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Abstract. Accident and emergency informatics has become a new approach to ac-
cident research in the era of digitization, where it has become realistic to integrate
data recorded at accident sites with data in electronic health records of patients. This
chapter deals with the question on whether the existing and well-established evalu-
ation methodologies used in accident-centered research as well as in patient-cen-
tered research within clinical medicine are sufficient and should also be used for
such integrated data or whether they have to be modified or extended. Based on the
Gaus-Muche-Nomenclature on studies in clinical medicine, it will be outlined which
types of studies are appropriate here. In addition to observational studies and regis-
ters, controlled trials using randomization are also be regarded as an important ap-
proach for gaining new knowledge. In order to appropriately access data from health
records and from accidents, standards for representing and communicating data for
such studies will be of importance. Another criterion is referential integrity. Here
and with respect to accidents the International Standard Accident Number (ISAN)
may be of importance.
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1. Introduction
1.1. On the Relevance of Accident Research

Accident research remains an important topic for health coverage and health care world-
wide. E.g. “Road injuries killed 1.4 million people in 2016” and are still among the 10
leading causes of death in the world [1].

Traditional accident research is based on individual accidents having occurred in
reality ([2], p. 1). As outlined in [3] evaluation methodologies there focus on “In-Depth-
Analyzes of accident statistics and accident analyzes. Special focus is placed on research
on the basis of ... data collections at the sites of the accidents ..., which are characterized
by extensive documentations of the sites of the accidents, of the vehicles as well as of
the injuries ...”.
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1.2. Accident and Emergency Informatics: A New Approach to Accident Research in
the Era of Digitization

In the era of digitization, it has become realistic to integrate data recorded at accident
sites with data in electronic health records of persons being involved in such accidents
[4]-[6]. It is assumed that including both data sources, i.e. accident and health record data,
will lead to better support and curation.

Although not in the focus here, it has to be mentioned that such opportunities in the
era of digitization can be regarded as part of an even more comprehensive development,
transforming and, hopefully, improving health care. In addition to traditional health care
settings like hospitals, medical offices and nursing homes, we can now much better in-
clude personal living environments like homes or vehicles in health care processes (e.g.
[7]-[14]).

Based on these now existing opportunities of using both accident and health record
data, a novel discipline was formed, called accident and emergency informatics [15].
This “trans-disciplinary science of systematic collecting and managing medical data (e.g.,
electronic health records) as well as sensor data from the human environment (e.g., ac-
celeration sensors in the vehicle)” [15] aims at integrating such data of accident sites
with health records data of persons being involved in such accidents. Research in this
discipline has started. International collaboration has been established at IMIA, the In-
ternational Medical Informatics Association, where in 2018 a Working Group on Acci-
dent and Emergency Informatics was formed [16].

1.3. Question and Objective

In this new situation, where it has become realistic to integrate data recorded at accident
sites with data in health records, we have to raise the question on whether the existing
and well-established evaluation methodologies used in accident-centered research as
well as in patient-centered research within clinical medicine are sufficient and should
also be used for such integrated data or whether they have to be modified or extended.

The objective of this chapter is to outline, which types of research questions are
asked in this context, which types of study may fit in order to provide answers, and what
deserves special consideration in the context of information system architectures and in-
frastructures in order to be able to combine such data.

1.4. References and Approach

As reference for evaluation methodologies in traditional accident research, the reader is
referred to [2] and to the proceedings of the Expert Symposia on Accident Research
Conferences (e.g. [3]). As reference for evaluation methodologies in clinical medicine
the reader is referred to textbooks in medical statistics / biostatistics, such as [17], [18],
and [19].

Please note that, as mentioned in the beginning, traditional accident research is based
on recording and analyzing individual accidents, including modeling and simulation of
accidents. Empirically analyzing patient data in the context of health care is usually done
in empirical studies, where sets of patients are included.

In the following, this will be introduced in some more detail. Section 2, highlighting
a specific evaluation approach in clinical medicine, is strongly based on parts of two
manuscripts in German language [20] and [21]. In particular, in [21] further details as
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well as examples for studies can be found. In section 3 proposals will be made on apply-
ing and, to some extent, extending evaluation methodologies of clinical medicine. This
will be done with respect to considering data from health information systems (based on
[22], [23]) and from accidents ([2], [3]), taking into account the visions and activities
proposed in accidents [4]-[6] and in [15], [16]. Section 4 will be used for briefly discuss-
ing the contents of the previous sections of this chapter, which will close with a call for
research on accident and emergency informatics evaluation methodologies in section 5.

