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Abstract

In this masters’ thesis, a quasi-intelligent quesiaire was designed, developed and
evaluated for touch screens. The currently smathiver of completed patient reports
made it necessary to adapt a more user-friendiytisgstem.

The focus of this work was on a user centered systehanced using methods of
usability engineering. In cooperation with the Bdmerg, the current system has been
analyzed and as a result a user centered systerbuNadn addition, the categorization
of accidents were reordered and restructured aMiH©D-based questionnaire was
developed. The new user centered system will gtinge patients through a quasi-
intelligent questionnaire for data acquisition, @is required for the patient report. By
logically linked questions, the possibility of colep responses was handled.

Based on this, an intuitive usability system wasiglged, which can be filled out easily
by the patients themselves to alleviate the wonkedlical doctors.

The evaluation in the Pediatric Surgery at Graz dtesvn that the system has proven
itself; however, the environment was not optimalelo the condition of patients when

they come to the emergency room, they are nottabd@rk with an unfamiliar system.

Keywords
User Experience, Usability, Accessibility, Touch&ms, Councelling, Adaptation,
Adaptivity, Weighting Algorithm

OSTAT-Topics (maximum 4)

1108 50 % 1138 20 % 1157 20 % 3927 10 %

ACM Classification
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Zusammenfassung

Im Zuge dieser Arbeit wurde ein quasi-intelligenteragebogen fiir Touchscreens
entworfen und entwickelt. Als Vorlage daflr dietie bisher verwendete, aber nicht
sehr benutzerfreundliche Eingabemaske, die aufgrundnangelnder
Benutzerfreundlichkeit und des Mehraufwands meistolistandig oder gar nicht
ausgefullt wird.

Bei der dafir neu entwickelten Anwendung wurde aitem auf die Wichtigkeit des
User-Centered Development Ansatzes insbesondederimMedizin eingegangen und
mit den Methoden aus dem Usablility Engineeringiary, da eine solche Anwendung
gerade in einem Krankenhaussystem universell flitersohiedlichste End-
Benutzerinnen abgestimmt werden muss. In Kooperati der Barenburg wurde das
gegenwartige System analysiert und als Folge eier-Ggntered-Design entwickelt.
AulRerdem wurde die Unfallkategorisierung komplelterarbeitet und ein WHO-
konformer Patientenfragebogen entwickelt. Der newiekelte Fragebogen soll nun,
statt wie bisher von den Arztinnen, von Patientmbaw. deren Begleitpersonen selbst
ausgefullt werden. Um die komplexe Moglichkeit diartworten programmieren zu
kénnen, wurde eine logische und quasi-intelligareeknipfung der einzelnen Fragen
entwickelt. Dieser Software-Prototyp soll durch eeireinfache und intuitive
Bedienbarkeit fur die Patienten verstandlich undhlezu beantworten sein und somit

auch die Arztinnen entlasten.
Schlusselworter
Benutzerfreundlichkeit, beriihrungsempfindlicherdBdhirm, Adaptivitat, gewichteter

Algorithmus

OSTAT-Fachgebiete (maximum 4)

1108 50 % 1138 20 % 1157 20 % 3927 10 %

ACM Klassifikation
H.4, H5,H5.1.,J.3
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1. Introduction and Motivation for Research

According to the KFV (the curatorship of transpsefety in Austria), over 800,000
accidents occur annually, one-fifth concerning digh under 14 years (KFV 2012).
Worldwide around 950,000 children and adolescenteuthe age of 18 die each year
of the consequences of accidents. In Europe almaumbers are about 5,000 children
per year (WHO, 2008). As you can see in Figurdriipat three-fourths of accidents are

attributed to home, leisure and sport activities.

Anzahl
Verkehr Arbeit, Heim, Freizeit, Gesamt
Schule Sport
Getdtete 552 186 1.776 2514
Verletzte mit bleibender 1.591 1.105 5.861 8.557
Behinderung
Verletzte mit stationdrer 119561 | 13.751 137.272 162.974
Behandlung
Verungllcktle insgesami 46410 171.556 606.300 B24.000

Figure 1: Accidents and injuries split in injury indicators (KFV, 2012)

Consequently, leisure accidents are still the ktrggart of all injuries. Alarmingly,
accidents during leisure time not only comprise lifghest number of injured persons;

these accidents also comprise the highest numiatadfaccidents (Figure 2).
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m Verkehr
m Arbeit, Schule

W Heim, Freizeit, Snort

Figure 2: Deadly accidents in Austria (KFV, 2012)

If you reduce this to the number of accidents imwg children aged from 0 to 14
years, you have an annual expectation of around@6dnjuries with children, and 25
deaths. “Injury is a major problem for children aadblescents all over the world and
the cause of significant morbidity and mortalityBchalamon et al., 2011). In the age-
group of children less than 14 years, approximagelry second adolescent is injured
at home or in their spare time and every fourthngppatient has an accident during a
sporting activity (Figure 3). 10%-25% of all injas of children younger than 18 years
will result in fractures (Schalamon et al., 2013jatistically in Austria, a child dies as
the consequence of an accident every week. Evegyesday, about 25 children under

the age of 18 die needlessly in the EU as thetrefah injury.

Anzahl
Altersgruppe Verkehr Arbeit, Sport  Heim, Gesamt
Schule Freizeit
0-14 2924 40.268 42500 79200 164.900
15-24 14198 38.189 49.700 35.600 137.700
25-59 23.037 70706 83400 143.000 325.100
e+ 6.1682 1.784 1835300 149,700 176.000

Figure 3: Accidents and injuries split in age-group (KFV, 2012)
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As shown in Figure 4, the most common cause ohdeatchildren is still an accident.

Todliche Kinderunfiille
Osterreich 2011 (n=23)

Nicht Verkehr 43% Verkehr 57%

Figure 4: Fatal accidents with children split in caise of accident (GSK, 2013)

Although there has been a reduction in fatal act&glen the last 25 years, even more
must be done in the future to reduce this accidaet In contrast to the reductions in
road accidents in recent years, the number ofreiaacidents has increased slowly but
continuously, respectively stagnated at a highlleve

Accidents should not be accepted as fate or caenicyg they have causal relationships,
which can be analyzed by the accident researchyManidents and their often long
life consequences could have been prevented iécioimformation had been available.
In order to bring children more security in everydde, it's important to have
statistical information for analysis of the circuarsces and the underlying causes.

1.1.The Current System

In order to obtain that information, every patiamtquiring medical care at the
Department of Pediatric Surgery in Graz has to éeonded at the local medical
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information system. In this system, every patieas$ kheir own record with a patient
report for each accident.

For the patient’ administration, the DepartmenPakdiatric Surgery in Graz currently
uses a computerized documentation system, whichased on an SAP healthcare
solution to store accident data. The system prevpdgsonal information about patients,
their examination and the medical vita of the pdti@he accident report, a paediatric
injury data entry form, is part of the medical domntation system called openMedocs
since 2004. In this system, there are accidentrtgfar each patient (Figure 5), so that
it's possible for every doctor to view the patieetords at all time. The purpose of this
patient reports are the collection of locationgemstances and diagnoses of accidents.

So, in a two year period, between December 2004 @etdber 2006, for example
21.582 cases were documented in the Medocs syStelmalamon et al., 2011).

emin| 21| B wiederbesteliung || [ Amb 21| O3 Bes. &1 [E Lebor [ O Doku 21|
ablat B | 2 Krzaratbief B | 2 Befund 21| £2 0P Bericht |2 Unfalbogen |22 Gang POF ||| €8 Pacs |2 [¢] Histoe 21 ) |
angemeldet KCUNFAMB FR 20.03.09 (2 Patienten)

EL|patientennameiatierGessiesht__|Geb datum |Fa[PP| R | L[ D |Lab..| A |85 [Lette OF [z.|zu.Bemerkung Te.."|~ Zetanmeld.. [Zeithis _|geh, OF _|DispatynTed [Ai.StPat_|Fal [Dan
I 1~ 1 [es | b <. Anpv.LKrHarberawe| | 1407|1407 |0D0000 |[KCUNFAME | 1 20081 40381 |20
@l S [ fare|ieis  |0n0n00 |KCUNEANE | I 20081 40308 | 20

of [ [ 8] | | Paromchie e |

[

[l ]l Ll

/4

Figure 5: The layout of the medical scientists worndlace: Work list Ambulance (Picture taken by

Dr. Schalamon)
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At the moment, physicians have to do many diffetgpes of work, which are not
always directly related to medicine. One of thes&drs which cost a lot of time is the
patient report.

When the patients arrive at the central administnatiesk of the outpatient clinic, a
medical nurse gathers personal data and creataspity patient report for each patient.
These data are stored in the Medocs system, alipthien medics to read all the date on
their computer in the doctor’s office.

Theoretically, every doctor is required to fill aupatient report for every patient during
the treatment. But their concentration is usudltyited to the patient, so there is not
time to type the accident cause, the accident nmesima etc. into a prefabricated mask
at the medics’ workplace. Most often, the accid#att is just collected and typed into

the accident report after the treatment (see Figur€onsequently the patient reports

1
| ':"fiif %.
! Q o 2

—

Medical Doctor Patient

are incomplete or sometimes even blank.

&/

Patient

blank patient report completed patient report

I [l

Medocs Medocs

Figure 6: Current workflow of the patient report (Picture taken by me)
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1.2.Problems

The currently used system has some severe disadyeniwith regard to the user

interface, categorization, standards and flexipilit

- User Interface
One obvious disadvantage is that the patient rejgoliased on a text-based User

Interface (see Figure 7) and as a result it is wser-unfriendly, which is also reflected
in the number of completed patient reports.
At the moment it can be act on the assumption tmy every second accident is

detected with the current tool.

[ ]

Ll g
SR

Ll

[Tp
-

2chaniemue

3 .LJAKI

Figure 7: The layout of the current text-based useinterface of a patient report (Picture taken by

Dr. Schalamon)

Due to of this it is very difficult to find, for emple, the required accident mechanism
for the corresponding patient. As you also caniseligure 7 there is only a list of
accident mechanisms, which are completely unstredtand disorganized. Learning to
understand how it works requires a lot of time. Tata have to be typed in by the
medics wasting valuable medical professional’s fimkich would be better spent in

different, more relevant medical core areas.
- Lack of Logic in the categorization

A further disadvantage is the categorization ofgbeident causes and mechanisms. It is

very difficult to understand the logic behind thategorization; as a result, some
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accident mechanisms are not shown in appropriategegy. Medics often waste
valuable time looking for an accident cause inwhmeng category. Due to these facts,
many medics do no detailed categorization andyastglobal categories. In addition,
there is the problem that the given accident detae not complete, because there is a
lack of newer types of accidents; such as slack 6n trampoline. For this reason,
doctors never can be sure whether the acciderti®ond because they are looking in
the wrong category or because the accident isnobided in the database. Additionally

these aspects lead to confusion and incompletetseepo

- Lack of Standards
Also, the accident mechanisms do not equate t&OMHE® standard, which is important
so that the data can be used for international emisyns. The ICECI is a system of
classifications in the WHO family and is useful fojury surveillance. It is especially
important in the case of accidents as it enablegstematic description of occurred
injuries, designed to assist injury prevention. Whbe accident information is in

accordance with the WHO standard, it is easierésgnt Austria statistics worldwide.

1.3.Planned System

The aim of this diploma thesis is a completely sigie of the accident reports.

The idea is to relocate the data collection of hamvaccident occurs to archieve
maximum benefits by making both useful and wellblsapplications, similar to the
MOCOMED project (Holzinger et al., 2011), that a#® the patient to complete the
accident report independently. In addition, thisesiionnaire will be designed and
developed in a new technology information retriesgdtem using a touch screen pc
with a specially designed graphical user interfdtewill implement a logical input
mask and a new query management with only few ewdd and scrolling pages.

The new implemented tool will be a computer-asdisjigestionnaire, which is filled out

in the waiting room in the outpatients, via touchegn technology.

16



The new system aims to ensure that, for every exaginpatient, an accident report will
be added into the system. By outsourcing this m®de the patients, they can be
involved early in the treatment process and atsdmae time, the attending physicians
can be freed to focus more on the treatments. &isomedic’'s contribution will be

minimized as far as possible.

Figure 8: The Child Safety House in Graz (Picturedken by Dr. Peter Spitzer)

In Cooperation with the “Barenburg” (Figure 8) a WHbased patient questionnaire
will be developed which provides information abdatation, mechanism, cause and
other important facts about the accident.

The “Barenburg” is a so called Austria Child Safetyuse, working for the European
Child Safety Alliance. As shown in Figure 3 mostidents occur at home or during
leisure time. Therefore the aim of the “Barenburggto make the home and the leisure
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activities more secure for children and adolescefisr this reason, statistical

information about occurred accidents is very imgai:t

Such accident reports, which are collected in treldbs system, are documents which
can used for a collection of accident data, in bride make a statistic evaluation

possible. For example is it important to know hoany bikers knocked down by cars

in 2010. This accident report contains informatdaout the accident itself, the accident

mechanism, the protection mechanisms, etc. tombtatistically useful data.

The first part of the master’s thesis, chaptersi@ 3 overviews the state of the art of
EHR systems worldwide, describes the advantagascomplete collection of accident
data. It describes active and passive strategrethéoprevention of accidents and their
“return of investment”. Also there are a few woatd®ut the first child safety house in
Austria.

