. Reported positive experiences of chatting with Melinda
included that the bot was friendly, the questions were logically
structured and the conversation was pleasant. Some communi-
cation elements of Melinda worked very well. For example,
Melinda welcomed the students and said goodbye, and, in

doing so, Melinda achieved a successful personal form that
was situationally appropriate and had personalised responses.
Melinda also maintained natural appearing conversation using
response phrases to develop fluency in conversations.

However, a number of reported negative aspects of the
conversation were predominant. For example, the students
criticised Melinda’s limited ability to answer questions cor-
rectly, which is also its largest disadvantage; that is, it has a
high error rate. Misinterpretations, answering without a
question, duplications and wrong answers made fluent con-
versation impossible. Additionally, students lacked the
necessary transparency as to why they were communicating
with the bot and what purpose it served. Some stated they
did not see any advantage of the chatbot over a simple ques-
tionnaire. Moreover, although some found the bot’s conver-
sational style empathetic and natural, many evaluators
indicated they found the conversation artificial. The bot’s
responses seemed exaggerated and overly concerned and
compassionate. Some felt the questions were inappropriate
because they were questions about personal situations.

We evaluated the thematic analysis of the chats with
Melinda according to ISO 9241-11 with the usability char-
acteristics of chatbot effectiveness, efficiency, and satisfac-
tion.33 See appendix for examples, please note that the
conversations with the chatbot were not correct in
German either, so we tried to translate this as well as pos-
sible to illustrate the problems with the chatbot.

Table 4. Mean, standard deviation and Pearson correlation for nine items between the PSQ20 P and PSQ20 M datasets.

Item
PSQ20 P, n= 41,
mean (SD)

PSQ20 M n= 41,
mean (SD)

Pearson
correlation WSR (p-value)

1. You are full of energy. 2.59 (0.81) 2.80 (1.00) r= 0.70; p < .001 .06

2. You are light-hearted. 2.54 (0.90) 2.83 (0.95) r= 0.58; p < .001 .04

3. You feel that too many demands are being made on you. 2.24 (0.92) 2.00 (0.74) r= 0.63; p < .001 .04

4. You feel safe and protected. 3.54 (0.84) 3.51 (0.78) r= 0.70; p < .05 .97

5. You feel under pressure from deadlines. 2.56 (1.00) 2.20 (1.00) r= 0.75; p < .001 .003

6. You have too many things to do. 2.63 (0.94) 2.85 (0.94) r= 0.29; p > .05 .26

7. You feel you are in a hurry. 2.07 (1.06) 2.20 (1.03) r= 0.65; p < .001 .40

8. You feel you are doing things you really like. 2.88 (0.84) 2.73 (0.81) r= 0.58; p < .001 .22

9. You enjoy yourself. 3.07 (0.72) 3.27 (0.84) r= 0.34; p < .05 .17

10. Lack of joy (cut-off) score: < 17. 14.61 (3.00) 15.15 (2.80) r= 0.70; p < .001 0.11

The Wilcoxon signed-rank test revealed a significant difference between the two questionnaire versions (n= 41) for Item 2 (Z=−2.03; p= .04), Item 3 (Z=
−2.04; p= .04) and Item 5 (Z=−2.93; p= .003). Concerning Item 2, students tended to choose lower ratings on the Likert scale for the paper version of the
PSQ20 than in the conversation with Melinda. For Items 3 and 5, they tended to answer higher ratings on the Likert scale. No significant differences could be
found for any of the other items in the two questionnaires.
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• Effectiveness: We wanted to know how accurately
Melinda conducts conversations with participating stu-
dents and whether the conversations were completed.
We found several parts where the conversation ended
unanswered or where Melinda did not understand the
student answers and continued following the algorithm.
A lack of flexibility was also shown when Melinda did
not understand the answers at some parts of the
conversation.