2. Evaluation Methodologies in Clinical Medicine
2.1. Introduction

In patient-centered and health-care-oriented ‘clinical medicine’, the approach to assess
health care has developed considerably over the past decades. This has led to specific
evaluation methodologies, which can today be assigned to the field of (bio-) medical
biometry or (bio-) medical statistics. Evaluation in clinical medicine is focused on hu-
mans, especially on patients.

As a medical informatician with close ties to medical statistics, the author would
like to use therapy research as an example to describe an important, if not currently, the
most important evaluation approach in clinical medicine. This is particularly so because
this could and should also play an important role in accident and emergency informatics.

In order to explain this in more detail, this section will report on clinical medicine,
on therapy research, and on evaluation methods in therapy research. Their significance
for the evaluation in the context of accident and emergency informatics, and there in
particular when including accident as well as health record data, will be outlined in the
next section.

Let us first of all recall that in clinical medicine, empirical evaluation approaches
play an important role due to the complexity of the human being. The reason therefore,
which is still valid today, is a quite simple one ([19], p. 5, translated from German):
“Every human being is unique ... Therefore, we cannot expect that diagnostic procedures
will always provide correct results and that therapies will always work in the same way”.

2.2. Controlled Clinical Trials as Gold Standard for Assessing Therapies

In the 20™ century, clinical research based on empirical approaches gained further im-
portance. The reason was that because of the mentioned uniqueness of patients, a purely
subjective assessment based on the diagnostic or therapeutic outcomes of one patient or
of few patients was viewed critically and classified as unscientific. In Germany, such
empirical approaches were and still are closely associated with Paul Martini (1932-1959)
and his methodology for clinical medicine [24]. It is not without reason that the first
article in the journal ‘Methods of Information in Medicine’, the oldest journal devoted
to information in biomedicine and health care [25], was written by Paul Martini and dealt
with the “methodology of therapeutic assessment” [26]. In his statement “The basic rule
for every therapeutic-clinical trial must involve a comparison of therapeutic approaches”
an important finding is summarized: Due to the complexity of the human being,
knowledge about how health care can be shaped in the best possible way and, in partic-
ular, which therapeutic measures are best suited for patients, can best be gained by a fair
comparison of several therapies.
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In the second half of the 20th century, therapy research based on such fair compari-
sons was established by means of controlled clinical trials, which contributed signifi-
cantly to progress in medicine and in health care as we know it today. The basic prereq-
uisite for fair comparison is so-called structural equality: With the exception of therapies
under investigation, all other characteristics of patients that could influence the success
of therapies, whether known or unknown, should be distributed as equal as possible in
the respective therapy groups [27]. Randomization, the strictly random allocation of pa-
tients to therapies, resulted for good reasons in being the best method for this fair com-
parison. Systematic study design, formal analysis methods (especially statistical hypoth-
esis testing) and computer-based data analysis systems contributed to this progress.

In this context and with a special emphasis on scientific developments in Germany,
reference should be made to the textbook on medical statistics by Herbert Immich, pub-
lished in 1974 [28], to the “memorandum on the planning and conduct of controlled clin-
ical trials” [29], written under the leadership of Hans Joachim Jesdinsky in 1978 [29],
and to the book on therapeutic studies published in 1981 under the leadership of Norbert
Victor [30].

The essay by Karl Uberla on “therapeutic studies: indication, knowledge and chal-
lenge”, contained in [30], further explains this matter: “The essential component of em-
pirical knowledge acquisition is the repetition of the same events under the same condi-
tions” as well as “In biological comparison, the events do not occur with the same regu-
larity as the rising of the sun. ... Therapeutic studies are the attempt to deal rationally
with this variability, which leaves one helpless.” ([31], p. 10, translated from German).

In a recently published article on the “development of clinical studies from Paul
Martini to the present” Martin Schumacher wrote about this development: “Over the last
40 years randomized clinical trials have become the ‘gold standard’ in clinical therapy
research worldwide and also in Germany.” ([32], translated from German).

Ultimately, the aim of these evaluation approaches was to make decisions on a sci-
entific basis in clinical medicine, despite the uniqueness of each individual ([19], p. 5),
for the benefit of the patient. Criteria for this scientific basis, including reproducibility,
are further discussed in [33], where also additional literature on this topic can also be
found there.

