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ABSTRACT

A clinical trial is a study that assesses the dffeness and safety of a new drug or treatment.
To be able to generalize from the findings of thadg, the clinical trial requires a
representative sample of the target patient populafhe target population is defined in
terms of eligibility criteria that clearly descriltlee characteristics of patients enrolled in the
study. The eligibility criteria are stated in natlufanguage in its own section in a protocol
document, which serves as the plan and detailectigéen of any prospective clinical trial.
Having the eligibility criteria expressed as nakdamguage has several drawbacks. First, it
can lead to ambiguities and different interpretatioamong clinicians responsible for
enrolment of patients into the study, which consejy may affect the safety of patients.
Second, it provides no means of automatic eligibithecking against patient databases and
electronic patient journals. The process of deteimgithe eligibility of each patient therefore
becomes a resource demanding and time consumirkgy Fesmally defined computer
interpretable eligibility criteria could potentilimprove safety of involved patients and
efficiency in patient enrolment. This thesis prasdhe Eligibility Criteria Builder that aims
to provide a simple and pragmatic way of definingse rules using a user-friendly graphical
user interface. The evaluation of the prototypeciaigd that the target users in general were
positive to, and clearly saw the need for, a tda this. The evaluation also pointed out
weak spots and areas of improvements for the peappsototype.
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1 INTRODUCTION

A clinical trial is a study that assesses the dffeness and safety of a new drug or treatment.
To be able to generalize from the findings of thadg, the clinical trial requires a
representative sample of the target patient populafhe target population is defined in
terms of eligibility criteria that clearly descriltlee characteristics of patients enrolled in the
study. In current clinical trials, the eligibiligriteria are stated in natural language in its own
section in a protocol document, which serves asplae and detailed description of the
prospective clinical trial. Natural language op&rsambiguities and different interpretations
among clinical researchers. This is illustratednexample by Chow & Liu (2004, pp. 611-
612), where they refer to a protocol having an usidn criterion that requires patients
between 18 and 65 years of age without being deawhether or not patients of 18 years of
age would be considered eligible. If the eligilyilitriteria in a clinical trial are vague and
ambiguous, it can potentially have serious impacthe safety of involved patients (i.e. the
risk of including an ineligible patient due to mmt@rpretation). Furthermore, it directly
affects both the external validity (generalizap)liand reproducibility (i.e. the likelihood of
arriving at the same findings in another, similatufe trial Chow & Liu (2004)) of the

findings of a clinical study.

When recruiting patients in a clinical trial th@guires an estimated two-thousand subjects,
the initial group of potential subjects may be nplét times larger in order to find the two-
thousand that fulfil the eligibility criteria (farare diseases the number may reach 10 000).
The eligibility of each potential subject must bssessed by a qualified clinician. The
information needed to assure the eligibility mayabailable from different sources like paper
based patient journals, patient databases, lab testase report forms. For each patient, a
clinician must look up information found in theséatent sources to verify thail inclusion
criteria are met by the patient. For each exclusioterion, the same task is repeated, to
ensure thahoneof the exclusion criteria are met. Only after stlabrough investigations can
the patient be determined as eligible for partitgraand be enrolled into the clinical trial.
Thus, the process of manually determining the laligy of thousands of potential eligible

patients becomes a resource demanding and timermdang task.

Having the eligibility criteria expressed in nafudanguage also has other potential

drawbacks. First, it can lead to ambiguities anffiedint interpretations among clinicians



responsible for enrolment of patients into the gtuchich consequently may affect the safety
of patients. Second, it provides no means of auticngigibility checking against patient
databases and electronic patient journals. Sadditian to being a time consuming task that
requires a lot of resources, manual eligibility edatination may also, at worst, affect the
validity of the findings and the safety of patieimgolved in the study. Accordingly, formally
defined computer interpretable eligibility critedauld potentially improve both the safety of

involved patients and efficiency in patient enrofrne

Enrolled participants can be classified as inelegit any stage in an ongoing clinical trial if
their medical condition changes. Also, changeshi medical state of former ineligible
participants can result in a change in the pasditiligibility classification. In the former, it

is of particular importance that clinical trial 8tes informed about the change in eligibility
status. Similarly, in the latter, it can be of cdesable value to enrol these eligible

“newcomers” as participants in the study.

Further, being able to express the rules for dlitybin direct conjunction with how the
collected patient data will be stored in the ongatudy will give way for validity checks of
enrolled patients, and could also enable monitoahghange in any patient-characteristics

that may influence eligibility status.

Utilization of computer interpretable eligibilityriteria would, however, require the needed
information to be available from digitalized sowsdike electronic patient journals, electronic
case report forms and digital lab-tests. As thithésgoal of the OMEVAC project (see own
description in 1.1), this thesis fits into the wisiof a future where these digital resources will

be available.

Within the frame of the OMEVAC project, a prototypas been developed to explore the
possibility of providing an interface for statindiggility criteria in an unambiguous

machine-interpretable fashion as opposed to theeupractice of expressing these criteria
in natural language. This thesis presents thelilityi Criteria Builder that aims at providing

a simple and pragmatic way of defining these rulegg a user-friendly graphical user
interface. The evaluation of the prototype showkedt tthe target users in general were
positive to, and clearly saw the need for, a sydikenthis. However, the evaluation also

pointed out weak spots and areas of improvementhéoproposed prototype.



1.1 The OMEVAC project

This thesis is a part of the OMEVAC project (OpentiMe Electronic Vaccine Trials) which

is funded by the Norwegian Research Council (NKRYIEVAC is led by the Centre for
International Health (CIH), an interfaculty institin at the University of Bergen. One of the
stated goals of the OMEVAC project is to move franrpaper-based way of conducting
clinical trials to exploit the possibilities givédsy computers and electronic capture devices.
One of the achievements will be patient databasek edectronic medical records. This
prospect paves the way for automatic patient deledtased on computerized eligibility

criteria.

The Eligibility Criteria Builder prototype and tliedings of this study will be a contribution
to the OMEVAC project intended to support and inyeréhe conduct of clinical trials in the

developing world.

1.2 Target users

Formulating eligibility criteria requires knowledgebout the diagnosis towards which the
intervention is directed, any biochemical propertend compatibility of the intervention

(known adverse reactions) and patient charactsisfor instance, some patients may have
hypersensitivity or fatal adverse reactions to @gdObviously, these patients should not be

exposed to it, and they should therefore nevendleded in the study.

The users of such a system are those responsitagfioinistering and planning the execution
of a clinical trial. The prototype must be easyuse and should not require the user to have
programming skills, but at the same time be flexi®hough to suit a wide range of different
clinical trials. This means that the prototype musstdata-model independent in order to able

to cover the multitude of different properties thdterent clinical trials might have.

1.3 Research question

The aim of this project is to explore the feasipibf using a more programmatic, and thus
formal, way of expressing inclusion and exclusiateda for planned clinical trials. In order
to be able to achieve this, a prototype of a webebaapplication has been iteratively

developed and evaluated.



The guiding research question for this project is:

How can a data model independent software tool daeldped to support users to formally

define criteria for patient eligibility in a clined trial?

1.4 Terms

In this thesis, the terms “tool”, “system” and “prtype” are all used interchangeable to
describe the Eligibility Criteria Builder.

1.4.1 Clinical trial

A clinical trial can be defined in many ways. Freah, Furberg, & DeMets (1996, p. 2)
define a clinical trial as ”(...) a prospective studgmparing the effect and value of
intervention(s) against a control in human being¥antadosi (1997) provided a simpler
definition of a clinical trial as “an experimentdsting of a medical treatment on human
subjects” (quoted in Chow & Liu, 2004, p. 1). Thearcteristics of a clinical trial are

described more in depth in section 2.1.

1.4.2 Study protocol

The study protocol is the document that details laowlinical trial is to be carried out and
how the data are to be collected and analyzed (C&oluu, 2004). A widely adopted
definition is provided by the International Confece on Harmonization (ICH) of Technical
Requirements for Registration of Pharmaceuticals Human Use: “a document that
describes the objective(s), design, methodologtistical considerations and organizations
of a trial.” (May, 1996, p. 6).

1.4.3 Eligibility Criteria

Eligibility criteria are defined in a separate maeph in the study protocol. It is a list of

requirements that a person must meet in order ttebermined as eligible for enrolment into

a clinical trial. “These criteria include demograpbharacteristics, prior or current diagnoses,
laboratory-test results, subjective symptoms, plajdindings, current or prior medications,

and drug allergies” (Tu, Kemper, Lane, Carlson, &d€n, 1993, p. 341).



1.4.4 Inclusion Criteria

Inclusion criteria are a list of requirements tagiatient must meet in order to be enrolled in

a study. A patient must meal inclusion criteria in order to be considered &ligi

1.4.5 Exclusion Criteria

The exclusion criteria are conditions that wouldgdialify the patient for enrolment in the
study (i.e. known hypersensitivity to the proposiedg or treatment). A patient who meets

any of the exclusion criteria will be considered igddie for enrolment.

1.4.6 Patient recruitment

Patient recruitment refers to the process of réogipatients to a clinical trial. This can be
done by advertising in media, querying a large ke to find potentially qualified people,

or by medical practitioners reporting.

1.4.7 Patient enrolment

This is the activity of enrolling patients to angoaing study. In order to be enrolled, a patient

must meet the eligibility criteria.

1.4.8 Eligibility checking

Eligibility checking is the process of determinimghether a patient meets the eligibility

criteria.

1.5 Structure of the thesis

As this chapter has given an introduction to thgqat and its background, chapter two gives
a more in-depth description of its context and othelated approaches that utilize
information technology in supporting the conduct adinical trials. In particular other
attempts that aim to formalize the study protooolcrucial parts of it, are described. Chapter
three provides discussion of the methodologicar@gghes employed in this thesis, both in
terms of research methodology and development rdetbgy. In chapter four, the

development process is described, together witlheaeptation of the resulting prototype.



Chapter five describes the evaluation design aadgmts the findings along with a discussion
of their implications. Chapter six reviews and dades the project and suggests ideas for

future work.



2 RELATED WORK

This chapter presents a more in-depth descriptfaa clinical trial and related approaches

that utilize information technology in supportifgetconduct of clinical trials.

2.1 Whatis a clinical trial?

A clinical trial is often understood as testing tbffects of a drug, but the term can be
broadened to include almost any type of interventiteant to improve human health, like
running an attitude campaign to increase awaremdssit HIV/AIDS, or introducing
mosquito nets as a means to prevent the spreadilafim It is the fundamental activity of
finding the answer to the question “Does the tresinwork as intended?” In order to answer
that question, a thorough study has to be carrigt wsually involving a control group
receiving placebo or most effective alternativatmeent, as well as precise monitoring of the

medical condition of involved patients.

Clinical trials are classified in four phases fromo 1V (Chow & Liu, 2004; Friedman, et al.,
1996). In the first phase (Phase | study), thetrimeat is usually tested for the first time on a
very small group of healthy patients. The goal éfhase | trial is to assess the safety of the
treatment (i.e. determine a safe dosage and disqm&sible side-effects). Phase Il trials
involve a somewhat larger group of subjects (1800). As in phase | studies, the goal is to
assess the safety of the treatment and discovetesidcts, but in addition, phase Il trials also
try to answer how well the treatment works. A Ph#sdrial is a comprehensive study
administered to a significantly larger patient grqer 1000). After a treatment has passed a
Phase Il trial, it is authorised for prescriptiand approved for sale. The treatment will
however continue to be monitored in long-term PH&&s#1ials. Because phase I-1ll studies
are conducted over a shorter time span, the peskibb-term side effects of the treatment
cannot be fully known in these phases. Phase &sttherefore continue to collect data about

the treatment, to further assess its safety, efi@aotl effectiveness.

All the clinical trial phases need subjects who trtke eligibility criteria. Each trial phase
starts with a preparatory stage in which patiergsracruited, eligibility status checked, and

then enrolled (given they are determined as ekgibl



Recruit patient Is patient eligibla? es—  Enrol patient

Clinical trial imeline

¥

Figure 1 The recruitment and enrolment steps in the pegpey stage of a clinicarial

The process of findingeople who arqualified to be participants in a clinical trialdsvided
in three main steps (Figurg. First, a group of potentially qualifiepeopleare recruited a
candidates for participation. The recruitment psscg/pically involves contacting hospite
advertising in media or querying a patient databssdook for patients that may |
considerd candidates. Then, a more careful analysis of patibnt’s eligibility for the givel
study is performed by a study manager. If a patdods not meet the eligibility criteri

enrolment of the patient is cancell

A formalization of eligibility criteia may be useful in both the patient recruitmerd #re
eligibility determination stage. If a large databas patient data and patients’ medical his
is available formal eligibility criteria can be used searchfor potential participants. In tr
eligibility criteria determination stage, formal @ibility criteria may not be used alone
determine a patients eligibility, but rather asirdficator that guides the study manager

making a qualified decision on whether to enrolghéent or nc.

2.2 (Clinical Trials Information Systems (CTIS)

A clinical trial information system (CTY) is a system that supports the managemen
conduct of a clinical trial. According to Oliveil& Salgado(2006) a “(...) CTIS must b
understood as multiodular systems because of the multiplicity ancetogteneity of th
tasks that are part of the clinical trials cycl&he authors describe protocol authoring t
and patient eligibility determination tools as exd@s of active research areas that 1

within this understanding of a CTIS. Most commdr@gstems tode are what can b

! Sometimes referred to as Clinical Trials ManagenSystem (CTMS



described as Clinical Study Data Management Systé@&DMSs), because they are
“essentially concerned with the delivery of validdaaccurate data in conformity with the
Good Clinical Practice (GCP) guidelines” (OlivegaSalgado, 2006, p. 386). The focus on
data management, as opposed to clinical trial me&magt in a wider, organizational sense is
a noteworthy difference between a CSDMS and a CTIS.

Even though clinical trial software exists, thestixig systems are either based on proprietary
data formats, forcing the clinical researcherss® (often expensive) software from a specific
vendor or require highly experienced technical mengl (i.e. require consultants from the
vendor itself) to operate. OpenClinica is an exengb a feature-rich open source CTIS that
supports management of all stages in a clinical, tbut it support any means of defining
formal eligibility criteria. OpenMRS is an open so& medical record system targeted for the
developing world. It is implemented and used indmaiion settings in several African
countries today. However, it is not classified adigical trial management system, and offers
no protocol authoring features. OpenMRS include®lzort builder to select patients based

on different criteria, which will be given moreettion in section 2.6.

2.3 Protocol representation

Clinical Data Interchange Standards Consortium &I is a global, open,
multidisciplinary, non-profit organization that hastablished standards to support the
acquisition, exchange, submission and archive oficell research data and metadata
CDISC leads the Biomedical Research Integrated Dho@eoup (BRIDG) project, which is

a collaborative initiative between different healdisearch organizations that brings together
different standards communities to clarify the semea of clinical research across
pharmaceutical, regulatory and research organizst{&ridsma, Evans, Hastak, & Mead,
2007, p. 130). Its main goal is harmonization dfedent standards of clinical data to provide
interoperability and establish a shared semantilergtanding in order to enable exchanging,
sharing and systematic analysis and integratiotlioical trials data (Fridsma, et al., 2007).
The output of the project is the BRIDG model, whinkrges different standards through the
process of harmonization.

2 http://www.cdisc.org/about/index.html, Accessedy\28, 2009



A subgroup of BRIDG, the Protocol RepresentatioR)(roup works on developing a

standard structured protocol representation so ghatbcol information can be repurposed
across multiple clinical research documents, datdaand systems from study start-up
through reporting and regulatory submissions (Wiijloby, et al., 2007). The PR group aims
at creating a structured representation of inchisixclusion criteria part of the protocol

(Willoughby, et al., 2007).

The BRIDG model presupposes that the eligibilityecia check is carried out by a clinician
and does not support any way of assisting the tieteof valid subjects. Whether a patient is
to be selected or not is stored as an integrateacpthe BRIDG data model, represented by
the “PerformedEligibilityCriterion” class. This da has a “questionCode” attribute which
points to a coded question (i.e. “Is the subjedtast 18 years old?”) and a Boolean (yes/no)
“requiredAnswer” attribute (see Figure 2). This mgahowever, that information that might
already be recorded with the system will not baigsed at the time of the actual patient
selection. If the patient is already registerethm database, its age information is most likely
also stored. So the answer to this question agtualbresents redundancy as the same
information could be retrieved using the conditipatient.age >= 18".

Performed Eligibility Critevion Attributes

Attribute Tvpe Notes

questionCode public : The complete text of anmdividual question criterion on the
cD ehgibility checklist ofa protocol For example. Isthe subject at

least 18 vears old?

requiredAnswer pubhc : Thereply necessary to mclude/exclude a potential subjecton a
BL study.

dizplayOrder public : The sequence or position of a componentina list of question or
INT dataitems.

notApplicableIndicator public : Specifies whether the specific eligibiitv cntenon is not apphicable
BL to this participant.

Figure 2: How the BRIDG model represents eligipitititeria (BRIDG Release 2.1, p. 59)

At the time of writing, no concrete proposal exists how a structured representation of
eligibility criteria that re-uses data that mayealdy be collected, can be achieved. The
Eligibility Criteria Builder may constitute suchpaoposal.

3 Excerpt from the Static Elements Report.rtf file BRIDG Release 2.1 Package.zip,
downloadable from http://gforge.nci.nih.gov/frs/@gp_id=342
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2.4 Patient selection

As most commercial systems focus on the data mamagtepart of clinical trials, few of
them tend to incorporate additional features toomwate complex procedures that
traditionally are done manually by a clinician. W@ira & Salgado claims that “More
advanced features like patient recruitment, eligybichecking, treatment allocation and
adverse events reporting, are seen in only ongvercommercial systems” (2006, p. 386),

but these systems are not named.

However, the idea of automating eligibility chedkiaf patients using a software tool is not
new. Tu, et al. (1993) developed a language foresging eligibility criteria in a machine-
readable way (e.g. HIV+ = true) OR (AIDS = trueprFeach criterion, a corresponding
template had to be written for translation intoaid/ database query. This means that the
criterion itself is not directly usable in findingatching patients. For every new criterion
added, a corresponding query has to be definedhdnEligibility Criteria Builder, the

criterion becomes the query, and no additional rnmapis needed.

Ohno-Machado, Wang, Mar, & Boxwala (1999) developeslipport system for clinical trial
eligibility determination to help patients or theare providers to find ongoing studies of
which the patient may be eligible (Ohno-Machadoalgt 1999). This situation is somehow
different from the situation where a clinical stuctyordinator looks for potential participants
by querying a database of patients, but the mesirmniused to match patients against
eligibility criteria would be the same. In this dw the eligibility criteria were taken from
unstructured protocol documents and manually tededl into machine-interpretable
statements using the Arden Syntax (see section‘2:bg translation of the original free-text
criterion descriptions (...) into a machine-intetable representation was largely a manual
process performed by informatics fellows and facuitour laboratory” (Ohno-Machado, et
al., 1999, p. 341). The intention with the EligityilCriteria Builder is that this translation can

be done by a study manager without the help frggrogrammer.

Fink, et al. (2004) summarize a comprehensive amofiprevious approaches to support
both finding relevant trials for a patient, anddiimg potential patients for a clinical trial.

However, the majority of these approaches are &emat developing tools for entering the
specific data needed to determine a patient’shbélityi status and holds the form “Has the

patient had any previous cases of disease x?”.,Tihesdevelopment of such tools may
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become a one-time activity valid only for a spexctfial and does not take into consideration
that the data (or at least data structure) neededariswering such a question may be

available in an existing, available patient databas

In OpenClinica, patient selection is a manual psscas there is no feature of defining the
inclusion/exclusion criteria as rules that willdatbe used in automatic selection of eligible
patients. In the current version of OpenClinicé)2atients are marked enrolled to a study

after they are determined by a clinician as eligible.

