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Supporting Care by Interpretation of Expressions
about Patient Experience with Machine Learning

Lauri Lahti

Abstract— Our research aims at addressing the needs of
developing data analysis about communication in respect to
care seeking and primary care, discovering how health
expressions evolve along the personal growth and learning
process, and how to solve the needs identified in respect to
developing measuring the quality of life. We provide an
overview of the development of a new research methodology
exploiting machine learning for analyzing patient experience
expressions to support personalized care and managing in
everyday life. Our research relies on an online questionnaire in
which the representatives of various population groups perform
interpretation tasks. Dependencies between answers about the
interpretation tasks and background information are analyzed
with machine learning methods. The research creates new ways
to interpret and address the meanings of language usage of
different groups of patients and impaired carefully and
distinctively as a part of everyday life and care events.

Index Terms—machine learning, patient
personalized healthcare, semantic analysis.

experience,

. INTRODUCTION

We provide an overview of the development of a new
research methodology exploiting machine learning for
analyzing patient experience expressions to support
personalized care and managing in everyday life. Our
description relies on the detailed planning and
implementation we have made for a new research project
titled “Development of method for interpretation of health
expressions based on machine learning to support various
care events and persons (DIHEML research project)”. The
research idea and the research plan for DIHEML research
project have been conceived and developed by Lauri Lahti
and they have been published in an initial form and
concerning main features in his scientific publication (Lahti
2017, http://urn.fi/URN:NBN:fi:aalto-201712298340). Lauri
Lahti is the responsible researcher of DIHEML research
project.

DIHEML research aims at developing a method based on
machine learning (artificial intelligence) that enables
semantic classification of health expressions and dialogues
concerning various events, processes and persons in
healthcare. To develop computational methods DIHEML
research needs to acquire a broad data collection among the
groups of patients and impaired and other population groups
about essential viewpoints concerning health and wellbeing.
DIHEML research gathers data with an online questionnaire
that asks a person to interpret health expressions by giving
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answers on various measurement scales. In addition, the
person is asked to give answers about his/her background. In
brief, the research aims at finding out what kind of
dependencies there emerge between the answers about the
interpretation tasks and background information. A
successful implementation of DIHEML research relies on a
diverse set of collaborating organizations that enable a fertile
acquisition of data from various fields of life and a detailed
analysis with multidisciplinary research partners.

Il. PREVIOUS RESEARCH

Previous research has identified the importance of developing
computational methods that enable interpretation of
biomedical measurement data with a natural language used in
thinking and communication (Califf 2014; Tsai et al. 2015).
Previous research has also explored ways to identify
significant patterns in linguistic health data (Brown et al.
2010; Ashutosh 2014) and how different populations
interpret linguistic expressions in respect to affectivity
(Bradley & Lang 1999a; Warriner et al. 2013) and
associations (Higginbotham et al. 2015; Fitzpatrick et al.
2015).

It has been suggested that various characteristics of a
person have an impact on the state of the health (Marmot et
al. 2003). An aspect of a patient’s health status that can be
directly measured by the patient himself/herself (i.e. without
a need for an interpretation of the patient’s response by
someone else) can be referred to as a patient-reported
outcome and it can be typically measured with a
self-administered  questionnaire  referred to as a
patient-reported outcome measure (PROM) (Prinsen et al.
2018). Specific guidelines have been developed to enable
systematic reviews of PROMs addressing among other things
reliability, validity and sensitivity to change (de Vet et al.
2011).

Health-related quality of life can be measured with both
generic and disease-specific instruments (Solans et al. 2008).
Generic instruments typically have a more general
formulation thus enabling comparison of different patient
groups whereas disease-specific instruments typically enable
more detailed evaluation of group-specific properties. Aalto
et al. (2013) provide a review of generic quality of life
measures that have been used in health research carried out
with large samples of Finnish population, including 15D
(Sintonen 1994), EQ-5D (EuroQol Group 1990), RAND-36
(Hays et al. 1993), WHOQOL-BREF (WHO 1997) and
EuroHIS-8 (Nosikov & Gudex 2003).