• Efficiency: We wanted to explore how balanced the con-
versation between Melinda and the students was regarding
proportion and communication effort. When analysing the
chat with Melinda, most students answered questions in a
very short and brief manner. At some point, Melinda
encouraged the students to tell a little bit more, but they
did not answer her request, did not reply or negated it.
Interestingly and conversely, as students wrote in more
detail, Melinda was the one who answered shortly and con-
tinued with her algorithm.

• Satisfaction: Satisfaction means ‘the extent to which the
user experience meets the user’s needs and expecta-
tions’.33 First, we examined the ease of use based on
whether students would chat with Melinda again. Then
we examined the extent to which Melinda was able to
maintain context-related dialogue. Finally, we examined
whether Melinda was able to improve her conversation
strategy to answer the students adequately.

The results suggest that a variety of factors are related to a
non-satisfying experience with Melinda. The students seemed
to frequently lose patience when chatting with Melinda
because they responded in a slightly annoying way. This
mainly occurred when Melinda’s answers did not match the
answers of the students or when Melinda repeated a question
without understanding the answers. Furthermore, we recog-
nised some bugs in the chat outputs, where the question–
answer combination was incorrect. We assumed a transmis-
sion error in the written chats. In essence, the chatbot generally
succeeded in conducting a conversation, but many (technically
related) errors occurred throughout the conversations, which
prevented fluent exchange.

Discussion

Principal findings

We used a mixed-methods approach to evaluate the effect-
iveness of a chatbot in assessing the stress levels of medical
students in everyday conversations and to identify the main
condition for accepting a chatbot as a conversational
partner. Comparing the digital and paper PSQ20 versions,
it is evident that the transformation of the PSQ20 items
into an everyday conversation with a chatbot was success-
ful. Students showed a general interest in writing with our
chatbot, indicating that the use of a chatbot in everyday

life could be a suitable (learning) tool for students. Since
there were predominantly no significant differences in the
responses across both versions, we can assume that the
reformulation of the items from a statement to a question
(which is more suitable for everyday use) can be well-
integrated into a conversation with a chatbot. In the
future, a digital study assistant could also obtain informa-
tion about student stress levels from everyday conversations
without explicitly querying the PSQ20 items.

Due to the communication elements that worked well,
Melinda was able to recognise conversation beginnings and
endings, which are socially and structurally linked pair
sequences.47 Melinda’s ability to sustain a conversation by
repeating questions help to either positively or negatively
reinforce one of the student’s statements or engage the
student in small talk.48 Since we wanted to identify the
success conditions of future chatbots for students, we
focused on the details where the communication fails (see
the Appendix for a detailed description of the dialogues).
After evaluating the chatbot’s response behaviour and the stu-
dents’ feedback concerning their interaction with Melinda
according to the categories of effectiveness, efficiency and sat-
isfaction,33 it is evident that essential elements are still missing
for students to accept Melinda as a socially acting chatbot.

Explanations for failed dialogue

There were several well-known reasons why the conversa-
tions with Melinda failed. For example, when Melinda
lacked the flexibility to respond beyond her set of rules,
she revealed herself as not human and highlighted a gap
in the expectation of the students that Melinda was not
able to fulfil. To understand important aspects of human–
machine interaction, it is necessary to have the linguistic
behaviour of human–human interaction in mind.49

Ethnomethodological conversation analysis emerged in
the United States in the 1960s; it addresses the analysis of
everyday non-purposeful conversations and interactions.50