2.5 Defining rules in healthcare - the Arden Syntax

The Arden Syntax is a long-lived syntax specificatifor defining rules that applies in
healthcare practice. It is used in defining Medicagic Modules (MLMs), which is single
rules that contains data and logic to help a dlmido make a decision at the point of care. It
is intended to result in computer-readable rulas ¢n be used to trigger alerts, reminders or
suggestion about a patient at the time of encounttr a clinician. However, an MLM
includes a part that references local, instituspecific healthcare data. Also, with Arden, a
separate compiler must be written in order to iraty it with institutional data. As a
consequence, in order to make a MLM written for am&itution fit in to the context of
another is a complex and time consuming task tkeguires highly skilled personnel.
Attempts have been made to extend the Arden syntagpe with the problem referred to as
the “curly braces” problem (as local linkages aedired inside curly braces). The curly
braces problem is still a present issue without @eyr and immediate solution, and will
most likely continue to be so until a globally aoteel EMR standard is implemented and

adopted across medical institutions.

Another shortcoming of the Arden syntax is the lauk object-oriented features. The
available data are limited to primitive (booleamtegers), and scalar (arrays, strings) only.
Related pieces of data cannot be logically orgahimgether as objects with attributes.
Neither can data be accessed and references tmpearties in a directed graph of objects
with properties (objects as vertices and propede£dges). Attempts have, however, been
made to introduce some object oriented featurdhdoArden syntax. (Jenders, Corman, &
Dasgupta (2003) suggests the READ AS <object tygiatement that instead of returning a
list of primitives from the database, returns eathtching row as an object where each

column is mapped to their corresponding propeiethe object type. This approach may
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ease some of the shortcomings of the Arden syiaixjt does not solve the curly braces
problem as it still requires references to a gitectic database. Thus, there is still a need for
further decoupling of the database and how dastoied physically and the rules that access
this data.

Another attempt to improve the Arden syntax cldsehe approach described in this thesis is
the one by Choi, Bakken, Lussier, & MendonCA (2008¢re, the authors argue that while
the Arden syntax provides a mechanism to represeathine readable procedural
knowledge, it is less suited for direct use by hasad he human readability aspect of MLMs
has received little attention, but is nonethelespartant of the “essential role of clinical
experts in the development and maintenance of MLKoi, et al., 2006, p. 221). The
Eligibility Criteria Builder is intended to produceiles that represent similar logic on a

format that is intuitive and easier to understand work with for a non-programmer.
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2.6 Retrieving patients

The OpenMRS Cohort builder (Figure 3) provides plssibility to search for a group of
patients based of different criteria as personaia,daemographics, drug orders and
encounters. The searches can later be combinedatea cohort, represented as a subsection
of patient Ids (a cohort is a population sample share similar characteristics, i.e. age and/or
citizenship). The cohorts are saved as a one-thogsesection of the matching patients and
cannot be re-used to find matching patients that lneeadded to the database in the future.

=2 () EN Currently logged in as Super User |

Cohort Builder

Search

| Concept/Observation | | Patient Attributes | | Encounter ‘ ‘ Program Enrollment | | Drug Order | | Composition

Search by Demographics:

Gender: IMale >

Age: between [18] |and[45 | years

Birthdate; between | |and |
W alive only " Dead only
Search |

Search by Person Attributes

Which attribute? | Citizenship ¥ What value? Ej\lpry}f@g}anr

Search

Figure 3: The OpenMRS Cohort builder

The OpenMRS cohort builder does not support comaltispanning more than one attribute
in the object graph. For example, searching foieptéd whose country of the preferred
address is “Uganda” would pose a great challengmi dan require the citizenship to be
Ugandan, but that is something different, as theepts current address may be somewhere
else. The user interface of the OpenMRS cohortdbuiis also tightly coupled with the
OpenMRS system itself, making it non-generic aretehy less suited for integration with

other data models.

2.7 Adverse Event Reporting

As there are inclusion/exclusion criteria, there also rules for adverse event reporting in a

clinical trial. The caAERS system is a open sounm developed and maintained by the

14



Cancer Biomedical Informatics Grid (caBIG) intedde support the definition and reporting

of adverse events that can occur in a cancer(¥hippen, Deering, & Ambinder, 2007).

Instructions Click Add Rule to add one or more rules to the rule set. Each rule can have one or more conditions associated with it.

Rules

Rule Set Name :Hén'aai-é_r\_f-s'ec'ﬁons Rules

Rule - (2)(C | [5€] [CE[TS:

Condition(s)

IF | Adverse Event =l | erade =| | Greater Than Or Equal To =l
3: Sevare ;[
4: Life-threatening or dizahling |
| 5:Death j ES
[ 721 B
AND "Course ﬂ: i.TreatmentAssignmentCode _LI_ | Mot Equal To _j L .Zj Lol 4
Surgery ;l
- ST 5 | Device
AND | Study =l | Therapy =l | EqualTa [ [ '=havioral fad RS
Agction
Radiation

caAERS v 1.6

Figure 4: The caAERS rule editor

The caAERS system (Figure 4) is web based, anddges\ssome of the same features as the
Eligibility Criteria Builder. It is however limitedn functionality in some respects. For
example, only subsets of root-level attributesa@ilable for use in conditions, grouping of
conditions is not allowed and the only allowed t@jioperator is AND. On the other hand, it
provides richer functionality as it allows for cost actions based on rules. In the Eligibility
Criteria Builder, the rules are used for eitherctude” or “Exclude” actions. They could,

however, easily be used to trigger other typestbas, such as adverse event reporting.
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3 RESEARCH METHODOLOGY

In the same way as a clinician intervenes in huniar@der to solve or prevent a problem
(i.e. diagnosis) faced by their patients, this ihesoposes an intervention to solve a problem
faced by clinicians in their everyday work. Thisndi of “intervention research” is not
uncommon in social sciences and is dominated by rmagor methodological approaches,

namely action research and design science (ormésiged science).

3.1 Action research

The term action research was first coined by the@a-American psychologist, Kurt Lewin
in his paper “Action Research and Minority Problérfiem 1946. Lewin described action
research as “a comparative research on the conslitiad effects of various forms of social
action and research leading to social action” (le(li946) as quoted in Susman & Evered
(1978)). Action research originated as an approtchntegrate research findings with
practice in order to help the resolution of a siqpiablem. Improvement and involvement are
key features of action research. There is, fifg, improvement of a practice of some kind;
second, the improvement of the understanding oiatjce by its practitioners; and third the
improvement of the situation in which the practiakes place (Robson, 2002). This claim by
Robson indicates that the improvement comes farsd, then the knowledge is generated on

the basis of how the improvement affected the sundong environment.

In action research, the researcher does not betsaaegpassive observer, but rather enter into
the situation as an active participant workinglwse cooperation with the involved people to
introduce a solution to the problem. The solutiontiie problem will be offered based on
knowledge gained from initial observation of theolem area. The situation is then
evaluated, to identify how the change affectedstiidied situation and the knowledge gained
through evaluation is the outcome of action redeaBoth knowledge about the different

aspects of the problem area and the effects ahtleduced change are of high value.

3.2 Design research

In design research, the intervention is in the fofran new and innovative artefact that seeks

to extend the boundaries of human and organizdteaabilities (Hevner, March, Park, &
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Ram, 2004).

Design science has its origin in the Informatiost8yns (IS) field (with its roots in artificial
intelligence) and emerged as a counterpart to thegminant explanatory and predictive
research traditions. Simon (1996) argued that desigearch is about finding dubw things
ought to bg(Adikari, McDonald, & Collings, 2006). This maywsad similar to the principles
of action research which purpose is also to firsblation to a problem faced in a domain of

interest.

Design research does not only ask what can be toimaprove the situation and how the
improvement ends up affecting the surrounding emwirent. It is just as much about
describing the actual design process. By askingv‘ban we best create the solution Y in
order to solve the problem X in the best possibéner”, design research also emphasizes

the knowledge gained during the process that leédeolution.

3.3 Action research vs. Design research

Both action research and design research viewdbearcher as an intervening part with a
subjective opinion, not merely a neutral, objecteserver as in traditional explanatory and

predictive sciences.

The distinction between design research and actisearch is not obvious. In fact, it can be
argued that the two approaches share so many tiiastics that they can be considered as
similar to one another (Jarvinen, 2005). Desigeassh and action research differs, however,
on some key points. Design research is usuallyareker-initiated and grounded in theory.
This point is elaborated by Wang & Hannafin (2008efore conducting design-based
research, researchers (...) examine literatureagatlable design cases, and identify gaps to
ensure the value of the research (Edelson, 20@R)caidlentify existing problems and issues”
(Wang & Hannafin, 2005). In action research, on tieer hand, the research is usually
initiated by practitioners in an immediate probléimaituation. Theory, if it exists, is then
used to propose a solution to the problem, ancgthposed solution is in turn evaluated to

build theory.

Put simply, design research acts upon theory, watten research theorizes upon practice.

For example, design science requires significaatdture review and theory generation, uses
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formative evaluation as a research method andzesilimany data collection and analysis
methods widely used in quantitative or qualitatnesearch (Orrill, Hannafin, & Glazer
(2004) quoted in Wang & Hannafin (2005)). Actiorsearch generates theory grounded in
action by applying theory in diagnosing situaticarsd developing interventions, and by
evaluating interventions to test the underlyingptlyg Andriessen, 2006, p. 5).

In both cases, the purpose is to contribute botpréctice and theory through iterations of

acting and evaluation (Andriessen, 2006; Jarvi@en5; Rapoport, 1970).

3.4 Choosing a research methodology

Because of the close resemblance of action resemndhdesign research as shown by
Jarvinen (2005), it is not very meaningful to cldimat this thesis belongs to one or another of
these approaches. Rather than classifying the meligical approach of this thesis as either
action research or design science, | would argaeittuses elements from both of them. It
may belong to action research in the way that i$ivation arose from a practical problem
faced by practitioners, rather than from a thorolitghature review leading to a discovery of
a gap in previous research. It may belong to desgearch in the way that the development
of the solution (prototype) is not merely a meamsah end, but just as much a way of
enabling the researcher to learn about the reddwbow the artefact (prototype) affects it,
and how users appropriate it (March & Smith, 1995).

3.5 Development methodology

Sommerville defines a prototype as “an initial vemsof a software system that is used to
demonstrate concepts, try out design options aedemglly, to find out more about the
problem and its possible solutions” (Sommervill®@02, p. 409). There are two common
prototyping approaches: evolutionary (or incremB@ntprototyping and throw-away
prototyping (Avison & Fitzgerald, 2003, pp. 89-90)he latter is usually a quick non-
functional (or limited in terms of functionalityjnock-up or sketch of the intended system,
used to visualize and ease the understanding cfytstem or specific features of it that may
be different to imagine otherwise. Throw-away ptgping is quick (the user can typically
see a sketch of system and test some functionality couple of days), but has, however

according to Avison & Fitzgerald (2003), a few ltations. Most notably, it does not scale
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well and is unsuitable or difficult to integratetivioperational systems. Another shortcoming
is the problem of spending time developing somettivat never will be used later. When the
customer (or end-user) decides that the prototypgaod enough”, the prototype is thrown
away, and the final system is being implementedeidelays the key difference between
evolutionary prototyping and throw-away prototyginig evolutionary prototyping, the
development is considered “done” when customesfsation is met, while in throw-away
prototyping that is when the real development stakothing is thrown away using the
evolutionary approach, except features that may leeen disclosed as unnecessary through
the user-evaluation. Evolutionary prototyping i®atconstantly evolving the prototype so

that it steadily moves towards a finished product.

The development of the Eligibility Criteria Buildéollowed an evolutionary prototyping
approach, in which the development took place irdhterations (or increments), with each
iteration delivering an improved version of the tptgpe. The Eligibility Criteria Builder
should still be regarded as a prototype as it ise@temonstrate a concept and find out more
about a problem and its possible solutions, whitshviell with Sommerville’s definition of a

prototype as initially quoted in this section.

3.6 Usability evaluation

What is usability? The most common definition oflidity is the one given in the 1SO
standard 9241:

“The effectiveness, efficiency and satisfactionhwithich specified users achieve specific

goals in particular environments”

The different components of this definition, effeehess, efficacy and satisfaction are
further explained by Dix, Finlay, & Abowd (2004):

o Effectiveness refers to the accuracy and completendth which specified users can
achieve specified goals in particular environments

o Efficiency refers to the resources expended iratimh to the accuracy and
completeness of goals achieved

o0 While satisfaction is the comfort and acceptabititythe work system to its users and

other people affected by its use
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According to Dix et al., usability evaluation h&see main goals: (1) to assess the extent and
accessibility of the system’s functionality, (2) dssess users’ experience of the interaction,
and (3) to identify any specific problems with gestem (Dix, et al., 2004, p. 319). The first
goal is about finding out to which extent the sgst&lved the task it was intended to solve
from a users perspective. The second goal is coadesbout how the users experience the
interaction with the system. A clear definition abability and the goals of usability
evaluation enable the development of different negples to assess the extent to which the

software meets the user requirements.

Several evaluation techniques exists and choosatgden them is a matter of available
resources, at what stage in the development lifecifee evaluation takes place, nature of
study (laboratory/field), level of objectivity nesd|, and type of measure required to name a
few (Dix, et al., 2004). It is impossible to do #&jpes of evaluations and there exists no
evaluation technique that covers all possible aspet the studied subject. Therefore,
choosing an evaluation technique is always a todflend a matter of selecting the most

appropriate technique within the limitations of giady.

At the end of the first development iterations,hilsy evaluations were conducted by taking

notes while going through the features of the nevgion.
The characteristics of the Eligibility Criteria Bader are:

(a) It is a web-application
(b) It is intended to support a complex task in ordesdlve a real-life problem faced by
clinical researchers

(c) It is a prototype, in an early development stageamb to test a concept/idea

Because of (a) it can easily be administered toplee@around the world. This affects
availability of test-users that potentially canrberuited from all over the “connected” world.
On the other hand, because the target users areatliesearchers (b), it limits the group of
potential participants to those with this backgmbgideally, they should also have experience
from conducting clinical research in the developimgrld), i.e. it is not a matter of asking

fellow students (which are easily accessible) ieirtparticipation.

Because of (c) it is not possible to observe tratesy in a completely natural setting. The

evaluation tasks are artificial, so the particigahaive to imagine themselves building the
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given eligibility criteria tasks for an imaginarjudy. This excludes field study as a feasible

technique in evaluating the prototype.

The time constraint posed by a master's thesis thadpossible remoteness of available
participants meant that the best available opt@naksessing the usability of the prototype
was using a guestionnaire. A combination of theteSys Usability Scale (SUS) and open

guestions were used. See section 5.2 for a descript SUS.
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4  SYSTEM DESIGN AND IMPLEMENTATION

This chapter includes a description of the develmpnprocess in the design research and the

incremental evolutionary prototyping approach thas adopted.

As opposed to throwaway prototyping, evolutionarsotptyping involves continuous
refinement of the system. The prototype was dewglap three iterations, each resulting in a

set of improvements from the previous one.

4.1 Initial requirements analysis

The initial requirements analysis was based on emations with different clinical
researchers with experience in the planning oficdintrials. The conversations took place
during the OMEVAC kick-off meeting in Kampala, Ugim The requirements was then

refined and described in more technical terms énnixt section.

4.1.1 General requirements

A system enabling clinical researchers to formuéatist of computer-interpretable eligibility
criteria would require interaction with an existiata model and available resources
(demographics data, observational data, case répars, etc.). The prototype should not be
bound to a specific data model, but rather devel@sea generic tool that could be adapted to
any data model with as little effort as possiblariBg development and evaluation, there was
however a need for an example data model to whielsystem was tested against. Therefore,
the prototype was developed using the OpenMRS A®hn example of what the data model
might look like. The OpenMRS data model is basedhmndata model of the Regenstrief
Medical Record system which has been in produatie® more than 30 years and contains
patient demographics, drug orders, observationsergaencounter forms, and a concept
dictionary (Mamlin, et al., 2006). It is written fava and made freely available by download

from the OpenMRS website as a Java Archive (jd&&)riady to be integrated in other Java

* API stands for Application Programming Interfaaed is an abstraction of the underlying
relational database model. The OpenMRS data mbedetfore refers to the OpenMRS API
throughout this thesis
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based systems.

4.1.2 Initial functional requirements

A rule editor which allows the user to do the faliog:

O O O o o

Define variables
Define variables based on aggregated data
Define variables based on expressions or otheabims
Use variables in logical expressions
Declare variables based on available resourcese(pajournals and case report
forms)
Continuous assisting the user in the process ofdttion by:
» Instant hinting of available options or possiblexineteps (i.e. selecting a
patient blood type property).

= Storage and retrieval of expressions or rule setkafer use.

4.1.3 Non-functional requirements

A graphical user interface enabling easy formutatibeligibility criteria
Expressions should be valid in the given contexth(the same resources available)

4.1.4 Required resources

The system will need access to at least one dbtlmving type of resources:

o Electronic Patient Journals

o0 Electronic Case Report Forms

4.1.5 Expressiveness

The expressions formulated in the system shouldahging in complexity from simple to

complex where the most simple could be requiringtigmts to be above 18 years old” to

more complex, expressions spanning across collectitased on selection criteria on the

collection items (i.e. patient has an observatitierg the question is “are you pregnant?” and

the answer is “yes”). Because a patient can hawerakobservations, the collection selection

criterion is “question is “are you pregnant™. lddition, the system should enable the basic
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logical operators AND and OR, and parenthesesr(ras) that can be negated.

4.2 System design

The prototype was developed iteratively followingiacremental, evolutionary prototyping
approach. The prototype was continuously improveddécordance to feedback given by
potential users including Jgrn Klungsgyr at Cefdrelnternational Health at the University

of Bergen.

The idea of the eligibility criteria builder emeth&om a plan of developing a more general
study protocol management tool. A formalizationtbé eligibility criteria section in the
protocol was identified as a significant improveitnnthe current practice. At the same time,
it is a great challenge because it deals with fimaton of natural language and represents
written statements in natural language in a compuderstandable format without
compromising the semantics of the written statementthe way. In addition, a system like
this should be usable for study managers who mayaexperienced programmers. For a
skilled programmer, it is undoubtedly easier torfalate criteria in a programming language
syntax using a text-editor or the supporting fesguprovided by an IDE (Integrated
Development Environment). The idea of developing finototype as an IDE plug-in was
explored in the beginning, but later rejected beeanf the great complexity of this approach

and because of the programming knowledge requited the user.

24



4.2.1 Original design - sketch
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Figure 5: Early conceptualization of the prototype a piece of paper. Each rectangle

represents a selection field.

As shown in Figure 5, the sketch illustrates whapgens when the user selects the age
property of the patient class. Because the age istager value, the list of possible operators
reflects those valid for numeric values. The lasipty rectangle would be where the user

typed the value(s) for the condition.

4.2.2 The programming language approach

The idea of developing the prototype as an integratevelopment environment (IDE) was
considered as a feasible alternative in the beggirA mock-up was therefore developed
using the Netbeans Platfotmwhich is a framework for developing Java baseskii®
applications built on top of the Netbeans IDE aggtion. Basically, it works by selecting the
essential features needed in one’s custom appliicaand extending these functions as
desired. This means that the mock-up could quisdyebe founded on the IDE features (i.e.
syntax highlighting) of the Netbeans platform. Tlamguage selected for the Eligibility
criteria syntax was a simplification of the Gro8wgnguage. A Groovy language definition

® http://platform.netbeans.org

® http://groovy.codehaus.org/
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file for the Netbeans platform was described irag lentry byGeertjan Wielenga and based

on that, a mock-up was implemented on the badiseoinitial requirements.