Information concerning how to support health and
wellbeing is being increasingly available online for anyone,
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including also descriptions about diagnosis and treatment.
This online information can offer resources for developing
computational methods to support care with a wide range of
information content, such as authorized healthcare guidelines
(Terveyskirjasto 2018; Lahti 2016) and general discussion
forums (The Suomi 24 Corpus 2016; Lahti et al. 2018).

In our previous work (Lahti 2017) we trained a
convolutional neural network model (adapted from the model
of Kim (2014)) with sentences representing two classes: 1000
sentences from the discussion topic group Children's health
(Lasten terveys, in Finnish) and 1000 sentences from the
discussion topic group Health (Terveys, in Finnish) based on
Finnish online discussions (The Suomi 24 Corpus 2016).
Then the trained model managed to classify correctly 88,6
percent of the new Children's health sentences and 91,4
percent of the new Health sentences.

I1l. METHOD

Motivated by the previous research DIHEML research aims
at developing a method based on machine learning that
enables semantic classification of health expressions and
dialogues concerning various events, processes and persons
in healthcare. Our research aims at addressing the needs of
developing data analysis about communication that can
support evaluation of the urgency of the need for treatment
and decision making in respect to care seeking and primary
care. In addition, our research aims at discovering how the
interpretations of health expressions evolve along the
personal growth and learning process and furthermore among
students who are studying to become healthcare professionals
and how this can enable supporting the educational system
and learning methods. In addition, our research aims at
addressing the needs identified in respect to developing
measuring the quality of life.

A. Acquisition of data

The acquisition of data for DIHEML research relies on an
online questionnaire in which the person participating in the
research is asked to give an answer on various measurement
scales to a) claims shown in text, b) images and c) videos.
These answers indicate how the person interprets the shown
health expressions and this activity is referred to as
performing health expression interpretation tasks. In
addition, in the acquisition of data the person is asked to give
answers about his/her background concerning the conditions
of life and quality of life, including information of the state of
health and the contact information to enable later longitudinal
research.

The answers about interpretation tasks and background
which are gathered from the person can be considered as a
collection of patient-reported outcome measures (PROMS)
that are used to identify patterns of health behavior. The
research aims at finding out what kind of dependencies there
emerge between the answers about the interpretation tasks
and background information given by the person participating
in the research. Based on the gathered data the research
develops machine learning methods (artificial intelligence)
that support care and wellbeing. The gathered data and
methods developed based on its analysis can be used in
various ways to implement different personalized health
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services and to advance addressing different needs in
everyday life and care. DIHEML research is carried out in the
context of Finnish language usage and Finnish healthcare
system and society but the results are expected to be
generalized to other contexts as well when taking into
account the similarities and differences in respect to the
Finnish context.

The population groups asked to answer to the online
questionnaire consist of a) the groups of patients and
impaired, and b) the students of primary school, secondary
school, high school and educational institutes in the domain
of healthcare. The groups of patients and impaired are
recruited via organizations of patients and impaired, and the
students are recruited via the authorities of educational
institutes. A goal is to gain 5000 persons participating in the
research. The acquisition of data is based on various different
experiment series (online sessions). The person can choose
himself/herself how many experiment series he/she wants to
participate. An assumption is that one experiment series lasts
about one hour.

B. Formulation of interpretation tasks based on health
expressions

In brief, DIHEML research relies on a collection of thousands
of health expressions and with randomization a set of 100
expressions at a time are given to the person to be interpreted
by giving answers on various measurement scales. In addition,
the person is asked to give answers about his/her background.

In DIHEML research the patient experience is considered
to modularly consist of health expression events (HEE) and a
health expression event can be described with a health
expression (HE), for example "I have a feeling of illness" or
"l am in a situation where the doctor tells me the diagnosis".

A health expression event series (HEES) is a group of
health expression events that occur as a consecutive series
and/or as a parallel series. In practice a health expression
event series can be described as a kind of dialogue which
possibly contains consecutive and/or parallel expressions.