The fundamental theory of its founder, U.S. sociologist
Harvey Sacks, was that there is ‘order at all points’ in
every communication.51 Accordingly, every conversation
follows a certain pattern of action: the turn-taking
system.52 This means that speech contributions are always
contextual; they only refer to the context of their origin or
can only be understood in relation to the immediately pre-
ceding action.47 A successful conversation is achieved
when the contributions of the participants always mutually
and reflexively refer to each other. This implies that inten-
tions, attitudes and interpretations are attuned to the other
person and negotiated reciprocally.47 However, dialogues
are sensitive to disruptions because information is con-
stantly renegotiated between the interactors, which is
called common ground.49 If disruptions occur, such as
delays, verbal errors or misunderstandings, repairs can be
initiated. This can be done by oneself or by the student,
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for example, by repeating or correcting what has been
said.50,51 Contrary to human beings, who develop their
communicative skills over a lifetime in society, AI can
only respond to dialogues in chat within the scope of its pro-
gramming and cannot adequately respond to shared social
knowledge.49 Since most bots cannot access common
ground or reliably draw conclusions from what is written,
Melinda’s awareness of disruptions to the conversation
was not possible. Nevertheless, students pursue repair strat-
egies (e.g. repeating sentences) to re-establish common
ground, even though they know the system cannot access
the same resources as a human counterpart.53 Besides func-
tionality and performance, social skills, including personal-
ity and emotion, are also relevant for interacting with
conversation agents.54,55 Dissatisfaction can be generated
in the user if these expectations are not met.56 As stated
by Mori et al., there is an uncanny valley effect regarding
human empathy towards robots and other AI entities.
Another term for this is the level of affinity, for example,
human familiarity increases as chatbots become more
human-like in appearance, but, if they become too close
to human appearance, there is a risk of eliciting uncanny
and uncomfortable feelings and aversive reactions.57,58

This would explain why some students found it unnatural
for Melinda to seem too empathetic. Some studies also con-
clude that bots with more human characteristics, such as
those with an animated avatar and voice, are more likely to
fall into an uncanny valley compared to bots that are exclu-
sively text-based.57,59 The bot’s social characteristics and
features are dependent on the application area and conversa-
tional context.60–62 The most suitable characteristics for the
academic field might be a chatbot that encourages students,
helps them in stressful situations, provides them with infor-
mation in a sensitive way,18 and whose personality is pro-
active and reliable in guiding and engaging students.15,17

The foregoing discussion implies that the user, conversa-
tional agents and context affect the results of the conversa-
tion. The evaluation of the communication behaviour of
the chat with Melinda and the assessment of the students’
evaluation show various potentials for improvement for the
further development of a chatbot. It quickly becomes clear
that the exemplary analysis aspects can be largely attributed
to limitations in Melinda’s programming. Furthermore, there
is a need to understand interactional machinery behind
human–human service to enable appropriate responses and
activity levels to understand the interactional path.19 This
study used ISO-recommended methods to assess effective-
ness, efficiency and satisfaction. The methods can help to
develop a better understanding of the usability of chatbots
and can be adapted for use with medical students.63

Limitations

This study was not without some limitations. First, since this
is German-language data, the user field will presumably be

limited to the German-speaking region. Furthermore, the
integration of thePSQ20 itemsmaybe inadequatelyoperatio-
nalised because factors such as gender, age, response time
and conversation duration were not considered. As a result,
an in-depth analysis of the participating students was not pos-
sible. Limitations regarding the interpretability of the quanti-
tative results are possible since the PSQ20 is based on a total
score that makes the subjective perceived stress comparable,
which, in turn, is not calculable with our selected nine items.
Due to the allocation problems of the bot and the resulting
communication difficulties, we had to drastically reduce the
amount of analysable data. With further bot development,
we will be able to obtain more reliable data.

Conclusion and research perspective
Our results suggest thatmany students arewilling to chatwith
a bot if it meets the minimum standards to avoid potential
frustrations (e.g. ease of use or maintaining conversational
flow). However, the chatbot Melinda, which was developed
for this study, requires revision to meet these standards.
Successful integration of a validated questionnaire, such as
the PSQ20, requires careful consideration regarding item
wording to ensure that it is consistent with the original
content. Assuming it is possible to develop a chatbot that is
capable of having a fluid and meaningful conversation, chat-
bots could be used to assess students’ feelings and needs that
indicate potential stressors. Students’ assessment after con-
versing with the bot and our qualitative analysis of the
chats revealed that willingness and acceptance to talk with
a bot are dependent on certain preconditions. In future
research, we intend to continue the development of the
chatbot by reducing the error rate,whichwill ensure an effect-
ive flow of conversations. Therefore, in the future, the study
assistant bot shall be developed in a user-centred way to
create a digital infrastructure. The framework conditions of
the bot (e.g. possibilities and limitations) shall be known to
the students to overcome the expectation gap and to create
an environment that deals with personal and health-related
topics in a sensitive way. Notwithstanding, it is important
to continue to foster research of personal conversation
agents in medical education. The data collected with the
final version of the bot can be shared with the deep-learning
community and for researching study-related stress.
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Appendix
Students’ conversation with Melinda according to usability characteristics of chatbots (effectiveness, efficiency and
satisfaction)