:’]Eligihility Criteria Designer 200801291616 i IEII&
File: Edit Wiew Mavigate Source Run Tools Window  Help
s i - =
[EERal= L IR v
| Projects. Al =% | | Files | @ Inclusion Criteria ctr * x] i jEl | Inclusion Criteriactr - ... Ik %
Em Sample Protocol | @ | B - #s _= o - | ﬂ % ,5' IE| 8 o | @ B @ Informed_consent
— - @ Life_expectancy

[f}-iﬁd Docurments

Li] | Forms
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o] Week12
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E}*‘l'i! }_lele\;u%ks [ Hemoglob in walues Inclusion Criteria.ctr
i @ Exclusion Criteria.ckr
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Informed consent == true m
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Life expectancy >= "6 months"

Hemoglobin walue »>= "3 g/dl”

Inclusion Criteris.ctr

= Informed consent Inclusion Criteria.ctr
DLife_expectancy Inclusion Criteria.ctr

Al ||INS||

Figure 6: Mock-up using the Netbeans platform

As seen in Figure 6, the user can state its eliyiliriteria in an integrated development
environment (IDE). The project explorer to the Igfibows the different parts of the protocol,
with the rules for eligibility organized in its ovwsection/folder as separate files with the CTR

file type (clinical trial rule).

Editing a file with the CTR extension will make tleglitor view in the middle apply the
appropriate syntax colouring scheme and perforntagywmalidation according to the defined
language definition file. Each criterion is statmdla new line in as conditional expressions
that evaluates to true or false. The dropdowrbkgow the cursor shows the valid properties

available for user selection.

The right pane in Figure 6 lists the criteria ire tburrent edited criteria file for easy

navigation between them.

” http://blogs.sun.com/geertjan/entry/how_to_writegr@ovy

26



The programming language approach was however ftmihdve several drawbacks:

» Heavyweight application framework: This meant langempile-time and less rapid
development of new features.

» Complex application framework: The Netbeans code i comprehensive and much
more time was spent on figuring out how the diffengarts worked (and making them
work togethej rather than focusing on implementing the actaguired features.

* End user availability and client requirements: Tésulting application was about 10
MB of size, and had to be downloaded and instailethe client computer.

» Higher technical knowledge required by the end .uShkrs approach would demand

the end user to hold at least some programming latne.

The programming language approach might have lessréstricted and provide a great deal
of freedom for the user (i.e. placing the cursoyvérere in the file and start typing), but
because of the reasons given above, a decisiormeage to change the approach from a
traditional desktop application development, towaddveloping a web-application with a

less complex dropdown-based user interface.

4.2.3 Web application using Grails

Grails is a web application framework that factés rapid web development, and was
selected because of its reputed ease of implenmtahd suitability for integrating with
existing Java libraries (like the OpenMRS API).

“(...) Grails, which is an open source frameworktthims to simplify Web development.
Grails is written in Groovy, a dynamic, object-oried language that runs on the JVM (Java
Virtual Machine). Because Groovy interoperates dessly with Java, Grails can leverage

several mature Java frameworks.” (Richardson, 2008)

Using Grails and developing the prototype as ab-wgplication facilitated rapid
development of new features and put less systemirezgents on the user as it can then be

opened and run in a browser from anywhere.

First prototype: System architecture and user interaction

In the first prototype using the web applicatiop@gach, the architecture infrastructure was
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established together with a preliminary versiothef user interface.

On an architectural level, the prototype works bg user interface (Ul) in the front-end
listening for user actions (i.e. a mouse click dougon) and giving appropriate responses to
those actions. If the action requires informatimnf the server, the front-end sends a request
to the server, asking for the needed informatidme $erver responds to the client-initiated
request and returns the appropriate data whickammed by the front-end and presented to

the user through the user interface. Figure 7 stzomedel of the system architecture.

Browser

User interface
Request
Saver (back-end) Client (front-end)
Response

Figure 7: Overall system architecture

Apart from the system architecture, an early versibthe user interface was implemented in
this iteration. The ability to provide the userhitints on what properties and what operators
were available for selection were considered dsigi priority in the requirements analysis.
As the approach moved away from the notion of thetgtype being an IDE facilitating
simplified programming, so some of the requirementsally stated were not as relevant
anymore, resulting in the requirements being refjiized. Those assisting the user in the
formulation of the criteria were put in higher pitg than those dealing with the notion of

variables. This is reflected in the user interfaceshown in Figure 8

The OpenMRS data model was used as an examplegtng with the properties of its
Patient class as the starting point for each doitetHowever, as the aim was to develop the
prototype as generic as possible, direct dependenbetween the front-end and the
OpenMRS library were avoided.
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Figure 8: The first web-application prototype

Figure 8 shows three properties of the OpenMRSeRatlass used in an expression. Each
line has a dropdown box for choosing the Patieoperty, a dropdown box for selecting a
valid comparison operator, and an input box foegng the value to compare with. The list
of valid comparison operators depends on what ptppse selected. For instance, the
property “Age” refers to an integer value, and d¢fiere the user can choose between all valid
integer operations. “CauseOfDeath” is a concept] #me user is therefore given the
opportunity to search for valid concepts storethimm database. The user can type in at least
two characters and the system will list all the capts that start with these two characters.
After the end of each line, the user is given thtom to add a new condition (plus button) by
selecting the logical operator (AND/OR) to use &tvieen, or deleting the condition by

clicking the button with a minus sign on it.

The corresponding logical expression is shown énupper box in Figure 8. This reflects the

expression formulated in the Ul as source codberGroovy language.

Second prototype

In this iteration, the user interface was improvederms of stability, visual impression and
functionality. Improvements include the ability perform basic operations like storage,
retrieval and deletion of expressions (as specifredhe requirements analysis), naming
expressions and viewing them in XML format. Therusgn select any of these operations
from buttons on the introduced toolbar, as sedfignre 9. End-user documentation was also
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included in this version.

] Mew Save [ Open X Dalete  View XML

Expression name: Women above eighteen from the Luo-tribe

@ gender v & s v @F ~ |XREMOVE [*| +ADD |v| |¢2GROUP |+
AND |+
@ tribae v & * @ Luo | XREMOVE [*| +ADD |*| |¢>GROUP |+
AND |*

@ age ~ & is lass than| - S REMOVE |*| +ADD |+| c3GROUP |¥

| ® is less than

s
3

& js greater than
{
gender == F
13
tribe == Tribe.get (2]
&& € iz not
age < #undefinedd
¥

& iz graater than or squal to
& iz less than or equal to

LRE

Figure 9: The user interface from the second iamat

The buttons at the end of each line were improvét wons, and options for adding new
groups were placed in a separate button. Alsocdtigie view was moved below the Criteria
expression, to put the workbench in focus (seerEid0 for the names of the different parts
of the UlI).

For this iteration, tasks covering the range ofctionality offered by the prototype were
designed in order to test the prototype. The tesitd for this iteration were the same as the

one used in evaluation (see section 5.3.5).

The tests were done by Jgrn Klungsgyr at Centrelrit@arnational Health. He revealed

several usability issues:

» It was impossible to remove a group. If the usedena mistake by clicking the add
group button, there was no way to remove this esgpo@ group again.

* It was not possible to add a group immediatelyradt@other group. This had to be
done by first adding a group, then adding two otitreups after the expression inside
this group.

* Most notably, if one started by adding a groupreheas no way of adding a new

expression after it.
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Final prototype
Based on the feedback from the second iteratids, tde final prototype was developed.

It was suggested to add the "remove, add and grbugtons before or after a group-
parenthesis. This led to the development of ther&sgon Toolbar (see Figure 10),
responsible for adding and removing expressionsexpdession groups before or after both

single expressions and expression groups.

This resulted in these three buttons appearingratiore frequent than before, and to tone
down their visual impression and dominance in th#,@ese buttons were reduced to icons
only (with a describing tooltip text) and made sparent when inactive (opaque on mouse

over). A more thorough description of the userriiaiee in the final prototype follows.

The final user interface

The user interface in the final prototype now cetssof four different parts. A toolbar, an
information pane, the expression workbench and @e cdew. The toolbar offers basic
operations for the creation, saving, re-openingdeldtion of expressions. For demonstration
purposes, an option to download and view an XMLsier of the current expression is also
available. Lastly, the toolbar has a button thaergpthe user-documentation in a new

window. This makes the documentation availabldéouser at any time.
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lity Criteria Builder - Mozilla Firefox

| C‘ ‘http:Hechui\der.dyndns.nrg:QDQD)’Cr\tariaBu\Ider)’expressmn?datamndel=ﬂrg.npenmrs#

ELIGIBILITY CRITERIA BUILDER

Toolbar

1 Hew Save [ Open X Delete  Dawnload ML () Documentatian

Information pane

Datamodel: QpenMRS

Textusl description: 3.1, Aged 1to 5 vears

3.2, HIV infection (previously confirmed by 2 ELISAs for children > 18 months: DHA
PR for those < 18 months)

33, Informed consent from the parent/caretaker

2.4, Ability to return for follaw-up (lives within a radius of 15 km from hospital and
unlikely to change residence during the course of the study)

Expression name:  Test #3 Inclusion

Workbench

Include patients whose:
—

@ age * & s less than i

Expression Toolbar

@ age * & iz grester than or equal to R4 1 X v+ all +

AND |*

@ observations |7 10 where [concept is HUMAN IMMUNGDEFICIENCY VIRUS] @ val
AND ¥
@ observations |7 10 where [concept is HOSPITAL DISTANCE] | @ valueMumeric  |v # s less than || 15
AND ¥
el
(i~
@ observations  |v | L1 where [concept is ELISA] v @ valuecoded M |~ @ PoSITIVE -
AND | ™
@ birthdate v @ monthsSince  |¥| & is greater than |~ 1g
)

Code view pane

age < 5
&&

age =1
&&
ohservations.where ({it.concept.equals(Concept.get (30) ) 1) .valueCoded . equals (Concept.get (703) )

&k
obzervations.where({it.concept.equals (Concept.get (1357)1}) .valueNumeric < 15

£&
i

ohservations.where ({it.concept.equals (Concept.get (646) ) 1) .valueCoded .equals (Concept.get (703) )

&k
birthdate.monthsSince > 18

birtchdate.monthsSinece < 18

&
ohservations.where ({it.concept.equals (Concept.get (844) ) }) .valueCoded .eguals(Concept.get (1301) )

Done

Figure 10: The final prototype and its differenttpa

The information panel contains information abowd thurrent data model. During the tests,
this panel also included task-number and criteye tselection boxes and a field for the
textual description of the criteria expression. Seetion 5.3.5 for more information about the

user tasks used in evaluation.
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The workbench pane is where the user formulatébdricriteria by building the expression
piece by piece. When creating a new expressioagtheparate dropdown-boxes are shown.
The first is where the user selects the propertysin the condition. When the user selects a
property from the first dropdown, the next one wié updated to contain the valid
comparison operators for the data type of the sadeproperty (remember that a property is
actually a get-method with a return-type). For eghanif the property type is an integer, the
next selection box will display a selection of caripon operators valid for integers (i.e. less
than, greater than... etc.). If, on the other hdinel,selected property returns a complex data
type, like a patient or person, the comparison-aiperselection box will also include the
properties of the return type (i.e. birthdate fopexson). If the user selects one of these
properties, a new dropdown will be added before dbmparison operator selection box,
containing the chosen property, and the comparsperator will be re-populated with
comparison operators valid for the data type ofsélected property (in the case of birth date:

“is before”, “is after”, etc.).

The last field is always the value in the exprassibhe value can be either primitive,

(numbers, strings) or complex (referring to actoatances, i.e. the user with id=2).

The registered lookups, as described in sectior2 4.3 ookups, determines what values
should be suggested as alternatives for the diffetata types.

When the user is finished with the first conditidre/she can go on by adding another
condition by clicking the “Add” button to add a gla condition or the “Group” button to add

a grouped condition. Before adding a new condittba,user must decide whether to add the
condition before or after the current. When theditbon is added, the user also needs to
select the logical operator (either AND or OR) bedw them. When adding a grouped

condition, the user can also optionally negateninely added group (i.e. put a NOT before

it).

The code view is for demonstration purposes ornpwsng the current expression as a

Groovy expression.

Creating a new expression from scratch

To create a new expression, the user clicks thev"Nweitton on the toolbar.
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Along with a field for entering the expression nartteee blank fields will appear in the
workbench (see Figure 10). The first field givdstof all the properties associated with the

root-class as defined in the backend.

The user will need to give the expression a naméilloyg in the "Expression name field"
This will typically be a textual description of tlegiterion the user would like to create. In
order to force the user to provide a name for ¥pression, a dialog box will appear if he/she

tries to save the expression without yet giving mame.

Open an existing expression for editing

To open an already existing expression, the usekscthe “Open” button on the toolbar. This
will display a list of all the existing expressiomsthe database. The user then selects the
expression he/she wants to open from the dropd@unThe expression will now appear on
the workbench, ready to be edited.

Deleting an expression

To delete an expression, the user clicks the “[B&letitton on the toolbar and will then be

asked to confirm that the expression should be aeemtly removed.

4.3 Implementation

4.3.1 Technologies used

Several different technologies were used in theeldgment of the prototype. They are listed

and described below.

Grails, Groovy, JavaScript

The back-end was implemented using Grails, an spence, Java-based web application
framework. Grails enabled easy integration with @genMRS API, and facilitated rapid
development of the prototype back-end. Grailssislitbuilt on top of other technologies such
as the Groovy Scripting language for Java. Thablbty offered by Groovy made it possible

to add functionality to built-in Java-classes amgorted library classes.
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JavaScript was used on the front-end to requestjve and manage the information from the

back-end. Requests were sent from the Ul whenbaeenger action required it.

The Java Reflection API

A crucial feature of the Java programming languatijezed in this project was the ability to
read metadata of the different language const(atdsses, data types, methods, etc.) through
the Java Reflection API which allows the programirtwospect on itself at runtime. For
example, by using the introspection features, jtassible to write code that can tell the user
what methods and class it is running inside. A dpson of how reflection is utilized in this

project is presented later in this chapter.

Dynamic features of Groovy

Groovy provides support for dynamically adding bebar and properties to classes at
runtime. To exemplify this, consider extending thelt-in Java-class java.util.Date with a
“getYearsSince()” method that returns the numberyeérs since the date the object
represents. In traditional Java, this can only bleieved by subclassing the java.util.Date
class. In Groovy, however, this method can be addetie Date class at runtime with the

following code:

java.util.Date.metaClass.getYearsSince = {
return new Date().getYear() - delegate.getYear()

}

date = new Date( 80, 1, 2)
printin date.getYearsSince()

>> 28

This feature was especially helpful as it enablexdgossibility to add custom functionality to
instances of library classes with little effort. Titustrate the advantage of this feature,
consider the Patient class in the OpenMRS API. Hakent class has its own compile-time
methods, like getAge, getTribe, etc. The data maded has an Observation-class (named
Obs), with a reference to the patient, made availéitrough the method with signature
public Patient getPatient() . There is however, no reference from the Patiéagscto
observations linked with patients. The problemhmsy do we implement a method, available

on all patient-objects that give us the list of evations registered for them? The intuitive
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approach to this could be by subclassing the Ratlass with, say an ExtendedPatient class

and implement a new method returning a list of oleeons. Something like:

class ExtendedPatient extends Patient {
public Collection<Obs> getObservations() {
/I Fetch and return observations for this patient

}

Now, this would ensure that all “extended patierfiestances of the ExtendedPatient class)
in the system has a method that returns a lisbsévations for the patient. But consider also
the observations in the list that this method refuifhese are instances of the Obs class and
still got the function getPatient which still reigra Patient object, not an ExtendedPatient.
Thus, the achievement of writing the ExtendedPat&ass is really limited unless one
subclasses and overwrites methods throughout thiee estata model. With Groovy, the

getObservation-method can be added runtime wittioll@ving piece of code:

Patient. metaClass.getObservations = {
/I Fetch and return observations for this patient

}

Groovy will now ensure that all instances of thdidtd class or subclasses of it have a

getObservation method.

Groovy does not, however support statically typedumn-type of dynamically added
methods, something that disables introspectionufeaton them. To cope with this, the
Groovy class TypeExtensions was written to enableowing of methods from a statically
typed Java-class while keeping track of return eslwf the borrowed methods (see

Appendix F for the whole class).

class TypeExtensions {

private static HashMap<Class, Class> extenders = new HashMap<Class, Class>();
/**

* Adding methods of extender class to the exte ndee class

* All instances of the extendee class will hav e methods of the extender class

*/
public static extend(Class extendee, Class extender) {

extenders.put(extendee, extender)
for (Method m in extender.getDeclaredMethods()) {
def method = m.name
extendee.metaClass. "$ method " << {->
extender. "$ method " (delegate)
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}
/**
* Returns a list of methods for extended class
*/
public static List<Method> getAllIMethods(Type clazz) {
if (Iclazz) return null
if (extenders.containsKey(clazz))
return  Arrays.asList(clazz.getMethods())
.plus(Arrays.asList(extenders.g et(clazz).getMethods()))
else
return  Arrays.asList(clazz.getMethods())

-~
o

Theextend method in the above Groovy class takes two class@srameters. The first class

is the one to be extended (the extendee) with #thads belonging to the class in the second
parameter (the extender). When called, the extesithaal first adds the extender class to a
hash map (using the extendee as key) for laterTisn, the methods of the extender class
are looped through, adding each method to the d&terlass using its metaClass. The new
method of the extendee is a code block callingotiginal method of the extender with itself

as parameter. That's why all methods of extensiasses must have the first parameter being
of the class it intends to extend. For example ntlie¢hod returning observations for a patient

described earlier would be required to take a Ratibject as parameter:

public static Collection<Obs> getObservations(Patient delegate) {
' /I Fetch and return observations for the delegate p atient

JSON as exchange format

JavaScript Object Notation (Crockford, 2006) isghtiweight data exchange format that is
easily parsed by JavaScript. It was therefore geitable as exchange format from the back-
end to the front-end. The front-end sends requeseular get and post requests, while the
back-end returns a JSON structured response toetheest. Grails comes with a converter

that easily transforms a Groovy object to a JSOjeatb

def employeesAsJSON = Employee.list() as JSON
i println  employeesAsJSON

>> [{"id":1,"class":"Employee","address":2,"age":28 ,"birthDate":new
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Date(332231400000),"department":1,"firstName":"Jim" ,"jobTitle":"Student","lastName"
- "Ojam'}]

Class introspection and generics

Type introspection capability is required from tnederlying data model in order to enable

reading of return type values for the differenssks and properties in it.