In the questionnaire the interpretation tasks can have
various formulations. In the interpretation task the person can
be asked to interpret the shown expression like it was an
imagined experience of his/her own person (imagined my
person’s experience, see Figures 1la and 1c) or like it was an
imagined experience of another person (imagined other
person’s experience, see Figure 1b).

In rating interpretation for example the expression “I have
a feeling of illness” is shown and then the person is asked to
interpret what kind of impression this expression induces in
him/her in respect to worriedness, on a scale 0-10 where 0
means the smallest possible worriedness and 10 means the
greatest possible worriedness (see Figure 1a). In comparison
interpretation for example two expressions “I have a feeling
of illness” and “I have a feeling of faintness™ are shown and
then the person is asked to interpret which one of these two
expressions induces in him/her a greater impression in
respect to worriedness (see Figure 1b).

If the person is asked to interpret for example two
expressions that occur as a consecutive series then the
interpretation task can be referred to as the interpretation of
consecutive expressions (see Figure 1c). If the person is asked
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to interpret for example two expressions that occur as a
parallel series then the interpretation task can be referred to as
the interpretation of parallel expressions.

An interpretation task can ask the person to give an answer
on various measurement scales to claims shown in text,
images or videos. Figure 1 illustrates two text-based
interpretation tasks (a and b) and an image-based
interpretation task (c).

An image-based interpretation task is created on the basis
of a corresponding text-based interpretation task using HEE
image templates (template variations currently include “a
situation with one human figure where the person thinks” and
“a situation with two human figures where the person thinks”;
see images 1 and 2 in Figure 1c). In the HEE image templates
the simplified form of the human figure, referred to as a
tadpole, aims at making the human figure intuitively
recognizable for people at any age (Foley & Mullis 2008).

A video-based interpretation task is created on the basis of
a corresponding text-based interpretation task or image-based
interpretation task. Thus a video-based interpretation task is a
dynamic slide show which presents consecutively one textual
view or image at a time all the stimuli that are included in the
corresponding text-based or image-based interpretation task.
Video-based interpretation tasks currently include the
following variations: transitions automatically, transitions
activated by the person, interpretation holistically,
interpretation sequentially, interpretation cumulatively, a
replay option is offered, and a replay option is not offered.

C. Adapting to the person’s age and sensitivity to become
anxious

DIHEML research is active from June 2018 to May 2021. The
research is funded by scholarships given for research
purposes. The persons participating in the research are not
paid for the participation. The research is implemented so that
respect is given towards the privacy of the participating
persons, the academic research ethical principles, the data
protection and privacy regulation of European Union and the

guidelines of the Finnish research ethics authority TENK.

For the acquisition of data in DIHEML research various
procedures have been prepared to ensure carefully that the
persons participating in the research cannot be harmed in any
way. Preparations have been made concerning possible
problem situations encountered during the acquisition of data
so that when giving answers with the online questionnaire
there are guidelines and personal guidance available via a
specific online form.

In respect to psychological stress intensity there is an aim
to adapt the questionnaire contents (interpretation tasks and
questions) to the person’s age and sensitivity to become
anxious which are asked instantly in the beginning of the data
acquisition. This adaptation is carried out according to the
corresponding age limits defined for media contents (KAVI
2018), and following them Lauri Lahti has classified all
information that is shown in the DIHEML research.

In the following are some examples of expressions
belonging to each psychological stress intensity class: “T have
pain.” (permitted to people of any age), “I have a bleeding
nose.” (at least 7-year-olds), “I have an open fracture.” (at
least 12-year-olds), “I have anorexia eating disorder.” (at least
16-year-olds), and “I have suicidal thoughts.” (at least
18-year-olds).

In the evaluation of the sensitivity to become anxious the
person is asked to answer to the part “generalized anxiety” in
the SCARED questionnaire (Birmaher et al. 1997; Birmaher
et al. 1999; Hale et al. 2005; Bogels & Van Melick 2004). If
the total score for the person’s answers is below the threshold
value 9 then the research will show to the person contents that
belong to the intensity class of his/her age or belong to lower
intensity classes (thus the sensitivity to become anxious has
been considered low for the person). If the total score for the
person’s answers is at least the threshold value 9 then the
research will show to the person contents that belong only to
the intensity class “permitted to people of any age” (thus the
sensitivity to become anxious has been considered high for
the person).

a) c)

Answering with an imagined my person’s experience

expression: "I have a feeling of illness"

Answering with an imagined my person’s experience

The following expressions 1-2 occur consecutively, in this order:

my interpretation in respect to the property:
worriedness 1.