2.3. A Nomenclature for Study Types

A scheme for the various study types in clinical medicine based on three criteria, as pro-
posed by Gaus and Muche in [19], is shown in Figure 1. This scheme will be denoted
here as the Gaus-Muche-Nomenclature on studies. It describes studies by indices on
three axes. Controlled clinical trials are indexed there under diagnostic or therapeutic
interventions as intervention studies assessing therapies.

2.4. Ethics and Admission Procedures for Studies in Clinical Medicine

Strict ethical criteria, for which the Declaration of Helsinki [34] forms an important basis,
apply to the design, conduct and analysis of such studies, which are experiments on hu-
mans, especially in clinical trials.

Before such studies are conducted, ethics committees established for this purpose
must approve their study plans. In the case of studies with medications, clinical trials
must first have successfully completed phases I (pharmacokinetics, dose-response rela-
tionship) and II (tolerability, principal efficacy) before proof of efficacy can be tested in
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a larger number of patients in phase III controlled clinical trials [19]. Only after approval
of phase III, medications will be admitted in Germany and in many other countries. Phase
IV studies, after admission, then serve, among others, for drug monitoring.

diagnostic or studies
therapeutic
intervention? — —~~
observational intervention
studies studies
/ \ = trials, experiments
retro- pro- open label blinded
spective spective treatment groups
number of studies
observation
points in time — —~~
cross-sectional studies longitudinal studies
= one point in time only = with time profiles
questions studies
risks, identifying assessing assessing
effectiveness of diagnostic therapies
prophylaxis procedures

Figure 1. The Gaus-Muche Nomenclature for Studies: Indexing of clinical studies is based on three criteria
or axis ([19], p. 38, translated from German). Controlled clinical trials are indexed there at ‘diagnostic or
therapeutic intervention? as ‘intervention studies’ and, at ‘questions’, as ‘assessing therapies’.

Authorities established for this purpose are., e.g., the Federal Institute for Drugs and
Medical Devices (BfArM) in Germany and the European Medicines Agency (EMA) in
the European Union.

3. Evaluation Methodologies in Accident and Emergency Informatics
3.1. Introduction

Also when discussing appropriate evaluation methodologies in the context of accident
and emergency informatics and there in particular when both accident and health record
data shall be used, we should first ask, which research questions have to be treated. In
addition, in finding answers to such questions by empiric investigations, the use of stud-
ies with appropriately planning, conducting and analysis of them, will remain to be a
scientific standard. The Gaus-Muche Nomenclature on studies, presented in figure 1,
may be of help here.
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3.2. Types of Questions and Respective Study Types

Identifying risks in the health of persons as well as preventing risks — i.e. the first index
in the question-axis, the third axis of the Gaus-Muche-Nomenclature — is certainly given
in accident research. The same holds for assessing therapies, where the term therapy
might better be replaced by broader terms, such as activities or procedures.

When patient data are involved, we can assume for the second axis of the Gaus-
Muche-Nomenclature that there will usually be several observations in time, in particular
when long-term effects of accidents on patients are regarded.

In the first axis, it is suggested to differentiate on whether the intention is to treat
questions of prevention or assessment primarily in recording data and in finding correla-
tions. Then observational studies, usually longitudinal ones, are appropriate. Such em-
pirical research may be done in dedicated studies or in registers (see e.g. [27], pp. 71-72).

Being aware that for causal relationships we can hardly find answers through obser-
vational studies, the concept of intervention studies, in particular through randomized
trials, is also here the most appropriate study type. The reasons are the same as outlined
in section 2. The research questions may, however, vary. In accident and emergency
informatics questions may, e.g., be on whether a certain treatment of patients after an
accident is better than another one, or on whether autonomous vehicles will lead to more
risks for humans than vehicles being driven by humans themselves.

3.3. Patient-centered or Accident-centered Studies?

Another question which has to be raised here is on whether such studies should be cen-
tered on (a certain group of) accidents or on (a certain group of) humans, respectively
patients. As an author coming from medical informatics with, as mentioned, close ties to
medical statistics, my first reaction was that also such studies have to center on humans
/ patients. As accidents are, fortunately, rare events, accident-centered studies may how-
ever also be an option.