The second part, chapters 4, 5 and 6, describgddheed integration of the developed
front-end interface in the current system and theléemented questionnaire and the
following evaluation at the Department of PediatBargery in Graz. Chapter 4
overviews the state of the art of mobility and toumsed technology in the medical
industry. Chapter 5 describes the redesign of #mdant categories, the designed
mock-ups, the implementation phase and the integrah the hospital information
system Medocs. Chapter 6 presents the test phaskesliscusses the real life pilot
scheme at the Department of Pediatric Surgery azGr

The third part, chapters 7 to 9, finally concludstmaster’'s thesis by discussing

results, lessons learned and presenting an ouithoible future.
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2. Theoretical Background and Related Work

Today the health care industry is booming, pro\gdinlarge quantity of relevant data.
The necessity of computerized systems in the medemor is indisputable. However,

the advantages of digitised data to support areeasindling with patient records also
have a potential drawback; bad usability. In a pdpe Nielsen (Nielsen, 2005) the

author describes twenty-two ways that usability cien be a matter of life or death. In

this example, Nielsen shows the possibility, whgran automated hospital system
could cause wrong medication to be dispensed iemat Consequently, the statement
reveals that good design can save lives.

2.1.EHR systems

The study by Holzmann (1999) is demonstrative g ¢bntext of emergency response
documentation. In this paper he discusses the d¢hieak criteria a system supporting
emergency response should fulfil. One of the mwgtartant passages in this paper in
relation to my work is the fact, that a general bfeon in emergency response
documentation is seen in the low quantity and ¢p&f acquired data. Some studies
cited by Holzmann show that 40% of the emergen@etshare typically either left
blank or filled out erroneously. While it is notrptising that in ambulances the medics’
“[...] eyes and hands must be on their patients rathen on the paper and pencil
documentation traditionally used for recording fimgk and treatments” (Holzmann,
1999), we must still acknowledge that emergency icaddinformation is often
incompletely and inaccurately collected and debderAlso the studies of Hammond et
al. (1991) show that nurses documented events henwhey occurred but instead
noted a kind of summary at the end of their sHifie reason of this phenomenon is
often the lack of time to deal with complicatedigat reports in stressful situations. The
main priorities of emergency medicine are to halpgnts, alleviate their pain and to do
all this as quickly as possible. An interestingdstwas made by Grasser et al. (2011),

where they evaluated 47 different report forms usedhe documentation of medical
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content. It was shown that there are large diffeesnn their layouts and levels of detail
of the information to be completed.

So we must not be surprised that the paper of Grabaal. (2004) cites a study
illustrating that in medical devices many announegdrs are not technical failures but
rather user errors. The authors show that it isomamt and “[...] essential to
systematically identify the existing usability pteims so that the possible causes of
errors can be better understood, passed on toniheisers (e.g., critical care nurses),

and used to make policy recommendations” (Grahaah,2004).

A study of Wu et al. (2006) demonstrates the irggn of patients in the composition
of emergency response documentation. It showsntlodile devices enhanced quality
of care by reducing medics’ time in the accessmagyieving and recording of data,
allowing them to concentrate more on patient cahe result of this study is clear. Of
two randomized trials in which two different hantthenobile electronic medical

records were used, both found that the use of ldddicomputers improved

documentation.

Due to interface design problems, human errors @dioal device use are large. But

these problems can be potentially addressed thro@ih.
2.2.Mobility and Touch Screen

Nowadays mobile devices play an increasingly imgdrtrole. The usefulness of
handheld computers in medicine is accepted, eveongnpatients. Thus it is not
astonishing that mobile devices are also used idicakcare. According to various
studies, mobile computing applications are commaiigepted in the area of Medicine
and Health (Chen et al., 2009 and Chittaro et28lQ7). The studies show that users
who are completely unfamiliar with mobile devicesich as a tablet pc, can quickly
learn how to use it. The goal of the paper by @hittet al. (2007) was to design an
easy-to-use system for collecting and handling gery medical care data. In this
study, the author is interested in the reactionsisars who are not familiar with the
employed technology. The result shows that theuati@in was much more positive
than they expected. Although all participants habvem used a PDA before, all
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participants quickly learned how to effectively ogte the system and “[...] expressed
willingness to employ such technology in their gatactice” (Chittaro et al., 2007).

Mobile devices, e.g. mobile phones with advancedopmance and especially tablet
computers, use a touch screen as the main int@nantethod. For this reason, the
design of applications running on such devices riscial for the success of the
application and the device. Above all on mobileides, usability plays a big role in its
acceptance. When using such devices it must be thaa the limited space on the
screen brings significant usability challenges (CGxhal. 2007). The study by Sax et al.
(2009) shows, that a touch-based mobile device lmanused successfully with
appropriate design. For this reason, the necesbiigability is presently acknowledged
for the development of medical mobile devices hasstudy of Graham et al. (2004) and
the study of Hoelcher et al. (2011) shows.

The specifics of mobile devices pose special chgle in design and usage of mobile
questionnaires, especially when multiple questians included. Therefore, while
several studies are accomplished (Richter et @62Brewster et al., 2003; Lam et al.,
2006; Kanstrup et al., 2009) and some solutions Hzeen developed, there are not
known tutorials on developing mobile questionnairBise user experience evaluation
by Vaeaetaejae et al. (2010) defined the four nmpbrtant things to keep in mind in
the development of questionnaires for mobile deszitbe small screen size, the data
entry method and interaction style, the mobile eghtand the chosen implementation

for the questionnaire.

There are several previous reviews on mobile comgui hospitals including reviews
by Lu et al. (2005). The study gives a comprehenspicture of handheld
implementation in healthcare and the possible rofeBDAs. It can be clearly stated
(Sung-Huai et al., 2010) that the user informasatisfaction resulting from the use of a
mobile electronic medication administration recasdsignificantly higher than that
observed with the benchmark paper-based workflevalso proven by the study proves
by Geiger et al. (2003).

21



In recent years, the gestural interface technolagg/been increasing in mass consumer
products, especially products such as the ApplenBlor the Nintendo Wii videogame
console; pioneers in this technology. More and mocensumer electronics
manufactures have developed gesture control elsnagwltincluded this technology in a
whole range of mobile electronic devices, suchagsobps, cell phones, PDAs, remote
controls, navigation systems and digital camerdserdfore, it is not surprising that
there are also studies about the use of NintenddRéfnote Controller for the topic e-
Teaching. For example, the study from Holzingerlet(2010) shows the design and
development of a low-cost demonstrator kit for temote. Results show that gestures
can enhance the quality of learning processes itdreh. We communicate through
speech and gestures; consequently they are an tampopart of non-verbal
communication. “Studies demonstrated that gestuneffuence the students'
comprehension of instructional discourse, therebffuéncing students' learning”
(Holzinger et al., 2010).

Generally all devices with touch screens are ea$yphdle. Regardless of the size of the
touch screen device, the handling is always simifiie.intuitiveness of the touch screen
has led to its widespread distribution, from publmsks to mobile phones.

Touch screens are currently gaining popularityni@ information technology industry.
But touch screen-based devices also present aenbalh trade-off between visual
expressivity and ease of interaction. The papenflonker et al. (2007) shows that a
mouse or keyboard is an unfriendly, indirect operaform and hard for children to
use. However because fingers are the most nattial omput devices, even children
can easily learn the handling of touch technology.

There have been a number of user evaluation stwdi¢such screen interfaces. For
example the study by Kdlsch et al. (2002) showsreernl survey about text input with
touch screen computers. This paper presents ardtmse at touch-typing as an input
method and highlights its benefits.

Particularly the study by Holzinger (2003) pointg that all patients found the use of
touch interfaces very simple. The simple fingeretounteraction is also suitable for
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novice computer users. This paper shows that arsopecan easily handle a simple
application without prior experience or instrucgon

Also a paper by Yu et al. (2010) focuses on towtmology for children. Figure 9:

Children play with touch screen technology dematss the simplicity for young

children to interact with touch screens.

A nice side effect of using a touch screen pc & the users don’'t need any added

accessories such as keyboard and mouse, whichwavésg space.

Figure 9: Children play with touch screen technolog (Yu et al., 2010)

2.3.HCI and Usability

To deal with such an enormous amount of data, imggments in usability are

increasingly necessary (Mchome et al., 2010). Bsedhe end-users in this domain are
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patients, clinicians or nurses, adaptive user fimtes should be designed for these
users. So the study by Mchome et al. (2010) shdws health care quality and
performance can be enhanced by implementing adapger interfaces. Some further
studies have concluded that usability is one ointlost critical factors in the acceptance
of a new computerised system, especially in refattonegative examples (Levenson et
al., 1993), where bad usability led to the mistreait of cancer patients.

In addition there are several field evaluationshé¢@&echinger et al., 1999, Schumacher et
al., 2009 and Zhang et al., 2003) that show theonapce and necessity of usability.
The paper from Schumacher et al. (2009) showseadtigp process for specifying the
usability of EHR systems. These steps help in diecton of an EHR. The authors of
this paper believe that EHR systems correspondirthdse facts are more likely to be
adopted, meet the needs of their users, and rethe&cehance of usability-related
abandonment. Therefore it is not surprising thabisy issues are factors in why EHR
implementations can fail. In times of reduced fufmishealth care expenditures, it is
important not to stress medics with complex datayein many cases, user interfaces
of medical devices are so badly designed and diffio use that they facilitate a range
of human mistakes. “The layout and the design [repty affect the user’s ability to
successfully perform functions and extract infoioratduring operation of a device,
especially during critical events” (Sawyer et 4096). The FDA’s report describes a
variety of errors produced by medical device irgegf design. In addition, the FDA
detected that a badly designed user interface camsec errors and operating
inefficiencies even when operated by a well-trajnedmpetent user. “Good user
interface design is critical to safe and effectaguipment operation, installation, and

maintenance” (Sawyer et al., 1996).

In this context, another paper (Leitner et al., D0&@ssumes one of the reasons is bad
documentation in the design of the paper sheet. groéocols they used for their
evaluations seemed not to be designed on the bédissk orientation and logical
workflow. “Thus, the lessons learnt emphasize tisatbility plays an important role in
reducing medical costs, saving patient’s life aandrgg time” (Mchome et al., 2010).

For this reason it's important to integrate theru3® get the maximum benefit of an

application, especially with new devices such aslioscreen computers, the application
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of a UCD approach is strongly recommended (Harttoal., 1989; Karat, 1996). But
Karat (1996) poses the question, wheter the metbbdgpod design for a follow-on
release of a word-processor, for example, are &éngesas those for an EHR system.
Thus one can say that a good design isn’'t alwagsa design. Each implemented

application and their designs must be matched thghtend-users.
2.4.UCD

Bad usability prevents the user from using deviesvever, this should be prevented.
Despite recommendations that the users, in this pagents, should be involved in the
design phases of health technology, there are fawypapers about this topic. The
paper of Read et al. (2008) shows, that the topi€hlold Computer Interaction is a
growing subfield of HCI. It has emerged as an inguarresearch discipline within HCI.
Children now grow up immersed in technology, sedcent years, “there has been an
increasing trend for children to use informatiord @ommunication technology in its
various forms” (Markopoulos et al., 2008). A seanththe literature on interaction
design and children shows a variety of researchoggpes in this domain. Mainly, this
thematic reaches out into areas of child psychgl@grning and play. Child Computer
Interaction differs from HCI fundamentally in prites and different methods (Read et
al., 2008).

That children are an increasing part in usage twfractive technology isn’t surprising.
Today’s generation is growing up with “new” techogies. Children’s culture has
changed in recent years and this is often attrtbtwethe influence of electronic and
digital media. Devices, such as mobile phones anpedgers, are new technologies for
most people; but for children and adolescents tlles#ces are everyday objects. The
paper (Lego, 2003) presents exactly this topic. atmior says that the way in which
children and young people today use different mdwdia been changed enormously.
With the development of new interactive productd enteractive media an integral part
of children’s everyday lives in the industrializedrld has been changed step for step in
recent years. “This development has occurred quickhd we know relatively little
about its importance to children’s play, culturel dearning (Lego, 2003).” Computers
and video games are a normal part of life for g of children.
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This fact brings up the question of why one shaddlink this with health care and so

with emergency response documentation.

In contrast to adults, developing a computer-basstcbnt report for children does not

mean that the adolescents are motivated to fill thet questionnaire. In order to

motivate children for fill out the questionnairestichallenge lies in designing serious
games that integrate benefit and fun.

A study from Lampert et al. (2009) demonstratest therious games have great
potentials in health care. Also another study (®ehoet al., 2008) demonstrates that
it's important that a system, such as a mobileaevor children and adolescents has to
be useful and fun. Thereby the result shows thtt thie integration of gaming elements
the intrinsic motivation remains high.

Primary serious Games operate in the field of hepfomotion and prevention as a
medium for information campaigns. The use of serigames in the domain of

prevention and health promotion is primarily basedthe Entertainment-Education

approach, the Game-Based Learning Theory and dspendthe Bandura's social

cognitive learning theory (Bandura, 1977).

The HIV / AIDS prevention theme is currently a langart of serious games, e.g. “Catch
the Sperm“. Also the study from Coyle et al. (20id)a positive example of game

based learning. It shows that adolescents arem@olgaming. The young people were
especially impressed that this behavioral therapyndt use paper but the computer.
The feedback from the adolescents: It was a gardesanit was more fun than just

talking.

Several studies (Susi et al.,, 2007; Eck, 2006) shimat experts do not doubt the
advancement in the field of serious games in caotis further development of patient
care.

To develop a system, which has a user-friendlyriate, it is important that the

handling is easy and the way to solve a particplablem is simple. In software

engineering, developing intelligent adaptive systeroreates new challenges,
particularly in relation to correctness and relidpi The paper from Juan et al. (2003)
describes a meta-model for intelligent adaptiveesys to handle these challenges. In
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another paper (Sterling et al., 2005), it is shdhat future systems will be intelligent
and adaptive, but there are still enough hurdles/gycome.