012345678910
smallest greatest

I report a problem

b)

Answering with an imagined other person’s experience

I am in a situation
where the doctor
tells me the diagnosis

| have a feeling
of iliness

person

expression 1: "I have a feeling of illness"
expression 2: "I have a feeling of faintness"

which one of these expressions is
more in respect to the property:
worriedness

I report a problem

my interpretation in respect to the property:
worriedness

012345678910
smallest

greatest

1 report a problem

Fiaure 1. lllustrations about two text-based internretation tasks (a and h) and an imaae-based interpretation task (c).
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D. Authorization of the caregiver

The information document about DIHEML research which
contains an online link to the questionnaire is given to the
persons younger than 15-year-olds only after it has been
confirmed that an authorization has been gained from the
caregiver named for the person in question. This confirmation
is performed by the responsible researcher of DIHEML
research or someone who assists him (for example a teacher
of an educational institute). The confirmation is carried out so
that an information document is sent to the caregiver of the
person participating in the research in such a way that this
information document contains an online link to a form that
enables giving the authorization.

When the caregiver is giving the authorization, the
caregiver expresses the age and sensitivity to become anxious
concerning the cared person. This information sets the initial
upper limit for the psychological stress intensity class (the age
and sensitivity to become anxious expressed by the cared
person himself/herself can set the upper limit for the intensity
class still even lower).

In addition, the caregiver is required to give beforehand an
answer whether or not the cared person is allowed to start
answering the questionnaire independently, or is the cared
person allowed to start answering the questionnaire only
when the caregiver is present or only when the teacher of the
cared person is present. Furthermore, the caregiver gets
beforehand an access to familiarize himself/herself with and
accept the questionnaire contents that are used as a basis for
the interpretation tasks of the cared person, and the caregiver
is provided with an opportunity to remove tasks that he/she
considers as harmful for the cared person so that the cared
person will not be exposed to them at all.

IV. EXPERIMENT

As a part of the planning and implementation of DIHEML
research project we have carried out an experiment to identify
suitable materials and methods to be used in the questionnaire
for data acquisition with the representatives of target
populations. Especially we have tried to identify suitable
formulations concerning the information asked about the
background of the person and the interpretation tasks given to
the person.

Based on a literature review and some preliminary testing
with the representatives of the target populations we suggest
that the following entities are useful information to be asked
about the background of the person:

- the conditions of life (among others gender, birthtime,
place of living, native language, profession, state of health,
chronical diseases/disability/impairment, gained care for
chronical diseases/disability/impairment)

- responses about the age and sensitivity to become anxious
answered by the person and by the caregiver (Birmaher et al.
1997; Birmaher et al. 1999; Hale et al. 2005; Bogels & Van
Melick 2004; Spitzer et al. 2006)

- measures of quality of life (including 15D (Sintonen
1994), EQ-5D (EuroQol Group 1990), EQ-5D-5L (Herdman
et al. 2011), RAND-36 (Hays et al. 1993), WHOQOL-BREF
(WHO 1997) and EuroHIS-8 (Nosikov & Gudex 2003)).

Based on a literature review and data analysis that Lauri
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Lahti carried out to extract health expressions from various
information resources we suggest that the following entities
are useful interpretation tasks to be given to the person:

- health expression interpretation tasks in text, image and
video format concerning everyday life based on the resource
Lahti (2018a, “Expression collection of everyday life™)

- health expression interpretation tasks based on the
resources of Bradley and Lang (1999a), Warriner et al.
(2013), Lang et al. (2008), Séderholm et al. (2013), and Eilola
and Havelka (2010), especially the stimuli representing the
extremes of affectivity and health-related topics.