Java is a reflective programming language, whiclamset offers the possibility to introspect
on its own language constructs and obtain metanmdtion about classes, methods, return
values and parameters. For instance, it is posilidetermine what kind of class an object is

an instance of:

static void printClassName  (Object o) {
’ System.out.printin( "The object is an instance of: " +0.getClass())

Invoking this method with a date object as paramsii produce:

printClassFor( new Date())
>> The object is an instance of: class java.util.Da te

It is also possible to list all the methods avdéafor an object by reading declared methods

of the class the object is an instance of:

printMethodsFor( new Date())

>> public int java.util. Date.hashCode()

public int java.util. Date.compareTo(java.lang.Objec t)
public int java.util. Date.compareTo(java.util.Date)

public java.lang.Object java.util.Date.clone()

public boolean java.util.Date.equals(java.lang.Obje ct)

public java.lang.String java.util.Date.toString()

()

This type of metadata is read from the data mogdahb back-end, and returned for use by
the front-end, for example when determining whanparison operators to show when the
user selects the age property of the patient (waathally refers to the getAge() method of

the Patient class, as explained in the followingiea).
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JavaBean naming pattern

The JavaBeans component architecture specifiesréngaconvention for classes and field

accessors. A common convention is to expose prifielgs of a class through getters and

setters, allowing the outside world to retrieve andnipulate the field. If we consider the

field private Date  birthdate  in the clas®erson , the corresponding getters and setters for
this field would be:

public  String getBirthdate() {
return this .birthDate;
}
public void setBirthdate(String bd) {
this .birthDate = bd;

According to the JavaBeans specificatibinthdate =~ would be said to be a property of the

Person class.

In Groovy, properties following the JavaBean namaogvention are accessible using dot
notation. For example, given an instance of thesdteclass, the person’s birthdate would be

written as:

person.birthdate

This would implicitly invoke the getBirthdate -meith (i.e. not by accessing the private
“birthdate” field directly, which would violate theccess restriction on the declared birthdate
field).

The birthdate field is of the java.util.Date typéieh itself has its own getters and setters,
like getYear and setYear. Correspondingly, the yefathe person’s birth date can be
expressed as:

person.getBirthdate().getYear()

This is, no matter how readable for an experiengezjrammer, a less natural way of

referring to a person’s year of birth. In Groouye same thing would be written:

person.birthdate.year

In a more complex and comprehensive data model thik OpenMRS, one can express fairly
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readable references to properties along an objeitt. g-~or instance, the birthdate of the
person who created a form used in an encounteciagsg with an observation would be

represented as:

| observation.encounter.form.creator.birthdate

So, in short, the JavaBeans naming convention gesva more natural way of representing

properties along paths in an object hierarchy.

This notation is used consistently in the front-émgbrovide a more readable representation

of a condition, for example:

observation.encounter.form.creator.age is less than 18

Java generics

The introduction of reflection and generics in Java opened for the possibility to “know”
about the data type of items contained in collestid’rior to Java 1.5, element accessors of
collection classes would only return instanceshef built-in Object class. This class is the
superclass of all objects in Java, so any objd¢atmed from a list would be an instance of the
this. Thus, no further specification of the typgealts contained in a collection was available

prior to introduction of the reflection API.

For example, the generics features allows thengjblfield in the Person class underneath to

be declared as a list of other person-objectsariaghowing way:

private  List<Person> siblings;

The corresponding get-method would look somethikey |

public  List<Person> getSiblings() {
return  siblings

}

Introspecting the getSiblings method would now deiee that it returns a list of person-

objects:

Method method = Person. class .getMethod( "getSiblings" , null );
System.out.printin(method.getGenericReturnType());
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>> java.util.List<Person>

The information about the type of items in collens is used by the front-end to let the user
set conditions on the items, in order to singleadesired item to use in the expression. For

example using the where pseudo-operator:

patient.addresses.where(preferred is true).country equals “Namibia”

Here, the front-end will recognize the property reddes as a collection, and ask the back-
end for what type of items it contains. The bacH-emill use introspection to read the

enclosed type of this collection and answer thabiitains objects of the Address class. The
front-end will then go on by letting the user sehditions on the properties of the Address
class (in this case, the country attribute referthe address in the list where the preferred

property is set to true).

Other Javascript libraries used

Several JavaScript libraries were used; The Prp&tjavaScript framework was used to
utilize object-oriented features in Javascript @hby default are rather limited), ease the
creation of extended HTML components, and simpl®®M manipulation and Ajax
requests. The script.aculo.us user interface fonars used for visual features, while JQuery
was used for the date selector widget and embeddddg windows. Because different
browsers have different XML APIs, the Sarissa lipravas used to ensure cross-browser

compatible XML serialization.
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4.3.2 Prototype implementation

Technical architecture

Browser

: User interface
Server (back-end) .
Grails HTTP requests | Client (front-end)
/ \J / \X . Javascript
: HTML
Data madel I JE0OM-encoded response .

Figure 11: Architecture of the prototype

The prototype is made up of two separate, indeperuiets. On the server-side lays a Grails
web application, which is responsible for intenagtwith the data-model by reading metadata
about its classes and properties, and retrievingvaat data from the database. The
communication between the two parts is done throdjgit requests. The front-end requests
data from the back-end whenever needed by postii@PHrequests and receiving the

appropriate data as a JSON-encoded response.

The back-end application can be deployed in seulaah Servlet containers, like Tomcat,
Geronimo, GlassFish, JBoss %tEor the evaluation session, the prototype wasogteg in
Jetty.

The client side application is tested throughoetdevelopment stage using Firefox 3.0. It is
briefly tested in Opera and Google Chrome withony &lear incompatibility issues.
However, the time constraint given this thesis diok justify thorough cross-browser

compatibility checks.

8 For a whole list of supported containers, plea$erito

http://docs.codehaus.org/display/ GRAILS/Deployment

® http://www.mortbay.org/jetty/
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Front-end

Expression structure

The front-end lets the user manipulate the differgnuctural parts of an expression. To
formally describe the syntax of a programming lagg the Extended Bakus-Naur Form
(EBNF) is widely adopted and used. The structuraroéxpression, as can be formulated and

manipulated using the prototype can be described) EBNF grammar as:

expression = condition [{(AND | OR) condition}].

condition = single_condition | expression_group.

expression_group =["not"]"(" expression ")".

single_condition = property {["." property]} compa rison_operator value.
property = propertyname ["["condition"]"].

This grammar can be visualized using the EBNF Viseaapplication’. See Appendix | for

a visual representation of the expression syntax.

The register

The register is a data structure used by the feadtto keep track of data model-specific
features. The front-end totally de-coupled from Haek-end and knows nothing about the
underlying data structure or specific programmiaggluage constructs, this information is
kept in the register. The prototype only knows thamust consult the register to obtain
this information. The register supports three didtilanguage constructs: data types,

comparison operators and value lookups.
Data types

Data types can easily be registered usingRéugster.Datatype.add(options) function,

taking a list of options (JSON-style) as parameter.

A data type must always have an id. This should sanplification of an actual data type in

the programming language. For instance “java.langd@ would typically just be given

10 http://dotnet.jku.at/applications/Visualizer/
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“string” as id. Data types can also have a lisalidises that would be which data types that
should be generalized to it. Because the aliasesugsed to determine what comparison
operators that are valid for each of them, the tgtas can be a quite broad simplification of
those supported by the programming language. Fample, instead of registering all

numeric data types found in Java as separate, endepmt data types, they could be

generalized into a “numeric” data type in the ragis

Register.Datatype.add({

id: 'numeric'

aliases: [
'Java.lang.Integer'
'Java.lang.Double’
'Java.lang.Long'
'Java.lang.Float'
'byte’
'short'
'int'
'long’
‘float’
‘double’

)

The prototype will then treat all of the data typieted in aliases to be numeric, suggesting

the same list of comparison operators to all.

Data model specific data types (i.e. classes) tzmla registered using the same function.
For instance, enabling support for instances aistamized Person class can be achieved by
adding it to the register:

Register.Datatype.add({
id: 'my.package.Person'

)

Comparison operators

Different data types have different comparison afms. These operators can be added to the
register and will appear as options when the useowenters an associated data type. The data
type association is specified when registering tloenparison operator in the register.
Consider the comparison operator “equals” (the “epérator in groovy). It will be valid for

a range of data types, including strings, numemes$, dates, etc. The equals operator can
therefore be registered with the id of the assediaperators:
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Register.ComparisonOperator.add({

id: ‘equals'

symbol: =

display_name: is'

datatypes: [ ‘numeric’ , 'string' , 'boolean’ , 'date' ]
)

Note that a comparison operator can also havepdagisiame. This is what will be visible to
the user in the GUI.

Logical operators

The only logical operators currently included afdA\and OR. Support for other operators

(i.e. exclusive or, XOR) can be enabled by addsgt to the register:

Register.LogicalOperator.add({
[id: 'xor'

symbol: W
display_name: 'xor'

5})

Lookups

The last, but not least important feature of thgister is lookups. Lookups can be added to
suggest different selection choices for the user.ikstance, the list of available properties
for a class is retrieved consulting the lookup segi A lookup can be either a hard-coded list
of values, or an Ajax request to retrieve objeotsnfthe backend. For example, the lookup

for boolean data types would be:

I Register.Lookup.add({

id: '‘boolean’
datatypes: [ '‘boolean’ ],
getltems: function () {

return  [true , false ]

}
)

A lookup that would retrieve a list of users frone tbackend would be:

Register.Lookup.add({

type: ‘request’ ,

id: 'persons’

datatypes: [ 'my.package.Person' 1
request: function  (args) {
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var url=  'backend/get_persons?' +
'match="+encodeURI(args.match)+
'‘&datatype="  +encodeURI(args.datatype)

new Ajax.Request(url, {
evalJSON: true ,
onComplete: function  (response) {
var json =response.responseJSON,;
this .respond(json)
}.bind( this )
)
}
)

Lookups registered with the option “type: requestll need to define a responder callback

function, which is invoked when the Ajax requesticse loading the response.

It is only in the lookup segment of the registattthe prototype keeps the information about
the back-end. In essence, the front-end and thk-dvaat are totally de-coupled - neither
knowing anything about the other. The front-end/dmows it must get the information from
somewhergeand therefore it consults the lookup registefirtd out from where. It is only the
implementation of a lookup that keeps a referemcéhé back-end. The back-end, on the
other side knows that it serves a front-end, amrdeflore it must conform to the standards
required by it. In the prototype, the front-end ahé back-end are on the same server,

therefore the URLs defined in the lookups are nedat
The classreader lookup

The only lookup required by the front-end is thasskeader lookup. The implementation of
this must return a list of PropertyNodes correspampdo the given arguments its request-
function is called with. It does so by consultihg tback-end. The current implementation of

this lookup is reproduced in Appendix E.
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Expression nodes

TokenNode

-previous | TokenMode
Fnext : TokenMode >

0.1

FANN B
0.1
ListSelectionNode ActionNade
L -title © string - -
expressionGroup -action : string LogicalOperatoriode LogicalOperator
-operator @ LogicalOperator wp——————
1 [ 1 0.
1 | Token
ComparisonOperator W]
ExpressionGroupNode ComparisonOperatorNode | g, D—symbol
FrootExpression | ExpressionNode -operator : ComparisonOperator | - 4 1 0 Fdisplay_name
-negated : bool
1 PropertyMode
1 -narme : string Datatype
-datatype : Datatype 1 . P
I ~enclosed_type : Datatype 0. [Hases
ExpressionNode |
-property - PropertyMode 0.
Foomparison_operator | ComparisonOperatorNode
Fvaliee

Figure 12: The different language constructs represi as TokenNodes

The different parts of an expression as descrilimey is represented as subclasses of the
TokenNode JavaScript class in the file Expressiatesds.

The TokenNode super class is implemented as adil&g allowing each node to have other
nodes linked either before or after. For exampler@pertyNode can be followed by another
property node, and a condition can be followed biogical operator, which in turn is

followed by another condition. A description of thabclasses of the TokenNode follows.
ExpressionGroupNode

This holds a reference to an ExpressionNode instaaned a boolean indicating whether the
group is negated or not.

ExpressionNode

This class has three fields: property, comparisperator and value. The property field is an
instance of PropertyNode, the comparison_operatanly registered comparison operator
while the value can be literally anything.

47



PropertyNode

Nodes of this type contains a reference to the gstgmame, the data type returned by this
property and, in cases where the property returm®li@ction of an enclosed data type,

objects of this class will have a reference toethelosed data type.
ListSelectionNode

A node of this type contains an expression to sékems from a list. ListSelectionNodes will
always succeed a PropertyNode with a collectioa tigie, and the condition will be based
upon the enclosed type of the preceeding PropedgN8o if the preceding PropertyNode
has a collection of addresses, the ListSelectioeNadl have a condition based on the

properties of the address class.
LogicalOperatorNode

The LogicalOperatorNode contains an instance obgidalOperator and is always preceded

and followed by either an ExpressionNode or an &sgonGroupNode
ActionNode

An ActionNode is used to invoke certain actionspgrfed by the front-end. The ActionNode
is implemented in order to let the back-end deaien to invoke different front-end

supported actions.

Ul components

The Combobox control

The Combobox control is the most re-used Ul compbrleroughout the system. It is a
flexible, rich, dynamic user interface control thaltows for user typing in addition to
selecting items from a list of possible choicesteBal of the Ul components described below
acts as proxies for a Combobox instance by redigiig commands to, and listening for
changes in it. The Combobox contains an instanca GomboboxList which consists of
ComboboxItem instances. A Comboboxltem can haveoHift text that will be displayed

when the user points the mouse over it (Figure 13).
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BACILLI

@ AFB SMEAR SPUTUM

An antibiotic organic base B3
C2ZIHIINTOLZ that is
produced by a sail
actinormycete of the genus
Streptomyces (5. griseus]), is
active against bacteria, and is
used especially in the
treatment of infections (as
tuberculosis) by

@ ISONMIAZID
@ ETHAMBUTOL
@ ISOMNIAZID

@ RIFAMPICIM

~ RIFAMPICIN ISOMIAZID gram-negative backeria,
AND PYRAZINAMIDE Datatype: i
Concept Class: Drug
~ PULMOMARY Valid answers:
TUBERCULOSIS
Synonyms:
3 BACILLE CAMILE-GUERIN * STREPTOMYCIN
WACCINATION IMIECTION
» STREPTOMYCIN
@ ADEMITIS, TUBERCULOUS TABLETS

o ETHAMBUTOL ANMD
ISONIZAID

Figure 13: The Combobox Ul Control showing toolipts for items matching

“Tuberculosis”

Each of the expression nodes mentioned in the quesection have their own dedicated Ul
component (Figure 14). For example, the Logical@fmNode has a
LogicalOperatorControl which is responsible fora®ing user actions and manipulating the
LogicalOperatorNode accordingly. All Ul componertiave a getModel-method, which
returns an instance of the associated token ndue different Ul components are described
below. As the TokenNode superclass, the Controtmlgss is implemented as a linked list,

having references to next and previous controls.
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Control

-previous | Control
Fnext : Control
Fmodel : object
l-context @ string
-element

[

PropertyNavigatorControl > PropertySelectorControl

ComparisenOperatorControl ExpressionGroupControl

ValueSelectorControl

IS 'S

ExpressionControl Logical OperatorControl

Figure 14: Classdiagram bfi component
ExpressionGroupControl

This creates an Ul control that deal with an exgigsgroup. It is responsible for listening
user actions and adding new expressions at diffgreints in the hierarchy. An instance
this control keeps a reference to the fof the inner ExpressionControl instances, whic

turn, has a reference to the next, and s
ExpressionControl

This control is responsible for a singlexpression dondition). It contains
PropertyNavigatorControl, a ComparisonOperatorGorand a ViueSelectorControl. It i
responsible for responding to events in these otmtand propagating events upwards in

control hierarchy.
PropertyNavigatorControl

The PropertyNavigatorContré#ts the user navigate and select properties ofuhent dza

model. It creates a control for every property gldhe property path, and fir@adequate
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events based on user actions.
PropertySelectorControl

This control is responsible for administering thentboBox for each of the different
properties. Whenever the user changes the vale RiopertySelectorControl, an event is

fired, informing the parent controls about the detaf the change in this property.
ComparisonOperatorControl

The ComparisonOperatorControl is populated withviléd comparison operators for the last

property in the current property path. If for imsta the property path is:

employee.address.zipcode

The ComparisonOperatorControl would contain congoéri operators associated with
numeric values. If the last property is of a comptgpe, i.e. of the Address type, a
ComparisonOperatorControl will also contain thepamies of this type. Selecting one of
these properties will cause the control to fireeamnt, telling the PropertyNavigatorControl

to add the selected property to the end of theeatiproperty path.
ValueSelectorControl

This control displays an input-field for the usertype the value to be compared. If a lookup
is registered for the current data type or proppéth, the ValueSelectorControl will retrieve
the list items from the lookup and display them aadist of possible alternatives. The
ValueSelectorControl can also use a widget forcsielg special value-types, for example a

date.

XML serializer

To convert the expression from the internal repredg®n of TokenNodes to an XML

representation of the expression, the XMLSerialctass was written.

In order to serialize an expression, a new instariche XMLSerializer would be created

with the root-expression as constructor parameter:

var serializer = new XMLEXxpressionSerializer( new ExpressionGroupNode(), datamodel)
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Then, the serialize-function of the XMLSerializersiance will return an XML document

object, which in turn can be serialized to a stusgg the Sarissa XML Serializer.

var serializer = new XMLExpressionSerializer(app.ge tModel(), datamodel)

The XMLExpressionSerializer constructor takes thetdexpression as parameter and has the
two functions serialize() and deserialize() whieturns an XML document object and an xml

string, respectively. See Appendix J for an exampken XML serialized expression.

Back-end

An essential part of the back-end implementaticthésreturn-type introspection on property
get-methods. Introspection features are used wiefrant-end asks the back-end for a list of
properties belonging to a given class. Introspectéatures in the back-end are implemented
in the Groovy-class TypeExtensions. More specifycahe static method getEndClass in the
TypeExtensions class will return the return typetled method corresponding to the last
property in a property path (a string of dot-sefgtgroperties, i.e. “employee.address.zip”).
This is an example invocation of the getEndClasthoge

/I What type does the getName-method of the Patient -class return?
System.out.printin(TypeExtensions.getEndClass(Patie nt. class , "tribe" ));
>> class org.openmrs.Tribe

/I The getAddresses-method of the Patient class ret urns a java.util.Set of
/I org.openmrs.PersonAddress instances
System.out.printin(TypeExtensions.getEndClass(Patie nt. class , "addresses" ));

>> java.util. Set<org.openmrs.PersonAddress>

/I What type would be returned if calling
/I emp.getDepartment().getAddress().getZip()
/I on the Employee-object emp

System.out.printin(TypeExtensions.getEndClass(Emplo yee. class , "department.
location"  ));

>> class no.uib.bna049.example.Address

/I Projecting across a list

System.out.printin(TypeExtensions.getEndClass(Emplo yee. class ,
"projects.find({it.name.contains('database")}).depa rtment.location.zip" );
>> int

The getAllMethods method (see Appendix G) returnsstaof all methods declared for a

given class:
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System.out.printin(TypeExtensions.getAllMethods(Add ress. class ));

>>[(...) public void no.uib.bna049.example.Address. setCountry(java.lang.String),
public java.lang.String no.uib.bna049.example.Addre ss.getStreet(), public void
no.uib.bna049.example.Address.setStreet(java.lang.S tring), public java.lang.String
no.uib.bna049.example.Address.getCity(), public voi d
no.uib.bna049.example.Address.setCity(java.lang.Str ing), public int
no.uib.bna049.example.Address.getZip(), public void

no.uib.bna049.example.Address.setZip(int), public n ative int
java.lang.Object.hashCode(), public final native ja va.lang.Class
java.lang.Object.getClass(), (...)]