Especially in UCD, the interaction between the uaed the system is important.
However, this interaction cannot be static, theesysmust react with the users input, in
other words, the application must be adaptive.Vi&o# still requires many advances to
be acceptable for cognitive and intelligent systermwy far we are away from this level
of sophistication is shown, for example, in the losability of help files in most
applications. The paper from Kinsner (2007) dessilsome of the challenges of
developing adaptive, intelligent and cognitive eys$. That the medical domain has
already given some thought to this thematic is destrated by the papers from
Sutherland et al. (2008) and Rouse (2007).
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3. Prevention of accidents

Accidents cannot be accepted as destiny. Event) a8 accidents, have causal
relationships and can be analyzed by accident rdfseBased on research results, it is
possible to select the most efficient and effectprevention measure. Technical
measures and improvements in product safety aréakegrs in protection, but changes

of behavior and the development of separate riskremess must not be ignored.

A risk cannot always be eliminated, but it can bduced or even abrogated with
support tools, be they technical, physical or menta

To avert an accident means that the knowledge zdrda is available. Or you need to
know about a possible backlash decision that cabedffectively an accident. Thus, a
detailed analysis of the circumstances of the aotids an essential prerequisite to
identify existing factors and recommending effeetaccident prevention. Only thus can
meaningful and purposeful implications for the @netion of accidents (Jordan et al.,
1991) be derived.

3.1.Active and passive prevention

There are two strategies for accident preventidre first is an active strategy which
aims to prevent the event itself, like scaldinghat stove or falling from a window. The
second strategy is a passive strategy, which toiggevent or to minimize the injury,

such as protective equipment such as helmetstmagsrin the car.

In Figure 14, you can see an active strategy: lolekevindow handle prevents the fall

from the window.
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Figure 10: active strategy for accident preventiofGSK, 2013)

A passive strategy for accident prevention candes $n Figure 15. In this example the

helmet does not prevent the fall but reduces orgmts a serious head or brain injury.

Figure 11: passive strategy for accident preventio(GSK, 2013)
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With regard to the levels of intervention the tachhlevel of intervention is a very
effective, but also the most expensive way to pream accident. Especially in safety
technologies in the automotive industry, the latlestelopments are directed not only at
the injury but also on reduction and preventiomadidents.

But these possibilities are limited to the areabarhe, leisure accidents and sports. The
accident research supplies a great input to majexisband items of everyday life safer
(Manciaux, 1985).

A high quality accident database is the basis fer @analysis of accidents and the
creation of regionally effective and efficient peewion measures, which lead to a
reduction of suffering and treatment costs.
According to calculations by the CDC (CDC, 2000k tlfollowing "return on
investment" can be expected through accident pteremeasures:

» Each euro invested for a smoke detector saves t® 6&al economic accident

COSts;

e every euro spent on a child safety seat savescg 32

» every euro invested for the operation of a poisamter saves € 7.

» Also, a special consultation of a medical praatiéio in accident prevention

saves ten times the invested costs.

While the calculation of costs for a child whichsh@ad an accident cannot express the
anxiety of parents and the suffering of the liflatient, it can clarify health budget
issues for tertiary prevention (accidents and astitteatment) and where they could be
used much more effectively for efficient accidergygntion.

Accident prevention is part of prophylactic medgias is inoculation, and it is not only
important for the individuals themselves and th&milies but also of overriding public
health interest. Accident prevention wins a pnopublic health importance both by the
growing size of the accident costs as well as lgypbssibilities of successful work,

because accidents in industrialized countries
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» until the age of 45 over 50% are the most frequanse of death,

» according to the infectious diseases are the seleaaling cause of inpatient or
outpatient treatment,

» take a significant role in economy (total costs)l aational health (for example

years of life due to premature death) in the heslgtem.

Even if the "Vision Zero" has to be a vision in ident occurrences, the Styrian as well
as the international experience, e.g. from Sweskows us, depending on the accident
area, that a further reduction of accidents andrieg by 35% - 50% is a realistic

medium-term objective.

The acquisition of absolute numbers of accidentneven Austria are based on
projections that form the basis of Austria's targetup interviews in a few hospitals.
This earlier system EHLASS was replaced by IDB uiipj Data Base EU-funded
project).

Due to the collection of data across multiple stggeper, interview, anonymization)
there are data with low depth of information. Thilgse data are considered to be very
"soft" data. In addition, special children's wardspecially pediatric surgeries, are not
included in the detection process. By the wayhaudd also be noted that the amount of
base data per year at the Pediatric Surgery in (Srgeeater than the annual data base

that underlies the IDB projection for Austria.

3.2. The “Bérenburg”

Because of these problems, the Univ. Departmerthold and Adolescent Surgery
Graz decided to expand their own medical "home"dat#he accident data in 2005. In
the newly created Centre for Accident Research Sitientific Department of accident
research and prevention of Univ. Department of Carld Adolescent Surgery Graz and
the club “Gro3e Schitzen Kleine” now closely wargdther. The reason for this is, on
one hand, to publish results of scientific researchccidents and, on the other hand to

effectively lead to changes in behavior and coadgi of the population. With the

31



“Barenburg”, the child safety house in Graz, a @rteaching and learning place has
been created to make accident prevention avaitaidesspecially understandable.

The Béarenburg, which can be seen in Figure 16nidwastrian institution localized in
the area of the LKH Graz. Their common interest gadl is to prevent children from
beeing harmed in a normal household. It's the brstding of its kind in Austria. In
cooperation with KAGes and the association “GroBaiu&en Kleine” the idea of a
child safety house in Austria was born.

Figure 12: The "Barenburg" (GSK, 2013)

As | mentioned before, annually 164,900 childrem iavolved in accidents in Austria,
of these 25,000 are in Styria alone. Throughouttrus child dies as a result of an
accident every week. Three-fourths of all accidemislving children occur at home, in
the house or garden. However, very often, pareataal realize how easily many of

these accidents involving children in living quasteould be prevented (GSK, 2013).
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So the “Béarenburg” demonstrates how accidents witidren can be avoided and
makes it possible to visit different rooms (suchtlaes kitchen, bath-room) to satisfy

oneself how these ideas are being realized (FitB)e

The idea originally came from Australia, where @itlafe Houses are well established.
Here in Austria the project began in 1998; it tadout 10 years until 2008 until the

Barenbug was completed.

Figure 13: Example for more safety at home (GSK, 2(B)

The slogan “Sharing knowledge, helps reduce actsdamd save children's lives!” from

“Grol3e Schitzen Kleine” is to be communicated tergone.
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At the department of Pediatric Surgery, 14.000drkih and adolescents are treated after
an accident annually. This means that on averagey elay almost 40 children visit the
emergency department of this hospital (GSK, 2013).

An analysis of accident severity (Figure 18) letmls differentiated approach of this
large set of numbers. Around two-thirds of the at@h are only present once, 27% of
injuries are considered as medically severe (bmjuries, surgical care, fracture,
multiple trauma). 9% of all trauma cases must bephalized and about 0.5% are also
treated in the ICU.

Kinderunfiille

Verletzungsschwere und Behandlungsart (relativ)

Figure 14: injury severity from accidents of children (Spitzer et al., 2009)

But injuries and necessary treatments are no lmasiwhich to analyze the causes of
accidents in detail and work out precautionary mess In 2005, a database was
installed which was connected within the MEDOCStays as an additional tool to

capture more detailed circumstances of the acadeoin treatments at the children’s

hospital.
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The in-house experience, international developmientie accident classification and
the need for a broadening the database now malpdate and an upgrade necessary.
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4. The System

Primarily it is important to ascertain the projeeguirements, the clinical environments

and thus the technical environment and the end user
4.1. Clinical Environment

To understand the whole system, it is importanthtwe a look at the technical
environment.

In order to display heterogeneous IT-systems of erons hospitals, a system was
developed by the KAGes, the governing body of ttyei& hospitals. This countrywide
Hospital Information System, is called openMedas;ustomized SAP product. The
core of openMedocs is the electronic patient red&#R) system, which is use for
patient management system. All documents and patata are stored in this system.
Because very sensitive information about everyepatis stored in this system, there
has to be high data security, which is guarantgesiiict privacy policies. Due to this
fact, the questionnaire for the patient reportsnoarbe easily integrated in Medocs.

Consequently the questionnaire is designed andajsd completely autonomously.

Therefore, it is necessary to know that the questioe will be a stand-alone system,
which operates only on the frontend side. For teason all necessary data for the
development of the questionnaire, the questions,aswers, the structure and the
logical interconnection, are stored locally on tinech-screen pc.
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touch-bazed PC e P e

HML

Open MEDOCS (SAP)
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Figure 15: the system architecture

After the questions have been answered, the coetptpiestionnaire is transferred into
Medocs. The integration of the patient data inte Hospital Information System is

based on an existing system from cancer researolzifider, 2002). Therefore, the

same XML interface as the technical protocol carubed, so that the data collected
from the questionnaire can transferred directly itlte Medocs-System by using a
remote function call. This XML file contains allghpatients’ answers, including the
appending questions. All the obtained informatisrstored in Medocs and the medics
may access the data of each patient at any tirtteeinlinical workplace (see the system
architecture in Figure 15).
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4.2. The Device

The original goal of this work was to develop a mbsolution such as the
MOCOMED project (Holzinger et al., 2011). As searrélated papers, the acceptance
of mobile computing applications in health carenisreasing. So a decision was made
to implement this project on a tablet pc.

4.2.1Mobile Solution

Today there are many available mobile platformstédilets, such as iOS, Android,
QNX or Microsoft. This posed the question, whictbléd pc should be used for
implementing this project.

A study by Strategy Analytics (Strategy Analytiz®12) indicates that Apple no longer
reigns alone over the tablet market. While, inrtagrket, iPads are still involved with a
respectable 57.6 per cent, last year Google caygltell. In the fourth quarter of 2011
Android held 39.1 per cent of the Tablet Operaftygtems worldwide. In comparison,

Windows or other tablets are far behind (see Taple

Global Tablet OS Shipments (Million of| Q4 ‘10 Q411 Q410 Q411
Units) and Market Share (%)

Apple iOS 7.3 154 68.2% 57.6%
Android 3.1 10.5 29.0% 39.1%
Microsoft 0.0 0.4 0.0% 1.5%
Others 0.3 0.5 2.8% 1.9%
Total 10.7 26.8 100% 100%

Table 1: Global Tablet Operating System Shipment ash Market Share (Strategy Analytics, 2012)

As can be seen in Table 1, the two major compstitwe the Apple’s iPad and the
Android tablet developed by Google.

These two designs represent two entirely diffeaghitectures and business models.
While Google promotes freedom and flexibility withe Android, Apple controls
almost everything. A big disadvantage when develppiith iOS is the fact that the
program will run only on the Mac OS X Operating ®&yss. On the other hand the big
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advantage of Google’s Android is the fact that theerating system is platform
independent; Android applications can be developedthree different operating
systems; the program runs on Windows, Mac OS X landx. So it has received a
great deal of enthusiasm from the public and dewetnt community. When
developing an application on Android, the righttf@em version must be selected
because no device can have an application runnptgti@mrm version that is higher than
the version on the device. However the versionhenAndroid device can be different,
depending on which Android device is being usédS does not deal with this problem
because there is only one manufacturing compan®fdevices.

Of course, each platform involves strengths andkmesses. In the paper from Shih et
al. (2010), the author also starts a comparativalyars of Android versus iOS.
Admittedly, this is an analysis of mobile phoneswiver, an objective comparison of
tablets is not very different. On the one hands imentioned that the iPhone will come
out on top, like Microsoft Windows, “not becauseitsfsuperior development platform,
but rather because of its sheer penetration ingpiteds and on home desktops with
upwards of 90% of the world's PC market”. But wieetAndroid ends up being better
than iOS is probably irrelevant, as long as Applgaod enough according to those who
have experienced developing on it. The first susfoésentrant will be the market

leader.

OS (Thousands of Units) 2010 2011 2012 2015
Android 2.512 11.020 22.875 116.444
i0S 14.685 46.697 69.025 148.674
MeeGo 179 476 490 197
Microsoft 0 0 4.348 34.435
QNX 0 3.016 6.274 26.123
WebOS 0 2.053 0 0
Other Operation Systems 235 375 467 431
Total Market 17.610 63.637 103.479 326.304

Table 2: Worldwide Sales of Tablets (Gartner, 2011)
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In the past, many companies have tried to graffirsteposition but Apple has remained
on the top. According to the forecast of Gartnearf@er, 2011) 2012, Google’s
Android will have 22.9 million worldwide sales ofédia Tablets to End Users, while
Apple’s iPad will have 69 million sales. In Tabley®u can also see that by 2015, these
data are estimated to rise to 116.4 million tabbgtsAndroid and iOS will have 148.7
million devices in use.

Another recent operating system must not be igndviecrosoft's forthcoming OS will
have a strong tablet focus. So in the tablet maMatrosoft's Windows 8 OS s trailing
at a distant third, as you can see in Table 2hénpast, in fact, Microsoft has not had
much chance of success with tablets, but Windove®@8d change the course. The
main reason for the successfulness is the facthigbperating system was developed
especially for a tablet pc. The big difference tedfoid or iOS is that Windows 8 runs
on both tablets and desktops. It offers the usgesktop Ul and a touch-based Ul, but
not on the same time. The new user interface igyded and optimized for touch and
works equally well with a mouse or a keyboard. Elfiene, the big advantage is the
consistent interface for tablet and pc, which reittOS nor Android can offer their
users. In addition, Windows 8 apps use the powddT0¥IL5 and they are full-screen
and touch-optimized. For this reason, the appbeetirun on all work environments. It
should be a single experience across a tremendoigtywof PCs, whether x86 or ARM
processor, whether tablet, laptop or pc. There balltablets in different sizes with

different orientations.

All, Android OS, Apple iOS and Window 8 OS haveitlavantages, so all are equally
strong contenders. Indeed, the size of sales igrigpt, but not always the ultimate
deciding factor. None the less, an objective comsparbetween the operation systems
is very difficult.