Health expression interpretation tasks rely on the resource
Lahti (2018a, “Expression collection of everyday life") that
has been conceived and developed by Lauri Lahti. Since this
resource lists health expression interpretation tasks, it thus
lists also both the expressions that are asked to be measured
(measuring material, for example "I have a feeling of illness™)
and the measuring scales (measuring dimensions, for
example “worriedness”). All these measuring material and
measuring dimensions are based on text strings that have
been considered significant when extracted by Lauri Lahti
with algorithms (some algorithms discussed in Lahti et al.
(2018); Lahti (2017); Lahti (2016); Finnish Dependency
Parser (2018); Dunning (1993)) from various resources,
including:

- authorized healthcare guidelines (among others
Terveyskirjasto 2018; ICD-10 2011; ICF 2013)

- support materials of the organizations of patients and
impaired and other health organizations

- texts of online discussion forums (both general and
health-specific forums)

- online publications providing health-related articles

- Lauri Lahti’s notes from discussions with the
representatives of organizations of patients and impaired,
National Institute for Health and Welfare in Finland (THL),
and the experts of primary care

- materials and methods motivated by the previous
resembling research work (among others Aalto et al. (2013)
and Koskinen et al. (2012)).

Two samples from the resource Lahti (2018a, “Expression
collection of everyday life") are illustrated in Table 1 and
Table 2. Table 1 shows all 10 main categories of health
expressions included in the measuring material and the
number of expressions and subcategories. Table 2 shows all
52 measuring dimensions (measurement scales used to give
answers about interpretations of health expressions).

Resembling our previous work (Lahti 2017) we carried out
a new sentence classification experiment. We trained a
convolutional neural network model (adapted from Kim
(2014) and Britz (2015)) with a sample of 2000 unique
sentences of Finnish online discussions from the discussion
topic group “Terveys” (Health, in Finnish (The Suomi 24
Corpus 2016)). We trained the model with two classes of
1000 sentences: we had labeled beforehand 1000 sentences as
pleasurable and 1000 sentences as unpleasurable based on
affective ratings of the words occurring in a sentence
(Warriner et al. 2013; Bradley & Lang 1999; Sdderholm et al.
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Table 1. All 10 main categories of health expressions included in the measuring material (Lahti 2018a, “Expression collection
of everyday life™) and the number of expressions and subcategories.

Name of main category of health expressions

Number of expressions

1. Symptom descriptions (feeling)

290 (13 subcategories)

2. Care event (carried out by healthcare personnel) 263 (4 subcategories)
3. Self-care (carried out by a layman) 97 (1 subcategory)

4. Accident event or exposure to other sad event 420 (12 subcategories)
5. Survival from an accident and readiness to help 70 (1 subcategory)

6. Care seeking, asking or seeking health information 557 (3 subcategories)
7. Chronic disease or impairment and challenges related to it | 116 (1 subcategory)

8. Risky event (danger of evolving to an accident) 14 (1 subcategory)

9. Preparedness for an accident 25 (1 subcategory)

10. General words and sentences of everyday life related to

care and wellbeing

272 (1 subcategory)

Table 2. All 52 measuring dimensions (measurement scales used to give answers about interpretations of health expressions)
(Lahti 2018a, “Expression collection of everyday life").

Name of measuring dimension

Name of measuring dimension (continued)

1. need for help

27. worriedness

2. urgency 28. giving up vs. endurance to fight

3. pain 29. stressfulness

4. scariness 30. dirtiness

5. hopefulness 31. expressiveness concerning empathy

6. health 32. need to get empathy

7. complexness 33. concreteness vs. abstractness

8. sorrow 34. amount of risks

9. pleasure 35. need to search information from the internet

10. arousal 36. need to ask an opinion from at least two doctors about the thing in question

11. dominance

37. imageability of the thing in question

12. shamefulness

38. ability to perform decision making concerning the thing in question

13. emotionality

39. ability to perform procedures concerning the thing in question

14. familiarity

40. desire of seeking care immediately at the emergency room of a healthcare
station (due to the thing in question)