Effectivity Example

Task completion Conversation ends unanswered
Melinda: *Name*, would you say that your studies stress you out in general?

Accuracy Melinda does not understand the answers and continues to follow her algorithm
Melinda: I have a few questions about your studies. Do you have courses in presence?
Person: Counter-question: What do I do this for?
Melinda: Then you have certainly had online university anyway.
Melinda: How did you feel about online-learning last semester, *name*?
Person: *Name* must work now.
Melinda shares non-understanding
Melinda: Do you believe that you are being prepared well for the everyday life as a doctor, *name*?
Person: Oh, I can’t tell that now, but that always depends on the initiative of each person.
Melinda: Unfortunately, I did not understand this!

Efficiency Example

Communication effort Questions from the Bot are unanswered

Melinda: Do you feel under time pressure?
Melinda: Are you busy right now?
Person: Sometimes
Short and brief answers of the students
Melinda: How are you doing, *name*?
Person: well
Melinda: That´s nice to hear!
Melinda: Do you currently have a lot to do?
Person: yes

Satisfaction Example

Ease-of-use Irritated response from the students
Melinda: But do you have any hobbies?
Person: Chess, running and weightlifting.
Melinda: What is your hobby?
Person: CHESS
No talkative attitude towards the Bot
Melinda: There is a lot going on right now. Do you want to tell me more about it *name*?
Person: There is not much to talk about
Melinda: Okay, then tell me.
Person:
Melinda: Yes, I understand that. I hope that soon you will be less burdened!
Melinda: Do you feel energetic?
Person: There is nothing to tell.
Subliminal criticism of Melinda
Melinda: And how are you currently doing with hybrid-teaching formats?
Person: I find it very one-sided and miss the interaction with the other students
Melinda: Which disadvantages do you see?
Person: besides, I would find it much more pleasant to talk to a real person….

(continued)
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Appendix. Continued.

Context-dependent questions Question–answer mechanism incorrect
Melinda: Do you sometimes have the feeling that the requirements are too high for you?
Person: No, I’m not afraid of covid
Person: No, I don’t learn in a learning group
Melinda misunderstands answers
Melinda: Do you feel alone often?
Person: No
Melinda: That’s too bad: (The pandemic is really hard….)

Learnability Repeated questioning does not lead to a learning effect
Melinda: What´s your name? :) Please just write your name.
Person: *name*
Melinda: So *name* is your name?
Person: That’s how it is.
Melinda: Oh, did I get you wrong? Please write your name again now :)
Person: *name*
Melinda: So *name* is your name?
Person: Eric
Melinda: Oh, did I get you wrong? Please write your name again now :)

12 DIGITAL HEALTH


	 Introduction
	 Background
	 Chatbots as conversational agents for students

	 Methods
	 Design
	 Procedure
	 Participants
	 Measurements: The perceived stress questionnaire
	 Selection of PSQ20 questions for the chatbot
	 Melinda: Bot operation and implementation in a teaching unit for medical students
	 Study datasets
	 Data analysis

	 Results
	 PSQ20 for medical students
	 Principal results of statistical analysis
	 Results of the qualitative study

	 Discussion
	 Principal findings
	 Explanations for failed dialogue
	 Limitations

	 Conclusion and research perspective
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