It is clear that different users from various steg will have different needs.
Ultimately for an operating system it will never basy to satisfy the needs of a large
multicultural and diverse society. So the challemgthis work is the question of which

operating system is best suited for a hospital.
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For the decision on which device shall be used inportant to know the end users.
One should decide, for example, on the technictufes you wanted in the developed
app. Do you want to develop a system for basicsusewill the app be complicated and
quietly run in the background to help the userdhieir tasks? If it is the latter, iOS is
not the best choice, for instance. Understandinghvtechnical features each mobile
device provides will help in the decision of thght OS.

In contrast to Google, Apple has shown an inteiredEnterprise solutions. So Apple
specially builds in enterprise features for thediFreurthermore, Apple collaborates with
different hospitals to help them to integrate tRad into the clinical workflow. The big
disadvantage of Google is their openness. If aitedspants to upgrade their Android
version of their tablets, it is not certain whethiee customized apps will work on the
new hardware. That is one big reason why Androitbisa good option for hospital and
enterprise solution. Another reason for preferiidgds instead of Android tabs, is the
current state of iPads in hospitals; there are memaus pilot studies and current
examples of the use of an Apple device in hosp{tatgple, 2013). For example, Ottawa
Hospital uses more than 1000 iPads for physiciaashealth care providers. Another
hospital, the California Hospital, also use mor@tii00 iPads in their hospital system.
Also the Australian’s state government launchedb@0$00 pilot program to use an
iIPad in hospital settings. All the testing of ApgpléPads in hospital settings further
separates it from Google’s Android or other platfer such as Windows 8. This again
reflects the very different philosophy of the opena systems.

Some market researchers are convinced that Win&twees will get ahead of Apple’s
I0S in 2015. This will allow Windows Phone to suspaApple to retake the market’'s
second rank behind Android. Also tablet PCs witl m@re and more end-users. Despite
these forecasts, a tablet PC with Windows 8 wastai@n into consideration for this
project. Due to the fact that there are very few antested tablets on the market, this

operating system isn’t proper for the use in aisigasenvironment like a hospital.

Due to these above facts the enormous enthusiasine imedical world for the iPad is
comprehensible. However, with the tremendous groefthGoogle’s Android, the
market dominance of the iPad will clearly diminidiost devices from Google, e.g. the

Galaxy Tab 10.1, run the most popular Android 3vbjch makes the device high-
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performance and effortless in multitasking. On oieer hand, Apple iPad 2 runs iOS
4.3, which makes fast browsing and programmindnefdevice.

When we look at the device itself, at the hardwatber than the software, there are
small but nice differences, which are important foe use in a hospital. The big
handicap of Apple is the fact that a developed &§8lication can only be operated on
one device, namely the iPad. In contrast, an Andegplication can be used on
different devices. Acer, HP and Sony, as well ansiag, run Android. Depending on
which device is finally used, the screen size daa diversify. Especially when a device
iIs used in the ER, the display size is importantdétiding whether the application
emerges as successful or not. Good handling, waightepth are no less decisive. The
Galaxy Tab 10.1 has a 10 inch display and Appla iPdas a 9.7 inch display, the
Galaxy Tab 10.1 weighs lightly less than Apple iRadrhe big difference here is the
depth, namely the Galaxy Tab measures approximé&tdly inches, while the iPad2
measures only 0.34 inches. Consequently, the risolof both devices is relatively
more or less the same. Hence, there is not mucbrpare.

If the end-users, in this case the patients oPthdiatric, are not technically-savvy at all;
the Apple iPad is the best choice because it ig ®asy in handling. On the other side,
Apple simplifies things where a lot of simple cortgnfeatures are impossible. Because
of the strict and clearly specified tools, Applstrets a lot of things, whereas Android
tablets are much more flexible and customizable.

In conclusion, Apple’s iPad is a highly refined aaml adapted device for hospital use.
One could almost say that Apple has revolutionizechputing. But it may not be the

device most likely used by medics to access patesurds in the future.

4.2.2Problems

The field of application for the developed questiaine will be the emergency
department.

A mobile questionnaire can add value by replacirandwritten documentation,
providing more accurate and complete documentatiith a reduced risk of manual
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errors. In this thesis, not all the features ddlaldt pc are utilized, because only one self-
developed application will be employed on the devic

There is no literature or further studies aboutltest screen size, the ideal weight or the
optimal battery life for an effective handling inhaspital. The only way to avoid the
decision as to which device is the best for theiosan ER is to test both in real life.
Therefore a test phase started (see Figure 16).

For this work, only the handling and the easy peability is important. The emergency
department is a place of speed and hectic activity.

Figure 16: Testing a mobile solution (Photographetly author)

Due to turbulences, confusion and the continuousahrof new patients, the mobile

solution showed several disadvantages during thererental testing phase in real life.
- Keeping track of tablets and incidental theft

Because on the one hand, new patients permaneanithg & the hospital and on the
other hand, a waiting patient is called into thetdos’ office or patients leave the

43



emergency room after the treatment, it is veryialift to keep track of the distributed
tablets. Although the secretary can hand out thicddo a particular patient, but it is
possible for another patient to take the devicerafhis patient has answered the
questionnaire. This also makes the accidental reimofva tablet from waiting room

easier.

- Falling down
A very great problem of the mobile solution is didess the possibility that the device
can easily fall or be dropped. The tablet pc wdlused at the Department of Pediatric
Surgery, a very hectic and chaotic environment.r&tee many children who can’t

keep their seats or fidget.

- Getwet
Because of the chaotic environment it is also gamiksible that drinks or something

near it are spilled on the device.

4.2.3Kiosk Solution

Therefore it has been decided that the developedtigumnaire will not implemented as
a mobile solution.

To avoid exactly these disadvantages describedealtbg new designed interface will
be implemented on a kiosk system. To keep the iapigimple as possible simple the
input device is a touch screen monitor as a fixestallation in the Department of

Pediatric Surgery in Graz, because the touch sdemémology is the most natural input
device of all. Moreover, it is important that esjp#g children can easily learn how to

handle them. The finger as natural input is the Jmost commonly and effectively

used for simple applications where any person eailyeuse without prior experience

or instructions” (Holzinger, 2002).
An HP TouchSmart PC (see Figure 17) was chosenstotlhe prototype application.

This touch screen PC is an All-in-One solution,tlsat it can be operated both with

keyboard and mouse and the fingers.
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'
Figure 17: HP TouchSmart Elite 7320 All-in-One Bumess PC (HP, 2013)

The operating System in use was Windows 7 Profeakt®. The other technical

details and specifications are listed in TableH® TouchSmart Elite 7320

specifications

Processor Intel® Pentium® G630 (2.70 GHz, 3 MB ea¢hcores)

Chipset Intel® H61

Memory 2 GB 1333 MHz DDR3 SDRAM

Display 54,6cm (21.5") diagonal widescreen full MILED; viewing angle: 160°
horizontal, 160° vertical

Display resolution 1920 x 1080

Table 3: HP TouchSmart Elite 7320 specificationsRicture taken by me)

4.3. The waiting room of the emergency department

Confusion, frustration, uncertainty, annoyance anxiety are feelings that often fill the
waiting rooms. This study (Yoon et al. 2010) aspite an understanding of the
patient’s experiences in the waiting room of an mecy department. In principle,
waiting times are never pleasant. If there is apetminty, a long waiting time can
cause fear or distrust between the patients andttieof the hospital. Waiting times
can feel like an eternity, which again worries thatients and causes frustration.
Patients also “might feel anxious and nervous alhat the doctor will do or say”

(Yoon et al. 2010). The hospital staff thinks ttte waiting phase is less important to
patients and so this time is not considered asgbdheir work. But this is not at all the

case, as the study shows. “This lack of interacéiffects the patients’ level of anxiety.
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The uncertainty as to when they will receive medicare causes uninterrupted
awareness among the visitors, which likely incredbe anxiety*.

In such situations, the importance of clear infdioraand communications between
patients, their families and the medics, is showrihiese studies (Tseng et al. 2011,
O’Neill et al. 2004). “Literacy and stress affeegple’s ability to read, understand and
act on health related information” (Tseng et alLP0 Furthermore, it is shown that the
lack of information leads to stress and problemlagibavior. In the studies of Tseng et
al. (2011), an information board is used to prespetcific medical information more
effectively. With a fun and interactive approaclhnist project can engage with
introduction videos, games or key word section neffectively in medical procedures.
The goal of this project is to inform, to educatel &0 ease anxiety, which is especially
important for this paper. As this project showsisipossible to calm patient’'s nerves
with a fun, interactive, age-adaptable, mobile eysbecause environmental conditions
affect patient’s behavior.

Maister (1988) found in his study that patients wiere given information about their
waiting times are less likely to be anxious abdwt wait. To give patients information
Is positively related to their satisfaction. If jggits already feel involved by the doctors
during the waiting time, this waiting phase is nader recognized as such, this again
made the patients feel more at ease. These methaygibe a useful distraction not only

for reducing stress, but for influencing patiemtstceptions of satisfaction.
Due to the aforementioned facts, the redesignedtigumaire of this project is used

during the waiting time in the emergency room. Titeire workflow of the redesigned

patient report is presented in Figure 18.
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Medical Doctor Patient

I
=

questionnaire fill out the questionnaire completed patient report

for patient report on the touch-screen pc ﬂ

Medocs

Figure 18: Future workflow of the patient report

A patient’s first station on arriving at the Pediais the registration desk. As usual, the
secretary there types the data of the injured dhilthe system. If the injury of the
young patient derives from an accident, a patieport has to be generated. But patient
reports should not be filled out by the nurse ernredics later, it should be filled out by
the patient. For this reason, an application welldeveloped for a touch-screen pc. This
touch-screen pc is permanently installed in thetimgiiroom of the emergency
department of the Pediatric Graz, where the patishbuld fill out the questionnaire
during the waiting time in the hospital. At thigrtenal, a list of the waiting patients,
who have been registered by the secretary, isajisdl Before the questionnaire is
displayed, the user has to login into the applicatvith his so called e-card. This
authentication is necessary for data security regsso that the answers of the filled out
guestionnaire can be assigned to the right patiEm. data thus obtained are directly
transferred into the countrywide Hospital InformoatiSystem in such a way that the
medical doctor can see the answers of the questi@nif each patient. Thus, it is
possible that medic and patient can discuss thdtsesf the questionnaire during the
treatment before these data are definitely savedire openMedocs.
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On the one hand, this new flow process gives themqa the sense of reducing the
waiting time and so minimized anxiety, stress angtfation. On the other hand, this

workflow provides the opportunity for patients te involved in the health care process.

An important term in this context is the word patiempowerment. Real definitions of
patient empowerment are hard to find. But you cay, s$hat this term describes the
situation that patients are animated to take arveagpart in their own health

management. In Table 4, the key tenets of patimpogverment can be seen.

Patients cannot be forced to follow a lifestyletatied by others.

Preventive medicine requires patient empowermarit fo be effective.

Patients as consumers have the right to makedhegirchoices and the ability to act on them.

Table 4: Key tenets of Patient Empowerment (Picturéaken by me)

“Patient empowerment is considered as a philosaphhealth care that proceeds from
the perspective that optimal outcomes of healtle ¢gatervention are achieved when
patients become active participants in the headtte rocess” (Monteagudo et al.,
2007).

This paper (Baird et al., 2011) takes a step furtbevards the traditional physician-

patient relationship and describes a possible matientered care solution. Personal
Health Records provide patients with an entirelw rmnd patient-centric possibility to

manage medical records and medical information. §thdy of this paper shows that
patients are very interested in playing an actole in their health care.

So it is not surprising that the concept of patemijpowerment is growing in popularity

and application. It's a powerful instrument for lleacare change. “For some experts,
redefinition of the traditional patient is probablige biggest driver of change in

healthcare” (Monteagudo et al., 2007).

The empowerment is not exactly defined. There #ferdnt levels, because patients
have different ideas about what it means to takegehand to be empowered. Some
simply want to give information about their conditj while others want to have full

control over all medical decision-making.
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Patient empowerment has been considered as aipbtent. “During last years a wide
number of eHealth tools and applications have adimto support patient
empowerment. They range from using generic phormaie or SMS services to
dedicated Internet Health Portals and InteractivebVBervices, as well as healthcare
specific applications such as Personal Health Ris¢c@-Prescribing, and Chronic Care
Management Systems based on mobile e-care” (Monteegt al., 2007).

In my thesis | also involve patients in the new gass flow of the developed
questionnaire. Because of this, as a nice sideteffeadics are freed from filling out the
patients records. Therefore it is possible thatspiigns can do their actual medical

work again.
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5. Prototyping

Since users are involved in the interaction witffedent applications, assessing the

usability of interfaces is a necessary part of d&lelopment.
5.1. Redesign of the accident categories

In analyzing the problem of the current system asca consequence, to develop a user-
centered design, | received assistance from theriérg. In cooperation with the
Barenburg, a WHO-based patient questionnaire, whallvers information about the
location, mechanism, cause and other importants fattout the accident, will be

developed.

Many problems in the existing SAP System occurbegtause of false and difficult to
understand accident categorization. Therefore, whwle categorization will be
redesigned to make a completely new structureetdtegories of the one hand and on

the other hand to make it easily understandable.

The detailed categorization is specified in a WHCHECI) document. The core modules

presented are separated into:

+ core (intent, mechanism of injury, activity whejuned,...)
+ violence (previous suicide attempt, type of comflig

« transport (mode of transport, role of the injuredson,...)
« place (indoor/outdoor, part of building, ...)

« sports (type of sport, countermeasures, ...)