Combined, these two methods can give us a lisl aiethods at the end of a property path:

Type endclass = TypeExtensions.getEndClass(Employee . class , "department.location" )
List<Method> methods = TypeExtensions.getAllMethods (endclass);
System.out.printin(methods);

>>[(...) public void no.uib.bna049.example.Address. setCountry(java.lang.String),
public java.lang.String no.uib.bna049.example.Addre ss.getStreet(), public void
no.uib.bna049.example.Address.setStreet(java.lang.S tring), public java.lang.String
no.uib.bna049.example.Address.getCity(), public voi d
no.uib.bna049.example.Address.setCity(java.lang.Str ing), public int
no.uib.bna049.example.Address.getZip(), public void

no.uib.bna049.example.Address.setZip(int), public n ative int
java.lang.Object.hashCode(), public final native ja va.lang.Class
java.lang.Object.getClass(), (...)]

Please refer to Appendix H for the full implemeiaatof the getEndClass method.

The BackendController class

The back-end is written as a Grails controller. i3 controller-class exposes its defined
methods as an URL. To illustrate, consider the radiet-method “sayhello” in the Groovy

controller-class HelloWorldController:

class HelloWorldController {
def sayhello = {
render "Hello World!"

This method is available at the relative server lloworld/sayhello and will display

“Hello World!” in the browser window when accessed.

The front-end communicates with different contreleethods according to the lookups
registered in the front-end. The only one critiaad required controller-method is the one
delivering the list of properties to the front-efithis method takes two parameters — one is
the property path and the other is the startingipciass (or context). The controller-method

is then required to return a JSON object with adfsead-methods of the end class and their
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return type.

Delivering other types of data to the front-end

Several lookups can be defined for the front-emiggéred by a certain path, data type,
property name or combination of these. For instartbe gender of a person is often
represented by a "gender" property in a Persors-.clase format on the value of this property
may vary from "M, F" to "Male, Female", "1/0" etcThis format may be unknown to the
user, and not even standardized in the data mddelefore it might be useful to query the
database for a list of all the possible valueshef gender property. To achieve this, the
lookup is added to the register with a matchingpprty name and data type and an

implementation of the request-function.

The request-function calls an URL, invoking a back}t controller that looks in the database

for a list of distinct values for the gender fietohd then returns it.

On the client-side (JavaScript):

Register.Lookup.add({
id: 'gender’
property: /.*gender/
datatypes: [ 'string’ 1,
request: function () {
new Ajax.Request( 'backend/json_genders' o
evalJSON: true ,
onComplete: function  (response) {
var json =response.responseJSON
this .respond(json)
}.bind( this )
)
}
Dk

On the server-side (Groovy controller):

def json_genders = {
response.setHeader( ‘Content-type' , 'application/json;charset=UTF-8' )
render Person.executeQuery( "select distinct p.gender from Person p" )

}

4.3.3 Integration with the OpenMRS API

Integrating the OpenMRS API with Grails was straifgirward. The OpenMRS API jar file
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is available for download from openmrs.org, and bagt-in object-relational mapping
through embedded Spring and Hibernate configurdiies.

After the OpenMRS API jar file was downloaded, &svcopied to théb subfolder of the
Grails project folder.

The content of the Spring configuration fdeplicationContext-service.xml was then
copied from the OpenMRS JAR into tlesils-app/conf/spring/resources.xml file.
The database schema was then created and popwittietbmo data using sql files available
for download from openmrs.org. Finally, entering ttatabase login details in theuils-
app/conf/DataSource.groovy file was all the configuration work needed to dander to
integrate OpenMRS in the Grails application.
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5 EVALUATION

This chapter is divided in two parts. The firsttdaggins by presenting the characteristics and
purpose of evaluation, followed by a descriptiontloé evaluation techniques and design
utilized in this thesis. The second part presdmsfiindings, and a general discussion of their

impact.

5.1 What is an evaluation and why do we do it?

The purpose of an evaluation is to assess theteffaa effectiveness of something, typically
some innovation, intervention, policy, practiceservice (Robson, 2002, p. 202). Evaluation
can be classified as either being formative or sative. This classification is often used in
educational sciences where the formative evaluatiamsed by an instructional designer to
improve a curriculum or educational programme, @/le summative evaluation is at a later
stage used to assess the outcome of the changaricutum. The distinction is well
illustrated in Robert Stakes notable quote "Whendbok tastes the soup, that's formative;
when the guests taste the soup, that's summatigebt¢d in Scriven, 1991, p. 169).
Formative evaluation is intended to help in tlewelopmenof the programme, innovation or
whatever is the focus of the evaluation, while answative evaluation “concentrates on

assessing the effects and effectiveness of thegroge” (Robson, 2002, p. 206).

5.2 Usability evaluation

Different methods exist for evaluating the usapitift a computer system. In a study by Tullis
and Stetson several different methods for assesgmgite usability were compared (Tullis

& Stetson, 2004). This study suggests that thetouesire yielding most “correct” answers
at the lowest sample size was the Systems UsaBitie (SUS). At a sample size of only 8,
SUS gives an accuracy rate at about 75%, whiletthers stay as low as 40-45%. The SUS is
a freely available, widely tested and easy to appigstionnaire used to assess the degree of

usability offered by a computer system.
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Figure 15: The systems usability scale comparedtiter available usability measurement
scales (Tullis & Stetson, 2004)

SUS is developed as a global assessment scaleathdie used to compare usability across
different contexts. Brooke argues that there ibhgctive way of measuring usability. For
example, the 1ISO 9241-11 standard suggests théilinsahould be evaluated in terms of
effectiveness, but “effectiveness are very obvipuadtermined by the types of task that are
carried out with the system” (Brooke, 1996). Theref he claims that comparing two
different systems is a matter of “comparing appled oranges”, and that the only possible
way to do comparable usability assessments acifiesedt systems is by using a subjective
assessment scale (lbid.). What is measured is hgmwp of users perceive and judge the

system in use rather than how the system perfotmsyagiven task or property.

5.3 Evaluation design

The evaluation of the prototype was performed io phases. Phase one used a formative
approach with a desire to find areas of improvenaact unveil possible errors. The feedback
received from this phase was used to guide fuithprovement of the system. The second

phase had a summative nature, as the goal was deumgethe outcome of the first phase.
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Although a subordinate goal of this phase wasrtd fireas of improvement, its major aim
was to answer the question “how well does it worfi?"culinary terms, “how good does the
soup taste?”). The formative evaluation that fokko\the development was already described

in chapter 4, so only the summative evaluation bgllpresented in this chapter.

Apart from the evaluation conducted at time of depment, the final prototype was

evaluated by four users with both domain knowledgd technical understanding. These
evaluations focused on how the users appreciatgribyosed prototype, both in terms of
usability (i.e. ease of use), and its applicabi(itg. its ability to solve the actual problem to

which it is proposed as a solution).

Reuvisiting the description of SUS above, a remarkiee type of system is needed. Tullis &
Stetson (2004) evaluated different methods for ssésgwebsiteusability. The Eligibility
Criteria Builder however has more characteristi€sam application and to a less extent
website in the traditional sense. Accordingly, teem “website” may not be an accurate
description of it (a more precise term will be “wapplication”). However, all but one of the
original methods in this study was originally dexgd for websites. They served as a means
to evaluate computer systems in general. They Waer adapted by the authors to the
context of websites (Tullis & Stetson, 2004). THgSSoffers a ready-to-use questionnaire
form in which the user gives an answer accordinth&r degree of agreement to a list of

statements.

5.3.1 Questionnaire

Each evaluator was asked to respond to a questientii@t accompanied the evaluation e-
mail (see Appendix A). This questionnaire consistédtwo parts. Part | was the SUS
questionnaire and part Il a semi-structured questoe with questions about previous

experience with similar systems, and general judggsiand comments about the system.
For part |, the SUS scale, the questions asked: were

| think that | would like to use this system freqtlg

| found the system unnecessarily complex

| thought the system was easy to use

| think that | would need the support of a techharson to be able to use this
system

| found the various functions in this system werdlintegrated

| thought there was too much inconsistency in sigstem

PobPE

oo

58



7. 1 would imagine that most people would learn to tsg system very quickly
8. | found the system very cumbersome/awkward to use

9. | felt very confident using the system

10.1 needed to learn a lot of things before | coultiggeng with this system

The questions asked in the second part were:
1. Experience with other systems

a) | know of similar systems (Yes/No)

b) | have used similar system(s) before (Yes/Nbanswer is No, go to d)

c) | have used these systems before:

d) I will summarize the major difference between tlysteam(s) | have previously
used and this as:

2. Technology

a) | would like to use a system like this in my owmagtice (Yes/No)

b) In what ways, if any, could this system improve ryourrent practice?

c) What potential advantages, if any, could the use ©fstem like this have?

d) What potential disadvantages, if any, could theaisesystem like this have?

e) How can this system be improved in terms of fumaidy and user friendliness?

f) Were you able to formulate any tasks from your gwactice? If not, what was
the problem?

g) General comments, thoughts, etc.

5.3.2 Evaluation website

For convenience, an evaluation website was setndpn@ade accessible for the evaluators
(Figure 16). The site had a login screen, wheré& exaluator had to type in a pre-assigned
participant id. When authenticated, they got theiad between solving the practice tasks,

doing the actual test-tasks as specified in théuatian guidelines or restarting the session.
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Figure 16: The Evaluation site, welcome screerr afti¢hentication.

When clicking either the “Start practice” or “Staesst” buttons, a new window opens with

the prototype. To make it easier for the evaluatibis task description were integrated in the
prototype and would appear when they chose theesponding task from two added

dropdown fields (Figure 17).
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Figure 17: The evaluator selects which task nurhbé&he is about to solve

5.3.3 Evaluators

Four evaluators were recruited for the evaluatibtine prototype. Ideally, it would have been
at least twice as many, but it turned out to bdeqaichallenge recruiting the right people.
Several relevant mailing lists were inquired, bithwather modest response. Fortunately, we
managed to get four skilled evaluators with botimdm knowledge and technical insight.
Because the evaluators were situated in differarisf the world (India, Pakistan, Norway),

communication were done using e-mail.

After agreeing to participate, the evaluators waset an e-mail with instructions on how to
access the evaluation site, perform the evaluatisks and fill in the attached questionnaire

(See Appendix A for the whole e-mail).

5.3.4 Practice tasks

To make sure the evaluators become familiar with dstem and how it works, two test-
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tasks were prepared beforehand. These tasks weed ba a simple data-model consisting of
three classes: Employee, Department and AddressHigere 18). This data-model was far
less complex compared to the OpenMRS model andstintended to give the evaluators an

understanding of how the prototype works througiriang-by-doing.

Employee
HirstMName
-HlastMame
HonTitle
~address | Address
+birthDiate
~department | Department 1
-projects © Project Address
-street
ity
! : 1 lzp
Project —  qi-country
-riame
Sworkers - Employes &
~slariDate
 ahiDate 1 4 Department
PUREC

Faddress

Figure 18: The data model used in training

Practice task 1
Inclusion criteria:

1.1.Working at the Department of Social Anthropology
1.2.Age is above 24 years

1.3. Address is somewhere in Norway

1.4.Job title does not contain “managing”.

Exclusion criteria:

1.5.50 years or younger
1.6. Working at department of Information and Media &cis
1.7.Living outside Norway

Practice task 2
Inclusion criteria:

2.1Born before fifteenth of May 1976
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2.2Working at a department that is located eitheranZania or in Uganda, but not in the
big cities of Dar es Salaam or Kampala.

2.3Working at a Department whose name contains Faculty
Exclusion criteria:

2.4 Current address is outside Tanzania or Uganda

2.5Working on a project ended within the last yeahwivater” in the project name

5.3.5 Evaluation tasks

For the evaluation session, the evaluators werengtiree main tasks and two additional
tasks. The three main tasks had varying degreeooiptexity ranging from simple to
complex. For the additional tasks the user wasdskedit a previously saved task, and to
think of any criteria that he/she remembered frasihler own practice and try to solve it
using the system. To give the evaluation a featdirauthenticity, all tasks were authentic
eligibility criteria taken from real-life protocdfsretrieved from clinicaltrials.gov. The main
assignment was to build an expression for eachhef driterion in the evaluation tasks
described below.

The evaluation tasks are deliberately chosen onbtms of their level of complexity.
Choosing only simple tasks would most likely havedoced results that would make it easy
to conclude that the system is well-suited forghen purpose and easy to use. It was a goal,
however, to identify the upper limits of the systbsnexposing it to what can be called an
acid test?. The evaluation targeted on identifying the systarapabilities - what tasks are
possible to formulate with the system, and whétdase too complex to formulate it (i.e. to

find out “where the shoe pinches”).

Evaluation task 1

Inclusion Criteria:

1 See Appendix C for a reference to the study pootas the criteria is taken from

12 Originally a notion of determining whether a giveetal is gold
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1.1.Males or females aged greater than or equal tddssthan 4 years
1.2.Known residents of the village of Bancoumana, Malits surrounding area
1.3.1dentified as having a malaria infection by blodthfexamination

Exclusion Criteria:

1.4.Convulsions or history of convulsions

1.5.Known hypersensitivity or allergy to artemisinin ridatives or mefloquine or
mefloquine chemically related compounds (for exanplinine and quinidine)

1.6.Presence of any known serious chronic disease AdQS, sickle cell disease,
malignancy)

Evaluation task 2
Inclusion Criteria:

2.1Born before fifteenth of May 1976

2.2Age > 1 year

2.3 Axillary temperature= 37.8C and/or history of fever in the previous 48 hours
without any other evident cause

2.4Unmixed infection with P. falciparum of between 2%Mhd 100,000 asexual

parasites/mm3 as determined by microscopic exattmeathick or thin smear
2.5An informed consent obtained from the patient gftt@r guardian (in case of patients

< 18 years old) and assent for children (8-18 yekts

Exclusion Criteria:

2.6 Other severe chronic diseases (e.g., cardiolognaly or hepatic diseases; HIV/AIDS;
severe malnutrition)

2.7 History of allergy to mefloquine, artesunate, ga@itetracycline, or clindamycin

2.8Pregnancy (based on urine test), since this gréygatents receives other drugs for
malaria treatment in accordance with Peruvian natiguidelines.

Evaluation task 3
Inclusion Criteria:

3.1.Aged 1 to 5 years

3.2.HIV infection (previously confirmed by 2 ELISAs fahildren > 18 months; DNA
PCR for those < 18 months)

3.3.Informed consent from the parent/caretaker

3.4. Ability to return for follow-up (lives within a rads of 15 km from hospital and
unlikely to change residence during the coursaefstudy)

Exclusion Criteria:
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3.5.Children already enrolled in other studies

3.6.Children with severe abnormalities which are likety impair oral intake (for
example, severe cerebral palsy)

3.7.Severely ill children requiring urgent admissiom aasuscitation

Additional tasks

Load the first test task’s Inclusion criteria fatittng and change it so that only females are

included in this study. Save the expression agai@nayou are done.

Can you think out some tasks that you experiencggur practice and express it using the
system? If you do, you can save it as “My task Iff'you encounter difficulties or were

unable to accomplish it, please write a short abigut it in the attached questionnaire.

5.3.6 Data collection

Questionnaire response and a log of the solutioniset tasks by the evaluators constitute the
data that was collected in this thesis. In addjtas one of the evaluators was located in
Bergen, this evaluator was observed while perfognive evaluation tasks. The notes taken
during this observation session are discussedeaetil of this chapter. It would also have
been interesting to verify the performance anddigliof the criteria formulated by the

evaluators by running them against a real-worldicdil trial database and comparing the
returned patients with the ones that was actuatlgéd (by clinicians) as eligible for the trial.

This was however not possible as no such databaseavailable. Nevertheless, in order to
be able to analyze the answered solutions, a tiolleof example (reference) solutions was
made beforehand. Comparing these solutions to thetieans given by each evaluator

provided information about the extent to which &waluators used the system the way they

were expected to.

5.4 Findings

In this section, the collected data are presented analyzed. First, response to the
guestionnaire is presented, followed by a summangy analysis of the tasks as they were
solved by the evaluators. Finally an analysis & field notes taken in the observation

session is further elaborated.
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5.4.1 Response to questionnaires

PartI: SUS

In the SUS part of the questionnaire, each questemgiven a score between 1 and 5 where
1 was “strongly disagree” (SD) and 5 were “stronglyree” (SA). A score of 2 is further
classified as “disagree”, a score of 4 is “agremd a score of 3 is “neutral”. The responses
given by the test-users are presented in Tablénd.nlimbers to the right of each question in
represent the number of evaluators that answeregutting the mark in this column. See

Appendix B for the raw response data.

Table 1.How the Participants Responded to the Systems litgahcale?

Part I: SUS SD SA

1 | think that | would like to use this system foeqtly
2 | found the system unnecessarily complex 2 2
3 | thought the system was easy to use 2 1 1
4 | think that | would need the support of a techhperson to be 4
able to use this system
| found the various functions in this system weedl integrated 2 2
| thought there was too much inconsistency i $istem 2 1
I would_imagine that most people would learnge this system 1 2 1
very quickly
| found the system very cumbersome/awkward to use 3
| felt very confident using the system 2 2

10 I needed to learn a lot of things before | coultiggng with this
system

As seen in Table 1., all the evaluators that anseveguestion one (all except one, who left
this question blank) agreed to the claim that theyld like to use the system frequently.
Two answered that they strongly agreed, while dis¢ évaluator gave this claim a score of 4

(agree).

Two of the evaluators found the system too compbexse, while the other two disagreed to

13 please note that one evaluator did not answetiqueks
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this claim. The reason for this disagreement mayliee to differences in knowledge about
the OpenMRS data model.

One evaluator strongly agreed to the claim thatsifstem was easy to use, one agreed and
two others disagreed to this. All disagreed to ¢teem that they would need help from a
technical person to use the system, but at the samme two of these evaluators also
disagreed to the claim that the system was easys¢o Hence, their appreciation of the
system may be summarized as “it is easy to undetdiaw it works, but it is not so easy to

use it”.

All evaluators either agree or strongly agree odtatement that the various functions of the
system were well integrated. While one of the ea@lts agreed to the statement that there
was too much inconsistency in the system, the tlotbers either disagreed or strongly

disagreed to this claim.

To the claim that most people would learn to ugesystem very quickly, the views differed.
One agreed to this, another one disagreed whiléwtheothers answered neutral to this. In
this question, the evaluators were actually askediahow quick they thinkther users will
learn how to use the system. It is clear, howeteat, with the fairly short explanation of how
the system works and the usage example attachibe iavaluation e-malil, it is evident that
all of the evaluators managed to learn the basigaigby solving at least some of the tasks
properly). Whether most other people would learnde the tool as quickly as the evaluators,

is, however, remains an open question.

Three evaluators strongly disagreed that they fabadsystem very cumbersome/awkward to
use, while the last one agreed to this claim. Twaluators agreed that they felt confident
using the system, while the other two gave neainaivers to this claim. Also, two evaluators
agreed that they needed to learn a lot of thindgsréausing the system, while the other two
answered neutral. The different answers to thesestouns may be attributed either to
different levels knowledge of, and experience lith OpenMRS data model, or to different

levels of programming experience by the evaluators.

Part II: Experience with other systems & technology

To the questions about experience with similaresyst only one of the participants answered
that they had knowledge of a similar system, andeththe OpenMRS cohort builder as one
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of which he had previous experience. When askecbiopare the previously used system
with the Eligibility Criteria Builder, this evaluat stated that:

“This system can search for very, very specifiorimation; at a far greater depth than
Cohort Builder.”[Evaluator 2]

All but one of the participants answered that theyld like to use a system like this in their
own practice. One evaluator left this question smared. When asked whether and how the
Eligibility Criteria Builder could improve their ctent practice, the views differed. One of

the participants viewed the prototype as a handyygtool that could speed up the process:

It could allow clinicians in our organization to gpkly find patients matching very specific

criteria. This of course could expedite the engirecess of analysi§Evaluator 2]

Another participant envisioned other uses for d tie this, not only limited to selecting

eligible participants to a clinical trial.