3.4. On the Use of Data from Health Information Systems for Such Studies

In the context of accident and emergency informatics and in particular when both acci-
dent and health record data shall be used, then, of course, using data from health infor-
mation systems should be considered. An extensive introduction to health information
systems, their architectures and their information management strategies can be found in
[23]. Here, only some aspects with respect to evaluation methods can briefly be touched.
The most important data sources of health records can be found in hospitals, in med-
ical practices and, maybe, in inpatient or outpatient nursing institutions. In such institu-
tions these data can now often be found in electronic patient records. This eases the ac-
cess to and the use of such data compared to former times, when records have primarily
been paper-based. Data of patients in the mentioned settings are mostly routine data,
being primarily recorded and used for patient care. As mentioned in [6] accessing and
using these data would most probably improve our understanding of injury events, in
particular of long-term effects, and facilitate identification of targets for prevention.
With respect to information system architectures, the efforts in using such data is
strongly correlated with the use of standards in representing and communicating such
data. If internationally available standards are used (see e.g. [6])), then accessing these
data is easier. Existing national infrastructures for patient data are also helpful as well as
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so-called eHealth strategies, which usually include such standards (e.g. [35], [36]). Fi-
nally, referential integrity, here with respect to patients, is of importance (details in [6],
p. 145).

Unfortunately, until today, information processing within health care institutions
(e.g. in hospitals) is much better implemented than patient-centered information pro-
cessing beyond single institutions [37], [38], [39]. Insofar, including such data is clearly
possible, and much better possible than in the past. However, efforts in accessing and
using these data can still be significantly improved.

For using such data in studies we also have to ask for their data quality and how they
were recorded. As mentioned, such date is primarily documented for being used in pa-
tient care, and so for patient-oriented (casuistic) data analysis (details e.g. in [27], pp. 75-
78). When this data will also be used in studies, among others observational equivalence
must be given, too. Observational equivalence means that for each patient, data are rec-
orded in a standardized way. Only then multiple usability of such data is possible. Details
on this can be found in [27].

3.5. How to Include Data from Accidents?

From the viewpoint of medical statistics, accident data can be treated similar like diag-
nostic or therapeutic units, e.g. like lab data. Insofar and with respect to evaluation meth-
odologies nothing additional has to be considered here.

The complexity of including data from accidents is mainly at a technical level. Also,
here like with clinical data, it is helpful if existing international standards for representing
and for analyzing data are used. As combining accident and health record data is still
new, standards in both fields — accident research and clinical medicine — will differ,
which will produce more workload for jointly analyzing these data.

Like for data from health information systems, another challenge also will be refer-
ential integrity of data from accidents, also comprising referential integrity of human
beings, involved there. In this context, the International Standard Accident Number
(ISAN), proposed in [5], may play an important role in achieving this integrity.

4. Discussion

In the age of digitization, combining accident and health record data should be encour-
aged as it can be assumed that with both types of data, better knowledge can be gained
for prevention of accidents as well as for diagnosis and treatment of patients after acci-
dents.

Section 2 described how empirical research in clinical medicine is done. Evaluation
methodologies are based on studies, with controlled trials as ‘gold standard’.

The author strongly recommends that this evaluation approach also be applied to
research questions in accident and emergency informatics. Both observational studies /
registers as well as intervention studies seem to be appropriate. However, as causal rela-
tionships can best be found empirically through fair interventions also here controlled
trials, using randomization are regarded as an important approach for gaining new
knowledge.

Let me finally recall that, as mentioned in section 1.2, accident and emergency in-
formatics and its evaluation methodologies may also be considered as being part of an-
other and broader context. Health care is a continuous process in the life of humans. In
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the era of digitization, in addition to specialized settings like hospitals, medical offices
and nursing homes, such care can also be done in further settings, may it be at homes or
in vehicles, and may it be during work or in leisure times. This development is supported,
among others, by the now existing health-enabling technologies. In addition, the men-
tioned references [7]-[14] in 1.2, further examples can be found in [41]-[43]. As oulined
in section 2.4 for clinical studies, also here considering ethical constraints is of consid-
erable relevance [44].

5. A Call for Research on Appropriate Evaluation Methodologies in the Context
of Using both Accident and Health Record Data

As we are still at the start of combining such data, as visions of linking event data re-
corder with electronic health records, as suggested in [4], are still visions, and having in
mind that in the era of digitization such combinations are possible and should be inves-
tigated for the sake of good patient care, a call for research on appropriate evaluation
methodologies is proposed.

The author is convinced that the evaluation methodologies from medical statistics
form a good basis for empirical research in accident and emergency informatics. He is
particularly convinced that study designs like the ones, mention in figure 1, with respec-
tive methodologies on how to collect and how to analyze data, should be used as a start-
ing point.
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