+ occupational (economic activity, occupation)

The newly developed application should be creasea questionnaire, which will guide
the patients through the categories. Thereforecaaperation with the Béarenburg,
guestions and answers are defined (see Figure 19).
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Welcher Sport war es? (Quereinstieg Schulsport)
o Ballsport (Fufiball, Volleyball, etc.) (->Quereinstieg von Spielplatz!)
Was hat Thr Kind gespielt?
Fufiball
Volleyball
Basketball
Handball
Tennis
= Anderes Ballspiel
o Wassersport
Wo/wobel ist es passiert?
Beim Schwimmen
Beim Turmspringen
Bei der Wasserrutsche
In der Umkleidekabine
Ausrutschen im Badebereich
Beim Bootfahren, Segeln
->Trug das Kind eine Schwimmweste? ->JN'W
= Beim Tauchen (mit Taucherflasche)
= Ertrinkungsvorfall (-> gehe zu)

L]
o Witersport
Was hat Thr Kind gemacht?
= Schifahren
-> Trug das Kind emnen Helm? JNW
->Trug das Kind einen Riickenpanzer? INW
=  Snowboarden

Figure 19: Example of some questions with their angers

Based on this categorization, the questionnairdeigeloped in German. However, to
make the questionnaire as user friendly as posgjhkestions should be linked logically
with each other. Thus the user has to answer diifequestions depending on his

previous answers.
5.2. Mock-Ups

Designing an application is considerably differémt a tablet pc than for a desktop
computer or even more than for print media. Espigcihe screen size plays an
important role in efficient design. The developmehsoftware for tablet PCs is further
complicated by the transition from the large scseand familiar input devices of the
desktop computer to small, pocket-sized screenglantimited interaction techniques
of mobile devices. An application should be benafiand should help end-users to
achieve a particular goal. “While it is difficulo tmake devices with small displays
usable, there is also the fundamental challengeaking them useful” (Holzinger et al.

2007). It is also important to develop a user aedtedesign. Since the developer is
aware of the personas of the end-users, acceptintdee application promotes its

Success.
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Developing Mock-Ups is necessary to developingst ficreen design on paper without
needing to cover all functions or technologies lté application. “One of the main
advantages is that paper mock-ups encourage theisemsl to come up with more

suggestions, since the mock-ups are obviously taslyange” (Holzinger et al. 2007).

In order to design and develop the questionnairé® patient reports, it is important to
know which factors affect the acceptance of a nefiwsre tool. “[...] users must know
and understand the interface, and then they cait"u@hao 2009). So it is important
that users clearly understand what to do for therel@ objective. Adding less formats

and actions for solving the functions quickly iseof better, because less is more.

In order to start with the design phase, it's neagsto know the sequence of events.
Figure 20 shows the different screens, which arpomant for the questionnaire

application.

even smaller text  even smaller text

even smaller text  even smaller text

== D
Sample Question?

en smaller tex even smaller text
Answer 1 Ahswer 2 " "
rotex

even smaller text

D

Answer 3 Answer b4
O

Figure 20: Sequence of events
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First, the application needs a login screen torlyle@ssign each questionnaire to the
correct patient report. The second screen disptgrseral information about the
questionnaire and offers the patient the choicdanfuage, German or English, in
which to answer. After the patient has chosen #wored language the main screen
appears, which will be discussed more precisebr.ld@n the main screen, the patient
has to answer all questions to reach the last screleere a button appears to save all

their answers.

It's not a new theme that UCD is very important &osuccessful interface, as the paper
(Hong et al. 2010) demonstrates. So for exampéeptper from Chao et al. (2009) lists
some design principles of usability for human cotepinterfaces. Also in the paper of
Holzinger et al. (2007), there are some guideliflesUCD, which | considered in
designing the Mock-Up for the patient report quastiaire.

It is important that the most relevant informatisndisplayed first. For that reason, in
the newly designed questionnaire the answers dexexnt by the frequency of accidents.
Because of the small screen size the questionsaasdiers are short and easy to
understand. For simplification of reading it is @al to use only sans serif fonts like
Tahoma or Verdana. Not only the font and font sire meaningful for a successful
design, also the proper use of color is very imgrurtBlack fonts on white background
are simple and are most often the best. A goodydesiways has a consistent color
scheme within the whole application and groupsitfi@mation by using colors. End-
users are confused by using too many colors togetbat is important to know that it
Is best to keep it simple by using only a few celdue to the fact that humans always
make errors, the application should prevent andraté such user errors. Therefore,
each application should have a “back” button, beeaevery end-user action must be
reversible. According to Holzinger et al. (2007)e8vimplementation should ask for
confirmation whenever there is an action which eaus change. So in my designed
questionnaire, the end-user must choose the riggwer by clicking on the “answer”
button, but does not get to the next question aatimally. The end-user has first to
click on the button “next” before seeing the nenestion. Such data flow prevents an
unexpected choice of a wrong answer. Even thoughtapplication should still be

simple, it is important that a help button is aabie. Many end-users feel comfortable
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when they know that a help function is availabl®f course, it is easier to select a
predefined answer instead of a text entry. Besidegeneral selection control is

automatically analyzable by computers. Therefanethe questionnaire for the patient
report, there are only answers which the user selstt and there are no questions with
free text entries. In Figure 21, you can see tleated design of the questionnaire,
according to the above described facts.

Beispielfrage?

Antwort 3

weitere Antworten

It

Figure 21: Design of the questionnaire

For a good usability the primary key is a good gation. One of the main reasons for
the unfilled patient reports was the lack of stmetof the data and so the lack of
navigation. Also, the study from Schumacher e{2009) shows that thirty-five percent
of their test persons listed problems with screewigation as the most common

usability issues.
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Since the questionnaire will be developed for tedi&ric, the design of the interface
has to focus on children, because well-designetivacé can insure children enjoy
using it by providing a suitable interface. Theemn@ational standard 1SO 9241-11
defines usability as qualities of a product witk toal of effectiveness, efficiency and
satisfaction in a particular environment of useQ9241).

In this paper, the big challenge is the wide raofjages of patients of a Pediatric. A
child of four years definitely has other interestsdesign than children of nine years,
just as children of thirteen years or children e¥enteen years. Also the degree of
cognitive ability, mind and body development in gguchildren are different from
adolescents or adults. Moreover, adolescents’ expsss of using computers should
not be underestimated (Chang 2008).

5.3. Implementation

The design and the development of the questionmaliree implemented in
HTML/PHP and CSS.

5.3.1Tools and Materials

The main development was done on a Toshiba laptoymerting to a 21" monitor,
running Windows 7 Home Premium 64-bit operatiornteays The prototype application
was implemented in Aptana Studio 3 using XAMPP 7L.With PHP 5.3.8 as the
development environment. The tool Aptana Studidl®sas developers to implement
and test their web applications with support fa lditest browser technology specs such
as HTML5, CSS3, JavaScript or PHP using a singler@mment. A screenshot of the
code editing view can be seen in Figure 22. Alpbies have been made with Adobe
Photoshop CS4 Extended.
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|2, Web - lkh_questionnaire/php/nextQuestion.php - Aptana Studio 3.
File Edit Mavigate Search Project Run Commands Window Help
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& src
44 indexhtml
5% Qutline 52 | @ samples| &, ¥ = O
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e Wo ist de

| 5T T0

0 itemns selected

Figure 22: Aptana Studio 3

The database used for the developed questionmaireh stored all questions and their
appending answers, is saved locally on the toudeaccomputer. A MySQL database
by Oracle Corporation is used with the phpMyAdminhiandle the administration of
MySQL with the use of a web browser.

5.3.2Structure and Application flow

The first step in the implementation is to develHTML/PHP skeletal structure.
Because the questionnaire will be dynamic, adapéimd especially react to users
interaction the questions cannot fix integratedhi@ HTML file. Depending on which
answer the patient clicks, a different question agpear. Thus a database has to be
built. So | created two tables; one table contalhpossible questions and the other one
is filled with all potential answers. With simpl&®8& queries one question after the other
with their appending answers are read from thellstared MySQL database and

displayed on the screen.
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Figure 23: Application Workflow

The first screen a user sees on the touch basad fie login screen. Before the
guestionnaire appears, the patients have to loging system with their eCard. As soon
as the application has read the data on the eQarXML file is created in the

background, as can be seen in the Figure 23. Thee rd the XML file is the social

security number of the patient, so that every damintan be assigned to the right
patient. At the beginning, this file only contath® date and time of the creation. At the
same time that the XML file is stored local on e the application sends a MySQL
query to the database, so that the predefineddirsstion with their appending answers
appear on the screen. After the patient has chaseanswer and has clicked on the
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button, which is named nextQuestion, another qusrgent to the database. The
MySQL database again sends the next question wéhahswers back to the users’
screen. At the same time, the data containing llesen answer are sent to the database
with another PHP script, where the correspondirgstion and the ID are saved into the
XML file, which was created at the beginning of theestionnaire. This process is

repeated until the patient has come to the endeofjiestionnaire.

The code snip, seen in Table 5, makes sure thasttre site of the questionnaire
appears within 10 seconds, so that the next pat@ntogin into the system and fill out

the questionnaire.

1 <meta http-equiz"refresh"content"10;

2 http://localhost/questionnaire/start.html">

Table 5: Get to the Start Site of Application

5.4. The logic in the system

To develop a quasi-intelligent system, it is impattto have logic in your application.
The new system for collecting patient accident sag®uld save time and resources.
Therefore it is important, that the patient carvaarsthe questions easily and quickly.
The complexity and variety of accident mechanisnkena clear classification almost
impossible. There are too many accident mechanismas locations so that a fixed
questionnaire has too many questions to coverogiple accidents to get to the target.
So, for example, it is impractical to digitize gopabased questionnaire.
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5.4.1Computer Intelligence

To solve this problem, a quasi-intelligent quest@mre has to be developed.
“Hierarchical decomposition does not work for coepladaptive systems” (Rouse
2007). Also this questionnaire cannot be addreds®adigh hierarchical decomposition.
“Traditional software engineering approaches dffaited support” [] for such systems.
In order to handle such complexity, new engineethgllenges, such as intelligence,

adaptiveness and seamless integration have tovezso

But before one can develop a quasi-intelligentesystit is important to know what

computation intelligence actually is.

However, attempts to find definitions of intelligen still provoke heavy debates.
Wikipedia defines the ternmtelligenceas followed: The term comes from the verb
intellegerefrom Latin, which meant understandThe Latin term is a compound noun
composed ofnter (inter-) andlegere (to chose), which can mea&a choose a way in
some possibilitiegWikimedia Foundation Inc., 2012). Also the Chimasord for the
noun intelligence meanthe ability to know and say ouSo one can say, that

intelligence is “a kind of reasoning ability [...]JHUang et al., 2010).

Agent

Mature acauire Tt - W apply
>—q'—+ Existing _reason ~ New L APPY o Problem

Database knowledge knowledge

Knowledge Knowledge | knowledge
acquisition reasoning application
Figure 24: Intelligence composed of three processabout knowledge

Figure 24 shows the process of knowledge. Therecgousee that intelligence has three
actions on knowledge, to perceive, to reason arappdy. In the center of Figure 24 is
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the knowledge reasoning process, the key of igtice. “Because the truck of
intelligence is knowledge and the key of intelligens reasoning, to be concise and
profound: intelligence = knowledge + reasoning” éAg et al., 2010). Summing up,
one can say that intelligence is about cognizirggsfasummarizing rules and creating
forward theories.

But now another question arises: can computersitetligent? “This is a question that
to this day causes more debate than the definibbmgelligence” (Engelbrecht, 2007).
The idea, of course, is not new. That softwareregging is very knowledge-intensive,
is nothing new. Also, that software processes ammdm centered has already been
discussed. The CI exploits exactly this processerdlny, the CI technology uses
“various mechanisms of interaction with humans pratesses domain knowledge with
intent of building intelligent systems” (Pedrycf)(2). Future software systems will be

adaptive and use intelligent interfaces.

In order to obtain the target even in a complexesysas fast as possible, the developed
application has to apply some rules. Because, ystem has to display a different
guestion depending on the answer the patient haseah In addition, an answer has to
relate to more than one question, which it makessipte to get to the same answer on
different ways. So you can say that intelligenttesys should be able to perform
rationally to seek the best solution for their desd objectives. “From the user
perspective, this means delivering context-awaradnilike services with minimal user
effort” (Sterling et al., 2005).

That intelligent systems are already used in meditbday this project (Dogantekin et
al., 2010) shows. It also makes clear that it iseasy to handle large and complex data
without intelligent adaptive systems, because ti@uhl programming languages don’t
support descriptions of certain types of behavarother example of the integration of
Al techniques in the medical area is the projecCa¥azza et al. (2003). In his paper he
describes the development of a virtual patienttieruse of training applications in the

field of cardiac emergencies.

The developed questionnaire is not as complexoasgeXample, a virtual patient from
Cavazza et al. (2003). Therefore, for the practsa@mple developed in this paper, this
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logic can be defined in a database. There are tffgreht tables; one table contains all
possible questions and the other one is filled witlpotential answers.

In Figure 25, one can see that the quasi-inteltgeis implemented in the database.
Each answer is linked with the corresponding goastvith the following question and

with a variable, which counts the frequency a a$ieks on this answer.