It would be useful if the system could import arugeecified dictionary so that it could
adapted for developing Inclusion & Exclusion crigefor any type of selection procedure,

not just in medicingEvaluator 3]

A viewpoint by another evaluator is that just havicomputerized eligibility criteria

represents a great improvement alone:

“By forcing the eligibility criteria to be definedo that they can also be computerized.”

[Evaluator 1]

To the question about the potential advantagesniyf, of the use of a system like the
Eligibility Criteria Builder, the first evaluatomugges the tool as something that can ensure

adherence to the protocol:
“It ensures that the protocol is adhered tfEvaluator 1]

The second evaluator re-emphasized the statenmmttfre previous answer, and upheld the

view of the prototype as a query tool:
“Again, allowing one to find highly specific infoation quickly. “[Evaluator 2]

The third evaluator sees it as a tool to develdgcten criteria for all types of surveys that
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require a population sample:
“To quickly develop selection criteria for all ssrof sample surveygEvaluator 3]
The general purpose of the prototype is also glaartlerstood by the last evaluator:

This system could help in ensuring that data ctéléconforms to predetermined conditions

thereby reducing error§Evaluator 4]

When asked about the potential disadvantages thefus system like the Eligibility Criteria
Builder could have, the second evaluator indic#tetl one of the earlier mentioned strengths
of the system could also be a weakness becaubke dbmain knowledge it requires from the

user:

“Because it can be so specific, only people withcsized knowledge in that field could

operate the system[Evaluator 2]

Another evaluator suggests that the user shoulibleeto add domain-specific dictionaries to

the system, through the user interface.

Domain-specific dictionaries should be possible add to the software by the user.

[Evaluator 3]

This is clearly an interesting point, but also esliheavily on the vocabulary structure
implemented by the underlying data model. An irsteef should ensure that whatever
domain-specific terms that will be added by ther aédhe criteria definition stage will be the
same terms later used at the data entry stageals® worth noting that the infrastructure for

knowledge modelling may already be available ingkisting software.

Another response to this question by the same atalicould be classified as a missing

feature rather than a potential disadvantage ofgusisystem like this:
This system does not point out errors in the exgioes.[Evaluator 3]

It is nevertheless an important comment, and thssimg feature should receive attention in

any future version.

Another potential disadvantage of using a systé&mthis is mentioned by another evaluator:
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“It may lose some of the flexibility and medicakbd decisions.[Evaluator 1]

This is a problem if a tool like the Eligibility @eria Builder would be used uncritically to
automatically enrol patients into a clinical tridlhe tool should however not be used this
way. It should rather suggest to the user a ligbai€ntially eligible patients recommended
for participation. Each patient should ultimately &pproved based on a qualified judgement

by a clinician.

The fourth evaluator answers this question fromsability perspective pointing to an
inherently restrictiveness and inflexibility in tegstem (without any further elaboration).

It might be too restrictive and inflexible for tead user[Evaluator 4]

Each evaluator was also asked about how the systand be improved in terms of

functionality and user friendliness. To this quasstione evaluator answered:

It would help if the system permitted me to edit@wode for the expressions directly as that is

sometimes required for better contrivaluator 3]

This is to be considered an advanced feature fperexusers with programming skills.
Because the user interface was designed to enahipnogrammers to define the selection
criteria, the possibility of “programming” the @fiia code was not prioritized. If there would
be any future development of the prototype, thisusth however be considered as an
interesting feature as it will enable extremely pdnl expression formulation. This

evaluator also adds another interesting remark:

Errors in expressions should be highlighted so thley can be easily corrected.

[Evaluator 3]

The user interface of the Eligibility Criteria Bdér is designed to prevent (or at least limit)
syntactical errors from occurring as it forces thifferent parts of the expression to be
selected from a set of valid choices. Nevertheldss,system still allows for errors to be
typed, so this evaluators point is important. Itwabbe a critical requirement provided the
code edit feature described above was to be implgede Errors in the formulated criteria
can potentially have an enormous impact on bottrs#tiety of the involved patients and the

outcome of the study.
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Another improvement was suggested by another etalua

When setting conditions (ex: where [concept is COATEGORY C] ) another window

opens, but when setting conditions in there, yettear window can open, this time right on
top of the first, making it hard to distinguish Wween the two. This should be resolved.
[Evaluator 2]

This is a very interesting remark that also hagasy technical solution. As an effect of this
issue, rather than get the impression of a new evindpening, the user might just as well
perceive it as the fields in the current windowsgetanked out. A workaround for this issue
would be to adjust the position of newly openeddein in the bottom-right direction. Thus,

the background window would appear more clearliagsred behind the newly opened one.
This evaluator has another suggestion for improveme

Also, | would like to be able to search for termthim concept descriptions (ex: selecting a

concept that contains the word “chronic” in the degtion). [Evaluator 2]

This feature is actually supported. For exampleemwBearching for “chronic”, the system
returns the concept “Asthma”, which has “chronigiang the words in the description but
not in the title. This is a feature that is suppdrby the backend implementation, as it is the
one that receives the search term from the userfame, processes it and decides what
elements to return. The fact that the evaluatomdidrealize this may however indicate that
this feature should be clearer to the user.

Here is another suggested improvement:

In this setup, the major limiting factor is the fabat it uses the OpenMRS API, which to
people not familiar with it, is complex. But a pmmsknowing OpenMRS would very quickly

be able to complete these stgfwvaluator 1]

This comment is not directly concerning the propetytself, but the data model used to test
it, and the familiarity of it by the users. The @MRS data model is complex, but on the
other hand, it is also realistic as a candidatex dabdel for use with the system. The
prototype should be able to handle complex dataetspdvithout sacrificing usability. It

would, however be reasonable to expect clinicimsponsible for the clinical trial to have at

least some familiarity with the data model.
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It was also suggested that the system should beeclen the semantics of the different fields

(properties) that was made available for user selec
Provide more meaning and consistence to the fieltlse systeniEvaluator 4]

For example, there is no way of knowing what thepprty “accessionNumber” of the
observation class means, unless the user hasedetaibwledge about the underlying data

model. This point is returned to in the future wedction (6.2) in chapter six.

None of the evaluators were able to formulate téska their own practice (even though one
of the evaluator answered “Yes” to this questiam,cnstom tasks were saved for this user).
One of the participants ran into connectivity pesbs while testing and the two others did

not have any available criteria to test.

In the final open-ended question, the evaluatoreevgéven the opportunity to write down

their general comments and thoughts about theraydthis is how they responded:

If integrated into OpenMRS (not just as a modulegn it could easily replace the Cohort
Builder. | liked how you can search from generaindgraphics down to the most specific

observations|[Evaluator 2]

This participant suggests that the prototype cbeldised instead of the Cohort Builder in the
OpenMRS client system. This suggestion was paseetb mne of the lead-developers of
OpenMRS, which responded positively. Due to timastaints, this was however not
explored this time. Further exploration of this glibcertainly be a part of any future work

and should involve cooperation with the OpenMR Setigpers.

A nice tool that could be generalized for develgpselection criteria for a wide variety of

applicationg[Evaluator 3]

Again, this participant views this tool as a momneral purpose tool for creating logic

expressions that can be used in other types oicapiphs.

This is a very interesting project, and | look fardd to seeing the outcomes of it.

[Evaluator 1]

The evaluator that did not have any previous erpeg with- or detailed knowledge of- the

OpenMRS data model, emphasized the need for a tinough trough user interface.
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More thoughts need to be given to develop a momr-fiendly view of the data.
[Evaluator 4]

5.4.2 Analysis of the solutions by the evaluators

In this part, | will compare the user-solved taskth my reference solutions. The goal of this
analysis is not to compare the user tasks withllaged “correct solution” (as there can be
many), but rather to learn how the users actual/the prototype by identifying the level of
similarity or dissimilarity between the expressioitsmulated by the test users and the

expressions that was formulated on beforehand.

The tasks solved by the evaluators had varying edegf similarity with the reference
solutions. Some tasks were almost identical, witeers had little or no resemblance at all.
Please refer to Appendix D for a complete list e evaluators’ solutions to the different

tasks. The level of similarity with the referenadusions is classified in five categories:

High (high degree of similarity with the referersmution)
Medium (part of the answer is correct)

Low (little resemblance with the reference solufion
Error (invalid due to a bug with the system)

Missing (left blank)

O O O O O

Table 2.0verview of how Evaluators Solved the DifferergkBa

Evaluator 1  Evaluator 2 Evaluator 3 Evaluator 4
Task 1 Inclusion High High High High
Exclusion Error Error High Error
Task 2 Inclusion High Medium Missing Low
Exclusion Error Error Missing Error
Task 3 Inclusion Error Error Missing Low
Exclusion Missing Low Missing Low

As shown in Table 2., six of in total 24 tasks wsoéved with a high degree of similarity to
the reference solutions. All of the evaluators seded in solving the first inclusion task. For

the first exclusion task, the prototype failed aviag the task properly due to an error. As an
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unfortunate consequence, the solution became dedups one part of the expression
repeatedly constituted the whole expression (sggeAgix D - evaluation task 1, exclusion
criteria 2 by evaluator 2 and 4). This error in finetotype was not discovered before the user
tasks were loaded for analysis long after the etadn session was ended. Evaluator 3 saved

each criterion as a separate task, and therebged/this error.

Out of the 24 tasks, five were intentionally lefingpletely unanswered. One evaluator alone
accounts for four of the missing five tasks. Itaasonable to believe that the corrupted tasks
were to at least some extent solved properly. fal taine of the tasks were left blank or had

a low degree of resemblance with the reference sk can be explained as due to several

factors:

o The complexity of the data model
0 Poor usability provided by the prototype

o0 The complexity of the tasks

The OpenMRS data model is complex. It is a restilB® years of experience with the
Regenstrief Medical Record system (Mamlin, et aD06). Even though the prototype
connects with and reads meta-information abouOpenMRS API (which hides much of the
complexity of the underlying relational data modéte OpenMRS API as the user interacts
with is still complex and unintuitive to a non-pragimer. This was especially brought to
light under the observation of evaluator 4 (see3j.4vhich in particular found the API

difficult to navigate in.

The complexity of the data model can also affe@ tsability as experienced by the
evaluators. As stated by Evaluator 4, the high remdb properties to each class (many of
which did not make any sense, e.g. the “attributgMattribute), was somehow confusing

and made navigation more difficult.

Due to the reasons given in section 5.3.5, sontleeofasks were chosen intentionally because
of their high degree of complexity and this in epif the awareness that they would most
likely be impossible to formulate using the profmy Facing these seemingly invincible tasks

may have been a motivation killer.
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5.4.3 Observation session

This section presents an elaboration of field ntiken while observing one of the evaluators

performing the given evaluation tasks.

At first, the evaluator had trouble knowing whabperties to select from the dropdowns. He
was not too familiar with the OpenMRS data moded did not know where the information
he wanted to use in the expression was locatedh ¥dine help, he quickly learned that most
of the useful information (except more primitiveriutes like year, age, etc) was located at
“observations> [where concept is .}valueAs(...)”. This was clearly perceived as non-
intuitive to him. So his first impression was thhits tool was very confusing and it was
difficult to know where to look for the exact prapes. He also suggested that there were too
many options, leading to even more confusion. kan®le, if one wants to set an expression
by selecting the [observation where concept is PRERCY STATUS] of which the answer
is represented in the valueAsBoolean propertythal other properties of the concept data
type appeared as choices. In this case, valueAsBonahould appear as the only valid option
for the user. This is however a result of thatttha is designed to be generic. A probable
“solution” to this problem would be to add a medsanto easily add internal data model

constraints of which the interface could make use.

The evaluator also suggested that the criteria ehdsr evaluation tasks were highly
complex, that real world eligibility criteria wetesually less complex. Also, he remarked that
OpenMRS was maybe not be the best suitable datalraedt would be more realistic if the
prototype were connected to a data model of a Bpestudy and tested by having the
evaluators formulating the exclusion inclusion emiia for that specific study — implicating
that the chosen criteria was not “compatible” whie chosen data model. He also said that
the evaluation task 3.4 “Ability to return for fol-up” is impossible represent in the system.
This would typically be a judgement by the clinisabrker, and recorded in the database
using a case report form (CRF). This informatiorsyaowever represented as a concept in

the database used in evaluation, but evidentlygperd as inaccessible to the user.

5.5 Final words on evaluation

Retrospectively, it is easy to see that the evaloawould have had a much more realistic

character if tested against a database designedisaity for a clinical trial, including both
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basic patient data demographics, journal histdecteonic CRFs etc. It is worth mentioning
that a clinical trial may also take advantage gkaeric database/data model like OpenMRS,
so it may not be unthinkable that this type of coehensive data model integrated with the
Eligibility Criteria Builder. However, most of thproblems experienced by the observed
evaluator can be attributed to the complexity & @penMRS data model, not the prototype
itself.

As it turned out to be more difficult than firstteopated to find qualified evaluators, the
research performed in this thesis is far from catglin order to give a qualified judgement
of the prototype, its applicability and usabiliey,greater number of evaluators should have
been used for the evaluation. In particular, thet@ys Usability Scale (SUS) performs at its
best using a sample size of eight evaluators. saraple size of four, it actually performs
slightly worse than its contestants (Figure 15)ughfor the usability evaluation, it is
impossible to give any clear conclusions. A coridiigegarding the open-ended questions
about the technology (pt. 2 in the second parhefdquestionnaire) is neither easy to draw on
the basis of such a small sample group. A few germmmints can however be extracted from

the questionnaire and observation session combined:

None of the evaluators had knowledge of similatesys*

All but one of the evaluators would like to usesthystem in their own practite

The prototype has room for improvements on theilisaside

The high complexity level of the OpenMRS data modséd in the evaluation
possibly made it more difficult to formulate theka as expressions than necessary

o O O o

0 The eligibility criteria chosen for the evaluatiaas possibly more complex than they
usually are in real-world clinical trials

So, what can be said on the basis of feedback foomusers? It is possible to use the data
material presented above and the experience gdimexigh the development of this
prototype to give directions to further developmantl research, which is presented in the

next chapter.

14 One of the evaluator mentions OpenMRS Cohort buitds a similar system, but as argued
in section 2.2 and 2.6, both the implementation pmgbose of this is different than of the
Eligibility Criteria Builder

15 One of the evaluators left this question blank
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6 CONCLUSIONS AND FUTURE WORK

The research question for this thesis widew can a data model independent software tool
be developed to support users to formally definerca for patient eligibility in a clinical
trial” . In order to answer this question, a generic, datadel independent prototype
(Eligibility Criteria Builder) was developed. Fovauation purposes, it was connected to the
comprehensive OpenMRS data model. The prototypeewalsiated with four different users
with both technical and domain knowledge. For thelsation, eligibility criteria from real-
world clinical trial protocol were used. These erni@ varied in complexity, from simple (i.e.
“age less than 18”) to complex (i.e. “HIV infectigpreviously confirmed by 2 ELISAs for
children > 18 months; DNA PCR for those < 18 mojithd he evaluation indicated that the
prototype may have been well suited to formulates leomplex tasks, while the more
complex criteria posed a greater challenge to feesu This can, however, to some extent be

attributed to the choice of using the complex OpB8wata model in the evaluation phase.

The project was in general viewed as an interestimdjimportant project by the evaluators
and almost all of them stated that they would tikeise the system in their own work. There
were different opinions about the ease of use amdptexity of the system, indicating that

further improvements are needed. Comparing the gsexgh solutions by the evaluators
suggests that familiarity with the OpenMRS data etodfluenced the successful use of the
system. This further indicates that the compleritythe data model has an impact on the

usability of the system.

Both the literature study and feedback from the @ionexperts and the evaluators suggest
that the need for a system like the Eligibility €€ria Builder is clear and present and an
automated way of determining patient eligibilityr fa clinical trial can improve both
efficiency and safety of clinical trials. The tirspent identifying eligible patients in today’s
paper based regime is significant, and thus hasa gotential for improvement. The safety
of patients is not automatically ensured by usirap@puterized system alone, but can be so
as a consequence to the fact that it promoteséfiritibn of more formal and unambiguous

eligibility criteria.
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6.1 Reflection

Retrospectively, it is clear that a simpler datadeishould be used during evaluation. The
complexity of the OpenMRS data model posed a greallenge to the evaluators, and most
likely also influenced their appraisal of the usiabiof the system. If a simpler, yet more
intuitive data model was used as the basis foremsgion formulation, this situation may have
looked different. The data model used during evadnavas the OpenMRS API, which is a
simplification of the underlying relational databaschema. However, the purpose of the API
is to provide the programmers a more efficient whgccessing data after they are extracted
from the database. Thus, the API is designed flicaefy purposes and not as a means to
describe the data model in terms of concepts agid iblations. For this purpose, an ontology
specification of a clinical trial may have repretseha better subject data model for the
Eligibility Criteria Builder. As the prototype isedeloped as a generic tool, there are,
however, no restrictions in the prototype that prés it from being connected to ontology
with little effort.

Due to the errors in some of the tasks saved blpatas, it is also evident that more time
should have been spent on error detection and iking f Unfortunately, this error was not
noticeable to the user during the evaluation saesaiml was therefore not discovered until

much later, when the solved tasks were extracted the database for analysis.

The number of evaluators should ideally have begcetas large. As the Systems Usability
Scale outperforms its peers at a sample size ¢it,eqg least this many users should have
participated in the usability evaluation. With animium of eight test users, it would have
been possible to draw conclusions based on theomespto the SUS questionnaire with
greater confidence. The evaluators were primaebhihologist with a high level of clinical
trial domain knowledge. In order to get a bettatyrie on how clinicians with no or little
technical competence would judge the system, aseptative group that better matches the

target user for the prototype should be recruited.

It is also important to reflect on possible unfe®s consequences of using formally defined
eligibility criteria to automatically select eligéd patients for a clinical trial. Could there be
consequences that may even lead to reduced saletpatients? What if an important

criterion is missing or left out unintentionally camot discovered? This can certainly be a

problem even without a computerized system, buhéf eligibility determination is fully
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automated (i.e. no clinician involvement), suchwamay have less likelihood of being
discovered. Therefore, an emphasis on the impatahtiuman involvement is needed. The
Eligibility Criteria Builder should never be used tompletely automate the enrolment
process, but rather as a means to increase tlgertly and reduce the resources needed to

determine eligibility of each individual potentjérticipant in a clinical trial.

6.2 Future work

There is a long way to go before the proposed pypéo could be made available for

production use.

The more general and technical improvements shaoattbive more focus in future

development. In particular, the specific issues arghs of improvement disclosed during
evaluation should be prioritized (e.g. the dialomdow issue as reported by one of the
evaluators). A point given by one of the evaluataghlights the importance of better error
checking facilities and feedback from the systenndonsistencies occur. Also, improved
constraints between properties, data types andl waliues (as pointed out by another
evaluator) should receive attention in further depment. This could be achieved by

implementing an extended data model descriptiom#br

As it was suggested to view the Eligibility CrieBuilder as a possible future replacement
of the OpenMRS Cohort builder, exploring this pbagy should also receive more attention

in the future.

As one of the challenges with this system was tmaptexity of the data model, a more
intuitive data model should be used as the sulijath model to which the prototype is
interacting in such an evaluation. In particulasing an ontology as the underlying data

model would be a very interesting approach to engpilo the future.