15. need to learn about the thing in question

41. desire of seeking care immediately on the next day at the emergency room of
a healthcare station (due to the thing in question)

16. need to cry for help

42. desire of booking a non-urgent appointment at a healthcare station (due to the
thing in question; an assumption is that thus the admittance to the doctor's
appointment is after about a week)

17. need to call to the emergency number
112

43. need to get help from a specialized doctor

18. need to get help from a doctor

44. need to get help from a close family member

19. need to get help from a friend

45. need to get peer-support from persons who experience the same thing

20. ability to independent problem solving

46. ability to a sufficient self-care without a need of seeking care at the
emergency room of a healthcare station

21. belief in possibility to survive

47. ability to a sufficient self-care without a need of calling to the emergency
number 112

22. ability to be assisting in the thing in
question

48. ability to a sufficient self-care without the arrival of a mobile primary care
unit to my location

23. how important part of the quality of life

49, carefulness and slowness vs. coarseness and fastness

24. disappointedness

50. how well I understand the thing described by this interpretation task

25. excitedness

51. my expertise about the thing in question

26. anxiety

52. importance of the thing in question when aiming at developing addressing
the needs of a patient

v/
N{‘.xl?gcn

Re:

31 www.ijntr.org




Supporting Care by Interpretation of Expressions about Patient Experience with Machine Learning

2013; Eilola & Havelka 2010). We evaluated the trained
model with additional 2000 sentences that were not used in
the training. The trained convolutional neural network model
managed to classify correctly 79,8 percent of the new 1000
pleasurable Health sentences and 97,2 percent of the new
1000 unpleasurable Health sentences. Details about our
sentence classification experiment are available in a
supplement to this research article (Lahti 2018b).

V. DISCUSSION

The acquisition of data for DIHEML research project
produces a data collection that enables to investigate what
kind of dependencies there emerge between the answers
about the interpretation tasks and background information
given by the person participating in the research. Based on the
gathered data the research develops machine learning
methods (artificial intelligence) that support the care and
wellbeing of the groups of patients and impaired and other
population groups. The promising results of our new sentence
classification experiment relying on a convolutional neural
network model gives support for our central aim to exploit
machine learning to identify dependencies in a resembling
health-related data that can be gathered in DIHEML research.

All the data gathered in the acquisition of data for
DIHEML research is planned to be permanently archived by
the research group. In addition information planned to be
permanently archived by the research group include the
research registry which contains approval documents and
documents for decoding code names, and the detailed
descriptions about the predictive models and the
measurement tool developed in the research as well as the
data base consisting of the measurement results. In all this
archive data unique personal information is stored, i.e.
identification information, which enables later longitudinal
research related to the data collection. The processing and
storing of personal information are needed to enable
combining the person's answers given in separate sessions
especially for longitudinal research purposes and also to
investigate the dependencies between the person’s state of
health and his/her other answers.

Besides developing methods the research will publish an
appropriately anonymized version of the measurement results
gathered by the research freely available for everybody.

DIHEML research creates new ways to interpret and
address the meanings of language usage of different groups of
patients and impaired carefully and distinctively as a part of
everyday life and care events (reflecting the meanings of
language usage in respect to among other things context,
background and personal profile). The research offers new
ways to interpret the language usage of the representatives of
groups of patients and impaired so that misunderstanding can
be prevented and agreement can be advanced. The research
offers also ways to highlight in language usage of the
representatives of groups of patients and impaired such topics
that are important to be addressed in implementation and
development of healthcare services. Thus the research aims at
making such a progress that the personal needs and rights of
patients and impaired can be better addressed in decision
making. The research aims at advancing creation of support
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services needed by different special population groups in
everyday life and care. Thus the research enables advancing
the equality for different population groups and for
population groups that have special needs.

The answers gained from the students of educational
institutions supplement the answers gained from the groups
of patients and impaired, thus also providing comparison data
representing the general population. In addition an
opportunity is achieved for finding out how the
interpretations evolve along the personal growth and learning
process and furthermore separately among the persons
attending educational programs aiming at a profession in the
field of healthcare.
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