Php Seite: | 1 El >

30

>

Zeige - Datensatze, beginnend ab Reihe # | 30 untereinander E angeordnet und wiederhole die Kopfzeilen nach | 100

® 8 @ @ L

=
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Nach Schiissel sortieren: | keine

B

Ikh_unfallkategorien
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| entworten —T— ID Antwort Haufigkeit FragelD VerweislD
| peaaliang [F] & Bearbeiten | Direkt bearbeiten 3¢ Kopieren @ Loschen 1 im Haus, in der Wohnung 3 4 5
& Erzeuge Tabelle [F] &” Bearbeiten o7 Direkt bearbeiten 3¢ Kopieren @ Léschen 2 im Garten, am Grundstiick 2 4 35
[[] &’ Bearbeiten |o7 Direkt bearbeiten 3£ Kopieren @ Loschen 3 am Spielplatz 6 4 36
[F] &7 Bearbeiten | Direkt bearbeiten 3¢ Kopieren @ Loschen 4 in der Freizeit 6 4 39
[F] &” Bearbeiten |7 Direkt bearbeiten 3¢ Kopieren @ Loschen 5 beim Sport 2 4 93
[C] & Bearbeiten |o Direkt bearbeiten 3¢ Kopieren @ Loschen 6 im StraRenverkehr 2 4 55
7] & Bearbeiten 7 Direkt bearbeiten ¥ Kopieren @ Léschen 7 im Kindergarten 2 4 84
| &7 Bearbeiten |1 Direkt bearbeiten 3¢ Kopieren @ Loschen 8 in der Schule 5 4 a7
[F] & Bearbeiten |o7 Direkt bearbeiten 3¢ Kopieren @ Loschen 9 auf einem Bauernhof 3 4 7
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[F] & Bearbeiten | Direkt bearbeiten 3¢ Kopieren @ Léschen 15 Wohnzimmer 1 5 8

Figure 25: Logic in the System

First of all, the front-end interface starts bypdigs/ing the first defined question (with
ID 4) and its corresponding answers, which arengeffin the fourth column (FragelD)
of the first table. In this way, all questions witleir answers can be displayed with

simple MySQL queries. The exact statement you earirsTable 5 in the first line.

If the patient now chooses an answer and clickgshenbutton to move to the next
question, the script sends another MySQL query l€Téb line 3 and line 4). In this

process, the script checks up the last column (¥est) of the chosen answer of the
user to obtain the new ID of the following questi@nce the ID of the next question is
known, with the MySQL query defined above, the nguéstions and the appending
answers can be selected from the database andydispbn the screen.
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1 $sql="SELECT Frage FROM fragestellung WHERE 1D$";

3 $sql="SELECT VerweisID FROM antworten WHERE Antwort&ahswe’

4 AND FragelD =$id' ";

6 $sgl_answer "SELECT Antwort FROM antworten WHERE FragelD$d 7 ORDER BY Haufigkeit
DESC";

8 $sql_plus= "UPDATE antworten SET Haufigkeit = Haufigkeit+1 WIRE

9 FragelD =$id' AND Antwort = $answer";

Table 6: Sample MySQL queries

Because the newly developed application should nrgké less difficult, the interface
has to display the answers chosen most often bss usst. Therefore the database
includes an extra column, which stores a variateeich answer with the frequency of
users’ clicks. You can see that in the third coluairthe first table in the database
(Figure 25).

The line 8 in Table 6 shows the correct MySQL steet to update the counting
variable Haufigkeit (frequency). Whenever a pdtigitks on an answer followed by
the button to move to the next question, this \éeids updated. The display of answers
can therefore be sorted according to frequencyguaisimple MySQI query (Table 6,
line 6 and line 7) in descending order.
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Because the application is developed simply, thecrilged logic in the database is
enough to simulate the quasi intelligence in thgem.
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Testing

The test phase is as important as the developmeoess itself. So the software testing

phase is an essential process that comprisesfghg software development lifecycle.

Testing the developed software is so important leeat is the process with the
intention to find bugs in the software.

Software testing should be done in every step efdvelopment process. Because it is
very difficult to correct the bug at the last stagspecially if there is a small error,

which has crept in at the beginning of development.

In this thesis, the test phase proceeded in thiasgs. In the first phase the system was
tested by me with debugging tools. This is an alisotechnical analytical testing
method. Thereby correctness testing and reliabiésting are the two major areas of
this testing method. In the second phase of testirggsystem rather than the software
was tested. For the correct working of the systi right links between questions, the
right definitions of each question, | was suppoiigexperts from the Barenburg. In the
third testing phase, the system was tested inlifealln this last phase, patients tested
the application in real situations in the ER in Begliatric Surgery of Graz.

5.5.Xdebug and Firebug

Software testing is the process of testing the tfanality and correctness of software

by running it. The first step of the test phaswifnd errors by running the program.

Therefore | used the tool Xdebug. This tool is aPPéktension, involved in the PHP
engine, which provides debugging and profile capags.

With the tool Xdebug it is possible to identify wesions and allow code coverage
analysis. In addition, Xdebug allows the display coimplete traces when an error
occurs. As you can see in Figure 26, additionalrmation about used parameters, user

defined functions, function name, script name amel humbers are also displayed.
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Call Stack

#Time Memory Function Location

1/0.0008 360744 {main}() .\questionnaire.php:0
2|0.0014 367556 |Include({ 'C:\xampp\htdocs\lkh_questionnalre\php\sql_querles.php'}|.\questionnaire.php:2

Figure 26: Xdebug

Using the method, it is essentially easier to fime error.

A further functionality of Xdebug is the possihbyliof getting all lines of a script, which

are really run with the request xdebug_get_codecreme().

Because the developed application also includes Haktl CSS files, | used the tool

firebug to inspect these files. With this Firefaddeon it is possible to get an overview

about the structure of a website and about itshpaters. Especially CSS values can be

checked and, if necessary, changes can be madeasty and quickly.

In addition, the Firefox add-on can be used to ess@avaScript files, because it also

includes a powerful JavaScript debugger that lets stop executions at any time and

you can see what each variable looked like atrtf@hent.

Suchen Deaktiviersn Ansicht Bilder Cache Extras I_It-e-':_\r‘lre-'-| Browsermodus: [E1  Dokumentmaodus;, Quirks

15 <div id="header">

HTML €SS Konwrel Skript | Profiler Metzwerk Sknpt durchsuchen... Pl |
[} B @ n == E,_E 2= k= questionnaire.phplid=48r=0&... = | Debuggen beend: I Konsole  Uberwachen  Lokale Variablen — Aufrufliste  Haltepunkte
14 <div id="fsb"></div> “ @3 SCRIPTS@E7: Der Wert der Eigenschaft “"$" ist Hull oder undefin)

gquesticnnaire.php?id=4&r=e8&back=4&nr=wrewr, Zeile 19 Zeichen 1|

17 i {script>

@ SCRIPT5887: Der Wert der Eigenschaft “$" ist Null oder undefin|
18 //Fortschrittsbalken questionnaire.php?id=4&r=08back=48nr=wrewr, Teile 19 Zeichen 1

o 19 $(Ffunction () {

m |

20 %("#fsb').progresshar({
21 value:2@, ‘
22 change: function () { e
23 alert($('#fsb’ ).progressbar( "option’, ‘value') + '%'); |
24 & dik 2
25 ¥ ¥l

< | 1 3 |>> b o

Figure 27: Firebug

As one can see in Figure 27 the displayed erragsdascribes concisely, so that the

developer can easily fix the bug.
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5.6.Expert Review

After the system was tested for robustness, ittbdm tested for correct functionality.

Because the view of a developer is always diffeterd user’s view, it is important to
test the software from the point of view of a uasrwell. Usually users don't care
which libraries, components, databases etc. thécapipn uses internally. Also, users
do not distinguish between problems concerning dyidg components and errors of
the application itself. Therefore, the user is imbérested in hearing that it is not the
developers fault; a solution is required. So ithe job of developers to select proper
underlying components and to ensure that theserlynue libraries or databases work

correctly.

For this reason, | started expert review phasesause this method tends to produce
qualitative results and require fewer participatitan controlled experiments. A few

usability experts can find a large percentage fstem’s usability problems.

- Participants
Participants were medical scientists of the Unigrélospital at Graz, Austria,
recruited from the paediatric surgery, who arerembers of the staff of the Barenburg.
These users are domain experts, because they eseotlected data from the
questionnaire for statistic evaluations every dgsides, the staff of the Barenburg had
defined the WHO conformed questions and answerthefquestionnaire. For this
reason, they know the working flow and also theg B&periences with usual accidents,

so that they know which data are important foristias.

- Procedure
For the expert review, the developed questionnaas installed on a touch screen pc,
which was also used for the third test in real iifehe Pediatric Surgery of Graz. This
testing phase was carried out in a period of tweksan an office of the Barenburg. In
that time the participants could test the softwairee-independent. Under the

supervision of Dr. Peter Spitzer, the main contzfcthe Barenburg, all participants
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could complete the questionnaires within two waakéeir own time.

Each test person received some sample use cadss {TeéSample Use Case) of most

often occurred accidents. The exercise was todillthe questionnaire with the sample

use cases.
Use Case 1.01
description an adolescent was hurt by playing falbtturing training lessons in school
place in school
actors other adolescents and the teacher
trigger hurt by playing football

Table 7: Sample Use Case

Immediately after the pilot test, the participah&sl to give feedback on the procedure
of using the questionnaire. For this reason, | eng@nted the SUS questionnaire into
the questionnaire system, so that the ten questbtise SUS are displayed after the
end of the developed patient questionnaire system.

Additionally to the SUS feedback of the particiggnit had the automatically created
XML files from the questionnaire. In order to sebather the use cases have the same
meaning as the XML files, | have simply to comptre input with the output. In Figure
28, one can see the created XML file from the sanugke case in Table 7: Sample Use

Case.
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1 <?xml version="1.0" encoding="UTF-8"2>

2 [Cl<patient>

<dater>Erstellt am 06.04.12 21:47</date>

[F] <anawerax

<idxd</id>

“guesticnsWo ist der Unfall passiert</questicn>

A s L

o

<answer>in der Schule</answers>

£ - </answersx

9 [ <anawerax

10 <idx=87</1id>

11 “guesticonsWann ist der Unfall passiert</guestion>
12 <anawerxbeim Schulsport</answer>

13 - </answers>

1 [0 <anawerar

15 <idx48</1id>

16 <guesticn>Welcher Sport war es</guesticn>
1 <answer>Ballsport</answer>

18 - </answers>

19 [ <answera:

20 <1dx4%9< /14>

—

21 <gueaticn>Was hat Ihr Hind gespielt</gquesticn>

— =

22 LanawerrxFubball< /anawers

— -

23 - «</answera>

Figure 28: Sample XML File

- Results

This pilot test showed the first difficulties withe developed system.

The design of the input mask was based on no kmgeler experience. Therefore, this
trial had to be stopped after only a few passes. sttucture of the database could not
do justice to the complexity of the different apgpebes of the entered accidents of the

participants.

In addition to the database structure, some useutimptions also needed to be
improved. Due to the problem that it was not pdestb read the e-card with a card
reader, the patients have to enter their socialrggaumber in an input field to login

into the questionnaire system. First of all it wasy difficult to key in the social
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security number in the login mask within the vittkayboard. The numbers of this
virtual keyboard were too small. Therefore, théual system keyboard was completely
deactivated and own input buttons for the entrigfigere implemented. As you can see
in Figure 29, using these buttons for the inputhef social security number are more

user-friendly.

cm\ f(
HAR B”RE > Fragebogen zum Unfallgeschehen
KINDERSICHERHEITSHAUS GRAZ m

ssssssssssssssssssssss

Bitte fiillen Sie den Fragebogen zum Unfallgeschehen aus.

n

nepwpood 251 Dn Bonon Melden Sie den Patienten dafiir
oBR o n B o ; .

Aimp s B " ' mit seiner Sozialversicherungsnummer an:

0nABRHAHE Bo
pmEO B BD DB omnBDOOA l ﬁ n (Verwenden Sie zur Eingabe die unten stehenden Zahlen-Button)

gl @ 111

zum Fragebogen

0 1 j 2 J 3 4 5 6 7 8 9 J LascnenJ

Figure 29: Login screen for the questionnaire

Additionally, there had to be a validation of the@exred numbers, so that all completed
guestionnaires can be assigned to the patientthdfarore, it should not be possible to

fill out the questionnaire more than once per day.

Field reports from the project of the cancer redea&tinic also shows that patient that
are in stressful situations do not see logicalesystas clear as others. Therefore it is
very important that the developed questionnairemiglemented to be as resistant to

failure as humanly possible.

The Figure 30 shows the result from the systemilitgedcale, which was implemented
at the end of the questionnaire. As you can sethendhe positively worded questions

nor the negatively worded questions were answdestlg. Both average values are in
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the middle.

Thus, it is not surprising that the so-called SW8r8 is short of 55% (54.38%). But is
this a good or a bad SUS score? Tullis and Albgggsst in their paper (Tullis et al.,
2008) that an average SUS score under about 60%aisvely poor, while one over

about 80% could be considered pretty good.

4,0
3,5
3,0
5
= 2,5
(2]
2 20
Q
@ 15 -
(8]
(]
1,0 -
0,5 -
0,0 - T T T T
1 2 3 4 5 6 7 8 9 10
questions

Figure 30: Result of the SUS in the pilot test (qustion/scale)

Apart from the usability of the questionnaire, twegrectness of the results is important.
In order to test whether the questionnaire is waykproperly or if the links have been
set correctly, the individually created XML fileswre to be compared to the use cases.
Overall, the result shows that most created XMesfiteflect the sample use cases. But
on closer inspection, particular accidents canreotabswered with this implemented
logic. For example, the accident described in Tabtmuld not be answered with this

implemented questionnaire, because some links mareonsequentially connected.

The written feedbacks from the participants alsfiece these findings. The main
problem found in this testing phase were not erafrshe implementation itself or
design errors, the poor rating of the SUS questioen resulted from the

inconsequential connection between the questiodsame usability errors.
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The purpose of this test was to pre-test and recédedback on the developed

guestionnaire to increase the validity and religbds well as possible.