Because of lack of access to a database with ed@nps that actually were recruited to a
real-world clinical trial, it was not possible tssess the validity of the answers given by the
evaluators. Thus, another important future aspemildvbe to examine the quality of the
expressions produced by the users using the syStemwvhat extent are the right patients
identified with help of the computerized criterieeated by using the system? Finding the

answer to this would require a thorough study ad-weorld clinical trials that compares the
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group of patients selected using computerizedk®lityi criteria versus the group of patients
actually enrolled by clinicians in the trial. Ontlgen will it be possible to uncover the real

utility and value of the Eligibility Criteria Builek.
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APPENDIX A. THE EVALUATION E-MAIL AND INSTRUCTIONS

E-mail template

Dear <NAME>,

Thank you for taking interest in evaluating the The Eligibility
Criteria Builder Prototype.

Please follow the instructions in the attached Eval uation
Guidelines PDF document.

When done, please return a filled-in version of the Questionnaire
document.

If you have any problems opening the files or web-a ddress, or

encounter any problems
during testing, please let me know immediately.

Your participant id is: <PARTICIPANT-ID>

Best regards,
Bjorge Neess

Master student at Department of Information Science and Media
Studies

University of Bergen (UoB)

www.infomedia.uib.no

Evaluation guidelines.pdf

1 EVALUATION GUIDELINES
Thank you for taking interest in evaluating the Hiwgibility Criteria Builder Prototype.

The evaluation is expected to take between 1 YAiou?s to complete.

2 PREREQUISITES
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In order to test the prototype, you will need a kirog internet connection and Mozilla

Firefox version 2.0 or higher installed on your gurter.

3 GETTING STARTED
Open Mozilla Firefox and go to the address httpbiglder.dyndns.org

Enter your four-digit participant id that you reeed in the e-mail along with this
document. Now, you will see three different buttotfstart practice”, “Start test” and

“Restart session”

To get to know the prototype and how it works, kliStart practice” and continue with
the practice tasks listed below. You can consétdbcumentation at any time by clicking
on the “Documentation” button on the toolbar. Saet8 in the Documentation explains

how to create your first criteria expression.

3.1 Practice tasks

Create a new expression for each of the follownigga.

NOTE: Create a separate expression for each tasKission and exclusion criteria, and

don’t forget to save each expression before yotimos.

1. Practice task #1
Inclusion criteria:

1.1. Working at the Department of Social Anthropology
1.2. Age is above 24 years

1.3. Address is somewhere in Norway

1.4. Job title does not contain “managing”.

Exclusion criteria;

1.5. 50 years or younger
1.6. Working at department of Information and Media &cies
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1.7. Living outside Norway
2. Practice task #2
Inclusion criteria:

3.1. Born before fifteenth of May 1976

3.2. Working at a department that is located eitheranZania or in Uganda, but not
in the big cities of Dar es Salaam or Kampala.

3.3. Working at a Department whose name contains Faculty

Exclusion criteria;

3.4. Current address is outside Tanzania or Uganda
3.5. Working on a project ended within the last yeahwivater” in the project

name
When you are done, remember to save the last esiprebefore you close the window

and go on with the actual test by clicking on tBegft test” button.

3.2 Testtasks

These are authentic eligibility criteria taken frogal clinical trial protocols. The first task
contains criteria from different protocols, whilask two and three are from 1 and 1,

respectively.

3.2.1 Read this first

We are now moving away from Employees, departmants projects, and over to the
Patient context. You will now work on the OpenMR&tal structure and some basic
information about its different parts follows ("OpéRS Wiki," 2008):

« Encounter: A single, specific interaction between the patimd the provider. An
encounter can be any interaction, including dowetsits, home visits, counselor
appointments, etc. Encounters are typically reprteseas a form, consisting of
hundreds of observations.

« Observations. Anything actively measured or observed duringeaoounter. As

an example, patients’ weights, heights, blood pness and BMIs are
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observations, as well as qualitative facts inclgdine number of years a patient

smoked, the activities in which the patient expares shortness of breath, a
finding on an X-ray. Although typically an obsenlguestion, demographics a
an exception, and are recorded as separate concepts

« Concepts are the individual data point collected form a ylagon of patients.
Concepts include both questions and answers; fample, the question of bloo
type is a possible concept, but the responses, “B;’ & “O” would be
considered concepts as well. The bottom line igpod have a medical concept
any sort, and it's needed within your records systé needs to be defined withi
the dictionary.

The patients’ observations are where to look fodiced information about a patien
Every patient has a list of observations, and edidervation has a concept and a va
According to the type of concept, the value corgdine recorded information. If th
concept is a question, the value contains the answthat question. If the concept is
measurement of height, the value contains the heigla numeric value. Some conce
has a list of possible values associated with d@r Example, the concept CLINIC

TRAVEL TIME, which refers to a question on an enctau form asking "How long did i

take you to travel to clinic today?" has four othencepts as valid answers: LESS THAN

30 MINUTES, ONE TO TWO HOURS, 30 TO 60 MINUTES MIORE THAN TWO
HOURS.

The concept PREGNANCY STATUS, referring to the dioes“ls the patient pregnant?’

is of data type Boolean and therefore it has omtyvalid answers: True or False.

Depending on the type of observation concept, tlaevis located in valueCoded (f

concept answers), valueNumeric (for observationguirsng a numeric value)

ue.
e
a

pts

)

valueAsBoolean (for most observations that deteesiia diagnosis or yes/no questions),

valueDrug (if the concept is a drug) and valueDatet(where a certain date is recorde

for the observations.

For the CLINIC TRAVEL TIME question, requiring thenswer to be ONE TO TWC
HOURS will be formulated as:
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observations [where concept is CLINIC TRAVEL TIMEhlueCoded is ONE TO TWO
HOURS

In the prototype, this expression would look like:

Include patients whose:

@ observations | L1 where [concept is CLIMIC TRAVEL TIME] |[* @ walueCoded |+ £ iz |* @ OMNETO TWO HOURS

Because patients have multiple observations, [wherg is used to single out the exact
observation we want to use in the expression.

If the patient must be pregnant, the expressiohleak like:
observations [where concept is PREGNANCY STATUSligAsBoolean is true

In the prototype, this would be:

Include patients whose:

@ observations |* 11 where [concept iz PREGHANCY] [* @ valueAsBoolean |+ & iz |+v @ true

The test tasks are listed below. Please formubatd &ask’s inclusion and exclusion criteria

separate from each other, and remember to sekecbtiect task name from the list.

Note: If you find any of the criteria too difficuid formulate, you can always save it and go

on with the next, but if you do so, please leavemment in the Textual description field.

1. Test task #1

Inclusion Criteria:

1.1. Males or females aged greater than or equal tddstothan 4 yearsl

1.2. Known residents of the village of Bancoumana, Malits surrounding areal
1.3.Identified as having a malaria infection by blodthfexaminationl
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Exclusion Criteria:

1.4.Convulsions or history of convulsionsl

1.5. Known hypersensitivity or allergy to artemisininratives or mefloquine or
mefloquine chemically related compounds (for exanplinine and quinidine)1

1.6. Presence of any known serious chronic diseaseAt$, sickle cell disease,
malignancy)1
2. Testtask #2
Inclusion Criteria:

2.1.Age > 1 year

2.2. Axillary temperature> 37.5°C and/or history of fever in the previous Hgirs

without any other evident cause

2.3.Unmixed infection with P. falciparum of between 2&8d 100,000 asexual

parasites/mma3 as determined by microscopic exatmeathick or thin smear

2.4.An informed consent obtained from the patient a/Her guardian (in case of

patients< 18 years old) and assent for children (8-18 yeks
Exclusion Criteria:

2.5.0ther severe chronic diseases (e.g., cardiologioaly or hepatic diseases;

HIV/AIDS; severe malnutrition)
2.6. History of allergy to mefloquine, artesunate, ga@itetracycline, or clindamycin

2.7.Pregnancy (based on urine test), since this gréygatients receives other drugs

for malaria treatment in accordance with Peruviatiomal guidelines.

3. Testtask #3

Inclusion Criteria:

3.1.Aged 1to 5 years
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3.2.HIV infection (previously confirmed by 2 ELISAs fazhildren > 18 months;
DNA PCR for those < 18 months)

3.3.Informed consent from the parent/caretaker

3.4. Ability to return for follow-up (lives within a rads of 15 km from hospital and

unlikely to change residence during the courséefstudy)

Exclusion Criteria:

3.5.Children already enrolled in other studies

3.6.Children with severe abnormalities which are likédy impair oral intake (for

example, severe cerebral palsy)

3.7.Severely ill children requiring urgent admissiom aasuscitation

4. Additional tasks

Load the first test task’s Inclusion criteria fatitthg and change it so that only females

are included in this study. Save the expressiomagaen you are done.

Can you think out some tasks that you experiennegur practice and express it using
the system? If you do, you can save it as “My #sKkf you encounter difficulties or were

unable to accomplish it, please write a short abiaut it in the attached questionnaire.

When done, please open the attached questionmadrareswer the questions.

5. References

OpenMRS  Wiki. (2008). Retrieved 22th of october2008, from
http://openmrs.org/wiki/Dictionary_101
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Project background.pdf

Project background

Testing the effects of a new treatment involvesosxpe of the treatment to a group of
patients. These patients are a subset of a grgr@ep of participants, where the subset is
selected based on certain eligibility criteria. S&eriteria are traditionally expressed |in
natural language in its own section in a protoddie protocol is a document written
before the study is carried out. It describes tl@med study in detail and acts as a
guideline to all parties involved in the study. Téleibility criteria section can contain
both inclusion and exclusion criteria. The inclusizriteria are a list of conditions each
and every patient must meet in order to be enroitedhe study (i.e. the patient is
diagnosed with the disease the treatment is sugdpséreat). Similarly, the exclusion
criteria list conditions that would disqualify tipatient for enrolment in the study (i.e. a

known allergic reaction to the medicine in question

When a clinical trial is carried out, the eligibjlicriteria are used to enroll new patients in
the study. This is done by cross-checking medieebrds for every patient against each
criterion. Some large-scale clinical trials needtap3000 eligible patients (and a
considerable bigger group of potential participantSo, in consequence the patient

selection is a highly extensive and time-consuntersdy.

Traditionally, the inclusion and exclusion criteage written in natural language in the
protocol document. This opens for ambiguities anffer@nt interpretations among
clinical researchers (for example, when reading Ehgibility section in a protocol

document, it is only implicit to the reader thapatient must met ALL of the inclusion

criteria and NONE of the exclusion criteria in artie be enrolled).

In the OMEVAC project, the goal is to move from appr-based way of conducting
clinical trials to exploit the possibilities giveby computers and electronic capture
devices. One of the achievements will be patietdliEses and electronic medical records.
Within this prospective, automatic patient selettimmsed on a computerized eligibility
criteria can reduce the resources needed to graténts, and possible reduce the risk of
misinterpretation of the inclusion and exclusioitecia, which in turn can be a potential

safety hazard for patients involved in the study.
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APPENDIX B. EVALUATOR RESPONSES

Evaluator 1

Partl

1. |think that | would like to use

this system frequently

2. | found the system

unnecessarily complex

3. | thought the system was easy

to use

4. | think that | would need the
support of a technical person

to be able to use this system

5. | found the various functions
in this system were well

integrated

6. | thought there was too much

inconsistency in this system

7. 1 would imagine that most
people would learn to use this

system very quickly

Strongly Strongly
disagree agree
1 5
1 5
X
1 5
1 5
X
1 5
X
1 5
1 5
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8. | found the system very

cumbersome/awkward to use

9. | felt very confident using the

system

10.1 needed to learn a lot of
things before | could get

going with this system

PartII
1. Experience with other systems

a) | know of similar systems

b) | have used similar

system(s) before

c) | have used these systems

before:

d) I will summarize the major
difference between the
system(s) | have previously

used and this as:

2. Technology
a) | would like to use a system

1 2 3 4 5
X
1 2 3 4 5
X
1 2 3 4 5
Yes No
Yes No

If answer is No, go to d)
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b)

d)

f)

9)

like this in my own practice

In what ways, if any, could
this system improve your

current practice?

What potentiahdvantages
if any, could the use of a

system like this have?

What potential
disadvantagedf any, could
the use of a system like this

have?

How can this system be
improved in terms of
functionality and user

friendliness?

Were you able to formulate
any tasks from your own
practice? If not, what was

the problem?

General comments,

thoughts, etc.

Evaluator 2

Partl

Yes No

By forcing the eligibility criterias to be define

d

so that they can also be computerized. Some of

them were to my knowledge very difficult
implement (or impossible).

fo

It ensures that the protocol is adhered to

It may loose some of the flexibility and medic

based decisions.

al

In this setup, the major limiting factor is theff:

that it uses the OpenMRS API, which to pead
not familiar with it, is complex. But a pers¢
knowing OpenMRS would very quickly be ah
to complete these steps.

ple
DN
e

Did not have any that | had at hand when dg
this test.

ing

This is a very interesting project, and | lo
forward to seeing the outcomes of it.
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| think that | would like to use

this system frequently

. | found the system

unnecessarily complex

. | thought the system was easy

to use

. | think that | would need the

support of a technical person

to be able to use this system

. | found the various functions

in this system were well

integrated

. | thought there was too much

inconsistency in this system

. I would imagine that most
people would learn to use this

system very quickly

. | found the system very

cumbersome/awkward to use

. | felt very confident using the

system

Strongly Strongly
disagree agree
X
1 5
1 5
1 5
1 5
X
1 5
1 5
1 5
1 5
1 5
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10.1 needed to learn a lot of
things before | could get

going with this system

Part Il
1. Experience with other systems

a) | know of similar systems

b) | have used similar

system(s) before

c) | have used these systems

before:

d) I will summarize the major
difference between the
system(s) | have previously

used and this as:

Yes No

Yes No

If answer is No, go to d)

OpenMRS Cohort Builder

This system can search for very, very sped
information; at a far greater depth than Col
Builder.
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2. Technology

a)

b)

d)

f)

9)

I would like to use a system

like this in my own practice

In what ways, if any, could
this system improve your

current practice?

What potentiahdvantages
if any, could the use of a

system like this have?

What potential
disadvantagedf any, could
the use of a system like this

have?

How can this system be
improved in terms of
functionality and user
friendliness?

Were you able to formulate
any tasks from your own
practice? If not, what was

the problem?

General comments,

thoughts, etc.

Yes No

It could allow clinicians in our organization fo
quickly find patients matching very specific
criteria. This of course could expedite the entire

process of analysis.

Again, allowing one to find highly specif
information quickly.

o

Because it can be so specific, only people with
specialized knowledge in that field could operate

the system.

When setting conditions (ex: where [concept is

CDC CATEGORY C] ) another window open
but when setting conditions in there, yet anot

S,
her

window can open, this time right on top of the

first, making it hard to distinguish between t

he

two. This should be resolved. Also, | would like

to be able to search for terms within conc
descriptions (ex: selecting a concept t

contains the word “chronic” in the description).

No. | ran into connectivity problems.

If integrated into OpenMRS (not just as
module), then it could easily replace the Col
Builder. I liked how you can search from gene
demographics down to the most spec

ept
hat

a
ort
ral

ific

observations.
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Evaluator 3

Partl

1. | think that | would like to use

this system frequently

2. | found the system

unnecessarily complex

3. | thought the system was easy

to use

4. | think that | would need the
support of a technical person

to be able to use this system

5. I found the various functions
in this system were well

integrated

6. | thought there was too much

inconsistency in this system

7. 1 would imagine that most
people would learn to use this

system very quickly

8. | found the system very

Strongly Strongly
disagree agree
X
1
1 5
1 5
1 5
1 5
X
5
1 5
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cumbersome/awkward to use

9. I felt very confident using the

system

10.1 needed to learn a lot of
things before | could get
going with this system

PartIl
1. Experience with other systems

a) | know of similar systems

b) I have used similar

system(s) before

c) | have used these systems

before:

d) I will summarize the major
difference between the
system(s) | have previously

used and this as:

2. Technology
a) | would like to use a system

like this in my own practice

1 2 3 4 5
X

1 2 3 4 5
X

1 2 3 4 5

Yes No

Yes No
If answer is No, go to d)

| haven't used such a tool before.
X
Yes No
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b)

d)

f)

9)

In what ways, if any, could
this system improve your

current practice?

What potentiahdvantages
if any, could the use of a

system like this have?

What potential
disadvantagedf any, could
the use of a system like this

have?

How can this system be
improved in terms of
functionality and user

friendliness?

Were you able to formulate
any tasks from your own
practice? If not, what was

the problem?

General comments,

thoughts, etc.

Evaluator 4

It would be useful if the system could impor
user specified dictionary so that it could adap
for developing Inclusion & Exclusion criteria f
any type of selection procedure, not just
medicine.

[ a
ted

Dr
in

To quickly develop selection criteria for @
sorts of sample surveys.

Al

Domain-specific dictionaries should be possi
to add to the software by the user.

This system does not point out errors in
expressions.

It would help if the system permitted me to e
the Code for the expressions directly as tha
sometimes required for better control.

Errors in expressions should be highlighted
that they can be easily corrected.

ble

the

dit
it is

SO

Not applicable

A nice tool that could be generalized f{
developing selection criteria for a wide varie
of applications

or
sty
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PartlI

| think that | would like to use

this system frequently

. | found the system

unnecessarily complex

. | thought the system was easy

to use

. | think that | would need the

support of a technical person

to be able to use this system

. | found the various functions

in this system were well
integrated

. | thought there was too much

inconsistency in this system

. I would imagine that most
people would learn to use this

system very quickly

. | found the system very

cumbersome/awkward to use

. | felt very confident using the

Strongly Strongly
disagree agree

1 5

1 5

1 5

1 5

1 5

1 5

1 5

1 5

1 5
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system

10.1 needed to learn a lot of
things before | could get

going with this system

PartIl
1. Experience with other systems

a) | know of similar systems

b) | have used similar

system(s) before

c) | have used these systems

before:

d) I will summarize the major
difference between the
system(s) | have previously

used and this as:

2. Technology
a) | would like to use a system

like this in my own practice

b) In what ways, if any, could
this system improve your

current practice?

1 2 3 4 5
Yes No
Yes No
If answer is No, go to d)
No
NA
Yes No
NA
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c)

d)

f)

9)

What potentiahdvantages
if any, could the use of a

system like this have?

What potential
disadvantagesf any, could
the use of a system like this

have?

How can this system be
improved in terms of
functionality and user

friendliness?

Were you able to formulate
any tasks from your own
practice? If not, what was

the problem?

General comments,

thoughts, etc.

This system could help in ensuring that d
collected conforms to predetermined conditi
thereby reducing errors.

It might be too restrictive and inflexible for tf
end user.

ata
DNS

ne

Provide more meaning and consistence to
fields in the system.

the

Yes

More thoughts need to be given to develo
more user-friendly view of the data.

P a
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APPENDIX C. EVALUATION TASKS AND CLINICALTRIALS.GOV IDENTIFIERS

Evaluation task 1 is compounded by single critérgan different protocols and is followed
by the clinicaltrials.gov identifier is in parentsie. All criteria in tasks 2 and 3 is taken from
protocols with identifier NCT00164216 and NCT0014R9respectively. The full protocol

document is found by searching for the identifiehtp://clinicaltrials.gov/ct2/search.