- Discussion
Because of this bad result from the System Usglffidale (see Figure 31), | have had

to adapt the patient questionnaire for the follgyii@sting in the paediatric surgery.

usability scale

probands

Figure 31: Result of the SUS in the pilot test (pdicipants/usability scale)

Because such a result is not acceptable for adutéisting phase, the main problem had
to be fixed. The discovered results of all accidemere correct, so no changes in the
design or the structure of the questionnaire weaelenAs the aforementioned results

show, it was very important to change the queryclog

Therefore, the total questions were divided inte¢hevels. In order not to complicate
the guestionnaire unnecessarily, all three levedseweompletely decoupled from each
other. So there is one level for the questiongirglao accident mechanisms, one level

for the questions relating to accident locations e last level for general questions.

Furthermore, all answers were newly ordered and ftrg size was increased
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significantly. Besides this, the answers were suitldd for easier and faster findings.
After this restructuring, 200 case histories ofl reecidents of the Pediatric Surgery

could be successfully entered.

In Figure 32 one can see the newly structured orestith their answers.

0% 100%,

2t A

F \C - =

78 ’

s Wo ist der Unfall passiert?

WX
- Haus - Kindergarten - Verkehr
- Wohnung - Schule Verkehrsflache
- Garten - Lehre, Ferialjob, Praktikum, Arbeit Verkehrsunfall
- Universitat

- Bauernhof - am Spielplatz - Offentlicher Raum
- Landwirtschaft - beim Sport - andere Orte

- am Sportplatz (z.B. Einkaufszentrum, Hotel, am Berg, im
Ausland)

el N\

Figure 32: New structured questionnaire

5.7.Evaluation in real life

After the tests with simulated accidents, it wasetito test the designed and developed

interface in real life in the Pediatric SurgeryGnaz.

For the evaluation of application, there are dédférevaluation methods, which are used
in different designing phases with different pugmsThese methods can be classified
into inspection methods and testing methods. Theuation methods can also be
classified according to their purpose:
- Exploratory: This evaluation method will answer theestion of how an
interface is used and what it is used for.
- Predictive: This method shows user performancedbasean interface design.
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- Formative: The purpose of this evaluation is tosiliate a design feedback by
listing problems and show recommended solution.
- Summative: This evaluation method provides an assest of an interface

often in the form of numerical data which is stately analyzed.

Figure 33 shows these sample evaluation methoasding to their purpose and type.

a &L}

Exploratory Diary Study

i
| i
Befora . = 1
Dasign . Software Logging
(o After Relsase) | _ :
i Observational
i Study !
Arftar If____r__'_________- Tttt -‘|
s : Predlc‘twe :
Before } Action :
implementation | Analysis :
' Formative
: Guideline —_— ]
' . .. Checking Thinking
Dwring X HE!]IlS‘IIJE Aloud 1
Implamentation ' Evaluation I
Cognitive '
; Walkthrough :
| Summative ) . !
i Questionnaires |
Afbar ! - Formal ;
Implamentation i i ; Xpermment
' Guideline P ]
Seoring A/B Testing
II' .I
Inspection Testing
An inspection method A testing method
performed by performed by
evaluation specialists. representative test usars.

Figure 33: Evaluation methods (Andrews, 2006)
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For the testing phases in the Pediatrics Surgéwy,formative and the summative
methods are important. Contrary to the expertriggthases, the tests in real life are in

accord with the testing methods.

Usability measures should be taken as early asijpess the development of an
application. Also, testing phases should be parthefwhole development phase and

cannot be seen in isolation.

Exploratory
Evaluation
Know the User

Usability
Benchmarking

Goal-Orientad
Interaction Desigr Bradictive

Evaluation

Iterative Design
. Formative
prntﬂt"‘ plng
"“u_\_‘_._,_,-r" -

Summative
Evaluation

Follow-Up

Studies

Figure 34: Usability engineering lifecycle (Andrews2006)

As apposed to the usability engineering lifecy@e,one can see in the Figure 34, |
combined the formative with the summative testihgg®e. Thus making it possible to

find both usability problems and quality of thegrface in only one testing process.
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Evaluation Methods Testing Subject Method Purpose
Formative Prototype (during Thinking Aloud Find usability
evaluation implementation) usability testing problems
Summative Final application Questionnaire Quality of an
evaluation (after (SUS) interface

implementation)

Table 8: Formative and summative testing

The questionnaire was transferred a touch scremputer, installed in the ER in the

Pediatric.

5.7.1Thinking Aloud Test

A thinking aloud test is a technique implementedest the usability of an interface.
Therefore, this thinking aloud method is the mostnmon test for trying to detect
usability problems. Especially in software devel@minthis method is often used
(Holzinger, 2006).

Thereby, the test users are asked to verbalise ttihmiights, so the observer can hear
what the users think during their test of the ifstee. The users should so tell us what

they want to do or what decisions they make and. why

In the test phase, after the users are asked tmufila consent form a basis introduction
to thinking aloud tests are given to them, so twdl/know what to expect. All users
test the interface on a designated laptop, whicmasitored by an examiner. After
finishing the test phase, all users are askedltoui a questionnaire (SUS) and answer

a few interview questions.

- Participants

Because the application will be used in the Pardi&urgery in Graz the target subjects

of this questionnaire will be patients. Both inirehildren and their chaperons will be
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users of this interface. Because of this fact, ukers cannot be limited as to age or

computer experience.

Therefore the test users of this thinking aloud wel be adolescents and parents.

- Test Environment

The test environment which will be used is showifiable 9.

Room Paediatric Surgery in Graz
Hardware Intel® Core ™ i5, 4GB RAM
Operating System Windows 7 Home Premium
Web Browser Internet Explorer 9.0 (64 Bit)
Monitor Resolution 1366 x 768
Monitor Size 13.3"

Table 9: Hardware and software environment for thethinking aloud test

- Recording Equipment

Because the testing questionnaire is not too compie recording equipment, such as

video, audio or screen recording software is needed

To collect the thoughts of the test users the ofesenly makes notes and includes the

result of the questionnaire and the interview aftertest phase.

- Test Tasks

The only task the users have to do is to fill du& uestionnaire. Because the test phase
takes place in real life, example tasks have nenlskefined. The test persons only have

to fill out the questionnaire with the facts abthir accidents.
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Figure 35: Real life testing in the Pediatric Surgey in Graz (Photographed by author)

- Interview Questions

After the patients filled out the questionnaire @tbiheir accidents, a few patients were

requested to answer some questions about theaogerf

+ Opening Question

(0]

“What do you think? How was it?”

« Standard Questions

(o]

o O O o

(0]

“What's your first impression of the system youefil out before?”
“Was it easy to fulfil the task?”

“What was the biggest problem?”

“Do you find the navigation well-structured andfsxplained?”
“What do you think about the design of the questare?”

“Was it easy to read the text?”

« Individual Questions

(0]
(0]

“Were the questions clear to understand?”
“Were there any problems to find the right answer?”
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o “Were the questions easy to answer?”
o “Were there any problems in the structure / lodithe questions?”

- Test Materials

After completion the test, it is common practice gove the user a post-test
questionnaire. The SUS (System Usability Scalegtamdard feedback questionnaire,

will be used for this test.

- Results
4,5
4
3,5 -
S 3
§ 2,5 1
@ 2]
S 15 -
1 -
0,5 -
0 : :
1 2 3 4 5 6 7 8 9 10
questions

Figure 36: Result of the SUS in the real life teqparticipants/scale position)
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system usability scale
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Figure 37: Result of the SUS in the real life tegparticipants/usability scale)

A comparison between the results from the pilot é&sl from the real-world testing at

the Paediatric Surgery shows that the usabilityesttam the real-world test is higher

than in the pilot test.

The following figure (Figure 38) shows that on thiee site the scale of the positive

questions is higher and on the other site the sufallee negative questions is lower in

the pilot testing phase than in the real testingsph
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Figure 38: Comparison between results from pilot tst and real life testing

This fact is also reflected in the average usabditale. In the pilot test, the scale is
between 40 and 85, resulting in an average scaébaofit 54.4. In the real-world test
this scale is between 38 and 100, consequentthllye is an average usability scale of
exactly 71.99.

The findings of this test phase can be summarizéla following Figure (Table 10).

Immigrants showed great reluctance and refusal

Parents were too excited, since her child wasedjuihese people wanted to complete

the questionnaire in any case.

[1%)
o

When patients were called to go into the treatmeain, the entry was just cancell
and they hurried into the treatment room.

Table 10: Main Findings of the real testing phase

This result shows that the completion of the qoesiaire does not make major
problems, but for the patients, it is not alwaysaclwhat they have to do while they

answer the questions.
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Due to the hustle, as | mentioned before, sometigmsswill be misread and / or

misunderstood.

Thus it quickly emerged that the installation astQuestionnaire tools is impossible in

this time period.
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6. Executive Summery and Conclusion

On average, up to 40 patients per day are takethéoemergency room of the
Department of Pediatric Surgery in the country tasjn Graz. To ideally meet these
child and adolescents needs, as much data pegdimithe accident of each patient as
possible must be collected during anamnesis. Te, ad&ildren and their escorts were
asked to answer questions about their accidenngltine treatment, while the attending
physician took notes.

This procedure for collecting accident data has esaimawbacks: 1 the face-to-face
interview and the extra notes of the responsesiduhie treatment restrict the doctors in
their principal duty, ? the notes are usually left until the end of thaicltime and so
3% had to be entered into the database manuallyeatrid of the work day."due to
lack of time and its not very user-friendly inpotrh, the data are often incomplete or
even empty, which resultd"3n a lack of available, statistically valuabletalabout the

accidents.

During the project QIMQ, a touch-based computetesyswas developed using the
"User Centered Development (UCD)" method. The p&di@re now included into the
process of collection data. Therefore, in the wgitioom of the emergency department,
they fill out the application on a touch-based catep for the newly developed, newly
categorized, finger-based questionnaire immediadéiigr registration. This procedure
puts the patient in the treatment process earlywich can calm the children and their
escorts down. Because of this, they get distrackddch again reduces subjective
waiting time ("patient empowerment”). After compbet of the questionnaire, the data
are immediately transferred to the hospital's mdersystem called openMEDOCS.
These data are already visible on the clinical ptage (KLAP) the moment the patient
comes into the surgery to the attending physicidter signing off the answers of the
completed questionnaire by the physician in chatfyese data are permanently stored

with the patient data.
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Mobile devices, recently especially tablet PCshwiinall screens and minimal facilities
for interaction find increasing use in complex hummactivities for accessing and
processing information. Therefore the QIMQ projects evaluated at the end of the
master’s thesis in different areas: New categaomatind structuring of data, user
friendliness of the guided questionnaire and appligy in the emergency room.

In order to be able to evaluate the completenefiseotategories, their structure and the
guasi-intelligently linked possible answers, an eskpeview was conducted by the
employees at the Barenburg. Because all volunteere familiar with the accident
mechanisms, this testing phase enabled us to rewesing or incorrectly linked
questions and answers very quickly and easily. migua period of one month, 108
examples of accidents were evaluated to test tlasiguotelligence navigation through
all questions. To test whether the links within tipgestions are logical, there was a
collected feedback session once a week to findingdgks, so that | could correct
wrongly linked questions or answers as soon asigesslow, due to the restructuring,
almost all accidents can be classified into thigintrcategories or subcategories, which
resolved the problem, which existed until now, tha majority of accidents were
classified under the category "other". The greataathge of the restructuring of the
accident data is the consequent WHO - standardizatrhich particularly facilitates the

comparison with other countries.

To evaluate the usability of the developed questine a standardized evaluation
combined with a self-developed German version ef $lystem Usability Scale (SUS)
was performed (10 questions with a 5-value scdleg questionnaire was installed in
the waiting area of the emergency room on a towdeth computer and could be
completed there. 58 patients participated in theuation. From these 58 subjects only
49 patients (about 85%) completed the followed tjoles of SUS. Subsequent analysis
revealed a SUS of 71.99 (min: 50, max: 100).

This value indicates that QIMQ is simple and satgfry usable, but not always very
clear. Especially questions like "I think | neediatance from another person to fill in

the questionnaire.” were rated by most very low smavith approval. One reason could
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be the existing bustle and agitation in such tredbareas, such as an emergency
hospitalization. Indeed, completing the questioreaifered distraction and reduce the
waiting time, but it seemed that the patients areable to concentrate totally on the

questionnaire.

Especially for a system, which will be used in rpadcesses of hospital, an evaluation
of the applicability in the emergency is very imjamt. For the testing phase, therefore
the touch-based computer with the installed questdoe was constructed in the

Department of Pediatric Surgery in Graz.

During a period of four weeks, the patients werke db complete this survey in the

emergency room three times a week from around #:QQ.:00 o’clock.

Because, in primary care, children, young people@ @specially their chaperons are
always under pressure, under stress or just coedenve have decided that only
patients who came to follow-up examinations arefepred to complete the
questionnaire. To advise children and their paresftsthe questionnaire, and to
minimize inhibitions against this new system in tast run, they were assisted from a
staff member of the Centre for Accident Researabdigiric nurse). Although this
employee actively went to the patients and theiemps and asked them to complete the

questionnaire, only 10 per cent completed it.

Weak point:

In order to provide a complete collection of acaiddata and to permit the attending
doctors to know how the accident happened shoetlgre the actual treatment, it has to
be ensured that each patient fills out the queséma in the waiting room in the
emergency department to the best of their knowleHg&ever, as we have seen in the
evaluation, both the children and young people Hewes, and especially the
accompanying persons, mostly parents, are toochaot panicked, as that this can be

ensured.
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Recommendation:

Due to the condition in which patients are wherytb@me to the emergency room, they
cannot be expected to deal with a system they td&maw. This project has shown that
it was not possible to shift the input of accidelata to the patients. Indeed the
evaluations show that the system has proven iteeifjever, the environment was not
optimal. Therefore, in the future, the focus shauddl be moved to the beginning of the
chain of treatment before the treatment room, asrad in the design of the project, but
as usual remain with the attending physicians.Hgut the developed questionnaire can
be integrated in the clinical workplace (KLAP) nee be tested and implemented
accordingly in the course of a new project.
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7. Lessons Learned

The area of health care has been a new experienoeet Although my educational

background is focused on informatics, this thesés wery interesting, because the
thematic is situated in the interface of informatend health care. | have gained an
excellent overview over the electronic patient rdcohe computerized documentation

system in the Pediatric Surgery in Graz and th&sdn in the emergency room.

Furthermore, the multidisciplinary work with medicmputer scientists and health-
informatics specialists at the Barenburg and theieB8harkische Krankenanstalten
GesmbH offered important and interesting insightto ivarious areas of medical
informatics.

Moreover, the software development process at #reriburg, the child safety house at
the university hospital at Graz where | worked bis thesis, has provided important
input for the development of the implemented mddigasi-intelligent questionnaire
prototype for the collection of patient accidenpaods. Also the team meetings with a
professional team have been a valuable experience.

Although such cooperation cause some difficultsesit was not always easy to arrange
a common date or to find joint solutions for thensaproblem. However, such little

things are the reason for time lags in the whotgeut.

The greatest aspect | have learned in this wotkadact, that test phases and different
ideas and opinions are very important.

At the beginning of the master thesis, we had dea ito develop the questionnaire on a
mobile device, such as a tablet pc. Recently, thase been an increasing interest in
using mobile phones or tablet PCs. So it is noprising that mobile devices play an
increasingly important role.

Medical doctors and nurses work in an environmehickv requires high mobility.
Therefore the usefulness of handheld computersadicine is respected, even among
patients. Thus it is not astonishing that mobileicks are also used in medical care

systems. Because of these facts, the new intedfaceloped in this thesis should be
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implemented on a tablet computer. Just as withptbgect at the dermatology patients
and medics can derive advantage of mobile deviteghis project a method is
implemented, which collects data by filling out @egtionnaire by patients using tablet
PCs.

Therefore | developed mock-ups for a mobile dedod tested the idea in real life
scenario. During this test phase | found out thahis case a mobile solution is not the
best option. Also the medics, who are daily cortiednwith the situation in the ER,
advised me against a mobile solution. Becausewdral disadvantages shown in the
test results of the evaluation of the designed mgakand the opinion of the medics, |
decided to develop the quasi-intelligent questienan a touch computer, which is

installed in the Paediatric Surgery in Graz.
Thanks to this thesis, | gained an excellent irtsigio the working environment with all

the pros and cons. However, the experience withntbdical sector has sparked my

interest in medical informatics. Thus | can imagiloéng further work in this area.
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8. Outlook and Future Work

Although a great deal of research has already beeducted in the field of human-
computer interaction for medical applications, e still a long way to go until new
concepts and user-centered design are appliedetddirelopment of the commercial
products currently used in hospitals.

In Austria, the acquisition of absolute numberacfident events based on projections
form the basis of Austria's target group interviemvsa few hospitals. Due to the
collection of data across multiple steps (papdaerurew, anonymization) and different
input into the system, it ultimately follows thdiet data is of low quality. In addition,
the Pediatric Surgery is not included in the adtjars

The prototype application developed in this mastieesis should be understood as a
basis for further projects in this area.

If the survey does not take a high priority, aregration of the questionnaire is not
possible in an acute care clinic. This is mainlgdaese parents with injured children
have trouble concentrating on things other tharcthiel. The only goal for parents is to

see the doctor and thus to relieve the pain focHilel.

The prototype application could be improved in maays.

The questionnaire mask is perfect to capture thadewst in a greater depth of
information and data quality with a few clicks. Hewer, the input cannot be done at the
beginning of the outpatient process by the parisiselves.

Therefore, the current system which is includedviedocs must be replaced by the
present upgrading questionnaire. In order for ateuand reliable statistical accident
data to be collected, it must be integrated inéottbspital’s medical system, Medocs.
Based on the results from the testing phase irethergency room, it is clear that the
input of accident data will again be carried outrbgdical professionals. Through the
employment of responsible persons who work at éigestration desk of the ambulance,

a standardized quality for input can be guaranteed.
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The final version permits an automated insertiork@fwords in the text during the

input process, providing the doctor with the melditiatory to scroll through in the
treatment room.

To obtain accident data area-wide, this systemttidse integrated in both outpatient
and inpatient operation. Thereby, the idea withrttudbile solution can be reinitiated.

Because of the connection of Medocs to other deynts and hospitals, this data
collection can be integrated in all KAGes hospitalStyria. In a further step, it is
conceivable to import the available data from thefnded IDB (Injury Data Base).

Datenfluss ‘

Injury Data Base (IDB) — EU-Level 1

Reduktion
Extrah./Konv.

KAGes Unfall
AaMein”

KAGes Unfallort
(Drop down Menii)

Anamnesetext

Extrahierung

Unfall-
datenbank

KAGes Kinderchirurgie + Kinder LKH Graz

- Incen
Textbausteine [ |anamnese-

Konvertierung text

Forschungszentrum for Kinderunfalle &
Abteilung fir Unfallforschung

Figure 39: Data flow diagram of acciendent data irthe future (Picture taken by Dr. Spitzer)

Through the use of an automatic evaluation maskfitished model enables effective
and efficient use of accident data.
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Appendix I: SUS Questionnaire

01.Ich denke, ich wiirde dieses System
gem regelmilig nutzen.

02_Ich fand das Svstem unnétig komplex.

03_Ich fand, das System war leicht/einfach
zu benutzen.

04_Ich glaube, ich briuchte die
Unterstiitzung einer fachkundigen Person,
um das Svstem

nutzen zu kénnen.

03.Ich fand. die verschiedenen Funktionen
in diesem Svstem waren gut integriert.

06_Ich fand, es gab zu viel Inkonsistenz in
diesem Svstem.

07.Ich kinnte mir vorstellen, dass die
meisten Leute sehr schnell lernen wiirden,
dieses System zu nutzen.

08_Ich fand das Svstem sehr umstindlich
Zu nutzen.

09_Ich fiihlte mich bei der Benutzung des

Svstems sehr sicher.

10.Ich musste viele Dinge erlemen, bevor
ich anfangen konnte mit dem Svstem zu
arbeiten.

100

iiberhanpt ndcht wollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt micht vollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt nicht wollig
sinverstandsn sinverstandsmn
1 3 5
iibarhanpt micht vollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt ndcht wollig
sinvarstandsm sinvarstandan
1 3 5
liberhaupt micht vollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt ndcht wollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt micht vollig
sinverstandsn sinverstandsmn
1 3 5
iiberhanpt ndcht wollig
sinvarstandsn sinvarstandan
1 3 5
iiberhanpt ndcht wollig
sinverstandsn sinverstandsmn

[}



Appendix II: SUS results of the evaluation in realife

Question 1 | Question 2 | Question 3 _|Question 4 | Question 5| Question §_| Question 7 _| Question 8 | Question 3 | Question 10_| SUS
Participant 1 3 3 4 3 3 2 3 2z 3 2z 60
Participant 2 3 3 3 3 3 3 3 3 3 3 S0
Participant 3 3 4 Z 3 4 5 4 3 Z 3 42,5
Participant ¢ 2 3 4 2 3 3 q 3 2 4 50
Participant 5 3 q 2 3 4 3 2 3 3 3 45
Participant B 1 3 5 1 2 1 5 1 5 1 TTE
Participant 7 4 3 4 3 4 3 5 4 2 4 55
Participant 8 5 3 5 1 5 1 4 1 5 1 325
Participant 3 1 4 = 1 4 1 4 1 4 1 75
Participant 10 4 4 4 1 5 1 1 5 1 4 S0
Participant 11 4 4 1 5 4 1 4 Z 725
Participant 12 5 1 5 5 4 1 ] 1 375
Participant 13 4 1 4 5 2 4 4 2 75
Participant 14 4 2 5 4 4 5 1 1 1 75
Participant 15 3 5 5 5 1 4 2 4 1 i)
Participant 16 3 3 5 2 4 2 2 4 4 2 625
Participant 17 5 5 = 1 5 1 = 1 5 1 S0
Participant 153 4 2 4 2 3 4 1 4 3 1 55
Participant 13 4 4 5 4 4 1 ] 2 825
Participant 20 4 5 5 5 5 1 ] g7.5
Participant 21 5 5 5 5 3 3 4 Fi]
Participant 22 5 1 5 5 5 1 5 100
Participant 23 5 3 5 5 4 2 4 g7.5
Participant 24 4 2 5 2 5 1 5 a7.5
Participant 25 5 1 1 1 5 1 = 1 5 1 a0
Participant 26 5 1 S 1 4 1 S 1 5 1 7.5
Participant 27 ] 1 5 1 ] 1 5 1 g| 1 325
Participant 25 5 5 S 1 5 1 1 3 5 5 65
Participant 23 5 1 5 z z 3 5 3 z 1 ]
Participant 30 5 q 5 q q 1 5 2 85
Participant 31 3 4 5 d d 1 5 2 g0
Participant 32 5 3 5 5 q 2 4 1 a7.5
Participant 33 4 1 4 5 2 5] 3 5 3 3 425
Participant 34 5 3 3 5 1 3 2 5 3 2 40
Participant 35 ] 3 5 1 ] 1 4 Z 4 1 g7r.5
Participant 36 5 3 z 3 4 z 4 3 3 Z 52,5
Participant 37 3 3 3 3 3 3 3 3 3 3 50
Participant 35 q dq q 1 5 1 5 1 4 S0
Participant 33 d 4 d 1 5 1 5 1 4 50
Participant 40 q 2 3 3 4 5 2 4 1 575
Participant 41 4 1 3 5 4 4 4 4 3 3 52,5
Participant 42 5 3 5 1 5 1 4 2 4 3 8§25
Participant 43 4 1 = 1 5 1 4 1 5 1 95
Participant 44 5 3 5 1 4 1 4 z 4 Z g2.5
Participant 45 4 3 = 1 4 1 = 1 5 1 50
Participant 46 3 3 3 3 3 3 3 3 3 3 50
Participant 47 4 1 3 2 1 5 5 1 4 1 E75
Participant 48 4 3 5 1 4 2 4 1 5 2 825
Participant 43 5 4 5 2 5 1 5 1 5 1 a0
SUS .04 2490 4,15 173 4.0z 132 363 223 369 1.94] il ﬂ
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Appendix Ill: Overlook about the Patient in the Pedatric Surgery at
Graz

Analyse der Monatstage 1 bis 31 (n=9.297)

Regelmalige Verteilung

Tag
Gultige Kumulierte
Haufigkeit Prozent Prozente Prozente
Gultig 1 304 3,3 3,3 3,3
2 284 31 3,1 6,3
3 319 3.4 3,4 9,8
4 312 3,4 3,4 13,1
5 280 3,0 3,0 16,1
6 330 3,5 3,5 19,7
7 321 3,5 3,5 23,1
8 305 3,3 3,3 26,4
9 310 3,3 3,3 29,7
10 306 3,3 3,3 33,0
11 316 3.4 3,4 36,4
12 318 3.4 3,4 39,9
13 286 31 3,1 42,9
14 301 3,2 3,2 46,2
15 347 3,7 3,7 49,9
16 316 3.4 3.4 53,3
17 296 3,2 3,2 56,5
18 276 3,0 3,0 59,4
19 307 3,3 3,3 62,8
20 309 3,3 3,3 66,1
21 302 3,2 3,2 69,3
22 339 3,6 3,6 73,0
23 302 3,2 3,2 76,2
24 300 3,2 3,2 79,4
25 313 3.4 3,4 82,8
26 284 31 3,1 85,9
27 298 3,2 3,2 89,1
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28 326 3,5 3,5 92,6
29 244 2,6 2,6 95,2
30 274 2,9 29 98,1
31 172 1,9 1,9 100,0
Gesamt 9297 100,0 100,0
Analyse der Tageszeit (n=9.297)
Uhrzeit Stunde
Gultige Kumulierte
Haufigkeit Prozent Prozente Prozente
Giiltig 0 A A4 A4
1 2 2 ,5
2 1 1 ,6
3 1 1 7
4 1 1 9
5 1 1 9
6 1 1 1,1
7 4 4 1,5
8 2,2 2,2 3,7
9 4,7 4,7 8,4
10 6,6 6,6 15,0
11 7,2 7,3 22,3
12 7,4 7,4 29,7
13 7,1 7,1 36,8
14 6,5 6,5 43,3
15 8,2 8,3 51,5
16 8,6 8,6 60,2
17 8,0 8,0 68,2
18 9,1 9,1 77,3
19 7,5 7,5 84,8
20 6,9 6,9 91,7
21 4,5 4,5 96,2
22 2,6 2,6 98,8
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23 1,2 1,2 100,0
24 ,0 ,0 100,0
Gesamt 100,0 100,0
Fehlend  System ,0
Gesamt 100,0
Geschlecht (n=9.297)
Geschlecht
Gultige Kumulierte
Prozent Prozente Prozente
Giltig M 57,2 57,2 57,2
U 1 1 57,3
W 42,7 42,7 100,0
Gesamt 100,0 100,0
Wochentag (n=78.676)
Wochentag
Gultige Kumulierte
Haufigkeit Prozent Prozente Prozente
Glltig  SUN 9285 11,8 11,8 11,8
MON 12314 15,7 15,7 27,5
TUE 11905 15,1 15,1 42,6
WED 12222 15,5 15,5 58,1
THU 12009 15,3 15,3 73,4
FRI 11858 15,1 15,1 88,5
SAT 9083 11,5 11,5 100,0
Gesamt 78676 100,0 100,0

Behandlungen pro Tag (N=7.195)
Durchschnitt pro Tag 47 (Jan bis Mai 2012)

Range zwischen 1. Janner 2012 und 31. Mai 2012wvai71. Janner) und 77
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