Evaluation task 1

Inclusion Criteria:

1.1.Males or females aged greater than or equal tddssthan 4 yea(S8!ICT0074009p

1.2.Known residents of the village of Bancoumana, Mati its surrounding area
(NCTO074009p

1.3.1dentified as having a malaria infection by blodthfexamination NCT0016773P

Exclusion Criteria:

1.4.Convulsions or history of convulsion€T0016773p

1.5.Known hypersensitivity or allergy to artemisinin rivatives or mefloquine or
mefloquine chemically related compounds (for exanglinine and quinidine)
(NCT0024373y

1.6.Presence of any known serious chronic disease AdQS, sickle cell disease,
malignancy) NCT0032796}%

Evaluation task 2

All taken from NCT00164216
Inclusion Criteria:

2.1.Age > 1 year

2.2. Axillary temperature> 37.5°C and/or history of fever in the previous H@&urs
without any other evident cause

2.3.Unmixed infection with P. falciparum of between 2%Mhd 100,000 asexual
parasites/mm3 as determined by microscopic exattmeatick or thin smear

2.4.An informed consent obtained from the patient og/tér guardian (in case of
patients< 18 years old) and assent for children (8-18 yekts

Exclusion Criteria:

2.5.0ther severe chronic diseases (e.g., cardiologimaly or hepatic diseases;
HIV/AIDS; severe malnutrition)

104



2.6. History of allergy to mefloquine, artesunate, ga@itetracycline, or clindamycin
2.7.Pregnancy (based on urine test), since this gréygatients receives other drugs for
malaria treatment in accordance with Peruvian natiguidelines.

Evaluation task 3

All taken from NCT00122941
Inclusion Criteria:

3.1.Aged 1 to 5 years

3.2.HIV infection (previously confirmed by 2 ELISAs fahildren > 18 months; DNA
PCR for those < 18 months)

3.3.Informed consent from the parent/caretaker

3.4. Ability to return for follow-up (lives within a rads of 15 km from hospital and
unlikely to change residence during the courséefstudy)

Exclusion Criteria:

3.5. Children already enrolled in other studies

3.6.Children with severe abnormalities which are likety impair oral intake (for
example, severe cerebral palsy)

3.7.Severely ill children requiring urgent admissior aasuscitation
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APPENDIX D. REFERENCE SOLUTIONS AND EVALUATOR SOLUTIONS

Evaluation task 1

Inclusion criteria

Reference solution

(‘age is greater than or equal to 1 and age is less than 4 and addresses ->[ where (
preferred is true )] —cityVillage is Bancoumana and addresses ->[ where ( preferred
is true )] —>country is MALI (ML) and observations ->[ where ( concept is MALARIAL

SMEAR )] >valueCoded is POSITIVE )

Evaluator 1

( (age is greater than or equal to 1 and age is | ess than 4 ) and ( addresses 2>

where ( cityVillage is Bancaoumana and country is M ALI (ML) )]) and (

observations  =>[ where ( concept is MALARIAL SMEAR )] —>valueCoded is POSITIVE) )

Evaluator 2

((gender is M or gender is F) and ( age is grea ter than or equal to 1 and age

is less than 4 ) and ( personAddress —country is Bancoumana or

personAddress ->country is MALI (ML) ) and observations ->[ where ( concept is

MALARIAL SMEAR )] >valueCoded is POSITIVE )

Evaluator 3

¢ (observations ->[ where ( concept is PATIENT AGE and ( valueNumeric is greater
than or equal to 1 and valueNumeric is less than 4 1)

¢ (observations —>[ where ( concept is MALARIAL SMEAR )] )

¢ (observations ->[ where ( location —region is Bancoumana or location ->region is
Mali or location —region is Neighbouring area )] )

Evaluator 4

(‘age is greater than or equal to 1 and age is less than 4 addresses ->[ where (

cityVillage is Bancouman )] —>country is MALI (ML) and observations ->[ where (

concept is MALARIA, MILD or concept is MALARIAL SME AR )] -valueCoded is POSITIVE )

Exclusion criteria

Reference solution

( observations ->[ where ( concept is CONVULSION )] -valueAsBoolean is true or
observations [ where ( concept is ARTEMISININ HYPERSENSITIVITY O R ALLERGY
)] >valueAsBoolean is true or observations [ where ( concept is AIDS

)] >valueAsBoolean is true or observations ->[ where ( concept is SICLE CELL DISEASE
)] >valueAsBoolean is true )
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Evaluator 1

( observations ->[ where ( concept is AIDS or concept is SICLE CELL DISEASE

)] =>valueAsBoolean is true or ( observations [ where ( concept is AIDS or concept
| is SICLE CELL DISEASE )] —>valueAsBoolean is true ) or observations ->[ where (
concept is AIDS or concept is SICLE CELL DISEASE )] —>valueAsBoolean is true )
Evaluator 2
( observations —>[ where ( concept is AIDS )] —>valueAsBoolean is true and (
observations  =>[ where ( concept is AIDS )] -valueAsBoolean is true or
observations [ where ( concept is AIDS )] —>valueAsBoolean is true ) and
observations  =>[ where ( concept is AIDS )] —valueAsBoolean is true )
Evaluator 3
¢ (observations ->[ where ( conceptis OTHER AND UNSPECIFIED CONVULSI ONS)])
¢ ( observations ->[ where ( concept is ARTEMISININ HYPERSENSITIVITY O R ALLERGY or
concept is ALLERGY TO MEFLOQUINE RELATED DRUGS)] )
¢ (observations ->[ where ( concept is CHRONIC DISEASE and valueCoded is AIDS or
valueCoded is SICKLE CELL or valueCoded is MALIGNAN CY)])
Evaluator 4
( observations [ where ( concept is AIDS )] -valueAsBoolean is true and
observations  =>[ where ( concept is AIDS )] -valueAsBoolean is true and
observations [ where ( concept is AIDS )] —>valueAsBoolean is false )

Evaluation task 2

Inclusion criteria

Reference solution

( birthdate —>yearsSince is greater than 1 and encounters ->[ where ( obs ->[ where (
concept is TEMPERATURE (C) )] —>valueNumeric is greater than 37,5)] —>o0bs 2>empty is
false and observations ->[ where ( concept is INFORMED CONSENT GIVEN

)] =>valueAsBoolean is true and observations [ where ( concept is INFORMED CONSENT
GIVEN )] -valueAsBoolean is true )

Evaluator 1

(‘age is greater than 1 and ( encounters ->[ where ( encounterDatetime —>hoursSince is
less than or equal to 48 )] —allObs ->[ where ( concept is TEMPERATURE (C)

)] =>valueNumeric is greater than 37.5) and ( observati ons =>[ where ( concept is
INFORMED CONSENT GIVEN )] »>valueAsBoolean ) and ( observations ->[ where ( concept is
INFORMED CONSENT GIVEN )] »>valueAsBoolean is true ) )

Evaluator 2
(‘age is greater than 1 and ( observations is true and observations is greater than
37.5) or ( observations is true and observations i s greater than 37.5 and
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observations is true and observations Is before Sun Nov 30 2008 19:00:00 GMT+0100
and observations Is after Fri Nov 28 2008 19:00:00 GMT+0100 ) or ( observations Is
before Sun Nov 30 2008 19:00:00 GMT+0100 and observ ations Is after Fri Nov 28 2008
19:00:00 GMT+0100 ) and observations )

Evaluator 3

Missing

Evaluator 4

(‘age is greater than 1 and observations is greater than 37.5 and observations is
true and observations )

Exclusion criteria

Reference solution

( observations —>[ where ( concept is HIV POS )] —>valueAsBoolean is true or
observations  =>[ where ( concept is RENAL DISEASE )] ->valueAsBoolean is true or
observations [ where ( concept is MALNUTRITION )] —>valueAsBoolean is true or
observations  =>[ where ( concept is ALLERGY TO MEFLOQUINE RELATED DRUGS
)] >valueAsBoolean is true or observations ->[ where ( concept is PREGNANCY

)] >valueAsBoolean is true )

Evaluator 1

(‘age is greater than or equal to 1 and age is less than or equal to 5 and (
observations  =>[ where ( concept is INFORMED CONSENT GIVEN )] ->valueAsBoolean is true
or observations ->[ where ( concept is INFORMED CONSENT GIVEN )] —>valueAsBoolean is

DETECTED ) and observations ->[ where ( concept is INFORMED CONSENT GIVEN
)] =>valueAsBoolean is true and )

Evaluator 2

( observations —>[ where ( concept is URINE PREGNANCY TEST )] —>valueCoded and
observations  =>[ where ( concept is URINE PREGNANCY TEST )] -valueCoded is true and
observations [ where ( concept is URINE PREGNANCY TEST )] ->valueCoded is POSITIVE )
Evaluator 3

Missing

Evaluator 4

( observations [ where ( concept is PREGNANCY )] -valueAsBoolean is true

observations [ where ( concept is PREGNANCY )] —>valueAsBoolean is true and

observations  =>[ where ( concept is PREGNANCY )] —>valueAsBoolean is true )

Evaluation task 3
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Inclusion criteria

Reference solution

(‘age is less than 5 and age is greater than or equ
where ( concept is HIV POS )]

concept is HOSPITAL DISTANCE )]
observations  =>[ where ( concept is ELISA )]
birthdate
18 and observations
)] >valueCoded is DETECTED ) ))

—>valueCoded is POSITIVE and observations
—>valueNumeric is less than 15 and ( (

->monthsSince is greater than 18 ) or ( birthdate
[ where ( concept is HIV DNA POLYMERASE CHAIN REACT ION

al to 1 and observations 2>[
->[ where (

—>valueCoded is POSITIVE and
->monthsSince is less than

Evaluator 1

( observations
observations
observations

->[ where ( concept is URINE PREGNANCY TEST )]
->[ where ( concept is URINE PREGNANCY TEST )]
->[ where ( concept is URINE PREGNANCY TEST )]

—valueCoded is true or
->valueCoded is true or
-valueCoded is POSITIVE )

Evaluator 2

( (age is greater than or equal to 1 and age is le

observations is POSITIVE and observations is POSITI

or ( observations is POSITIVE and age is less than
observations )

ss than or equal to 5) and (
VE and age is greater than 1.5)
1.5) and observations and

Evaluator 3

Missing

Evaluator 4

(‘age is greater than 1 and age is less than 5 and
is HIV POS)] ->valueAsBoolean is false )

observations  =>[ where ( concept

Exclusion criteria

Reference solution

( currentStudies ->size is 0 or observations
)] >valueAsBoolean is true )

->[ where ( concept is CELEBRAL PALSY

Evaluator 1

Missing

Evaluator 2

( studies
observations
observations

->[ where ( endDate Is after Sat Nov 29 2008 19:00:00
[ where ( concept is CDC CATEGORY C))]
->[ where ( concept is CDC CATEGORY C))]

GMT+0100 )] and
—valueAsBoolean is true and
—>valueAsBoolean is true )

Evaluator 3
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Missing

Evaluator 4

(relationships )
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APPENDIX E. THE CLASSREADER LOOKUP (JAVASCRIPT)

1 Register.Lookup.add({

2 id: ‘classreader ,

3 property: 1*

4 _cache: new Hash(),

5 getltems: function  (args) {

6 var queryString = Object.toQueryString(args)

7 var url= 'backend/classreader?' +queryString

8

9 var list= this ._cache.get(queryString)

10

11 if  (list) return  list

12

13 new Ajax.Request(url, {

14 asynchronous: false

15 evalJSON: true ,

16 onComplete: function  (response) {

17

18

19 var res =response.responseJSON;

20

21 if (res== null || typeof res!= ‘object )
console.error( 'Could not retrieve choices from url: ' +url)

22

23 list =]

24

25 /I Create action nodes

26 if  (res.actions)

27 for (var i= 0;i<res.actions.length; i++)
28 list.push(ActionNode.c reate(res.actionsi]))
29

30 /I Create property nodes

31 if  (res.properties)

32 for (var j= 0;]<res.properties.length; j++)
33 list.push(PropertyNode .create(res.propertiesyj]))
34

35 this ._cache.set(queryString, list)

36

37 }.bind( this )

38 Pk

39

40 return list

41}

42 1)
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APPENDIX F. THE TYPEEXTENSIONS GROOVY CLASS

1 import  java.lang.reflect.Method

2 import  java.lang.reflect.ParameterizedType

3 import  java.lang.reflect.Type

4

5 /**

6 * Created by IntelliJ IDEA.

7 * User: Bjgrge

8 * Date: 17.0kt.2008

9 * Time: 15:08:30

10 *

11

12 class TypeExtensions {

13 private static HashMap<Class, Class> extenders = new HashMap<Class,
Class>();

14

15 [**

16 * Adding methods of extender class to the exte ndee class
17 * All instances of the extendee class will hav e methods of the extender
class

18 */

19 public static extend(Class extendee, Class extender) {

20 extenders.put(extendee, extender)

21 for (Method m in extender.getDeclaredMethods()) {

22 def method = m.name

23 extendee.metaClass. "$ method " << {->

24 extender. "$ method " (delegate)

25 }

26 }

27 }

112




APPENDIX G. THE GETALLMETHODS METHOD

28 [**

29 * Returns a list of methods for extended class

30 */

31 public static List<Method> getAllIMethods(Type clazz) {

32 if (Iclazz) return null

33 if (extenders.containsKey(clazz))

34 return  Arrays.asList(clazz.getMethods())

35 .plus(Arrays.asList(extend ers.get(clazz).getMethods()))
36 else

37 return  Arrays.asList(clazz.getMethods())

38 }

39

40 public static Method findMethod(Type type, String property) {

41 Method foundMethod = (Method)getAllMet hods(type).find({
42 return  (

43 it.name == property ||

44 it.name == toBeanReadMethod( "get" , property) ||
45 it.name == toBeanReadMethod( "is" , property)

46 )

47 P

48 /lprintln "Found: $foundMethod"

49 return  foundMethod

50 }

51 [**

52 * Looks up the extender class for parameter cl ass

53 */

54 public static Class getExtenderForClass(Class clazz) {

55 return  extenders.get(clazz)

56 }

57

58 [**

59 * Cleans the expression for collection operato rs and returns it
60 */

61 private static String prepareExpression(String expression) {

62 String newexp = "

63 int level = 0;

64 for (char ch: expression.toCharArray()) {

65 if (ch== " )level++;

66 else if (ch== "1 )level-;

67 else if (level == 0) newexp += ch;

68 }

69 return  newexp;

70 }

71 [**

72 * Converts a bean-property to an equivalent me thod using prefix
73 * Prefix would typically be either 'get’, 'set ‘or'is'

74 *

75 private static String toBeanReadMethod(String prefix, String prope rty) {
76 return

prefix+property.substring( 0, 1).toUpperCase()+property.substring( 1)
77 }

78
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APPENDIX H. THE GETENDCLASS METHOD

79 [**

80 * Reads a property path and returns the return value of the last

81 * corresponding get-method.

82 *

83 public static Type getEndClass(Type clazz, String expression) {

84

85 expression = prepareExpression(express ion);

86 if  (expression.equals( ")) return clazz;

87 String[] exprs = expression.split( W),

88

89 for  (String prop : exprs) {

90 try {

91

92 Method foundMethod = null ;

93

94 /'If the class is a parameterized type, get the in ner type
95 if (clazz instanceof ParameterizedType) {

96

97 /I This is the enclosing type

98 Type rawType = ((Parameter izedType)clazz).getRawType()
99

100 /I This is the inner type

101 clazz =

((ParameterizedType)clazz).getActualTypeArguments() [o];

102

103 /I First, look for the property in the inner type

104 foundMethod = findMethod(c lazz, prop)

105

106 /I'If no matching method of enclosing type could be found,
107 /I try to look at the enclosing type

108 if  (YfoundMethod) foundMethod = findMethod(rawType, pr op)
109 }

110 else

111 foundMethod = findMethod(c lazz, prop)

112

113 if  (foundMethod) clazz = foundMethod.getGenericReturnT ype()
114

115 } catch  (NullPointerException e) {

116 printin "Error: " +e

117 }

118 }

119 return  clazz;

120

121}
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APPENDIX 1. A VISUAL REPRESENTATION OF EXPRESSION SYNTAX

expression

condition

single condition
EXPIESSion_group
single condition
w comparison operator |+ vale e

expression_group

property
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APPENDIX ]J. EXAMPLE OF AN XML SERIALIZED EXPRESSION

<expression modelld="org.openmrs">
<group negated="false">
<expressionline>
<properties>
<property name="age" datatype="nume
</properties>
<comparisonoperator id="less_than"/>
<value displayValue="5">"5"</value>
</expressionline>
<logicaloperator id="and"/>
<expressionline>
<properties>
<property name="age" datatype="nume
</properties>
<comparisonoperator id="greater_or_equa
<value displayValue="1">"1"</value>
</expressionline>
<logicaloperator id="and"/>
<expressionline>
<properties>
<property name="observations" datat
enclosed_datatype="org.openmrs.Obs"/>

<property name="where" datatype="or
type="listselection">

<group negated="false">
<expressionline>
<properties>
<property name="con
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoperator id=
<value displayValue="HI
</expressionline>
</group>
</property>
<property name="valueCoded" datatyp
</properties>
<comparisonoperator id="concept_equals"
<value displayValue="POSITIVE">"POSITIV
</expressionline>
<logicaloperator id="and"/>
<expressionline>
<properties>
<property name="observations" datat
enclosed_datatype="org.openmrs.Obs"/>

<property name="where" datatype="or
type="listselection">

<group negated="false">
<expressionline>
<properties>
<property name="con
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoperator id=

ric"/>

ric"/>

I"/>

ype="collection"

g.openmrs.Obs"

cept"

"concept_equals"/>
V POS">"HIV POS"</value>

e="org.openmrs.Concept"/>

/>
E"</value>

ype="collection"

g.openmrs.Obs"

cept"

"concept_equals"/>




<value displayValue="HO
DISTANCE"</value>

</expressionline>
</group>
</property>
<property name="valueNumeric" datat
</properties>
<comparisonoperator id="less_than"/>
<value displayValue="15">"15"</value>
</expressionline>
<logicaloperator id="and"/>
<group negated="false">
<group negated="false">
<expressionline>
<properties>
<property name="observation
enclosed_datatype="org.openmrs.Obs"/>

<property name="where" data
type="listselection">

<group negated="false">
<expressionline>
<properties>
<property n
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoper
<value displayV
</expressionline>
</group>
</property>
<property name="valueCoded"
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoperator id="concept
<value displayValue="POSITIVE">
</expressionline>
<logicaloperator id="and"/>
<expressionline>
<properties>
<property name="birthdate"
<property name="monthsSince
</properties>
<comparisonoperator id="greater
<value displayValue="18">"18"</
</expressionline>
</group>
<logicaloperator id="or"/>
<group negated="false">
<expressionline>
<properties>
<property name="birthdate"
<property name="monthsSince
</properties>
<comparisonoperator id="less_th
<value displayValue="18">"18"</
</expressionline>
<logicaloperator id="and"/>

SPITAL DISTANCE">"HOSPITAL

ype="numeric"/>

s" datatype="collection"

type="org.openmrs.Obs"

ame="concept"

ator id="concept_equals"/>
alue="ELISA">"ELISA"</value>

_equals"/>
"POSITIVE"</value>

datatype="date"/>
" datatype="numeric"/>

_than"/>
value>

datatype="date"/>
" datatype="numeric"/>

an"/>
value>
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<expressionline>
<properties>
<property name="observation
enclosed_datatype="org.openmrs.Obs"/>

<property name="where" data
type="listselection">

<group negated="false">
<expressionline>
<properties>
<property n
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoper

<value displayV
REACTION">"HIV DNA POLYMERASE CHAIN

REACTION"
</value>
</expressionline>
</group>
</property>
<property name="valueCoded"
datatype="org.openmrs.Concept"/>
</properties>
<comparisonoperator id="concept
<value displayValue="DETECTED">
</expressionline>
</group>
</group>
</group>
</expression>

s" datatype="collection"

type="org.openmrs.Obs"

ame="concept"

ator id="concept_equals"/>
alue="HIV DNA POLYMERASE CHAIN

_equals"/>
"DETECTED"</value>
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